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ABSTRACT. The plant fossil genera Umkomasia Thomas 1933 and Pteruchus Thomas 1933 emend. Townrow
1962 are known chiefly from the Middle and Upper Triassic of Gondwana. The structure of these fructifica-
tions has been conjectural, some being identified as pinnate, others as helically arranged. Specimens from the
Ladinian—lower Norian of Queensland (northeastern Australia) show that the female and male fructifications —
U. geminata (Shirley 1898) Rigby in Playford et al. 1982 emend. nov. and P. dubius Thomas 1933 emend. Town-
row 1962, respectively — have a bipinnate structure. Those fructifications and the bipinnate leaf, Dicroidium
feistmantelii (Johnston 1894) Gothan 1912, probably all belonged to the same parent plant. It was first suggested
by John Townrow in 1962 that the sporangial heads of P. dubius have a pinnate structure; this character is
confirmed herein. Pteruchus is recorded for the first time from the Carnian Tarong Basin, Queensland.

The holotype of Stachyopitys simmondsii Shirley 1898 is shown to be ovuliferous. The species is recom-
bined as Umkomasia simmondsii (Shirley 1898) comb. et emend. nov. Genuine male fructifications, previously
identified as S. simmondsii, and later as Pteruchus simmondsii (Shirley 1898) Jones and de Jersey 1947, are
assigned to P. minor Thomas 1933. That species comprises the smallest fructifications of the genus. Townrovia
polaris Bomfleur et al. 2011 and Stachyopitys lacrisporangia Anderson & Anderson 2003 are identified as junior
synonyms to P. minor. The diagnosis of Townrovia Retallack 1981 is inaccurate and the genus is insufficiently

distinguished from Pteruchus.
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INTRODUCTION

The family Umkomasiaceae Petriella 1981
is chiefly represented in the Anisian through
Norian of Gondwana and has been rarely
reported from beyond Gondwana (Pattemore
et al. 2015a). There have been widely diver-
gent opinions and taxonomy regarding leaves
assigned to the family (cf. Retallack 1977, Ander-
son & Anderson 1983) and on the structure of
its fructifications (Townrow 1962a, Yao et al.
1995, Petriella 1980, Taylor et al. 1984, Holmes
1987, Klavins et al. 2002, Anderson & Anderson
2003, Pattemore & Rigby 2005). Predominately,
the family includes the female and male fructi-
fications — Umkomasia Thomas 1933 and Pte-
ruchus Thomas 1933 emend. Townrow 1962a,
respectively (discussed below) — and the foli-
age Dicroidium Gothan 1912 emend. Townrow

1957, but several other genera have also been
allied with the family (Pattemore et al. 2015a).
The morphology of the parent plants of some
species and their position in the ecosystem are
known in some detail (Axsmith et al. 2000,
Cuneo et al. 2003, Taylor et al. 2006). How-
ever, phylogenetic relationships both within
the family and more broadly are poorly under-
stood (Pattemore et al. 2015a). Previous studies
include Meyen (1984), Crane (1985), Retallack
& Dilcher (1988) and Gordenko & Broushkin
(2015). The umkomasiacean lineage probably
terminated globally near the end-Triassic (Pat-
temore et al. 2015a); specimens reported by
Kirchner & Miiller (1992) from the Liassic of
Germany are doubtful representatives of the
family (below).
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Structural detail of umkomasiacean fruc-
tifications from the Triassic of Queensland
(Fig. 1) is advanced herein. Results of this
study suggest that the interpretation and tax-
onomy of several specimens attributed to this
family from Gondwana and beyond require
reconsideration.

MATERIAL AND METHODS

All specimens described herein are held in the
Queensland Museum, Brisbane, and are distrib-
uted among three collections therein: Queensland
Museum (QMF), Geological Survey of Queensland
(GSQF), and The University of Queensland (UQF).
New material comprises previously undescribed spec-
imens from the Queensland Museum and specimens
collected from the Meandu Mine (lat., 26.836346°S;
long., 151.894089°E), Tarong Basin (Fig. 1). Mine
specimens were recovered from a fresh spoil heap by
or with the assistance of mine staff (see acknowledge-
ments). Specimens examined herein from the Mool-
ayember Formation, Bowen Basin, Queensland, were
first reported by Playford et al. (1982) from north of
Injune, Queensland. All other specimens are from
well-known fossil sites in southeast Queensland as

indicated in the text and Fig. 1. Specimens are pre-
served as compressions or impressions and, unless
otherwise stated, are not carbonaceous.

