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FOREWORD

Almost exactly two decades ago I had the privilege of writing the
Foreword to Heyday of the Gymnosperms, the fourth volume to
be published by John and Heidi Anderson in their monumental
series that deals with the plant fossils of the Molteno Formation and
places them in their broader context. Time has moved on, a further
three books have been published, and I now have the honour to
write the Foreword to the eighth volume in the series Molteno
Kannaskoppia: A Triassic Gymnosperm Case Study for Whole-
plant Taxonomy. This latest remarkable volume is built on a foun-
dation of more than 50 years of hard work dedicated to understand-
ing the plant fossils of the Molteno Formation. As John and Heidi
note in their respective prefaces, it has been quite a journey, under-
taken through an interval of momentous change that has left global
biodiversity in tatters. In their focus on the world of the Upper
Triassic, seen through the lens of the Molteno Formation, John and
Heidi help to place our current moment in its appropriate context:
the context of the deep history of our planet.

As I noted 20 years ago, in my experience there is no set of fossil
plant assemblages that has been collected with the same intensity,
uniformity of approach, and care that John and Heidi have lavished
on the Molteno Formation. The scale and scope of their effort,
which has resulted in a collection of more than 30 000 slabs from
more than 40 localities and 100 different plant fossil assemblages,
is unequalled. This huge effort in the field has been joined with
intensive and equally methodical work in the laboratory and this
volume presents John and Heidi’s discoveries and observations in
almost overwhelming detail. The presentation of results is also
enlivened by John and Heidi’s considerable artistic skills. Numerous
locality sketches and reconstructions of ancient plants and vegeta-
tion are an important part of this book, and the line drawings of
individual plant fossils, done with extreme care, are especially
valuable. What emerges from John and Heidi’s diligence and
dedication to the plant fossils of the Molteno Formation is a more
detailed glimpse into Triassic vegetation than that provided by any
other set of localities anywhere in the world. John and Heidi’s work
takes its place alongside other classic works on Triassic plant
fossils, such as those from Greenland, southern Sweden, and the
southwestern United States. It is overshadowed by none of them.

As John noted in his Preface to the Heyday of the Gymno-
sperms (2003), the approach that he and Heidi adopted in their
studies of the Molteno flora was unconventional; defined by “the
production of a few stout monographs instead of numerous slender
papers in journals”. That approach has allowed them to view the
plants and vegetation of the Molteno floodplain as a whole. John
and Heidi have sought ancient ecologies and recognized character-
istic associations of ancient plants that point towards ancient plant
communities. Along the way, they have treated the distinctive and
hugely diverse leaves of Dicroidium in detail, and they have
produced monographs on the Molteno ferns and sphenophytes.
Especially important and impressive has been their groundbreaking
revelation of the variety of extinct seed plants that lived on the
Molteno flood plain. These include undoubted relatives of Ginkgo,
conifers, Pentoxylales, Bennettitales, corystosperms, and most
likely Gnetales. Also prominent are a variety of plants, increasingly
grouped as the Petriellales, which have ginkgo-like Rochipteris
foliage to which John and Heidi have convincingly linked the seed-
bearing organs Kannaskoppia, and the strange pollen organs
Kannaskoppianthus.

John and Heidi’s treatments of Kannaskoppia, Kannaskoppian-
thus and Rochipteris are based on extensive material from many
localities, and are the key contributions of this volume. Rochipteris
is widespread and there are clear links with Kannaskoppianthus in

a dozen plant fossil assemblages. Kannaskoppia is known from just
one assemblage as branching axes bearing tiny cupules that most
likely contained tiny seeds, but its great significance is that there are
Kannaskoppia specimens unequivocally attached to shoots along
with Rochipteris leaves. The importance of specimens that reliably
establish the biological connections between the leaves, seed-bear-
ing units and pollen organs cannot be overstated. As such, this
volume adds substantially to what we know about seed plants that
bore Rochipteris foliage.

In the many assemblages within the Molteno, and also else-
where, Kannaskoppia, Kannaskoppianthus and Rochipteris are
preserved in different ways. All modes of preservation have their
limitations, but each assemblage adds new information to what we
know about this strange Triassic plant. And John and Heidi have
teased out as much detail as the material is likely to allow. As
always in palacobotany you have to do the best you can with what
you have, rather than what you might hope for. The results are
impressive, and the details of the fossils are illustrated in Christian
Auttote’s superb high-quality photographs, mostly in colour. It
would be very hard to improve upon them.

John and Heidi’s work will not be the final word on Kannaskop-
pia and Kannaskoppianthus, still less on the Petriellales as a whole.
Nor would they claim it to be. No one with the right view of science
has the privilege of definitive finality. But through the painstaking
research included in this volume John and Heidi make a very
substantial contribution. They add important new pieces to the
puzzle of what these kinds of plants were like in life, right down to
the extent to which the Molteno plants were fed upon by insects.
Kannaskoppia, Kannaskoppianthus and Rochipteris, and the links
now recognized among them, expand significantly our understand-
ing of extinct seed plant diversity. This diminutive, perhaps almost
herbaceous, seed plant appears to have been widespread across
different parts of the southern hemisphere. John and Heidi’s work
has brought it into the spotlight.

Recently, I had the opportunity to spend time studying the
Molteno collections, now housed and curated at the University of
the Witswatersrand. It was eye-opening to be guided through them
by John and Heidi. The sheer scale of the collections reflects the
intensity of focused effort in the field, and that effort was more than
repaid by the number of connections between reproductive and
vegetative parts that it revealed. Five ovulate structures from
different kinds of seed plants, and two kinds of pollen organs, are
now linked securely with their corresponding foliage in the Molteno
Formation, and there is also circumstantial evidence for other
connections among reproductive and vegetative plant parts. This
is a major contribution. These discoveries, observations and
inferences provide indispensable anchor points for future palacobo-
tanical research. They raise new questions and will stimulate further
palaeobotanical progress. Through their continuing work on the
plant fossils preserved in the Molteno Formation, John and Heidi
are leaving a truly impactful legacy: work that is of disproportion-
ate value for understanding the plants of the past, and what they tell
us about the plants of the present.

Sir Peter Crane FRS

President

Oak Spring Garden Foundation
1776 Loughborough Lane
Upperville, VA 20184

U.S.A.

peter@osgf.org

9 October 2022
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PREFACES

On 28 June 2018, my 75th birthday, our Molteno Sphenophytes volume
was published. My dream was that our final synthesis of the Molteno
flora, along with accompanying fauna, be published on my 80th birth-
day, 28 June 2023! Heidi and I agreed to a five-year span from 2018 to
2023, to push for this to come about.

There’s been a bit too much parallel focus for me also on a range of
Gondwana-Alive/Earth-Alive/Africa-Alive (GA/EA/AA) projects, so
now we’re looking at a five-year plan from the year following publica-
tion of the current Kannaskoppia volume — (2023-2028).

The present Kannaskoppia volume will be our 8-eighth in the Molte-
no series to be published; leaving a further four volumes to be com-
pleted — ending with the overall Molteno synthesis (see Introduction).

Having begun our Molteno journey in around mid-1967, this will
then have been a 60-year marathon. A marathon exploring — through our
particular window — the heyday of the gymnosperms at the heart of
Gondwana midway through the Triassic. Peering through a window at
a most special moment in earth’s history — at the height of the Triassic
explosion of life in the aftermath of the end-Permian Extinction. A
marathon one would not have exchanged for anything.

Our 60-year journey (1967 — ¢. 2027) encompasses a particularly special
half-century in Earth history — from the inaugural Earth Day (22 April
1970) to the 50th Anniversary of Earth Day (22 April 2020). And that
date, 22 April, happens to be rather special too, being the birthday of
one of us, Heidi.

This has been a critical 50-year span, the very heart of the Anthropo-
cene. In 1970, the human population was 3.7 billion, in 2020 it is close
to 8 billion; and the car and truck population has exploded from around
200 million to 1.5 billion. The term ‘global warming’ had not yet been
coined in 1970; though air pollution creating a ‘greenhouse effect’
appeared in the reporting around that first Earth Day. Whereto in the
next 50 years?! My GA/EA/AA projects are concerned with just that.

My perspective is that a general knowledge of earth’s history and the
major trends and key turning points in the evolution of life on earth
should be as crucial as the times-table and alphabet in everyone’s
education. We are not alone. The Molteno flora (and insect fauna)
colours one of those key turning points!

At our home on Pretoria, I have over the decades built up an ‘Earth-
time’ sculpture garden, indoors and outdoors, named ‘The Amphithea-
tre, Microcosm of the World’. 1t touches on the geological, biological
and cultural history of our planet through the past, present and into the
future. One category of sculptures is termed ‘Indoor-outdoor Sculp-
tures’; and one of these is our ‘Heyday of the Gymnosperms/Heyday of
the Angiosperms’ sculpture. ‘The ‘Heyday of the Gymnosperms’ —
otherwise known as the ‘Little Molteno Room’ — is the indoors compo-
nent, whilst the ‘Heyday of the Angiosperms’ — otherwise known as the
‘Trident Double Rainbow’ — is the outdoor component. The indoors
component consists of our converted garage, in which we house the
Molteno specimens out on loan whilst completing the current volume;
the outdoors component consist of a trident pathway leading to our
front door, with the paths tracking through a rockery, home to a diver-
sity of flowering plants with at least two species for each colour of the
rainbow — red, orange, yellow, green, blue, indigo, violet — flowering
each day of the year, 1 January to 31 December. In our indoor-outdoor
sculpture, a brick wall separates the two components; in earth’s history,
230 million years separates them!

John M. Anderson
Pretoria, South Africa, 2020

I sit here and finally put pen to paper for my preface — at dawn in
Dorrigo, Australia. This Molteno monograph is very much John’s book.
It reflects his vision and spirit to follow a different approach in palaeo-
botany. It is his energy and determination that has resulted in the collec-
tion of most of the fossils described herein and he first found the
fruit and leaves attached to a stem. These prize specimens were first
described in our Molteno Heyday volume which was largely completed
by the 10th Gondwana Conference held in Cape Town in 1998 but only
published in 2003. But describing all the leaves, placing them in their
habitat and bringing them alive with colour is only accomplished in this
volume.

The geologist Brian Turner (who did a basin-wide study of the
Molteno Fm. in the early 1970s), first took me to this roadside cutting at
Kannaskop (Kan 111) as it had revealed some fossil plants. This was in
June 1971 and on the same trip I collected leaf specimens (Rochipteris)
from Aasvoelberg (Aas 111) and Kommandantskop (Kom 111). After
completing our Molteno Gymnosperm volume (finally published in
1989) our plan was to complete the next one on the non-gymnosperms.
Towards this aim we planned a field trip to gather more specimens of
ferns and sphenophytes from some of the under-collected localities.
John went to the road cutting at Kannaskop (Kan 111) to collect more
ferns and made the fortunate strike of finding the attached Kannaskop-
pia specimens in 1989. Subsequently we made a concerted effort to
obtain more specimens from this horizon. While in the field, John
cajoled the local road grader (busy working nearby) to slightly enlarge
the cutting and expose some slabs for us. We obtained some beautiful
fern specimens (described as the whole-plant Rooitodites pulchra in
our Fern volume of 2008) but there were unfortunately no more attached
specimens in this large-scale dig. However, our focus shifted to describ-
ing these remarkable specimens — being the first record of attached fruit
and leaves in the Gondwana Triassic. This plan expanded to describing
the other fertile structures associated with leaves and after much trial
and tribulations resulted in our 2003 book.

Our two daughters have provided us with four wonderful grandchil-
dren who are now of a similar age to what they were when they accom-
panied us on some field trips in the 1980s. They grew up to help us
navigate the digital world with the welcome assistance of our sons-in-
law. For this current volume, Clara has been an important contributor. |
was struggling with the watercolour renderings of my habitat drawings
(in Dorrigo) and implementing John’s colour suggestions (in Pretoria).
She said (in London) “But Mummy that is easy with my new digital
painting programme. One can adjust the colour of any leaf over and
over again till Daddy is happy with it”. I am very grateful to Clara for
doing the digital colour renderings of the habitat pages with IT help
from husband Hannes. The reason that she had time to embark on this
project was due to the Covid-19 pandemic which caused a lull in their
working lives as independent architects in London, U.K.

As mankind deals with the current Covid crisis, a much more serious
threat looms. It is commonly referred to as ‘Climate Change’ but really
it should be called the ‘Sixth Extinction’. Of all the animals on earth,
we are amongst the most vulnerable and have also been the direct or
indirect cause of the extinction of numerous animals and plants. So
great has been our impact that it merited the naming of the Anthropo-
cene era. The future of man hangs in the balance but many of the plants
will survive for hundreds, some for thousands and a few for millions of
years. In the Molteno Flora we find plants related to the extant mosses,
ferns, cycads, conifers and the Ginkgo. But many plants with seeds and
fern-like foliage had their heyday in the Upper Triassic, and although
long gone, they were the fore-runners to the angiosperms. One of these
is the Kannaskoppia plant and in this monograph we try to bring it alive
and stimulate further research into these special plants that lived some
230 million years ago in Gondwana.

Heidi M. Anderson
Dorrigo, Australia, 30 November 2020
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ABSTRACT

The flora from the Upper Triassic Molteno Formation, southern Africa, is the most extensively
collected and documented macro-flora in the Gondwana Triassic. The collection includes
¢.30 000 catalogue slabs from 100 assemblages in 43 super-localities. Some 61 genera and 211
species have been described in a series of publications from the early 1980s covering most of the
plant groups. In this volume, the genus Kannaskoppia and affiliates, in the order Petriellales,
are described in greater detail than previously in 2003, and offer the opportunity to explore the
question of whole-plant genera and species.

The ovulate strobilus, Kannaskoppia, with the single species K. vincularis, occurs in only
one assemblage — where it is common with ¢. 50 specimens, including five with both the foliage
and strobili found attached to shoots. This find remains unique for the Gondwana Triassic. The
male strobilus, Kannaskoppianthus, with eight species recognized (four described as new),
occurs in 12 assemblages; at two of these, both distinct species, it is found attached to shoots.
The foliage Rochipteris, with 12 Molteno species recognized (seven described as new), is
known from 26 of the 100 Molteno assemblages; at four of these, in three distinct species, the
foliage has been found attached to shoots. For each of the these 26 assemblages, geographic and
stratigraphic information is provided, plus the associated flora and plant/insect records.

As in previous Molteno publications, the Palacodeme approach is followed in the circum-
scription of species. All the Reference Palacodemes are illustrated by line drawings and exten-
sive photographs as are the more important Sister Palacodemes.

A comprehensive revision of the Gondwana Triassic records of Rochipteris has resulted
in 24 accepted species, of which seven occur only in the Molteno Flora. All previously illus-
trated material is listed in the hypodigm table and used for comparison and nomenclatural
considerations with the Molteno specimens.

Whole-plant species from the Molteno have been recognized, based on considerations of
affiliation and taphonomy. For each of these the habit and habitat are reconstructed in colour.
Each is placed in its most-likely habitat within the Molteno Biome, with the seven primary
habitats (ecozones) as recognized previously for the Formation. These plants are typically
considered perennials to about one metre high that grew in a variety of habitats and were often
associated with Dicroidium/Umkomasia or with Heidiphyllum/Telemachus trees.

The current study of Kannaskoppia, and affiliates, supports previous phylogenetic, anatomi-
cal and ecological studies that amongst the gymnosperms the order Petriellales constitutes a
likely sister group of the angiosperms.
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INTRODUCTION

Throughout our 56-year span of collecting and describing the fossil
flora of the Molteno (beginning back in 1967 at the Little Switzerland
locality), we have been concerned with finding an approach to recog-
nizing natural species (whole-plant species). And are thus piecing
together a perspective on the patterns of ecology and biodiversity of
the world back in the middle to later Triassic.

This remains core to the present volume, the eighth in our series
on the Molteno and related works on its context within a southern
Africa and global context. It is akin to our first in the series — that on
Dicroidium (1983) — in that our focus is on a single ‘generic’ taxon,
Kannaskoppia and its affiliates. Dicroidium presented a special
challenge in being the most diverse and dominant genus throughout
the Gondwana Triassic. Our conclusion was that the evolutionary
history within such a genus, and the recognition of natural species (as
opposed to morpho-species) within it, was anything but simple.
Reticulate evolution, involving a mesh of palacodemes (fossil popu-
lations) of differing variation, appeared the pattern. With continu-
ously shifting patterns of topographic and climatic backdrop, popula-
tions of Dicroidium — essentially a woody taxon dominating forest
and woodland habitats across Gondwana over tens of millions of
years — were forever diverging and converging, and hybridizing. In
such a successful genus, reticulate evolution appeared to be the order
of the day.

What of the genus Kannaskoppia, also a gymnosperm but quite
different ecologically — interpreted as a relatively small erect woody
pioneering shrub occupying various habitats generally bordering
water bodies, rivers, lakes or marshland. And like Dicroidium, it
occurred widespread across Gondwana and through much of the
Triassic. To what degree did it also undergo reticulate evolution? In
view of its preferred habitat close to water bodies, and in that it was
shrub-like rather than a canopy tree, its taphonomy was quite differ-
ent. We find far more often than in Dicroidium, attached specimens
— foliage, male and female. This offers us new possibilities in the
recognition of natural species — whole-plant species. And this to a
large degree is the theme of our current volume.

The Triassic Explosion of life

In recent years there has been a steady improvement in the
correlation of Triassic deposits globally; which enables one to piece
together the dramatic story of the Triassic more fully (Ruffell ez al.,
2018).

The Carnian Pluvial Episode (CPE), a ¢.4 million-year episode
dating around c.235-231 Ma midway through the Carnian — associ-
ated with major volcanic eruptions — marks a major global extinction
event.

In the wake of this event, in the later Carnian, occurred an explo-
sion of life. “the dinosaurs diversified explosively .... Marks the
beginning of the ‘age of dinosaurs’ and their 165-million year rule of
the Earth. .... This time also marks the origin or initial expansion of
nearly all modern tetrapod groups, including turtles, crocodiles,
lizards, and mammals.” (Ruffell ez al., 2018)

The main Dolomites were deposited in this time (the later
Carnian) following the CPE; as was the Molteno — marking the hey-
day of the gymnosperms. It should be noted that to date there have
been no absolute dates determined for the Molteno Fm., but based on
our Gondwana Triassic correlations, it is plotted as falling within this
explosive later Carnian Stage (c. 233-227 Ma).

Towards the Angiosperms

The order Petriellales, including Kannaskoppia/Kannaskoppian-
thus/Rochipteris, is currently recognized as the sister group to the
angiosperms by Rothwell & Stockey (2016). In Chart 1 (p. ix),
showing the radiation of the gymnosperms (Devonian to Triassic)
and of the angiosperms (Lower Cretaceous), the order is highlighted

in yellow to emphasize its position. This places Kannaskoppia and its
affiliates in a position of significance with respect to the origin of
flowering plants.

Plant & Insect Timetrees & the exploration of colour

It is our intention, as always, to see the Molteno in the broadest
perspective of earth-time and the evolution of plant and animal life.
Where does it fit and how does it add to the picture?

Let us briefly consider the plant and insect timetrees (Chart 2,
pp X, xi) in the wake of the end-Ordovician Extinction. The roots/
origins of these timetrees occur in the Silurian and over the subse-
quent 430 million years through to the present, the vascular plants
and insects have flourished interdependently to great diversity. Three
main groups of plants occur; the pteridophytes, gymnosperms and
angiosperms. The Molteno, midway through the Triassic, offers a
clear expression of the heyday of the gymnosperms (And. & And.,
2003; And., And. & Cleal, 2007). The Molteno likewise shows a
marked diversity of insects, particularly the beetles which for the first
time make up around half that total. Consider today’s world
where colour reflects the interconnected worlds of the angiosperms
(flowering plants) and the insects (and of the birds). The world of
colour probably expanded rapidly with the diversification of gymno-
sperms and insects following the end-Permian Extinction. We have
added colour of our own choice to the reconstructions of the ‘whole-
plant’ as presented in Part 3.

Molteno plant biodiversity

To clearly emphasize the plant diversity of the Molteno, we
include the two tables (floristics in general and the gymnosperms in
particular, Chart 3, pp xii, xiii), following the plant and insect time-
trees. We currently recognize a total diversity of 61 genera and 211
species of vegetative taxa; and 38 genera and 143 species of gymno-
spermous whole-plant taxa. Though we have collected extensively
and intensively from 100 Molteno assemblages (69 localities, up to
1 km diameter), it is clear from our sampling history, that should that
number of assemblages be doubled by the next generation, many more
species would come to light.

Volumes published

1. 1983 — “Dicroidium’ (Molteno, vegetative)

2. 1985 — Prodromus of South African Megafloras’, Devonian to
Lower Cretaceous

. 1989 — ‘Gymnosperms’ (excluding Dicroidium)

. 2003 — “‘Heyday of the Gymnosperms’ (Molteno, fructifications)

5.2007 — ‘Brief History of the Gymnosperms’ (global review, Late

Devonian to Present)

6. 2008 — ‘Molteno Ferns’

7.2018 — “‘Molteno Sphenophytes’

8. Current volume — ‘Kannaskoppia’

NN

Volumes in preparation

The aim, ideally, is to complete the Molteno series over a five-
year span (2023-28) following publication of the Kannaskoppia
volume.

9. Mosses, Liverworts, Lycopods and other non-gymnosperms
(including palynology)

10. Unaffiliated gymnosperms (including cones, scales, seeds,
foliage and palynology)

11. Molteno insects and other fauna; a full overview of the insects
and their plant interactions, along with the remaining fauna,
fish, conchostraca and spiders (and the ‘silent’ tetrapods).

12. Molteno synthesis; window onto the heyday of the gymno-
sperms; overall synthesis of the flora and fauna, including
dating, ecology and biodiversity.
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Chart 1. PLANT PHYLOGENY (from the Gymnosperms to the Angiosperms).
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The Triassic Explosion of life & Heyday of the gymnosperms

The aim here, in Chart 1 and in Chart 2 overleaf, is to emphasize the
position of the Molteno Fm. at this critical moment in the evolution of life on
Earth — in the aftermath of the 3rd Global Extinction event ending the Perm-
ian Period.

As regards the closely interdependent plants and insects, the Molteno, in
the richly diverse assemblages it has yielded, portrays this moment around
midway through the Triassic more fully than any other formation globally.

227
233

Molteno (age & duration) Molteno

The precise age and duration of the Molteno Fm. remains uncertain. In
the figure above and on the Plant and Insect Timetrees overleaf, it is shown as
having accumulated through six million years, from 233-227 myrs in the Carnian,
midway through the Triassic. For further discussion, see Part 1 (p. 10).
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Petriellales: including Rochipteris (foliage) & its
affiliates, Kannaskoppia () & Kannaskoppianthus
(8); the Whole-plant described in this volume.

Corystosperms: including Dicroidium (foliage) &
its affiliates, Umkomasia (Q) & Pteruchus (3); the
most-dominant Whole-plant in the Gondwana Triassic.

References
Phylogeny: adapted from Rothwell & Stockey (2016).
Gymnosperms: adjusted to Geol. Timescale
as per And., And. & Cleal (2007).
Angiosperms: for Angiosperm Phylogeny poster,
see Hilger (2014).
Geol. Timescale: TUGS (2018).
aligned with Plant & Insect Timetrees overleaf.
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Chart 2. CO-EVOLUTION OF PLANTS & INSECTS.

Fig. 1. Plant Timetree.
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Molteno window onto co-radiation of gymnosperms & beetles

The plants and insects share a close co-evolutionary history
from around 440 million years back in the early to middle Silurian.
Particularly clear, for instance, is the parallel radiation of the
angiosperms (flowering plants) and of the ‘Big Four’ orders of
pollinating insects, the Coleoptera (beetles), Diptera (flies), Lepi-
doptera (butterflies & moths), and the Hymenoptera (Ants, wasps &
bees), from the early Cretaceous at around 140 million year ago.

In the Triassic explosion of life, we see the ‘heyday of the gymno-
sperms’ and the earliest great diversification of the beetles. For the
first time they constitute around half the total diversity of the insects
—as in today’s world. The evidence for the close interdependence of
the beetles and gymnosperms in the Molteno is clear. The beetles
were most likely the primary pollinators of the diversity of gymno-
sperms in the Molteno and across Gondwana at the time.
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Guestimates are that
perhaps 100 million
insect species have lived
at one or other time

& clambered on this
425 million-year-old
timetree.

Insect tree artwork
Hannah Bonner 2016

STy

First folded wings
First wings

.................................................. fee e

Reference (Insect Timetree)
And. J.M,, Scholtz, Eardley & Bonner (2016)

BN
TRICHOPTERA
(caddisflies)

ODONATA 91 indivs
(dragonflies) 22 spp

HEMIPTERA 229 indivs
(bugs, aphids, cicadas) 69 spp

BLATTODEA
(cockroaches)

956 indivs
10 spp

MECOPTERA 31 indivs

(scorpionflies)

Molteno Insects
(selection of orders)

COLEOPTERA 453 indivs

(beetles) 161 spp

15 spp

Colour in the later Carnian explosion of diversity

Surely, as in today’s world, colour must have played a significant part
in the interaction of life. The early dinosaurs (p. 10) — as in the avian world
of today — are widely recognized as having joined this new world of colour
(Greshko, 2020). It is interesting to note that the earliest known direct
evidence of insect pollination amongst the angiosperms is of a pollen-
covered beetle in amber (from India) at ¢. 100 myrs (Imbler, 2019).

Molteno insects (overview)

¢.2300 specimens from 43 of the 100 TCs (2021)
Based on a preliminary sorting of the full collection in the late 1990s:

43 TCs, 2056 indivs, 18 orders, 117 genera, 333 species.
Beetles — make up almost half the total diversity, much as today’s insect world
Cockroaches — make up almost half the total abundance, but show little diversity
(And. & And. et al., 1996; And. J.M., Kohring & Schliiter, 1998; And. J.M. (ed.),
1999; And. JM. et al., 1999).
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Chart 3. MOLTENO FLORISTICS.
DIVISION z
CLASS -
Genus spp & Z| abundance plant form preferred habitat
BRYOPHYTA
Muscites 1 1| 17 |rare \
HEPATOPHYTA damp/shady
Marchanitites 12 12 | 18 |rare mosses & liverworts undergrowth
INCERTAE SEDIS
Thallites 9 4 |v.rare
12
2 genera 3 3 |[wv.rare
LYCOPHYTA
5 genera 13 13 | 8 |v.rare herbaceous wide spectrum
SPHENOPHYTA (horsetails)
Schizoneura 2 7 | dominant
Paraschizoneura 4 4 | occasional
Moltenomites 2 5 |occasional | | = reed-lik iverine & floodplai
Balenosetum 1 ;2 occasional horse ails: reed-like, riverine & floodplain
“ ; erbaceous to tall wetlands
Asinisetum 1 8 | dominant bamboo-like
Zonulamites 4 27 | dominant
Townroviamites 3 3 | occasional
Equisetites 6 19 | dominant
FILICOPHYTA (ferns)
Drepanozamites 2 3 |[wv.rare
Asterotheca 3 6 | occasional
Osmundopsis 4 6 |v.rare iverine f
3 genera 8 37 | 18 [common ferns riverine forest
Dictyophyllum 3 8 |[v.rare
Cladophlebis 8 35 | occasional
8 genera 9 16 |rare
PINOPHYTA
PINOPSIDA (conifers)
Heidiphyllum 1 62 | dominant shrub to tall tree floodplain thicket
Clariphyllum 1 5 2 |rare tree riverine forest
Rissikia 2 21 | common large tree riverine & wetland
Pagiophyllum 1 1 |[v rare tree open woodland
CYCADOPSIDA
Pseudoctenis 9 21 | occasional . forest to woodland
Jeanjacquesia 3 3 |v.rare cycad-like riverine forest
vacd 18 lly small
Ctenis 2 2 | v.rare generaly riverine forest
Moltenia 4 5 |v.rare riverine forest
GINKGOOPSIDA
Lepidopteris 2 30 |common med. shrub riverine forest
Scytophyllum 1 1 [v.rare shrub riverine forest
Kurtziana 16 13 | rare small tree floodplain woodland
Dejerseya 1 5 | common shrub or small tree forest to woodland
Ginkgoites 6 67 | 19 |occasional |shrub to tall tree floodplain woodland
Paraginkgo 1 2 | occasional | shrub to small tree riverine forest
Sphenobaiera 9 43 | dominant shrub to med. tree lake margin
Dicroidium 19 75 |dominant | shrub to large tree forest to woodland
Rochipteris 12 26 |occasional |slender shrub wide spectrum
INCERTAE SEDIS : .
Batiopteris 5 10 |rare creeper wide spectrum Kannqskop ianthus/
Saportaea 1 7| 1 |vrare herbaceous undergrowth | riverine forest Rochipteris
Linguifolium 1 9 |rare herbaceous undergrowth [ riverine forest
BENNETTITOPSIDA \
Halleyoctenis 3 } 1 10 | common cycad-like open woodland
Taeniopteris 8 38 | common shrub to small tree forest to woodland
GNETOPSIDA
Gontriglossa 1 8 |occasional [ small shrub water margin
Graciliglossa 1 1 |occasional |small shrub riverine forest
Cetiglossa 1 71 1 [vrare small shrub riverine forest
Yabeiella 2 29 |occasional | large tree riverine forest
Jungites 2 1 |rare shrub or tree riverine forest

Tab. 1. Observed vegetative diversity.

Non-gymnosperms: 34 genera, 98 species
Gymnosperms: 27 genera, 115 species
Total vegetative: 61 genera, 211 species

updated after: And., And. & Cruick. (1998, p.393);
And, J.M. (ed.) (1999, p.76)

Abundance (the norm in the TCs in which it occurs):

very rare — 1-5 individuals
rare - 5-10 individuals

Species: based on full taxonomic review of Molteno flora  occasional - 10 individuals to 1%
Sampling: based on the 100 sampled taphocoenoses (TCs) common - 1%-5%

Frequency: the number of TCs in which the genus occurs

the five genera illustrated to right

dominant - dominates the communities

misc. scales
Sources:

Bryophyta-Lycophyta: volumes in prep.
Sphenophyta: And. & And. (2018, tab. 2, p. 71)
Filicophyta: And. & And. (2008, tab. 1, p.5)
Pinophyta: And. & And. (2003, tab. 15, p.21)
Molteno sketches: HMA & JMA
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DIVISION ' i '
CLASS ' 8 ] '8 (o
ORDER |g g 'S leg®
Genus ] I g Eﬁg
Ovulate | @ Foliage . o |Microsporangiate | w | 3 2.<
I 1 |
PINOPHYTA (gymnosperms) | | \
PINOPSIDA (Coniferopsida) ! : !
DORDRECHTITALES ! !
3 = jomi- S
VOLTZIALES i [ B i _
= = — | — | Fredianthus 1 1 Telemachus
- Hi— - . — | Lutanthus '3 3
[Telemachus N 6 | Heidiphyllum i 1 | Odyssianthus 1 6
== | — | Clariphyllum 1 = 1
PINALES (Coniferales) | ! '
Rissikistrobus i 3 | Rissikia | 2 | Rissikianthus 4 4
- | — | Pagiophyilum | - = 1
ORDERS indet. (2 total) | ; |
Gypsistrobus rd = {77 =i
Avistrobus 1 — i — I — 1
= b - |_— | Helvetianthus ] 1
CYCADOPSIDA | | I
CYCADALES : | . :
— | — | Pseudoctenis | 9 | Androstrobus 1 2 9
- | — | Jeanjacquesia | 3 -  —| 3
- | — | Ctenis _ M - F—| 2
- =) Moltenia : 4 — = 4
GINKGOOPSIDA ! ! :
PELTASPERMALES | J i
Peltaspermum . 5 | Lepidopteris 2 |Antevsia 11 5
- | — | Scytophylium i1 — [ 1
MATATIELLALES ; : :
Matatiella ! 4 | Kurtziana 116 = =018
= | — | Dejerseya | 1 | Switzianthus 1 2 2
GINKGOALES ! : A |1
Avatia 1 1 | Ginkgoites i 6 | Eosteria 12 6
= | — | Paraginkgo GRS = e
HAMSHAWVIALES | | S =
Hamshawvia | 4 | Sphenobaiera | 9 | Stachyopitys | B 9
UMKOMASIALES 4 . ; : )
. 8 | Dicroidium 1 19 | Pteruchus 13 19
Fanerotheca . 4 | Dicroidium i - L= 4
PETRIELLALES i i
Kannaskoppia ' 1 |Rochipteris :12 Kannaskoppianthus 4 12
ORDER indet. I | !
Cetifructus 11 — — - ] 1 1
CLASSES indet. (5 total) | i ' Hiatimbia
ALEXIALES . : |
Alexia AR — L= — i 1
HLATIMBIALES | i i
[P HiEGmbia N 1 | Batiopteris BT — F=|=5
ORDERS indet. (3 total) ! [ ! )
Hystricia i - e e
- | — | Saportaea i - =l 1
- = Linguifolium 11 —_ B 1
BENNETTITOPSIDA | j [
FREDLINDIALES i ] i _
[ Fredlindia W, 1 | Halleyoctenis | 3 CW@O‘O!@MS] y11 3
s I i i Weltrichia i
— L - - | — | Leguminanthus 11 1
PENTOXYLALES I | 1
Lindtheca | 1 | Taeniopteris e C = =
GNETOPSIDA \ l !
NATALIGMALES ! I i
[ Nataligma ") 1 | Gontriglossa i1 = =
ORDER indet. | ] :
= \ — | Graciliglossa [ = 5 =1
e e L | — | Cetiglossa TR - i 1
FRAXINOPSIALES | ; = !
Fraxinopsis ] 3 | Yabeiella | 2 - = 3
- . — | Jungites L2 — | = 2
20 genera ,: 51| 27 genera 115 {15 genera 135| 145 r: [

Tab. 2. Gymnosperms; observed diversity.

Female: 8 classes, 18 orders, 18 families, 20 genera, 51 species
Male: 4 classes, 11 orders, 13 families, 15 genera, 35 species
Foliage: 8 classes, 17 orders, 24 families, 27 genera, 115 species

Whole-plant. 12 classes, 23 orders, 32 families, 38 genera, 145 species

MNSs (minimum number of species): diversity recorded for whole-plant

species is a minimum b

Families: for complete classification including families, Fredlindia
see And. & And. (2003, pp54,55)

04, . Nataligma
Multi-organ genera: 16 recognized in Molteno (see And. & And., 2003, tab. 12, p. 18)

1
[ ] ovulate genera illustr. to right Table: And. & And. (2003, tab. 15, p.21) all sketches x72 — ]

Molteno reconstructions: And J.M. (ed.) (1999, pp 80, 81) 0 1
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PART 1

SAMPLING &
OCCURRENCE

The three affiliated organs, Rochipteris (foliage), Kannaskoppia (ovulate)
and Kannaskoppianthus (microsporangiate) of the family Petriellaceae, are
recorded from 26 of the 100 Molteno assemblages (TCs). These are tabled in
stratigraphic sequence with abundance data for the taxa found. The Molteno
Formation sampling is set within the context of the Gondwana Triassic.

At the core of the chapter is a systematic coverage of the 26 sites, including
a pen sketch of each, at which these TCs occur — listing habitat, number of
slabs collected, man-hours cleaving, the fossil flora recovered (dominants,
biodiversity, Petriellaceae found, affiliation) and taphonomy. The insects and
plant—insect interactions found in the TC are also summarized.

MI M2 M3 M4 M5
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Chart 1. SAMPLING THE MOLTENO & GONDWANA TRIASSIC.

The Molteno Fm. Fig. 1. Molteno sampling

The Kannaskoppia/Kannaskoppianthus/Rochipteris material de-

scribed herein is based almost exclusively on our own extensive

collections — belonging to the South African National Biodiversity (SUPERLOCALITIES) o7

Institute (formerly the National Botanical Institute), Pretoria, P N\ /

(PRE/F/-) and the Evolutionary Studies Institute, ESI (formerly the v el /J k-

Bernard Price Institute, Witwatersrand University, Johannesburg = - __"‘f Whaw _ _ . B

(BP/2/-). These fossils are presently all housed in the Molteno B Ky - >

collection at ESI. The transfer of the collection to ESI was under- Ja, § L\

taken during March to July 2010, with the Pretoria collection
(PRE/F/-) now on permanent loan to that institute. The Molteno
material collected and originally described by Seward (1903, 1908)
and Du Toit (1927) is housed in the Iziko Museum (formerly South
African Museum), Cape Town (SAM-PV-K).

For sampling strategies, methods and approach, see And. &
And. (1983, pp2-29; 1989, pp5-17; 2003, pp2—-11). A table and
map of the 43 Superlocalities (10 km diameter grid) and the 100
assemblages (taphocoenoses, TCs) are given in And. & And. (1989,
p-29), And. & And. (2003, pp8,9) and repeated in this volume
(Chart 3, pp 6, 7). These are referred to throughout the volume in
their abbreviated form (see Glossary). Rochipteris and affiliates —
rarely over 1% of the flora — occur in 26 taphocoenoses (TCs)
(Chart 6, pp 12, 13).

Evenness of sampling

Geographic (Fig. 1a)

The Molteno outcrop — considering plant-bearing continental
deposits on a Gondwana-wide scale — is especially extensive (c. 400
x 200km) and well exposed. With the greatest thicknesses (up to
500m) along the southern outcrop, the number of assemblages
decreases to the north; as is clearly evident in the outcrop map.

Ecological (Fig. 1b)

In the Molteno Biome, we recognize seven primary habitats (Chart 4,
pp 8, 9): some are far more prolific than others in regard to productive
fossil-plant deposits. The seven Molteno habitats remain unequally
represented in the collection (Chart 4, p. 9). Coverage ranges from a
maximum of 32 TCs for the Dicroidium woodland, to a minimum of
two TCs for the mature Dicroidium riparian forest. The Heidiphyllum
thicket, most relevant in this volume, is second best covered with 24
TCs.

Stratigraphic (Fig. 1¢c)

As Gondwana, the southern half of Pangaea, drifted north through
the Triassic (see Fig. 2, p. 3), an active margin developed between
Antarctica and southern Africa. The repeated upward-fining cycles
of sedimentation (members) are a consequence of pulses of uplift.
The fullest sequence of members is encountered in the SE where all
six cycles are recognized.

Intensity of sampling

Tab. 1. Molteno sampling.

Geographic grid | Grid i

(hierarchy) . diam. .

subregions ' 100 km ! 10
superlocalities ¢ 10km ! 43
localities bolkm 69
sublocalities ' 100 m ! 80
supersites : 10m . 85
TCs (assemblages) | — ' 100
Slabs (approx.) P - v 27200

Collecting programme: 1967-1998 (31 years); 85 field trips.
Extensiveness of sampling: 100 taphocoenoses (assemblages) from 69
localities (areas to 1km in diameter).

Intensity of sampling: c. 27200 catalogued slabs including c. 300 000 identifi-
able vegetative specimens (individuals). — from And. & And. (2003, pp2, 3)

outcrop
| ¢ 400 x 200 km
in extent

: ;::OI.‘I'ENOPM-; | ZP" K':?_«; i- T 5 T
i
|
»‘
=
|
|
|
|
|
|
|

0
| |_|__|_|_|

mmm &And. 1983 & 1589

CapeFoldBelt S

200 km

1. Umk 111, Lit 111
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3 Cyplil
4. Aas411,Kom 111
Sa. Aas 111, Lut 311, Pen 311, Pen 411
5b. Tel 111, Kan 112
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The Molteno Biome

showing the positions of the seven
primary habitats (ecozones) - as
in the southern outcrop belt of the
Molteno Fm.
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The Gondwana Triassic (GT)

Although Gondwana Triassic plants have been sampled for around
175 years (Morris 1845, McCoy 1847 and later), major potential
remains for further extensive collections and revision.

Colonization success (Prominence)

For Kannaskoppia — as in our earlier volumes — we consider the
success of the taxon in colonizing Gondwana through the Trias-
sic (see Part2, Systematics, p. 50). Rochipteris ranks fourth in this
regard amongst the gymnosperm plant genera through the super-
continent — following Dicroidium, Heidiphyllum and Sphenobaiera.
For this purpose, clearly the more comprehensive and comparative
the sampling across the supercontinent, the more meaningful the
results — a sense of the disparity continent by continent follows.

Tab. 2. Gondwana Triassic sampling.

regions , formations | localities
South America | 4 basins 1 18 fms 1 49 locs
Southern Africa | 4basins | Sfms Ustloes
India | 2basins | Afms T8loes
Antarctica | 2basins | Sfms Dalloes
Australasia | 10basins | 37 fms [208les

And. & And. (2018, pt2, tab.4)

The level of sampling around the Gondwana Triassic (GT) has
increased substantially in the past four decades since 1983 (see
Hypodigm, Part 2, pp 106-115). This is especially the case for Antarc-
tica, where new localities and collections have increased signifi-
cantly (e.g. Bomfleur ez al., 2013, 2014). An overview of megaplant
sampling levels across the supercontinent during the Triassic is
given in And. & And. (2003, pp2, 3). “By far the fullest succession
of megafloras is preserved in the series of basins stretching down
the eastern tectonic margin of Australia.” It would be useful for an
updated compilation to be undertaken.

On a sampling scale of 1 to 5 (reconnaissance to comprehen-
sive), we might rate the Molteno Formation grade 4 (approaching
optimal) and most other GT formations about 2 (basic).

Global Triassic correlations

The biostratigraphic and chronstratigraphic correlation of global
Triassic strata is still in a considerable state of flux (Lucas et al.,
2012; Ogg et al., 2014). After their recent review of the status of the
Triassic Timescale, Ogg et al. (2014) concluded, “Unfortunately,
there are lingering major uncertainties on the age ... and durations
for most of the Triassic stages. In particular, establishing a robust
Late Triassic time scale requires definitive radio-isotopic dates ....”

In the few years since, as noted by Ruffell et al. (2018), our
knowledge of the Triassic is clearly improving: ‘“Dating methods
and databases have improved. Importantly, correlations between late
Triassic continental red beds and marine limestones are facilitated
by magnetostratigraphy, carbon-isotope excursions, palynology and
occasional radioisotopic dates.”

Our aim, along with several colleagues (see Introduction), is to
complete the holistic study of the Molteno — megafiora and palyno-
morphs, insects, plant—insect interactions, radio-isotopic dating, bio-
and eco-stratigraphy — over the next five years or so. Included will be
a review of the correlation of Gondwana Triassic plant and insect-
bearing strata tied as closely as possible to the global Triassic stand-
ard. We have since our latest Molteno volume on the Sphenophytes
(And. & And., 2018), attempted a partial update of our ‘Gondwana
Triassic, stratigraphic occurrence of megaplants’ (Chart 2, Fig. 2, p. 5).

This, then, supercedes the correlations appearing in our Brief
History of the Gymnosperms (And., And. & Cleal, 2007).

Fig. 2. Gondwana Triassic in context.

195 Ma

Early Jurassic

Early Triassic 237 Ma

FPANTHALASSIC OCEAN

Late Permian

From: Chris Scotese (1997)
Paleomap Project
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Chart 2. GONDWANA TRIASSICMEGAPLANTS.

- >4 w
‘ Fig. 1. Geographic occurrence.
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30 Subregion (degree square), with Rochipteris (& affiliates) Updated from And. & And. (1983, 1989, 2003)

Tab. 1. Gondwana Triassic, productive degree squares.

D 5 ANTARCTICA (Ant)
square HE H TRANSANTARCTIC MTS. (TA)
SUPERREGION (continent) |2 Z 2 c E 1 Allan Nunataks 761553 4 - 2|1 3
REGION (basin) oo g 3 § 2|8 8 2 Taylor Glacier 77155|3 4 3 1]|2 9
Subregion (* square) E Slgsgails 8 3 Portal Mt. 78185[2 3 - 1|1 1
4 Beardmore Gl. 84160 - - - 1|2 3
Sog'malggﬂlcﬂsml 5 Mt Bumstead 851702 4 2[1 1
L 6 Shackleton Gl. 85 180 | 2 4 111 1
1 Coplapo 27 ;0 33 -2113 EASTERN ANTARCTICA (EA)
gf’::&eggam gg ?; 575 - ; ] ; 1 Prince Charles Mts 70 68|13 3 5 3(1 3
4 Curicé a 72l v s - 4]l1 1 AUSTRALASIA (Aus)
5 Pocillas 3 73+ o+ - 1)1 1 NEW ZEALAND (N2)
6 Concepcion 37 73| 3 3 - 2|2 2 1 SW Auckland 1741 1 - 4|1 1
1 T s AL R T - w170(3 3 - 8|1 3
8 Valdivia 39 73|+ » - 1|1 1 =
N, ARGENTINA (NA) 4 Benmore Dam 41703 3 - 4|1 3
1. lachipualasin 20 69/3 3 3 2| 313 5 Southland Syncl. (NW) 45168]2 1 - 4|5 10
2 Barreal 31 7004 4 2 4|2 6 6 Southland Syncl. (SE) 461692 1 - 4|2 7
3 Marayes 3 68|2 3 - 2]1 1 CANNING BASIN (Ca)
4 Cacheuta 322 70|4 4 3 3| 310 1 Derby 1712312 3 2 211 2
5 Uanienss 3 69/3 3 - 3|2 2 2 M. Erskine 191262 3 - 1|2 4
S. ARGENTINA (SA) 3 Mt Emest 201262 2 - 1|2 8
1 Paso Flores a0 2|2 3 - 2|1 1% 4 Gregory Lake 2012712 2 - 112 3
2 Los Menucos 40 691 2 - 1|1 SOUTH AUSTR"‘LM(SA}
3 El Tranquilo ar.70l2 3 - 2[1 1 ;mhwc?"- ﬁ}[g: g g 5 g ..
PARANA BASIN (Pa) ngfield Cf. =
1 Santa Maria 29 54[2 3 - 2|1 1 G-‘1'-"-LEE BASIN (Ga) s la 5. alste
SOUTHERN AFRICA (SAf) AL el o S & ;
LUANGWA VALLEY (Lu) 16 rborougL : 21148 [1 2 1)1
a - 1
1 N. Luangwa V. 10 211 1 =111 » 2 Springsure Shelf 241474 2 = 1|1 1
2 W. Luano V. 4 28 = @+~ 1A 3 Springsure Anticl. 241481 2 - 1)1 1
ZA:HEEZI VALLEY (Za) 4 Dawson Range 2414911 2 = 1|1 1
Kafue V. 19 28| & @& =t Ay e 5 Camarvon Range 2514811 2 - 1|1 1
g”mﬂlz':ba 1? ;’g’ ; ; = ; 11 6 Taroom 251491 2 - 1|1 3
3 G'-ak@lo i 1 A 18 CLARENCE/MORETON BASIN (CM)
wel _ 1 s o 1 Callide Cf. 24150 |2 4 5 2|1 1
L"‘:sza:”i*tul R p 2 Gayndah 251511 3 - 1|1 2
ansberg -
2 Komatipoort Cf. 25 31|11 = 1|1 = Twci S R
R el 4 Esk Trough (N) 26152|3 4 20117
1 Bathlehem 2 28135 211 o Sdsoane 271534 5 4 3|2 14
2 Bergville 28 29165 5 5 4|1 1 7 Nymboida o182 |4 & — 3|1 4
3_Masery 20 21(8 8 3 °4/1 4 8 Red CIiff 29153 |2 4 3 2|1 2
4 Underberg i (Rl NEW ENGLAND FOLDBELT (NE)
5 Aliwal North 30 26|15 4 - 41213 1 Delungra 301502 3 1 3 2
& _Zeskon ol I O e B 2 Lome Basin 31152|3 3 - 4|1 4
7 Malatiele 30 26/4 4 - 4|1 5
SYDNEY BASIN (Sy)
8 Molteno 31 26| 5 4 - 4|1 19 1 Dubbo 321483 4 - 2|1 2
9 Elliot 31 27| 4 4 - 4| 214 2 Blue M. a5 1802 & = ‘4|5 &
10 Maclear 31 28| 4 4 - 4|1 1 3 Sydney 33151 |4 4 3 3|2 23
INDIA (Ind) 4 Picton 34150|2 3 - 2|2 4
W. HIMALAYAS (WH) VICTORIA (Vi)
1 Salt Range (W) 3z 2z - 2|11 1 Yandolt Hill 361431 1 2
PENINSULA INDIA (Fi) 2 Bald Hill ar1a4|1 1 = 2|4 9
1 S. Rewa/Tiki 24 813 3 3 3|3 7 TASMANIA (Ta)
1 Poatina 41146« » « 1)1 1
2 Ben Lomond 41147|3 4 3 2|1 2
22 regions - nil G 3 NE coast 411483 4 3 2|1 17
g: t;iproducﬂve(degreesqt;ares (subregions) * no information 4 Derwent Valley 421463 4 3 2|1 2
ozones (megafloras; 5 Hobar 4214713 4 3 2|2 8
391 localities (69 Molteno, 322 non-Moiteno) 6 South Cape 431486|1 3 3 2|1 2
Kannaskoppia SAMPLING & OCCURRENCE
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Fig. 2. Stratigraphic occurrence.
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247k = e e e e |- - ——--- == T Er e Ee e .
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- 5 ’752 1 1
M-Middle  Triassic Stages Adapted from And. & And. (1983, 1989, 2003, 2008, 2018)
R | Rhaetian & other recent references: see below
N | Nori [ megaplant-bearing formations
orian B beds with Rochipteris (& affiliated strobili)
_C | Carnian
L | Ladinian For discussion on the correlation & duration of
_A | Anisian the Molteno Fm. (233-227 myrs), see p. 10
O | Olenekian
I | Induan
Tab. 2. Gondwana Triassic, megaplant-bearing formations.
SOUTH AMERICA S. Argentina (SA) INDIA Canning Basin (Ca) New England Foldbelt
Chlle (CH) 232 Paso Flores W. Himalayas (WH) 248 Culvida 240 Gragin
La Ternera 235 El Tranquilo 247 Landa 250 Erskine 241 Gunnee
“  El'Puquen 238 Los Menucos 251 Blina 250 Camden Head
“ %%ﬁgg;o Parana Basin (Pa) 2P§5n|n_|§”t|ilar India (P1) Southern Australia (SA) Sydney Basin (Sy)
209 Gomero 227 Santa Maria 232  Chicharia 238 Leigh Creek Benolong
“ Tralcan 247 Parsona “  Springfield 2 43 VHV:\;\?lfensqsLtjtre;/
2% Quilacoya SOUTHERN AFRICA Galilee Basin (Ga) 248 Burralow
242 (Alto Del Carmen) | buangwa Valley (Lu) | ANTARCTICA (1A, EA) | 242 Moolayember *" Gosford (U)
“ Atacama 232 . Grit Transantarctic Mts. 243  Clematis “  Newport (U)
247 Ntawere 238 Falla 249  Newport (M)
“ LashlyC Bowen Basin (Bo 250 Garie
5 Ar?siﬁféﬁ:g:@) Z3a£" beze: Valley (Za) 242 Fremguw 242 Moolayerr(1ber) “ Newport (L)
“  Q.delaMina 249 Lashly A 243 Clematis 251 Banks Wall
228 C. de Piedra Limpopo Valley (Li) “  Gosford (L)
230 L. Carrizal 232 (Molteno) Eastern Antarctica Clarence/Moreton Basin “ Bald Hill
“  Cacheuta . 225 Flagstone Bench 203 Raceview 251 Patonga
233 Panul 2K§3r°°MBI?Sln (Ka) 205 Aberdare “ Bulgo
p : olteno 232 Callide . . .
« E‘;tﬁféwgss 247 Burgersdorp AUSTRALASIA " Ipswich (U) Victoria (Vi)
234 Los Rastros New Zealand (NZ) 233 Tarong 238  Yandoit
“" Cortaderita 58(73 goum:angg “ Ipswich (L) Bald Hill
M i outhlan: “  Tingalpa H
238 lsanichuca, 239 Tank Gully + Red Ci 255 " Brady )
“  Barreal . E(I;(:kéﬁﬁks 241 ESK boid “ New Town
242 Las Cabras (M/U) 240 (Sogthlan}é) 242 Neara 251 Knocklofty
243 Las Cabras (L) 550 " 243 Bryden

Ma — age marking base of Formation bar
(rounded off to the closest million)

beds with Rochipteris (& affiliated strobili)

Rochipteris (and affiliated strobili) are recorded from 21 Formations in the
Gondwana Triassic as shown in Tab. 2 (above). Of these, the Molteno is by
far the most productive, with 20 Superlocalities (Chart 3, p. 6) yielding a total
of 12 species from the 26 TCs. For Gondwana species distribution, consult
the Hypodigm Charts (pp 102-115).

The Triassic explosion of biodiversity

In the story of life on earth, the Triassic explosion — plants, insects, tetrapods
(the origin of dinosaurs) — following the end-Permian extinction, the Triassic

strata tell a most compelling

chapter.

Adapted from And. & And. (1989, p. 30; 2003, p.7)

Recent references

Mancuso et al. (2020): origin of dinosaurs

Smith et al. (2018): Australian Triassic palynostratigraphy

IUGS (2018): International geological time-scale

Ruffel et al. (2018): Carnian, extinctions & biodiversity explosion
Marsicano et al. (2016): origin of dinosaurs, Ischigualasto Fm.
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Fig. 1. Molteno Fm., megaplant occurrences (Superlocalities).

Chart 3. MOLTENO Fm. MEGAPLANTS.
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e From And. & And. (2003, map2, p.8);
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Molteno Superlocalities (10 km diam. grid)
1. Little Switzerland 12, Tina Bridge 23. Bamboesberg 34. Elandspruit Colour coding
2. Champagne Castle 13, Waldeeck 24. Aasvoélberg 35. Kraai Rivier O Tos with Rochipteris & affliates )
3. Injasuti Valley 14. Konings Kroon 25. Boesmanshoek Pass 36. Lutherskop O cs Wfth attached fru't,mg 8for foliage specimens
4. Mooi River 15. Peninsula 26. Cyphergat 37. Nuwejaarspruit g Tos W!th KannaSkOppl.a
5. Hlatimbe Valley 16. Kannaskop 27. Molteno 38. Winnaarspuit J TCs with Kannaskoppianthus
6. Umkomaas Valley 17 Navar 28. Kleinhoek 39. Qualasi Hill
7. Sani Pass 18. Cala Road 29. Kapokkraal 40. Morija
8. Mngeni Valley 19. Askeaton 30. Kommandantskop ~ 41. Makoaneng
9. Qachasnek 20. Greenvale 31. Kullfontein 42. Mazenod
10. Matatiele 21. Dordrecht 32. Telemachus Spruit  43. Golden Gate
11. Kenegapoort 22. Birds River 33. Vineyard

Kannaskoppia
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Tab. 1. Molteno ‘localities’ & assemblages.

Degree Super- . Assem- Supersite Degree Super— : Assem-— Supersite
square Superlocality site blage (informat) square Superlocality site ! blage {informal)
Ka2 | 1 Little Switzerland Lit 111 :Dic.’Hai = A |22 Birds River Bir 111 Sph 2spp| Tenant Dam
2 Champagne Castle Cha 111 ,Dic odo | Champagne Hotel " " 2N Lo Cloete Shale o
nTTTT > 211'Dicdub | Wonder Valley U ’ » 311_Hei/Sph_| van Bilioen Shale _
3 'Ihjésuti Vélley - Inj 111 D|c odo Injasuti Camp . 23 Bamboesberg Bam 111 Dic dub -
U 177241 Dicdub_|ForestPatch 24 Aasvosiberg | Aas 111 1Hei slo | Turner Shale
74 Mooi River | Moo 111: D|c b | - ) " ) 211 " " | Proppie Shale
Ka4 | 5 Hlatlmbe Valley Hia 111 [Equsp [Homestead Boulder " " e 1 Easter-Egg Shale
M i » 211 ' Dic 3spp | Tom’s Outcrop § § d| " 411'Dic/Sph | Frediindia Slate _
v ""2127 """ | Eddie’s Outcrop " i 5111 Dicelo | Erard Slate _
i A "¥"213 Dicelo | Batiopteris Corner e -1 Hel elo | Aasvoélberg Pass
6 Umkomaas Valley Umk 111 Dic 2spp | Waterfall Locality 25 Boesmanshoek Pg;ss Boe 1, Lep sto | Equisetum _R[dgg .
7__Sani Pass San 111 | Dic cra - - v T > " Equsp | T
8 Mngeni Valley Mng 111!Dic 2spp | - Kag8 | ” i v pm " iDicHei § i
7 9 Qachasnek Qac 111 HeiDic | - . * | " 112/Diccor | Coriaceum Flats
10 Matatielo Mat 111 1Dicdub | - 26 Cyphergat Olcyp 111 Diccra Opan Cast
Ka7 |11 Kenegapoon | Ken 111 ; Dic cra | = I |7 iHei elo e
i ‘12 Tlna Brldge Tin 111 _:Schsp | Tina Road 27 Molteno I Mol 111 ; Sph pon _ Slate Quarry
o o 121 ’Sph 2spp | Tina Quarry 28 | Kleinhoek VK!,e 111 iEqu sp t
V " S " 131 ‘Hei/Ast | Tina Stream i i " " ‘Heielo | " "
Ka 10 [ 13 | Waldeck Wal 111  Dic odo § i ’ g " HeiDic | " g
4 |14 Konings Kroon: Kon 111 ; Dic odo | Du Toit Chert T i
’ § ’ " Tschsp ? ! 29 Kapokkraal
” " g " " Heielo | " " 30 Kommandantskop OJ 5ph/Dic | -
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18 Cala Road Cal 111 :Equsp | Cala Cutting i D " 511 'Heielo | Sonya’s Hiflock
” " o ’Dic/Sph 1 37 . Nuwejaarspruit Nuw 111JEqu sp | Clara's Ditch
oo " 211 |Heielo |Cala Bolders " " o chzub o]
19| Askeaton Ask 111 'Equsp | - i | "~ 211 Dic 2spp | Wolfy's Adit
 204 G[eenvalér i Gre 111 ‘Sph pon | Equisetum Cutting 38 Winnaarspruit .‘,"\{"",,1,1.1,1,’1"9" elo | — o
9 ©lEqusp | T Ka 6 39" Qualasi Hill Qua 111:Dicodo | -
R e I - -HEII elo  Telemachus Shale 40 Morifja  IMori{1:Diczub | -~
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Superlocalities: numbered in clockwise order around the Molteno outcrop

From And. & And. (2003, tab.5, p.9)

Extensiveness of sampling

(see map opposite)

Supersites: arranged chronologically, within each superlocality, according to date
of discovery (earliest above)

Assemblages: arranged stratigraphically for each supersite (youngest above)

Informal names: all distinct supersites within a superlocality have been given a
familiar name for ease of communication (assemblages within a
supersite retain only the formal code name)

10 degree squares/subregions (ca 100 km diam. grid)
43 superlocalities (10 km diam. grid)

69 localities (1 km diam. grid) ’

80 sublocalities (100 m diam. grid)

85 supersites (10 m diam. grid)

100 assemblages (taphocoenoses, TCs)

J The 26 Molteno TCs with Rochipteris & affiliates
o TCs with attached fruiting and/or foliage specimens

9 TCs with Kannaskoppia
6‘ TCs with Kannaskoppianthus

Note: our collection from Pen 222 is combined with Pen 221 (they are taken as representing the same assemblage);
likewise, Kon 221 is combined with Kon 211.

SAMPLING & OCCURRENCE Kannaskoppia
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Chart 4. MOLTENO Fm., ECOLOGICAL OCCURRENCE.

Cape Fold Belt

o

S

200 km

1. Umk 111, Lit 111
2. Mat 111

3. Cyplll

4. Aas4l1l,Kom 111
Sa. Aas 111, Lut 311, Pen 311, Pen 411
Sb. Tel 111, Kan 112

6. Gre 111

7. Kan 111

The Molteno Biome

showing the positions of the seven
primary habitats (ecozones)

3 3 — as in the southern outcrop belt of the
Fig. 1. Ecological. Nn the so

Dicroidium riparian forest, type 1 5 ' Heidiphyllum thicket

bordering channels in mature landscapes in areas of high water table in floodplains (5a);
Dicroidium riparian forest, type 2 or on channel sandbars in the braided river (5b)

el

bordering channels in immature landscapes 6 | Equisetophyte marsh

Dicroidium woodland marsh in floodplain

open floodplain @Fern/Kannaskoppia meadow
Sphenobaiera woodland sandbars in braided rivers

lake in floodplain Gondwana Triassic

Reconstructions

showing position of the Molteno
Biome at the southern tip of
extant Africa

Warm currents
“ A Cool currents

. Mountains Warm water
Uplands 1 Cool water
| Lowlands TOPOGRAPHY VEGETATION | Tropical rain forest
) 7| Temperate rain forest
(Euramerica » Megaplants (productive degree squares) ~1| Woodland
undifferentiated) . Semi-desert & desert
7~ Gondwana Kingdom
References
A world without icecaps And. & And. (2003)

And. & And. (1983, 1989, 2003)

Kannaskoppia SAMPLING & OCCURRENCE
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:] ) Dicroidium riparian forest, 2 Molteno TCs

type 1 (Umk 111, Lit 1)

i 1:2:2

3) Dicroidium woodland
(Pen 321)

32 Molteno TCs

v i Qm@@é"

5) Heidiphyllum thicket
(Aas 311, Aas 211)

Blattodea Odonata
(cockroaches) (dragonflies)
Coleoptera Orthoptera
(beetles) 572 (crickets)

Hemiptera [Trichoptera
% (bugs, etc.) ¥&S  (caddisflies)
@ Conchostraca

reference assemblage, e.g., Umk 111 or Pen 321

Adapted from:
And. J.M. (1999, p.79)

Proportional abundance (number of individuals) based on

cockroaches : beetles : bugs : dragonflies 3:1:1:1

Fig. 2. Seven primary habitats of the Molteno.

6 62 éé’

2) Dicroidium riparian forest, 8 Molteno TCs
type 2 (Kap 111)

4) Sphenobaiera woodland 10 Molteno TCs

(Bir 111, Aas 411)

6) Equisetophyte marsh 18 Molteno TCs

(Gre 111)

no fauna

7) Fern/Kannaskoppia 3 Molteno TCs

meadow (Kan 111)

Bold numbers: tally of TCs
of 100 sampled in Molteno

Seven primary habitats

Near the centre of Gondwana at
around 50°S in a world without
icecaps, lay the diversely vegetated
Molteno Biome. It occupied an
extensive inland basin spreading
some 1000 km N-S between the
upland hillscape of the Kaapvaal
Craton to the north and the actively
folding Cape Mountains to the
south. Across the central portion
of this depositional basin (the
preserved remnant of the Molteno
Fm.), we recognize the seven
primary habitats illustrated here
(Cairncross, And. & And., 1995,
figs 12,13).

Plants (comprising the 7 habitats)
A considerable diversity of plants
made up the flora of these seven
habitats. We currently recognize 211
vegetative species (Chart 3, p. xii),
with a statistically calculated ¢. 876
species preserved in the Molteno
Formation, and an estimated 2000
species existing in the Late Triassic
Molteno Biome (as projected from
the 204 species as recognized

in 1999). This species-level
(gymnosperm-dominated) diversity
would be similar to that growing in
an equivalent (though angiosperm-
dominated) environment in the
extant world (And., And., Fatti &
Sichel, 1996; And. J.M., 1999).

Insects (reflecting the 7 habitats)
The Molteno insect collection is
sufficiently numerous (c.2300
individuals) and diverse (c.350
species) to reveal a distinctive
pattern of occurrence (or signature)
for the four most prominent insect
orders — cockroaches, beetles,

bugs and dragonflies — in the

seven habitats. Total diversity in
the basin at the time of deposition
is statistically estimated at

20 000 species. The insect tally —
considering all 16 orders found — is
shown in the following pages for
the 26 TCs covered in this volume
(And., Kohring & Schluter, 1998).

Conchostraca (scarce but revealing)
These small, mainly freshwater
crustaceans, after the insects, are
the most significant faunal element
in the Molteno. With some three
genera (8 species), they are known
from 20 plant assemblages — in
several cases ‘in relative abundance
on certain bedding planes’. Though
they have been found in deposits
associated with most habitats, their
occurrence is uneven: being most
abundant in riparian forest TCs
(types 1 and 2) and Sphenobaiera
woodland TCs (And., And. &
Cruickshank, 1998, tabs 3,4, p.401;
Kohring, 1998).

SAMPLING & OCCURRENCE

Kannaskoppia
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Chart 5. MOLTENO Fm., STRATIGRAPHIC OCCURRENCE.

Fig 1. Molteno Fm., members.

If the Molteno was deposited over
6 million years (233-227 myrs), as
outlined below, then each member,
on average, will represent a span
of 1 million years.

N

Base of \

l/‘
Molteno outcrop

Lateral extent of
each member

2

~ =8

22 2%

» E »S

500m cycles members $5 &8

thick =E =
(max. along |: . :

southern |

outcrop)

100km

4._South

Elliot Formation

Molteno Formation

Beaufort Group

North

Molteno Fm., age & duration

In the absence of any radiometric dates, no precise positioning of
the Molteno is possible. Our updated Gondwana Triassic (GTr)
correlation chart (Fig. 2, p. 5) shows the Molteno as occupying
the later half of the Carnian, the Tuvalian, from 233-227 million
years (an interval of 6 myrs). This is based on the correlation of
plants through the GTr, and on its lithostratigraphic position within
the Karoo Supergroup between the tetrapod-bearing strata of the
Cynognathus Zone below and the Elliot Fm. above (see Smith
etal.,2020).

The Cynognathus Zone: As with the Molteno, there are still
no radiometric dates for the Cynognathus Zone, and the placing of
it in the Lower to Middle Triassic, from the late Olenekian to the
end of the Ladinian, possibly just into the Carnian, is based on the
global correlation of tetrapod faunas (Hancoxno et al., 2020).

The Elliot Fm.: Until very recently, there were likewise no
radiometric dates for the Elliot Fm. Now, with their comprehensive
revision of the bio- and lithostratigraphy of the formation, Bordy
et al. (2020) record a number of good U-Pb dates. These, together
with their magneto-stratigraphic studies, have enabled them to con-
strain the formation far more confidently than previously. They plot
the Elliot as running from around the mid-Norian in the Upper Trias-
sic (at 220 Ma) to the close of the Sinemurian in the Lower Jurassic
(at c. 191 Ma) — a duration of 29 myrs.

It is significant to note that disconformities separate the Molteno
from these tetrapod-bearing strata above and below. Based on
the current correlations of the Cynognathus Zone (ending at ¢. 237
Ma) and the Elliot Fm. (starting at ¢.220 Ma), the maximum
possible duration of the Molteno would be 17 myrs. However, con-
sidering the disconformities, it is clearly some degree less. Until
radiometric dates are obtained for the Molteno, and based on
current GTr plant correlations (which need major revision, includ-
ing palynology), the formation is plotted in Fig. 2 (p.5) as running
6 million years from 233-227 Ma, the duration of the Tuvalian.
(In the previous Molteno volumes, the Fm. has been plotted as
spanning 2 million years.)

From the global perspective, and based on the above correla-
tions, the Molteno was deposited in the wake of the Carnian Plu-
vial Episode (CPE), and following the Extinction event midway
through the Carnian (separating the Julian and Tuvalian substages).
Early in the Tuvalian, “about 232 million years ago, the dinosaurs
diversified explosively, so the CPE essentially marks the beginning
of the ‘age of dinosaurs’ .... Further, and perhaps unexpectedly, this
time also marks the initial expansion of nearly all modern tetra-
pod groups, including turtles, crocodiles, lizards and mammals.”
(Ruffell et al., 2018). The explosive diversification of plants and of
insects as found in the Molteno, would appear to correlate closely
with this explosive diversification of the tetrapods!

Kannaskoppia

SAMPLING & OCCURRENCE
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Fig. 2. Key to the 26 Molteno ‘Kannaskoppia’ sites.

Boe 112

o

The set of 26 sites yielding ‘Kannaskoppia’
(Rochipteris & affiliates) are included here in

M1 M2 M3 M4 M5

24 Aas 111, 211,
< 311,411

- " T
) A1l Aas 211 S5 _Aliaas 411 stratigraphic sequence: youngest to oldest, and
showing the members in which they occur.
1 2 3 4 5
. R. vincularis 5% 0 R. rollerii (22) 0 R. sp. indet. (1) l R. pusilla (1) . R. lutifolia (80)
Ms| 3 - M4 | & K. aasvoelensis (2) é - 8 - 3 -
Cal 211 Gre 121 Gre 111 Boe 112 Cyp 111
Hei elo Hei elo Equ sp | Dic cor Dic cra
6 7 8 9 10 11
() R distivena (4) R. vincularis 5% () R telefolia (30) () R. komifolia (29) .RA lacerata (2) () R lutifolia (66)
M3 6 K. irregularis (5) K. vincularis (50) 6 K. telemagnus (2) 6‘ K. komanthus (2) 6\ - 6 K. lutinumerus (16)
Kan 112 Kan 111 Tel 111 Kom 111 Vin 111 Lut 311
He elo Ast spA | He elo Sph/Dic Dic odo Hei elo
12 13 14 15 16 17
L & rotterii 5) () R rollerii (34) () R. rollerii (70) [0) & rotterii (6) 0 & wapolia 3) () R rollerii (3)
E 3 _ é _ & K. aasvoelensis (4) 8 - 3 - 3 -
E Kon 211 Pen 311 Pen 411 Kap 111 Nuw 111 Win 111
Ast 2 spp Hei elo Hei elo Dic/Ris Dic zub | Hei elo
M2
v [18 19 20 21 22
! Here are shown the
| l R. switzifolia (4) l R. rollerii (21) . R. rollerii (2) R. matatifolia (17) R. switzifolia (55) primary affiliation
' _ . . between () and strobili
e Q - - K. matatiparvus (3) K. switzianthus (9) ;
' at each of the 26 sites
. Hla 213 Umk 111 San 111 Mat 111 Lit 111
' Dic elo Dic 2 spp Dic cra Dic dub Dic/Hei
23 24 25 26 .. . .
1 Dicroidium riparian forest, type 1
() R. rollerii 2% 0 R. rollerii (18) () R. rollerii (25) R. rollerii (150) 2 D’.Cr‘”‘dl‘”m riparian forest, type 2
3 Dicroidium woodland
Ml 6 K. aasvoelensis (21) & K. aasvoelensis (1) 6‘ K. aasvoelensis (4) K. aasvoelensis (21) 4 Sphenobaiera woodland
5 Heidiphyllum thicket
Aas 111 Aas 211 Aas 311 Aasall| O Equisetophyte marsh
Hei elo Hei elo Hei elo Dic/Sph| 7 Fern/Kannaskoppia meadow
SAMPLING & OCCURRENCE Kannaskoppia
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Chart 6. ROCHIPTERIS & AFFILIATES - MOLTENO OCCURRENCE.
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Chart 7. The 26 Molteno Petriellaceae sites
Introductory notes

In line with the focus on extensive and intensive sampling and
on palacodemes, pen sketches are included for each of the 26 TCs.
These include, with orange bars, the position of the TCs. On each
spread, a thumbnail map of the Molteno shows the location of the
TCs; and their longitude and latitude is added. The number refers to
the ‘Superlocality’ as listed on Chart 3, p. 6 of the large Molteno map.

The column of text for each TC, tables a consistent set of
information on each — including the habitat of the original ‘living
community’ (biocoenosis, BC), the size of the sample and number
of man-hours spent sampling the site, the make-up and diversity of
the flora, and the taphonomy.

Especial attention is given to the Petriellaceae at each site; and
to the question of affiliation (graded 1 to 5; see Glossary, p.320)
between the foliage and fertile elements (male or female) where
relevant.

Adapted from: And. & And. (2003,
pp 286-313, tabs 57, 58)

* number of Rochipteris
indivs. indicated under
descriptions for each
species.

Kannaskoppianthus — 12TCs

Insects & plant—insect interactions

To emphasize the mutually explosive diversity of plants and
insects in the Molteno, data on the latter are included for each of the
26 TCs yielding Rochipteris. For each TC a table is given listing the
insect orders present with the number of individuals collected;
along with a second table listing plant—insect interactions seen for
Rochipteris. Remarkably, all 26 TCs include specimens of this
genus showing insect damage — as illustrated by a selection of
photographs brought in from Part 4, Plates. (The notation for insect-
damage types follows Labandeira, 2018, p. 14).

In a subsequent volume on the insects and other fauna (spiders,
Conchostraca, fish impressions, etc., but no tetrapod bones, see And. &
And. (2018, chart 7, pp 14, 15)) found in the Molteno series, a full
account of the insect fauna and the plant—insect interactions will be
given. Conrad Labandeira, who has spent a considerable amount of
time on this research (see Acknowledgements, p.vii, and Bibliogra-
phy, p.318), will play a key role in the latter. (See Labandeira, 2006;
Labandeira et al., 2007; Labandeira, And. & And., 2018).

SAMPLING & OCCURRENCE
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27°40.68'E; 31°21.81'S

Chart 7. THE 26 MOLTENO PETRIELLACEAE SITES.

Heidiphyllum thicket
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— Cal 211
| Hei elo

Cal 111
Equ sp

HMA, 29 Aug 2011

Habitat: Heidiphyllum thicket
Collection: 21 slabs, 2 man-hrs cleaving;

good cleavage.
Dominants: Heidiphyllum 75%, ferns 20%
Biodiversity: vegetative total, 3 spp
Non-gymnosperms: 1 sp
Gymnosperms: 2 spp
Petriellaceae:
Rochipteris vincularis 5%
(8 slabs, 8 indivs, no clusters)

Taphonomy — parautochthonous

27°08.94'E; 31°23.62'S

Fig. 1. Cala Road (Cal 211 Hei elo), Cala Bolders.

impressions in thickly laminated, medium grey shale,

Ref. pal
Kan 111 Ast spA

Insects

nil in 2 man-hrs
Blattodea (cockroaches)
Coleoptera (beetles) ef alii

i Plant—insect interaction
. * leaf-margin feeding — v/
E * leaf-tip feeding — v/

'+ piercing & sucking — v/
. * leaf mining — -

1+ oviposition — *

v — 1 indiv.
+ —nil
(see glossary, p. 323)

Heidiphyllum thicket

Gre 121
Hei elo

Gre 111

Gre 111 Sph pon
Equ sp

-~ a

HMA, 17 June 2010

Habitat: Heidiphyllum thicket
Collection: 141 slabs, 10 man-hrs cleaving;

From photo, 15 March 1982

Fig. 2. Greenvale (Gre 121 Hei elo), Telemachus Shale.

impressions in thickly laminated, medium grey shale, good cleavage.

From photo, 4 April 1992

indivs

-0
-0
nil

pl. 4(3) i
piercing & sucking |

PRE/F/7839 %
TR
pl. 5(5)

piercing & sucking,

Dominants: Heidiphyllum 98% R-rollerii
Biodiversity: vegetative total, 7 spp b Insects indivs

Non-gymnosperms: 3 spp E nil in 10 man-hrs

Gymnosperms: 4 spp ' Bl'cittodea (c};)cki'oaches)n -0
Petriellaceae: Ref. pal. E Coleoptera (beetles) et alii — 0

Rochipteris rollerii (22 indivs)* Aas 111 Hei elo ! Plant—insect interaction il

Kannaskoppianthus aasvoelensis (2 indivs)*  Aas 111 Hei elo !« leaf-margin feeding — -

— microsprorangia (1 indiv.) E « leaf-tip feeding — v/

| * piercing & sucking — v/
*Affiliation ()3 (grade 4) i« leaf mining — -
— the same affiliation occurs at five other sites (four also being Heidiphyllum thicket): 1« oviposition —
Pen 411 Hei elo, Aas 111 Hei elo, Aas 211 He elo, Aas 311 Hei elo, Aas 411 Dic/Sph I [— |
Taphonomy — parautochthonous 0 1 c1121
Kannaskoppia SAMPLING & OCCURRENCE
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27°09.6'E; 31°23.70'S

Equisetophyte marsh

Gre 121

Gre 111 Heielo

Gre 111 Sph pon
Equ sp

HR Wmﬁ_“’ o M

By

bl funt

HMA, 17 June 2010

Fig. 3. Greenvale (Gre 111 Equ sp), Equisetum Cutting.
Habitat: Equisetophyte marsh
Collection: 213 slabs, 25 man-hrs cleaving;

impressions in thickly laminated, medium grey shale, good cleavage.
Dominants: horsetails 97%, Dicroidium 2%

Taphonomy — allochthonous

From photo, 15 March 1982

Biodiversity: vegetative total, 10 spp Insects indivs
Non-gymnosperms: 5 spp 1 per 5 man-hrs (rare)
Gymnosperms: 5 spp Homoptera (bugs) - 2

Petriellaceae: Mecoptera (scorpionflies) — 1
Rochipteris sp (1 indiv.) Coleoptera (beetles) - 2

5

Plant—insect interaction
« leaf-margin feeding — «
« leaf-tip feeding — v/

« piercing & sucking — -«
* leaf mining — «

* oviposition —

thinly laminated, buff-grey shale with moderate cleavage.
Dominants: Dicroidium 99%
Biodiversity: vegetative total, 12 spp

Non-gymnosperms: 1 sp

Gymnosperms: 11 spp
Petriellaceae:

Rochipteris pusilla (1 indiv.)

Ref. pal.
Pen 311 Hei elo

Taphonomy — allochthonous

b
26708 AXE; 31°2938°S Dicroidium open woodland . N
=S g = l
a e e <+
74NmpAE].
2|
=
.25‘20 18 _ .
e =l ““ 18 Cal 211
B T o ae e ] e 20 Gre 111, 121
e ==t N =) w2
N Y R '”‘xv S |' IR T T gy S e 25 Boe 112
‘w—/ , {g/:./fl.," Arl:- ‘(f ww,\,«\‘ . LSS r_.r”" U Wy
. ;Z:’r N2 “‘o"‘“‘.“\w«ww'\ o \\\\\\u aT S A, -
A\ v, - —_ ——— u e
Sl N, ~TT - .\ 9 - “’ \‘\'r \N“N ((// \
2 '\ AN R «\ Q ~—— \‘d%
W) SO L T e -
) ’ S S R
\ \ h T —
e d \ \ e .
\ \\ \ —
. n .\_ \\\ ~ - ! 3
23 /) NN T HMA, 12 May 2019 PRE/F/2762 M
From photo, 3 Dec 1978 pl.8(6) leaf-margin feeding,
. . . R. i1l
Fig. 4. Boesmanshoek Pass (Boe 112 Dic cor), Coriaceum flats. pusitia o
Habitat: Dicroidium open woodland . Insects indivs
Collection: 179 slabs, 6 man-hrs cleaving; impressions in gllaltltlo?i::za(rclzjz:rliroaches) _ o

Coleoptera (beetles) et alii — 0
Plant-insect interaction il
* leaf-margin feeding — v/

* leaf-tip feeding — -

« piercing & sucking — «

* leaf mining —

[—— | * oviposition — ¢
0 1 2 P
cm

SAMPLING & OCCURRENCE

Kannaskoppia
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26925 88'E: 31°27.14'S Dicroidium open woodland

4

T
Ml M2 M3 M4 M5
N N I

L2658 116 e

16 Kan 111, 112
26 Cyp 111
e e
" 777" HMA, 8 May 2019
From photo, 13 April 1995
Fig. 5. Cyphergat (Cyp 111 Dic cra), Open cast.
g yp g ( yp )’ p Insects indivs

Habitat: Dicroidium open woodland

Collection: 362 slabs, 100 man-hrs cleaving; impressions in thickly | per 3 man-hrs (rare)

“ switzifolia (1 indiv.) Lit 111 Dic/Hei
« lutifolia (80 indivs)* Lut 111 Dic cra

* leaf mining — v/
« piercing & sucking — vvv
* oviposition — «

*K. lutifolia — parautochthonous
other 2 spp — allochthonous

lal?linated da.rk-g're'y shale with 1.n(.>derate cleavage. E gﬁfﬁ;ﬁ;ﬁ?ﬁi&?ﬁfl)ﬁ) _ ;
Dominants: Dicroidium 75%, Heidiphyllum 24% ! Homoptera (bugs) _9
Biodiversity: vegetative total: 12 spp i Coleoptera (beetles) -1

Non-gymnosperms: 4 spp 1 *Attachment M E Incertae -3

Gymnosperms: 8 spp . K. lutifolia — attached to shoot, ?1 indiv. ! 30
Petriellaceae: i — clusters of 2-10 indivs, >10 slabs | Plant-insect interaction

Rochipteris 3 spp (83 indivs) Ref. pal. ' — cluster of 12 indivs, 1 slab E * leaf-margin feeding — v#4v

“ vincularis (2 indivs) Kan 111 Ast spA \ Taphonomy '+ leaf-tip feeding — vov/

. PRE/F/22846 .
pl.12(6)  piercing & sucking

h By

i .

a's e - & L
PRE/F/22863| "4 ' x10]
leaf-margin feeding

pl. 10(5)

i % 8

PL9B)  leaf mining

pr Lt Ay \
PRE/F/22863 =

E/F x5 R. [utifolia (all photos) (I):_Z
pl. 10(3)

- : ) !
leaf-tip & leaf-margin feeding cm

Kannaskoppia SAMPLING & OCCURRENCE
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Heidiphyllum thicket

27°56.9'E; 31°26.92'S Insects indivs
1 per 7.5 man-hrs (v. rare)
Kan 111 Kan 112 a Coleoptera (beetles) -2

| Plant—insect interaction
1+ leaf-margin feeding —

* leaf-tip feeding — v/

* piercing & sucking — v/
* leaf mining —

* oviposition —

)
HMA, 15 Aug 1996

—

From photo, 1 Sept 1993

Fig. 6. Kannaskop (Kan 112 Hei elo), Upper End.
Habitat: Heidiphyllum thicket
Collection: 145 slabs, 15 man-hrs cleaving; impressions in very thinly bedded,
moderately baked, medium-grey shale with poor cleavage. Kan 112
Dominants: Heidiphyllum 98% c
Biodiversity: vegetative total, 13 spp }
Non-gymnosperms: 4 spp

Gymnosperms: 9 spp

Pl 22(10) |eaf-tip feeding, R. distivena

Petriellaceae:
Rochipteris 5 spp (19 indivs) Ref. pal.
«“ telefolia (2 indivs) Tel 111 Hei elo
“ distivena (4 indivs)* Kan 112 Hei elo
“ rollerii (10 indivs) Aas 111 Hei elo
“ penensis (2 indivs) Pen 411 Hei elo
“ pusilla (1 indiv.) Pen 311 Hei elo

Kannaskoppianthus irregularis (5 indivs)* ~ Kan 112 Hei elo
— microsporangia (1 indiv.)

*Affilation () S(grade 3) Taphonomy
R. distivena/K. irregularis *K. distivena — parautochthonous
other 4 spp — allochthonous

- e | _
Heidiphyllum thicket;
channel sandbar in braided-river system

Fern/Kannaskoppia meadow | b

Fig. 7. Kannaskop (Kan 111 Ast spA), Kannaskoppia Siltstone.
Habitat: Fern/Kannaskoppia meadow
Collection: 365 slabs, 30 man-hrs cleaving; impressions in thickly bedded, moderately baked,
greenish grey, silty mudstone, with very poor cleavage.
Dominants: ferns 63%, horsetails 22%, Heidiphyllum 10%
Biodiversity: vegetative total, 7 spp
Non-gymnosperms: 4 spp
Gymnosperms: 3 spp

Petriellaceae: Ref. pal.
Rochipteris vincularis 5%* Kan 111 Ast spA
Kannaskoppia vincularis (50 indivs)* Kan 111 Ast spA
Attachment 09 (grade 5 affiliation) *Taphonomy — autochthonous

R. vincularis/K. vincularis
— mutual attachment, 4 indivs (3 slabs)

Insects indivs
nil in 30 man-hrs
Blattodea (cockroaches) — 0
Coleoptera (beetles) ez alii — 0
Plant-insect interaction il
* leaf-margin feeding — v/
* leaf-tip feeding — v/
* piercing & sucking — v/
* leaf mining —
* oviposition — «

.,AL ‘ll |
s i s R
“» %W HMA, 15 Aug 1996
From photo, 1 Sept 1993

H PRE/F/13505b

[— | -
0 1 2 pl. 28(7)
cm leaf-margin feeding, R. vincularis

SAMPLING & OCCURRENCE Kannaskoppia
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. 7o . . ) i b_
26°47.78'E; 31°02.86'S Heidiphyllum thicket [emme FE 07 B
a R I
Tel 111 =< . -
Hei elo e gt =
30 Kom 111 306” i ANES
2Tl 11l Fom -
33Vinlll .~ A 1=
o o 28
/,-.-"::‘a?ff“ "3',
Insects indivs

c¢. 1 per 5 man-hrs (rare)

Odonata (dragonflies, damselflies) — 1
Blattodea (cockroaches) - 6
Homoptera (bugs) -2
Mecoptera (scorpionflies) -1
Coleoptera (beetles) - 7

Plant-insect interaction
* leaf-margin feeding — -
* leaf-tip feeding — v/

* piercing & sucking — v/
* leaf mining — «

* oviposition — «

-,__*na'z'__‘_.,x-* g

S ‘-'; A
"h - '\w 14

g//# “W% B WWV «m Y-, m‘{//
HMA, 28 July 2010

From photo, 24 April 1982

5 17

Fig. 8. Telemachus Spruit (Tel 111 Hei elo).
Habitat: Heidiphyllum thicket; channel sandbar in braided-river system;
Rochipteris telefolia, growing in patches near water’s edge.
Collection: 581 slabs, 90 man-hrs cleaving;
impressions in thickly laminated, light olive-grey shale with poor cleavage.
Dominants: Heidiphyllum 89%, Dicroidium 6%, ferns 58 indivs
Biodiversity: vegetative total, 20 spp
Non-gymnosperms: 7 spp )
Gymnosperms: 13 spp pl.45(7)  leaf-tip feeding, R. telefolia

Petriellaceae:
Rochipteris 3 spp (33 indivs) Ref. pal.
«“ telefolia (30 indivs)* Tel 111 Hei elo
« penensis (2 indivs)** Pen 411 Hei elo
«“ pusilla (1 indiv.) Pen 311 Hei elo

Kannaskoppzanthus 2 spp (4 indivs)
telemagnus (2 indivs)*  Tel 111 Hei elo
“ telepentatus (2 indivs)** Tel 111 Hei elo
— microsporangia (1 indiv.)

* Affiliation ()6‘ (grade 4); unique to Tel 111
** Affiliation ()  (grade 2-3)

*Attachment () || Taphonomy — *parautochthonous
R. telefolia — att. to shoot (2 slabs) **parautochthonous — allochthonous
— cluster of 3 leaves (1 slab) other spp — allochthonous 4

K. telemagnus — att. nil

. W"\

F'Fﬂ’;é?“ piercing & sucking, K telemagnus
pl.

Tel 111

Heidiphyllum thicket;

channel sandbar in braided-river system;

Rochipteris telefolia, growing in patches near water’s edge.
BC Biocoenosis (living comunity)
Kannaskoppianthus telemagnus/ 'TC Taphocoenosis (fossil deposit) 0 1
Rochipteris telefolia

Kannaskoppia SAMPLING & OCCURRENCE
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Dicroidium open woodland
26°33.13'E; 31°03.35'S Kom 111

R. komifolia/
K. komanthus

Insects
1 per 5 man-hrs (rare)
Blattodea (cockroaches)
Coleoptera (beetles)

N\ -
30 —la HMA, 5 May 2019
From photo, MM, 10 Oct 1989

Fig. 9. Kommandantskop (Kom 111 Sph/Dic).
Habitat: Sphenobaiera woodland (lake in floodplain) E

Plant—insect interaction
* leaf-margin feeding — v/
* leaf-tip feeding — v/

« piercing & sucking — v/ :
* leaf mining — - PRE/F/3236 |

* oviposition — pl. 50(4)

Collection: 168 slabs, 10 man-hrs cleaving;

impressions in thickly laminated buff-grey shale with poor cleavage.
Dominants: Sphenobaiera 60%, Dicroidium 39%, ferns 1%
Biodiversity: vegetative total: 7 spp

Non-gymnosperms: 3 spp

Gymnosperms: 4 spp

Petriellaceae:
Rochipteris 2 spp (30 indivs) Ref. pal.
“ switzifolia (1 indiv.) Lit 111 Dic/Hei
“ komifolia (29 indivs)* Kom 111 Sph/Dic

Kannaskoppianthus komanthus (2 indivs)*  Kom 111 Sph/Dic
— microsporangia (1 indiv.)

* Attachment ()_6‘ (affiliation grade 5) ) e o
K. komanthus/R. komifolia Taphonomy — parautochthonous — autochthonous - S m‘

— mut.att. to shoot (2 slabs) allochthonous (K. switzifolia) PRE/F/3216 piercing & suking lef-tip eeding
— clusters (several slabs) pl. 49(3) R. komifolia '

Insects indivs
nil in 10 man-hrs
Blattodea (cockroaches) — 0
Coleoptera (beetles) ez alii — 0
nil

* leaf-margin feeding — v/
« leaf-tip feeding — v/

« piercing & sucking — «

* leaf mining —

Dic odo i Plant—insect interaction
E * oviposition — «

i \ 7 g'/’/ ! “\)\, I A o~ e f
N v // {//p///g”} o A | B '
33 /{ / /7 VAR St M I V2 7! ¥ HMA, 12 May 2019 | piercin&suking
From photo, 8 Feb 197 leaf-tip & leaf-margin feeding

Fig. 10. Vineyard (Vin 111 Dic odo), Homestead. O
Habitat: Dicroidium open woodland
Collection: 166 slabs, 10 man-hrs cleaving;

impressions in thinly laminated grey shale with good cleavage.
Dominants: Dicroidium 70%, Heidiphyllum 28%
Biodiverity: vegetative total, 10 spp

Non-gymnosperms: 2 spp

Gymnosperms: 8 spp

Petriellaceae: Ref. pal. ?*
Rochipteris vincularis (2 indivs) Kan 111 Ast spA Mo 4 A : :
[— | ! v
0 1 2 \ BP/2/6046 | . : s
Taphonomy — allochthonous == SR e i
p y cm pl. 52(2,3) R. vincularis

SAMPLING & OCCURRENCE Kannaskoppia
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Lut 311

Heidiphyllum thicket

26°56.84'E; 30°40.57'S

Lut 311 Lut 211

HMA, 8 May 2019
From photo, IMA,10 April 1990

Fig. 11. Lutherskop (Lut 311 Hei elo), Oom Piet’s i — {“1: % &
campsite. EEBEZ#/IM‘@ A )

Habitat: Heidiphyllum thicket

Collection: 589 slabs, 50 man-hrs cleaving;
impressions in thickly laminated,
medium-grey shale with moderate cleavage.

pl.67(4)  piercing & sucking

Insects indivs
c. 1 per 2 man-hrs (rare)

Dominants: Heidiphyllum 99% E Paraplecoptera (extinct) — 2
Biodiversity: vegetative total, 18 spp .| | Blattodea (cockroaches) - 6
Non-gymnosperms: 4 spp R 2 'x10' | Mantodea (me_mtids) - 4
Gymnosperms: 14 spp pl. 68(8)_- leaf-margin feeding E Orthoptera (crickets et alii) — 2
Petriellaceae: Ref. pal. e ey | Homoptera (bugs) -1
Rochipteris lutifolia (66 indivs)* Lut 311 Hei elo v, oLy © Mecoptera (scorpionflies) — 1
Kannaskoppianthus lutinumerus (16 indivs)* Lut 311 Hei elo E Coleoptera (beetles) - < 1;
*Affiliation () @ (grade 4; exclusive) Taphonomy — parautochthonous 1 Plant-insect interaction
'« leaf-margin feeding — v/
!« leaf-tip feeding — v/
| | e piercing & sucking — v/
-- & <10, E * leaf mining — «
f—Je— oz lea feing | - OVPOSTon—
cm R. lutifolia (all photos)

M1l M2 M3 M4 M5
T T T 1

14 Kon 211
15 Pen 311, 411
36 Lut 311

_ - g — N } - N <
;'%\ ’1\’ = -
=225 HMA. 17 Nov 2019

From photo, 30 Jan 1972
Fig. 12. Koningskroon (Kon 211 Ast 2spp), pl. 70(2)

Rooipoort Donga.

Habitat: Fern/Kannaskoppia meadow

Collection: 393 slabs, 14 man-hrs cleaving; impressions in
massive light-grey shale with poor cleavage.

g™ T5 e

léaf-tip feeding

Insects indivs
nil in 14 man-hrs
Blattodea (cockroaches) — 0
Coleoptera (beetles) ez alii — 0

Dominants: ferns 52%, horsetails 20% il
Non-gymnosperms: 6 spp * leaf-margin feeding -V 7 ‘?.
Gymnosperms: 5 spp * leaf-tip feeding — v/ L &
Petriellaceae: Ref. pal. * piercing & sucking — ¢ PRE/F/10303a ' 88 S L Nl
Rochipteris rollerii (5 indivs) Aas 111 Hei elo * leaf mining — - PL700) R. rollerii (both photos)

Biodiversity: Vegetative total: 11 spp i Plant-insect interaction

* oviposition —
Taphonomy — allochthonous

Kannaskoppia SAMPLING & OCCURRENCE
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Heidiphyllum thicket

27°56.84'E; 31°29.59'S Pen 311

- )
g Ll g i
T engle Wi e

i
Wl g
Sl /a2
-~ I~ L127 HMA, 12 May 2019

From photo, June 1992

Fig. 13. Peninsula (Pen 311 Hei elo), Campsite Quarry.

Habitat: Heidiphyllum thicket

Collection: 155 slabs, 35 man-hrs cleaving; impressions in thinly laminated buff shale. r

Dominants: Heidiphyllum 75%, Dicroidium 25% 1

Biodiversity: vegetative total: 11 spp o, TR
Non-gymnosperms: 5 spp | PRE/F/18170a

Gymnosperms: 6 spp : Insects indivs Pl 77(13) leaf-tip feeding
Petriellaceae: + 1 per 5 man-hrs (rare) - R o
Rochipteris 3 spp (41 indivs) Ref. pal. : Blattodea (cockroaches) — 4 i ol :
« rollerii (34 indivs) Aas 111 Hei elo 1 Coleoptera (beetles) =3 Bl
“ penensis (5 indivs) Pen 411 Hei elo E . . . 7
“ pusilla (2 indivs) Pen 311 Hei elo  Plant-insect interaction
1+ leaf-margin feeding — -
Taphonomy — R. rollerii, parautochthonous 1« leaf-tip feeding — v/
— other 2 spp, allochthonous 1« piercing & sucking — «
E * leaf mining — .
+ * oviposition — PRE/F/18167a

PLT74) R penensis (both photos)

Insects indivs
c. 1 per 10 man-hrs (v. rare)
Plecoptera (stoneflies) — 1
Blattodea (cockroaches) — 3
Mantodea (mantids) -
Homoptera (bugs) -1
Coleoptera (beetles) - 1
Plant-insect interaction
* leaf-margin feeding — -
« leaf-tip feeding — v/
« piercing & sucking — «
* leaf mining —
* oviposition — «

= M .:L\-";'-.-’l‘--"‘v},,& Gl g g g e e Hei elo
o [T

HMA, 2010
From photo, 13 Aug 1996

e T

Fig. 14. Peninsula (Pen 411 Hei elo), Lunchspot. Wi
Habitat: Heidiphyllum thicket i
Collection: 204 slabs, 70 man-hrs cleaving;

impressions in thickly laminated, greenish grey shale, moderate cleavage.
Dominants: Heidiphyllum 94%,

ferns 3%, horsetails 2%
Biodiversity: vegetative total: 11 spp

Non-gymnosperms: 6 spp

Gymnosperms: 5 spp

Petriellaceae:
Rochipteris 2 spp (80 indivs) Ref. pal.
«“ rollerii (70 indivs)* Aas 111 Heielo | '
“ penensis (10 indivs) Pen 411 Hei elo |, 204

¥ PRE/F/17978b BREE, A5° » x10

Kannaskoppianthus aasvoelensis (4 indivs)* Aas 111 Hei elo 1
P ks
pl. 82(2)

*Affiliation () & (as for the 4 Aasvoélberg TCs) leaf-tip feeding, R. rollerii

Taphonomy — R. rollerii, parautochthonous

[— |
— other spp, parautochthonous — allochthonous 0 1 2
cm

SAMPLING & OCCURRENCE Kannaskoppia
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26°29.63'E: 31°05.81'S Dicroidium riparian forest (type 2)

From photo, 19 Feb 1992
Plant—insect interaction
« leaf-margin feeding — v/
« leaf-tip feeding — v/

« piercing & sucking — »

* leaf mining —

* oviposition — «

Fig. 15. Kapokkraal (Kap 111 Dic/Ris).
Habitat: Dicroidium riparian forest (immature, type 2)
Collection: 1310 slabs, 65 man-hrs cleaving; impressions in thinly laminated,
moderately baked medium dark grey shale, moderate cleavage.
Dominants: Dicroidium 50%, horsetails 10%, Heidiphyllum 25 indivs
Biodiversity: Vegetative total: 19 spp
Non-gymnosperms: 5 spp
Gymnosperms: 14 spp
Petriellaceae: Ref. pal.
Rochipteris rollerii (6 indivs) Aas 111 Hei elo

'Q\N \I 1;/ //31 o {S\:f" \B Tf‘({, L’L“"' r;’;_'lz ; Insects indivs
A W fa ) J/ - S e s t ¢.3 per 1 man-hr (not rare)

S / . “J\ ‘_)rv o e T ' Meganisoptera (protodrag.) — 3

olary Ve 5 “ ' Odonata (dragonflies) - 8

iy fh’q]l‘ Y \\}_ e 2 i Paraplecoptera (extinct) - 4

' ‘“?:\m i Plecoptera (stoneflies) -1

LT R > ap | ! Blattodea (cockroaches) - 61

N 1 Mantodea (mantids) - 3

i Orthoptera (crickets et alii) — 5

1 Homoptera (bugs) - 12

' Mecoptera (scorpionflies) — 6

' Coleoptera (beetles) - 61

HMA, 9Apr11 1996 | 1 Incertae _1;3

Taphonomy — allochthonous

pl. 89(8) leaf-tip feeding, R. rollerii

26°54.28'E; 30°31.44'S

Insects indivs
¢. 1 per 4 man-hrs (rare)

Blattodea (cockroaches) -1
Orthoptera (crickets et alii) — 2
Coleoptera (beetles) -1
Incertae - 1

Plant-insect interaction
* leaf-margin feeding — v/
* leaf-tip feeding — v/

* piercing & sucking — «
¢ leaf mining —

* oviposition — «

; 5

" | Dic zub

a9 {
37 ﬂifﬂ’ b, - = hém
—_— HMA 28 July 2010

From photo, 22 Feb 1972
Fig. 16. Nuwejaarspruit (Nuw 111 Dic zub), Clara’s Ditch.

Habitat: Dicroidium open woodland

Collection: 138 slabs, 21 man-hrs cleaving; impressions in thinly laminated grey shale with
moderate cleavage.

Dominants: Dicroidium 70%, Sphenobaiera 30%

Biodiversity: vegetative total, 9 spp
Non-gymnosperms: 1 spp
Gymnosperms: 8 spp

Petriellaceae: Ref. pal.
Rochipteris lutifolia (3 indivs) Lut 311 Hei elo

Taphonomy — allochthonous

| BP/2/6725 B

pl. 91(5) leaf-tip feeding 0 1 2
R. lutifolia (both photos) cm

Kannaskoppia SAMPLING & OCCURRENCE
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27°05.75'E; 30°28.65’S

Heidiphyllum thicket f

Fig. 17. Winnaarspruit (Win 111 Hei elo).

Habitat: Heidiphyllum thicket

Collection: 64 slabs; 20 man-hrs cleaving; impressions in thickly
laminated grey shale with poor cleavage.

Dominants: Heidiphyllum 79%, Dicroidium 10%

Biodiverity: vegetative total, 11 spp
Non-gymnosperms: 5 spp
Gymnosperms: 6 spp

Petriellaceae:

Rochipteris 3 spp (5 indivs)
« rollerii (3 indivs)
«“ lutifolia (1 indiv.)
“ cf. sinuosa (1 indiv.)

Ref. pal

Aas 111 Hei elo
Lut 311 Hei elo
Umk 111 Dic 2 spp

Taphonomy — allochthonous (all 3 spp)

From photo, 27 Dec 1971

a
5Hla213 >
e 29Kap 111 <
: - 37 Nuw 111 -
T et ; i
. Wﬁ; ﬁ}(\,; 38 Win 111
Y iy -
ML .- e ' Insects indivs
- — = ' 1 per 5 man-hrs (rare)
= S . Blattodea (cockroaches) -1
Al 5 | Homoptera (bugs) -1
L ﬂ?_’}}ﬂ\* © Homoptera (bugs
Ew ' Hymenoptera (wasps, bees, ants) — 1
é‘gfr-_-—-f"“ ,.._,__}_"“._’1"': E Coleoptera (beetles) - 1
B oo I 4
. Plant—insect interaction
E * leaf-margin feeding — v/
HMA, 8 May 2019 '« leaf-tip feeding — v/

* piercing & sucking — v/
* leaf mining — v/
* oviposition — «

= [

BP/2/6956
pl. 93(6)

Insects indivs

N

A
HMA, May 2019

c¢. 1 per 1 man-hr (rare)
Meganisoptera (protodragonflies) — 1
Odonata (dragonflies, damselflies) — 5

Paraplecoptera (extinct) -2
Blattodea (cockroaches) - 10
Homoptera (bugs) - 6
Glosselytrodea (extinct) -1
Mecoptera (scorpionflies) -1
Coleoptera (beetles) - 18
Incertae - 8

52

Plant-insect interaction
* leaf-margin feeding — v/
* leaf-tip feeding — v/
* piercing & sucking — v/
* leaf mining — «
* oviposition — «
R. ro_lf{_e_riz

Fig. 18. Hlatimbe (Hla 213 Dic elo), Batiopteris Corner.

Habitat: Dicroidium riparian forest (immature, type 2)

Collection: 902 slabs, 60 man-hrs cleaving; compression in thinly laminated,
carbonaceous (poor cuticle), medium dark-grey shale with good cleavage.

Dominants: Dicroidium 89%, Heidiphyllum 1%

Biodiversity: vegetative total, 42 spp
Non-gymnosperms: 15 spp
Gymnosperms: 27 spp

Petriellaceae:

Rochipteris 3 spp (8 indivs)
“ rollerii (4 indivs)
switzifolia (4 indivs)

Ref. pal.
Aas 111 He elo
Lit 111 Dic/Hei

«

From photo, 29 July 1982

Taphonomy — allochthonous (all 3 spp)

PRE/F/8745 " i
pl. 95(6) piercing & sucking;
leaf-tip & leaf-margin feeding

[ |
0 1 2
cm

SAMPLING & OCCURRENCE
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29°27.3'E; 29°33.54'S

a
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/I;mklll

B
Dic 2spp-

HMA 9 April 1996

From photo, 24 Jan 1979
Fig. 19. Umkomaas (Umk 111 Dic 2spp), Waterfall Locality.

Habitat: Dicroidium riparian forest (mature, type 1)
Collection: 3592 slabs, 400 man-hrs cleaving; compressions in thinly laminated,

carbonaceous (cuticle), moderately baked, dark-grey shale with good cleavage.
Dominants: Dicroidium 69%, Heidiphyllum 7%, Sphenobaiera 5%
Biodiversity: vegetative total, 75 spp

Non-gymnosperms: 29 spp

Gymnosperms: 46 spp
Petriellaceae:

Rocthterzs 4 spp (50 indivs)

rollerii (21 indivs)
«“ lutifolia (1 indiv.)

obtriangulata (19 indivs)
cf. sinuosa (9 indivs)

Ref. pal.

Aas 111 Hei elo
Lut 311 Hei elo
Umk 111 Dic spp
Umk 111 Dic 2 spp

Taphonomy — parautochthonous (R. rollerii & R. lutifolia)
— allochthonous (R. cf. sinuosa)
— parautochthonous-allochthonous (R. obtriangulata)

29°24.62'E; 29°37.73'S

A=

=y mﬂ(

HMA, May 2019
From photo, 27 Sept 1971

Fig. 20. Sani Pass (San 111 Dic cra).

Habitat: Dicroidium riparian forest (immature, type 2)

Collection: 303 slabs, 30 man-hrs cleaving; compressions in thinly laminated, carbonaceous,

dark-grey shale with moderate cleavage.
Dominants: Dicroidium 90%, Heidiphyllum 5%
Biodiversity: vegetative total, 19 spp

Non-gymnosperms: 3 spp

Gymnosperms: 16 spp
Petriellaceae:

Rochipteris 2 spp (3 indivs)

«“ rollerii (2 indivs)

switzifolia (1 indiv.)

Ref. pal.
Aas 111 Hei elo
Lit 111 Dic/Hei

«

Taphonomy — allochthonous (both spp)

Dicroidium riparian forest (type 1)

c. 1 per 2 man-hrs (rare)
Odonata (dragonflies, damselflies) — 1

Plecoptera (stoneflies) -2
Blattodea (cockroaches) - 80
Orthoptera (crickets et alii) -1
Homoptera (bugs)

Megaloptera (alderflies)
Coleoptera (beetles)
Incertae

Plant-insect interaction
* leaf-margin feeding — v/
* leaf-tip feeding — v/

* piercing & sucking — -

* leaf mining — v/

* oviposition — «

Insects indivs

pl. 103(3)
leaf-margin feeding

R. obtriangulata
(both photos)

Insects indivs
nil in 30 man-hrs
Blattodea (cockroaches) — 0

Coleoptera (beetles) et alii — 0
nil

1 Lit 111

Plant—insect interaction

. leaf-rpargm feedmg - 6 Umk 111
* leaf-tip feeding — v/ 7 San 111
* piercing & sucking — « an

10 Mat 111

* leaf mining — «
* oviposition — «

pl. 112(3)

BP/2/2528
leaf-margin

R. rollerii g i feeding
(both photos)  p/2/2527
1. 111(7 [— |
p (7 5 ! .
cm

Kannaskoppia

SAMPLING & OCCURRENCE



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i—xiv + 1-324 25

28°48.34'E; 30°20.84'S

Dicroidium riparian forest (type 2)

Insects indivs

HMA May 2019

c. 1 per 2 man-hrs (rare)

Odonata (dragonflies, damselflies) — 5

Plecoptera (stoneflies) - 2

Blattodea (cockroaches) - 16

Orthoptera (crickets et alii) -2
2
3
1

Mat 111

Neuroptera (lacewings, antlions) —
Coleoptera (beetles) -
Incertae -

Plant-insect interaction
* leaf-margin feeding — -
* leaf-tip feeding — v/

* piercing & sucking — «
* leaf mining — «

* oviposition — «

Dicroidium riparian forest (1mmature type 2) R telef OI_Zf (both__pho__to_s )

Fig. 21. Matatiele (Mat 111 Dic dub).
Habitat: Dicroidium riparian forest (immature, type 2)
Collection: 1082 slabs, 65 man-hrs cleaving; impressions in
thickly laminated, olive-grey shale with moderate cleavage.
Dominants: Dicroidium 89%, Heidiphyllum 4%
Biodiversity: Vegetative total: 28 spp
Non-gymnosperms: 10 spp
Gymnosperms: 18 spp

From photo, 31 July 1982

Petriellaceae:
Rochipteris 2 spp, 2% Ref. pal.
“ telefolia, 2% Tel 111 Hei elo
“ matatifolia (17 indivs)* Mat 111 Dic dub

Kannaskoppianthus matatiparvus (3 indivs)* Mat 111 Dic odo

*Affiliation 0 & (grade 3)
Taphonomy — parautochthonous
— allochthonous (R. matatifolia)

‘-“1\"/.\_ ) (_."" (s

r-‘ ,_.u,“ P

“/V/'\‘Fﬁ p-':‘::-:“x—‘\—\..-,

Biodiversity: vegetative total: 38 spp
Non-gymnosperms: 6 spp
Gymnosperms: 32 spp
Petriellaceae:
Rochipteris 2 spp (56 indivs)
«“ vincularis (1 indiv.)
“ switzifolia (55 indivs)*
Kannaskoppianthus switzianthus (9 indivs)*

NN L !'~. { A nrﬁ]l
Shy— LA I
R, w 4" / {,1 :»_1‘-.;2151‘
,» T ,-f.e- 7
1 - — ST T == I
T ’ < -A-:_-\_ﬂ(x CI/ HMA, May 2019 Dicroidium riparian forest (mature, type 1)
From photo, Aug 2001

Fig. 22. Little Switzerland (Lit 111 Dic/Hei).
Habitat: Dicroidium riparian forest (mature, type 1)
Collection: 2173 slabs, 550 man-hrs cleaving; compressions in thinly laminated,
carbonaceous (cuticle), dark-grey shale with moderate cleavage.
Dominants: Dicroidium 50%, Heidiphyllum 23%, Sphenobaiera 1%

— microsporangia (2 indivs) ° leaf-rpargin feeding - pl. 123(10) leaf-tip feeding,
. lqaf-t}p feeding - v R. switzifolia
*Affiliation () 3 (grade 3) Taphonomy — parautochthonous ° prereing .& sucking — -
(no attachments or clusters) — allochthonous (R. vincularis) ' * lea.f mining - «
* oviposition — [— |
0 1 2
cm

Insects
1 per 5 man-hrs (rare)
Paraplecoptera (extinct)
Blattodea (cockroaches)

Homoptera (bugs)
Mecoptera (scorpionflies)
Ref. pal. Coleoptera (beetles)
Kan 111 Ast spA Incertae

Lit 111 Dic/Hei
Lit 111 Dic/Hei

Plant—insect interaction

SAMPLING & OCCURRENCE
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Heidiphyllum thicket
26°16.47'E; 31°33.81'S .

—~. |
m HMA, May 2019 ‘

From photo, 4 June 1971

Fig. 23. Aasvoélberg (Aas 111 Hei elo), Turner Shale. b
Habitat: Heidiphyllum thicket Fid, 5 A
Collection: 291 slabs; 40 man-hrs cleaving; impressions in mo i ;

thickly laminated, light-grey shale with moderate cleavage. pl. 134(3) plercmg & suckmg
Dominants: Heidiphyllum 77%, ferns 20% Insects

pl. 139(3)
indivs

Biodiverity: vegetative total, 13 spp
Non-gymnosperms: 7 spp

c. 1 per 1 man-hr (rare)
Odonata (dragonflies, damselflies) — 1

- = %a)
Gymnosperms: 6 spp e B 8 = Blattodea (cockroaches) - 17
Petriellaceae: Ref. pal. 1/ =3 Homoptera (bugs) -33
Rochipteris rollerii, 2%* Aas 111 Hei elo | Coleoptera (beetles) - 8
(c.50 slabs, incl. several clusters) = Incertae -1
Kannaskoppianthus aasvoelensis (21 indivs)* Aas 111 Hei elo %‘ . . .
— microsporangia (5 indivs) B Plant—insect interaction
= « leaf-margin feeding — «

* leaf-tip feeding — v/

« piercing & sucking — v/
* leaf mining — «

* oviposition —

*Affiliation (/3 (grade 4)
Taphonomy — parautochthonous
6 clusters (1 of 6 indivs & c. 15 fragments)
(1 of 5 indivs; 4 of 2-3 indivs)

Heidiphyllum thicket

24 Aas 111, 211,

; 60
“ 311,411 ;

26°13.94°E; 31°33.35'S

pl. 144(3)

piercing sucklng

"JMA, 17 Nov 2019
From photo, 27 March 1989

Fig. 24. Aasvoélberg (Aas 211 Hei elo), Proppie Shale.

Habitat: Heidiphyllum thicket

Collection: 154 slabs; 35 man-hrs cleaving; impressions in thickly laminated
light-grey shale with moderate cleavage.

Dominants: Heidiphyllum 99%,

Biodiverity: vegetative total, 7 spp
Non-gymnosperms: 3 spp
Gymnosperms: 4 spp

Petriellaceae:

R. rollerii

Insects indivs
c¢.2 per 1 man-hr (rare)

Odonata (dragonflies, damselflies) — 2

. . .. E Blattodea (cockroaches) — 44 E Plant-insect interaction
ROCf‘l‘lpleVlS 2 Spp (19 mdlivs)‘ Ref. pal. | Mantodea (mantids) _ 1 !+ leaf-margin feeding —
: vmcul_c.ms (} 111.d1V.>2 Kan 111 AsF SpA ! Homoptera (bugs) 1 !+ leaf-tip feeding — v/
}jollem (18 indivs) L Aas 111 He% elo i Neuroptera (lacewings, antlions) — 1 i« piercing & sucking — v/
Kannaskoppianthus aasvoelensis (1 indiv.)* Aas 111 Hei elo ! Coleoptera (bectles) ? _ 6 e leaf mining — «
i Incert ~ 1 | *oviposition — -
*Affiliation () & (grade 4) Taphonomy — parautochthonous i neertae 356 '
— allochthonous (K vincularis) [—— 00 |
0 1 2
cm
Kannaskoppia SAMPLING & OCCURRENCE
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26°13.3'E; 31°32.20'S

Heidiphyllum thicket
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HMA, May 2019

Fig. 25. Aasvoélberg (Aas 311 Hei elo), Easter-egg Sh.
Habitat: Heidiphyllum thicket
Collection: 528 slabs; 140 man-hrs cleaving; impresssions in
thickly laminated, light-grey shale with moderate cleavage.
Dominants: Heidiphyllum 99%
Biodiverity: vegetative total, 11 spp
Non-gymnosperms: 4 spp
Gymnosperms: 7 spp
Petriellaceae:
Rochipteris 2 spp (26 indivs)
“ vincularis (1 indiv.)
«“ rollerii (25 indivs)*
Kannaskoppianthus aasvoelensis (4 indivs)*

Ref. pal.

Kan 111 Ast spA
Aas 111 Hei elo
Aas 111 Hei elo

*Affiliation () & (grade 4)

Taphonomy — parautochthonous
— allochthonous (K. vincularis)

From photo, 27 March 1989

o =
\"M HMA 6 Aug 1996

Fig. 26. Aasvoélberg (Aas 411 Dic/Sph), Fredlindia Slate.
Habitat: Sphenobairea closed woodland
Collection: 2176 slabs, 512 man-hrs cleaving; impressions in thinly
laminated, strongly baked yellowish grey shale, very good cleavage.
Dominants: Dicroidium 60%, Sphenobaiera 30%, Heidiphyllum 1%
Biodiverity: vegetative total, 30 spp
Non-gymnosperms: 8 spp
Gymnosperms: 22 spp
Petriellaceae:
Rochipteris rollerii (150 indivs)*
Kannaskoppianthus aasvoelensis (21 indivs)*
— microsporangia (4 indivs)

Ref. pal.
Aas 111 Hei elo
Aas 111 Hei elo

*Affiliation () 3 (grade 4)

Taphonomy — parautochthonous

From photo, 11 March 1995

PRE/F/12103

pl. 161(6)

Insects indivs
c. 1 per 1 man-hr (rare)

Odonata (dragonflies, damselflies) —

Paraplecoptera (extinct) -3
Blattodea (cockroaches) - 77
Mantodea (mantids) -5
Orthoptera (crickets et alii) -3
Homoptera (bugs) -20
Mecoptera (scorpionflies) - 4
Coleoptera (beetles) -23
Incertae -9

146

Plant—insect interaction
* leaf-margin feeding — -
* leaf-tip feeding — v/

* piercing & sucking — -
* leaf mining — v/

* oviposition — ¢

leaf mining pl. 150(7)

R. rollerii (all photos)
1

' Insects indivs
! c. 1 per 4 man-hrs (rare)
' Meganisoptera (protodragonflies) — 7
' Odonata (dragonflies, damselflies) — 8
] Paraplecoptera (extinct) -
' Blattodea (cockroaches)

! Mantodea (mantids) -
1

1

1

1

1

1

1

1

1

1

|
(93

NOON—— K —OhrNPHW

Orthoptera (crickets et alii) -
Homoptera (bugs) -
Glosselytrodea (extinct) -
Neuroptera (lacewings, antlions) —
Mecoptera (scorpionflies) -
Trichoptera (caddisflies) -

a Lepidoptera (butterflies) -
Coleoptera (beetles)
Incertae

|
[N\

—
N
Nl

Plant-insect interaction
* leaf-margin feeding — -
« leaf-tip feeding — v/

* piercing & sucking — «
* leaf mining —

* oviposition — v4#¥

| PRE/F/21062 2

oviposition

pl. 160(4)

R. rollerii
[— |
0 1 2

SAMPLING & OCCURRENCE
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STEMATICS

11!/ | Here are provided formal descriptions of the female 'and male strobili and of.
the foliage taxa of the family Petriellaceae found within the/Molteno Fm. This
involyes just a single species of Kannaskoppia (the/ovulate/strobilus), seven
species of Kannaskoppianthus (the microsporangiate strobilus),/and 12 species
of Rochipteris (the accompanying foliage)!

Though the affiliation of fertile and foliage|species is key to this study, the three
genera and/their species are dealt with as separate taxonomic entities|in this
chapter. In' the following section (Part 3), the species are linked into natural taxa —
whole-plant species — as best as the data allow.
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Chart 1. TAXONOMIC APPROACH.

Recognizing taxa in fossil floras

In describing the fossil flora of the Molteno, our approach has
revolved around comprehensive sampling through the formation
(geographic, stratigraphic and ecological); and the recognition of
varying populations (palacodemes) of specimens from the different
assemblages (taphocoenoses), see p. 66 and glossary p. 320 (And.
& And., 1983, 1989, 2003).

Consider the two very different gymnosperm foliage genera,
Dicroidium and Rochipteris, and their affiliates, as sampled in the

Molteno (tabled below). Though both are ubiquitous and diverse
across the Gondwana Triassic, Dicroidium is regarded as a large
shrub to tree, whilst Rochipteris is a slender herbaceous pioneering
shrub. In their ubiquity and diversity, both offer particular opportuni-
ties for exploring approaches to palaeobotanical taxonomy. Dicroidi-
um, in being far more abundant and being found in 75 of the 100
Molteno TCs, offers the best opportunity for defining subspecies and
forma. Rochipteris, with its unique array of attached female and male
strobili, allows the best option for focussing on whole-plant taxa.

Dicroidium (Molteno)

Habit & habitat: large shrubs to trees, dominant in riparian
forest, and lakeside or open floodplain woodland

Frequency: 75 (of 100) assemblages (TCs)

Abundance: >50% of assemblage (46 TCs); 25-49% of
assemblage (6 TCs); 1-24% of assemblage (13 TCs)

Dominance: sole-dominant in 36 TCs; co-dominant in 18 TCs
(25% or more of assemblage)

Diversity: 19 foliage species

Taphonomy: parautochthonous to mostly allochthonous

Attachment: no accepted cases yet found of Umkomasia or
Pteruchus attached to leafy shoots

Dicroidium (foliage) — 75 (of 100) assemblages; 19 spp

Umkomasia (female) — 22 (of 100) assemblages; 503 indivs; 8 spp

Pteruchus (male) — 22 (of 100) assemblages; 425 indivs; 3 spp

Umkomasia Pteruchus

Dicroidium

. Rochipteris (Molteno) Fig. 1.

: Habit & habitat: Slender herbaceous pioneering shrubs bordering
river channels or lakes in flooplain; and on sandbars in braided
rivers

Frequency: 26 (of 100) assemblages (TCs)

Abundance: <1% of assemblage (22 TCs); 2% (in 2 TCs); 5%
(in 2 TCs)

1 Dominance: never a dominant element in a TC

. Diversity: 12 foliage species

Taphonomy: autochthonous (in cases of attachment) to
parautochthonous (often) to allochthonous (less often)

Attachment: specimens are found attached in 5 TCs: foliage in 4 TCs;
female with foliage in 1 TC; male in 2 TCs (once with foliage)

Rochipteris (foliage) — 26 (of 100) assemblages; 12 spp

Kannaskoppia (female) — 1 (of 100) assemblages; 50 indivs; 1 spp

Kannaskoppianthus (male) — 12 (of 100) assembl.; 92 indivs; 8 spp

Rochipteris Kannaskoppia  Kannaskoppianthus

Evolution in the lifespan of a single tree

As the life sciences progress, as the breadth of research spreads
and the number of papers increases, so evolution and variation are
found to be ever more dynamic and complex. Consider key findings
of a recent article on the Sitka spruce. Here paraphrased:

Picea sitchenensis (Sitka spruce) — to over 500 years old, and over
70 m (230 ft) in height.

* Modular organisms: plants (as opposed to animals) “grow by
producing multiple copies of discrete units”.

* Mutations and genetic diversity in a single tree are common:
to “100,000 genetic differences” from the base to the canopy of a
single tree.

* Many mutations will be “either neutral or potentially harmful”,
but others advantageous in a changing environment over 500 years.
* The “reproductive cells of trees develop from somatic cells” —
“the same cells that form stems”.

* Thus mutations in the stem “can be passed on” to the seeds in
cones.

Such information adds another dimension to the molecular
definition of plant species and the expression in the phenotype. With
fossils (even abundant ones such as Dicroidium) one is restricted
to rather artificial definitions of species based on morphology and
associated evidence.

Sitka spruce A e 0 :
Picea sitchenensis eSS images

Google

Ref.: Hanlon et al. (2019a,b); Surprising genetic diversity in old
growth trees (www.indefenseofplants.com/blog, 23 July 2019)

Kannaskoppia

SYSTEMATICS
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Palaeobotany & Anthropology
A taxonomic conversation with Francis Thackeray
(see Acknowledgements and Bibliography)

For the greater part of our research careers within the palaeon-
tological fraternity in South Africa, Francis Thackeray (anthropol-
ogy) and ourselves (palacobotany) have debated the tricky question
of taxonomy, of defining species, based on the fossil collections at
hand. Francis has worked essentially on hominin fossils found at
various sites in the ‘Cradle of Humankind’ outside Johannesburg
(see Fig. 4 below); and we on the fossil flora of the Molteno Fm.
of the Karoo Basin. Two very different areas within the evolution-
ary tree of life, but posing similar challenges in sampling and the
recognition of taxa.

In the following two pages, Francis provides an overview of his
approach and to distinguishing between Alpha (assuming distinct
boundaries between species) and Sigma (recognizing spectra of Pan paniscus Pan troglodytes
variation) taxonomy. Whether considering early Triassic mammal-
like reptiles such as Lystrosaurus, extant primates such as chimpan-
zees (Pan paniscus and Pan troglodytes), or hominin lineages
(Australopithecus and Homo) over the past few million years,
the pattern is similar. He finds Sigma taxonomy to be everywhere
relevant.

Given reasonably comprehensive sampling, large collections
from many localities, the same pattern of ‘spectra of variation’ can
clearly be observed in the world of plants.

i ) ,"".‘ ~ .l; '
S 4 L

€.252-249 Ma o
Lystrosaurus Lystrosaurus declivis

e 3-0 Ma
Bonobo Chimpanzee

4-0 Ma

Australopithecus Homo  Homo Homo Homo
afarensis habilis erectus neanderthalensis sapiens
Fig. 4. "
age The Human Tree |
(Ma) H. sapiens i 3
Today Gonlla gon]la Gorilla beringei 6th Extinction 1.7 Pan troglodytes Pan paniscus
H. naledi H. neanderthalensis
6 J‘.' o597 H, erectus
5 % Until pretty recently ther
1 ] wereperhapsfourother. . “w, TN o N CeN R R °
Q0 species of Homo sharing E=t
- the world with us. g
L S
- /M
1 8
2 el L7, SLY  “aisiicuhon. W S . . S < Tl N
Diversity (last 7 Myrs) 2.98
< R Tt BT o g R, . T T -t o=
Homo, 9 spp Panina
Australopithecus, 6 spp (sub |be)
L = Paranthropus, 3 spp
A. prometheus . oy Kenyanthropus, 1 spp
4 o — 18 V. Ardipithecus, 2spp ... B
! Gotfillini Australopithecus [’f,g’t’}yg;éhf OPUS  Orrorin, 1 spp
' anamensis
| (tr be) 20 Sahelanthropus, 1 spp E
\ Ardipithecus ; Total: 7 genera, 23 spp 2
5 s e .___tamidus . e M Q
| x =
| =
' ; " \ Sahelanthropus =
6. 8 6 4 2 o0c2 M ... kadabba_ Y T g 23fchadensis W 2
" _ Cold Hot e g
[Ty T R Aposefamly es(rotthe oo een . S . 2o
Climate change W 4 4 (00 P Homina ; =
8 e
&£
Species from the . ey
9 R Cradle of Humankind Homininae_(_hominins)_,_,_,_,______,_,_,_,_,_,._____,_,_,_,_,_,(__ _'_l_),(_;',)_ _______________ 5‘5’_%
subfamil 37
o ( Y 23

I ~10.0

SYSTEMATICS Kannaskoppia



32

ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i—xiv + 1-324

Chart 2. SIGMA (AS OPPOSED TO ALPHA) TAXONOMY:
how to define a species probabilistically without assuming
clear boundaries between taxa.

Francis Thackeray, August 2019

One of the greatest problems in biology, whether one is dealing
with modern or fossil animals or plants, is how to define a species.
It is common enough to employ the Linnaean binomial system of
nomenclature whereby a specimen is classified under the assump-
tion that it can be pigeon-holed into a particular genus and species.
This works well when one is dealing with the morphology of just a
few similar specimens including a holotype, but as the sample sizes
increase for one particular species, one detects a certain degree of
variation that may eventually overlap with that of another species
for which there is a different holotype. How would one go about
quantifying the degree of similarity or difference between groups of
specimens that may or may not represent the same species? In the
context of morphometrics of vertebrate fauna (excluding plants for
the moment), the approach recognizes the need to define a species
in a probabilistic manner.

Here are two concepts, relating to Alpha and Sigma taxonomy:
Alpha taxonomy —The classification of animals or plants under the
assumption that there are distinct boundaries between species.
Sigma taxonomy — The classification of animals or plants in terms
of probabilities of conspecificity, without assuming distinct bound-
aries between species (Thackeray, 2018). Sigma is the Greek letter
2 (S) standing for a ‘spectrum of variation through evolutionary
time’ (Thackeray & Schrein, 2017).

One possible morphometric method for Sigma Taxonomy

One method (not necessarily the best one, but a viable one for pur-
poses of sigma taxonomy) makes use of least squares linear regres-
sion analysis in pairwise comparisons (initiated by Thackeray et al.,
1997). In the case of the examples that follow, the variables under
discussion are linear measurements of crania, based on standard
landmarks.

Let us assume that two specimens A and B are known to repre-
sent the same extant species from a population living in one area at
the same time. Linear measurements (let us say at least 25 of them)
of the cranium of specimen A are compared against those of speci-
men B. A pairwise plot of the kind shown in Fig. 1 can be analysed
using least squares linear regression analysis.

In this case, the log of the standard error of the m co-efficient (log
sem) associated with the regression equation y = mx + c is —1.61.
This relates to a small degree of scatter around the regression line. By

SPECIMENS A AND B
SAME SPECIES

SMALL DEGREE OF SCATTER
AROUND REGRESSION LINE

SIMILAR SHAPE

y= 1.103x-0.234

Low standard error of m coefficient: {sem)

CRANIAL MEASUREMENTS OF SPECIMEN B

Logsem = -1.61

CRANIAL MEASUREMENTS OF SPECIMEN A

Fig. 1. Measurements of two specimens of the same species are compared.
There is a small degree of scatter around the regression line, and the log sem
value is —1.61 which is a typical value when two specimens of the same
species are compared (Thackeray, 2007).

SPECIMENS A AND B
DIFFERENT SPECIES

LARGE DEGREE OF SCATTER
AROUND REGRESSION LINE =

DIFFERENT SHAPE

y= 1.093x-0.196

Low standard error of m coefficient: (sem)

CRANIAL MEASUREMENTS OF SPECIMEN B

Logsem= -1.27

CRANIAL MEASUREMENTS OF SPECIMEN A

Fig. 2. Measurements of two specimens of different species are compared.
There is a high degree of scatter around the regression line, and the log sem
value is also relatively high (more positive than —1.61).
contrast (as shown in Fig. 2), log sem is higher (more positive,
>-1.61) when two specimens of different species are compared.
Now let us repeat the process for many conspecific pairs, as in the
case of Fig. 1, but let us do this for 100 species of vertebrate animals
(mammals, birds and reptiles), using at least 25 measurements for
each comparison. For any two specimens, let us obtain two log sem
values: in the first analysis put specimen A on the x-axis, and conspe-
cific specimen B on the y-axis. In the second analysis put A on the
y-axis, and B on the x-axis. What we will find is that the difference
between the log sem values (delta log sem) is small for conspecific
pairs (circa 0.03 as demonstrated by Thackeray & Dykes (2016) for
certain vertebrate mammals). Continuing this analysis, let us look at
a histogram of log sem values for the pairwise comparisons of con-
specifics. On the basis of results obtained from exploratory analyses,
we find a normal distribution of log sem values around a mean of
—1.61 (Thackeray, 2007). For discussion see Thackeray & Dykes
(2016), who indicated that a standard deviation of +0.1 may be
expected in relation to a mean log sem of —1.61 for many conspecific
pairs (idealized in Fig. 3). Recognizing central tendency around
—1.61 for the mean log sem value for many conspecific comparisons,
whether males or females (Thackeray, 2018), it has been proposed
(Thackeray, 2007) that this value is an approximation of a biological
species constant (7'=—1.61), here associated with a typical standard
deviation (+0.1) to reflect the typical degree of variation within a
vertebrate species.

A PROBABILISTIC DEFINITION OF A SPECIES

LOG MEAN SEM = -1.61+-0.1

95% CONFIDENCE LIMITS OF THE
DISTRIBUTION OF Log semVALUES

-1.61-(2x 0.1) 461+ (2x0.1)

- 2 sigma + 2 sigma

-1.61
Log sem BASED ON PAIRWISE COMPARISONS

Fig. 3. A normal distribution of log sem values for modern conspecific pairs
of specimens.

Kannaskoppia
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We are now in a position to propose that —1.61 = 0.1 is a proba-
bilistic definition of a species, and it has applications in vertebrate
palaeontology. If any two fossil crania have a log sem value which
is exactly —1.61, or a value that falls within the 95% confidence
limits of —1.61 + 0.1 (Fig. 4), we could say that there is a high
probability of conspecificity for fossil specimens A and B. By con-
trast, if the log sem value for two other crania (specimens C and D)
is outside the upper 95% confidence limit, one could advocate that
there is a low probability of them being the same species.

A PROBABILISTIC DEFINITION OF A SPECIES

TWO SPECIMENS WHICH
HAVE A
HIGH PROBABILITY OF
BEING THE SAME SPECIES

~N

TWO SPECIMENS WHICH
HAVE A
LOW PROBABILITY OF
BEING THE SAME SPECIES

- 2 sigma + 2 sigma

-1.61

Fig. 4. Log sem values are used to assess probabilities of conspecificity for
pairs of specimens.

Applications

This approach has been applied to Plio-Pleistocene hominin fossils.
For example, Thackeray & Odes (2013) have demonstrated that there
was a spectrum of variation of log sem, ranging from relatively low
values (<—1.61) reflecting high probabilities of conspecificity for
specimens attributed to the same species, to higher values (>—1.61)
reflecting lower probabilities of conspecificity as in the case when
specimens of different species were compared. A pertinent observa-
tion made by Thackeray (2018) is that certain specimens attributed to
Australopithecus africanus (e.g. Mrs Ples, Sts 5, from Sterkfontein in
South Africa) were not necessarily different (at the level of species)
from other specimens attributed to Homo habilis (e.g. OH 24 from
Olduvai Gorge in Tanzania). There is evidently not a clear boundary
between these two genera in the context of evolutionary time (from
2.5 to 1.6 million years).

In the context of geographical space, the same approach has
been applied by Thackeray et al. (2005) in the case of anatomically
modern Homo sapiens (‘CroMagnon’) and Homo neandertalensis
skulls, again indicating the lack of a clear boundary between taxa.
An overlap of data suggested the possibility of interbreeding, a fact

which has subsequently been confirmed on the basis of palacoge-
nomic analyses.

Similarly, the approach has been applied by Thackeray (2018)
in the case of two species of chimpanzees (Pan paniscus, the
bonobo; and P. troglodytes), indicating the lack of a clear boundary
between taxa. An overlap of log sem data (Thackeray & Dykes,
2016) is entirely consistent with episodic changes in climate and
habitats, coinciding with episodic interbreeding which has been
demonstrated genetically. Hybridization occurred twice within the
last million years.

The approach has been applied to two Triassic therapsid
species, Lystrosaurus murrayi and L. declivis, postdating the
Permo-Triassic extinction at 252 million years ago. Measurements
from skulls of specimens attributed to one or other species were
compared to obtain log sem values. In an initial exploratory study
(Thackeray et al., 1998) it was suggested that only one species
might be represented. In a subsequent study (Thackeray, 2019) it
was recognized from log sem that the type specimen of L. declivis
was probably distinct from at least one other individual attributed to
L. murrayi, suggesting that not all Triassic Lystrosaurus should be
lumped into one species. However, the possibility remains that
near the time of divergence of the two species postdating 252
million years ago, L. murrayi and L. declivis could have interbred,
which would account for the instances when it is necessary to
classify certain specimens simply as L. murrayi/declivis. Unfortu-
nately the holotype for L. murrayi is not well preserved. This
creates a problem, but if a neotype is recognized, more can be done
with regard to sigma taxonomy, using a probabilistic approach
(Thackeray, in prep.).

Conclusion

This approach has the advantage in that it does not assume clear
boundaries between taxa, as in the case of alpha taxonomy. Sigma
taxonomy relates to the classification of specimens in terms of
probabilities of conspecificity, where Sigma is the Greek letter X (S)
standing for a ‘spectrum of variation through evolutionary time’
(Thackeray & Schrein, 2017).

Thus far the approach has been applied to vertebrate taxa. It
has not as yet been applied to plants, but the potential exists to do
this. In this regard, it is appropriate to mention that, as in the case
of animal species, boundaries between plant taxa are not necessar-
ily clear. Take roses, for example. Peter Knox-Shaw (pers. comm.
to Thackeray, 28 March 2019) says “Nature is promiscuous. Rosa
gigantea, the emperor of wild roses, produces single flowers the
size of saucers and climbs on occasion to 80 feet. This species has
sired more hybrids than Genghis Khan. In our garden alone it has
crossed with R. banksia, with R. longicuspis, with R. rubus and
with a number of other roses impossible to identify. And none of the
progeny appear to be infertile”.
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GINKGOOPSIDA Engler, 1897
PETRIELLALES TN.Taylor et al., 1994
PETRIELLACEAE TN.Taylor et al., 1994

Kannaskoppia 1M.And. & HM.And., 2003

Type species
Kannaskoppia vincularis ] M.And. & H.M.And., 2003

Kannaskop (Kan 111), Karoo Basin, S. Africa; Carnian, Triassic.
Plant fossil names registry number: PFN002287 (for genus)

Generic diagnosis
A ginkgoopsid strobilus with a forked axis bearing rows of several
simple megasporophylls consisting of a single, recurved, pedicellate cupule.

Generic characters

Fertile shoot: stem with short shoots in an irregular helical arrangement;
leaves (1 or 2) and strobili (2 or 3) borne irregularly on each shoot.

Strobilus: lax, planar; bilaterally symmetrical, small (c. 20 mm long); axis
gracile, proximally forked; megasporophylls in 2 adaxial oblique rows
(of 4-6 units) along each fork (limb), angle between rows c. 90°.

Megasporophyll: apparently reduced to single pedunculate cupules;
ovuliferous cupules recurved; peduncles 2-3 mm long, gracile,
sinuously curved.

Cupule: small (c.2.5 x 2 mm), roundly ovoid, splitting more or less
regularly into 3 lobes at maturity.

Ovule/seed: unknown.

Etymology

Kannaskoppia — after the type locality Kannaskop, an Afrikaans name for
a hill bearing Canna plants (not the monocots of the family Cannaceae).

“In the 17th Century in the Cape of Good Hope, indigenous

Khoisan inhabitants were known to chew or smoke a plant which had
hallucinogenic properties. It has been spelt “canna” or “kanna”, with
the latter in modern usage. The plant is almost certainly Sceletium as
opposed to anything else”. Francis Thackeray (pers. comm., Jan. 2021).

Global range: 1 sp., Gondwana, Tr. (CRN).
First & last: Molteno Fm.

Gondwana Triassic occurrence
South Africa — Karoo Basin, I TC (50 indivs).

Molteno occurrence (see Tab. 2, p. 40)

Frequency (F): 1 TC (of 100 sampled in the Molteno).
Diversity (D): 1 species.

Abundance (A): 50 indivs; rare.

Kan 111 Ast spA: 50 indivs in 30 man-hrs cleaving (c. 20 per 1 man-day), rare.

Affiliated organs
Male strobilus: Kannaskoppianthus — Grade 5 (Mor. corr., Kin. reinf.).
Foliage: Rochipteris — Grade 5 (Org. att.).

Evidence for affiliation of organs
Organic attachment

The holotype specimen of Rochipteris vincularis, together with the
associated specimen on the same slab and additional material, constitutes the
most convincing example of affiliated organs in the Molteno flora. Typical
strobili and leaves are found attached to short shoots borne on a section of
stem. Other specimens in the collection show the male strobilus, Kannaskop-
pianthus, attached in a similar manner to short shoots with Rochipteris leaves.

Classification & comparison
Suprageneric classification (Petriellaceae/Petriellales)

Kannaskoppia is considered to be closely allied to Petriellaea and thus
placed in the order Petriellales and family Petriellaceae (Taylor et al., 1994).
We now follow Bomfleur ez al. (2014) although we previously placed these
female cupules in their own family Kannaskoppiaceae (And. & And., 2003).

Intergeneric comparison (Gondwana Triassic)

Petriellaea is known from a single permineralized peat deposit in
the Middle Triassic Fremouw Fm. of Antarctica (Taylor et al., 1994). The
microscopic anatomy of the ovulate organ is exquisitely preserved revealing
five ovules per cupule and many other details, but the overall architecture of
the cupule remains uncertain. The reflexed cupules, as well as the size and
configuration of the ovulate heads, are reminiscent of Kannaskoppia. It is
possible that further new finds may show Petriellaea and Kannaskoppia to
be congeneric, but this is not possible to conclude at the present time. What
is known of the one genus is mostly unknown of the other.

K. vincularis
j—
3 ., secondary axis
. (limb) &
cupule peduncle
i1 R4
x2
/f%z?’/?
PO
..................................................... 3
i R4
t-figs 1-3
based on full
reference palacodeme Kan 111
[— |
Reconstructions 0 ! cn21

Fertile shoot

The reconstructions (t-figs 1-3 above) are based on the comprehen-
sive palacodeme from Kan 111 Ast spA. The shoot showing attachment of
foliage and female cupule (p. 37, t-fig. 1) is largely a combination of PRE/
F/13487a‘y’and PRE/F/13487b‘x’ — the two portions of shoot illustrated on
pls 23-26. These lie closely adjacent on the part and counterpart of a single
cleaved slab. The arrangement of leaves and megasporophylls on the short
shoots appears to show no consistent systematic pattern. However, the size
and number of megasporophylls probably diminish towards the shoot apex.

Strobilus

The strobili, occurring in twos or threes, are found attached to bulbous
short shoots which usually bear one or two leaves. Simplified reconstruc-
tions, with leaves removed, include a group of three strobili at natural size
(p- 37, t-fig. 2), and a single strobilus showing characteristic fork and double
row of megasporophylls at x2 magnification (t-fig. 1 above).
Megasporophyll

The megasporophyll is taken to consist of a single cupulate unit borne on
a long gracile, slightly recurved peduncle. Cupule details (t-figs 3a—d above)
are based largely on three specimens, PRE/F/13489a,b, PRE/F/13508a,b
and PRE/F/13518a,b; see pls 29, 33, 35, which show the cupules preserved
at various angles. Due to the 3D nature of the preservation of the material
shown in pls 23-26, it is possible to observe the curved peduncle with its
tendency to flex downwards, and to estimate the angle of c. 90° between the
cupule rows as shown in our reconstructions (t-figs 1, 2 above). The cupule
is roundly ovoid and at maturity splits into three more or less regular lobes
(t-figs 3c—d above).

Ovule/seed

‘While much is known about the gross morphology of the megasporophylls
and their mode of attachment, nothing is known of the interior organization of
the cupules or of the ovules. Nowhere on the many slabs bearing the cupule
is there any indication that either cupules or seeds are individually dispersed.

Ref.: text & figs (4-page spread) updated from
And. & And. (2003, pp 286-289)

Kannaskoppia
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Tab. 1. Kannaskoppia/Kannaskoppianthus/ Comparisons beyond Gondwana Triassic
. . Apart from Petriellaea, the Mesozoic ovulate structure most comparable with
Rochipteris, Molteno occurrence. o ; . A ;
Kannaskoppia is Caytonia (Jurassic, Eurasia) — in its size and form with lateral
4 3 Dominants rows of dorsally reflexed cupules on short peduncles. In both genera the cupules
g % fully enclose the ovule(s), but in Kannaskoppia their nature remains unknown.
-E -E " “é Kannaskoppia differs most evidently in the strobilus being forked and in the
L 2|2 E X gig pedunculate cupules not abscising.
s 5| 5|2 R
:% E ﬁ 2 g S Sisie Caytonia (Jurassic/Eurasia)
SISIS5|2eS -'g % E_ % N Geographic & stratigraphic distribution: The ovulate organ, Cayfonia, is now
8 tasshemblage_s /X |x|g|E 85 3 £1c| knownasawidespread element of the lower half of the Jurassic of Eurasia: York-
F | (taphocoenosis) 0 9 J|5|&€|8imizTi2: S shire (>9 localities, M. Jurassic, Bajocian to Bathonian); Greenland (2 localities,
1 [Cal211 Heielo 5 - -|-|-| - =175 -i20 basal Liassic, Hettangian); Poland (1 locality, U. Liassic); Sardinia and the USSR.
2 |Gre 121 Heielo | 22| —| 2] - [ -] 3! —i9g8iz20} 2 Foliage identified as Sagenopteris has been reported from the U. Triassic to U.
3| " 111 Equsp 1=l =< 2f =& o7 4 Cretaceous. The first report of Caytonia made from Gondwana was by Clifford
2 [Bos 112 Di ] 99 e 1 ; 7 ; & Camilleri (1998) who described C. tierneyi affiliated with Sagenopteris leaves
o€ fc cor B S —+ —+ 7t 1 from the Lower Jurassic Marburg Fm., Queensland, Australia. A possible Cayto-
5|Cyp 111 Dicora |83| —| —|() |-|75; —i24: —: 4| cupule was descrbed by Elgorriaga et al. (2019) from the Lower Jurassic of
6 |Kan112 Heielo | 19| —-| 5| & -| 1: -i98: 6! 7 Patagonia and they reviewed the other possible Gondwana finds.
7| « 111 astspA | 5|50 — O /| -1 -i10i22:63 Affiliation of organs: The Caytonia plant, the basis of the order Caytoniales, is
8 [Tel 111 Heielo | 33| —| 4]|() |-| 6: -i89:48i58| one of around 20 fossil and extant gymnospermous ‘orders’ (or approximate ordi-
- e nal groupings) on which cladistic analyses of the gymnosperms are based (Crane,
9 |Kom 111 Sph/Dic | 30| —-| 2 - ' -1 15 . .
- p 08 39 : 60: — 1 1985, 1986, 1988). It is one of the few fossil gymnosperm genera where most
10 ] Vin 111 D'C. odo 2| - —f-|-[70 4 28 - 2 organs are known through well-established affiliations (Grade 4) from a good num-
11 JLut311 Heielo | 66| —| 16| — | —[58:29:99:30: 3| per of localities. The organs include Caytonia (female strobilus), Caytonanthus
12 |Kon211 Ast2spp| 4| —-| |- | -] =i -i -i20:52 (male strobilus) and Sagenopteris (foliage).
13|Pen311 Heielo [41] —| —| - | =|25! —i75! 5111 Preservation: Adding value to Caytonia (and affiliated organs) is that it is
7l B 80| —| 4| - |—[13i _io4: 2! 3 often found as well-preserved compressions.
15 [Kap 111 Dic/Ris 6| -| —| -1 _[50 20i25:10} 4 Megas'porgp/'zylls' (m(?rphology): Cupules’ on short peduncles, spherlcal, r.eﬁexed
- g S dorsally with distinctive lip, apparently fleshy and berrylike at maturity, abscising at
16 | Nuw 111 Dic zub 1 = =[=[-[70:30} —{ -} 4] pase of pedicel, with 8-30 tiny ovules.
17 | Win 111 Hei elo 4| -| -|-|-[10: -:79: 2: 3 Abundance: Explicit abundance and frequency data on fossil taxa are rarely
18 | Hla 213  Dic elo 7| -| -|-1-189:49: 1! 11:32| given and this holds generally true for the Caytonia plant. In the Yorkshire Juras-
19 [umk 111 Dic2spp [ 50 -| -| - | -|69! 5 7i 2¢ 1 sic sites where it is best known, Harris (1964, p. 3) writes that it is “by no means
20[san 111 Dicora | 3| -| —| - | -[90} —I 5} 2} 1| common” L ,
21 [Mat 111 Dic dub —— Diversity: No recent taxonomic revision of the Caytonia plant has been
.a !c u. 2| -] 3[-]-|89 ; 8 ; 4 ; 20 ; I attempted, so any real sense of specific diversity is very difficult to gather. Five
22 [Lit111  Dic/Hei | 56| —| 9| — | —|50: 1:23:10: 10| pamed species of the genus Caytonia appear to be currently valid from Eurasia.
23 | Aas 111 Heielo 2| —-|21| - || 7: 1:77:10:20 References: Harris (1933, 1940, 1958, 1964); Reymanowna (1973); Crane
24| 211 Heielo |19| —| 1| - || - —i99i —i 2| (1985 Kuassilov(1977).
25| " 31 Heielo | 26| —| 4]- |-|15! 9i99} -} 2 Polyspermophyllum (Permian/Argentina)
26| “ 411 Dic/Sph |150| —[21] - | -]60:30: 1:75;24 Kannaskoppia cupules are remarkably similar to the ovuliferous component
Total TCs 26| 1| 12 2 of Polyspermophyllum sergii. Archangelsky & Cuneo (1990) from the Permian
Total individuals %! 50| 92 R of Argentina. These are described as “distally placed curved ovuliferous units
(cupules?) bearing a single ovule.” However, the ?cupules are borne on repeatedly
dichotomizing trusses and occur with attached leaves bearing a single medial vein
Map 1. and two longitudinal marginal furrows, setting them far apart from Kannaskoppia.
35 g SAM SAf Ind |Ant Aus P g’iynsflf”g‘i’prhayn”“’g 1151;“1“‘1'
€ & & M |ch|NA|SA|Pa|Lu|Za]| Li |Ka|wH| Pl |TA|NZ|Ca|SA|Ga|Bo|CM|NE|Sy|Vi|Ta| € ¢ Licranopytiales.
20— Archangelsky & Cuneo also
R = discuss the possible links of
2091575 their genus to the Ginkgoales
% E and other orders.
I & N 220
=) 3 = =
] [ - e =
E c 230 ¢
P - B e B A I — i M -
M L 22|20 0 _ =
Al A . — - = R —
L |2s0 !
o] O: productive degree
1-10: degqee_s.guares squares
O: superlocalities
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>
I
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S| Jgf’ Y
ﬁ j 5 N\-x:?? Gondwana Triassic
rfg Productive formations Productive degree squares (GT map)
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Kannaskoppia vincularis 1M And. & HM.And., 2003

Holotype

Specimen: PRE/F/13487 a‘y’; tf. 2 below; pls 23, 24

Assemblage: Kan 111 Ast spA, Kannaskop.

Preservation: a shoot 90 mm long with clusters of foliage and megasporophylls
attached; compressed 3D mould and cast (no cuticle or carbonized
material); on the counterpart slab there is an additional isotype specimen,
PRE/F/13487b°x’, from which a piece of matrix (flake) can be lifted to reveal
foliage and fruit at a different level; impression in thick-bedded, moderately
baked, greenish grey silty mudstone with very poor cleavage.

Isotype: tf. 1 below; see notes on p. 67; pls 25, 26

Plant fossil names registry number: PFN002288

Reference palaeodeme
Assemblage: as for holotype.
Specimens: c. 50 indivs, pls 23-34 (includes further foliage as indicated);
5 torn sections of shoot with foliage and strobili attached;
>50 detached strobili or clusters of strobili;
12 torn sections of shoot with foliage only;
>25 detached leaves, generally torn or twisted.

Sister palaecodemes — nil.
Specific diagnosis — as for genus.
Specific characters — as for genus.

Etymology
vincularis — vinculum (Lat.), link, bond, with reference to the fruit and
foliage being found in organic connection at the type locality.

Comment & comparison — as for genus

‘ Reference palacodeme

»/

PRE/F/13487b‘x’
- (with flake in place)
9 pl. 25(1-4), 26(1-3)

\,\ c
AN
>

Isotype

PRE/F/13487a‘y’

Holotype

pl. 23(1-3), 24(1-3)
/ y

PRE/F/13518a,b
pl. 35(1-5)

)

\/_&

PRE/F/13489a

PRE/F/13508a,b

PRE/F/13511ab
pl. 30(1-6)

m\?@ (
%\ o

cluster of 2

PRE/F/13506a,b
1. 31(1-6
R . L N
. } PRE/F/13505a  ~ % 1 aR2
/ \ PL270-6)  aira i <2 i —
Kan 111 | n x1 - cm
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Kannaskoppia vincularis

A

t-figs 1, 2 based on

full reference palacodeme,
but largely on
PRE/F/13487a‘y’ & PRE/F/13487b‘x’

Kan 111 77
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Kannaskoppianthus 1M And. & HM.And., 2003

Type species K. switzianthus

Kannaskoppianthus lutinumerus J M.And. & H.M.And., 2003, gtﬁt;ir&iﬁl;;;o:porangla)
Lutherskop (Lut 311), Karoo Basin, S. Africa; Carnian, Triassic. Pp:

Plant fossil names registry number: PFN002296 (for genus)

Generic diagnosis

A ginkgoopsid strobilus comprising a forked axis bearing 2 rows of several
adaxial microsporophylls with 5-10 longitudinal microsporangia in a concav-
ity protected by an operculum.

Generic characters

Fertile shoot: strobili attached in fascicle with leaf cluster along shoot or at
end of shoot.

Strobilus: lax, planar, bilaterally symmetrical, small (8-25 mm long) to rarely
medium (up to 45 mm); axis gracile, proximally forked ; microsporophylls
in 2 adaxial oblique rows (of 4-10 units) along each fork (limb), angle
between rows c. 90°.

Microsporophyll: spathulate, dorsoventrally flattened, bilaterally symmetri-
cal; microsporangia 5-10 per unit, longitudinally aligned in distinctive
concavity, attached distally to apical arcuate scale cap, protected by a de-
hiscent operculum.

Microsporangia: elongate-elliptic (1.5 % 0.5 mm), with fine linear ornamentation.

RS reconstruction based on all Molte- secondary axié

Pollen: unknown. no TCs yielding & strobilus (limb) 555
Etymology (see text opposite) )
Kannaskoppianthus — after the type locality and acknowledging certain affili- /&?:é
ation with the female strobilus Kannaskoppia. 1 e
Global range: 8 spp., Gondwana, Tr. (CRN-RHA). : dehiscent  microsporangia arcuate ) 2
operculum  immature mature scale cap concavity :

First: Molteno Fm. (233-227 myrs)
Last: Chile, Ternera Fm. (207 Ma)

Gondwana Triassic occurrence
South Africa — Karoo Basin, 12 TCs (92 indivs).

Molteno occurrence \ \\
Frequency (F): 12 TCs (of 100 sampled in Molteno). : ,

Diversity (D): 8 species.
Abundance (A): 92 indivs total; rare to extremely rare in top 8 TCs.

,) / ooveg
N ?%rascular
strand):
a—¢; developmental &
detiscense stages of :
Kannaskoppianthus 4‘7/ 4 RS
Aas 111 Heielo: 21 indivsin 40 man-hrs (5 per | man-day) rare microsporophylls e x3

Lut311 Heielo: 16 <« <« 50 « 3“1 “©o)

Kan 112 Heielo: 5 « <« 15 « 3“1 “©oy o«

Kom 11 Sph/Die: 2 = = 10 * _@=1 _“ ). *

Aas 411 Dic/Sph: 21« 512 « a«2 “ ) very rare

Mat 111 Dicdub: 3 <« « 65 « (1«2 “©o) e

Tellll Heielo: 4 * = 9 = (%2 = ) * *_

Lit 111 Dic/Hei: 9 <« 550 “ 1“6 “ ) extr. rare
The abundance figures reflected here for the eight TCs with the highest : PRE/F/18277ab

Kannaskoppianthus yield, account for every spt?cimen found, no matter how : pl. 42(1-8) ’

fragmentary or poorly preserved. All were retained and curated. At the four : \.\

further sites not listed above, Kannaskoppianthus is even rarer (Tab. 2, p.40). | crorrrrrrmrrsresrrsssesneesseesenneeeene, N Aas 311
Although very rare, the Kannaskoppianthus male occurs in 12 of the 26 PRE/F/12001a,b

TCs yielding Rochipteris foliage. This frequency ratio of 1:2 (male to foliage) pl. 147(7-10)

is high for the Molteno. In the 12 TCs it ranges in abundance from 1 individual K. komanthus

in 7 man-days cleaving to 5 in 1 day, with a norm at around 1 found every 2
days. There appears to be no particular pattern of abundance based on habitat.

Affiliated organs
Female strobilus: Kannaskoppia — Grade 5 (Mor. cort.).
Foliage: Rochipteris — Grade 5 (Org. att.).

From Kommandantskop (Kom 111 Sph/Dic), PRE/F3231a,b (t.fig.5
adjacent) shows two strobili of Kannaskoppianthus attached to an axis with a
whorl of four Rochipteris leaves (see also pl. 47(1-8)). From Kannaskop (Kan
112 Hei elo), PRE/F/20114a,b (pls 19-20) shows a strobilus attached to a stem
with leaf/branch scars. This is similar to the stems bearing leaves and female
strobili (Kannaskoppia) from Kan 111 Ast spA.

<

Classification & comparison
Suprageneric classification
See under Kannaskoppia.

Intergeneric comparison (Gondwana Triassic)
Kannaskoppianthus is unique among known ginkgoopsid microsporangi-

'
i
ate genera. In their size, diagnostic forking and paired erect rows of fertile PREF/3231ab |y /é/ 74
units, the micro- and megasporophylls (Kannaskoppia) are remarkably alike. pl. 47(1-8) o * 0 1 )
The latter are noticeably more gracile. Kom 111 cm

Kannaskoppianthus SYSTEMATICS



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i—xiv + 1-324

39

Reconstructions
The RS reconstructions (t-figs 1, 2 opposite) of Kannaskoppianthus are
based on the full set of Molteno specimens at hand, but primarily on:

Lut 311: PRE/F/11433, pl. 53(1-8): architecture of strobilus, nature of
protective operculum

Aas 211: PRE/F/15280, pl. 143(1-11): angle of microsporophyll

Tel 111: PRE/F/18277a,b, pl. 42(1-8): structure of microsporophyll,
attachment and number of microsporangia

Aas 411: several indivs, pls. 153-156: attachment of microsporangia

Aas 311: PRE/F/12001, pl. 147(8,9): morphology of microsporangia

Tel 111: PRE/F/7711, pl. 41(1-6): nature of protective operculum

Lit 111: PRE/F/21497, pl. 119(1-6): number of microsporangia, groove

Gre 121: PRE/F/7856, pl. 3(1-6): number of microsporangia, groove

Number of microsporangia

No specimens in the collection show microsporophylls with the full
complement of microsporangia attached. A specimen from Tel 111, PRE/
F/18277a,b, clearly shows two attached microsporangia, pl. 42(1-8). The
size and shape of these microsporangia suggest a full complement of five
pollen sacs in the undehisced original. Furthermore, five grooves or vas-
cular strands are seen where the microsporangia were probably attached
(t-figs 2d, 3b opposite). In three species, 10 grooves or attachment scars are
evident, e.g. PRE/F/7711, pl. 41(1-6).

Microsporophyll developmental & dehiscence stages (t-figs 2a—e opposite):

(a) microsporophyll with protective operculum covering the microsporangia;

(b) operculum dehisced revealing the five closely packed immature micro-
sporangia;

(c) mature microsporangia ready to release pollen;

(d) microsporophyll with the microsporangia detached exposing five
grooves or vascular strands;

(e) the woody arcuate scale cap is now detached; most specimens in the
collection show this stage of preservation;

(f) microsporophyll at stage (b) in oblique view at characteristic angle (as
if on intact strobilus).

Gondwana Triassic occurrence (elaborated)

From South America (Hypodigm, Chart 1, pp 106, 107), Solms-Laubach
(1899) named and illustrated a fertile structure as Acrocarpus ternerae
which is here regarded as a Kannaskoppianthus sp. The genus Acrocarpus
does not have priority as it is an extant genus in the family Fabaceae. Artabe
et al. (1998) reported fertile structures associated with these leaves but did
not describe them. They are probably male and need to be described.

A doubtful record of a sporophyll was reported by Jones & De Jersey
(1947, t-fig. 59) from the Ipswich Basin in Australia. Although thought to
bear seeds, in size and shape the specimen comes close to Kannaskoppian-
thus. However, poor preservation does not allow closer comparison.

SAm

Period
Epoch

Comparisons beyond Gondw. Trias.

Intactness & preservation (Molteno)
Microsporangia (see Tab. 2, p.40)

The male strobilus has been found in 12 of the 26 Rochipteris-bearing
TCs. Although microsporangia have been recognized from eight of these
12 TCs they remain notably rare, probably because the microsporangia are
shed before or during fossilization. Of the strobili preserved with associated
microsporangia, only a small proportion are seen with sacs clearly attached:
Tel 111 (PRE/F/18277a,b); Aas 411 (PRE/F/12050a,b, PRE/F/20558a,b,
PRE/F/21339a,b, PRE/F/21720a,b). The best preserved of the individual
microsporangia have been illustrated: pl. 147 from Aas 311, and pl. 42
from Tel 111.

Pollen

Of all the Kannaskoppianthus microsporophyll sites, only the Lit 111
Dic/Hei TC yields carbonized compression material with the potential
for extracting in situ pollen. And only two of the nine available strobili
(PRE/F/5939 & PRE/F/5734) from this site appear to bear a few microspo-
rangia that could possibly yield pollen.

Cuticles

Potential sample: Lit 111, 9 indivs.

Macerated (And. & And., 2003): 2 indivs.

Preservation grade: Grade 3 (fair), a few features available, small pieces
mainly from stalk area.

Diagnostic characters: cells oblong to narrowly oblong, walls straight to
gently curved; stomata absent; trichome bases apparently indicated by
circular marks, distribution random but towards the end of cells, on both
surfaces.

Significance:

Classification — The cuticular features do not indicate any particular
plant group, but also do not dispute placement in the Ginkgoopsida and
family Petriellaceae.

Affiliations — The diagnostic stomata and characteristic (?)glands found
in the leaf (Rochipteris) cuticle have not been found in that of the affiliated
male strobilus. The cell outlines and walls, however, correspond well with
those characterizing the foliage.

Adaptive radiation (Molteno diversity)

Previously four species of Kannaskoppianthus were recognized (And. &
And., 2003), but a closer examination has led to eight species being recog-
nized here. The diversity in the male fruit is less than in the foliage where
12 species are recognized. (The female fruit is represented by only one
species from one TC.).The diagnostic characters of the eight male species
lie in the size and forking of the strobilus and in the number of microsporo-
phyll pairs per limb, and the number of microsporangia per head.

Ref.: text & figs (4-page spread) updated (where

Map 2. relevant) from And. & And. (2003, pp 290, 291)
SAf Ind |Ant Aus
Za | Li |Ka|WH| PI | TA[NZ|Ca|SA|Ga Sy | Vi | Ta

201

‘ Ma | Ch|NA|SA|Pa
The only pollen-bearing struc- ]

Bo [CM|NE

A | Stage

tures that show some similarity to

209 fonra-

Kannaskoppianthus occur in the

Carboniferous of Euramerica. The

UPPER
z

class Lagenostomopsida includes

the genera Crossotheca and Ferax-

otheca, both of which have numer-

Triassic
Y

ous microsporangia attached at the

— e

37F - = === L o=

end of modified ultimate pinnae.

242

Paracalathiops shows a similar-

247 = = === m|= === e e s

ity in the basic architecture of a

—}O)l_ (@]
Il

bifurcating axis and pedunculate 2521

microsporophylls (see Taylor &
Taylor, 2009).

While the megasporophyll Kan-
naskoppia shows some similarities

[
1-10: degree squares

0: productive degree
squares

O: superlolcalities 7
& f

)

to Caytonia, the microsporophyll = 3
Kannaskoppianthus differs greatly ﬁ
from Caytonianthus, which has a §
M~

pinnate structure bearing lateral

‘branches’ and a few pedicel-
late microsporangia consisting
of usually “four locules’ which
dehisce towards their inner side
(Crane, 1985).

<

207 Gondwana Triassic

10

z

Kannaskopp

Productive superlocalities (Molteno map)
® with Kannaskoppianthus

Productive degree squares (GT map)
O with megaplant-bearing formations

Productive formations
mmmm megaplant-bearing formations

| Moltcleno Fm

® with Kannaskoppianthus
Chl Kannaskoppianthus (GT)

1 beds with Rochipteris
E= &1 beds with Kannaskoppianthus
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Tab. 2. Kannaskoppianthus — Molteno occurrence.

Kannaskoppianthus Habitat Dominants
@ cigiTigiEiEigic _ z
f |5C 885z g9 3ELS
R HERREHACERHEHE
glEl8 (g figig g5 §iE[5|2%8ssnigleigsl,
t|S|8|Ei8|eiBigisigiSis gg|ttisiegsgd s
2 |d|lsl@ig|Sisim;wiEixi3 8|55 i5i5iSiSiISiE|S i iivi,
3| assemblages §|x|X[xiE|lxicicicicici:!:|8|3 8832 TS|85S T L ¢
~ | (taphocoenosis) = 0f[ela 1io2i3isigiei7ig|®|1i2izisigigi7|QiaiTici &
1 |Cal211 Heielo [+~'5 5 - - - - e e e 75: -:20
2 |Gre 121 Heielo 22| -| 20 1| - —| 20 -1 -1 — | --i-i-t=tyi-i -] 31 -i98:20! 2
3] “ 111 Equsp 3|, N e S T T e e —i— 2 = 97! 1
4 |Boe 112 Diccor |© 1] =] =8 = =1 =1 =1 =i =i - o = =i mi o —i = = |99 —i 141 4 —
5 [Cyp 111 Diccra G I I T T it T i e i e Tl [ B e e e e e e L C I 2 H I I
6 |Kan 112 Heielo 19 = 58 1| -+ 5 -1 -1 -1 - -1 | Q|- -t-i-iysioi— ] 1] -i98! 61 7
7| * 111 AstspA 5180 - -| - —i - —f —f —f i 0@ -i-i-i-i-i-i-| -1 -i10:22:63
8 |Tel 111 Heielo }:‘;3 33| | 4i 1i 27 -f - - -} - 2|0 |-i-i-i-i/i-i-| 6! -i89i48is58
9 [Kom 111 sph/Dic |& 0 -| 28 1| i -i -i -1 - 28 - -0 -i-i-ivi-i-i-|39i60: -i15! 1
10 | Vin 111 Dic odo 2| = =% =] =i =1 = =i =i = = o= -i-ioi-i-i-i-|70% 4i28% -1 2
11 [Lut311  Heielo 66| —|16: —| - -1 -1 -1 —i —i16F |- |-i-i-t_t/i—-1_]58129:99:30! 3
12 | Kon 211  Ast 2spp I e L e e I T e I I ey T RNV ]
13 | Pen 311 Heielo flar| =] =i =] =% =F =i —i - —i i |- |=i-i—i—i_i—-i_-|26% —i75! 5:i 11
14« a1 80 —| 4i —-| —-i —-| 4i -i - - |- [-i-i-i-ivi-i-]13] -i94: 2! 3
15 | Kap 111  Dic/Ris el 6| -| - =| =i =i =i =i =i =i =i |- |-i-i-i-i-i-i-]|50120i25:10: 4
16 [Nuw 111 Diczub | q 1 =] =i =] =1 =i =1 = = = = = mimi i =i —T70:130 -1 - 4
17 |Win 111 Heielo |82 [ 4 —| —i —| —f —i =i - —f —f -t |- |-i-i-t-t-i-1-]10 -i79} 2! 3
18 |HIa213 Dicelo |~ 7| - =i =] =i = =i - - =i = o= | -i-i—i—i—i-i—|89149! 1:11:32
19 |Umk 111 Dic 2spp 500 | =i -] =i —=F =i —=f =i —f =i -] - |-i-i-i-i-i-1-]69: 5! 7 2: 1
20 | San 111 Dic cra b 3 - - | - —F - - - - b o | =i - —]90 -1 5 20 1
21 [Mat 111 Dic dub 2| | 8% -| -f i i -f 38 -f -f —|-|-ivi-i-i-i-i-|89:18} 4i20: 7
22 [Lit111  Dic/Hei a|56| -| 9: 2| -1 -1 -] 9 -1 - - |- |/i-i-i-1-1-1-]50} 1i23:10:10
23 |Aas 111 Heielo |o 2 —|21: 5| - —]21: - - - - |- | -i-i-i-i/i=i—] 7P 1i77110:20
24| * 211 Heielo %1 19 =] 18 | =i = 1i =i - —f —F - —i-i-ioiioi o =1 —199! —i 2
25| " 311 Heielo [£ 26| —| 4: 1| - —| 4 -1 —i —i - |- ]|-i-i-i-i/i-i-[15} 9:199: —! 2
26| * 411 Dic/Sph | 150 —21% 4| - —|21; - -1 - -1 |- |-i-i-iyi-i-1-]160{30} 1i75}24
Total TCs 26 1| 128 8] 1i 1 & 1 1 1] 1 1 1910 —1 2 8 -1 —
Total individuals %| 50| 92} 16| 2! 5! 53} 9i 3! 2! 16; 2 I I

Kannaskoppianthus occurrence in the Molteno Fm.

Taphocoenoses: occurs in 12 of the 100 sampled TCs

Members: occurs in the lower 4 of the 6 Molteno Members;
but most frequently in the Bamboesberg & Mayaputi Members

Diversity: 8 species of Kannaskoppianthus recognized.

Habitat: the genus has been found in 4 of the 7 habitats identified;
but by far most frequently in the Heidiphyllum thicket (8 of 12 TCs) K komanthus And. & And., sp. nov.

Dominants: Heidiphyllum & Dicroidium are clearly the most K. lutinumerus (And. & And., 2003)
abundant associates of Kannaskoppianthus emended

Abundance: bold — %

regular — indivs

K. telemagnus And. & And., 2003

K. irregularis And. & And., 2003

K. aasvoelensis And. & And., sp. nov.
K. switzianthus And. & And., sp. nov.
K. matatiparvus And. & And., 2003

NN AW =

e

K. telepentatus And. & And., sp. nov.

Kannaskoppianthus SYSTEMATICS
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Kannaskoppianthus telemagnus jM.And. & HM.And., 2003

Holotype

Specimen: PRE/F/7711; And. & And., 2003, pl. 118(1,2,4-6).

Assemblage (TC): Tel 111 Hei elo, Telemachus Spruit.

Preservation: cluster of 4 detached strobilus limbs, without counterpart;
impression in thickly laminated, light olive-grey shale with poor cleavage.

Plant fossil names registry number: PFN002301

Reference palacodeme
Assemblage (TC): as for holotype.
Specimens: 2 indivs (1 cluster, 1 fragment); this vol., pl. 41(1-7).

Sister palacodemes — nil.

Specific diagnosis
A Kannaskoppianthus species with large strobili with limbs bearing 9 or
10 microsporophylls per row and ¢. 10 microsporangia per unit.

Specific characters

Attachment: unknown.

Strobilus: large (>40 mm long), fork unknown; microsporophylls 9 or 10
per row.

Microsporophyll: broadly convexly conate (c.3 mm wide distally),
with ¢. 10 microsporangial attachment scars per unit.

Etymology
telemagnus — tele, for the type locality Telemachus Spruit;
magnus (Lat.), with reference to the large size of the strobilus.

Affiliation 3\() (foliage)
Rochipteris telefolia (30 indivs); Grade 4 (virtually exlusive)

The strobilis is clearly affiliated with the distinctive large-leaved
Rochipteris telefolia which, with 30 individuals (from Tel 111), is relatively
common. Two specimens of K. felepentatus have also been collected from
the Tel 111 TC.

Comment & comparison
Molteno species

K. telemagnus differs clearly from the other seven Kannaskoppianthus
species in the far larger size of its strobili and microsporophylls. The holo-
type is reconstructed here (p. 126, fig. 1) as a pair of forked strobili attached
to a single node.

Gondwana species

The fertile structure Acrocarpus ternerae described by Solms-Laubach
(1899) (Hypodigm, Chart 1, p. 106) is closest to this species in size and
shape but does not show enough details to make a closer comparison. It is
affiliated with the leaves Rochipteris copiapensis described from the same
locality and regarded as a distinct species of Kannaskoppianthus (see p. 49
for ‘Proposed new combination’).

Petriellaceae in Tel 111 Hei elo TC
Kannaskoppianthus telemagnus (2 indivs)
“ telepentatus (2 indivs)

Rochipteris telefolia (30 indivs)

“ penensis (2 indivs)
“ pusilla (1 indiv.)
Rarity of K. telemagnus at Tel 111
2 indivs in 90 man-hrs (1 per 4 man-days), very rare

2 S e
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HMA, 28 July 2010

32. Tel 111
Telemachus Spruit (Tel 111 Hei elo)
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Holotype

PRE/F/7711
pl. 41(1-6)

R2
x2

Reference
palaeodeme

2nd indiv.
(BP/2/5648,

pl. 41(7)), not
illustrated here.

¢ PRE/F/7711
* pl. 41(1-6)

Holotype

i

PRE/F/17414
pl. 43(1-3)

! PRE/F/18267

¢ pl. 43(4-6)
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|
. L. . [— | : : : [
Habitat: Heidiphyllum thicket 0 1 2 Roch'zpter s tglefolza |’,|"
Collection: 581 slabs, 90 man-hrs cleaving cm (affiliated foliage) Rl Tel 111 !
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Kannaskoppianthus irregularis 1M.And. & HM.And., 2003
Holotype
Specimen: PRE/F/20114a,b; And. & And., 2003, pl. 117(1-6).
Assemblage (TC): Kan 112 Hei elo, Kannaskop.
Preservation: intact strobilus attached to an axis, part & counterpart;
impression in very thin-bedded, moderately baked, medium grey shale
with poor cleavage.
Plant fossil names registry number: PFN002302
Reference palacodeme
Assemblage (TC): as for holotype.
Specimens: S indivs (1 attached intact, 4 partial); this vol., pl. 19(1-6), 20(1-6).
Sister palacodemes — nil.
Specific diagnosis
A Kannaskoppianthus species with medium irregularly forked strobili
whose limbs bear 5 or 6 microsporophylls per row.
Specific characters
Attachment: strobili attached terminally to a stem (?long shoot).
Strobilus: medium (>26 mm long), irregularly forked; microsporophylls
5 or 6 per row.
Microsporophyll: broadly concavely conate (c.2 mm wide distally),
with unknown number of microsporangial attachment scars per unit.
Etymology
irregularis — (Lat.), referring to the irregular branching of the strobilus.
Affiliation 3\() (foliage) :
Rochipteris distivena (4 indivs); Grade 3.5 (very probable) : PRE/F/201 l4a,b
Amongst the 5 species of Rochipteris identified at Kan 112, aside from pl. 20(1-6)
R. brumensis (1 indiv), the other 3 foliage species are all preoccupied as ( e
regards affiliation. '
A Reference
Comment & comparison at” palaeodeme
Molteno species PRE/F/20114a,b
K. irregularis differs from the other Kannaskoppianthus species in the pl. 19(1-6), 20(1-6)
irregularly branching strobili. In the holotype, PRE/F/20114a,b, the stem Kan 112
shows leaf scars but no intact leaves and the strobili are attached seemingly R2 e 1
terminally on the shoot. x2 ' H
The only other attached Kannaskoppianthus strobilis found in the Molte- : :
no to date is PRE/F/3231 from Kom 111, previously (And. & And., 2003) . | |
included in K. irregularis, but is described here as a new species, K. koman- X |
thus. It differs from K. irregularis in the shape of the microsporophylls and : :
in their lesser number per row. It consists of a stem with four attached leaves l I
and two strobili, but their actual point of attachment is not clear. : :
i |
1 I
I I
1 I
Petriellaceae in Kan 112 Hei elo TC ! :
Kannaskoppianthus irregularis (5 indivs) : :
Rochipteris telefolia (2 indivs) ! I
“ distivena (4 indivs) ! '
“ rollerii (10 indivs) : :
“ penensis (2 indivs) I ]
“ pusilla (1 indiv.) : BP/2/3386 :
| R2 |
Rarity of K. irregularis at Kan 112 1 <1 |
5 indivs in 15 man-hrs (3 per 1 man-day), rare | |
1 Rochipteris distivena I
! (affiliated foliage) Kan 112 |
: % — | g
| & <+
- A . =
- : -
g - e =
g £ £ o 4 4};‘ )
La=7 ) 1 g :"';_,‘? = - =
: VimA, 15 Aug 1996 | 2 e = S
Kannaskop (Kan 112 Hei elo), Upper End 16. Kan 112
Habitat: Heidiphyllum thicket ——
Collection: 145 slabs, 15 man-hrs cleaving 0 1 2
cm
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Kannaskoppianthus aasvoelensis 1M.And. & HM.And., sp. nov.

Holotype 2
Specimen: PRE/F/19547a,b, pl. 125(1-9). 1

Assemblage (TC): Aas 111 Hei elo, Aasvoélberg. CR
Preservation: mostly intact strobilus (part & counterpart); impressions in

. {4
thickly laminated, light-grey shale with moderate cleavage. ‘\\\/C \
- k( A{/

Plant fossil names registry number: PFN002303 7
/ ‘ %)
Reference palacodeme ( .
Assemblage (TC): as for holotype BP/2/4336a §
Specimens: 21 indivs (6 intact, 15 partial); this vol., pls 125-130, 131(1-4). PRE/F/15244b pl.129(1=5)  BP/2/4297a \ PRE/F/19541
pl. 126(1-3) Pl 130(1-4)

Sister palacodemes — 5
Gre 121 Hei elo: 2 indivs.
Pen 411 Hei elo: 4 indivs (2 of these have opercula attached).
Aas 211 Hei elo: 1 indiv. (intact).
Aas 311 Hei elo: 4 indivs (1 intact, 3 partial), microsporangia present.
Aas 411 Dic/Sph: 21 indivs (10 intact, 11 partial), microsporangia present.
Gre 121, p. 81, fig. 12, pl. 3(1-6); Pen 411, pl. 79-80;
Aas 211, p. 83, fig. 6, pl. 143(1-11); Aas 311, pl. 145-147;
Aas 411, p. 87, figs 1-5, pl. 153-156.

W vz

PRE/F/19547b
Specific diagnosis PRE/F/19484 pl. 125(5-9) Reference
A Kannaskoppianthus species with small regularly forked strobili pl. 126(4-7) palacodeme

whose limbs bear 5—8 microsporophylls per row and c. 10 microsporangia 0

@ r
per unit. C 7 -8 ’ ~ 4 ’ \&
Specific characters \\\\_kg\\\\) \ QZZ /Of//fgé ?

Attachment: unknown. '\\\} \
Strobilus: small to medium (c. 13-20 mm long), regularly forked; \ 63{1 § &

microsporophylls 5-8 per row / ' /
Microsporophyll: narrowly concavely conate, convex to end (c. 1 mm ) f

wide distally); with c. 10 microsporangial attachment scars per unit. PRE/F/15246b Y PRE/F/15243a,b

pl. 130(9-12) PRE/F/15203a PRE/F/19546 PIR]1341;15951‘(‘)§
pl. _

Etymology Aas 111 pl. 127(1-4) al E%

aasvoelensis — aasvoel, for the type locality Aasvoélberg.

Rochipteris rollerii

Affiliation 3\() (foliage) (affiliated foliage) 16

Rochipteris rollerii (2% of TC); Grade 4 (mutually exclusive occurrence) ,
R. rollerii, being the only Rochipteris species recognized at Aas 111, is - Toas

considered the almost certain affiliate of K. aasvoelensis (with 21 1nd1vs), ,

the sole male-strobilus species found at the site.

Holotype

Comment & comparison
Molteno species

K. aasvoelensis is most like K. lutinumerus
(p. 48) in the number of microsporophylls "~
per row (and the number of microsporangia

PRE/F/19547b 553
pl. 125(5-9)
Aas 111

. PRE/F/19529 :

per unit); but graphs (Chart 3, p. 77) show the pl. 141(5) I
latter species to have a distinctly greater spread. i '
From Aas 411 derives a good collection(21 ~ + == |\\ | // - ~~~""°""°"°"°-°°°-° R - '
indivs) which are very similar to the reference I I
population; and show a few unclearly preserved | :
microsporangia (pl. 156, figs 7, 9). : '
I I

Petriellaceae in Aas 111 Hei elo TC ' Aas 311 \ :
Kannaskoppianthus aasvoelensis (21 indivs) i PRE/F/12001ab Y rR2-3 !
o ; 1 pl. 147(7-10) I
Rochipteris rollerii (2%) P L2

| 1

|

Rarity of K. aasvoelensis at Aas 111
21 indivs in 40 man-hrs (5 per 1 man-day), rare

I I
I I
I I
I I
i | 1
I [}
N — 9 ! !
5 2 i i
2 H |
Qo

E A N | i

S - e ik
s E A | |
a T ¥ = | A |
s 24. % - ) It |
HMA, May 2019 | 2 @m_'_h-mrr S ' { PRE/F/19020b \.\ ! .
o . . e L pREEI9019 [ pLISIA=D) ) |
Aasvoélberg (Aas 111 Hei elo), Turner Shale 24. Aas 111 L 1520.3) h / \”‘) |
Habitat: Heidiphyllum thicket ' Pl | Sister # '

. [— | i

Collection: 291 slabs, 40 man-hrs cleaving 0 1 2 ! Aas 311 i palacodeme both x1 |
cm . !

Kannaskoppianthus SYSTEMATICS
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Holotype

Specimen: PRE/F/21497a,b; pl. 119(1-6).

Assemblage (TC): Lit 111 Dic/Hei, Little Switzerland.

Preservation: intact strobilus (past & counterpart); compressions in thinly
laminated, carbonaceous (with cuticle), dark-grey shale with moderate
cleavage.

Plant fossil names registry number: PFN002304

Reference palaeodeme

Assemblage (TC): as for holotype.

Specimens: 9 indivs (6 intact, 3 partial), cuticle, microsporangria present;
this vol., pls 119-120.

Sister palaeodemes — nil.

Specific diagnosis

A Kannaskoppianthus species with small regularly forked
strobili whose limbs bear 610 microsporophylls per row and c. 4-5
microsporangia per unit.

Specific characters
Attachment: unknown.
Strobilus: small to medium (c. 14-25 mm long), regularly forked,

Kannaskoppianthus switzianthus jM.And. & HM.And., sp. nov.

microsporophylls 610 per row.

Microsporophyll: concavely elongate, convex to end (c. 1-1.5 mm
wide distally), with c.4-5 robust elongate microsporangial
attachment scars per unit.

Etymology
switzianthus — switzi, for the type locality Little Switzerland,
anthus (Lat.), male.

¢
%\z S\

b

\ :

WV \) / B\
ke

@e@@% %\)\ﬂ/
NI ; v
§\)//// \\?@: PRE/F/5940
¥ Vi pl120(4)

PRE/F/5939 \

=

\% A

[ // PRE/F/5942a,b

\)( pl. 120(1-3)

PRE/F/5943a,b
pl. 120(7-9)

pl. 120(6)

Reference
palacodeme

PRE/F/5734

Holotype R3 o PRE/F/21497a
o ‘ PRE/F21497 7 of the 9 indivs pl. 119(1-6) Lit 111
Affiliation § () (foliage) 11916 . :
Rochipteris switzifolia (55 indivs); Grade 4 (virtually exclusive) pL119(1-6) I jt 111
With the only other Rochipteris species at Lit 111, R. vincularis P m e e e .
(with 1 indiv.), being so rare, R. switzifolia is clearly the most likely ' ) , '
affiliate of Kannaskoppianthus switzianthus. ' 9 / 10 1 '
| . 5 1
Comment & comparison : ] |
Molteno species ' \ 1 - '
In And. & And. (2003), K. switzianthus was included in K. lutinumerus, ! \ '
but it is here recognized as distinct in having c. 5 microsporangia per micro- 1 !
sporophyll — while K. lutinumerus and K. aasvoelensis have c. 10 microspo- ' BP2/1582 X
rangia; and K. matatiparvus and K. telepentatus are distinguished by having | pl. 124(1-5) '
fewer microsporophylls per row. 1 BP/2/1577 '
1
1 1
! 12 PRE/F/1562 :
' pl. 123 (8-10) |
I - I
P |
AR '
1 1
1 1
1 1
Petriellaceae in Lit 111 Dic/Hei TC ! '
Kannaskoppianthus switzianthus (9 indivs) I !
Rochipteris vincularis (1 indiv.) X !
“ switzifolia (55 indivs) ! '
,  Holotype !
Rarity of K. switzianthus at Lit 111 : i !
9 indivs in 550 man-hrs (1 per 6 man-days), extr. rare ' BP/2/1559 !
| pl. 121(1-4) :
| |
! 1
! PBI2/1ST2 !
. 1
ftTTTTmo . R2
| — : all x1 !
g . . 1
S R : Lit 111 !
é’ Tt O g Ir ——————————————— .
g R U !
£ - = '
[=9)
£ |3 R3 |
s s = MA, May 2019 | £ & x2 ! !
o s . . . : g = |
Little Switzerland (Lit 111 Dic/Hei) P 3 - BP/2/1582 R3 |
Habitat: Dicroidium riparian forest (mature, type 1) W = pl. 124(1-5) '
. . —— [— |
Collection: 2173 slabs, 550 man-hrs cleaving lLLit111 002020 STttt TTTTTomTmmoos ! 0 1 )
cm

SYSTEMATICS
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Kannaskoppianthus matatiparvus 1M And. & HM.And., 2003

Holotype

Specimen: PRE/F/3205; this vol., pl. 113(1-4).

Assemblage (TC): Mat 111 Dic dub, Matatiele.

Preservation: intact strobilus, without counterpart; impression in thickly
laminated, olive-grey shale with moderate cleavage.

Plant fossil names registry number: PFN002305

Reference palacodeme
Assemblage (TC): as for holotype.
Specimens: 3 indivs (2 intact, 1 partial); this vol., pls 113-114.

Sister palacodemes — nil.

Specific diagnosis

A Kannaskoppianthus species with small regularly forked strobili
whose limbs bear 4-6 microsporophylls per row and ¢. 4-5 microsporangia
per unit.

Specific characters

Attachment: unknown.

Strobilus: small (c. 8-10 mm long), regularly forked; microsporophylls
4-6 per row.

Microsporophyll: narrowly concavely conate (c. 1-1.5 mm wide distally);
with ¢. 5 microsporangial attachment scars per unit.

Etymology
matatiparvus — matati, for the type locality Matatiele; parvus (Lat.), small.

Affiliation 3\() (foliage)
Rochipteris matatifolia (17 indivs); Grade 3 (most probable)

R. matatifolia is the most likely affiliate of K. matatiparvus (with 3
indivs) — R. telefolia (with 2% of the flora; rated Grade 3.5 affiliate of
K. telemagnus), being the only other Rochipteris species identified at Mat
111.

Comment & comparison
Molteno species

K. matatiparvus is particularly rare (3 indivs) and infrequent (1 TC)
and is differentiated from K. switzianthus, the most similar species in the
reduced number of microsporophyll units per limb. It is also similar to
K. telepentatus which is affiliated with a very different leaf species, namely
R. penensis.

Petriellaceae in Mat 111 Dic dub TC
Kannaskoppianthus matatiparvus (3 indivs)
Rochipteris telefolia (2%)

“ matatifolia (17 indivs)

Holotype

PRE/F/3205
pl. 113(1-4)

PRE/F/3205 /

pl. 113(1-4)

PRE/F/9251b
: pl. 113(5-10), 114 (1-5)
: 2 of the 3 indivs R2

x2
Reference palaeodeme

Mat 111

Holotype

PRE/F/9082a,b
pl. 115(1-4)

Rarity of K. matatiparvus at Mat 111
3 indivs in 65 man-hrs (1 per 2 man-days), very rare

Reference
palaecodeme

PRE/F/9080

PRE/F/9083a,b
pl. 116(5-8)

BP/2/3025
R2
Mat 111 all x1
‘ e
~ EEER— s
& 2 =
- 4 =
|2 2 jsa)
- e Al =
o A
s B 5* @ 10 ¢
Lo ALY g A
ul i HMA, May2019 & 10. Mat 111
Matatlele (Mat 111 Dic dub)
Habitat: Dicroidium riparian forest (immature, type 2) !
Collection: 1082 slabs, 65 man-hrs cleaving PRE/F/9083b (|):1—2
pl. 116(8) cm
Kannaskoppianthus SYSTEMATICS
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Holotype

Specimen: PRE/F/3231a,b; this vol., pl. 47(1-8)

Assemblage (TC): Kom 111 Sph/Dic, Kommandantskop
Preservation: almost complete strobilis, attached with foliage, part &

cleavage. ¢
Plant fossil names registry number: PFN002306 4

Reference palaeodeme

Assemblage: as for holotype.

Specimens: 2 indivs (1 fairly complete attached, 1 fragmentary);
this vol., pls 47(1-8), 48(1-3).

Sister palaeodemes — nil.

Specific diagnosis

A Kannaskoppianthus species with medium irregular strobili,
with ¢. 4 microsporophylls per row and c. 5 microsporangia per unit.
Specific characters i
Attachment: strobili attached in fascicle with leaf cluster along shoot.
Strobilus: medium (c. 20 mm long), irregularly forked;

microsporophylls c. 4 per row. N
Microsporophyll: narrowly concavely cuneate (unknown width distally),

with apparently c. 5 microsporangia per unit.

1]
Y
v

N
L3

Etymology
komanthus — kom, for the type locality Kommandantskop;
anthus (Lat.), male

Affiliation 3'() (foliage)
Rochipteris komifolia (29 indivs); Grade 5 (certain)

This is the only attached foliage/male-strobilus pairing yet found for
the Petriellales.

Comment & comparison
Molteno species

In And. & And. (2003), K. komanthus was included with K. irregu-
laris, but is now considered a distinct species as the strobilus has less
microsporophylls and the shape is cuneate. The affiliated foliage — found
attached in this case — is a different species, namely R. komifolia.

The leaves and strobili clearly derive from a common point of ori-
gin, but the actual point of attachment is not clear. A second specimen,
PRE/F/3227, occurs closely associated with an attached cluster of leaves.

Kannaskoppianthus komanthus 1M And. & HM.And., sp. nov.

counterpart; impressions in thickly laminated buff-grey shale with poor (:'

PRE/F/3231a,b
pl. 47(1-8)
Holotype
R2
x2
Reference o |
palacodeme
B N
QO -

PRE/F/3231ab *
pl. 47(5.8)

PRE/F/3227
pl. 48(1-3)

Rochipteris komifolia
(affiliated foliage)

”\“\\\\N\

il
A

=

PREF/3227 7 §

Although the tips of these attached leaves are incomplete, they com- | R3
pare closely in size and venation to the more complete leaves occurring at x5
this TC, and are clearly affiliated to R. komifolia. The only other leaf is one
specimen placed in R. switzifolia, with many segments.

Petriellaceae in Kom 111 Sph/Dic TC
Kannaskoppianthus komanthus (2 indivs)
Rochipteris switzifolia (1 indiv.)
«“ komifolia (29 indivs)
Rarity of K. komanthus at Kom 111
2 indivs in 10 man-hrs (2 per 1 man-day), rare
2
&
5
@]
|2
g 2
| £ 30 b
5 & ' «
=) L = =

2 e T HMA, 5 May 2019 | & P & o

. = @ ?_)0 =;j_ >
Kommandantskop (Kom 111 Sph/Dic), o T S
Habitat: Dicroidium open woodland T " —
Collection: 168 slabs, 10 man-hrs cleaving 30. Kom 111

(6

XLy

1

1

1

1

1

1

I

1

1. 48(5-8
e L : |
- 1
1
Reference : :
palaecodeme | '
1

| I

I x5

| PREFAB2277 |

Kom 111 R O
[— |
0 1 2
cm
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Kannaskoppianthus lutinumerus (JM.And. & HM.And., 2003) emend. nov.

g 3 4
. TR %QJ? > 7 N
olotype gﬂ; Np QA D S
Specimen: PRE/F/11433 a,b; And. & And., 2003, pl. 110(3,7,9). NQ %4/ % S\ ) // 0 N\ p
Q) e W

Assemblage (TC): Lut 311 Hei elo, Lutherskop. QX

K. lutinumerus was previously re‘corded as inclu@ing_ seven sister palaeo- : L { ) PRE/F/11434a \
demes (And. & And., 2003), but with closer examination L ¢ 7 pl. 59(1-9) : \ '

Preservation: complete very clearly preserved strobilus, part & \ W/ . ) ¥

counterpart; impression in thickly laminated, medium-grey shale with . &" ’/'7’ \:Ch'\% \'\'p [

moderate cleavage. PRE/F/11428a \L\ -\\“\J/ \6 % [
Plant fossil names registry number: PFN002300 pl. 58(1-6) PRE/F/114270.b b *\&/(
Reference palaeodeme pl 6018y PRE/F/11429a Holotype
Assemblage (TC): as for holotype. ) 5 pl. 54(1-5) PRE/F/11433a,b
Specimens: 16 indivs (mostly intact, 1 cluster of 2); (-/::\\? /? pl. 53(1-8)

this vol., pls 53-60. : A{/, QY

N ‘\//(
Sister palaeodemes — nil. C;l \/ﬁ\)
N,
Specific diagnosis emended SN /») \)!f

A Kannaskoppianthus species with small regularly forked strobili \’J\\\‘J? Q‘\ Lo
whose limbs bear 5—11 microsporophylls per row and c. 10 microsporangia = \5;0\\ 2]
per unit. N\ I >

\/ \ ,l'/ PRE/F/11431a \ ’
Specific characters PRE/F/11438a.b Pl 35(1-6) s ’,
Attachment: unknown. pl. 56(1-6) ]
Strobilus: small (c. 16—-18 mm long), regularly forked; microsporophylls P }

5-11 per row. : ‘\V/‘ 7
Microsporophyll: narrowly concavely conate (c. 1-1.5 mm wide distally); R y ¢

with c. 10 very fine microsporangial attachment scars per unit. . N Vi (;ﬂw
Etymology : (:C 7’; O % ;v'!z
lutinumerus — luti, for the type locality Lutherskop; numerus (Lat.), : (N T f LJ[

with reference to the large number of microsporophylls per row. : = \\x ) { \j//,f

: 210 @C ‘%) : W/ PRE/F/11426b
Affiliation § 0 (foliage) FB,—&\”/ R:lf::(?:]l:;e \3
Rochipteris lutifolia (66 indivs); Grade 4 (exclusive) : ~ \‘( p .

At the type locality, the affiliation of K. lutinumerus (with 16 indivs), ~ 4/,\) (7 \ﬂw 8
and Rochipteris lutifolia (with 66 indivs) is exclusive, there being no other : e §§ Y oluster W)p/‘ ﬂl\) 1
species of either the strobilus or foliage present. : { /?5 ; Q\"ﬁ of2 : \ L/\ P %\;‘///

: N : J S
Comment & comparison ,% /:\\"j, / (\fj \’J ;‘//
Molteno species A (X ,D
A
Y R2

seer all x2
these are now placed in three newly described species, Vs T1 5 Feemmmemeeeeee et !
K. aasvoelensis, K. switzianthus and K. telepentatus. s : PRE/F/11390a,b W
K. lutinumurus is similar to K. aasvoelensis in the number /;‘,';) 7 /;2 9 of the 16 indivs pl. 57(1-8) " Lut311
of microrophylls per limb (and number of microsporangia S T
per unit). However, graphs showing the number of micro- r .
sporophylls per limb for the two species plot out quite 1 12 —_ 13 !
differently (Chart 3, p. 77) — with K. lutinumurus having ' M '
the greater range. In detail, the best-preserved heads are R4 ' ; '
distinctive (in being more obtuse and spread out than those x5 I '
of K. aasvoelensis) and the affiliated foliage (Grade 4, Lut 311 X '
exclusive in both cases) is of a very different morphology ! '
to R. rollerii PRE/F/11429a,b, pl. 54(1-9) \
: : PRE/F/11434a, pl. 59 | |
pls 56-60 1 1
Petriellaceae in Lut 311 Hei elo TC see pp 95, 138 ! !
Kannaskoppianthus lutinumerus (16 indivs) ! PRE/F/11538a |
Rochipteris lutifolia (66 indivs) , Holotype pl. 61(1-3) R2 |
. . : Lut 311 <2 14
Rarity of K. lutinumerus at Lut 311 1 R2 PRE/F/11384a . [
16 indivs in 50 man-hrs (3 per 1 man-day), rare ' x1 pl. 67(1-7) X
1 1
§ ' Rochipteris lutifolia !
= | (affiliated foliage) L ut 311 '
- a 1 1
13 \ Reference palacodeme '
Nt I e 1
§ .23.‘1'-' ..... E : :
== AT ! 1
O S ]
- é i/ E 1 :
o : = : ] : R3|
r:j#f’_.‘:‘—;:? g e gt = ) x5,
A ~ HMA 8 May 09| £ & f g ! PRE/F/11358a !
Lutherskop (Lut 311 Hei elo), Oom Piet’s campsite 3~ wf = 1pl 61(1-3)
Habitat: Heidiphyllum thicket ! A=
. . [— |
Collection: 589 slabs, 50 man-hrs cleaving 36. Lut 311 0 1 2
cm

Kannaskoppianthus SYSTEMATICS
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Kannaskoppianthus telepentatus jM.And. & HM.And., sp. nov.

Holotype
Specimen: PRE/F/18277a,b, pl. 42(1-8).
Assemblage (TC): Tel 111 Hei elo, Telemachus Spruit.

Preservation: intact, fairly complete strobilus (part & counterpart); 1
impression in thickly laminated, light olive-grey shale with poor ot
cleavage. < O )
Plant fossil names registry number: PFN002307 N s
Holotype P ‘,\'
\
Reference palacodeme T’T R2
Assemblage (TC): as for holotype. . x2 R2
Specimens: 2 indivs (1 intact, 1 isolated), microsporangia attached; this Reference PRE/F/18277ab x5
L., pl. 42(1-8). alacodeme . '
vol., pl. 42(1-8) p pl. 42(1-8) Tel 111
Sisterpalacodemes —mil. [T
dehiscent microsporangia arcuate 2
operculum  immature mature scale cap concavity

Specific diagnosis

A Kannaskoppianthus species with small regularly forked strobili
whose limbs bear c. 5 microsporophylls per row and c. 5 microsporangia
per unit.

f / groove

a—e; developmental &

\J (?vascular
\\< strand)
dehiscense stages of

Kannaskoppianthus RS
microsporophylls x5

W%v

‘PRE/F/18255:

Specific characters

Attachment: unknown.

Strobilus: small (c. 12—-13 mm long), regularly forked;
microsporophylls c. 5 per row.

Microsporophyll: short, concavely conate (c. 1.5 mm wide distally), with
¢. 5 microsporangial attachment scars per unit.

And. & And. (2003, p. 290)
Etymology

telepentatus — tel, for the type locality Telemachus Spruit;
pentatus (Lat.), referring to the 5 microsporangia.

Affiliation 3\() (foliage)
Rochipteris penensis (2 indivs); Grade 3 (probable)

Tel 111 is the only TC from which 2 species of Kannaskoppianthus have
been collected (see below); it has also yielded 3 species of foliage. Given
that the affiliation between K. telemagnus and R. telefolia is Graded 4
(virtually exclusive), it is most probable that K. telepentatus (with 2 indivs)
and R. penensis (with 2 indivs) are affiliated. The less likely foliage affiliate,
would be R. pusilla (with 1 indiv).

3 4 6

0 g

PRE/F/17405a

PRE/F/ISZSS\/ :

PRE/F/17405a,b |

Comment & comparison
Molteno species
Like Kannaskoppianthus switzianthus (Lit 111) and K. aasvoelensis (Aas

R2 bl 46(8.9) - PRE/F/17405b :
111), this species was included within K. /utinumerus (Lut 311) in And. & all x1 pL.468.9) PRE/F/17405a,b: |
And. (2003). However, in the detail of the microsporophylls bearing c.5 1 Rochipteris penenéis """"""""""""""""""""""" I
microsporangia, it is recognized as distinct from the latter species and from | (affiliated foliage): all x2 Tel 111 |

K. switzianthus, in being larger than most of the nine individuals from the
Lit 111 TC. It is also affiliated with a different Rochipteris species to the
other three

Petriellaceae in Tel 111 Hei elo TC
Kannaskoppianthus telemagnus (2 indivs)

“ telepentatus (2 indivs) === <

Rochipteris telefolia (30 indivs) . SL ] =

“ penensis (2 indivs) ' E .

“ pusilla (1 indiv.) re s L =4 S Proposed new combination

ol 3 g Kannaskoppianthus ternerae (Solms-Laubach 1899)

Rarity of K. telepentatus at Tel 111 R*J,‘__H;; - JM.And. & HM.And., comb. nov.
2 indivs in 90 man-hrs (1 per 4 man-days), IRl s Basionym
very rare 32. Tel 111

Acrocarpus ternerae Solms-Laubach, 1899. pp 601-602, pl. 14(5),

Q. de la Ternera, Copiapo, Chile.
Plant fossil names registry number
PEN 002310
ol
§ Diagnosis/description
= See Solms-Laubach (1899, pp 601, 602).
o
:E Remarks
j ‘;ﬂ The genus Acrocarpus belongs in the family Fabaceae and
i e the specimen was incorrectly named. It clearly belongs to
2 ; Kannaskoppianthus as described from the Molteno, but we were
il m g S - Y. HMA, 28 jﬂll'};'zom u% previously not aware of this reference (see comment, p. 42).
= VS AR o g > LT
Telemachus Spruit (Tel 111 Hei elo)
Habitat: Heidiphyllum thicket [— |
Collection: 581 slabs, 90 man-hrs cleaving 0 1 2

SYSTEMATICS Kannaskoppianthus
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Rochipteris (Herbst et al., 2001) emend. JM.And. & H.M.And.

Synonymy
Kannaskoppifolia JM.And. & HM.And., 2003, p. 294
Kannaskop (Kan 111), Karoo Basin, S. Africa; Carnian, Triassic.

Type species

Chiropteris lacerata sp. nov. Arber 1917, p. 27, pl. 3(8); Tank Gully, Mt
Potts, New Zealand; Tank Gully Coal Measures; housed in Natural
History Museum, London, catalogue number NHMUK v15671.

Plant fossil names registry number: PFN002311 (for genus)

Generic diagnosis, emended

A ginkgoopsid leaf with apetiolate to partially petiolate, entire to
trifidly divided cuneate to flabellate lamina with numerous segments, and
subparallel, anastomosing veins with density increasing distally.

Generic characters

Attachment: several leaves borne on bulbous short shoots or spirally on
slender stem.

Leaf: lamina narrowly to broadly cuneate to flabellate, apetiolate to
partially petiolate, entire to trifidly deeply segmented with few to
numerous segments; veins fine, forking, radiating, subparallel and
anastomosing to form a variously elongated mesh, density increasing
distally.

Cuticle: as described by And. & And. (2003); repeated here, p. 51.

Etymology
Rochipteris — named by Herbst et al. (2001), inverting the spelling to replace
the genus name Chiropteris previously in use for some of these leaves.

Global range — 24 spp., Gondwana, Tr. (LAD-RHA).

First: Rochipteris (Ginkgoites sp.), (Walkom, 1925a); L. Newport Fm.,
Turrimetta Head, Sydney, Australia.

Last: Rochipteris (Chiropteris copiapensis), (Solms-Laub. & Steinm.,
1899); Ternera Fm., Quebr. La Ternera, Copiapo, Chile.

Gondwana Triassic occurrence

Frequency (F): 22 degree squares (of the 84 across Gondwana).
Ubiquity (U): 4 continents (of 5 comprising Gondwana).
Diversity (D): 24 foliage species.

Abundance (A): <1% (the norm in Molteno TCs).

Longevity (L): 44 myrs (Olenekian to Rhaetian).

Colonization success: FUDAL rating 22/4/24/-/44 = 94. Intermediate success
(Grade 3); Rochipteris was the 4th most prominent gymnosperm foliage
genus in the Gondwana Triassic (And. & And., 2003, tab. 27); it was
ubiquitous, diverse, long-enduring and relatively frequent, but generally
lacking in abundance.

FUDAL ratings of the top 5 gymnosperm foliage genera in the GT:
1. Dicroidium — 188

2. Heidiphyllum — 147

3. Sphenobaiera — 99

4. Rochipteris — 94

5. Taeniopteris — 69

Endemism: one species occurs widely distributed on three continents, while
at the other end of the scale, four species from the Molteno are single-
assemblage endemics.

Molteno occurrence

Frequency (F): 26 TCs (of 100 sampled in the Molteno).

Diversity (D): 12 species.

Abundance (A): common (3—5%) in 1 TC; occasional (2%) in 2 TCs; and
<1% in the other 23 TCs.

Habit: slender, erect, woody shrubs (see Part 3).

Preferred habitat: occupied a wide range of habitats, but principally Dicroi-
dium riparian forest, Heidiphyllum thicket and fern meadows of riverine
sandbanks and floodplain wetlands.

Adaptive radiation (Molteno species, see Tab. 3, p. 52).

We currently recognize 12 species of Rochipteris, as described here. Very
interestingly, the species in many instances coincide with different habitats,
suggesting that they are biologically and ecologically distinct entities.

Affiliated organs
Female strobilus: Kannaskoppia — Grade 5 (Org. att.).
Male strobilus: Kannaskoppianthus — Grade 5 (Org. att.).

Classification & comparison
Suprageneric classification

As Rochipteris is known attached to both male and female affiliates, the
classification is based on the ovulate strobilus Kannaskoppia (p. 34).

Intergeneric comparison

Such leaves were frequently classified as Chiropteris or Ginkgoites prior
to Retallack (1980a) placing them in Ginkgophytopsis. Herbst ez al. (2001)
placed these leaves in a new genus Rochipteris. Concurrently And. & And.
(1997, 2003) studied similar leaves from the Molteno and in view of the
proven affiliation of attached leaves with male and female strobili erected
the genus Kannaskoppifolia (And. & And., 2003). Holmes & Anderson
(2005) later proposed that Kannaskoppifolia be used for attached leaves and
Rochipteris for isolated leaves. Bomfleur et al. (2014) objected to this
proposal and made Kannaskoppifolia a junior synonym of Rochipteris
which is followed in this study. And. & And. (2003) suggested that Ginkgo-
phytopsis be restricted to Devonian and Carboniferous leaves as dealt with
by Heeg (1967), who included the genus in the order Palacophyllales and
placed the Gondwana Chiropteris leaves with a distinct petiole in a new
genus Batiopteris. From the Early Permian of China a Chiropteris has been
described in organic connection with the ovuiferous organs of Nystroemia
by Wang et al. (2003). These bear bicornute platyspermic seeds which show
no resemblance to the cupules of Kannaskoppia. Holmes & Anderson
(2005) from the Nymboida Flora, described leaves somewhat similar to
Rochipteris (also attached in whotls to a gracile axis) but with dichotomiz-
ing venation as Walkomiopteris.

Other reticulate leaves from the Molteno, such as Gontriglossa, Gracili-
glossa and Cetiglossa, all have a distinct midrib similar to that in Glosso-
pteris (Permian) and Sagenopteris (Jurassic) leaves.

Eoginkgoites Bock from the Upper Triassic Newark Group and the Chinle
Fm., U.S.A. (Ash, 1976, 1977) has anastomosing venation and syndetocheilic
stomata, but differs in the finer venation, a marginal vein, pinnate form ‘and
its papillate cuticle’. Ash (1976, p. 1329) suggested a relationship with the
Bennettitales rather than the Ginkgoales.

Gondwana Triassic (elaborated)

Herbst et al. (2001) erected the new genus Rochipteris for some Gond-
wanic leaf species previously assigned to Chiropteris Kurr ex Bronn. They
describe five species of Rochipteris, two being new, from the Upper Triassic
of Argentina and Chile. Kannaskoppifolia (And. & And., 2003) was consid-
ered a junior synonym of Rochipteris by Bomfleur et al. (2014) and this is
accepted here. However, the South American foliage apparently yields no
cuticle and there is no mention of female or male fruit affiliates.

Barone-Nugent ef al. (2003) adopted the name Rochipteris for two new
species and a third unnamed species from the Ipswich Coal Measures, the
Leigh Creek Coal Measures and the Springfield Basin of the Upper Triassic
of eastern Australia. As for the South American material, there occurs no
affiliated fruit such as described here from the Molteno, but cuticle is illus-
trated and described for the Leigh Creek species. This cuticle is, in many
respects, very different from that which we find characterizing the Molteno
species. In particular, the stomata appear not to be transverse and the cells
are isodiametric (almost square over the veins), not oblong. Furthermore,
there are six subsidiary cells and these are clearly lappetate. The Molteno
stomata are paracytic and nonlappetate. However, certain specialized cells
(trichomes or glands) are remarkably similar. The leaf morphology, with its
markedly expanded clasping base, is likewise rather different from the
Molteno Rochipteris species.

Rochipteris is a widespread element throughout the Gondwana Triassic.
It is recorded in the literature from eight ‘localities’ (c. 88 indivs illustrated)
in S. America (Chile, N. Argentina, S. Argentina), 15 ‘localities’ in Austra-
lasia (Queensland, NSW, Victoria, South Australia and New Zealand) and
two localities from Antarctica. Some of the published illustrations are insuf-
ficiently clear to show whether the venation anastomoses or not. In such
instances one might be confusing this genus with Sphenobaiera, which can
appear superficially similar (especially where specimens tend towards a
bifurcating rather than trifurcating division of the lamina). The abundance
of Rochipteris is rarely, if ever, clearly stated in the literature. The general
impression is that it is uncommon, as in the Molteno.

Rochipteris

SYSTEMATICS
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Cuticles Rochipteris vincularis upper cuticle 1
Potential sample: Lit 111, 51 indivs; Umk 111, 42 indivs. IDEEE

Macerated (And. & And., 2003): Lit 111, 35 indivs; Umk 111, 30 indivs;
only a few indivs yielded good cuticle. "
Preservation grade: Grade 4, features clear, fair-sized pieces. ' .
Diagnostic characters: cells isodiametric to oblong (linear over vein _ .
areas), walls gently curved; stomata hypostomatic, nonpapillate, inter- , n. !‘
ing strongly cutinized, glands. They occur scattered on the upper and ." "” ' ‘
lower cuticle. Such cells have not previously been recorded from the '
Molteno. ' ‘
Significance ' ‘ '
Classification — The transversely orientated, paracytic stomata make ' '

veinal, transversely orientated; subsidiary cells paracytic, noncuti-
nized, nonlappetate, guard cells narrowly elliptic; specialized cells
isodiametric to circular, strongly cutinized.

Comment: The specialized cells may be trichome bases or, in appear-

the cuticle of Rochipteris quite unique amongst the Ginkgoopsida. The
only other taxon with clear paracytic stomata in the Molteno is Gontriglos-
sa verticillata placed in the Gnetopsida. The latter has digitate amorphous
cells and the stomata are orientated randomly in the interveinal areas.

The different species of Rochipteris from Lit 111 and Umk 111 all ‘ \
exhibit distinctive cuticles. That from the single specimen of R. vincu-

(L
Ve
T3
==

laris from Lit 111 is used here to illustrate the generic characteristics. J . ‘ ? 2
The second species, R. switzifolia from Lit 111, and R. rollerii from Umk :’. ‘~ N {
111 both show papillate epidermal cells. While the other common species .‘ . ~ ‘ \
from Umk 111, R. obtriangulata has yielded only poorly preserved \ ' ....‘ —
cuticle, it does show the diagnostic stomata and specialized cells. The ‘. . Q@'
remaining two species (each represented by one individual) yield poten- e 2= “@~\"-
tial cuticle but have not been macerated or studied. i <N .‘%‘ .‘
Affiliations — Cuticular correspondence between the leaf and male e ' S oo .“
strobilus is not clear on present evidence and affiliation is based on direct A ..‘
attachment. .‘ ‘..‘ .‘ ‘ '
. ,“ .
e QVQ,." o (]
SR, A
7 SISE 1
> !
(AT s
Lit 111 PRE/F/5641 lower cuticle %100
prep. no. 973
Rochipteris Map 3.
2% & SAm SAf Ind [Ant Aus
5 & & 3 o*Ma Ch|NA|SA|Pa|Lu|Za| L |[Ka|[WH| Pl |TA|NZ|Ca|SA|Ga|Bo|CM|NE|Sy| Vi | Ta
R E —
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o E
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@al>D E
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O: productive degree

I
1-10: degree squares
1 squares

O: superlocalities

PRE/F/13536

Gondwana Triassic

10

o]

Productive formations Productive degree squares
Molteno Fm I megaplant-bearing formations O with megaplant-bearing formations
[—— | i 1 beds with Rochipteris (& affiliates) @ squares with Rochipteris
0 1 2 @ localities with Rochipteris
cm
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Tab. 3. Rochipteris — Molteno occurrence.

Foliage species Habitat Dominants
gchE‘Eg:EigA ~ia 1—,'*;,@,3
§iTigiEinififisigEisis (S igigiEe
el si8iTigiT s it (BB Retey
S 5igifidisigisizinigigis |ssigigiaigig_§ig
e |8 3838 88588583  |eggtnes|siigisie
8g‘;@'ﬁe%s&e%%‘é’.%%ﬁgﬁgE-‘é”é-’ggE%w
8| assemblages El@ii i cfciafscialelcisials :EEE%%E§_§'§_%§E
| (taphocoenosis) | = [(i4i2i3i4i5i6i7i8:i9i10i11:12 1i2i3i4i5iei7|Qi@|Tici &
1 [cal211 Heielo |-i5 | 5i 5 i e e - -i-ivi-io] -f -i751 —i20
2 | Gre 121 Heielo 220 -1 -1 =122 -1 -1 -1 - —n — o e 1 —198:20:
3| “ 111 Equsp 2, L R i Tt e T S B B S S S i IR e e e Y e I R L T A
4 |Boe 112 Diccor |© I T e e e e e T [ ) V4 Tt ey ey [+ T RO V7 I R I
5 [Cyp 111 Diccra 83! 2 —i —i -1 11 -1 —180F - - - = —|-i-i/i-i—i—i-|75) —i24% -! 4
6 |Kan 112 Heielo 191 —1 21 4110% -1 -1 -1 —f - —b 20 b vt or b4 108! 6! 7
7 ¢ 111 AstspA 51 51 - —i —i - - —f —f b o ob —b o] -iotoioi bt -1 110122163
8 |Tel 111 Heielo }33 337 1380 - —f —f —i —i —i —f -1 2{ 1; —|-i-i-i-t/i-i-| 6/ —-i89i48i58
9 [Kom 111 sph/Dic |& 300 —f - - —f 4 —b29f - —f b b o o -i-ioisi-i -1 139160 —115% 1
10 | Vin 111 Dic odo 21 28 —i =i =i =i =i =i =i = =i =i —f —|-i-i/i-i-i-i-]|70% 4:28: - 2
11 [Lut311  Heielo 66! -1 —i —i —i —! —i —166] -1 - —i —! —|-i-i-i—-i/!-1-|58/29i99:30! 3
12 | Kon 211  Ast 2spp 5 —i —i -1 Bl b bbb b b o 120152
13 |Pen 311 Heielo 417 —i —i —i34i —i —i —i —i —i —i Bi 2i —|-i-i-i-i/i-i—|25! —i75! 5i11
14|« 411 = 80i —i —i —i70i —i —i —i —i —i —i10f - —|-i-i-i-i/i-i-113} —194: 2! 3
15 | Kap 111  Dic/Ris 6! -1 —i 2% B6i -1 —f —i - —f b b b bbbt 150120!25:10! 4
16 |Nuw 111 Diczub | K e B T B B e T 1 S S B S I R By e B B A ([ I R
17 |Win 111 Heielo 132 50 —i —i - e e B T HE I e B R A e e I [ FIE Y - B R
18 |HIa 213 Dic elo 81 —i —i —i 4i 4l i i - b b b b bbb 22021891490 1111132
19 | Umk 111 Dic 2spp 500 —i —i —i21i i i —i 1i19f 9i —i —i —|yi-i-i-i-i_1_169: 5! 7! 2i 1
20 [San 111 Diccra 3 - =i =1 31 —i —f i -1 - -1 - -1 =i -i—i—t =1 |90 -1 B 2i 1
21 |Mat 111 Dic dub P A e e A T e R R i I e e A e e It e it K- 1 - B S
22 |Lit111  Dic/Hei a| 56! 1! —i - —i551 —i -1 —i —i —! -t @ —|/i-i-i-i-1-1-|50f 1i23:10i10
23 |Aas 111 Heielo |p L P e e VA = I AR B & AR (VR
24| © 211 Heielo §1 191 11 < —118] — — —1 - —i —1 -f i |=i-i-i-i/i-i-| - -ie9i -} 2
25| “ 311 Heielo |£ 26F 1i —i —i250 —i —i —i —i —i —i —i - —|-i-i-i-i/i-i-|15! 9i99: —i 2
26| * 411 Dic/Sph & 1507 —i —i —150! —i —i —i —! —! —i —i —i |ttt _160:30F 1:75;24
Total TCs 26; 7i 3 2i 14i 4] 1i 1i 51 i 2i 4i 4i 1| 2i 4i 4} 2i11i 1} 2
Total individuals %: %' %: 6! %: 61 17: 29:151: 19: 10: 19: . [

bold — %
mild — indivs

Rochipteris occurrence in the Molteno Fm.

Taphocoenoses: occurs in 26 of the 100 sampled TCs.
Members: occurs in the 1st 5 of the 6 Molteno Members;
but most frequently in the Indwe Member (2).
Diversity: 12 species of Rochipteris recognized.
Habitat: the genus occurs in all 7 habitats identified;
but most frequently in the Heidiphyllum thicket (11 of 26 TCs).
Dominants: Heidiphyllum & Dicroidium are clearly the most
abundant associates of Rochipteris.
Abundance:

. vincularis And. & And., 2003

. telefolia And. & And., sp. nov.

. distivena And. & And., sp. nov.

. rollerii (Frenguelli 1946) Bodnar et al., 2020
. switzifolia And. & And., sp. nov.

. matatifolia And. & And., sp. nov.

. komifolia And. & And., sp. nov.

. lutifolia And. & And., sp. nov.

. obtriangulata Holmes & H.M.And., 2005
10. R. cf. sinuosa Holmes & H.M.And., 2005
11. R. penensis And. & And., sp. nov.

12. R. pusilla Holmes & H.M.And., 2005
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Rochipteris
R. vincularis

[ R. telefolia

Kan 112
BP/2/3386

R. switzifolia

\

+ BP/2/1559

5

Tel 111
PRE/F/17414

R. lutifolia

Kom 111
PRE/F/3216

ister

alaecodeme .

=Rl

R. cf. sinuosa

R. penensis
W n

\ Tel 111

1
1
1
: can
o
1
1
1
1

i
I cyp 111

W| PRE/F/18899a
|

___________________

R. distivena

[

\

D"

i

R. rollerii

____________________

PRE/F/19020b i I
il

Sister ]
palacodeme ¥

____________________

Mat 111
PRE/F/9082a,b

R. obtriangulata

Umk 111
BP/2/115

Showing the 12 species of Rochipteris

Y PRE/F/16915b recognized in the Molteno (all but figs
Umk 111 PRE/F/17405 i indi
BP/2/539 e 4, 8 & 11 are illustrated by indivs from
Sister palacodeme the Reference palacodemes).
[— |
R2
‘ : 01121 all x1
SYSTEMATICS Rochipteris
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Rochipteris vincularis (1M And. & HM.And., 2003) // .

comb. & emend. nov. g _—
-

Holotype < )

Specimen: PRE/F/13521; And. & And., 2003, p. 294, pl. 106(1). =

Assemblage (TC): Kan 111 Ast spA, Kannaskop. “\
Preservation: a portion of shoot with 7 leaves attached, without counterpart; ] \ \ l'ul
impression in thickly bedded, moderately baked, greenish grey silty Sy 1
mudstone, with very poor cleavage. R i
Plant fossil names registry number: PFN002314

Reference palacodeme

Assemblage (TC): as for holotype (pls 23—40; figs pp 67, 68)

Specimens: 5% of assemblage (c. 45 slabs);
4 sections of shoot with foliage and megasporophylls attached; 12
sections of shoot with foliage only; >25 detached leaves; foliage
generally torn or twisted (pp 66-68).

Sister palaeodemes — 6

Cal 211 Hei elo: 5% (pls 1,2)

Cyp 111 Dic cra: 2 indivs

Vin 111 Dic odo: 2 indivs (pls 51,52)
Lit 111 Dic/Hei: 1 indiv.

Aas 211 Hei elo: 1 indiv.

Aas 311 Hei elo: 1 indiv.

Specific diagnosis, emended

A Rochipteris species of intermediate size with obtriangulate lamina
irregularly divided to one-third depth, and with closely spaced anastomo-
sing venation.

Holotype
Specific characters (for foliage)
Attachment: leaves on long shoots in irregular helical arrangement; leaves
on short shoots in fascicles with female strobili.
Leaf: obtriangulate, of intermediate size (up to 70 x 20 mm);
lamina entire to one-third depth and divided to various segments;

base sharply angled; veins closely spaced, c. 20 per cm at midway.

PRE/F/13521
pl. 39 (1,2)

x1

}  Reference
Etymology palaeodeme

vincularis — vinculum (Lat.), link, bond, with reference to the fruit and
foliage being found in organic connection at the type locality.

Affiliated organs ()Q (female strobilus) PRE/F/13536
Kannaskoppia vincularis (50 indivs); Grade 5 (attached) pl. 37(1-5)

The Kan 111 TC is unique in not only being the single site to have
yielded female strobili, but with many specimens (50 indivs) of which
5 show mutual foliage/strobilus attachments.

PRE/F/13545
pl. 36(3.4)

Comment & comparison 2N
Molteno species - ,'N.
R. vincularis is unique in the Molteno and Gondwana in having numer- '/ =
ous ovuliferous strobili (c. 50 specimens) undoubtedly affiliated, including / .
five specimens showing clear attachment of fruit and foliage to sections J
of shoot. The strobili are unique to Kan 111 Ast spA, with its abundance 4
of foliage (5% of the assemblage) clearly of the single species. No other » o
Rochipteris species were found at the site after 30 man-hours of cleaving. . (
The closest foliage species are R. obtriangulata (Umk 111 Dic 2spp) and

R. telefolia (Tel 111 Hei elo), which show distinctive differences. The first
being entire, the latter deeply divided.

o i PRE/F/13487a‘y’
Gondwana Triassic species (non-Molteno) pl. 23(1-3), 24(1-3)

For a discussion of the somewhat similar leaves, R. lacerata and R. incisa,

consult introduction to the Hypodigm (pp 102, 103). Kannaskoppia vincularis

(attached @ strobilus)
~en
=
1 &
w1
)
|2
o
§ Holoty
g 2 olotype
= 16.Kanlll <1 (for @ strobilis)
Kannaskop (Kan 111 Ast spA) ] Kan 111
Habitat: Fern/Kannaskoppia meadow 0 1 . rr21

Collection: 365 slabs, 30 man-hrs cleaving

Rochipteris SYSTEMATICS
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Rochipteris telefolia 1M .And. & HM.And., sp. nov.

Holotype

Specimen: PRE/F/17414; pl. 43(1-3)

Assemblage (TC): Tel 111 Hei elo, Telemachus Spruit

Preservation: fairly complete, clear venation, without counterpart;
impression in thickly laminated, light olive-grey shale with poor
cleavage.

Plant fossil names registry number: PFN002316

Reference palacodeme
Assemblage (TC): as for holotype (pls 43—46; figs pp 69-71)
Specimens: 30 slabs (27 isolated leaves, 2 attached, 1 cluster)
attached (foliage only) — 1 slab; 5 leaves (3 att., 2 in clear orientation)
1 slab; c. 8 leaves (undoubted, based on orientation of leaves).
clusters — 1 slab; 3 leaves.

Sister palaeodemes — 2 s
Kan 112 Hei elo: 2 indivs o
Mat 111 Dic dub: 2% (pls 117, 118) t

AY

\
Specific diagnosis AN

A Rochipteris species of large size with broadly -
obtriangulate lamina irregularly divided to mid-depth, and with
closely spaced anastomosing venation.

Specific characters

Attachment: leaves interpreted as being generally attached in clusters of 4
to bulbous leaf cushions (Chart 2, pp 126, 127).

Leaf: obtriangulate, of large size (up to >130 by ¢. 70 mm); lamina mul-
tiply and variously divided to mid-depth; veins closely spaced, c. 15
per cm midway, with anastomoses frequent throughout from petlo(k;
to distal margin.

Etymology
telefolia — tele, for the type locality Telemachus Spruit;
folia (Lat.), foliage.

Affiliated organs ()3 (male strobilus)

Kannaskoppianthus telemagnus (2 indivs); Grade 3.5 (most probable)
Though 3 species of Rochipteris and 2 species of Kannaskoppianthus

occur at Tel 111, this affiliation is considered very probable considering

the large size of each, and the exclusiveness of K. telemagnus (2 indivs;

1 intact, 1 partial) to Tel 111.

Comment & comparison
Molteno species

Given the excellently represented Ref. pal. from Tel 111 (30 indivs),
including three specimens showing attachment or clustering (p. 70) —
there is no doubt about the distinctiveness of this species. It differs from
R. vincularis by the deeper divisions and larger size of the leaf. A second
good palacodeme derives from a Dicroidium riparian habitat at Mat 111
Dic dub (pls 117, 118; pp 72, 73).

Gondwana Triassic species (non-Molteno)
For a discussion of the somewhat similar leaves, R. lacerata and
R. incisa, consult introduction to the Hypodigm (pp 102, 103).

Reference
palaeodeme

PRE/F/12876

pl. 46(1-3)

pl. 43(1-3)

PRE/F/18268 I R%

pl. 43(7,8) all x
Tel 111

Holotype
(for foliage)

PRE/F/17414

15
2 T ——
M t
e o L
- =} A s ,
' T G R
W ag v == f
M“'J// W Y HMa, 28.Iu1y2010 il
Telemachus Spruit (Tel 111 Hei elo) 32. Tel 111
Habitat: Heldlphyllum thicket — |
Collection: 581 slabs, 90 man-hrs cleaving 0 1 cr121

Ml M2 M3 M4 M5

Kannaskoppianthus telemagnus
(affiliated & strobilus)

o
2 2o

,
5

Holotype
PRE/F/7711 = W
pl. 41(1-6) Qﬁ”'\‘,%\ /\/
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Rochipteris distivena 1M.And. & HM.And., sp. nov.

Holotype

Specimen: BP/2/3386; pl. 21

Assemblage (TC): Kan 112 Hei elo, Kannaskop (Upper end).

Preservation: complete leaf with clean venation, without counterpart;
impression, in very thinly bedded, moderately baked, medium-grey
shale, with poor cleavage.

Plant fossil names registry number: PFN002317

Reference palacodeme
Assemblage (TC): as for holotype (pls 21,22; figs p. 74)
Specimens: 4 indivs; attached and clusters nil.

Sister palaeodemes — 1
Kap 111 Dic/Ris: 2 indivs (pl. 89)

Specific diagnosis

A Rochipteris species of intermediate size with cuneate irregularly
divided lamina to mid-depth, and with widely spaced anastomosing
venation.

Specific characters

Attachment: unknown (for foliage); male strobili known attached to a
narrow stem.

Leaf: broadly obtriangulate, of intermediate to large size (up to ¢. 90 by
55-75 mm); upper half of lamina divided 2-3 times into irregular
segments; veins widely spaced, ¢. 10 veins per cm at midway, to more
closely spaced at tip with c. 18 veins per cm.

Etymology

distivena — (Lat.), widely spaced veins.

Affiliated organs ()3 (male strobilus)
Kannaskoppianthus irregularis (5 indivs); Grade 3.5 (very probable)

Both R. distivena (4 indivs) and K. irregularis (5 indivs) are unique to
Kan 112, and although both are uncommon, the affiliation is very probable.

Comment & comparison
Molteno species

The leaves of this species have widely spaced veins to more closely spaced
distally, fining markedly to the tips. The only other species with widely spaced
veins and divided lamina is R. cf. sinuosa from Umk 111 which differs
in the lamina being flabellate and deeply divided to around one-third from
the base. In overall shape, it is similar to leaves with multiple segments in
the upper part of the lamina such as R. telefolia and R. vincularis which
have much finer venation. From Kap 111 Dic/Ris, two fragmentary leaves
are provisionally compared to this species as they show widely spaced
venation (pl. 89). A leaf collected by Du Toit from Umk 111 and originally
described as Chiropteris copiapensis (Du Toit, 1927, t-fig. 3B) possibly
belongs to this species since, although incomplete, the base is cuneate and
the venation similarly widely spaced.

The single indiv. from Gre 111 Equ sp (p. 101, pl. 7(1-7)), referred to
as Rochipteris sp., is closest to R. distivena, in having similar divided tips
and open venation, but lacks the characteristic deep division of the leaf and
is of much smaller size, which suggests it may represent a distinct species.

Gondwana Triassic species (non-Molteno)

Chiropteris lacerata Arber 1917 (p. 27, pl. 3(8)), from the Tank Gully
Coal Measures, Mt Potts, New Zealand, is based on a single incomplete
specimen. It has lacerate tips and is similar in overall shape and size, but is
missing the lower third to the diagnostic base, and has distinctly finer vena-
tion in the upper third. See also Rochipteris lacerata (Arber, 1917) Herbst
et al. (2001), S. Argentina. Consult introduction to Hypodigm (p. 102).

Kannaskop (Kan 112 Hei elo), Upper End
Habitat: Heidiphyllum thicket
Collection: 145 slabs, 15 man-hrs cleaving

From photo, 1 Sept 1993
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Rochipteris rollerii (Frenguelli, 1946) Bodnar ef al., 2020

Lectotype

Specimen: LPPB 20770a, Bodnar et al., 2020, p. 9, fig. 5A.

Assemblage (TC): Puesto Miguez, Cacheuta Hill, Mendoza Province, Argentina.
Preservation: compression in fine-grained shale.

Plant fossil names registry number: PFN002344

Plant fossil names registry number: PFN002345 (Lectotype)

Reference palacodeme

Assemblage (TC): Aas 111 Hei elo, Aasvoélberg (Turner shale) (pls 131-142;
figs p. 84); impressions in thickly laminated, light-grey shale with
moderate cleavage.

Specimens: 2% of assemblage (c. 50 slabs; c. 75 indivs).
attached — nil
clusters — 6 slabs; ¢. 20 indivs (x1), 5 indivs (x1), 2-3 indivs (x4)

Sister palaeodemes — 13

Gre 121 Hei elo: 22 indivs (pls 4-6), 4 clusters; & affil., 2 indivs (pl. 3)
Kan 112 Hei elo: 10 indivs

Kon 211 Ast 2spp: 5 indivs (pls 69-72), 4 clusters

Pen 311 Hei elo: 34 indivs (pls 73-76), 1 cluster

Pen 411 Hei elo: 70 indivs (pls 81-86); & affil., 4 indivs (pls 79, 80)

Kap 111 Dic/Ris: 6 indivs (pl. 90)

Win 111 Hei elo: 3 indivs (pl. 92)

Hla 213 Dic elo: 4 indivs (pls 95, 96)

Umk 111 Dic 2spp: 21 indivs (pls 97-102)

San 111 Dic cra: 3 indivs (pls 111, 112)

Aas 211 Hei elo: 18 indivs (pl. 144); & affil., 1 indiv. (pl. 143)

Aas 311 Hei elo: 25 indivs (pls 148—152); & affil., 4 indivs (pls 145-147)
Aas 411 Dic/Sph: 150 indivs (pls 157-162); & affil,, 21 indivs (pls 153-156)

Specific concept
A Rochipteris species of small to intermediate size with flabellate lamina
deeply divided mainly 1-2 times, and with closely spaced anastomosing venation.

Specific characters

Attachment: unknown.

Leaf: flabellate, of small to intermediate size (up to ¢. 45-50 X 35 mm);
lamina deeply divided mainly 1-2 times, ranging from 2—13 segments;
veins closely spaced, c. 25 per cm midway.

Etymology
rollerii —named by Frenguelli (1946, p. 103) in honour of the collector Rolleri.

Affiliated organs ()3 (male strobilus)

Kannaskoppianthus aasvoelensis (21 indivs); Grade 4 (mutual occurrence)
At Aas 111 there occurs just the one species of Rochipteris (2%) and

one species of the male strobilis (21 indivs) — both in significant numbers —

providing good evidence for affiliation. The same affiliation also occurs at

another 5 TCs (Gre 121, Pen 411, Aas 211, Aas 311, Aas 411, Chart 6, p. 12).

Comment & comparison
Molteno species

R. rollerii, recognized in 14 of our Molteno TCs yielding specimens of
the genus, is the most frequent and abundant of the 12 Rhochipteris species
in the formation. The leaves show a wide range of variation, as evident
from the set of line drawings representing nine of the palacodemes, and
from the histograms plotting the degree of division of the laminae.

R. switzifolia, from 5 Molteno TCs, is closely similar, but the histo-
gram for its Ref. pal., Lit 111 Dic/Hei (with 55 indivs), plots quite differ-
ently with many leaves far more divided. There occurs some overlap in
morphology involving the smaller less-divided leaves (pp 76, 77).

Gondwana Triassic species (non-Molteno)

1

' ! Reference PRE/F/15222
) palaecodeme pl. 138(12, 13)
% BP/2/4306 PRE/F/19529

=1 Aas 111 1 pl. 141(5) R2

PRE/F/19019
pl. 152(1-3) R2
x2
. PRE/F/19020b |
Sister palaeodeme ol 151(1.7) ™

Aas 311 x1

%@W

PRE/F/1 52%{
pl. 126(1-3)

Kannaskoppianthus aasvoelensis
(affiliated 3 strobilus)

PRE/F/19484\',
pl. 126(4-7) ||

PRE/F/19545 6@
pl. 128(5-10) /

R. rollerii is common at
the type locality in Argen-
tina and the Molteno palaeo-
demes compare well with
the original and subsequent
collections of leaves in
shape and size. As yet no
fertile affiliates are known
at the type locality. Consult

=
P

HMA, May 2019

R2 :
Holotype all x2 :
PRE/F/19547b H

pl. 125(5-9)

introduction to Hypodigm L .
(p. 103) for further discus-
sion on this species and the
similar R. alexandriana.

Habitat: Heidiphyllum thicket

Collection: 291 slabs, 40 man-hrs cleaving

Aasvoélberg (Aas 111 Hei elo), Turner Shale  -94 = =

L====- " ""““'_:'T ““““ ': Holotype R3
| % 2 1 x5
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S
g5 Y, 2 LooPLIZSG9)
a2 ; £
£ D oagfr S
=< e o ~
—f - s
w_ '_‘_ — _
- = 0 1 2
24. Aas 111 cm

SYSTEMATICS

Rochipteris



58 ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i—xiv + 1-324

Rochipteris switzifolia jM.And. & HM.And., sp. nov.

I

Holotype ! \
Specimen: PRE/F/1559, pl. 121(1-4) ) .
Assemblage (TC): Lit 111 Dic/Hei, Little Switzerland. )
Preservation: almost complete leaf, proximal end of ‘petiole’ missing, \ 1 :
without counterpart; compression, in thinly laminated, carbonaceous \
(cuticle), dark-grey shale, with moderate cleavage.
Plant fossil names registry number: PFN002318 BP/2/1582
pl. 124(1-5)
Reference palacodeme 4

Assemblage (TC): as for holotype (pls 121-124; figs p. 88)
Specimens: 55 indivs; attached and clusters nil.
Sister palaeodemes — 3 N
Cyp 111 Dic cra: 1 indiv.
Kom 111 Sph/Dic: 1 indiv.
Hla 213 Dic elo: 4 indivs (pls 94, 95(1-3))
Specific diagnosis
A Rochipteris species of small to intermediate size with flabellate

e

BP/2/1577

PRE/F/1562
pl. 123(8-10)

lamina deeply divided mainly 2-3 times, and with closely spaced Holotype
anastomosing venation that conjoins towards base in a very short petiole.

BP/2/1559

Specific characters pl 121(14)

Attachment: unknown.

Leaf: flabellate, small to intermediate in size (up to 50-60 mm in length
and width); lamina deeply divided from 2—4 times, ranging from 5-28
segments; veins closely spaced, c. 20 per cm midway, conjoining for
c.1 mm at base in a very short petiole.

R2
all x1

Lit 111

Reference
palacodeme

Etymology

switzifolia — switzi, for the type locality Little Switzerland;
folia (Lat.), foliage.

Reference
palaeodeme

Affiliated organs ()3 (male strobilus)

Kannaskoppianthus switzianthus (9 indivs); Grade 4 (virtually exclusive)
This well-sampled foliage palacodeme of 55 indivduals can be clearly 7

affiliated with the only male strobilus occurring at Lit 111. The only other /

"l ":'Mr
|/ Prems63s
pl. 123(1-4)

foliage species present (at Lit 111) is R. vincularis, with a single specimen.

Comment & comparison /

Molteno species

The smaller less-divided leaves of the palaecodeme show an overlap with
the R. rollerii palacodemes in the Molteno, while the larger more divided
leaves are distinct. These larger leaves are similar to those in the palaeo-
deme from Mat 111 (R. matatifolia), and are separated by their distinctly
shorter section of conjoined venation in the base of the leaves. R. matatifo-
lia shows a distinct ‘petiole’ with conjoined veins. Interestingly, R. rollerii
is found mainly in Heidiphyllum thicket habitats. R2

\

PRE/F/21497\
pl. 119(1-6)

%

P

Gondwana Triassic species (non-Molteno) A ¢
Rochipteris alexandriana Herbst et al. (2001); S. Argentina. ~ feeeereeereiiiiiiiiiiiin, |
The definition of this species is problematic as discussed in the introduction 8 9 '
to Hypodigm (p. 103). It may belong to R. rollerii or, with further collec- !
tions and study, be shown to be a valid species. However, R. alexandriana !
as subsequently applied to Antarctic fossils by Bomfleur ef al. (2014), prob- '
ably belongs here or elsewhere. '
Rochipteris rollerii (Frenguelli, 1946) Bodnar ef al. (2020), N. Argentina. !
1

1

1

1

1

1

1

]

There is some overlap with this species as discussed above.

PRE/F/5940

R3 pl. 120(4)

x2 PRE/F/5942a,b

BP/2/1582 R3 pl. 120(1-3) all x2
pl 124(175) ..........................................

o

PRE/F/21497
pl. 119(2,3,6) Lit 111

From photo, Aug 2001
g "
o
i,
1
Ml M2 M3 M4 M5

o = s T HMA, May 2019

- s :
Little Switzerland (Lit 111 Dic/Hei) 1. Lit 111
Habitat: Dicroidium riparian forest (mature, type 1) —
Collection: 2173 slabs, 550 man-hrs cleaving 0 1

Kannaskoppianthus switzianthus
(affiliated &' strobilus)
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Rochipteris matatifolia 1M And. & HM.And,, sp. nov.

Holotype

Specimen: PRE/F/9082a,b, pl. 115(1-4).

Assemblage (TC): Mat 111 Dic dub, Matatiele.

Preservation: almost complete leaf, proximal end of ‘petiole’ missing,
part & counterpart; impression in thickly laminated, olive-grey shale
with moderate cleavage.

Plant fossil names registry number: PFN002319

Reference palacodeme
Assemblage (TC): as for holotype (pls 115, 116; figs pp 90, 91)
Specimens: 17 indivs; attached and clusters nil.

Sister palaeodemes — nil.

Specific diagnosis

A Rochipteris species of small to intermediate size with flabellate
lamina deeply divided mainly 2—4 times, and with closely spaced
anastomosing venation that conjoins towards base in a distinct petiole.

Holotype

Specific characters
Attachment: unknown PRE/F/9082a,b
Leaf: flabbelate, small to intermediate in size (up to 50-60 mm in length pl. 115(1-4)
and width); lamina deeply divided mainly 2—4 times, ranging from
6-33 segments; veins closely spaced, c. 20 per cm midway, conjoining
for
c.4 mm at base in a distinct petiole.

Reference
palacodeme

Etymology

matatifolia — matati, for the type locality Matatiele;
folia (Lat.), foliage.

Affiliated organs ()3 (male strobilus) \
Kannaskoppianthus matatiparvus (3 indivs); Grade 3 (most probable)

This well-sampled foliage palacodeme of 17 indivduals (mostly com-
plete) can most probably be affiliated with the only male strobilus occur-
ring in the TC. However, the other common foliage species at this site,
R. telefolia (2% of TC), cannot be ruled out as a possible contender. At
Tel 111, R. telefolia is most clearly affiliated with the male K. telemagnus.

\
Comment & comparison |

Molteno species all x1
As with R. switzifolia, the smaller less divided leaves of the palacodeme PRE/F/9083
. ! ! a,b
show a variable overlap with the R. rollerii palacodemes in the Molteno, Mat 111 pl. 116(5-8)

while the larger more divided leaves are distinct. These larger leaves are
similar to those in the palacodeme from Lit 111 (R. switzifolia) and are
separated by their distinctly longer section of conjoined veins in the petiole.

BP/2/3025

Gondwana Triassic species (non-Molteno)

The only similar species are R. rollerii and R. alexandriana from
Argentina, as discussed under R. switzifolia and in introduction to Hypo-
digm (p. 103).
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1 : 1
| PRE/F/3205 x / :
! pl. 113(1-4) / !
! R2 PRE/F/9251b
, both>2 pl. 113(5-10), 1
! 2 of the 3 indivs 14(1-5) |
PP e ST !
I Reference !
1 1
, palaeodeme 9 \
| I
"y 1 1
g [ - E : :
] E < 1 1
'Z\, - E 1 1
12 2 e ! !
— CESr - L. = ! 1
rg - 4.@ 10 < : :
g et = PRE/F/9083b ' |
= > _ 1 1
| AN i il s pl. 116(8) ! :
A HMA, May 201912 T PR !
p VALY 2 = 10. Mat 111 | pl. 113(1-4) R2 Mat 111
Matatiele (Mat 111 Dic dub) : x3 :
Habitat: Dicroidium riparian forest (immature, type 2) ' Kannaskoppianthus matatiparvus '
Collection: 1082 slabs, 65 man-hrs cleaving 0 1 2 ! (affiliated & strobilus) '
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Rochipteris komifolia jM.And. & HM.And., sp. nov.

Holotype

Specimen: PRE/F/3227 ‘z’; pl. 48(4-8)

Assemblage (TC): Kom 111 Sph/Dic, Kommandantskop.

Preservation: almost complete leaf including petiole, clear venation, no
counterpart; impression in thickly laminated buff-grey shale with
poor cleavage. The holotype occurs on the reverse side of the slab
PRE/F/3227 ‘x’,y’, which shows an attached leaf cluster ‘x’, and a
separate partial male strobilus ‘y’

Plant fossil names registry number: PFN002320

Reference palacodeme
Assemblage (TC): as for holotype (pls 47-50; figs pp 92, 93)
Specimens: 29 slabs (8 isolated leaves, 14 attached, 7 clusters);
attached (foliage & ') — 3 slabs
attached (foliage only) — 11 slabs (almost certain based on orientation
of leaves, nil definite)
clusters — 7 slabs (of 2-5 leaves)

Sister palaeodemes — nil

Specific diagnosis

A Rochipteris species of small to intermediate size with cuneate
usually entire lamina with slightly undulating convex distal margin and
straight to slightly concave lateral margins, and with closely spaced
anastomosing veins that conjoin toward base into a short distinctive
petiole.

Specific characters

Attachment: foliage and male strobili mutually attached, with 4 leaves and
2 strobili at node.

Leaf: cuneate, small to intermediate in size (up to 60 x 45 mm); lamina
usually entire, very rarely once divided to c. %2 length of leaf; veins
closely spaced, ¢. 20 per cm midway, conjoining to form a distinct
short petiole.

Etymology
komifolia — komi, for the type locality Kommandantskop; folia (Lat.), foliage.

Affiliated organs ()3 (male strobilus)

Kannaskoppianthus komanthus (2 indivs); Grade 5 (attached)
Considering the 26 Molteno TCs yielding Rochipteris, Kom 111 is

the only one with foliage and male strobilus attached to the same stem.

Of the two specimens, the one shows mutual attachment, the other a clear

association, or possible attachment, of leaves and a fragment of a male

strobilus.

Comment & comparison
Molteno species

With its broadly spreading cuneate lamina, the species is similar to R. Juti-
folia, but the latter is more cuneate and lacks the section of conjoined veins at
the base. In the Kom 111 palaeodeme, characterized by a high proportion of
attached or clustered leaves (pl. 50(6-9); p. 92 (7-9)) there is only one leaf
showing two divisions, and it is not clear whether it belongs to the whorl
or not (PRE/F/3216, p. 92). R. lutifolia, Lut 311, includes occasional leaves
with a single cleft in the lamina; three are illustrated on p. 94.

Gondwana Triassic species (non-Molteno)
For species that are morphologically similar see comments under R. [uti-
Sfolia.

From photo, MM, 10 Oct 1989

HMA, 5 May 2019 =
=9 30 | @-
Kommandantskop (Kom 111 Sph/Dic), o,y 3
Habitat: Dicroidium open woodland LT i —
Collection: 168 slabs, 10 man-hrs cleaving 30. Kom 111
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Rochipteris lutifolia jM.And. & HM.And., sp. nov. _ —
P . 2 Reference
palacodeme

Holotype

moderate cleavage.

Specific diagnosis

Specific characters

Etymology

Molteno species

Reference palacodeme
Assemblage (TC): as for holotype (pls 61-68; figs pp 94, 95)
Specimens: 66 indivs; attached and clusters nil.

Sister palacodemes — 4

Cyp 111 Dic cra: 80 indivs (pls 9-18); attachment (1 indiv.), clusters (>10)
Nuw 111 Dic zub: 3 indivs (pl. 91)

Win 111 Hei elo: 1 indiv. (pl. 93)

Umk 111 Dic 2spp: 1 indiv.

Comment & comparison

Specimen: PRE/F/11358a, pl. 61(1-3)

Assemblage (TC): Lut 311 Hei elo, Lutherskop

Preservation: complete leaf with good base and clear venation, with
counterpart; impressions in thickly laminated medium-grey shale with

Affiliated organs ()3 (male strobilus)

Kannaskoppianthus lutinumerus (16 indivs); Grade 4 (exclusive)
With only one species of Rochipteris (66 indivs) and one of the male

strobilus (16 indivs), the affiliation is virtually exclusive. The leaves are

common at Cyp 111, which has not yielded any male strobili to date.

Gondwana Triassic species (non-Molteno)
R. tasmanica (Walkom, 1926) Herbst et al., 2001, Tasmania.
R. nymboidensis Holmes & H.M.And., 2000, Australia.
R. turbata Holmes & H.M.And., 2005, Australia.
R. cuneata (Carruthers, 1872) Herbst et al., 2001, Australia.
These four species show some similarity to R. /utifolia; their differences are
discussed in introduction to Hypodigm (pp 103, 104).

Plant fossil names registry number: PFN002321

Attachment: with 3—4 leaves attached in a whorl.
Leaf: small to intermediate in size (up to 60 x 45 mm), lamina cuneate,
usually entire, or once divided to c. % length; veins closely spaced,
¢.20 per cm midway, not conjoining at base.

A Rochipteris species of small to intermediate size with cuneate entire
to once-divided lamina with slightly undulating convex distal margin and
concave lateral margins, and with closely spaced anastomosing venation
not conjoining toward base.

lutifolia — luti, for the type locality Lutherskop; folia (Lat.), foliage.

The species name, Chiropteris cuneata (a species from Australia), was
previously applied to a leaf from Cyphergat (equivalent to our Cyp 111)
by Seward (1903) and Du Toit (1927). Our amply sampled palacodemes
from Cyp 111 and Lut 111 reveal leaves markedly more cuneate with a
narrow base (petiole), and are smaller than the original type specimen. The
Molteno leaves are thus considered distinct. Consult further discussion in
introduction to Hypodigm (p. 103).

R. lutifolia is similar to R. komifolia, but differs in being more cuneate
in shape with the veins showing no fusion at the base.

The population at Lut 311, furthermore shows a range from simple entire
leaves to larger ones with a distinct cleft — as seen in three specimens (palaco-
deme, p. 94, pls 65(7), 68). The population at Cyp 111 (p. 96) does not show
any notched leaves and is classified here on the basis of the cuneate shape,
though the ‘petiole’ is somewhat intermediate between the two species.
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From photo, JMA, 10 April 1990

Lutherskop (Lut 311 Hei elo), Oom Piet’s campsite
Habitat: Heidiphyllum thicket
Collection: 589 slabs, 50 man-hrs cleaving
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Rochipteris obtriangulata Holmes & HM.And., 2005

Holotype
Specimen: AMF 126840; Holmes & H.M.And., p. 46, fig. 18 A,B.
Assemblage (TC): Coalmine quarry, Basin Creek Fm., Nymboida,

Clarence/Moreton Basin, Australia.
Preservation: carbonaceous, no cuticle, grey coarse mudstone.
Plant fossil names registry number: PFN002322
Reference palacodeme
Assemblage (TC): Umk 111 Dic 2spp, Umkomaas (pls 103—106; figs p. 98)
Specimens: 19 indivs; attached and clusters nil.
Sister palacodemes — nil

. BP/2/546

Specific concept PRE/F/423 pl. 105(9)

A Rochipteris species of small to intermediate size with obtriangulate pl. 103(4-8) BP/2/547a
entire lamina with truncate distal margin, and with closely spaced PRE/F/A25 Reference pl. 105(7,8)
anastomosing venation. pl. 104(8.9) palaeodeme

Specific characters 7 BP/2/544

Attachment: close spirals or whorls of leaves.

Leaf: narrowly obtriangulate, small to intermediate in size (up to 65 x = R2
15-23 mm); lamina entire with truncate distal margin; veins closely all x1
spaced, c. 20 per cm midway, anastomoses frequent along distal 2/3 of Jrrrrmmmmmmmmmmrrrm e ’
leaf. S

. i )

Etymology \ 3

obtriangulata — (Lat.), obtriangular, referring to the reversed triangular : i

leaf form; as named by Holmes & H.M.And. (2005, p.46). BP/2/422

_ pl. 103(1-3)
Affiliated organs ()3 — nil
BP/2/115

Comment & comparison * pl. 104(1-4)
Molteno species e

R. obtriangulata, recognized exclusively from Umk 111 (with 19 indi-
vidual leaves), is a distinctive species based on the narrow elongated wedge
shape. It can be separated from the similar species R. penensis, by the much
larger size of the leaf and elongated base. Leaves belonging to this palaeo-
deme were first collected by Du Toit and originally described as Chiropteris
copiapensis (Du Toit, 1927, t-fig. 3C). He noted that there were two practi-
cally identical leaves set at an angle of 70° as in a whorl.

Gondwana Triassic species (non-Molteno)

R. obtriangulata Holmes & H.M.And., 2005; Australia.
This species was based on a remarkable slab from Nymboida, Australia,
bearing a nearly complete whorl of leaves and portions of another two
whorls and isolated leaves. The foliage is arranged in a close spiral or
in a terminal whorl of 8-10 leaves on a narrow stem. The leaf bases are
obscured by the matrix and it is not possible to observe the actual point of
attachment. The wedge-shaped leaves compare closely in size and shape
with the isolated leaves from the Molteno. These latter may appear to have
a longer base but this is due to the Nymboida leaves being foreshortened as
they curve down into the sediment.

R. copiapensis (Solms-Laubach, 1899) Herbst ez al., 2001, Chile.

R. truncata (Frenguelli, 1946) Morel et al., 2011, N. Argentina.

R. turbata Holmes & H.M.And., 2005, Australia.
These three species show some similarity to R. obtriangulata; their differ-

BP/2/115 BP/2/544

ences are discussed in introduction to Hypdigm (p. 104). pl. 104(1-4)
. —_ﬂmr-s
.-'\i.‘\ s / ﬂi --'\——.—...
" R2 '
both x2 Umk 111
i Without male affiliate .
g ............................
g .
= T vy
g e 2
Pl T
S :
2 / 60
g I ST Al b
HMA 9 Apil 1996 2 = -
s =
Umkomaas (Umk 111 Dic 2spp), Waterfall Locality ;ﬁ,ue\w— -
Habitat: Dicroidium riparian forest (mature, type 1) i = e
Collection: 3592 slabs, 400 man-hrs cleaving 6. Umk 111 0 1 2
cm

Rochipteris SYSTEMATICS
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Rochipteris cf. sinuosa Holmes & HM.And., 2005
Reference

palacodeme

Holotype

Specimen: AMF126845; Holmes & H.M.And., 2005, p. 48, fig. 23 A—C.

Assemblage (TC): Coalmine Quarry, Basin Creek Fm., Nymboida,
Clarence/Moreton Basin, Australia.

Preservation: carbonaceous, no cuticle, grey coarse mudstone.

Plant fossil names registry number: PFN002323

Reference palacodeme

Assemblage (TC): Umk 111 Dic 2spp, Umkomaas (pls 107-110(1-3); fig. p. 99).

Specimens: 9 indivs; attached and clusters nil.

Preservation: fairly complete isolated leaves; with clear venation;
compressions in thinly laminated, carbonaceous (cuticle), moderately
baked, dark-grey shale, with good cleavage.

Sister palaeodemes — 1
Win 111 Hei elo: 1 indiv. (pl. 93)

BP/2/539

pl. 107(1-4)
Specific concept

A Rochipteris species of small to intermediate size with flabellate
deeply irregularly divided lamina, and with widely spaced anastomosing
venation.

both R2

3

Specific characters 5
Attachment: unknown
Leaf: flabellate, intermediate in size (c. 85 x 75 mm); lamina deeply divided

3 times into irregular segments (up to 2/3 length of leaf); veins widely

spaced, ¢. 10 per cm midway, anastomoses more frequent distally.
Etymology
sinuosa — (Lat.), sinuous, referring to the venation; as named by Holmes & BP/2/555 \\ ‘[} BP/2/554

H.M.And. (2005, p. 48). - pl 108(1,2) - pl 108(3,4)

/ \ i

Affiliated organs ()3 — nil PRE/F/22501 \/
- pl. 109(1-4) W

Comment & comparison ‘ \. \
Molteno species \ ] RN

R. cf. sinuosa, based on several leaves from Umk 111, is one of the .
more unusual of the 12 Rhochipteris species recognized in the Molteno. AN N )
Specimen BP/2/539, in particular, is well-preserved and almost complete, \\\ ! / i
and quite unlike the other species of foliage from Umk 111, or the Molteno \ \ ’// ! 1 \\X
in general. R. distivena from Kan 112 (with four individual leaves) is the \ \
nearest in having broad venation, but this is more open towards the base of \\\l
the leaf. Further differences are the larger leaves, the lamina not so deeply N \\
divided and the overall shape being cuneate. Two leaves (BP/2/549, 553),
of similar open anastomosing venation but with crenulate margins, were
previously placed in Batiopteris sp. indet. by And. & And. (2003, p. 324) PRE/F/23123
and are now included here. Similarly, another leaf from Win 111 (And. & pl. 110(1-3) f
And., 2003, fig. 3, p. 325) is now considered to belong here (pl. 93). .

Gondwana Triassic species (non-Molteno)

Rochipteris sinuosa Holmes & H.M.And., 2005, Australia.
The Molteno leaf is provisionally placed in this species as it is similar in M
size, the deeply divided lamina and in venation. However, as the bases are AN
incomplete, it is not possible to ascertain whether the Umk 111 leaves also \
have the diagnostic clasping base.

Bp2ss7 v 1, BP/2/556
/) ol 108(8-10) “ / pl. 108(5-7)

BP/2/549
pl. 107(9,10)

BP/2/553
pl. 107(6-8)

From phofo, 24 Jan 1979

R2
all x1
Umk 111

Y .... ". 'd“;'-l“:":- -~
r ?«.! ’14 HMA, 9 Apil 1996

Umkomaas (Umk 111 Dic 2spp), Waterfall Locality ;ﬁ,-».m-—
Habitat: Dicroidium riparian forest (mature, type 1) - —
Collection: 3592 slabs, 400 man-hrs cleaving 6. Umk 111 f

Ml M2 M3 M4 M5
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Rochipteris penensis 1M.And. & HM.And., sp. nov.

Holotype

Specimen: PRE/F/17943a,b pls 87(8, 14), 88(5)

Assemblage (TC): Pen 411 Hei elo, Peninsula

Preservation: almost complete leaf, impression in thickly laminated,
greenish grey shale, moderate cleavage.

Plant fossil names registry number: PFN002324

Reference palacodeme
Assemblage (TC): as for holotype (pls 87, 88; figs p. 100)
Specimens: 10 indivs; attached and clusters nil.

Sister palaeodemes — 3

Kan 112 Hei elo: 2 indivs

Tel 111 Hei elo: 2 indivs (pl. 46(6-9)); &3 affil. (2 indivs, pl. 42)
Pen 311 Hei elo: 5 indivs (pls 77, 78(1-7))

Specific diagnosis

A Rochipteris species of small size with obtriangulate entire lamina and
truncate to convex distal margin, and with closely spaced anastomosing
venation.

Specific characters

Attachment: unknown.

Leaf: broadly obtriangulate, of small size (up to 35 x 11 mm); lamina
entire, with truncate to convex distal margin; veins closely spaced,
¢.20 per cm midway, anastomoses more frequent distally.

Etymology

penensis — (Lat.), after the type locality, Peninsula.

Affiliated organs ()3 (male strobilus)
Sister palacodeme: Tel 111 Hei elo
Kannaskoppianthus telepentatus (2 indivs); Grade 3 (probable)

In the Pen 411 Ref. pal., there occur no affiliated strobili; but the sister
palacodeme from Tel 111 has yielded a probable male affiliate, Kanaskop-
pianthus telepentatus.

Comment & comparison (Molteno)
Molteno species

R. penensis can be separated from the similarly shaped species R. obtri-
angulata by the smaller size of the leaf and the shorter base. R. pusilla and
R. penensis, based on Ref. Pals from Pen 311 and Pen 411 respectively,
are most similar amongst the Molteno species in view of their small size.
However, in shape, R. pusilla is cuneate and the venation is widely spaced,
making them quite distinctive. Note that at Pen 311, both these species
occur in low numbers. Interestingly at both Pen 311 and Pen 411, the domi-
nant Rochipteris species is R. rollerii.

Gondwana Triassic species (non-Molteno)

Rochipteris truncata (Frenguelli, 1946) Morel et al., 2011, N. Argentina.
The obtriangulate shape and truncate tip of this leaf is similar to R. penen-
sis, but it is a consistently larger leaf and is broader at the base. R. truncata
is considered a separate species and distinct from the Molteno populations
of both R. obtriangulata and R. penensis. Consult further discussion in intro-
duction to Hypodigm (p. 104).

From photo, 13 Aug 1996

Peninsula (Pen 411 Hei elo), Lunchspot
Habitat: Heidiphyllum thicket
Collection: 204 slabs, 70 man-hrs cleaving

PRE/F/16914a,b R2
Pen 311 pl. 78(4-7) all x2

17 !
18 20 2 !

. J,
,'""‘]9 E / :
: 1
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: 1
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. 1
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1
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A Y |
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| |
1 1
1 1
1
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W
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Rochipteris pusilla Holmes & HM.And., 2005

Holotype
Specimen: AMF126854; p. 49, Fig. 25A—C.
Assemblage (TC): Coalmine Quarry, Basin Creek Fm., Nymboida,

Rochipteris pusilla Holmes & H.M.And., 2005, Australia.
Due to the small size, similar shape, and open venation, the Molteno speci-
mens have been placed in this species based on a single specimen (with
a slightly undulate upper margin) from Nymboida. As so few specimens

{ PRE/F/17393¢y’
: both R2

Sister palaeodeme Tel 111

Clarence/Moreton Basin, Australia. 1 2
Preservation: carbonaceous, no cuticle, grey coarse mudstone.
Plant fossil names registry number: PFN002325
PRE/F/18166a
Reference palacodeme pl. 78(12-15)
Assemblage (TC): Pen 311 Hei clo, Peninsula (pl. 78(8-15); figs p. 101) PRE/F/16915b R2
Specimens: 2 indivs; attached and clusters nil. pl. 78(8-11) x1
Sister palaeodemes — 3 3 4
Boe 112 Dic cor: 1 indiv. (pl. 8)
Kan 112 Hei elo: 1 indiv.
Tel 111 Hei elo: 1 indiv.
Specific concept
A Rochipteris species of small size with cuneate entire lamina and
convex distal margin, and with widely spaced anastomosing venation.
Specific characters Pl}{];:gz/llzfilgé)a
Attachment: unknown PRE/F/16915b P
Leaf: cuneate, of very small size (up to 20 x 14 mm); lamina entire, with pl. 78(8-11) R2
convex distal margin; veins widely spaced, ¢. 10 per cm midway. Reference x2
palaeodeme Pen 311
Etymology
pusilla — (Lat.), very small, this being the smallest species described by
Holmes & H.M.And. (2005).
Affiliated organs ()3 — nil PTTTTTTTTTTToTTTooTmoommmooes :
1 : 1
Comment & comparison (Molteno) ' 5 6 '
Molteno species ' '
The palacodemes of R. penensis and R. pusilla, from Pen 311 and Pen ! : i !
411 are, in view of their small leaf size, most similar amongst the Molteno | j !
species. However, in shape R. penensis is broadly obtriangulate and it has X 1 X
closely spaced venation making them quite distinctive. ' : '
Gondwana Triassic species (non-Molteno) X PRE/F/17393%y” ! ’\& *2 '
| |
1 1
1 1
1 1
1 1
1 1

occur from the four assemblages in the Molteno, the specific identity is e mmmm e mmmmm e mm - mmmmm - — - - B
somewhat uncertain.
Rochipteris tasmanica (Walkom, 1926) Herbst ef al., 2001, Tasmania.
The specimen described by Walkom (1926) has finer venation, is twice as
large as the Molteno Pen 311 specimens, and is more than a third larger than
the type specimen of R. pusilla from Nymboida.

-yoen
s

LW

M1 M2 M3 M4 M5

From photo, June 1992 -

- i
. U A A | |
e el S IR 2
~T ST RN HMA, 12 May 2019 _
Peninsula (Pen 311 Hei elo), Campsite Quarry 15. Pen 311
Habitat: Heidiphyllum thicket
. [— |
Collection: 155 slabs, 35 man-hrs cleaving 0 1 2
cm
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PALAEODEME SKETCHES

Introduction

Central to our taxonomic approach — introduced in our volume on
Dicroidium (And. & And., 1983) — is the palaeodeme (fossil population,
see Glossary, p. 319). The focus is on the comparison of populations of
specimens from particular assemblages (taphocoenoses) through the geo-
graphic, stratigraphic and ecological extent of the Molteno Fm., rather
than on individual specimens.

In the following section are presented sketches of all the palacodemes
representing Rochipteris and affiliates from the Molteno. These follow the
same sequence dealt with for the species descriptions and similarly for the
Whole-plant species in Part 3.

What becomes very evident — especially for Rochipteris rollerii, which
occurs in 14 of the 26 assemblages — is that the spread of variation in
each palacodeme is different. These differences become more apparent by
compiling a series of histograms plotting the number of segments/leafiets
for foliage specimens within the palacodeme (pp 76, 77). This has been
undertaken for numerous R. rollerii palacodemes and the morphologically
overlapping species, R. switzifolia and R. matatifolia. Similarly, graphs
showing microsporophyll counts for the Kannaskoppianthus species have
been compiled (p. 77).

What becomes apparent is evolution in action and the variations
resulting from differing habitats. Taxonomy is a complex endeavour when
assemblages are scattered through time (millions of years) and different
habitats (riverine forest to open woodland).

The graphs (pp 76, 77) plotting leaflet numbers for R. rollerii, R. switzifolia
and R. matatifolia, and microsporophyll numbers for Kannaskoppianthus,
clearly show the significant variability between palacodemes from differ-
ent TCs.

Kannaskoppia vincularis

I
MI M2 M3 M4 M5

16. Kan 111
27°56.9E; 31°26.92'S
S Type (& Ref. Pal.) loc.

Kannaskop (Kan 111 Ast sp A), Kannaskoppia siltstone
Habitat: Fern/Kannaskoppia meadow
Collection: 365 slabs, 30 man-hrs cleaving

Rochipteris vincularis (5% of assemblage, c.45 slabs)
attached to shoots (leaves & Q) — 4 slabs
attached (leaves only) — 12 slabs
clusters of leaves — 1 slab
detached/isolated leaves —>25 slabs
Kannaskoppia @ — 50 indivs (attached, Grade 5 affil.)
Kannaskoppianthus 3 — nil

Taphonomy (R. vincularis) — autochthonous

[— |
0 1 2
cm

Kannaskop (Kan 111 Ast spA)
\

PRE/F/13518a,b
pl. 35(1-5)

PRE/F/13508a,b
pl. 33(1-6)

PRE/F/13489a
pl.29(3)

PRE/F/13511a,b
= pl. 30(1-6)

KO
N\ \ n"—’*\(:’ﬂxf- | N
pd%“@@\‘ A

Y >

'

S [

PRE/F/13506a,b
: pl.31(1-6) .
e e et e oo e e e e et eere e e eaareareeaen all R2

x2

Palaeodemes

SYSTEMATICS
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Kannaskoppia vincularis / Rochipteris vincularis

Isotype

PRE/F/13487b*x’
" pl. 25(1-4), 26(1-3)

Slab sketched with flake Slab sketched with flake

@ (pl. 25(2)) removed (see in place (see pls 25(4),
2~ pls 25(1), 26(1)) 26(2)) ’

\\L ~
b A0 RS R2

See text on p. 36 el

PRE/F/13545
pl. 36(3,4)

PRE/F/13505a
pl.27(1-6)

Holotype

PRE/F/13487a‘y’
pl. 23(1-3), 24(1-3)

PRE/F/13500a,b

b — Kannaskop (Kan 111 Ast spA)

SYSTEMATICS Palaeodemes
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PRE/F/13522

-/ pl. 39(3-6)

Rochipteris vincularis

|1/ |

PRE/F/13525

f’ ‘ i
| PRE/F/13537
PRE/F/13545
pl. 36(3.4)
Sot 8
PRE/F/13536
pl.37(1-5)
- )

PRE/F/13524
N pl.403.4)

PRE/F/13520
pl. 38(1,2)

BP/2/3372

\ pl. 36(1.2) BP/2/3375
2 gf::(/)fé};;% BPR2/3379 s/ Kannaskop (Kan 111 Ast spA) alll:%
Palaeodemes SYSTEMATICS
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Rochipteris telefolia

Holotype

PRE/F/17414
pl.43(1-3)

R2
X2

___________

s}

= S

- =

4 “ =

; o©

L, - {. i3 =

= IS

i § 2 & s

i*?"!“ﬁf =

. o —— E
32. Tel 111

26°47.78'E; 31°02.86’S
T Ref. Pal.) loc.
““Ph—azﬂi(_fi_ ¢ 2 ) o¢

e .

e ."'.:_',- ’_ ~ e Wil
di M\M% W T 2o Wl
Telemachus Spruit (Tel 111 Hei elo)
Habitat: Heidiphyllum thicket
Collection: 581 slabs, 90 man-hrs cleaving
Rochipteris telefolia (30 indivs)
attached to shoots — 2 slabs (5 leaves, 8 leaves)
clusters — 1 slab (3 leaves)
Kannaskoppia Q - nil
Kannaskoppianthus 3 -2 spp (4 indivs)
K. telemagnus (2 indivs); Grade 4 affil. to R. telefolia

Taphonomy (R. telefolia) — parautochthonous

Telemachus Spruit (Tel 111 Hei elo)

SYSTEMATICS

Palaeodemes
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Rochipteris telefolia

PRE/F/18275
pl. 44(1-6)

PRE/F/12874b
pl. 44(7,8)

PRE/F/12876
pl. 46(1-3)

C—— — R2
0 1 2 all x1
cm

Palaeodemes SYSTEMATICS
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Rochipteris telefolia
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PRE/F/17415
pl. 46(4,5)

PRE/F/17413
pl.45(5-8)

PRE/F/17411
pl.45(1-4)

Reference
palacodeme

Holotype
s
7

Cat. no.
not found

e

- PRE/F/18269

-

. PRE/F/17414 t .
. _ I PRE/F/18267
VAR { pl43-6) PRE/F/18268
h _( pl. 43(7.8)
: |
/ |
N
I w— . . R2
0 2 Telemachus Spruit (Tel 111 Hei elo) all x1
Palaeodemes
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PRE/F/10167

{ \ N
/ PRE/F/19057

Cat. no.
) . not found

O i Matatiele (Mat 111 Dic dub)
Palaeodemes

-

Rochipteris telefolia

.

SR 3

. // \‘—~‘\\‘
;o7
\\ _V/"/"‘ /
\\\

-t

BP/2/3021

1.

\

PRE/F/9068a
pl. 118(1-5)

BP/2/3015a,b

PRE/F/1875b
pl. 117(1-5)

SYSTEMATICS
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PP

e

7 1

¢
4
\\
l/l/
PRE/F/1880 1
] 3
. Tﬂﬂmw
BPI2A309S
BP/2/3018
[— | . .
0 1 2 Matatiele (Mat 111 Dic dub)

/ PRE/F/10149a,b
/

i
i
!
t
A
'

Rochipteris telefolia

Ima

—~5

PRE/F/9045

BP/Z/BQ 14ab \ }

28°48.34E; 30°20.84'S
Type (& Ref. Pal.) loc.

Ml M2 M3 M4 M5

10. Mat 111 bt =
Matatiele (Mat 111 Dic dub)
Habitat: Dicroidium riparian forest (immature, type 2)
Collection: 1082 slabs, 65 man-hrs cleaving
Rochipteris telefolia (2% of assemblage, c. 82 slabs)
attached to shoots — nil
clusters — nil

Kannaskoppia Q — nil

Kannaskoppianthus 3 — nil affil. to R. telefolia
K. matatiparvus (3 indivs); Grade 3 affil. to R.
gracilis

Taphonomy (R. telefolia) — parautochthonous

SYSTEMATICS

Palaeodemes
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Rochipteris distivena

2
\ //
S
PRE/F/20120
pl.21(1-5)

BP/2/3387 Holotype
BP/2/3386
BP/2/3421a
R2
all x1
7
U l|’
| BP/2/3386
BP/2/3386
R2
x1
BP/2/3386
R2
X2 R3
x5
[ | .
0 1 2 Kannaskop (Kan 112 Hei elo)
cm

Palaeodemes

SYSTEMATICS
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Rochipteris distivena

Kannaskoppianthus irregularis /
Rochipteris distivena

L
1
MI M2 M3 M4 M5

T L AT SN
L : 16. Kan 112
J (Z‘? 27°56.9'E; 31°26.92'S Type (& Ref. Pal.) loc.
Ju :
" :
: PRE/F/20114a,b
( : pl. 20(1-6)
(¥
af
R2
x2 Affiliated male strobilus
Holotype . Habitat: Heidiphyllum thicket
PRE/F/20114a,b Kan has k opp lan th us Collection: 145 slabs, 15 man-hrs cleaving
pls 19(1-6), 20(1-6) irregularis Rochipteris distivena (4 indivs)
Jee attached to shoots — nil
clusters — nil
Kannaskoppia @ —nil
Kannaskoppianthus 3 — 5 indivs (affil., Grade 3)
Taphonomy (R. distivena) — parautochthonous
[— | 1
5 1 ’ Kannaskop (Kan 112 Hei elo)
cm

SYSTEMATICS Palaeodemes
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Chart 3. Foliage (9 TCs) Rochipteris rollerii
With histograms showing variability between palacodemes
Pen 311 Hei elo Pen 411 Hei elo Umk 111 Dic 2spp
34 indivs total 70 indivs total 21 indivs total
22 indivs drawn 24 indivs drawn 19 individuals drawn
all 22 graphed all 24 graphed all 19 graphed
8 8 8
7 7 7
218 218 218
g5 g5 g5
Z |4 Z |4 Z |4
23 D D
2 2 2
1 1 1
1 12 (3 /4 5|6 7|89 |10 3 141|516 (7 8 9 |10 112 3 |4 5|6 |7 |8 9 |10
segments (leaflets) segments (leaflets) segments (leaflets)
Kon 211 Ast 2spp Gre 121 Hei elo
5 indivs total 22 indivs total P
5 indivs drawn 20 indivs drawn
all 5 graphed 13 indivs graphed
8 8
7 7
218 218
g5 g5
Z |4 Z |4
25 iR et
2 2
1 1
1121304567879 ]10 11213456 [7[87]9]10
segments (leaflets) segments (leaflets) Segment counts
Leaflets counted if divided to
Aas 311 Hei elo Aas 211 Hei elo clearly >25% of the distance to
25 indivs total 18 indivs total the primary cleft in the lamina.
14 indivs drawn 5 indivs drawn
all 14 graphed all 5 graphed
8 8
7 7
216 £ 16
25 s
S b=
2|4 2|4
23 ENF
2 2
1 1 \
1 12 (3 /4|5 1|6 |7 8 |9 10|11 1213|1415 112 (3 41|56 |7 8 9|10
segments (leaflets) segments (leaflets) Ass 311
x1
Aas 111 Hei elo
2% of assemblage (c.50 slabs, incl. several clusters)
39 indivs drawn
28 indivs graphed
14
13 I Aas 411 Dic/Sph
12 150 indivs total
1 ] 31 indivs drawn
10 30 indivs graphed
9 9
8 8
7 7
,(_“g 6 % 6
g5 iR
2|4 2z 4
23 25
2 2
1 1
1 12 (3 /41|56 |7 8|9 |10 112 (3 4 /|51]6 |7 8 9 [10/11]12/13 14
segments (leaflets) segments (leaflets)
Palaeodemes

SYSTEMATICS
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Foliage (2 TCs)

Lit 111 Dic/Hei

55 indivs total
26 indivs drawn
26 indivs graphed

Rochipteris switzifolia

Mat 111 Dic dub
3 indivs total
2 indivs drawn

Lut 311 Hei elo
16 indivs total
10 indivs drawn

8
7
216
s
b=
Z |4
el
3
) L
1
1 /2 |3 /4 5|6 |7 |8 9 1011121314 15|16/|17|18 19202122232425262728293031‘32[333435
segments (leaflets)
Mat 111 Dic dub Rochipteris matatifolia
17 indivs total
14 indivs drawn
14 indivs graphed
8
7
216
s
b=
Z |4
el
£ 13
2
! | /
112 (3 (4|56 |7 8 9 [10/11 12|13 /14|15|16|17 |18 19202122232425262728293(\3]32333435
segments (leaflets) X /
x1
Male strobili (4 TCs) Kannaskoppianthus \

microsporophylls
K. aasvoelanthus

2 indivs graphed 8 indivs graphed
4 4
3 3
2 2
! | ! |
1 /2 (3 |4 5|6 |7 |8 9 10 112 3 |4 5|6 |7 |8 |9 101112
microsporophylls microsporophylls
K. matatiparvus K. lutinumerus
Aas 111 Hei elo Lit 111 Dic/Hei
21 indivs total 9 indivs total
12 indivs drawn 7 indivs drawn
8 indivs graphed 6 indivs graphed
4 4
3 3
2 2
1 1 |
12 ]3[4 |5 ]6 |7 [8 ]9 |10 1123|4516 (7 89 [10[11]12

microsporophylls
K. switzianthus

Lit 111
x2

PRE/F/21497

PRE/F/19484

Microsporophyll counts
Maximum counts made along inner
or outer margin of strobilus limb.

SYSTEMATICS

Palaeodemes
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Rochipteris rollerii

PRE/F/16912b

PRE/F/16909a
pl. 74(7-11)

PRE/F/16906a
pl.73(13-17)

PRE/F/18186
pL.75(1-3)

PRE/F/16908a
pl. 74(1,2) l

PRE/F/18181

\W/ ; IJI,. ;

i PRE/F/18177

5

i 6
j BN
\ PRE/F/18174a
A 9
7

PRE/F/16913b
pl. 76(1-6)

PRE/F/18178
pl. 75(4)

\

P\

PRE/F/169042,5  pRE/F/16903a PRE/F/16905a
pl.73(3.4) pl. 73(5-7) pl.73(8-10)
13

14

PRE/F/16910a
pl. 74(5,6)

PRE/F/18175

R2 :

all x1

,f' (;‘A

l PRE/F/18180
PRE/F/18179 pl.75(7-9)

pl. 75(5,6)

15 16

~

x

y

PRE/F/16907b ‘44l

PRE/F/16911b
pl. 76(7-11)

PRE/F/16913b
pl. 76(1-6)

PRE/F/16909a
pl. 74(7-11)

Pen 311 Hei elo

34 indivs total
22 indivs drawn
all 22 graphed

individuals
—_ N WA |2 0

1 /2|3 /4516 |7 819
segments (leaflets)

27°56.84'E; 31°29.59'S

Type (& Ref. Pal.) locy

Peninsula (Pen 311 Hei elo), Campsite
Habitat: Heidiphyllum thicket

Collection: 155 slabs, 35 man-hrs cleaving
Rochipteris rollerii (34 indivs)

attached to shoots — nil

Quarry

Peninsula (Pen 311 Hei elo)

clusters — 1 slab (3 leaves)
Kannaskoppia @ nil
Kannaskoppianthus & — nil

Taphonomy (R. rollerii) — parautochthonous

Palaeodemes

SYSTEMATICS
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Rochipteris rollerii

M \xﬁ% PRE/F/I 70452
PRE/F/l 7974

PRE/F/17976 pl. 85(1-5)

PRE/F/17972 pl. 85(7)
8 6 —
]’ \\ // PRE/F/17048a
/ L X\\ y pl. 86(5)
N
AW
PRE/F/17981
PRE/F/17980
pl. 84(6,7) PRE/F/17971a
pl. 85(8)

PRE/F/17043
11

(SR

PRE/F/17985b

A

16

PRE/F/17041

PRE/F/17984 %

—_—
-

\\,’

PRE/F/17037

\\\
\\7 ) PRE/F/17948

PRE/F/17973 % ‘ pl.81(1-6)
PRE/F/17044a
pl. 85(10)

PRE/F/17977

pl. 86(1-3) PRE/F/17025

PRE/F/17046a

; A \\N

//“

PRy N W

PRE/F/17982

individuals

PRE/F/17986b
EF ?5%1)7039 pl. 83(1-8) PRE/E/I7983 PRE/F/17978b
: pl. 84(1-5)
] R% - pl. 82(1-6)
all x
S — Peninsula (Pen 411 Hei elo)
cm

Pen 411 Hei elo

8 70 indivs total
7 24 indivs drawn
6 all 24 graphed
5
4
3
2
1
1 (2 |3 141|516 |7 |8 |9 |10
segments (leaflets)
....... %)
RN 2
- <
2 =
o
kS 3 =
[ ~
: =
i";ﬂ—-n‘-@" E
15. Pen 311, 411
27°56.78'E; 31°30.35’S Type (& Ref. Pal.) loc.

Peninsula (Pen 411 Hei elo), Lunchspot

Habitat: Heidiphyllum thicket

Collection: 204 slabs, 70 man-hrs cleaving

Rochipteris rollerii (70 indivs)
attached to shoots — nil
clusters — nil

Kannaskoppia @ nil

Kannaskoppianthus 3 — 4 indivs (affil., Grade 4)

Taphonomy (R. rollerii) — parautochthonous

SYSTEMATICS

Palaeodemes
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Rochipteris rollerii

PRE/F/9833 l
pl. 100(3-6)

" PRE/F/432

i)
5 PRE/F/429
. o ]
PRE/F/18762
PRE/F/9811 }, pl. 101(7.8)
pl.97(1-4) r
; PRE/F/430
pl. 101(1-3)
12
PRE/F/9816 -~
pl. 102(6,7) ™,
/ﬁo
lj PRE/F/6385a
BP/2/537
pl. 100(1,2)
BP/2/540
pl. 99(4-6)

> 16
PRE/F/433

BP/2/541
pl. 99(7-9)

Umk 111 Dic 2spp

21 indivs total
19 individuals drawn
all 19 graphed

individuals
— N | W A |||

PRE/F/6446

112 {3 (4|5 1|6 |7 8|9 |10
13 segments (leaflets)

i
4
e,
i
Ml M2 M3 M4 M5

BP/2/538 6. Umk 111
pl.99(1-3)

29°27.3'E; 29°33.4'S Type (& Ref. Pal.) loc.

PREF 12000 PRE/F/18758
1.98(1-6 Y18 .
pLOSE) i pl. 101(4) Umkomaas (Umk 111 Dic 2spp)
:r Habitat: Dicroidium riparian forest (mature, type 1)
! 19 Collection: 3592 slabs, 400 man-hrs cleaving
17 .: Rochipteris rollerii (21 indivs)
y attached to shoots — nil
clusters — nil
Kannaskoppia @ nil
Kannaskoppianthus 3 — nil
PRE/F/9817 PRE/F/A35 * PRE/F/428 Taphonomy (R. rollerii) — parautochthonous
pl. 102(4,5) oL, 98(7) pl. 101(5.6)
R2
all x1
[— | :
0 ] 2 Umkomaas (Umk 111 Dic 2spp)
cm
Palaeodemes SYSTEMATICS
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Rochipteris rollerii

Cat.no. /L
not found

L
Cat. no.>”’
not found

Cat. no.
not found

9

PRE/F/7839
pl. 5(1-5)

PRE/F/7841
pl.6(1,2)

PRE/F/7840

© PRE/F/10302a,

L2

. PRE/F/102
¢ PRE/F/10302b,7>.a PL720-7)
" (reverse of slab)

: pl.70(1-8)

2 indivs of
cluster of 3

4‘. &S

93a,b

R2
all x1

not found pl. 6(3-5) Al }i%
Greenvale (Gre 121 Hei elo)
\} 16 17

PRE/F/10294a,b
pl. 71(1-9)

Fem e e e e e e e e e m e —— = 4
: Kon 211 Ast 2spp
: 8 5 indivs total
1 7 5 indivs drawn
1 =26 all 5 graphed
<
1 = 5
B
-
4 E]3
2
1
1 /2 (3 /4 5|6 |7 |8 9 10

MI M2 M3 M4 M5
I A —

Gre 121 Hei elo

22 indivs total
20 indivs drawn
13 indivs graphed

individuals
—IN | W A O 2|0

1 12 1{3 /4 5|6 |78 9 |10
segments (leaflets)

604,
ﬂ PRE/F/7856a . , [~ .
pl. 3(1-6) o
\ ><2

K. aasvoelensis

MI M2 M3 M4 M5

20 Gre 111, 121

27°08.94'E; 31°23.62’S  Type (& Ref. Pal.) loc.

Greenvale (Gre 121 Hei elo)
Habitat: Heidiphyllum thicket
Collection: 141 slabs, 10 man-hrs cleaving

Rochipteris rollerii (22 indivs)

attached to shoots — nil

clusters — 4 slabs (2 — ¢. 7 leaves)
Kannaskoppia @ — nil
Kannaskoppianthus & — 2 indivs (Grade 4 affil.)

Taphonomy (R. rollerii) — parautochthonous

segments (leaflets)

28°00.87'E; 31°29.32’S  Type (& Ref. Pal.) loc.

Koningskroon (Kon 211 Ast ZSpp)
Habitat: Fern/Kannaskoppia meadow
Collection: 393 slabs, 14 man-hrs cleaving

[—— | KOIllIlgS Kroon (KOI] 211 Ast ZSpp) Rochipteris rollerii (5 indivs; nil clusters, Q ord)
0 1 crr21 Taphonomy (R. rollerii) — allochthonous
SYSTEMATICS Palaecodemes
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Rochipteris rollerii

%//

PRE/F/l 1988

PRE/F/12002a,b pl. 149(5-9)

pl. 148(1-6)

\/ |
PRE/F/19022 \
PRE/F/11987
PRE/F/19347a
PRE/F/19021a,b ) PRE/F/11986
pl. 150(1-4) ( V
PRE/F/19346 Cat. no.
pl. 149(4) not found
PRE/F/19348b
1 pl. 149(1-3) PRE/F/19019
pl. 152(1-3) ‘
PRE/F/19020a,b PRE/F/11993
pl. 151(1-7) pl. 150(5-7) j
. PRE/F/11991 “/ | ,
12 R R
\ 13
\Y (6

PRE/F/19019
pl. 152(1-3)

Aas 311 Hei elo

PRE/F/19020b
pl. 151(1-7)

R2
x2

26°13.3'E; 31°32.20'S Type (& Ref. Pal.) loc.

8 25 indivs total
7 14 indivs drawn
26 all 14 graphed
g
S 5
2 (4
ks
E13
2
1
1 /2 |3 14 |5 16 |7 |8 |9 [10(11|12]13|14|15

segments (leaflets)

Kannaskoppianthus aasvoelensis

s
oL —" T .
vy, T T T e
""L.‘uﬁ\u* : M
- .
- T W ey mu& PR
N “;_,-—M: oo e

-

\ WM%&V\*\J\M

~

Palaeodemes

& 2 W\ 18 & 19 AN
) & VI 20 ol s
N / < .
\& as \ o) Aasvoélberg (Aas 311 He1 elo) '
s A = Habitat: Heidiphyllum thicket =
€ /0 ¥ ) Collection: 528 slabs; 140 man-hrs cleaving 1 3
7 / 2 o t
L D (f Rochipteris rollerii (25 indivs) ). P N -«
PRE/F/12001a,b i *QQ attached to shoots — nil " s L ..a!
PRE/F/19407a,b r ol 147(1-6) / v clusters il = R > s
Is 145, 146(1-6 : i - —
pls (1-6) PRE/F/19343b . R23 Kannaskappt.a Q- nil o (G i i s
Aas 311 pl. 146(7) all x2 <20 Kannaskoppianthus 3 — 4 indivs (affil., Grade 4) et
Taphonomy (R. rollerii) — parautochthonous ’
PRE/F/12001a,b
[— | 1. 147(7-10 . .
e — PLIATEE10) Aasvoélberg (Aas 311 Hei elo)
cm microsporangium
SYSTEMATICS
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Rochipteris rollerii

-
J
]
/
'

¥

/4

/

V//

PRE/F/15278
pl. 144(1-6)

n

i

PRE/F/19574 |,

PRE/F/15275
pl. 144(7-9)

Cat. no.

/ PRE/F/19571

ot found

5

R2
all x1

Aas 211 Hei elo

8 18 indivs total
7 5 indivs drawn
6 all 5 graphed
<
§ 5
2|4
3
g3
2
1
1 12 (3 |4 1|51|6 |7 |8 |9 |10

segments (leaflets)

Kannaskoppianthus aasvoelensis

PRE/F/15280a,b
pl. 143(1-11) R2
x2
Aas 211
[ —
0 1 2
cm

26°13.94°E; 31°33.35'S

)

=

= =

A =

- ool S

~ & g
.2 CHr -

T =

@-\!ﬂ__‘g‘v#‘”“ | s

24. Aas 211

Type (& Ref. Pal.) loc.

Aasvoélberg (Aas 211 Hei elo)
Habitat: Heidiphyllum thicket
Collection: 154 slabs; 35 man-hrs cleaving

Rochipteris rollerii (18 indivs)
attached to shoots — nil
clusters — nil

Kannaskoppia Q - nil

Kannaskoppianthus & — 1 indiv. (affil., Grade 4)

Taphonomy (R. rollerii) — parautochthonous

Aasvoélberg (Aas 211 Hei elo)

SYSTEMATICS

Palaeodemes
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Rochipteris rollerii

Ay

) q 2 Do W § "
\l \/ : \ Q(l BP/24305ab | PRE/F/IS23S
. o NN pL1ai) ¢ pl135(1-6)
BP/2/4306 DOPRE/F/15229 § e : BP/2/4304

\__ PRE/F/19481b :

1. 138(10,11
P ( ) BP/2/4307

pl. 134(1-6)

N 13
]

Cluster of 2
indivs sketched
separately here

[ PRE/F/15227

PRE/F/15237ab : pl. 139(1-8); PRE/F/15221 PRE/F/15222
: pl. 137(2,3) : £ bl 140(1,2) PRE/F/19529 pl. 141(7.8) pl. 138(12,13)
eeeenan ] pL138A) pl. 141(5) }
14

— z .
~— PRE/F/15228 : BP/2/4308

‘?""'T:?J// pL 133(1-7) pl. 137(1)

pl. 138(8,9)

Cat. no.
not found

? \ BP/2/4302a :
) pl. 131(1-8); Cluster of several leaves plus single prrrrrreene

1. 132(1— Kannaskoppianthus strobilus R2
.............. S el
— — Aasvoélberg (Aas 111 Hei elo)
cm

Palaeodemes

SYSTEMATICS
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Rochipteris rollerii

PRE/F/19484
pl. 126(4-7)

\\\W@

>9 |

pl. 125(1-9)

% 11
\ LF
PRE/F/15243a,b

%)
=
- <
Aas 111 Hei elo i@ : f
14 2% of assemblage K ‘ﬁ. =
13 39 indivs drawn -3 S g
28 indi hed 5 T
l ? indivs graphe ,‘g At .
10 24 Aas 111
Z 26°16.47'E; 31°33.81'S Type (& Ref. Pal.) loc.
7
2|6
£
3 |5
=4
el
3
2
1
1 (2 |3 |4 |5 (6 |7 |8 |9 |10
segments (leaflets)
Aasvoélberg (Aas 111 Hei elo)
Habitat: Heidiphyllum thicket
Collection: 291 slabs, 40 man-hrs cleaving
Rochipteris rollerii (2% of assemblage)
attached to shoots — nil
Kannaskoppianthus aasvoelensis clusters -6 slabs (2~ .20 leaves)
Kannaskoppia Q - nil
Kannaskoppianthus 3 — 21 indivs (affil., Grade 4)
Taphonomy (R. rollerii) — parautochthonous
{/ “, @ VD '
\ 389 In) ﬁ
BP/2/4336a )
PRE/F/15244b 129(1— BP/2/42 \{) PRE/F/19541
pl. 126(1-3) pL.1290-5) 12/4297a . pl. 130(1-4)
Reference palaeodeme
. 5 7f ) 21 indivs total
~ T { Aas 111 Hei elo 12 indivs drawn
\ // 4 8 indivs graphed
1 ; < 3
/’ BP/2/4331 2
\\ Holotype 1
fL W 12 |3 [4 516 |7 (8|9 10
PRE/F/19547a,b % microsporophylls

: Holotype
PRE/F/15246  Lormco0 PRE/F/19545 P Eg
PLI30O-12) oy PRE/F/19546 ] 128(5-10) PRE/F/19547b
R : pl. 125(5-9)
all x2
[ — Aasvoélberg (Aas 111 Hei elo)
cm

SYSTEMATICS
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PRE/F/20797 PRE/F/20812a

PRE/F/20523

PRE/F/20558a
pl. 159(1,2)

PRE/F/20548

|

e 15

V PRE/F/20763

11

Rochipteris rollerii

/- 7 /
\ s
\ \ . PRE/F/20532
PRE/F/20543 AN
pl. 159(7.8) . PRE/F/20547
PRE/F/20540a T RE/F/20526 P
22 24
PRE/F/20538
pl. 159(5,6) PRE/F/20529
PRE/F/12094b pl. 159(3,4)
pl. 157(1-3)
28
Ny \W’/ (/3 31
[/ . \Xl y
\‘ \
\ o
17 PRE/F/12100a,b
Ve
27 ‘
f; 1“'155/(11217()’33 PRE/F/12097a -
. - 1. 162(4—7 PRE/F/12096
PRE/F/21062 pL 162(4-7) P Figﬁg?a’b
[ T— pl. 160(1-5) ! pl.
em Aasvoélberg (Aas 411 Dic/Sph) a
Palaeodemes SYSTEMATICS
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Rochipteris rollerii

Aas 411 Dic/Sph

150 indivs total
31 indivs drawn
30 indivs graphed

individuals

=N WA | O3] 0| O

Kannaskoppianthus aasvoelensis /
Rochipteris rollerii

314 |5 (6 |7 |8 |9 [1011]12]13]14]|15
segments (leaflets)

26°12.16'E; 31°33.43'S

Ml M2 M3 M4 M5

Aasvoélberg (Aas 411 Dic/Sph)
Habitat: Sphenobairea closed woodland
Collection: 2176 slabs, 512 man-hrs cleaving

Rochipteris rollerii (150 indivs)
attached to shoots — nil
clusters — nil

Kannaskoppia @ — nil

Kannaskoppianthus 3 — 21 indivs (affil., Grade 4)

Taphonomy (R. rollerii) — parautochthonous

Kannaskoppianthus aasvoelensis
) ...................... 4 5
» : Y ga)
FA S iqQr %) : g %7
,ﬁ? s \ N AR S
0B o p V22N ‘7(5‘9
N N 2NV
WA o b
Ciw 3 : :
r (\7/ Vi \ © PREF/12093 i \
f PRE/F/20588ab ©. . ... pL15389) ... © PRE/F/20545ab
PRE/F/12050a,b ]
pLIS3(ST) / .
4 NG
o Boppsr
< o s \SVa
w0 TN L7 JDQ/
R2 PRE/F/12092a,b V)
all X2 e P
[ J— Aasvoélberg (Aas 411 Dic/Sph)
cm

SYSTEMATICS
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Rochipteris switzifolia
Lit 111 Dic/Hei

55 indivs total
26 indivs drawn
26 indivs graphed

individuals
— N W s | N Q| o

112 13 (4|5 6 |7 |8 9 |1011|12/13|14|15/16 17|18 19|20 |21 22|23 |24 |25 /26|27 |28 /29 |30|31 32|33|34|35
segments (leaflets)

A\l 3 4
I. \ I'E _— frja T T
| | gy o S
i - 1 - <
A =
M il 74 . 3
\“( f{r x2 v =Rl {/ g
llll.' !.‘I : x5 ey 5
" PRE/F/5638 x5 : BP/2/1582 - o
pl 123(14) = R2 : pl124(1-5) R3 1. Lit 111

Type (& Ref. Pal.) locality

29°02.87'E; 28°34.54'S

@ %5 q é’{

thtle Sw1tzerland (th 111 ch/Hel)

Habitat: Dicroidium riparian forest (mature, type 1)

/ PRE/F/5940 Collection: 2173 slabs, 550 man-hrs cleaving
PRE/F/59;9 Pl 120(4) Rochipteris switzifolia (55 indivs)
1. 120(6) W attached to shoots — nil
P % clusters —nil
& "9 Kannaskoppia @ - nil
\ _Jg/ Kannaskoppianthus 3 - 9 indivs (affil., Grade 3)
8 6 /ﬂ PRE/F/5942a.b Taphonomy (R. switzifolia) - parautochthonous
pl. 120(1-3)
\( Lit 111 Dic/Hei 9 indivs total
7 indivs drawn
PRE/F/5943a,b 4 [ m
pl. 120(7-11) 3 6 indivs graphed
\)0 2
1
" 1 2 1(3 /4 5|6 |7 8 9 |10[11 12
\ ) microsporophylls
10
J 12
W
\\
Holotype
PRE/F/21497a :
PREFST34 pl. 119(1-6) E PRE/F/21497 X5
all X2 S pl 119 (2,3,6)
5 ] . Little Switzerland (Lit 111 Hei elo)
cm
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Rochipteris matatifolia
Mat 111 Dic dub
8 17 indivs total
7 14 indivs drawn
26 14 indivs graphed
25
2|4
3
E13
2
! |
1 (2 |3 (4 |5 |6 |7 |8 9 [10[11|12{13 |14 |15]16|17|18 19|20 |21 22|23 |24|25|26|27 28|29 |30 |31 |32 33|34/|35
segments (leaflets)
\J 2
1
28°48.34'E; 30°20.84'S  Type (& Ref. Pal.) loc.
- ‘l’]
= =
PRE/F/9083b 377 s
pl 116(8) PRE/F/9077 | A8
pl. 116(4) R3 . 5 -
x5 SF=N R so10 S
i .‘:‘ : -_ gl - —_—
Mat 111 A | Sl 3
2N |
Wb = T M0 Mar i
Kannaskoppianthus matatiparvus Matatiele (Mat 111 Dic dub)
Habitat: Dicroidium riparian forest (immature, type 2)
Collection: 1082 slabs, 65 man-hrs cleaving
ﬂ// 3 j 4 Rochipteris matatifolia (17 indivs)
<] C /‘//7 < attached to shoots — nil
N 19} clusters —nil
X O ' _ Jj Kannaskoppia Q- nil
C\ i Kannaskoppianthus 3 -3 indivs (affil. Grade 3 to R. matatifolia)
PRE/F/3205 Taphonomy (R. matatifolia) - allochthonous
plL 113(1-4) 4
PRE/F/9251a,b
Holotype "\ 3(5_10),
R2
pl. 114(1-5) .
.................................. 2| Mat 111 Dic dub 3 indivs total
1 2 indivs drawn
N3 | 2 indivs graphed
3
| { Y 2 —
\ ! =
1 12 1{3 /4 5|6 |7 89 |10
microsporophylls
N
Holotype
Mat 111
PRE/F/3205 R3 . .
pl. 113(1-4) x5 Matatiele (Mat 111 Dic dub) [ —
cm
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Rochipteris komifolia

e T
R T
PRE/F/3216
PRE/F/3221 4(14)
T - 4

PRE/F/3230

Holotype

PRE/F/3231a,b
pl. 47(1-8)

Reference
Palaeodeme

pl. 50(6-9)

N

AN ﬂ .

N\ T
o N A

PRE/F/3216

PRE/F /3236
pl. 50(1-5)
(/“x. 6
i
H \
i y
i )
§ /
Holotype

PRE/F/3227 ‘2’
pl. 48(4-8)

///
//

PRE/F/3232a,b

R2- :
Kom 111 TC all x1

9 indivs appear on the colour plates
(5 of which are illustrated here)

[— | 1

5 ! . Kommandantskop (Kom 111 Sph dic)

cm
Palaeodemes

SYSTEMATICS
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Rochipteris komifolia

1

anf

:?’*\\\V\ \Q

PRE/F/3216
pl. 49(1-4)

Holotype

PRE/F/3227 ‘2’
pl. 48(4-8)

\‘\.“/"‘--‘
x1 SN
PRE/F/3227 *x’,‘y’ "‘\ Yy’
pl. 48(1-3) N

— s

= S

- =

5=

(s}

S F = s
oo’ =

o~ L . o

@F0 - =

Sty -

. a — 1 E
30. Kom 111

26°33.13'E; 31°03.35'S Type (& Ref. Pal.) locality

,_..__,‘
-

PRE/F/3231a,b
pl. 47(1-8)

oA ™
Kommandantskop (Kom 111 Sph/Dic),
Habitat: Dicroidium open woodland
Collection: 168 slabs, 10 man-hrs cleaving
Rochipteris komifolia (29 indivs)
attached to shoots (leaves & &) — 3 slabs
attached to shoots (leaves only) — 11 slabs
clusters — 7 slabs (2—5 leaves)
Kannaskoppia Q —nil
Kannaskoppianthus 3 -2 indivs (affil., Grade 5)
Taphonomy (R. komifolia) — paraut.-autochthonous

Kommandantskop (Kom 111 Sph dic)

SYSTEMATICS

Palaeodemes
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Vl i7 | v3
PRE/F/11350a  PRE/F/11351 *

éno \
PRE/F/11410

pl. 63(1) pl. 63(2) PRE/F/11360 \ | PRE/F/11378 ot found
pl.63(4) pl.62(1-4) PRE/F/11374
. . ep 7 pl. 63(5) PRE/F/11387
Rochipteris lutifolia pl. 6(1)
10 1 ' N .
. P : ;
\\\ PRE/F/11359
\ pl. 63(6) L
\
\ | PREF/11397
PRE/F/11374a *pl63(8) Sg:fgsnd PRE/F/1]412
pls 63(5), 66(4) j Pl 63(9) PRE/F/11377b
L 63(13) PRE/F/11388a
P pl. 66(4,5)
1
.16 N B
. ’ l r" T
v
; 21

PRE/F/11352

PRE/F/I]& pl. 65(1,2) .

pls 62(5-8), . PRE/F/11404
pl. 63(12)

PRE/F/11418

pl. 63(11)

Cat. no.
not found PRE/F/11392a
63(7), 64(6)
22 /
23 /
{ T
//‘/// \ 24 25
\ // !
\\ 3
\ 7 PREF401
* Reference B ) pl. 66(2,3)
Cat. 1o, Pl i - PRE/F/11425
ot found ne /PRE/F/11384a // : pl. 65(7)
£ pl.67(1-7) . 28
] 27
Holotype
PRE/F/11354
PRE/F/11364 PRE/F/11358a pl. 68(14) PRE/F/11355a,b R2
pl. 62(9-12) pl.61(1-3) pl. 68(5-9) all x1
C — :
5 ! . Lutherskop (Lut 311 Hei elo)
cm
Palaeodemes SYSTEMATICS
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Rochipteris lutifolia

s . \\\"
-~ i \

7

M
,,

|

PRE/F/11389

PRE/F/11386a
pl. 65(5,6)

PRE/F/11358a
pl. 61(1-3)

26°56.84'E; 30°40.57'S

PRE/F/11384a

Type (& Ref. Pal.) loc.

pl.67(1-7)

all x2

...... [ ]
(except fig. 6) TR =
. T <
3 =
o
R & E o, e )
. » P F 9] == o SegaVales
Lut 311 Hei elo 101_6 g}dlvg total - 3 Lutherskop (Lut 311 Hei elo)
4 g iniinivlsvsraﬁf;g L2 . Habitat: Heidiphyllum thicket
3 B 36. Lut 311 Collection: 589 slabs, 50 man-hrs cleaving
2 Rochipteris lutifolia (66 indivs)
1 j ‘ attached to shoots — nil
1 2|3 41516 |7 |8 9 [10/11]12 clusters — nil
microsporophylls

Kannaskoppianthus lutinumerus

Kannaskoppia @ — nil
Kannaskoppianthus & — 16 indivs (affil., Grade 4)
Taphonomy (R. lutifolia) — parautochthonous

NN
X

8 g
L Q (D I .
\Q&D \/f j/// Q//%') 7 (\QD 1y
/ \/ N \ \ (’1 /
(e 2 U ‘ <, !
Q) Vs QD o M
PRE/F/11426a,b 7 \@\(\f Y 7 \\:7 @\:/
pl. 58(1-6) i o % \ N OV A
U Kﬁ\f W { Holotype Oy i
PRE/F/11427a,b L R e \ 7/,?)[
1. 60(1-8) ’ u PRE/F/11433a,b <\}?v‘v//
Pl 60(1 PRE/F/11429a \ pl.53(1-8) N7
1. 54(1-5 !
9 . P34 PRE/F/11426b )
- / S5 Al
a /(\7 0 W7 A7
N 7. NP \ g/) w
=~ (o= NH Y ) 178
Cx{% \)// AN Y N 74
o\ Q w/j \‘\ 45 NV /D
AN N s
=\, 7T Reference Y N\
/\\ //, Palaeodeme " \\( :
T | PRE/F/11390ab © © PRE/F/11434 Lut3ll R4
PRE/F/11438a,b PIR';;F{{?W pl. 57(1-8) }>\ RY © pl39(1-9) ! : ! x5
pl. 56(1-6) pl.55(1-6) All X3 e  PREF/114298.b, pl. 5401-9)
© PRE/F/11434a, pl. 59
pls 56-60
C — i see pp 48, 138
5 : ) Lutherskop (Lut 311 Hei elo)
cm
SYSTEMATICS
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Rochipteris lutifolia
8 - 9
3 . P
g‘\\ 2 - Ve
' ]
PRE/F/19754 6 PRE/F/19744 P
PRE/F/18893a,b i
PRE/F/19751 oL 1201-3)
pl. 15(1,2)
_{ PRE/F/19747b
-+ not found \\‘ ," pl- 16(3.4)
— 14
\“"“““«,""“"’ ’ D
— 10 PRE/F/19745 ~ 16
\ 15
v T
- < | /
[ AN /
f X \ p ye
_ | PREVF/18596 s AN / PRE/F/18899a
- ) opl16(1,2) Y N / pl. 9(3-8)
PRE/F/2485 L/ i
all 5% PRE/F/18897
S 17
T / \
-
~ / /
M -
i
‘1
( \\A.\‘
s
~o /
/A
a .
A :
A l{ )
\ = -
. \~ _ -
AY - \ '/
\‘ \ -
s '
-
PRE/F/18894b
A
N ;
o SR
SN N -
Cluster of 12 indivs ’i- . \)
C — .
o 1 > Cyphergat (Cyp 111 Dic cra)
cm
Palaeodemes
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Rochipteris lutifolia

2
PRE/F/18899a PRE/F/18893a,b
pl. 9G3-8) pl 12(1-3)
R2
x2
26°25.88'E; 31°27.14'S Type (& Ref. Pal.) loc.

\
I

MI M2 M3 M4 M5

I I

. ) 267 2 I B
Cyphergat (Cyp 111 Dic cra), Open cast 26. Cyp 111

Habitat: Dicroidium open woodland
Collection: 362 slabs, 100 man-hrs cleaving
Rochipteris lutifolia (80 indivs)
attached to shoots — ?1 indiv.
clusters of 2-10 indivs — >10 slabs
clusters of 12 indivs — 1 slab
Kannaskoppia @ — nil
Kannaskoppianthus 3 — nil

Taphonomy (R. lutifolia) — parautochthonous

[ m— Cyphergat (Cyp 111 Dic cra)

SYSTEMATICS Palaeodemes
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Rochipteris obtriangulata
! ;
1 2 5
- i 4
B} . 9
BP/2/423 BP/2/546
pl. 103(4-8) pl. 105(9)
BP/2/425
pl. 104(8,9)
6 BP/2/547a
P . pl. 105(7,8)
BP/2/544
BP/2/115
pl. 104(1-4)
BP/2/115 0ind R2
1. 104(1-4 mndivs appear on
P (= BP/2/422 colour plates; 5 are both x2
pl. 103(1-3) illustr. here BP/2/544
R2
all x1
29°27.3'E; 29°33.54'S Type (& Ref. Pal.) loc.

e
=
<
=
o
=
o
=

, E
Umkomaas (Umk 111 Dic 2spp) 6. Umk 111
Habitat: Dicroidium riparian forest (mature, type 1)
Collection: 3592 slabs, 400 man-hrs cleaving
Rochipteris obtriangulata (19 indivs, no clusters)
attached & clusters — nil
Kannaskoppia @ —nil
Kannaskoppianthus 3 — nil
Taphonomy (R. obtriangulata) — parautochthonous
(R. cf. sinuosa) — allochthonous
[— | 1
5 1 > Umkomaas (Umk 111 Dic 2spp)
cm
Palaeodemes SYSTEMATICS
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Rochipteris cf. sinuosa

BP/2/539
pl. 107(1-4)

BP/2/554
Sl ol 108(3.4)

\
PRE/F/22501 \~/
pl. 109(1-4) Y

PRE/F/23123
pl. 110(1-3)

v BP/2/556
pl. 108(5-7)

BP/2/557
//’ pl 108(8-10) /

BP/2/549
pl. 107(9,10)

BP/2/553
pL. 107(6-8) R2
all x1

b — Umkomaas (Umk 111 Dic 2spp)

z e 18 oFf
Lo s s

6. Umk 111

29°27.3’E; 29°33.54'S Type (& Ref. Pal.) loc.

Umkomaas (Umk 111 Dic 2spp)
Habitat: Dicroidium riparian forest (mature, type 1)
Collection: 3592 slabs, 400 man-hrs cleaving

Rochipteris cf. sinuosa (9 indivs)
attached & clusters — nil
Kannaskoppia @ — nil
Kannaskoppianthus 3 — nil
Taphonomy (R. obtriangulata) — parautochthonous
(R. cf. sinuosa) — allochthonous

SYSTEMATICS

Palaeodemes
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Rochipteris penensis ] M.And. & HM.And., sp. nov.

Reference palacodeme

1 3 4
\/ !
PRE/F/17946a
pL87(1)  prp/p/i70a5 PRE/F/17032 PRE/F/17035
ol 8702) pl. 87(3) pl. 87(4)
PRE/F/17047
pl. 87(5)

Peninsula (Pen 411 Hei elo )

8

Holotype ‘3
PRE/F/17050 T,
PRE/F/17944 PL87(7) pl.87(8) 1
pl. 87(6) pl. 88(5)
PRE/F/17943b 1o
all x1

PRE/F/18168

1.77(6~9
PLTIES) o ErF/i8169

PL78A=3) ) 27a10-15)

13

PRE/F/18167a
pl. 77(1-5)

PRE/F/16914a,b

1. 78(4-7
pl. 78(4-7) R
all x1

Sister palaeodeme

PRE/F/18170a,b :

PRE/F/16914a,b
pl.78(4-7)

Peninsula (Pen 311 Hei elo )

T

2

- <t

/ e

PRE/F/18167a . o

pl.77(1-5) L} o p-

o

g

PRE/F/18170a,b R2 —_

1.77(10-15 =
pL77(10-13) all X2 L

15. Pen 311, 411

27°56.78'E; 31°30.35'S Type (& Ref. Pal.) loc.

5 indivs appear on
colour plates; all
are illustr. here

Peninsula (Pen 411 Hei elo), Lunchspot
Habitat: Heidiphyllum thicket

Collection: 204 slabs, 70 man-hrs cleaving

2 indivs appears
on colour plates; as
illustr. here

Tel 111

17 18 20
19
PRE/F/18255:
bl. 46(8.9)
PRE/F/17405a,b’ | TRE/F/18255
all x1 Ceveierereann...n PLA6(89)

: PRE/F/17405b
§ pl.46(6,7)

Telemachus Spruit (Tel 111 Heielo ) g palacodeme

PRE/F/18277a,b

pl.42(1-8)

PRE/F/17405a

Rochipteris penensis (10 indivs)
attached & clusters — nil
Kannaskoppia Q- nil
Kannaskoppianthus 3 — 4 indivs (not affil. here)

Taphonomy (R. penensis) — allochthonous

27°56.84'E; 31°29.59'S

Type (& Ref. Pal.) locy

PRE/F/17405a,b ¢

all x2

Peninsula (Pen 311 Hei elo), Campsite
Habitat: Heidiphyllum thicket
Collection: 155 slabs, 35 man-hrs cleaving

Quarry

R2

<5 Rochipteris penensis (5 indivs)

attached & clusters — nil

Kannaskoppianthus telepentatus
(affiliated & strobilis, as at sister TC)

Kannaskoppia @ — nil
Kannaskoppianthus 3 — nil

(I):l_Z Taphonomy (R. penensis) — allochthonous
cm
Palaeodemes SYSTEMATICS
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Rochipteris pusilla Holmes & HM.And., 2005
e E
-3 <
1 3 4 E
— b ; " E
032 g~ =
PRE/F/18166a
PRE/F/16915b 32. Tel 111
oL 78E11) pl. 78(12-15)
x1 26°47.78'E; 31°02.86'S Type (& Ref. Pal.) loc.
Plegz/;lﬁ;Sb PRE/F/18166a
Reference palaeodeme P pl. 78(12-15)
. . 2
Peninsula (Pen 311 Hei elo ) )
all R2
6
5 H
j PRE/F/17393‘y’
. x1 . .
PRE/F/17393"y '\Q *2 Telemachus Spruit (Tel 111 Hei elo)
Sist laeod Habitat: Heidiphyllum thicket
ister palacodeme Collection: 581 slabs, 90 man-hrs cleaving
Telemachus Spruit (Tel 111 Heielo) g0 Rochipteris pusilla (1 indiv.)

attached & clusters — nil

Rochipteris sp.

This single virtually complete specimen is closest to R. distivena,
in having similar divided tips and open venation, but lacks the
characteristic deep division of the leaf and is of much smaller size,
which suggests it may represent a distinct species.

Kannaskoppia Q- nil
Kannaskoppianthus 3 — 4 indivs (not affil. here)

Taphonomy (R. pusilla) — allochthonous

27°08.94°E; 31°23.62'S  Type (& Ref. Pal.) loc.

|! ~
1 g l
=
2]
2]
L
20 Gre 111, 121
PRE/E/16568ab Grgenvale (Gre 111 Equ sp)
pl. 7(1=7) R Habitat: Equisetophyte marsh
2 Collection: 213 slabs, 25 man-hrs cleaving
Rochipteris sp. indet. (1 indiv.)
Greenvale Kannaskoppia @ — nil
(GI'C 111 Equ sp) Kannaskoppianthus 3 — nil
Taphonomy (R. sp. indet.) — allochthonous
[— |
0 1 2
cm
SYSTEMATICS Palaeodemes
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HYPODIGM CHARTS; GONDWANA TRIASSIC (GT)

Petriellales/Kannaskoppia, illustrations &

identification

The concept of the hypodigm chart was introduced in And. &
And. (1983, p.74) for our Dicroidium monograph, and followed
in subsequent Molteno volumes (And. & And., 1989,2003,2008,
2018). It aims at documenting all illustrations (photographs or
sketches) in the published Gondwana Triassic (GT) literature for
the group of plants being described — in this case the Petriellales/
Kannaskoppia and affiliates. Each specimen is identified according
to our current taxonomic review and arranged by geographic and
stratigraphic occurrence.

Our species identifications, as per the present volume, appear in
the final column of the hypodigm.

The hypodigm is a fundamental aid to establishing nomenclature
following the rules of priority according to ICN 2018.

Gondwana Triassic occurrence

The layout focuses attention on assemblages and palacodemes,
and provides the data for the GT distributions plotted on the
genus pages. The subregion gives the names and numbers for the
productive degree squares listed; details are given elsewhere. While
the formation and number codes (age, millions of years) refer to
Fig. 2 (p. 5) as followed here (see Part 1, ‘Sampling & Occurrence’;
Chart 2, pp 4, 5).

Gondwana Triassic correlations

At stage level, global and Gondwana Triassic floral corre-
lations were updated by And., And. & Cleal (2007). Though the
correlations have been further updated here, they are still in need
of thorough revision based on the most recent absolute dating and
palynological data around the Gondwana Triassic (Mancuso et al.,
2020 & other references as listed, Chart 2, p. 5).

Accessability

In the current volume the aim is to make the hypodigm more
readily accessible, more user-friendly. The hypodigm tables have
been elaborated on by accompanying them, continent by continent,
with relevant parts of the Gondwana Triassic map and correlation
chart, and of the ‘productive degree squares’ and ‘Megaplant-bear-
ing Formations’ tables. In the case of the Africa tables, sketches of
the foliage and strobilus species (female and male) are also added.

Gondwana Triassic Rochipteris species

Those species described from around the Gondwana Triassic from
Carruthers (1872) on, are discussed below under five general morpho-
logical groups (these could be considered subgenera). Reference
to the Molteno species described in this volume is made where
relevant.

Group 1 — R. lacerata; large leaves variously divided to
about half the length of lamina

Rochipteris lacerata (Arber, 1917) Herbst et al., 2001

The type specimen from New Zealand (Hypodigm, Chart 3,
pp 110, 111) was first reported and figured as Chiropteris lacerata
by Arber (1913) and then described and refigured at a later date
(1917). This single leaf has a deep division, is fairly complete on
one side with clear lacerate tips, whilst the other half is incomplete
and the diagnostic base is missing. The size exceeds 50 mm in
length and 30 mm in breadth. The venation shows clear anastomose
on the lamina to near the leaf tips. Retallack (1980) made new
collections from various localities in New Zealand, placed Chirop-
teris lacerata in the genus Ginkgophytopsis and synonymized it
with the two species Chiropteris biloba and Chiropteris waitakien-
sis, described as new by Bell et al. (1956); and transferred the leaf
described as Ginkgo digitata. These collections and further ones
(Retallack 1981, 1983) show deeply dissected to fairly entire leaves
— all showing the characteristic anastomosing venation. Based on
the illustrations, they appear to have much finer venation than the
type specimen (there may be an error in the size as printed). Two
leaf whorls are recorded by Retallack (1980, fig. 9C; 1983, fig, 7E).

Herbst et al. (2001, p. 262) discussed the leaf Cyclopteris
lacerata Quenstedt, which was later transferred to Chiropteris.
Kustatcher & Van Konijnenburg-Van Cittert (2011, p. 232) described
further Chiropteris lacerata leaves from Germany and regarded the
New Zealand species as a junior synonym. This was an error because
they had not referred to the papers of Retallack (1980) and Herbst
etal. (2001).

From South America (Hypodigm, Chart 1, pp 106, 107), Llante-
nes Basin, Menendez (1951) described leaves as Chiropteris copia-
pensis; subsequently identified as R. lacerata by Retallack (1980)
and Herbst et al. (2001).

Further leaves were descriped from the Llantenes Basin by
Artabe et al. (1998) as Ginkgophytopsis lacerata. Later, Herbst
et al. (2001) described leaves from the Copiapo and El Tranquilo
basins as R. lacerata. These records from various localities in
South America show a diverse morphology of dissected leaves and
need to be re-evaluated as to whether they all belong to R. lacerata.

At this stage it is difficult to establish the circumscription
(borders/limits) of this species which has been applied to a variety
of leaves. The incomplete type specimen, lacking the diagnostic
base, has resulted in variable interpretation. The majority of the
collections from New Zealand are regarded here as belonging to
R. lacerata, while the usage in South America is questioned. From
the Molteno there is some overlap in morphology with R. felefolia,
but R. lacerata leaves are generally smaller with finer venation,
and similarly R. distinerva has more open venation, while R. lacerata
has finer venation especially towards the tips. The Molteno fossils
which were previously called R. lacerata have been placed else-
where (Hypodigm, Chart 2, pp, 108, 109). The two New Zealand
species, Chiropteris waitakiensis and C. biloba (Bell et al., 1956),
synonymized with R. lacerata by Retallack (1980), are accepted.

Rochipteris incisa Holmes & H.M.And., 2005

This species described from Australia, Nymboida Basin, is
based on 11 specimens from two localities. The type is somewhat
similar to the type of R. lacerata figured by Arber (1917) but is
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much more dissected with leaf tips broadly obtuse. There is some
overlap in morphology with R. felefolia from the Molteno, but the
leaves are generally smaller and have not been found attached or
associated with male strobili.

Group 2 — R. rollerii; small to medium leaves variously
divided to more than half the length of lamina

Rochipteris rollerii (Frenguelli, 1946) Bodnar et al., 2020

Frenguelli (1946) originally described his material, from
Cacheuta, Argentina, as a species of Baiera. A study of the speci-
mens by one of the authors (HMA, 12 October1999, La Plata)
confirmed that the leaves had anastomosing venation and did not
belong to Baiera. Bodnar et al. (2020) have now restudied the
Frenguelli (1946) specimens, described further ones from Cacheu-
ta and nominated a lectotype. They regarded some leaves, identi-
fied by Frenguelli (1946) as Baiera cuyana, on the same slab as the
lectotype, to belong to R. rollerii. They still considered B. cuyana
as a valid species of Baiera, as the original leaf from Barreal
(Frenguelli, 1942) did not show anastomosing venation; however,
in shape, it is rather similar to Rochipteris leaves. The Molteno
palacodemes compare well with the Cacheuta collection of leaves
in shape and size. Note that the reconstruction of the leaf by
Frenguelli (1946, fig. 1b) has an extra four segments and that none
of the leaves photographed have that many segments. The other
leaf (Frenguelli 1946, fig. 1a) was reconstructed with bifurcating
venation instead of anastomosing veins and this leaf, nominated
as the lectotype, has been re-illustrated by Bodnar et al. (2020,
fig. 5A). This species is common at the type locality and overlaps
with R. truncata occurring at the same horizon.

Rochipteris alexandriana Herbst et al., 2001

This species was based on two leaves from El Tranquilo,
Argentina, by Herbst et al., 2001. The type specimen of Rochi-
pteris alexandriana nominated by Herbst et al. (2001, fig. 8D) has
up to two divisions of the lamina and fairly narrow segments. It is
similar to leaves in the R. rollerii population in the more divided
and thinner end of the range; and is also similar to leaves in the
R. switzifolia range that are not up to four times divided and with
broader segments. In the Molteno, these two species are regarded
as distinct palacodemes in assemblages deriving from separate
habitats, and being associated with distinct male strobilli. It could
be that in Argentina, once more specimens are known, a separate
palacodeme exists to support the retention of this species. At
present, the two leaves described by Herbst et al. (2001), fall more
closely in R. rollerii and the diagnosis does not cover the deeply
divided leaves with multiple segments (up to 28) of R. switzifolia.
In their synonymy they included two unnamed leaves from the
Molteno (now described as two new species). They did not mention or
compare their leaves with similar ones described by Frenguelli
(1946) from Cacheuta and seem to have been unaware of that
literature. Frenguelli’s (1946) leaves were placed by Bodnar et al.
(2020) in R. rollerii with a lectotype nominated from the original
material. This type has somewhat broader leaf segments than the
Herbst et al. (2001, fig. 8D) type specimen but is very similar to the
second specimen (fig. 8H). Based on the palacodemes from the
Molteno, both specimens could belong in one or other population
of Molteno R. rollerii leaves but as only two specimens have been
described, it is difficult to decide.

An attached group of leaves from Antarctica were identified
as R. alexandriana by Bomfleur et al. (2014). These would now fit
better into one of the Molteno species, R. switzifolia or R. matati-
folia that are more deeply divided, up to four times, resulting in
finer segments. However, as the detail of the venation in the petiole
is not clear enough in their illustrations, it is difficult at present to
place them in either.

Group 3 — R. cuneata; small to medium leaves, mainly
entire

Rochipteris cuneata (Carruthers, 1872) Herbst ez al., 2001

This is the earliest species to be described from Gondwana
(Tivoli Coal Mine, Ipswich Basin, Australia), originally under the
genus Cyclopteris by Carruthers (1872, p. 355, pl. 27 (fig. 5)) and
has been applied to various subsequent finds. It is unfortunate that
the type specimen (housed in the Natural History Museum, London;
catalogue number V. 4197, Rozefelds, 1986) is incomplete, with
the diagnostic base missing. A subsequent leaf described from the
same locality (Tivoli Coal Mine) is recorded by Jack & Etheridge
(1892, p. 378), though not figured, it is described as complete and
“more or less petiolate-like”. Another leaf described by this name
(Shirley 1898, pl. 23) has neither the tip nor base preserved but
clearly shows anastomosing venation. Seward (1903) described a
leaf under this name from the Molteno Formation at Cyphergat
(equivalent to Cyp 111). Du Toit (1927) redescribed the same leaf
and exposed the base to show a narrow petiole. Subsequent collec-
tions from this locality and the reference palacodeme (Lut 311)
have resulted in a good population of leaves which are all smaller
than the type specimen of Carruthers (1872) and have a distinct
cuneate shape. This population from Cyp 111 is now placed in R. luti-
folia. Note that Du Toit (1927, t-fig. 3B) placed a second incom-
plete leaf from Umk 111 in this species which is here classified as
belonging to R. cf. sinuosa due to the characteristic widely spaced
venation. Subsequently Retallack (1980; 1983, fig. 7A) described a
single incomplete specimen from New Zealand as R. cuneata
which is here placed in R. lacerata (Hypodigm, Chart 3, pp 110, 111).
The specimens described as R. cuneata by Herbst et al. (2001, p. 264,
fig. 3(A—C), pl. 8(F,G)) from Chile and Argentina are also close to
R. copiapensis but show a more obtuse distal margin.

Rochipteris tasmanica (Walkom, 1926) Herbst et al., 2001 (as
per Squires, 2012)

This species was based on a single specimen from Tasmania by
Walkom (1926). In a previous paper Walkom (1925b) regarded a
similar leaf described by Johnston (1888) as Sagenopteris salis-
burioides as not having anastomosing veins and belonging to Gink-
goites. Walkom (1926) said his leaf was similar to R. cuneata
described from Cyphergat in the Molteno by Seward (1903, pl.
9(4)).

The Walkom specimen is similar in shape and size to the
population of leaves collected from Cyphergat but as it lacks the
defining characters of the base and petiole it is not possible to say
if it is the same. The species requires further study from the type
locality. Retallack (1983) described two leaves (the larger one is
fragmentary and the other is small with a semi-circular shape) as
Ginkgophytopsis tasmanica (p. 145, fig. 7B,C). They are close to
R. tasmanica, in being small and entire, but the very fine venation
sets them apart from the type specimen. These two leaves are
placed as Rochipteris sp. indet. in the hypodigm table.

Rochipteris nymboidensis Holmes & H.M.And., 2005

This species from Nymboida, Clarence-Moreton Basin, Australia,
is based on one almost complete specimen with very fine venation
(c. 30-35 per 10 mm across the mid-upper portion of the lamina. It
is larger (> 63 mm long) and has finer venation than the leaves of
R. lutifolia from Lut 311 and is considered distinct. It shows some
similarity to the type of R. cuneata (Ipswich Basin) but is larger
and the shape is clearly more cuneate. The venation is probably
finer but is difficult to compare in more detail with the type speci-
men.

Rochipteris obtriangulata Holmes & H.M.And., 2005

This species was based on a remarkable slab from Nymboida,
Australia, bearing a nearly complete whorl of leaves and portions
of another two whorls and isolated leaves. The foliage is arranged
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in a close spiral or in a terminal whorl of 8-10 leaves on a narrow
stem. The leaf bases are hidden in the matrix and it is not possible
to observe the actual point of attachment. The wedge-shaped leaves
compare closely in size and shape with the isolated leaves from the
Molteno (Umk 111). They may appear to have a longer base, but
this is due to the Nymboida leaves being foreshortened as they
curve down into the sediment.

Rochipteris truncata (Frenguelli, 1946) Morel et al., 2011

Frenguelli (1946) originally described this material, from
Cacheuta, Argentina, as a species of Ginkgoites. A study of this
material by one of the authors (HMA, 12.10.1999, La Plata)
confirmed that the leaves had anastomosing venation and did not
belong to Ginkgoites. Morel et al. (2011, fig. 2(1)) described further
specimens and nominated a lectotype from Frenguelli’s (1946, fig.
7(1)) material and refigured it. Bodnar et al. (2020), in describing
further specimens, included dissected leaves in this species; which
would be better placed in R. rollerii. The undivided cuneate lamina
and truncate tip of this leaf sets it apart from R. rollerii in the
Molteno and, while similar to R. obtriangulata, it is a shorter leaf
and not as narrow at the base. R. truncata is regarded as a separate
species, with the population from Cacheuta being morphologically
between R. obtriangulata and the similar species R. penensis.

From the Cretaceous of Australia, McLoughlin ez al. (2000)
described Ginkgophytopsis truncata, which is a similar but much
larger leaf and is here considered a separate species — although
Gnaedinger & Zavattieri (2017) regarded it as conspecific with
Rochipteris truncata from Argentina.

Rochipteris turbata Holmes & HM.And., 2005

This single whorl of leaves from Nymboida, Australia, bears
two virtually complete and another five partial leaves. Due to the
3D nature of the specimen, the actual attachment to a stem is hidden
in the matrix and it is not possible to see the base of the leaves. The
species was separated from R. obtriangulata on the basis of
the expanding lamina, cuneate shape and rounded leaf apex (not
truncate). It has a similar shape and venation density (20-25 per
10 mm) to R. lutifolia and R. komifolia in the Molteno. As the
defining character of the veins in the petiole of the Molteno species
is not visible in this Nymboida specimen, it is retained as a distinct
species.

Rochipteris pusilla Holmes & H.M.And., 2005

Due to the small size, similar shape and open venation, the
Molteno specimens have been placed in this species which is
based on a single specimen from Nymboida and has a slightly
undulate upper margin. As so few specimens occur in the four
assemblages from the Molteno, the specific identity is somewhat
provisional.

Group 4 — R. copiapensis; large leaves entire to
occasionally partly divided

Rochipteris copiapensis (Solms-Laubach, 1899) Herbst ef al.,
2001

The original collection from Chile (Solms-Laubach, 1899,
pl. 13 (1-4)) is illustrated by three large, incomplete leaves. Two
show the basal area and are entire, while the third, lacking the base,
shows a few notches at the distal end. Herbst ez al. (2001) revised
R. copiapensis and made a new species, R. chilensis (Solms-
Laubach, 1899) Herbst et al. (2001) nominating the notched leaf
(Solms-Laubach, 1899, pl. 13(3—4)) as the type. In the latter species,
they included further specimens which are all entire (Herbst ef al.,
2001, fig. 6(A—H), pl. 8(L)), and which could readily be placed in

R. copiapensis. These specimens should all be restudied so that a
correct assessment can be made on the validity of R. chilensis.
However one interprets these species, they are clearly apart from
the Molteno specimens in being about twice as large and in not
showing any deep division of the lamina. Herbst er al. (2001,
p- 266) remarked that the Du Toit (1927) specimen, originally
described as Chiropteris copianpensis, is a different species. The
subsequent collection of a further 19 individuals from the same
Molteno locality, is now placed in R. obtriangulata.

Rochipteris chilensis (Solms-Laubach, 1899) Herbst ef al. 2001
Consult text for R. copiapensis.

Group 5 — R. etheridgei; large leaves variously divided
with clasping base.

Rochipteris etheridgei (Arber, 1917) Barone-Nugent et al., 2003

This species from Leigh Creek, Australia, was first described
by Arber (1917) as a Chiropteris. It was later transferred to
Psygmophyllum by Chapman & Cookson (1926) and more recently
to Rochipteris by Barone-Nugent et al. (2003). This species has a
distinct auriculate clasping base/flange 4-6 mm wide. Incomplete
leaves, without the base, show similarities to R. lacerata in the
flabellate shape and dissected lamina. The cuticle as described
by Barone-Nugent et al. (2003), with papillate epidermal and
subsidiary cells, is rather different to that obtained for Molteno
leaves by And. & And. (2003). Consult Part 2 (p. 51).

Rochipteris ginkgoides Barone-Nugent et al., 2003

This species, described from the Ipswich Basin, Australia, is
based on four variable specimens (a small portion of a fifth exists)
from two localities. The holotype (QMF 12586) is similarly
dissected to a second more complete leaf (QMF 12588) but in
neither is the base preserved. A smaller leaf (QMF 182630) has a
relatively broad lamina and narrow base with the suggestion of a
clasping base/flange. Another leaf (QMF 26012), with only the
base figured, has a distinct clasping base/flange. This is referred to
as “base expanded into a broad but short sheath” in the description
by Barone-Nugent et al. (2003, p. 281) and is similar to the
clasping base/flange occurring in R. etheridgei. These leaves show
an overall similarity to R. telefolia (Tel 111), but the characteristic
clasping base/flange of the base is unknown in this assemblage and
in any other leaves from the Molteno. The leaves are known
attached (in two specimens) for R. felefolia and are thus separated
from this somewhat similar-shaped species.

Rochipteris sinuosa Holmes & H.M.And., 2005

This species was based on a single unique leaf from Nymboida,
Australia, primarily on the widely spaced sinuous venation. The
base of the leaf shows an expansion, suggesting a clasping base
which although not preserved in its entirety is considered natural
and not an artifact. The Molteno leaf is provisionally placed in this
species as it is similar in size, with a deeply divided lamina, and
venation. However, as the base is incomplete, it is not possible to
ascertain whether it also has the clasping characteristic. Clasping
bases or flanges are found in R. etheridgei (Arber, 1917) Barone-
Nugent et al., 2003, a large leaf with numerous divisions in the
upper part of the lamina, and in R. ginkgoides Barone-Nugent
et al., 2003, also a large leaf with variable deep divisions. Holmes
& H.M.And. (2005) compared R. sinuosa to leaves of similar
size (40-60 mm) from the Llantenes, Argentina, described by
Menendez (1951) which differ in being more cuneate in shape and
not deeply divided.
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Tab. 1. Rochipteris: Geographic occurrence of species, Gondwana Triassic.
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Hypodigm charts; Rochipteris et alii, Gondwana Triassic (GT) occurrences
Chart 1.
REGION FORMATION
AUTHOR & SUBREGION (beds, horizons) LOCALITY NAME (as in literature)
SOUTH AMERICA
Chile (Ch) ! Ma |
1899 | Solms-Lau. & Stein.| Copiapo i Chl | 207 | La Ternera Q. de la Ternera Chiropteris copiapensis sp. nov.
2001 | Herbst et al. « P “ «“ Q. Cachivarita Rochipteris lacerata comb. nov.
«“ «“ “ Lo« “o «“ «“ Rochipteris copiapensis comb. nov.
«“ “ «“ [ “o «“ « Rochipteris chilensis sp. nov.
«“ «“ «“ o« “ | Las Breas Punto del Vento Rochipteris cuneata comb. nov.
« “ « P« “ | La Ternera ?Q. Cachivarita Rochipteris sp.
1970 | Azcarate & Fasola | Los Villos 1 CH3 | 207 | ?Los Molles Los Molles Chiropteris copiapensis
2012 | Herbst & Troncoso| Atacama 1 Ch?| 242 1 Q. del Salitre Q. de Ddna Ines Chica cf. Rochipteris sp.
N. Argentina (NA) :
2011 | Lutz et al. Ischigualasto i NA1| 234 | Los Rastros Q. del Leon Rochipteris alexandriana
1946 | Frenguelli (87) Cacheuta 1 NA4 | 233 | Potrerillos Cacheuta Hill Baiera rollerii sp. nov.
2011 | Morel et al. “ i <o « « Baiera rollerii
2020 | Bodnar et al. «“ o« “o «“ Rochipteris rollerii comb. nov.
1946 | Frenguelli (87) « o« “ o «“ «“ Baiera cuyana
2011 | Morel et al. «“ b« “o « « Baiera cuyana
1946 | Frenguelli (87) “ P “o “ « Ginkgoites truncata sp. nov.
2020 | Bodnar et al. «“ b “o «“ Rochipteris truncata
1946 | Frenguelli (87) « b« “ o «“ El Challao Baiera bidens
R «“ Lo« “o «“ “ Ginkgoites truncata sp. nov.
2011 | Morel et al. « [ “o « « Rochipteris truncata comb. nov.
2007 | Artabe et al. «“ P “o «“ Perfil cerro Bayo Rochipteris sp.
1951 | Menendez Llantenes i NAS5 | 233 | Llantenes Arroya Llantenes Chiropteris copiapensis
1998 | Artabe et al. «“ v 233, «“ «“ Ginkgophytopsis lacerata
S. Argentina (SA) :
2001 | Herbst et al. El Tranquilo 1 SA3 | 235 | Canaddn Largo Estancia Canaddn Rochipteris cuneata comb. nov.
«“ “ «“ o« “ o «“ «“ Rochipteris alexandriana sp. nov.
«“ “ «“ e “ | Laguna Colorado | Estancia Canaddn Rochipteris lacerata comb. nov.
«“ “ «“ .o “o «“ «“ Rochipteris copiapensis comb. nov.
Jurassic | S. Argentina (SA) :
2017 | Gnaed. & Zavat. | Neuquén i SA i Nestares downstream of Alicura Dam| Rochipteris copiapensis
SAm, Productive degree squares SAm, Productive degree squares (megaplants)
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Kan 111
PRE/F/13545

Hypodigm
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Hypodigm charts; Rochipteris, Gondwana Triassic (GT) occurrences
Chart 2.
REGION
AUTHOR & SUBREGION FORMATION LOCALITY NAME (as in literature)

AFRICA Ma
1889 |Feistmantel Karoo Basin 1 Ka 8| 233 \Molteno Cyphergat Anthrophyopsis (?) sp.
1903 [Seward «“ .« “o « « Chiropteris cuneata
1927 |Du Toit “ Vo “oa « “ Chiropteris cuneata

“ “ « ‘Kad| « «“ Upper Umkomaas Chiropteris cuneata

«“ “ « p« “o “ “ Chiropteris copiapensis
1983 |And. & And. Karoo Basin Vo “  Molteno Umkomaas (Umk 111) Ginkgophytopsis sp. A

«“ “ «“ ‘Kag8| « « Kommandantskop (Kom 111) «“ cuneata

“ “ “ ‘Ka7| « “ Matatiele (Mat 111) “ lacerata

“ “ “ L “o «“ «“ «“ sp. B

“ “ «“ ‘Kad| « « Umkomaas (Umk 111) «“ sp. C

“ “ “ L “ “ “ “ sp. D
1985|And. & And. “ ‘Ka7| < “ Matatiele (Mat 111) “ lacerata
2003 [And. & And. Karoo Basin 1Ka9| “ iMolteno Kannaskop (Kan 111) Kannaskoppifolia vincularis sp. nov.

«“ «“ «“ .« “o «“ Peninsula (Pen 311) «“ sp. A

“ N “ L “o “ “ “ sp. B

“ “ «“ ‘Kad| « «“ Umkomaas (Umk 111) « sp. C

« « “ 'Kag| « !« Cyphergat (Cyp 111) « sp.D

«“ «“ «“ ‘Kas5| « «“ Lutherskop (Lut 311) «“ sp. D

« “ « ‘Kag8| “ « Kommandantskop (Kom 111) «“ sp. D

“ “ “ ‘Ka9| « « Peninsula (Pen 311) « sp. E

«“ « «“ ‘Ka8| « | « Aasvoélberg (Aas 211) «“ sp. E

«“ «“ «“ y o« “o «“ Aasvoélberg (Aas 311) « sp. E

“ “ «“ Vo “oa «“ Aasvoélberg (Aas 411) «“ sp. E

“ “ “ ‘Ka2| « «“ Little Switzerland (Lit 111) «“ sp. F

«“ “ «“ ‘Ka7| < « Matatiele (Mat 111) «“ sp. F

«“ “ «“ ‘Kad| « | « Umkomaas (Umk 111) « sp. G

« «“ « ‘Kag8| “ « Telemachus Spruit (Tel 111) « sp. H

“ “ “ Kannaskop (Kan 112) «“ sp. 1

“ “ «“ Aasvoélberg (Aas 111) Kannaskoppianthus lutinumerus sp. nov.
2007 |And., And. & Cleal Kannaskop (Kan 111) Kannaskoppia vincularis

<o Peninsula (Pen 311) Kannaskoppifolia sp. E

) R. rollerii

6
Sister \
palacodeme \
R. matatifolia
Tel 111
PRE/F/17414 o
Kan 112 R. switzifolia Mat 111
BP/2/3386 Lit 111 PRE/F/9082a,b
BP/2/1559 R2
all x1
SYSTEMATICS
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1 I | |
Hypodigm charts; Rochipteris, Gondwana Triassic (GT) occurrences
Chart 3.
REGION
AUTHOR & SUBREGION FORMATION LOCALITY NAME (as in literature)
ANTARCTICA Ma
Trans-Antarctic Mts (TA)

2014 |Bomfleur et al. Allan Nunatak | TA1 | 238 iLashly Allan Hills Rochipteris alexandriana

«“ «“ Shackleton Gl. 1 TA6| “ 1?Falla Alfie’s Elbow, Shackleton Gl. |Rochipteris sp. cf. R. lacerata
NEW ZEALAND Ma

New Zealand (NZ) :

1985 | Retallack Nelson Syncl. 1 NZ2 | 206 | Otapirian Stage nr. Highfield Homestead Ginkgophytopsis lacerata

«“ «“ “ i “ o «“ «“ Ginkgophytopsis sp.
1913 | Arber Mt Potts 1 NZ3 | 239 | Tank Gully CM Tank Gully Chiropteris lacerata
1917 « “ N “o «“ « Chiropteris lacerata sp. nov.
1980 | Retallack Canterbury i NZ3| “ | Tank Gully CM Tank Gully Ginkgophytopsis lacerata comb. nov.
1956 | Bell et al. S. Canterbury 1 NZ4| < | Black Jacks Congl. | Black Jacks, Waitaki R Chiropteris biloba sp. nov.

«“ “ «“ Ve “o «“ “ Chiropteris waitakiensis sp. nov.

«“ « “ N “o «“ «“ Ginkgo digitata
1983 | Retallack « o« “o «“ Benmore Dam Ginkgophytopsis cuneata

«“ « «“ o« “ o «“ «“ Ginkgophytopsis tasmanica comb. nov.

«“ “ «“ Ve “o «“ “ Ginkgophytopsis lacerata
1981 « N Otago i NZ4 | * | Long Gully Long Gully nr. Otematata Ginkgophytopsis lacerata
1985 “ S.land SyncLNW | NZ5 | 240 | Taringatura Grp Lake Gunn Ginkgophytopsis lacerata

«“ « S.land Syncl.SE | NZ6 | 206 . Otapirian Grp Taylors Stream Ginkgophytopsis lacerata
1994 | Pole & Raine “ Vo “ 1 Murihiku Supergrp. | Pollock Road Ginkgophytopsis sp.

Ant, NZ, Productive degree squares

Ant, NZ, Productive degree squares (megaplants)

o b I e J
M - : g square | g 2 §
g : F- SUPERREGION (continent) el E £ 2 °lg =
I:A - REGION (basin) ¢ E|§ 8§ S B8 3
- Subregion (* square) 5 3|6acdlm 3
W ANTARCTICA (Ant)
TRANSANTARCTIC MTS. (TA)
1 Allan Nunataks 7615513 4 - 2|1 3
2 Taylor Glacier 7718513 4 3 1|2 9
3 Portal ML 71552 3 - 1|1 1
4 Beardmore Gl 84 160 | = = 112 3
5 Mt Bumstead 8517012 4 - 2|1 1
6 Shackleton Gl. gs1m0l2 4 = 1|1 1
EASTERN ANTARCTICA (EA)
1 Prince Charles Mts 70 683 3 5 3|1 3
AUSTRALASIA (Aus)
NEW ZEALAND (NZ)
1 SW Auckland W41 1 = 4|1 1
2 Nelson Synciine 411731 1 - 4|2 3
3 Mt Potts 4317013 3 - 4|1 1
4 Benmore Dam 4170(3 3 - 4(1 3
5 Southland Syncl. (NW) 4516812 1 - 4|5 10
6 Southland Syncl. (SE) 461692 1 - 4(2 7
beds with Rochipteris (& affiliated strobili)
Trlasswoutcrop -Ta‘ regions
L &Q%2| subregions (° squares
subsurface @ g ®sq )
© with Rochipteris
Hypodigm SYSTEMATICS
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Hypodigm charts; Rochipteris, Gondwana Triassic (GT) occurrences

Chart 4.
REGION FORMATION
AUTHOR & SUBREGION (beds, horizons) LOCALITY NAME (as in literature)
AUSTRALIA
South Australia (SA)| Ma |
1895 | Etheridge Leigh Creek : 238 | Leigh Creek CM ? (Sweet collection) Anthrophyopsis ? sp. ind.
1926 | Chapm. & Cooks. « ' “o «“ ? (Sweet collection) (?) Psygmophyllum etheridgei
1969 | Amtsberg «“ ‘ “o «“ Telford Open Cut Psygmophyllum cf. etheridgei
2003 | Barone-Nug. et al. « : “o «“ « Pit M13 | Rhochipteris etheridgei comb. nov.
1969 | Amptsberg Springfield B. | 238 | (unnamed) Central Mesa Ginkgo antartctica
2003 | Barone-Nug. et al. «“ : “o «“ «“ Rochipteris sp.
Clarence-Moreton Basin (CM)
1872 | Carruthers Ipswich/Esk 1 CM5 | 232 | Tivoli Tivoli Coal Mine Cyclopteris cuneata sp. nov.
1898 | Shirley « : “oa? Brisbane (no details) Sagenopteris (Cyclopteris) cuneata
1924 [Walkom “ ' 241 1 Esk Por. 42 Wivenhoe Ginkgoites sp.
2003 | Barone-Nug. et al. “ ‘ 233 | Brassall subgroup | Springwood, S of Brisbane | Rochipteris ginkgoides sp. nov.
“ « « : “o “ Petrie’s Q., N of Brisbane «“ «“
2005 | Holmes & H.M.And.| Nymboida : 241 | Basin Creek Coalmine quarry Rochipteris obtriangulata sp. nov.
«“ «“ « ' “o «“ «“ Rochipteris turbata sp. nov.
«“ « « ‘ “o «“ «“ Rochipteris sinuosa sp. nov.
« « «“ ' “ o «“ «“ Rochipteris nymboidensis sp. nov.
“ “ «“ : “o «“ “ Rochipteris pusilla sp. nov.
« « « : “o «“ Reserve Quarry Rochipteris incisa sp. nov.
Sydney Basin (Sy) :
1894 | Etheridge Sydney ] ? 3? Cremorne bore Sagenopteris salisburioides
1925a] Walkom «“ : 248 | Narrabeen-Gosford | Turrimetta Head ?Rhipidospsis narrabeenesis sp. nov.
Victoria (Vi) | :
1927 | Chapman Victoria ‘ 238 1 Council Trench Bacchus Marsh (Bald Hill) | Psygmophyllum fergusoni sp. nov.
2006 | Webb & Mitchell «“ ' “o « «“ Rochipteris sp.
Tasmania (Ta) '
1888 | Johnston Hobart ' 231 1 Brady equivalent | Lords Hill Ginkgophyllum? australis sp. nov
1926 | Walkom «“ : “o « «“ Chiropteris tasmanica sp. nov.
Aus, Productive degree squares Aus, Productive degree squares (megaplants)
(megaplants)
@ ®
= SUPERREGION (continent) g g CLARENCE/MORETON BASIN (CM)
4 REGION (basin) 58 1 Callide Cf. 1%
g & Subregion (* square) o S 2 Gayndah 1 2
e’ 3 Tarong 1 5
o AUSTRALIA (Aus) 4 Esk Trough (N) 117
CANNING BASIN (Ca) 5 Ipswich/Esk 3 54
1 Derby 12 6 Brisbane 2 14
Y 2 Mt Erskine 2 4 7 Nymboida 1 4
L1 3 Mt Emest 2 8 8 Red Cliff 1 &
L% 4 Gregory Lake g% NEW ENGLAND FOLDBELT (NE)
3 SOUTH AUSTRALIA (SA) 1 Delungra 1 2
1 Leigh Creek Cf. 1 2 Lome Basin 4
SA 2 Springfield Cf. 1 SYDNEY BASIN (Sy)
w GALILEE BASIN (Ga) 1 Dubbo L
¥ 1 Lennox 13 2 Blue Mts. 2 5
Vi~ BOWEN BASIN (Bo) . 3 Sydney 223
1 Carborough 11 4 Picton 2 4
> @ 2 Springsure Shelf 19 VICTORIA (Vi)
Ta S ; 3 Springsure Anticl, 1 1 ‘Yandolt Hill 1
A& - o 4 Dawson Range 11 2 Bald Hill 1
T pg‘ 5 Camarvon Range 14 TASMANIA (Ta)
S 6 Taroom 1 3 1 Poatina 1 .1
Yy NE
2 Ben Lomond 12
3 NE coast 117
. & 4 Derwent Valley 1 2
5 Hobart 2 8
6 South Cape 1 2
Triassic ‘Ta_. regions 1 beds with Rochipteris (& affiliated strobili)
BN outerop |5§§ subregions (° squares)
subsurface ' & d
¢ with Rochipteris
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T T T T
Chart 5. Hypodigm; Kannaskoppia & Kannaskoppianthus,
Gondwana Triassic (GT) occurrences.
REGION
AUTHOR & SUBREGION FORMATION LOCALITY NAME
SOUTH AMERICA Ma
1899 [Solms-Lau. & Stein. | Copiapo i Chl | 207 \La Ternera Q. de la Ternera Acrocarpus ternerae sp. nov. (male)
1998 |Artabe et al. Llantenes i NAS5 | 207 iLlantenes Arroya Llantenes fertile material at level LLA15
ANTARCTICA
1994 |Taylor et al. Trans. Antarctic Mts 1 TA4 | 242 |Fremouw Fremouw Peak Petriellaea triangulata sp. nov.
1996 | Taylor «“ Vo “ o «“ «“ “  ‘cupule’
2009 |Taylor & Taylor “ Vo “o « “ “  triangulata
AFRICA
1995 [Cairncross et al. Karoo Basin 1 Ka9 | 233 |Molteno Kannaskop (Kan 111) Ginkgophytopsis sp.
1997 [And. & And. Karoo Basin 1 Ka9 | 233 |Molteno Kannaskop (Kan 111) Ginkgophytopsis (leaf & 3
« «“ « Ve “o « Little Switzerland (Lit 111) «“ )
2003 |And. & And. Karoo Basin 1 Ka9 | 233 iMolteno Kannaskop (Kan 111) Kannaskoppia vincularis sp. nov.
2003 |And. & And. Karoo Basin 1 Ka5 | “ IMolteno Lutherskop (Lut 311) Kannaskoppianthus lutinumerus sp. nov.
«“ «“ «“ Vo« “oa « Aasvoélberg (Aas 111) «“ «
«“ «“ «“ Vo« “o «“ Aasvoélberg (Aas 211) «“ «
«“ «“ «“ Vo« “ o «“ Aasvoélberg (Aas 311) «“ «
«“ “ “ y “oa « Aasvoélberg (Aas 411) «“ «
«“ « « VKa2 | <o « Little Switzerland (Lit 111) « «“
«“ “ «“ VKa7 | < « Matatiele (Mat 111) « matatiparvus sp. nov.
« “ “ T Ka8 | ¢ « Kommandantskop (Kom 111) « irregularis sp. nov.
“ “ « VKa9 | < « Kannaskop (Kan 112) « “
“ “ “ VKa8 | < “ Telemachus Spruit (Tel 111) «“ lutinumerus
« “ “ P “o « « « telemagnus sp. nov.
2007 [And., And. & Cleal [Karoo Basin 1 Ka9 | “ iMolteno Kannaskop (Kan 111) Kannaskoppia vincularis
« « « yKa8 | “ « Telemachus Spruit (Tel 111) |Kannaskoppianthus lutinumerus
“ “ “ Vo« o “ Aasvoélberg (Aas 311) « “
2009 |Taylor & Taylor  |Karoo Basin 1 Ka9 | 233 \Molteno Kannaskop (Kan 111) Kannaskoppia vincularis

Note: where leaves occur attached to a stem with fertile

LS

%
\'.

W&

@ A

-‘352&

oo | | \——
[ &7 2, & ’
S <\l‘ (' \
\h el \
of \'Q )
- / \ Y >0
/ & V1 i
7 by
o
o= .s‘ all e
N gy,
SR =
Kannaskoppia vincularis ., <\_ 62/5. - ,’_’—%
/L\
R4
x1
Kan 111 - -
PRE/F/13487a‘y’ (‘):]_2
cm

organs, they are not listed again under leaves.

N

Hypodigm

SYSTEMATICS



115

ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i—xiv + 1-324

Q Kannaskoppia

PRE/F/7711

= =
\MMV\WAWI S
Ve /I/\\V
/A7
m\ﬂ, =7y
‘m /\\Q
~ ~NATT S
e
B
v
(, ==&
( 22

'~
-

0

N

A

PRE/F/3205

%
m w
<|gl.. S O O ;
vn3unriy g M m. SIS TS
IVA2ULD] Y M AN
smvpuadajay » | oo AN S
g Smaunuyn| » |~ N
. o b--- O S 0 SO SO S PR O U | SR SR SR SO SO S O SO S B O -
T smpuvbuoy » |o|.2 NN
m & mx - 7T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT [ O A A B TTTTTTTTTTTTTTT T -
meia vt » || 2 N
. of--- O S 50 S S (S P S S S O SO S B S S O
lm SMYIUDIZIINS » | < m > >
S s1suaja0asvD » | cr W SIS TS| N
B - O S 0 RO SO S U P 0 o i 0 S SR O SO S O B S B I
VM SUDINSaA1 » | N
<O snuSvuia]ay Yy | — N
suppnouta Y | — NS N N N
2 al l=|=g
V4 Il =] —~
S A 7|3
= 812183 = |2lal.
=5 g1glg|s g 32 glz|ele
gizle=AlslZ] |28 = ===
nﬂ ~ . &gl | w | A AR & 2 B &
- o he) == = < RN AI R R LR R R A~~~
= D HENE S TEIZe|FIFITCSICFZEEEIEE
= M.(J LR a(/.\ /l,\ SISt gl g dB8 s|S|ala @a|n|o
— o | F| o Slaln|F S la|l|clald|a|d 2| ||| w|w|ow]| e
=) —_ en| — | &n <t | | | R 2N QT TN Q T AN Q=] =] =] g
P o = [SRRC=] [=PRC=R = ﬁ. o o o & & o o o & a e o o a e el s
SAIpur - Tl * N~ | =N nlow|la|lal e~ =] =& —_ N =] = =] =]~
1pur = ,
(d) ojoyd ol el & a a al ol &l & = o ol &l & o
(s) yaays . » « |l a|w|w P N N T N o B R S

< g o0
g g9 © =
= = =
(=3 —
aQ « [=%
~ -= — )
IS~ 5% =
g wl//uMMWI!ifl\L
/ - ,._ -
Y
@
=&
N )
5 5%
Q PUR—
= e S ~ BT e e
=5 M © e e——
-~ y (
~ Va M
- £
“y £
.. N
- ‘-‘ -
P T
A~ g
1 A,\L\\uyw e \,4./\/ m !
1 s O =
= ZE | g
m " o~ lﬁ.\ m\,ﬂi'w TN = 52 " =
2 n!)\\\ A «/V./umv.:ﬂ\n} SE \ = . =
7 Ve e i <
Ly S G o e £
3 ﬁ\\ P ! S 1 \ &
S A e T &L =
; ) \_J ) VI R 4 )
" - ,\(/m. //WL%('\. f.\ f&\ " ﬁ& & m
| \
1 1

K. telepentatus

SYSTEMATICS



116 ISSN 2410-4418 Palaeont. afr. (2017) 52 (Special Issue): i-xiv + 1-324

3

Matatiele (Mat 111 Dic d

e

Kommandantsko (Kom 111 Sph/Dic)




Ultimately, it is the whole-plant that we wish to visualize. As realistically

as possible, let us imagine we’re exploring the Molteno landscape live, 230
million years ago around midway through the Triassic during the Heyday of the
Gymnosperms. Like botanists today, during the Heyday of the angiosperms,
we’re out there sampling the flora, experiencing its extraordinary diversity.

We note how each species within a genus has adapted to its own particular
habitat. And we appreciate how each is in symbiotic harmony with the vertebrate
and invertebrate faunas that have co-evolved with them during the explosive
diversification of renewed life following the end-Permian Extinction. Colour, as
in today’s world, adds greatly to the beauty of this terrestrial panorama.

TN TR
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MOLTENO HABIT & HABITAT RECONSTRUCTIONS

Introduction

The habitats (Triassic scenarios showing where the plants grew)
presented here are based on contextual information gleaned from
taphonomic factors (how and where the fossils were deposited) and
other clues (related deposits, extant plants, etc.). A similar exercise
was undertaken in reconstructing the Molteno sphenophytes (And.
& And., 2018). Reconstructing the form and habitat of these Mol-
teno fossil plants is problematic as the basic information is often
limited and various assumptions have to be made. However, it is a
useful exercise as it forces the researcher to record what is known
and to point out where gaps in knowledge exist.

It is fortunate that the Molteno Fm. has a good example of a
crevasse splay deposit (locality Kannaskop, Kan 111, Cairncross
et al., 1995) where rapid burial has reduced taphonomical biases
and led to the discovery of unique stems with attached leaves and
female fruits (And. & And., 2003). All other Molteno localities
show evidence of variously slower accumulation of fossils in rivers
and lakes or through periodic flooding in the floodplain. To date,
there is no evidence of volcanic ash having been preserved in the
Molteno. Where this does occur over a broad extent, it is possible to
accurately reconstruct the ancient landscape, as has been undertak-
en by Oplustil et al. (2014) for a peat-forming plant assemblage in
the Middle Pennsylvanian from the Czech Republic; and by Wang
et al. (2012) from the Permian of Mongolia. A useful review of
reconstructions of past floras is provided by DiMichele & Gastaldo
(2008) in their paper “Plant Palacoecology in Deep Time”.

A summary of the evidence used to reconstruct the Antarctic
Rochipteris plant is presented below, followed by that for the Mol-
teno.

Antarctica habit reconstruction

Bomfleur ef al. (2013) and Bomfleur ez al. (2014, fig. 8, p. 1070)
reconstructed the petriellalean (Rochipteris) plants as “low-grow-
ing, shade-adapted, perennial evergreens” and regarded them as
pioneers and colonizers that “litter large quantities of seeds through
ballistic dispersal”. Their reconstruction was based on the follow-
ing considerations.

Link of stem to leaf

From their study of silicified peat (uppermost part of Member C,
Fremouw Formation, Beacon Supergroup, Antarctica) the affilia-
tion of stems described as Rudoxylon serbetianum and Rochipteris
leaves was established. This was based on the similarities of the
“basal leaf cross sections” and the “leaf traces in the cortical cush-
ions of the foliated stem portions”.

In support of this is a comparison of the other stems in the peat,
namely Kykloxylon (Dicroidium wood) and Notophytum (Heidi-
phyllum wood) which differ in morphology and size.

Nature of stem

Stems are “diminutive (<3 mm thick)”.

Contain up to four growth rings (see Fig. 4A,F).

Growth ring anatomy (gradual transition).

From this they inferred that the plants were less than a metre tall,
perennial (grew up to four years) and evergreen.

Leaf anatomy

Shade-adapted leaves indicated by cellular structure of leaves found
in peat.

Glands indicate durability.

Incurved leaf margins indicate ability to “acclimatise to unfavour-
able conditions”.

Seeds

Reported are the “vast number and small size of their seeds—borne
in dehiscent seedpods” indicating a pioneer plant (but this is not
substantiated with a reference).

Taphonomic features

The localities, namely Allan Hills and Alfie’s Elbow, both show
evidence of “high-energy depositional events” based on the
“assortment of otherwise rare plant taxa and the extraordinary
high proportion of attached organs”.

Molteno habit reconstructions for Kannaskoppia/
Kannaskoppianthus/Rochipteris whole-plants

For the plant-reconstruction drawings that follow, six points
were taken into consideration. The evidence available for each is
listed according to place of origin.

1. Nature of leaf attachment to stem

Molteno

Kan 111 — there are five sections of stem with foliage and strobili
attached, and 12 sections with only foliage attached. These all show
the leaf attached to a bulbous leaf cushion which is interpreted as a
possible young short shoot by analogy to extant species with long/
short shoot morphology, e.g. Ginkgo biloba.

Tel 111 — many leaves (c. 10) are attached to a stem (PRE/F/17406
& 17416, p. 70(1)), but due to their overlapping nature, the stem
is not visible. The leaves are clustered into about four groups,
indicating that each cluster arises from a common point of origin. A
second specimen (PRE/F/12876, p. 70(4)) has three leaves attached
to a bulbous leaf cushion and two other leaves closely associated.

Nymboida

Leaf whorls have been described in three species, but the actual
attachment to the stem is difficult to decipher as in each case it is
partly obscured by matrix.

Antarctica
In describing a specimen with leaves similarly attached, Bomfleur
et al. (2014) used a different terminology (details below).

2. Number of leaves in a whorl/group attached to a bulbous
leaf cushion

We assume there are generally about four leaves per group and this
is shown in most of the reconstructions.

Molteno

Kan 111 — often less, usually two leaves (pp 67, 68).

Tel 111 — about four leaves per group in PRE/F/17406 & 17416
(p- 70(1)), three plus two in PRE/F/12876 (p. 70(4)).

Cyp 111 — four leaves attached in PRE/F/18751 (p. 96(1))

Nymboida

Leaves have been described as attached in close spirals along the
stem in three species. The actual attachment is difficult to interpret.
In Holmes & Anderson (2005, fig. 18B) up to seven leaves occur in
a whorl and these may be grouped into three plus four leaves each,
while another whorl shows six leaves all about equally spaced with
some from a lower level (fig. 20).

Antarctica

Leaves attached to a stem were described by Bomfleur ez al. (2014)
as “each arising at an angle from a short (c.1 mm long), apically
inclined, cone shaped cushion-like protrusion of the cortex”. Based
on the drawing (fig. 2C), the stem is 37 mm long (in their text it
is given as 6 cm, but it is not clear how that was measured or if it
included the leaves. From the photograph (fig. 2A), three leaves
appear to arise from the same point on the stem (possibly at the tip)
while some others appear to be individually attached.

New Zealand
Retallack (1980, fig. 9C; 1983, fig. 7E) illustrated two groups of
2-3 leaves that arise from a common point of origin.

Kannaskoppia
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Argentina
Herbst. et al. (2001, fig. 8L) illustrated a slab which shows two
leaves lying almost parallel and possibly having a common origin.

3. Distance (spread) between leaves or bulbous leaf

cushions along the stem

Molteno

Kan 111 — from 8-13 mm on mature stems bearing strobili and
leaves; 5-25 mm on stems bearing only leaves (some of these
may be regarded as long shoots, i.e. first year of growth).

Kan 112 — the stem with an attached male strobilus shows a simi-
lar morphology and 5-13 mm between leaf cushions.

Tel 111 — see discussion above.

Antarctica
Bomfleur et al. (2014, fig. 2A) show leaves attached at 5-10 mm
(possibly up to 15 mm) intervals.

4. Size variation of leaves

Molteno

The attached leaves or those in a cluster are fairly constant in size
and shape. However, the collections for a population (palacodeme)
show variable leaf sizes, beyond that chosen for the reconstruction
which is regarded as representative for the palacodeme.

Nymboida
Leaves occur in close spirals or whorls in three species. In R. obtri-
angulata Holmes & Anderson (2005, fig. 18B), the complete leaves
are remarkably similar in size and this probably holds for the other
two species; but as some leaves are incomplete this cannot be
ascertained.

Antarctica
Bomfleur et al. (2014, fig. 2A): the attached and associated leaves
are all very similar in size.

5. Width of stem

All known stems are of relatively small diameter as indicated.

Molteno

Kanlll — 2-4 mm; various known stems, some with female stro-
bili attached (PRE/F/13487,13505) and others with leaves only
(PRE/F/13521,13522).

Kan112 — 2.5 mm; one stem with male strobilus attached (PRE/F/
20114).

Koml111 — 2 mm; one stem with male strobilus and leaves attached
(PRE/F/3231a,b).

Antarctica

Allan Hills — ¢.1 mm; one stem with leaves attached, Bomfleur
etal (2014, fig. 2A).

Alfie’s Elbow — 1-3 mm; and permineralized stems, Bomfleur ef al.
(2014, fig. 4).

6. Branching

There is no evidence of branching available from any Gondwana
Triassic deposits, but it has been introduced in some reconstruc-
tions to add variety and show the possibility of such.

Molteno Habitat

General; Habitats 1-7

The molteno habitats were first described by Anderson et al.
(1998) and are summarized here in Part. 1 (pp 8, 9). There is a
strong link between particular habitats and different Kannaskoppia/
Rochipteris whole-plant species, as this discussion elaborates, and
as is reflected in Tab.1 (pp 12, 13).

Heidiphyllum thicket (Habitat 5)
The most common habitat for the Kannaskoppia/Rochipteris

plant is the Heidiphyllum thicket; represented by 11 TCs. Two
species occur in the Heidiphyllum thicket on channel sandbars in
the braided-river system (Type 5b) and four species in the floodplain
(Type 5a). The two species (R. telefolia and R. distivena) in Type
5b have relatively large leaves, while species with smaller leaves
generally occur in Type 5a. In the latter, the leaves are undivided in
R. penensis and R. pusilla, partly divided in R. lutifolia, and have
up to two divisions in R. rollerii. Within this extensive habitat on
the floodplain, these species are considered as occupying different
niches.

Heidiphyllum was reconstructed by Anderson ef al. (1998) and
And. & And. (2003, p. 91) as belonging to a large erect shrub to
small conical tree. Subsequently, Bomfleur et al. (2013) using
information from permineralized fossils, reconstructed it as a
conical tree 10—15 m tall and suggested the whole-plant should be
called Telemachus after the female cone. Their proposal that the
affiliated male cone is Switzianthus appears very unlikely as was
discussed by Anderson et al. (2019b). The male cone is most
probably Odyssianthus as initially suggested by And. & And. (2003,
p- 84). In the Molteno habitat reconstructions, the Telemachus/Hei-
diphyllum plant is represented as a small immature tree in the
flood plains or sand banks and as a tall mature tree elsewhere in the
riverine forests.

Dicroidium riparian forest (Habitats 1 & 2)

A fairly common habitat for the K/Rochipteris plant is the
Dicroidium riparian forest: three of the species, R. switzifolia,
R. obtriangulata and R. cf. sinuosa, occur in the mature (type 1)
and one, R. matatifolia, in the immature (type 2) versions of the
forest.

Fern/Kannaskoppia meadow (Habitat 7)

A distinct habitat was named after the K/Rochipteris plant as
the Fern/Kannaskoppifolia meadow by Anderson ef al. (1998); and
is here updated to Fern/Kannaskoppia meadow. The specimens
with the unique attached female fruit and leaves from the Kan 111
TC are from this habitat. Only from one other TC (Kom 111), have
we found attached fruit (in this case male) and foliage (R. komi-
folia). Of interest is that in the Heidiphyllum thicket (Habitat 5),
Rochipteris often occurs in association with ferns (e.g. Tel 111 Hei
elo, Aas 111 Hei elo).

Dicroidium woodland (Habitat 3)

From the Dicroidium woodland there occurs only one species,
R. lutifolia (Cyp 111 Dic cra), that is well represented; while three
further TCs have yielded isolated leaves from various other species.

Sphenobaiera woodland (Habitat 4)

From the Sphenobaiera woodland two species occur: R. komi-
folia from Kom 111 Sph/Dic, and R. rollerii from Aas 411 Dic/Sph.
The latter is also the most common species in the Heidiphyllum
thicket.

Equisetophyte marsh (Habitat 6)
From the Equisetophyte marsh there occurs only a single leaf
from Gre 111 Equ sp recorded as species indet.

Molteno habit reconstruction notes
For each species of whole-plant the evidence and considerations
used for the reconstructions are discussed.

Kannaskoppia vincularis / Rochipteris vincularis
Ref. pal.: Kannaskop Kan 111 Ast spA

Habit: Based on the collection of five sections of shoot with foliage
and megasporophylls attached, plus 12 sections of shoot with
foliage, this is the most secure of all the reconstructions. It was the
first to be reconstructed and placed in its habitat (Cairncross et al.,
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1995; And. et al., 1998; And. & And., 2003). The initial concept is
here retained. It is reconstructed as a slender erect woody shrub up
to 1 m in height. Branching has been added as a possibility but there
is no evidence for it.

Habitat: The K. vincularis plants are reconstructed as growing in
Fern/Kannaskoppia meadows on channel sandbars in the braided-
river system (Habitat 7). Subsequent to the initial publication of this
habitat the fern element has been described as Rooitodites integra
by And. & And. (2008, p. 56). This is now one of the few ferns in
the Molteno and Gondwana Triassic known as a whole-plant with
complete fronds attached to in situ rhizomes.

Kannaskoppianthus telemagnus / Rochipteris telefolia
Ref. pal.: Telemachus Spruit, Tel 111 Hei elo

Habit: Reconstructed as slender erect woody shrubs up to 1.5 m.
This is regarded as the tallest of the Molteno Rochipteris species.
The R. telefolia leaves in the Tel 111 TC range from 80—-140 mm in
length. The reconstructed leaf shoot (shown at X1 and x1/2) reflects
this size range. One particular specimen (in two parts, PRE/
F/17406a,b; PRE/F/17416, p70(1)) shows four to five groups of
leaves, though none with their points of attachment are preserved.
The lower portion shows the base, or near-base, of four leaves
which, by their close proximity, suggests a common point of origin.
These are depicted in the reconstruction as attached to a bulbous
leaf cushion (as seen in specimens from Kan 111, pp 67, 68). As the
actual attachment to the stem is not visible, these leaves could also
be arranged spirally, as occurs on a long shoot in the extant Ginkgo.
The attachment of a single clear cluster is evident in PRE/F/12876
(p. 70, fig. 4; pl. 43(4-6)). In the whole-plant reconstruction
(p. 127), the leaves are depicted in a spiral arrangement near the tip
and on a lower side-branch, whilst elsewhere as clusters spirally
attached. Though evidence of branching is as yet unknown, it
is considered a possibility as the plant is known to be woody
(Bomfleur et al. 2014) and probably perennial.

Habitat: The R. telefolia plants are envisaged as growing in patches
near the water’s edge alongside a Heidiphyllum thicket (Habitat Sb,
p- 127) on channel sandbars in a braided-river system. Some distance
beyond the sandbars is a Dicroidium (Type 2) riparian forest. The
ferns recorded are Rooitodites integra (1 indiv.), Elantodites turn-
eri (51 indivs) (see And. & And., 2008, p. 86 for species descrip-
tion; p. 89 for position in Molteno floodplain biome), Dictyophyl-
lum bremerense (4 indivs) and Cladophlebis rosemariae (2 indivs).
E. turneri is well-represented in the collection with both fertile (7
indivs) and sterile fronds (44 indivs) and regarded as growing on the
channel sandbars and probably in association with R. telefolia. The
other three fern species could derive from the sandbars, where they
would be very rare, but are considered as more likely derived from
further afield in the Dicroidium riparian forest where they would be
more common. The other gymnosperm species in the Tel 111 TC are
considered to be mainly derived from this riparian forest: Dicroidi-
um four species (6%), Lepidopteris stormbergenis (1%), Ginkgoites
telemachus (23 indivs) and Taeniopteris two species (2%).

Kannaskoppianthus irregularis / Rochipteris distivena
Ref. pal.: Kannaskop, Kan 112 Hei elo (Upper End)

Habit: Reconstructed as slender erect woody shrubs up to 1 m
in height. Only four leaves are known from the Kan 112 TC with
this distinctive open venation and these range from 60 to an esti-
mated 100 mm in length. The most complete leaf is the smallest
(BP/2/3386); a nearly complete one (BP/2/3387) has the tips miss-
ing; and the largest (PRE/F/20120) has the base and tips missing.
In the shoot reconstruction these three leaves are represented with
the affiliated male strobilus. As the true length of these leaves is
unknown, the reconstructed leaves in the x1/10 view have mainly
been based on the length of the most complete leaves (60-80 mm).
In general outline these leaves are similar to R. felefolia, but in
venation they are clearly distinct.

Habitat: These Rochipteris plants are considered to be growing
in clearings in a Heidiphyllum thicket (Habitat 5b, p. 8 (Fig. 1)) on
channel sandbars in a braided-river system. Some distance beyond
the sandbars is a Dicroidium (Type 2) riparian forest. The other
very rare floral elements recorded from this TC are considered as
being derived from this forest. This species, depicted as growing in
a Heidiphyllum-clearing, is thus similar to R. penensis which also
grows in such clearings but in the floodplain (Habitat 5a).

Kannaskoppianthus aasvoelensis / Rochipteris rollerii

Ref. pal.: Aasvoélberg, Aas 111 Hei elo (Turner Shale)

Habit: Reconstructed as slender erect woody shrubs up to 1 m
in height. Evidence of branching is unknown for this species but
considered a possibility. This is by far the most common of the
Molteno Rochipteris species, occurring in a total of 14 TCs. The
palaeodemes reflect a broad range of leaf shape, with from few to
many segments. The reconstructed leaves are depicted with 3—6
segments.

Habitat: For the Reference palacodeme, it is regarded as growing
in an area of high water table in the Heidiphyllum thicket of the
floodplain. Here it is shown scattered near the water’s edge around
a small lake or marshland within the thicket. The dominants in the
associated flora consist of Heidiphyllum elongatum (77%) and the
fern Cladphlebis janetae (20%). This fern is shown as growing
beside R. rollerii with fronds up to 400 mm in length. R. rollerii is
also fairly common in a further two TCs in quite different habitats
—namely Umk 111 Dic 2spp (21 indivs, riverine forest, Habitat 1)
and Aas 411 Dic/Sph (2%, Sphenobaiera woodland, Habitat 4).
This possibly reflects the taxonomic complexity in an ever-evolv-
ing flora and shifting habitats over one or two million years.

Kannaskoppianthus switzianthus / Rochipteris switzifolia
Ref. pal.: Little Switzerland, Lit 111 Dic/Hei

Habit: Reconstructed as slender erect woody shrubs up to 0.8 m in
height with possible branching. The leaves in this palacodeme show
a wide range of variation, from those with two divisions as occur in
R. rollerii to the more complex ones with up to four divisions and
numerous segments (see pp 88, 89). In the reconstruction, the more
divided leaves are depicted. The leaf species shows relatively minor
differences from R. matatifolia and the main reason for considering
them as separate species is the affiliation of the male strobili which
show more distinct differences (as discussed elsewhere, pp 45, 46).

Habitat: This species is considered to be growing along the river
margin bordered by Dicroidium riparian forest (type 1, mature).
The forest is dominated by Dicroidium (50%), with D. odontopter-
oides the most common of the many species (And. & And., 1983).
Lit 111 differs from Umk 111 and Mat 111, which also occur in this
habitat, by having a far higher percentage of Heidiphyllum elonga-
tum (23%) and is the only one to include Dejerseya lunensis (20%)
(And. & And., 1989, p. 259). So far there are few clues as to what
kind of plant Dejerseya may have been (And. & And., 1989, p. 256).
Elsewhere it occurs in TCs dominated by Heidiphyllum (Aas 411,
80%; Win 111, 79%; Gre 121, 81%). At Lit 111, the probability is
that both Heidiphyllum and Dejerseya washed in from a Heidiphy!-
lum thicket habitat on a nearby riverine sandbank opposite the
riverine forest. The habitat reconstruction sketch shows only the
riverine forest with a great variety of plants (25 genera as recorded
by And. & And., 2003, p. 10) and dominated by Dicroidium trees.

Kannaskoppianthus matatiparvus / Rochipteris matatifolia
Ref. pal.: Matatiele, Mat 111 Dic dub

Habit: Reconstructed as slender erect woody shrubs up to 0.8 m in
height with possible branching. See notes given for the similar
species R. switzifolia.

Habitat: This is considered to be growing along the edge of a river

Kannaskoppia
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alongside the Dicroidium riparian forest (type 2, immature) habitat.
It occurs in a similar habitat to Lit 111 with R. switzifolia and hence
the reconstruction shows many parallels. Dicroidium is dominant
(89%), with D. dubium the most common species. In the recon-
struction a twig with leaves of D. dubium has been inserted and is
represented by the large tree in the foreground. A shrub of the long-
leaved Taeniopteris anavolans (2%, And. & And., 1989, p. 374) is
depicted in the foreground (front left).

Kannaskoppianthus komanthus / Rochipteris komifolia
Ref. pal.: Kommandantskop, Kom 111 Sph/Dic

Habit: Reconstructed as slender erect woody shrubs up to 0.8 m
in height with possible branching. The reconstruction of the leaf
shoot is based on two attached specimens (PRE/F/3227 and PRE/
F/3231a,b). The latter specimen also has male strobili, Kannaskop-
pianthus komanthus, attached.

Habitat: This is considered to be a pioneer plant along the margin
of small lakes, bordered by Sphenobaiera woodland, in the flood-
plain (Habitat 4). At this TC, Sphenobaiera schenckii (60%) is the
dominant leaf species; and a twig with leaves is shown close up with
many such trees in the background. The co-dominant, Dicroidium
crassinervis (39%) is also depicted as a tree in the lakeside vegeta-
tion. The fern Cladophlebis katherinae (1%) is quite common and
probably grew associated with R. komifolia near the water’s edge,
as depicted in the reconstruction.

Kannaskoppianthus lutinumerus / Rochipteris lutifolia
Ref. pal.: Lutherskop, Lut 311 Hei elo (Oom-Piet’s Campsite)

Habit: Reconstructed as slender erect woody shrubs up to 0.6 m in
height. The extensive palacodeme (66 indivs) reflects a broad range
of leaf size from small to medium and occasionally with a cleft.
The reconstructed leaf shoot reflects this range. To date, no attached
leaves are known from this TC.

Habitat: Based on the reference palacodeme, the species is regard-
ed as growing in the Heidiphyllum thicket of the floodplain close to
a seasonal stream draining into a small lake. This TC is dominated
by Heidiphyllum elongatum (99%), but due to intensive sampling
(50 man-hrs cleaving), a diverse flora of 19 species in 12 genera is
known (And. & And., 2003, 2008, 2018). Many of these plants are
seen as growing fairly distant from the deposition site across the
small lake — as depicted in the habitat reconstruction. This species
also occurs commonly at Cyp 111 Dic cra, a Dicroidium woodland
site (Habitat 3, p. 8 (Fig. 1)).

Rochipteris obtriangulata
Ref. pal.: Umkomaas, Umk 111 Dic. 2spp (Waterfall Locality)

Habit: Reconstructed as slender erect woody shrubs up to 0.6 m in
height. This species is represented by two attached leaf clusters from
the Nymboida Flora (Australia). The reconstruction is partly based
on these, with four leaves per cluster being considered most likely.

Habitat: As this species occurs in relatively low numbers, it is
considered to be growing some distance from the deposition site, and
possibly near the edge of, or in the undergrowth of,, the riparian forest.
Dicroidium (69%) is dominant at this TC, with D. orbiculoides and
D. elongata being about equally common. The large tree to the left
represents D. orbiculoides. The fern Cladophlebis moltenensis
possibly grew alongside Rochipteris and has been added in the
foreground of the sketch. The great diversity of plants occurring at
Umk 111 (31 genera, 75 species) is reflected in the reconstruction
sketch — though none of the others are singled out as representing any
particular species.

Rochipteris cf. sinuosa
Ref. pal.: Umkomaas, Umk 111 Dic 2spp (Waterfall Locality)

Habit: Reconstructed as slender erect woody shrubs up to 0.4 m in
height. The reconstruction is based on the leaves (with missing bases)
from the Molteno. The only known leaf from Nymboida (Australia)
shows a flanged base — which is not reflected in this reconstruction.

Habitat: This is a fairly rare species in the Molteno and is considered
to be growing far from the deposition area, possibly in the under-
growth of the riparian forest. Being from the same TC as R. obtrian-
gulata, the habitat reconstruction shows many similarities.

Rochipteris penensis
Ref. pal.: Peninsula, Pen 411 Hei elo (Lunchspot)

Habit: Reconstructed as slender erect woody shrubs up to 0.25 m
in height. This is based on a small collection of 10 leaves and is a
particularly small Rochipteris plant.

Habitat: Regarded as growing within clearings in the Heidiphyl-
lum thicket of the floodplain. These clearings are possibly formed
because they are either drier or wetter than the surroundings.The
associated flora is comprised largely of Heidiphyllum elongatum
(94%), sphenophytes (2%), ferns (3%, mostly Cladophlebis rose-
mariae) and a Kurtziana species awaiting description (50 indivs).
The latter possibly grew in close proximity to Rochipteris penensis.
They have not been depicted in the habitat reconstruction, the intent
being to emphasize the clearing in the thicket.

Rochipteris pusilla
Ref. pal.: Peninsula, Pen 311 Hei elo (Campsite Quarry)

Habit: Reconstructed as slender erect woody shrubs up to 0.2 m in
height. This is the smallest Rochipteris species in the Molteno and,
although it occurs at four TCs, it is extremely rare.

Habitat: Regarded as growing in the undergrowth of the Heidi-
phyllum thicket of the floodplain. Besides Heidiphyllum elongatum
(75%), Dicroidium coriaceum (25%) is recorded. However, this
always occurs on separate bedding planes to Rochipteris and is
regarded as having grown further afield and deposited in times of
minor floods. D. coriaceum has thus not been depicted in the habitat
sketch. An additional few non-gymnosperms have been recorded
from this locality (And. & And., 2003, 2008, 2018).

TCs with attached organs
A total of five (of the 26) have yielded attached foliage and/or
strobili specimens.

Stratigraphic occurrence — interestingly, they occur in sequence in
the upper part of the Mayaputi M, and lowest part of the overlying
Qiba M.

Geographic occurrence — all five of these TCs occur in the south-
ern outcrop belt (Cyp 111, Kan 111, Kan 112), or just to its north
(Kom 111, Tel 111).

Ecological occurrence

Kan 111 Ast spA: the only TC with female strobili (and includes 5
indivs with foliage mutually attached)

Kom 111 Sph/Dic: the only TC with male strobili and foliage
mutually attached

Cyp 111 Dic cra: with many attached or clustered leaves (but with
no affiliated strobili)

Tel 111 Hei elo: with attached & clustered foliage; and affiliated
male (2 indivs)

Kan 112 Hei elo: with no attached or clustered foliage; and with
one attached affiliated male.
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Colour renderings of the Molteno whole-plant
Petriellales species

Portraying the Carnian heyday of the gymnosperms in the Triassic
explosion of diversity following the end-Permian extinction.

Colour renderings of the foliage and fruiting organs are added as an
integral part of the habit and habitat of the 12 Molteno whole-plant
species recognized. Like with the angiosperms today, where the
foliage of every species of tree or shrub within any genus or stretch
of countryside appears to show a different variation of green, so
it might be expected amongst the gymnosperms during their hey-
day of diversity. We reflect that concept in the reconstructions that
follow, depicting the leaves showing a range of possible green
colours for each species; and likewise for the fruiting bodies: in this
case the spectrum from red, through orange to yellow is adopted.

Original ink-sketch reconstructions by HMA;
colour rendering by Clara Anderson.

1. Kannaskoppia vincularis /
Rochipteris vincularis

3. Kannaskoppianthus irregularis /
Rochipteris distivena

Kan 112

The 12 Molteno whole-plant Petriellales species
(Reference palacodemes in brackets)

1. Kannaskoppia vincularis/Rochipteris vincularis (Kan 111)

2. Kannaskoppianthus telemagnus/Rochipteris telefolia (Tel 111)
3. Kannaskoppianthus irregularis/Rochipteris distivena (Kan 112)
4. Kannaskoppianthus aasvoelensis/Rochipteris rollerii (Aas 111)
5. Kannaskoppianthus switzianthus/Rochipteris switzifolia (Lit 111)
6. Kannaskoppianthus matatiparvus/Rochipteris matatifolia Mat 111)
7. Kannaskoppianthus komanthus/Rochipteris komifolia (Kom 111)
8. Kannaskoppianthus lutinumerus/Rochipteris lutifolia (Lut 311)
9. Rochipteris obtriangulata (Umk 111)

10. Rochipteris cf. sinuosa (Umk 111)

11. Rochipteris penensis (Pen 411)

12. Rochipteris pusilla (Pen 311)

2. Kannaskoppianthus telemagnus /
Rochipteris telefolia

4. Kannaskoppianthus aasvoelensis /
Rochipteris rollerii

Aas 111

[— |
0 1 2 R4
em all x1
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5. Kannaskoppianthus switzianthus / Rochipteris switzifolia

7. Kannaskoppianthus komanthus / Rochipteris komifolia

v e

6. Kannaskoppianthus matatiparvus / Rochipteris
matatifolia . WEE WU
f % \ \\\ \ \ \ll '

alal
\\ \‘\ N .I

Mat 111

I
{
|
_____ \
- s\
N
) 4
. |

l'.

8. Kannaskoppianthus lutinumerus /
Rochipteris lutifolia N

Lut 311
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Chart 1. P R Kannaskoppia vincularis / Rochipteris vincularis
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Kannaskoppia (Kan IIT Ast spA)

Kannaskoppia vincularis / Rochipteris vincularis

‘Whole-plant species (male-foliage)

Molteno foliage taxa

TC as @ Kan 111

HMA, 1995

Foliage — Rochipteris vincularis And. & And., 2003 Non-gymnosperms gen ! spp . indivs
Ref. pal.: Kan 111 Ast spA — 5% of assemblage (c. 45 slabs; Muscites e R —
4 att. leaves & Q; 12 att. leaves only; >25 indiv. leaves) Marchantites - - 4=
Female strobilis — Kannaskoppia vincularis Thallites, etc. - : - : -
Ref. pal.: Kan 111 Ast spA — 50 indivs (4 att. @ & leaves) IIjI};(l:'(s)gt(; (1jlss 2 v 2 229
Affiliation (female/foliage) — Grade 5 (attached) Ferns T + 1 ' 63%
Rarity () — 5% of assemblage (common) ' '
Taphonomy — autochthonous G.ymn.o Sperms : :
p \ . . Pinopsida : :
Habit — slender erect woody shrubs up to 1.0 m in height Heidiphyllum 1 1 ' 10%
Habitat — Fern/Kannaskoppia meadow; channel sandbar in braided-river Rissikia - v = v =
system Other genera (x2) - . - . =
Cycadopsida : :
Kannaskop (Kan 111 Ast spA) TC e e 3 -
Collection — 365 slabs, 30 man-hrs cleaving Ginkgoopsida ] ]
Dominants — ferns 63%, horsetails 22%, Heidiphyllum 10% Lepidopteris e
Biodiversity — vegetative total, 6 spp Ginkgoites - ¢ = | =
Non-gymnosperms 4 spp; gymnosperms 3 spp Sphenobaiera - - -
Other Kannaskoppiaceae: nil Dicroidium -
Rochipteris L1 1 5% |
Other genera (x4) 1L 2
Classes indet. ; ;
Genera (x3) - 4, - 4 =
Bennettitopsida H H Key
References Halleyoctenis - 4 = 4 = 5% of TC
And. & And. (2003): general Taeniopteris - - - o: O
—— — “ “ (2008): ferns Gnetopsida : : 2 indivs in TC
0 1 2 «“ “ (2018): sphenophytes Genera (x5) 3 6 —
cm
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Kannaskoppianthus telemagnus / S -
Rochipteris telefolia . tl“\ :‘\ \" l'
N \ \
Chart 2. \ {\\. \\1 \l 1\

PRE/F/7711
pl. 41(1-6)

Holotype

Tel 111

Kannaskoppia

o

R3
x5  PRE/F/7711
pl. 41(1-6)

Kannaskoppianthus telemagnus

PRE/F/17414
pl. 43(1-3)
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Kannaskoppianthus telemagnus / Rochipteris telefolia

Telemachus Spruit (Tel 111 Hei elo)

HMA & Clara A., June 2020

‘Whole-plant species (male-foliage)

Molteno foliage taxa

TC as @ Tel 111

Foliage — Rochipteris telefolia And. & And., sp. nov. Non-gymnosperms gen ' spp ! indivs
Ref. pal.: Tel 111 Hei elo — 30 indivs (2 att., 1 cluster, 27 isol. leaves) Muscites I ; I ; 1;/
Male strobilis — Kannaskoppianthus telemagnus And. & And., 2003 Mar cl?antztes ; ; ®
Ref. pal.: Tel 111 Hei elo — 2 indivs (1 cluster of 4 detached strobilus Thallites, etc. =
- Lycopods -y = 4 -
limbs, 1 fragment) Horsetails 3 1 3 1 48
Affiliation (male/foliage) — Grade 4 (good), both spp unique to Tel 111 Ferns * 3 1 58
Rarity () — 30 indivs in 90 man-hrs (1 per 3 man-hrs); rare ! !
T. _ . Gymnosperms ! '
aphonomy — autochthonous-parautochthonous; Pinopsida i I
medium-energy flow regime Heidiphyllum 1 1 8%
Habit — slender erect woody shrubs up to 1.5 m in height Rissikia - v = =
Habitat — Heidiphyllum thicket; channel sandbar in braided-river system; Other genera (x2) e e
growing in patches near the water’s edge. Cycadopsida ; !
Pseudoctenis e e s
. . Other genera (x3 : =
Telemachus Spruit (Tel 111 Hei elo) TC Ginkgool%sida ¢3) ' '
Collection — 581 slabs, 90 man-hrs cleaving Lepidopteris 1 1 ' 1%
Dominants — Heidiphyllum 89%, Dicroidium 6%, ferns 58 indivs Ginkgoites t 1 23
Biodiversity — vegetative total, 20 spp Sphenobaiera I : Z : 6;/
Non-gymnosperms 7 spp, gymnosperms 13 spp Dicroidium T 4:73307
Other Kannaskoppiaceae: Rochipieris T _ ]
. ; L R, Other genera (x4)
Foliage: R. pusilla (1 indiv), R. penensis (2 indivs) Classes indet. J ]
Strobili: Kannaskoppianthus telemagnus (2 indivs) Genera (x3) 1 1 v 1
K. telepentatus (2 indivs) Bennettitopsida ; ;
Ref. Halleyoctenis -y = 4 = Key
eterences Taeniopteris L 2 2% 6%: of TC
And. & And. (2003): general Gnetopsida ] j .
« « p 33 indivs in TC
C — (2008): ferns Genera (x5) e S
0 1 2 «“ “ (2018): sphenophytes 11gen 20spp
cm
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Kannaskoppianthus irregularis / (‘\\ ) ;f \n [
Rochipteris distivena ~ly §

Chart 3.

R2

x1
PRE/F/20120
pl. 21(1-5)

7
PRE/F/20114a,b 3
pls 19,20 5
A PRE/F/20114a,b
R2 T(JV pls 19,20 BP/2/3387
x2 N R2 BP/2/3386 R2
Y x1 x1
‘ Kannaskoppianthus irregularis Holotype
40 Kan 112 Heielo| == "~ 4] !
: ' YR BP/2/3386
S _ T 5 .
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Kannaskoppianthus irregularis / Rochipteris distivena

Kannaskop (Kan 112 Hei elo)

— living =

community (BC) =
88> N

|
X 7100

‘Whole-plant species (male-foliage)
Foliage — Rochipteris distivena And. & And., sp. nov.
Ref. pal.: Kan 112 Hei elo — 4 indivs (attached & clusters nil)
Male strobilis — Kannaskoppianthus irregularis And. & And., 2003
Ref pal.: Kan 112 Hei elo — 5 indivs
Affiliation (male/female) — Grade 3 (fair), other options less likely
Rarity () — 4 indivs in 13 man-hrs (1 per 3 man-hrs); rare
Taphonomy — parautochthonous
Habit — slender erect woody shrubs up to ¢. 50 cm in height

Habitat — Heidiphyllum thicket; channel sandbar in braided-river system.

Kannaskop (Kan 112 Hei elo) TC
Collection — 145 slabs, 13 man-hrs cleaving
Dominants — Heidiphyllum 98%
Biodiversity — vegetative total, 13 spp
Non-gymnosperms 4 spp, Gymnosperms 9 spp
Other Kannaskoppiaceae:
Foliage: R. rollerii (10 indivs), R. telefolia (2 indivs),
R. pusilla (1 indiv), R. penensis (2 indivs)
Strobili: nil

HMA & Clara A., June 2020

Molteno foliage taxa

Non-gymnosperms
Muscites
Marchantites
Thallites, etc.
Lycopods
Horsetails
Ferns

Gymnosperms
Pinopsida
Heidiphyllum
Rissikia
Other genera (x2)
Cycadopsida
Pseudoctenis
Other genera (x3)
Ginkgoopsida
Lepidopteris
Ginkgoites
Sphenobaiera
Dicroidium
Rochipteris
Other genera (x4)
Classes indet.
Genera (x3)

X

TC as @ Kan 112

gen ' spp ' indivs
1 1 1+ 6
2 v+ 2 v 7
1+ 1 '+ 98%
1 1 1% |
1+ 5 19

Bennettitopsida
References Halleyoctenis = = Key
And. & And. (2003): general Taeniopteris 1 1 L1 1%: of TC
C — © % (2008): ferns G“g"P“d? 5 19 indivs in TC
« « X enera (x — — —
0 1 . r% (2018): sphenophytes 8gen  13spp
THE WHOLE-PLANT Kannaskoppia
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Chart 4.
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Kannaskoppianthus aasvoelanthus

10 indivs total
7 indivs drawn .
6 indivs graphed  Aas 111 Hei elo

“ (
3
5 PRE/F/19547b R3
pl. 125(5-9) x5
1
1 21(3 (415106 [7]8 |9 |10
microsporophylls

PRE/F/15222

Aas 111 Taphonomy (elaborated)

A counterpart to the two Heidiphyllum-thicket Peninsula sites (Pen 311 and Pen 411)
near the eastern corner of the southern outcrop belt of the Molteno, are three Heidiphyi-
lum-thicket Aasvoélberg sites (Aas 111, Aas 211, Aas 311) at the western corner of the

'\ BP/2/4306 pl. 138(12,13)
WY || PRE/F/19529
1. 141(5 R2
Pl 1416) all x1
;-..*..-..*.:.-.. T
o 3
- - <
N F E
o
=
o
=
=

Aas 111 Hei elo

Kannaskoppianthus aasvoelensis /
Rochipteris rollerii

outcrop. They likewise occur along strike, in this case, with some 7 km separating them.

It is relevant to consider the rarity of Dicroidium and Sphenobaiera, dominants in the
woodland further afield:

Aas 111: Dicoidium (7 indivs), Sphenobaiera (1 indiv) — in 40 man-hrs cleaving

Aas 211: Dicoidium (0 indivs), Sphenobaiera (0 indivs — in 35 man-hrs cleaving

Aas 311: Dicroidium (15 indivs), Sphenobaiera (9 indivs) — in 140 man-hrs cleaving

In each case, these dominant genera out in the woodland beyond the Heidiphyl-
Ium thickets, are very rare to absent in the assemblages (TCs). Our interpretation, as
suggested in the habitat sketch, is that the fossil deposit occurred in an area of high water
table (with small transitory lakes) largely surrounded by the coniferous thicket.

PRE/F/19019
pl. 152(1-3)
r2 il
X
Sister palacodeme ||
Aas 311 Hei elo )

PRE/F/19020b |
pl. 151(1-7)
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Kannaskoppianthus aasvoelensis / Rochipteris rollerii

Aasvoélberg (Aas 111 Hei elo)

ligzing

e

community (BC) =

1
X 70

HMA & Clara A., June 2020

Whole-plant species (male-foliage) Molteno foliage taxa TC as @ Aals 111
Foliage — Rochipteris rollerii Non-gymnosperms gen | spp . indivs
Ref. pal.: Aas 111 Hei elo — 2% (c. 50 slabs, att. nil, clusters 6) Muscites e
Male strobilis — Kannaskoppianthus aasvoelanthus Marchantites P2 17
Ref. pal.: Aas 111 Hei elo — 21 indivs (nil clustered or attached) Thallites, etc. .
Affiliation (male/foliage) — Grade 4 (good) Iﬁ}:)crzgt(; ?Iss T 1 10
Rarity () — 2% of assemblage; sparse Ferns 3 0 4 20%
Taphonomy — parautochthonous G ' '
Habit — slender erect woody shrubs up to 1.0 m in height Pizgll)lsli?liperms | |
Habitat — Heidiphyllum thicket; in area of high water table in the flood- Heidiphyllum 1 1 7%
plain; scattered near water’s edge around small lake or marshland Rissikia e
within the thicket. Other genera (x2) - . - 4 =
Cycadopsida X ;
Aasvoilberg (Aas 111 Hei elo) TC giﬁgf;fgg <3) R S
Collection — 291 slabs, 40 man-hrs cleaving. Ginkgoopsida ' '
Dominants — Heidiphyllum 77%, ferns 20% Lepidopteris - 0 - v =
Biodiversity — vegetative total, 13 spp Ginkgoites -y = 4 =
Non-gymnosperms 7 spp, gymnosperms 6 spp Sphenobaiera 1 1 1
Other Kannaskoppiaceae: nil Dicroidium R S -
Rochipteris | 1 1 2% |
Other genera (x4) - 4, - L =
Classes indet. ; ;
Genera (x3) - - | =
Bennettitopsida ; ;
References Halleyoctenis - L = 4 = Key
And. & And. (2003): general Tueniopteris L 1 7 2 f20: of TC
e — « “(2008): ferns GngOPSldaXS ——+————+——— 2indivs in TC
0 1 2 « “ (2018): sphenophytes enera (x5) Togen 13spp
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Kannaskoppianthus switzianthus /
Rochipteris switzifolia (

ChartS5.

PRE/F/5939
pl. 120(6)

PRE/F/5942a,b
pl. 120(1,2)
RE/F/5943a,b

1. 120(7-11)

BP/2/1577

Holotype

BP/2/1559
pl. 121 (1-4) ~

PRE/F/5734

Lit 111
Kannaskoppianthus switzianthus %W/ . :

9 indivs total \\& .................................

7 indivs drawn . . . - m
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Kannaskoppianthus switzianthus / Rochipteris switzifolia
Little Switzerland (Lit 111 Dic/Hei)

HMA & Clara A., June 2020

x b x

Whole-plant species (male-foliage) Molteno foliage taxa TC as @ Lllt 111

Foliage — Rochipteris switzifolia And. & And., sp. nov. Non-gymnosperms gen ! spp | indivs
Ref. pal.: Lit 111 Dic/Hei — 55 indivs (attached & clusters nil) Muscites P 1 ;. 14

Male strobilis — Kannaskoppianthus switzianthus And. & And., sp. nov. Marchantites 1 . 1 2
Ref. pal.: Lit 111 Dic/Hei — 9 indivs (attached & clusters nil) Thallites, etc. — : — : —

Affiliation (male/foliage) — Grade 3—4 (virtually exclusive), IIjI};Cl'(s)gt(; (1ilss T 1 + 10
backed up at other sites Ferns 3 1 3 1 10

Rarity () — 55 indivs in 550 man-hrs (1 per 1 man-hr); rare ' '

Taphonomy — strictly allochthonous G.ymn.o Sperms : :

p y y o Pinopsida ; i

Habit — slender erect woody shrubs up to 0.8 m in height; Heidiphyllum 1 1 1 23%
scattered patches a little in from water’s edge Rissikia 1+ 1 v 40

Habitat — Dicroidium-dominated mature riparian forest; Other genera (x2) - 4y - | -

Cycadopsida _ : 3 : 18

Little Switzerland (Lit 111 Dic/Hei) TC gstﬁ'éfong:r’: <3) ; S

Collection — 2173 slabs, 550 man-hrs cleaving Ginkgoopsida i '

Dominants — Dicroidium 50%, Heidiphyllum 23%, Sphenobaiera 1% Lepidopteris 1 1 v 1%

Biodiversity — vegetative total, 38 spp Ginkgoites 1+ 2 v 4
Non-gymnosperms 6 spp, gymnosperms 32 spp Sphenobaiera 1+ 2 1%

Other Kannaskoppiaceae: Dicroidium 1 8 ) 50%
Foliage: R. vincularis (1 indiv) Rochipteris 1 2—:—53—
Strobili: nil Other genera (x4) 2 2 20%

Classes indet.
Genera (x3) 2 2 ¢ 18
Bennettitopsida ; ;
References Halleyoctenis Lo 1 v 8 Key
And. & And. (2003): general Taeniopteris 1+ 2 ¢+ 78 |50%: of TC
e — “ “ (2008): ferns Gng()psid? 5 35| 33 indivsinTC
« « . enera (x
0 1 . rr21 (2018): sphenophytes 25gen 38spp
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Kannaskoppianthus matatiparvus /., {'__'( { 1
Rochipteris matatifolia LU E

Chart 6.

ke S
- o e T ol
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N

PRE/F/3205 \
pl. 113(1-4)

C;)\‘
=50
SN
e

PRE/F/9251a,b
R2 pl. 113(5-10)
x2

pl. 114(1-5)

Holotype

PRE/F/9082a,b
R3 pl. 115(1-4)

PRE/F/3205 5
Mat 111

pl. 113(1-4)

Kannaskoppianthus matatiparvus

____________

2 indivs total
2 indivs drawn
2 indivs graphed ~ Mat 111 Dic dub

=N W

112 (3 (4 |56 |7 8 |9 |10
microsporophylls

Mat 111 Dic dub

1 wy
=
<+ 1
= PRE/F/9083b
2 PRE/F/9083a,b pl. 116(8)
pl. 116(5-8) '
o 1
= 1 R3
: L
. W O— 1
[— |
10 Mat 111 0 1 > '
cm bemmmmmm === 4

Kannaskoppia THE WHOLE-PLANT



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324

135

Kannaskoppianthus matatiparvus / Rochipteris matatifolia

Matatiele (Mat 111 Dic dub)

- -

=
Q
o
Q

o
E
<
£
&)
3
<
=
jan)

x b x Mo x b
Whole-plant species (male-foliage) Molteno foliage taxa TC as @ Mz?t 111
Foliage — Rochipteris matatifolia And. & And., sp. nov. Non-gymnosperms gen ! spp | indivs
Ref. pal.: Mat 111 Dic dub — 17 indivs (attached & clusters nil) Muscites P 1 ¢ 1
Male strobilis — Kannaskoppianthus matatiparvus And. & And., 2003 Marchantites - - =
Ref. pal.: Mat 111 Dic dub — 3 indivs (attached & clusters nil) Thallites, etc. } : i : }
Affiliation (male/foliage) — Grade 3 (alternative less likely) IIjIYCOPO(.iS 2 20
. ST orsetails
Rarity () — 17 indivs in 65 man-hrs (c. 1 per 3 man-hrs); rare Ferns 2 7 2 1 7
Taphonomy — parautochthonous-allochthonous G ' '
Habit — slender erect woody shrubs up to 1.0 m in height Pizgll)lsli?iiperms | |
Habitat — Dicroidium riparian forest (type 2), bordering channels in Heidiphyllum 1 1 ' 4%
immature landscape; in patches along rather broader, flatter ground Rissikia e
adjacent to the river. Other genera (x2) - L = 4 =
Cycadopsida ; ;
Matatiele (Mat 111 Dic dub) TC Evoudoctents 3 e
Collection — 1082 slabs, 65 man-hrs cleaving Ginkgoo;%sida i i
Dominants — Heidiphyllum 4%, Dicroidium 89%, horsetails 20 indivs Lepidopteris 1 1 ' 1%
Biodiversity — vegetative total, 25 spp Ginkgoites 1 1 25
Non-gymnosperms 7 spp, gymnosperms 18 spp Sphenobaiera ;1. l§
Other Kannaskoppiaceae: Dicroidium —i : 34578290/’—
Foliage: R. telefolia 2% Rochipteris s
Strobili: nil Other genera (x4)
Classes indet. : :
Genera (x3) - L - 4 =
Bennettitopsida ; ;
References Halleyoctenis -y - 4 - Key
And. & And. (2003): general Taeniopteris 1L 1 2% |2%: of TC
C— — ) * (2008): ferns Cneiopsiaa [ 3 | 3indivsinTC
0 1 2 « “ (2018): sphenophytes Genera (x5) 17
cm gen  25spp
THE WHOLE-PLANT Kannaskoppia
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Chart 7. Kannaskoppianthus komanthus / Rochipteris komifolia
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.

i 35
™ Q/
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PRE/F/3227 ‘2’
pl. 48(4-8)

R2

Holotype \‘\\

PRE/F/3230 x1 Y/ R2
/ PRE/F/3227 ‘7’ } X2
: (reverse of slab) / :
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o
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Kommandantskop (Kom 111 Sph/Dic)

Kannaskoppianthus komanthus / Rochipteris komifolia

S
Q
(5]
E
<f‘
54
=
)
3
<
=
T
x
Whole-plant species (male-foliage) Molteno foliage taxa | TC as @ Korln 11
Foliage — Rochipteris komifolia And. & And., sp. nov. Non-gymnosperms gen : spp . indivs
Ref. pal.: Kom 111 Sph/Dic — 29 indivs (14 attached, 7 clusters) Muscites e
Male strobilis — Kannaskoppianthus komanthus And. & And., sp. nov. Marchantites 1 : 1 : 1
Ref. pal.: Kom 111 Sph/Dic - 2 indivs (both attached with foliage) I]: hallzte;, etc. —
Affiliation (male/female) — Grade 5 (excellent), attachment H}:)crzgt(; ilss T 1 15
(both indivs attached with foliage) Ferns 2 7 2 1 1%
Rarity () — 29 indivs in 10 man-hrs (3 per man-hr); sparse to rare ' '
Gymnosperms : |
Taphonomy — parautochthonous-autochthonous Pinopsida i |
Habit — slender erect woody shrubs up to ¢. 80 cm in height Heidiphyllum - = -
Habitat — Sphenobaiera woodland bordering small lakes in floodplain; Rissikia e
pioneers in patches along edge of lake. Other genera (x2) - 4y - | -
Cycadopsida ; ;
. Pseudoctenis - L - 4 =
Komxpandantskop (Kom 111 Sph/ch) TC Other genera (x3) e
Collection — 168 slabs, 10 man-hrs cleaving Ginkgoopsida ' '
Dominants — Sphenobaiera 60%, Dicroidium 39%, ferns 1% Lepidopteris e
Biodiversity — vegetative total: 8 spp Ginkgoites -+ - —
Non-gymnosperms 3 spp; gymnosperms 5 spp Sphenobaiera i ; ; i gg é‘
Other Kannaskoppiaceae: Dicroidium o 30L
Foliage: R. switzifolia (1 indiv) g(t)ﬁgrlp t:r’;i:sra (<4) 1+ _ | Key
Strobili: nil Classes indet. ! ; 39%: of TC
Genera (x3) e e 30 indivs in TC
Molteno TCs (of 26 TCs total with Rochipteris) — Aas 411 Dic/Sph is the Bennettitopsida ! !
only other TC representing this habitat, but it has Dicroidium as domi- Halleyoctenis - 4, - = References
nant (69%) & Sphenobaiera as a sub-dominant (5%). Taeniopteris = + = + = | And. & And, 2003
Gnetopsida ; ; « “« 2008
[ — R
5 ] > Genera (x5) « “« 2018
cm 7gen  8spp
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Chart 8.

Kannaskoppianthus lutinumerus / Rochipteris lutifolia
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2 7 3
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.-~/'//~

-

\

PRE/F/11364
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PRE/F/11354

pl. 68(1-4) PRE/F/11355a,b
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Kannaskoppianthus lutinumerus / Rochipteris lutifolia

Lutherskop (Lut 311 Hei elo)

living 7
community (BC) 8=
1 1
* 7o X750

‘Whole-plant species (male-foliage)
Foliage — Rochipteris lutifolia And. & And., sp. nov.

HMA & Clara A., June 2020

Molteno foliage taxa

Non-gymnosperms

TC as @ Lut 311

gen spp " indivs

Ref. pal.: Lut 311 Hei elo — 66 indivs (attached & clusters nil) Muscites L 1 ;. 6
Male strobilis — Kannaskoppianthus lutinumerus And. & And., 2003 Mar cﬁantltes 1 : 1 : 1
Ref. pal.: Lut 311 Hei elo; 16 indivs (attached nil, 2 small clusters) 17: halllte;, etc. —
Affiliation (male/foliage) — Grade 4, (exclusive, Hycopo 1S 2>+ 2 1 30
: . orsetails
no other Kannaskoppiaceae in the TC) Ferns 1 + 1 1 3
Rarity () — 66 indivs in 50 man-hrs (c.1 per man-hr); rare ' '
Gymnosperms : |
Taphonomy — parautochthonous Pinopsida i :
Habit — slender erect woody shrubs up to 0.6 m in height Heidiphyllum 1 + 1 1 999,
Habitat — Heidiphyllum thicket; in area of high water table in the flood- Rissikia e
plain; scattered near water’s edge around small lake and adjacent to Other genera (x2) - 4y - | -
thicket; Dicroidium & Sphenobaiera dominate the far side of the quite Cycadopsida ' '
large lake. Pseudoctenis - 4y = 4 =
Other genera (x3) - N
. Ginkgoopsida ; ;
Lutherskop (Lut 311 Hei elo) TC Lepidopteris 1+ 2 19
Collection — 589 slabs, 50 man-hrs cleaving Ginkgoites - 4y = 4 =
Dominants — Heidiphyllum 99%, Dicroidium 58 indivs, Sphenobaiera 1. 2 . 2
Horsetails 30 indivs IDQM;: Of‘il”’.” —i—i—?—i—ggf
s . ochipteris | |
Biodiversity — vegetative total, 19 spp Other genera (<4) 2 5
Non-gymnosperms 5 spp, gymnosperms 14 spp Classes indet. i i
Other Kannaskoppiaceae: Genera (x3) 1 + 1 + 2
Foliage: nil Bennettitopsida ! !
Strobili: nil References Halleyoctenis e R Key
And. & And. (2003): general Tueniopteris L1 23 1 99%: ofTC
e — « “(2008): ferns Gnetopsida : —— 66 indivs in TC
0 1 2 « “ (2018): sphenophytes Genera (x5) 2
cm - 5P P 12gen 19spp
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Chart 9. Rochipteris obtriangulata
2 3 —s
BP/2/546
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./\-A\ ‘7 .
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Umk 111
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pl. 104(1-4) pl. 103(1-3) R2
' all x1 BP/2/115

Umk 111 Dic 2spp
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Rochipteris obtriangulata

Umkomaas (Umk 111 Dic 2spp)
' ¥ Sl 3

o

HMA & Clara A., June 2020

x by xHo x%
Whole-plant species (foliage) Molteno foliage taxa | TC as @ Umlk 111
Foliage — Rochipteris obtriangulata Holmes & And., 2005 Non-gymnosperms gen . spp . indivs
Ref. pal.: Umk 111 Dic 2spp — 19 indivs (attached & clusters nil) Muscites L 1 ¢ 41
Male strobilis — nil Marchantites 1 : 1 : 26
Affiliation (male/foliage) — nil {hg(l)llt:;’s ete. —
Rarity () — 19 indivs in 400 man-hrs (1 per 20 man-hrs); v. rare H};rsgtails 3 8 1 2%
Taphonomy — parautochthonous to allochthonous Ferns 8§ 13 ' 1%
Habit - slenfier §r§ct wood?/ shrubs up to ?'60. cm in height . Gymnosperms E E
Habitat — Dicroidium-dominated mature riparian forest; pioneer in a Pinopsida i i
relatively open clearing fairly close to the river’s edge. Heidiphyllum I 1 v 7%
Rissikia I 1 5%
Umkomaas (Umk 111 Dic 2spp) TC Other genera (x2) Ly b
. . Cycadopsida
Collection — 3592 slabs, 400 man-hrs cleaving Pseudoctenis T 4 . 1%
Dominants — Dicroidium 69%, Heidiphyllum 7%, Sphenobaiera 5% Other genera (x3) 2 0 3 42
Biodiversity — vegetative total, 75 spp Ginkgoopsida : :
Non-gymnosperms 29 spp, gymnosperms 46 spp Lepidopteris 1+ 1 1%
Other Kannaskoppiaceae: Ginkgoites - - o
Foliage: R. rollerii (21 indivs), R, lutifolia (1 indiv.), Sphenobaiera 1 . 5 . 5%
R. cf. sinuosa (9 indivs) chrqzdlum 1 8 | 6%
e Rochipteris | 1 4 50 |
Strobili: nil
Other genera (x4) 2 8 19
Classes indet. ; ;
Genera (x3) P 1 1
Bennettitopsida ; ;
References Halleyoctenis - - = Key
And. & And. (2003): general G Tttzeniqgteris L 4 1 55 169%: of TC
« “« 2 - fern: netopsida 50 indivs in TC
(I):l_Z “ “ 228(1)23 s;hesnophytes Genera (x5) el
cm : 31gen 75spp
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Chart 10. Rochipteris cf. sinuosa

Holotype

BP/2/539 '\
pl. 107(1-4)

pl. 107(9,10) PRE/F/23123
pl. 110(1-3)

\ x
BP/2/549 \

/ \/""‘,;
Vo

BP2/557 1,
pl. 108(8-10) ‘/{

BP/2/553
L. 107(6-8)

Umk 111 Dic 2spp

N Ve W o IS o S N
S BSER i LLLIEI T

oty

Ml M2 M3 M4 M5

ﬁ %; all 5% (, ///

Taphonomy (elaborated)

As we know of species within a genus out in nature, each
occupies a somewhat different habit, however subtle. In this
light, and in view of the fact that we have 19 indivs of
R. obtriangulata versus 9 of R. cf. sinuosa, our rendered
sketches for these two species aim to portray these distinctions
— R. obtriangulata being a pioneer in clearings closer to the
river’s bank; and R. cf. sinuosa, also a pioneer, but in clearings
deeper within the forest.

\\W,/
{

NN
R\
¢
BP/2/555 }
pl. 108(1,2) W4

BP/2/554
pl. 108(3,4)

Y
PRE/F/22501 \«/
pl. 109(1-4)
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Rochipteris cf. sinuosa

Umkomaas (Umk 111 Dic 2spp)

-«

HMA & Clara A., June 2020

x b x b x b fossil
10 5 2
deposit (TC)
Whole-plant species (foliage) Molteno foliage taxa | TC as @ Umlk 111 ==
Foliage — Rochipteris cf. sinuosa And. & And., sp. nov. Non-gymnosperms gen ! spp | indivs
Ref. pal.: Umk 111 Dic 2spp — 9 indivs (isolated leaves) Muscites N B )|
Male strobilis — nil Marc%lantites 1 : 1 : 26
Affiliation (male/foliage) — nil I]:hallzte;, etc. —
Rarity () — 9 indivs in 400 man-hrs (1 per 40 man-hrs); v. rare H};Cr(s)gt(; ilss 3 8 1 2%
Taphonomy — allochthonous Ferns 8 ' 13 ' 1%
Habit — slender erect woody shrubs up to ¢. 40 cm in height ' '
. S : o = . Gymnosperms ' :
Habitat — Dicroidium-dominated mature riparian forest; pioneer in a Pinopsida | ,
relatively small clearing fairly deep in the forest and relatively distant Heidiphyllum 1 1 v 7%
from the river’s edge. Rissikia I 1 v 5%
Other genera (x2) 1+ 1 @ 20
; Cycadopsida ; ;
Umkqmaas (Umk 111 Dic 2spp) TC ‘ Pseudoctenis T 4 1%
Collection — 3592 slabs, 400 man-hrs cleaving Other genera (<3) 2 1+ 3 . 4
Dominants — Dicroidium 69%, Heidiphyllum 7%, Sphenobaiera 5% Ginkgoopsida | i
Biodiversity — vegetative total, 75 spp Lepidopteris 1 v 1 ' 1%
Non-gymnosperms 29 spp, gymnosperms 46 spp Ginkgoites - - -
Other Kannaskoppiaceae: Sphenobaiera i ' g ' 659?
Foliage: R. rollerii (21 indivs), R, obtriangulata (19 indivs), Dicr ?’d’”’f’ T 4—:—50/"—
R. lutifolia (1 indiv.) Rochipteris T
Strobili: nil Other genera (x4)
) Classes indet. ; ;
Genera (x3) P 1 1
Bennettitopsida ; ;
References Halleyoctenis - 4, - | = Key
And. & And. (2003): general G Tttzeniqgteris L 4 | 55 |69%: of TC
« « . netopsida ; ; indivs i
— ] (2008): ferns Get?era (+5) 7 T 5 5% 50 indivs in TC
0 1 2 «“ “ (2018): sphenophytes 75
cm
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Kannaskoppianthus telepentatus

Tell 111 Hei elo

Chart 11. Rochipteris penensis
12 3 4 5
Reference \
palacodeme
6 - PRE/F/17946a \: PRE/F/17035
- \\ plL87(1)  PRE/F/17045 PREF/IT032 oo )
; ol 872) pl. 87(3)
{ L 8 9
\\ i
\
\\
\\ \
\\A .
PRE/F/17047 e i | Holotype
pl. 87(5) PRE/F/17050 PRE/F/17943b
R2 PRE/F/17944  pl. 87(7) pls 87(8),
all X1 pl. 87(6) Pen 411 88(5)
e e 6 """"""""""""""" 1
1 [ s [13
" AR
N =
A 5] Vg/ Lo
: \\\ 0,\’ ’ : :
'OR2 \(\ . ! 1 PRE/F/I8255
Loox2N Rz Lt PHOBD) hppE7405a
' PRE/F/18277a,b X5 1o :
1 Tel 111 pl.42(1-8) Vol :
Ll ... . ! Sister palacodeme R2:
1 .

___________________________________________

PRE/F/18255

pl.46(8,9)  PRE/F/17405b R2
x2

(affiliated & strobilis, as in sister palacodeme)
Taynult (Mr. Brummer) { ' :
1 23
e Pon il TN ! 7 18 :
= \;‘.‘l \‘\ : ; 19 : :
1 1
K \\ fen ' |
R & ' !
< et ! PRE/F/18168 !
- 1 pl.77(6-9) 1
1 1
1 PRE/F/18169 !
! pl.78(1-3) !
! PRE/F/18170a,b : !
! pl. 77(10-15) !
1 PRE/F/18167a
1: 50,000 ' pl. 77(1-5) !
1 km : 1 :
1 1
1 1
: 20 4 .
1 1
1 1
1 1
1 1
1 1
Outcrop (other sites along strike) | |
See Pen 311 for text (p. 146) 1 PRE/F/18167a Lt '
--------------------------------------------------------- v pL770-5) . PRE/F/16914a,b !
upper fossiliferous horizon | pl. 78(4-7) 1
= - (whitish chert) | 1 PRE/F/16914a,b .
=TT, ' pl. 78(4-7) '
@_ ! PRE/F/18170a,b '
~ === = - lower fossiliferous horizon | |, Sjster pa]aeodeme pl. 77(10-15) |
— — v R2
I\ P e (bakkedshales) |+ Pen 311 Hei elo all x1 all X2 |
IMA, 12 April 1990
(sketches made in the field)
Pen 411 Hei elo = .
£ =t S I
= <
; 2]
(2]
< gl
oo
2]
=[] ——— —
15Pen311 411 0 1 crrzl
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Rochipteris penensis
Peninsula (Pen 411 Hei elo) 1

HMA & Clara A., June 2020

—_——

Whole-plant species (foliage) Molteno foliage taxa TC as @ Pen 411
Foliage — Rochipteris penensis And. & And., sp. nov. Non-gymnosperms gen . spp . indivs
Ref. pal.: Pen 411 Hei elo — 10 indivs (isolated leaves) Muscites L1 ;1
Male strobilis — nil Marchantites 1 1 3
Affiliation (male/foliage) — nil {hZéllf;é etc. : ' : ' :
Rarity () — 10 indivs in 70 man-hrs (1 per 7 man-hrs); v. rare H}(])rsgtails T 1 1 2%
Taphonomy — parautochthonous-allochthonous Ferns 1 1 v 3%
Habit — slender erect woody shrubs up to ¢.30 cm in height G ' '
. . . . mnosperms | \
Habitat — Heidiphyllum thicket; in area of high water table in the flood- Pizopsidap | |
plain; in limited clearings within the thicket, relatively close (20-50 m) Heidiphyllum 1+ 1 '+ 94%
to a small lake or marshland/wetland. Rissikia - 4, - | =
Other genera (x2) - 4y - | -
. . Cycadopsida ; ;
Penln§ula (Pen 411 Hei elo) TC ‘ Pseudoctenis -
Collection — 204 slabs, 70 man-hrs cleaving Other genera (x3) — -
Dominants — Heidiphyllum 94%, ferns 3%, horsetails 2% Ginkgoopsida : :
Biodiversity — vegetative total, 11 spp Lepidopteris - i
Non gymnosperms 6 spp, gymnosperms 5 spp Ginkgoite; - - -
Other Kannaskoppiaceae: Sphenobaiera I . I . 1}
Foliage: R. rollerii (70 indivs) R?(’)‘Z;lvlm;l;’; 1 2 80 |
Strobili: Kannaskoppianthus (4 indivs); Grade 4 affil. (with R. rollerii) Otherpgenera (x4) 1 1 50 |
Classes indet. ; ;
Genera (x3) - L - 4 =
Taphonomy (elaborated) Bennettitopsida e
See Pen 311 for text (p. 146) References Halleyoctenis ————— Key
And. & And. (2003): general Taeniopteris 94%: of TC
e — « “(2008): ferns G“g"PSidZ‘ 5 : : 80 indivs in TC
« « ) enera (x — — —
0 1 crr21 (2018): sphenophytes 3 11
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Chart 12. Rochipteris pusilla

. PRE/F/17393°y’!
Tel 111 Hei elo .

PRE/F/16915b
x1
4 5 e H
1 7 1
| 6 ; |
1 ! 1
1 ) 1
1 1
1 O 1
1 j 1
1 1
PRE/F/18166a X R2 Y R2 X
pl. 78(12-15) ' x1 \Q x2 '
PRE/F/16915b R2 . Sister palaecodeme '
1
1

pl. 78(8-11) Pen 311 Hei elo x2

Pen 311 Outcrop (for other sites along strike, see sketch (p.144)

Pen 411 lies 1.25 km along contour/outcrop south of Pen 311. Though we
only collected from these two sites, we traced the winding contour on which
they occur along a narrow sand road noting seven Heidiphyllum thicket
sites across a 1.6 km north—south stretch of sloping grassland. In nature,
the Heidiphyllum thicket occurred particularly commonly, either over long
stretches or over repeated shorter stretches.

For comparison, see the text (p. 130) for the Aasvoélberg sites (Aas 111,
Aas 211, Aas 311), occurring along strike.

Pen 311 Taphonomy (elaborated)

I ) | Interestingly, all three Rochipteris species (41 indivs) occur on bedding
15 Pen 311, 411 surfaces packed with Heidiphyllum. No single specimen of Dicroidium
(very largely D. coriaceum) — though it is a co-dominant (at 25%) along
with Heidiphyllum (75%) in the TC — is found in our collection on any slab
with Rochipteris.

Our interpretation of this is that the Dicroidium foliage will have been
washed into the deposit from the Dicroidium-woodland further afield (to
the right in our sketch) during storm/flooding events from that side. Note
that the area of high water table adjacent (to the right) of the Heidiphyllum
thicket in which the deposit occurs is shown clear of the conifers.

In clear contrast, Pen 411 Hei elo, occurring just ‘1.25 km along contour/
strike south of Pen 311, is exclusively dominated by Heidiphyllum (94%)
and includes no Dicroidium foliage. Our habitat sketch in this case (for Pen
411, p.145) differs in detail, particularly with the fossil deposit (TC) shown
surrounded by Heidiphyllum thicket preventing any Dicroidium from the
woodland further afield getting swept in by storm water.

]
Ml M2 M3 M4 M5
I N N I

Pen 311 Hei elo

[— |
0 1 2
cm

Kannaskoppia THE WHOLE-PLANT
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Peninsula (Pen 311 Hei elo)

Rochipteris pusilla

&
&
(5]
5
<
54
=
)
e 3
living _ s
community (BC) E
Whole-plant species (foliage) Molteno foliage taxa TC as @ Pep 311
Foliage — Rochipteris pusilla Holmes & And., 2005 Non-gymnosperms gen ! spp : indivs
Ref. pal.: Pen 311 Hei elo — 2 indivs (isolated leaves) Muscites L 1 . 6
Male strobilis — nil Marchantites 1 : 1 : 2
Affiliation (male/foliage) — nil 17: halllte;, etc. ——
Rarity () — 2 indivs in 35 man-hrs (1 per 17 man-hrs); v. rare H}(])(;(;gt(; ilss T+ 1 5
Taphonomy — allochthonous Ferns 2+ 2 11
Habit — slender erect woody shrubs up to ¢. 20 cm in height G ' '
Habitat — Heidiphyllum thicket; in area of high water table in the floodplain; Pizg;rsl&iperms 1 i
in limited clearings within the thicket, relatively distant (100-150 m) Heidiphyllum 1 1 ' 175%
from a small lake or marshland/wetland. Rissikia - 4 - -
Other genera (x2) - . - . =
Peninsula (Pen 311 Hei elo) TC Cycadopsida —
. . Pseudoctenis
Collection — 155 slabs, 35 man-hrs cleaving Other genera (x3) - - =
Dominants — Heidiphyllum 75%, Dicroidium 25% Ginkgoopsida ] ]
Biodiversity — vegetative total, 11 spp Lepidopteris - L - -
Non-gymnosperms 5 spp, gymnosperms (6 spp) Ginkgoites - 4y - 4 -
Other Kannaskoppiaceae: Sphenobaiera I ; 5 ; 25_0
Foliage: R. rollerii (34 indivs), R. penensis (5 indivs) Dicr Ofdl”’.” 1 2 25% |
O Rochipteris 1 3 4l |
Strobili: nil - - -
Other genera (x4) : :
Classes indet. ! !
Genera (x3) - - 4 =
Bennettitopsida : :
References Halleyoctenis - ;= | = Key
And. & And. (2003): general Taeniopteris = ———+——125%: of TC
e — “ “(2008): ferns G“g"PS‘da , , 41 indivs in TC
« _ _ _
0 1 2 «“ “  (2018): sphenophytes enera (x5)
cm
THE WHOLE-PLANT Kannaskoppia
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COLOUR PLATES
STROBILI & FOLIAGE

With the focus in this volume being on one particular family
and on the whole-plant genus (and species), the layout

of these 162 plates — very largely in colour — follows the
stratigraphic sequence of the 26 productive assemblages
(TCs), rather than taxonomic classification.

The 26 TCs are laid out in stratigraphic sequence, youngest
to oldest, down through the five members of the formation;
and within each TC, the strobili — with fuller coverage —
appear first, followed by the foliage.

Kan 111
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COLOUR PLATES
Coverage ST g

ar

Included is a generous coverage of both fertile and foliage species from
the 26 Molteno sites (TCs) from which material of the Kannaskoppiaceae
family have been found. Unlike in our previous two volumes (on the ferns
& horsetails) — where we had separate sections on black-and-white and
colour plates — in this volume we have focussed largely on colour.

Colour vs black & white (bl. & wh.)

Of the 162 plates, the large majority (109 plates) are exclusively colour; 20
plates are exclusively bl. & wh.; whilst 33 are mixed, with colour and bl. &
wh. For some TCs, e.g. Lit 111, Umk 111 in dark carbonaceous rock, the origi-
nal bl. & wh. photos (processed pre-digital era in the darkroom) are difficult to
distinguish and marked by an asterisk.

Arrangement

Sites: The 26 Molteno sites are laid out through the chapter in stratigraphic
sequence, youngest above, oldest below, matching the arrangement of data
elsewhere in the volume — notably the coverage of sites (sketches and text).

Taxa: For those sites where both fertile specimens and foliage occur, we
cover first the strobili. Where more than one species within either occurs,
the order is as per our taxonomic coverage — from the best represented

. C A :
whole-plant taxa to those least securely defined. 33 AN AN : ¥ 3
leaf-margin feeding

Specimens: Where multiple (two or more) specimens appear on a plate,
they are clearly grouped for easy visualization; and numbered accordingly.
The order — for any particular specimen — is from smaller to larger magni-
fication. Part and counterpart (indicated by an a and b) are included where
these complement one another, and/or as quality warrants it.

Magnification

A standard set of magnifications — X1, x2, x5, x10, x15, x20, x40 (rarely
x15, x30, x80) — is followed, facilitating ready comparison of specimens
from different species or sites. A 2 cm scale is added to each plate, negating the
need of a scale bar on each photograph.

Plant—insect interaction
Based on the work of Conrad Labandeira, Smithsonian, Washington, as
outlined in our latest Molteno volume on the sphenophytes (And. & And.
2018), all plant groups found in the formation “were affected by plant herbi-
vores”; and all basic modes of insect herbivory found in the modern world
occur in Molteno plants. This is clearly evidenced by the insect damage
types preserved amongst the Kannaskoppiaceae plants, as illustrated in the
colour plates that follow, and in the selection of images lining this page.
Quite evident is that some sites show more insect damage than others.
A high proportion of foliage specimens from Cyphergat (Cyp 111), for
instance, show well-preserved marginal feeding (e.g. figs 1, 2 to the right).

(s R

oviposition

COLOUR PLATES
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26 “ “ 411 : Dic/Sph @ 15121 -1 21150 153
Total TCs 26 1112 26
1 Total individuals : 50! 92: %
T: Tsomo Total: 162 plates
Of the 100 Molteno assemblages (TCs) sampled,
26 have yielded specimens of the Kannaskoppia family.
e All 26 TCs have yielded foliage;
" Mat 111 | 12 TCs, close on half, have yielded male strobili,
e whilst just a single TC (Kan 111) has yielded female strobili.
— female strobili @ (1 TC) B — % of assemblage (TC)
— malestrobili & (12 TCs) — indivs in assemblage (TC)

— foliage () (26 TCs)
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Rochipteris vincularis
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Rochipteris vincularis
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Kannaskoppianthus aasvoelensis
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Rochipteris rollerii
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Rochipteris rollerii
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Rochipteris rollerii
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Rochipteris sp. indet.

et A
 PRE/F/16568a &%§

[N

PRE/F/16568b -
PRE/F/16568a |
TEETE o

‘e 8\ j T S ’
| PRE/F/16568b : x5 LF;RE_/FMGS ; 3 PRE/F/16568b

W TR

[— | .
0 1 part & counterpart combined

2
cm (PRE/F/16568a flipped to match)

Greenvale (Gre 111) Plate 7 COLOUR PLATES



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324 159

Rochipteris pusilla
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Rochipteris lutifolia
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Cyphergat (Cyp 111) Plate 9 COLOUR PLATES



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324 161

Rochipteris lutifolia
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COLOUR PLATES Plate 12 Cyphergat (Cyp 111)
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Rochipteris lutifolia

Cyp 111 Dic cra

COLOUR PLATES Plate 14 Cyphergat (Cyp 111)
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Rochipteris lutifolia
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Rochipteris lutifolia
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Rochipteris distivena
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Rochipteris distivena
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Kannaskoppia vincularis /
Rochipteris vincularis

. . -\. ‘(.. . ’
T 5 '45 W

PRE/F/13487a%y

A ]

Plate 23 COLOUR PLATES



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i—xiv + 1-324 175

Kannaskoppia vincularis / Rochipteris vincularis

PRE/F/13487a'y’
Holotype

Kan 111 Ast spA

COLOUR PLATES Plate 24 Kannaskop (Kan 111)
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Kannaskoppia vincularis / Rochipteris vincularis

=rias

flake removed from slab
(see *1 & *2 for original fit)

Fig. 1 shows the counterpart of
the Holotype slab (pl. 23(1));
the specimen ‘y’ to the top left
is a portion of the Holotype
specimen.

Kan 111 Ast spA

flake (fig. 2 above)
shown in place

[ — |
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Kannaskoppia vincularis /
Rochipteris vincularis
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slab with flake (pl. 25,
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Kannaskoppia vincularis /
Rochipteris vincularis
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Kannaskoppia vincularis / Rochipteris vincularis
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Kannaskoppia vincularis
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Kannaskoppia vincularis
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Kannaskoppia vincularis
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Rochipteris vincularis
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Kannaskoppianthus telemagnus
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Kannaskoppianthus telepentatus

Reference palaeodeme

PRE/F/18277a

PRE/F/18277a |

ve Y .

Enlargement of inset in fig. 4, with asterisks :
showing attached microsporangium % A

Tel 111 Hei elo AL

cm Microsporangium

COLOUR PLATES Plate 42 Telemachus Spruit (Tel 111)




194 ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i—xiv + 1-324

Rochipteris telefolia
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Kannaskoppianthus komanthus /
Rochipteris komifolia
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.

~ PRE/F/3227

enlargement of inset in fig. 2

PRE/F/3227 ‘X,'y’

' PRE/F/3227 ‘7

Kom 111 Sph/Dic

PRE/F/3227 ‘7’ | *

reverse of slab
PRE/F/3227 ‘X,'y’ above

(figs 1-3)
[— |
0 1 2

COLOUR PLATES Plate 48 Kommandantskop (Kom 111)



o

PRE/F/3215
T e

Kommandantskop (Kom 111) Plate 49 COLOUR PLATES




ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324

4

11 PRE/F/3225

COLOUR PLATES Plate 50 Kommandantskop (Kom 111)




202

ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324

: ]
.
. x5 BP/2/604

Vin 111 Dic odo

5

[l
AN -

Rochipteris vincularis

BP/2/6045

Vineyard (Vin 111)

Plate 51

COLOUR PLATES



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324 203

Rochipteris vincularis

¥ g

Ve

BP/2/6046

Vin 111 Dic odo

[— |
0 1 2
cm

COLOUR PLATES Plate 52 Vineyard (Vin 111)



ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324

Kannaskoppianthus lutinumerus

g,
t
LR

PRE/F/11433a '

| PRE/F/11433b | *

Reference palaeodeme
(pls 53-60)

Lutherskop (Lut 311) Plate 53 COLOUR PLATES




ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324 205
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Kannaskoppianthus lutinumerus
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Kannaskoppianthus lutinumerus

| ] PRE/F/11438a @&, B8

COLOUR PLATES Plate 56 Lutherskop (Lut 311)




ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324

PRE/F/113
oo - DT

. PRE/F/11390b P10 x5 [ PREF/
= & 5, %

e R, e

PRE/F/11391a

Lutherskop (Lut 311) Plate 57 COLOUR PLATES




ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324 209

PR//11428

R S T . L L = . 8

Lut 311 Hei elo

R
/11428b |,

. L
PRE/F

T

3| PRE/F/11391b

l PRE/F/11391b i PRE/F/11391b [t

COLOUR PLATES Plate 58 Lutherskop (Lut 311)

PRE/F/11391




210 ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324
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Rochipteris penensis
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Rochipteris cf. sinuosa
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Kannaskoppianthus aasvoelensis
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Kannaskoppianthus aasvoelensis
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Kannaskoppianthus aasvoelensis
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Kannaskoppianthus aasvoelensis
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Kannaskoppianthus aasvoelensis

Insets in figs 2 & 6 show the loca-
tion (see asterisk) of the microspo-
rangium enlarged in figs 7-10.
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Kannaskoppianthus aasvoelensis

" o,

rPRE/F/1 2923

WINPT

¥y
N

PRE/F/12050b §

PRE/F/12093 PRE/F/12093

Aasvoélberg (Aas 411) Plate 153 COLOUR PLATES




ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324 305

Kannaskoppianthus aasvoelensis

PRE/F/21339a x5 PRE/F/21339a x10

Aas 411 Dic/Sph

= .

« PRE/F/21337b

[ ke BB 1

COLOUR PLATES Plate 154 Aasvoélberg (Aas 411)



306 ISSN 2410-4418 Palaeont. afr. (2023) 57 (Special Issue): i-xiv + 1-324

Kannaskoppianthus aasvoelensis
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~Molteno- late Triassic, South Africa

- 1985
1983 -~

12003

JMA 2015 (with text adaptation since)

Our previous 7 Molteno Palaeoflora volumes (with a draft of the Sphenophyte volume)

1983 — “Dicroidium’ (Molteno, vegetative)

1985 — “Prodromus of South African megafloras’, Devonian to Lower Cretaceous
1989 — ‘Gymnosperms’, (excluding Dicroidium)

2003 — ‘Heyday of the gymnosperms’ (‘Molteno, fructifications’)

2007 — ‘Brief history of the gymnosperms’ (global review, Late Devonian to Present)
2008 — ‘Molteno ferns’

2018 — ‘Molteno sphenophytes’
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Updated from And. & And. (2003, 2018).

* —usage as followed in our own works.

SAMPLING

Optimal sampling of fossilferous strata — and there are many criteria
that might be considered in defining optimal — is critical to reliable tracking
of diversity patterns through time.

Frequency — The measure of frequency of a fossil taxon within a formation
is the number of taphocoenoses (TCs) or assemblages, out of the total
sampled, in which it has been found. Through the Gondwana Triassic,
for instance, it might be the number of degree squares (out of the total
sampled) in which if has been found.* (This differs from the usual defi-
nition of frequency, where the proportional specimen count of a taxon
withing a single taphocoenosis is referred to.)

Abundance — The abundance of a fossil taxon is a measure of the absolute
or relative number of individuals collected from or encountered in an
assemblage, formation, region or continent.*

Assemblage — The full suite of fossil individuals or palacodemes collected
from a distinct lithological unit (lithosome) of limited geographic and
stratigraphic extent. A megaplant assemblage will generally represent a
localized mosaic of plant associations, less often a single association,
through several generations.*

Locality — An area to about 1 km in diameter, which may include continuous
fossiliferous exposure, but will generally include one or more produc-
tive exposures of lesser rank.*

Extensive sampling — Concerns the number and spread of localities sampled
in a fossiliferous horizon.*

Intensive sampling — Concerns the comprehensiveness of collecting from a
particular fossiliferous deposit.*

Singletons — Those species recorded from a particular geological horizon
(member, formation or biozone) that are known from only a single local-
ity (more specifically an assemblage). The number of singletons (and double-
tons) is critical in projecting biodiversity from the observed record.

Doubletons — Those species recorded from a particular geological horizon
that are known from only two localities. (Note that these definitions
of singletons and doubletons differ from those referring to specimens
occurring within an assemblage.)

SAMPLING HIERARCHY (geographic subdivisions)**
(see And. & And., 1983)

Upper limit to areas Name codes

(max. diam.) (examples)
Superregion 10 000 km SAf
Region 1000 km SAf (Ka)
Subregion 100 km SAf(Ka4)
Superlocality 10 km Hla
Locality 1 km Hla2
Sublocality 100 m Hla 21
Supersite 10 m Hla 213
Site Im Hla 2131
Subsite 10 cm Hla 21311

Superregion

Area: (a) To 10 000 km diam.
(b) Continents or sub-contintents; e.g. SAf (Southern Africa).
Region
Area: (a) To 1000 km diam.
(b) Geological basins (or major portions thereof), or coherent
clusters of smaller basins or erosional remnants;
e.g. Ka (Karoo Basin).
Subregion
Area: (a) To 100 km diam.
(b) Degree squares (applying the global long./lat. grid);
e.g. SAf (Ka 4), the grid that includes Umk 111.
Superlocality
Area: (a) To 10 km diam.
(b) Incorporates clusters of localities that fall reasonably into areas
of topographic or geological unity, such as a section of river
valley or the slopes of a mountain; e.g. Hla (Hlatimbe).

GLOSSARY

The terms included here are those considered most relevant to our general study of Molteno and Gondwana Triassic
floristics and biodiversity. They are arranged to emphasize the significance of certain fields. Though some terms are not
applied in this particular volume, they are retained for coherence of related topics.

** _ terms introduced in our own publications on the Molteno or other fossil floras of Southern Africa.

Locality
Area: (a) To 1 km diam.
(b) May include continuous fossiliferous exposure over the full km,
but will generally include one or more productive exposures of
lesser rank; e.g. Hla 2 (Hlatimbe).

Sublocality
Area: (a) To 100 m diam.
(b) Such as an exposed surface or section (stream or erosion gully)
of backswamp or floodplain deposit; e.g. Hla 21 (Hlatimbe).
Supersite
Area: (a) To 10 m diam.
(b) Such as a shale lens (lithosome) representing a section through
an abandoned channel; e.g. Hla 213 (Hlatimbe).
Site
Area: (a) To 1 m diam.
(b) A single 1 m wide trench excavated at a supersite to expose
the sequence of fossiliferous beds (not considered in this vol.).
Subsite
Area: (a) To 10 cm diam.
(b) A 10 cm? grid superimposed on an exposed bedding-plane
delineating areas of this rank would be appropriate for detailed
association analyses (not considered in this vol.).

TAPHONOMY

There is inevitably a reduction between the number of species making
up the original flora and fauna of the region and that preserved in the fossil
record. This filtering or winnowing of the original diversity occurs through
the taphonomic process. Taphonomy is of vital concern in biodiversity pro-
jections. (Selected references: Ferguson 1992; Behrensmeyer et al. 1992;
Cuneo et al. 1993).

Taphonomy — The conditions and processes intervening between a living
species association and a fossil assemblage.

Taphonomic mode — Reflects the environmental context of the fossiliferous
deposit. Examples include levee, lake, crevasse splay or abandoned
channel of the floodplain (i.e. subenvironments of meandering and braid-
ed fluvial systems).

Isotaphonomic — Refers to fossiliferous assemblages of similar taphonomic
mode.

Biocoenosis (BC) — Living community.

Thanatocoenosis — Death assemblage; that fraction of the original community
that is preserved in the fossil deposit.

Taphocoenosis (TC) — Taphonomic assemblage; fossil assemblage resulting
from the taphonomic process; the aggregate of fossil remains contained
in a deposit or bed.

Phytotaphocoenosis — A fossil plant assemblage or plant taphocoenosis.

Autochthonous — Described TCs that have originated in situ. While such
assemblages might be relatively common in the case of fossil tetrapods,
they are a far more rare phenomenon in palaeobotany (e.g. horsetails
entombed in growth position in a marsh).

Parautochthonous — Describes TCs deposited close to the original site of
occurrence.

Allochthonous — Describes TCs deposited at some significant distance from
the original site of occurrence.

PALAEODEMES**
Terms either from And. & And. (1983) or our later works.

Palaeodeme (fossil population) — A collection of fossil specimens judged
to represent a single potentially interbreeding population of plants or
animals, showing a normal distribution of variation for selected diag-
nostic characters, and derived from a single taphocoenosis from a discrete
small-scale lithological unit (lithosome) such as an abandoned channel
infill or crevasse splay.**

Reference palaeodeme (Ref.pal.) — The most comprehensive, representative,
photographically documented palacodeme in the literature proposed as
reference for a particular infrageneric taxon.**

Glossary
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Reference assemblage (RA) — That assemblage from which the reference
palacodeme derives.**

Reference specimen (RS) — The most complete, average, mature specimen
selected from the reference palacodeme.**

Home palaeodeme — The palacodeme from which a specimen derives.**

Sister palaeodeme (Sis.pal.) — A palacodeme belonging to the same species.**

ABUNDANCE/RARITY **

No matter how extensively (number of localities) or intensively (num-
ber of specimens) one has sampled a fossiliferous formation, there inevitably
appear certain fringe taxa — those that range from very rare to vanishingly
rare. This is especially the case with fruiting material — in the present case,
sphenophyte strobili or fragments of strobili. And inevitably, amongst these
there will be specimens on the borderline regarding quality of preservation
— those sufficient or not regarding diagnostic characters for recognizing new
taxa.

Rarity: as measured in man-hours cleaving; see And. & And. (2003,
tabs 8a,b, p. 13).

Mono-dominant ..... 70-100%

Co-dominant ......... 70-100

Abundant ............... 20-69%

Common ................ 3-5%

Sparse .................... 1-2%

Rare ... >1 cone per 1-5 man-hours (but <1% of TC)
Very rare ... 1 cone per 5-49 man-hours

Extremely rare ....... 1 cone per 50-499 man-hours

Vanishingly rare .... 1 cone per 500-4999 man-hours

Infinitely rare ......... 1 cone in over 5000 man-hours

AFFILIATED ORGANS **
Reliability grades (after And. & And. 1985, p. 85)

The evidence for linking organs ranges from marginal to certain. At the
lower end of the range the evidence will be slim, yet suggestive, or alternate
options might be more or less equally likely, while at the upper end of the
range clear organic attachment certifies linkage (see Pt 4, p.77)

Grade 1, marginal — Marginal likelihood of affiliation;
mutual occurrence (weak).

Grade 2, poor — Most feasible affiliation (alternatives competitive);

mutual occurrence (unclear).

Grade 3, fair — Probable affiliation (alternatives weak);
mutual occurrence (fairly clear),

little other supportive data.

Grade 4, good — Virtually exclusive likelihood of affiliation;
mutual occurrence (particularly clear),
cuticle correspondence and/or kindred reinforcement,

and/or possible organic attachment.

— Certain affiliation;
organic attachment undoubted.

Grade 5, certain

FOSSIL TAXA

For form-genera and organ-genera, we follow standard usage. Further
terms in this field are introduced, or used in a particular sense, to meet the
specific needs of our Molteno research. The concepts can equally be applied
to species. Note that this piece on ‘Fossil taxa’ was compiled for our work
on the Molteno gymnosperms (And. & And., 2003).

Form-genus — “a genus of fossil plants based on a detached organ which, because
of the limited characters shown, cannot be assigned to a family, although
it may be possible to assign it to a higher taxonomic level. The “artificial”
nature of such a genus is illustrated by the several instances where we have
one form-genus in which different species may closely resemble members
of two or more different families” (Jones & Rowe, 1999).

Organ-genus — “‘a genus based on only part (an organ or organs) of a fossil
plant, showing a sufficient range of distinctive characters that it may
reasonably be assigned to a family. An organ-genus is regarded as
“natural”, in the sense that its constituent species are believed to have
the same close relationship as those of a living genus. However, an
organ-genus differs from a genus of living plants in that only fossils of

the same organ, showing the same type of characters, can be assigned to
it (e.g. fossil lauraceous leaves cannot be assigned to Laurocarpum, an
organ-genus of fossil lauraceous fruit)” (Jones & Rowe, 1999).

Whole-plant genus — A fossil plant genus considered ‘natural’ that includes
one or more organ-genera. The term is applied here only after com-
prehensive and systematic affiliation studies for the group (e.g. gym-
nosperms) and formation (e.g. Molteno) have been completed. In the
Molteno (see And.& And., 2003, tab. 15, p.21), we recognized 38 gym-
nosperm whole-plant genera, i.e. 38 genera known from at least one of
the three organs — ovulate, foliage or microsporangiate (ibid., p.43) and
And. & And. (2018, pt 4, tab.4, p.76).*

Whole-plant species — as for above, but referring to a species.*

Fossil-plant genus (or simply plant-genus) — A generalized term usually
referring to a ‘natural’ whole-plant or multi-organ genus.*

Multi-organ genus — A fossil-plant genus considered ‘natural’ that includes
more than one organ-genus. In the Molteno (And. & And., 2003, tab. 15,
p-21), we recognize 16 gymnosperm multi-organ genera, i.e. 16 genera
known from at least two of the three organs — ovulate, foliage or microspo-
rangiate (ibid., p.43).*

Multi-plant genus — The original living-plant genus occurring in the Molte-
no Biome. (The relationship between the living and fossil genus is akin
to that between the phytocoenosis and taphocoenosis, i.e. between the
living assemblage and the fossil assemblage.)*

Sister genera — Those organ-genera or whole-plant genera included in the
same family or order (e.g. the three male-cone genera Fredianthus,
Lutanthus and Odyssianthus, from the Molteno placed in the order
Voltziales, And. & And., 2003, pp 70, 74).*

Sister specimen — A specimen of the same species from the same palaeo-
deme (e.g. as for Lutanthus hemidiscus and L. ornatus, And. & And.,
2003, p. 76).*

SPECIES CONFIDENCE LEVEL**

This we have applied specifically for the nine Molteno species of Equi-
setostachys (see And. & And., 2018, pt 5, panorama 1, pp 156-157). We
reiterate that core to the overall study of the Molteno is aiming to reconstruct
the biota (plants, insects, plant—insect interactions, paleoecology) of the
Molteno Biome through its duration as faithfully as can be achieved. Hence
considering biodiversity, especially of the rarest elements such as strobili,
from all viewpoints: morphology, affiliated organs and their morphology,
habitat, stratigraphy and duration of Molteno deposition.

51%, marginal

60%, fair

75%, good

90%, virtually certain
100%, certain

BIODIVERSITY

“The variety of organisms considered at all levels, from genetic variants
belonging to the same species through arrays of species to arrays of genera,
families, and still higher taxonomic levels; includes the variety of ecosys-
tems, which comprise both the communities of organisms within particular
habitats and the physical conditions under which they live” (Wilson 1992).

Observed diversity — The actual tally of taxa of a particular rank (e.g.
species, families, orders) collected (curated and/or described) from a
particular geological horizon (e.g. formation, assemblage zone).*

Preserved diversity — The projected tally of taxa of a particular rank repre-
senting the full potential sample (assuming comprehensive sampling
of all preserved taphocoenoses) from a particular geological horizon.*

Existed diversity — The projected tally of taxa of a particular rank representing
the full flora and fauna that actually inhabited the various habitats of the
biome existing at the time of deposition of a particular geological horizon.*

Alpha diversity — The number of species occupying a particular habitat at a
particular locality, e.g. the 73 foliage species recorded from the riparian
forest at the Umkomaas locality, Molteno Formation.*

Beta diversity — The rate at which the species number increase along a
transect through adjacent ecozones (habitats).*

Gamma diversity — The totality of species, considering all habitats over a
broad area; e.g. the full extent of the Molteno Biome.*

Glossary
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MNS — (Minimum number of species)Sub-headingThe minimum tally of
observed whole-plant species in a taphocoenosis, formation or other
defined body of sediment. In the Molteno (And. & And., 2003, tab. 15,
p.21), we recognized 143 gymnosperm whole-plant species: this is the
sum of MNSs recognized for each whole-plant genus in the formation.*

ATTRIBUTES OF SUCCESS (Gondwana Triassic) **
And. & And. (2003, pp 26-29).

Frequency (F): measure of repetitiveness of occurrence.

The number of subregions (degree squares), of the 85 across Gondwana
yielding Triassic megaplants, from which the genus has been recorded. The
tally is derived directly from the distribution maps published here, most
being reproduced unchanged from our previous Molteno volumes (And. &
And., 1983, 1989); see this vol., Pt. 1, pp 4-6.

Ubiquity (U): measure of general range of occurrence.
The number of superregions (continents), of the five making up Gondwana,
from which the genus has been recorded.

Diversity (D): measure of speciation, radiation, variability.
The number of species recognized in the genus for the Gondwana Triassic
(as documented in this volume).

Abundance (A): measure of quantity.

The average of the abundance figures (where 1% or greater) for the genus in
those assemblages in which it occurs. The data are based exclusively on the
Molteno, as clear abundance figures are rarely available for other formations.

Longevity (L): measure of duration of the lineage.

In our earlier Molteno works, duration was based on the number of
international standard ammonite biozones between first and last recorded
appearances. For the sphenophyte study, the duration in millions of years
from first to last appearance in the Gondwana Triassic is recorded (the
conversion is the number of ammonites biozones spanned, multiplied by
1.46 myrs per zone (And. & And., 2018, pt 2, p.23)).

Evolutionary success (or prominence) — Can be measured in many ways, but
is taken here as a combination of frequency, ubiquity, diversity, abundance
and longevity — giving a FUDAL rating (And. & And., 2003, 2018).

Frequency — measure of repetitiveness of occurrence.
Ubiquity — measure of general range of occurrence.
Diversity — measure of speciation, radiation, variability.
Abundance — measure of quantity.

Longevity — measure of duration of the lineage.

In the Molteno Formation, for instance, Dicroidium, with a FUDAL
rating of 188, was clearly the most successful plant genus, as it was through-
out the Gondwana Triassic (And. & And., 2003, pp26-29).*

EVOLUTION & GENETICS

“Evolution proceeds mostly by the accidental substitution of one or
more of the letters (of the genetic code), followed by the winnowing of these
mutations and their combinations through natural selection” (Wilson, 1992).
The immense diversity of species derives from the astronomic number of
rearrangements possible within the hugely lengthy sequence of nucleotide
letters of the genetic code.

Evolutionary biology — Covers the broad array of disciplines — palaeon-
tology, ecology, population biology, systematics, biogeography, ethol-
ogy, cladistics, molecular evolution, etc. — focused on the evolutionary
process and consequently the building of biodiversity.

Hox genes — Those genes that control (encode) the body plans of embryos
of all animals, apparently from the first multicellular animals some 700
Ma back to fruit flies, elephants and human beings today. All mammals,
for instance, have 38 different Hox genes. (Plants also have Hox genes,
such as the MADS.box genes.)

Genetic code — The code contains c. 1 million nucleotide pairs in bacteria
and 1 to 10 billion pairs in higher plants and animals (Wilson, 1992).

Macroevolution — “Evolution above the species level” (Stanley, 1979).
Microevolution — Evolutionary change within the species (Stanley, 1979).

Allopatric speciation (geographic speciation) — “The divergence to species
level by populations that originally belonged to the same species but
were isolated by a physical barrier such as a sea strait, river valley, or
mountain range” (Wilson, 1992).

Parapatric speciation — The divergence to species level by a local popula-
tion while remaining in genetic contact with other populations of the
original species (Stanley, 1979).

Phyletic gradualism — Sympatric speciation. The evolution of one species into
another through time. One species replaces another through a series
of subspecies in an evolutionary lineage. Modification occurs through
geological time in a single phyletic line (phylogenesis).

(This and the next two terms from And. & And., 1983, after Sylvester-
Bradley, 1977).

Punctuated equilibria — Allopatric (geographic) speciation. A single species
becomes ancestral to two or more descendant species through the split-
ting of the phyletic line (cladogenesis). Speciation occurs relatively
rapidly such that transitional forms will rarely be preserved in the fossil
record.

Reticulate speciation — Combines aspects of the previous two, involving
both phylogenesis and cladogenesis. The central characteristic is the
complex alternating isolation and hybridization of races.

Extinction — The termination of any lineage of organisms, from subspecies
and species to classes and phyla (Wilson, 1992).

Renewal — Refers here to the re-establishment of diversity after a mass
global extinction.

Adaptive radiation — “The rapid proliferation of new taxa from a single
ancestral group” (Stanley, 1979).

RECONSTRUCTION GRADES (pen/pencil sketches) **

We follow, again, the methodology established in the earlier Molteno
volumes. The system of grades was introduced in And. & And. (1989, p.22)
and reiterated in And. & And. (2003, p.44).

RS was introduced in And. & And. (2018, pt 4, p.84).

R1 - no intended reconstruction (catalogue number of individual given).

R2 — minor intended reconstruction; correcting and cleaning unnecessary or
ambiguous noise (minor irregularities, distortions, breaks in detail) due to
imperfections of preservation or incomplete preparation; based on a single
specimen (catalogue number given).

R3 - intermediate reconstruction; completing or adding leaflets; based
primarily on a single specimen (catalogue number given) but other mem-
bers of the home palaeodeme may be consulted (assemblage code given).

R4 — extensive reconstruction (composite for palacodeme); full frond, or
other organ, reconstructed from a composite of specimens from a single
palaeodeme (assemblage code given).

RS — extensive reconstruction (composite for formation); as in R4 but based
on a composite of specimens from sister palacodemes (assemblage codes
given).

RS — Reconstruction Schematic; where the sketch is no longer life-like, but
is introduced to demonstrate comparative morphology.

ECOLOGY & PALEOECOLOGY

Biome — “A major category of habitat in a particular region of the world,
such as the tundra of northern Canada or the rainforest of the Amazon
basin” (Wilson, 1992).

Ecosystem — “The organisms living in a particular environment, such as a
lake or a forest (or, in increasing scale, an ocean or the whole planet),
and the physical part of the environment that impinges on them. The
organisms alone are called the community” (Wilson, 1992).

Ecozone (habitat) — A physical or vegetational environment of a particular
restricted kind, such as the riparian forests, braided-river sandbar mead-
ows or floodplain woodlands of the Molteno Biome.*

Guild — “A set of species that live within a community in the same area and
harvest the same food by similar means” (Wilson, 1992).

CLADISTICS

Aside from its rigour in revealing phylogenetic relationships, cladistics
has a major role to play in biodiversity studies. Consider current knowledge
of mammalian and lepidopteran phylogeny: the cladogram, in each case,
brings into focus a considerable hidden diversity during the earlier phases
of adaptive radiation of the group.
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Cladistics — Phylogenetic taxonomy; a rigorous attempt — with each step
subject to Popperian falsification — to construct phylogenetic trees
based on a selection of morphological and/or molecular characters with
polarized (primitive or derived) states.

Phylogeny — The evolutionary history of a specified group of organisms
of any rank, with particular focus on the genealogical tree of lineages
comprising the group.

Cladogram — Figure or phylogenetic tree showing the branching pattern of
the group under study.

Lineage — “A single line of descent” (Stanley, 1979).

Clade — A cluster of lineages deriving from a common ancestor.

Monophyletic — Pertaining to a group of taxa sharing a common ancestor.

Polyphyletic — Pertaining to a group of diverse taxa not sharing a common
ancestor.

Paraphyletic — Pertaining to a group of taxa including the last common
ancestor and all descendants except for a few (usually only one or two)
monophyletic subgroups.

Crown group — Includes the cluster of lineages expected to show all
apomorphies (derived/advanced characters) of the extant taxa.

Stem group — Includes those forms (directly on the line to the extant group
or on extinct side-branches) showing only some of the apomorphies of
the extant taxa.

Sister group — That taxon or clade judge to share an immediate common
ancestor with the group in question.

ABBREVIATIONS

TEXT (general & taxonomic)
indiv(s) — individual(s)
Org. att. — Organic attachment
2 m, 3 mm (with space, no full stops)
80-140 mm (n-dash in general text and on figures
Pt3 —Part3
Fig. 3 — Figure 3, e.g. when noting a holotype for a taxon
fig. 3 —figure 3, when associated with a reference in brackets
t-fig. — text-figure
p. 14 — space after p.
pp — pages, with no full stop
Examples in cross-references:
(Pt 1, Chart 4, Fig. 1, p. 8); simplified to (Fig. 1, p. 8)
(Pt 3, Chart 2, pp 126(1), 127(1)); simplified to (pp 126-127)
When giving tallies of genera and species:
gen — genus, genera (with no full stop)
spp — more than one species (with no full stop)
sp — a single species (with no full stop)

When referring to new taxa:
Sp. nov.
gen. et sp. nov.

Chart 2 (not Ch. 2, which could be confused with Chapter) in the current
volume; Ch. 2 when referring to other works.

HYPODIGM CHART (Part 2, pp 102-115)

For the sake of brevity & space, we further abbreviate in special cases such
as the Hypodigm charts.

pl, fig, t-fig — with no full stops;

figs 10(4,6,9),11(15,16),13(43,48) — with no spaces

MOLTENO LOCALITY CODES

The first three letters of the superlocality are followed by assemblage
numerals and horizon abbreviation (e.g. for ‘Little Switzerland’, our code
is Lit 111 Dic odo). See Part 1, Tab. 1, p.7, for the full set of codes for the
100 Molteno TCs.

Plesiomorphic — Pertaining to the primitive state of a character.

Apomorphic — Pertaining to the derived state of a character.

INSECT DAMAGE (plant-insect interaction) **

See Part 1 (pp 14-27), Sampling & Occurrence, locality spreads
1. v 1 indiv.

2. w  2or3indivs

3. W& common

4. vwvv' widespread, >50% indivs

5. vwwvv frequent (infestation), a high proportion of indivs

FOSSIL SLABS & SPECIMENS
Examples (see plates) given below in brackets.

Individuals — referring to particular, isolated (or attached), foliage or fruit
specimens; see Aas 211 (pls 143, 144).

PRE/F/13487‘x’,‘y’ (indicating separate individuals on a single
surface on a single slab); see Kan 111 (pls 23-26).

Part & Counterpart — concerning the same individual, as seen/exposed on
the two surfaces of a cleaved slab; see Lut 311 (pl. 53).
PRE/13506a,b (part & counterpart); see Kan 111 (pl.31).

Flake — a smaller piece cleaved from the relevant surface of the slab to
show further features of the individual embedded in the slab; see
Kan 111 (pls 25, 26).

Reverse — the other side of the same slab.

PRE/F/3227 ‘7z’ (indiv. on reverse of slab); see Kom 111 (pl. 48).

PLATES
Examples given below in square brackets

Umk 111 Dic 2spp — locality & taphocoenosis [see Part4, pls 97-110]
Ref. pal. — Reference palacodeme.

COLLECTIONS

BP/2 — Bernard Price/fossil plants; our earlier Molteno collections were
made whilst doing our doctorates and working at the Bernard Price
Institute for Palacontology, Witwatersrand University, Johannesburg;
now named Evolutionary Studies Institute (ESI).

PRE/F — Pretoria/Fossil, South African National Biodiversity Institute
(SANBI); previously named National Botanical Institute (NBI).
The collection (as of March—July 2010) has been moved on loan to ESI.

SAM — South African Museum, Cape Town, which now falls under the
Iziko Museums of South Africa.

REFERENCES & AUTHORS

And. & And. 1985 — Anderson, J.M. & Anderson, H.M. 1985 (as in
previous volumes, we have abbreviated our names throughout in
this way).

HMA — Heidi Marguerite Anderson

JMA - John Malcolm Anderson

ICN - International Code of Nomenclature for algae, fungi and plants
(Melbourne Code 2011)
ICBN - International Code of Botanical Nomenclature (replaced by ICN)

PFN — plant fossil numbers (given for each new genus or species).
The “Plant Fossil Names Registry is based and maintained by the National
Museum Prague since 2014 under the auspices of the International Organi-
sation of Palaeobotany (IOP). The present modified version is in operation
since June 2018.”

Abbreviations
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As | noted twenty years ago, in my experience there is no
set of fossil plant assemblages that has been collected with
the same intensity, uniformity of approach, and care that
John and Heidi have lavished on the Molteno Formation.
The scale and scope of their effort, which has resulted in a
collection of more than 30000 slabs from more than 40
localities and 100 different plant fossil assemblages, is
unequalled. This huge effort in the field has been joined
with intensive and equally methodical work in the laborato-
ry and this volume presents John and Heidi’s discoveries
and observations in almost overwhelming detail. The pres-
entation of results is also enlivened by John and Heidi’s
considerable artistic skills. Numerous locality sketches and
reconstructions of ancient plants and vegetation are an
important part of this book, and the line drawings of
individual plant fossils, done with extreme care, are
especially valuable. What emerges from John and Heidi’s
diligence and dedication to the plant fossils of the Molteno
Formation is a more detailed glimpse into Triassic vegeta-
tion than that provided by any other set of localities
anywhere in the world.

Through their continuing work on the plant fossils pre-
served in the Molteno Formation, John and Heidi are leav-
ing a truly impactful legacy: work that is of disproportion-
ate value for understanding the plants of the past, and what
they tell us about the plants of the present.

Sir Peter Crane FRS
President Oak Spring Garden Foundation, U.S.A. (Oct. 2022)
Past Director, Royal Botanic Gardens, Kew, London, U.K.

This manuscript will form another milestone in the authors'
formidable task to achieve a complete documentation and
systematic treatment of the famous Triassic Molteno-biome
plant fossils. The monumental efforts in successful prospec-
tion, collecting, preparing, photographing, describing and
interpreting the Molteno Fm plant-fossil assemblages in
general demand greatest respect, and so does this work
about a particularly interesting group of gymnosperms.

Prof. Dr. Benjamin Bomfleur

Institut fiir Geologie und Paldontologie

University of Miinster, Germany

Peer review, Molteno Kannaskoppia volume (May 2023)

The present Kannaskoppia volume will be our 8th in the
Molteno series to be published; leaving a further four vol-
umes to be completed — ending with the overall Molteno
synthesis.

Having begun our Molteno journey in around mid-1967,
this will then have been a 60-year marathon. A marathon
exploring — through our particular window — the heyday of
the gymnosperms at the heart of Gondwana midway through
the Triassic. Peering through a window at a most special
moment in Earth history — at the height of the Triassic explo-
sion of life in the aftermath of the end-Permian Extinction. A
marathon one would not have exchanged for anything.

John M. Anderson
Pretoria, South Africa (2020)
Extract from Preface, Molteno Kannaskoppia
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