Umkomasiaceans have been allied with the class
Ginkgoopsida (Meyen 1984, Gordenko & Broushkin
2015). Ginkgoalean long and short shoots are well
understood botanically and terminology applied
herein follows Leigh et al. (2011) and Little et al.
(2013). Terminology applied to umkomasiacean
fructifications has been complicated as a result of
conflicting views on attachment mode (above). Heli-
cally arranged fructifications comprise several fer-
tile structures, each branched individually from an
axis and with each branch constituting a separate
sporophyll (e.g. Yao et al. 1995). In contrast, pin-
nate fructifications comprise a rachis bearing fer-
tile structures that are branched in a single plane,
oppositely—alternately (e.g. Townrow 1962a, b); the
entire structure, including the rachis, is a single spo-
rophyll. Townrow’s (1962a) study was the first com-
prehensive analysis of the structure of umkomasi-
acean fructifications. His interpretation is confirmed
herein. Indeed, the fructifications are based on a pin-
nate plan resembling that of the frond Dicroidium.
Thus, the terminology applied by Townrow (1962a) is
adopted herein. More generally, pinnate morphologi-
cal terminology follows Andrews (1990, pp. xiii-xx)
and Vasco et al. (2013). All references to the ICN are
based on McNeill et al. (2012).
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SYSTEMATIC PALAEOBOTANY

Class: Ginkgoopsida

Order: Peltaspermales

Family: Umkomasiaceae Petriella 1981

Discussion. Representatives of the Umko-
masiaceae and their speciation and phylogeny
have been discussed by Petriella (1981), Meyen
(1984), Pattemore et al. (2015a) and references
therein. Higher systematic placement herein
follows Meyen (1984).

Genus: Umkomasia Thomas 1933

Type species. Umkomasia macleanii Tho-
mas 1933 by original designation. Type speci-
men figured by Thomas (1933, pl. 23, fig. 56),
Klavins et al. (2002, fig. 16) and Anderson
& Anderson (2003, pl. 82, fig. 8).

Discussion. Thomas (1933) erected Umko-
masia and Pilophorosperma which he largely
differentiated using cupule structure but these
genera have subsequently been regarded as
synonymous (Holmes 1987, Klavins et al. 2002).
Both genera were diagnosed with bilateral
branching. Thomas (1933) also erected Sper-
matocodon for specimens with helical branch-
ing but which otherwise resemble Umkomasia.
Spermatocodon was based on only two frag-
ments, although they were reportedly well pre-
served. Apart from branching arrangement,
Thomas separated the aforementioned three
genera based on cupule characters and cuticle.
Anderson and Anderson (2003) regarded Thom-
as’s (1933) figured specimens — those variously
assigned to one of the above three genera — as
belonging to the type species of Umkomasia.
Holmes (1987) regarded Spermatocodon as
distinct from Umkomasia but emended the
diagnosis of the latter genus to include heli-
cal branching. Likewise, Klavins et al. (2002)
did not include Spermatocodon in Umkomasia
but emended the diagnosis of the latter genus,
removing reference to bilateral branching and
explicitly identifying spiral arrangement in
ultimate branches. The generic emendation
by Klavins et al. (2002) followed the discovery
by Axsmith et al. (2000) of a specimen from
near the Shackleton Glacier in the Ladin-
ian—Carnian of the Central Transantarctic
Mountains, Antarctica, that has biologically

connected organs resembling Umkomasia
and Dicroidium. Their ovulate fructifications,
assigned to U. uniramia Axsmith et al. 2000,
have an unusual whorled arrangement which
is unlike that of other representatives of the
genus. Their attribution to Umkomasia and
the reported organic connection has been
questioned by Anderson and Anderson (2003),
Holmes and Anderson (2005), and Anderson et
al. (2008) on the basis of long and short shoot
development. However, their reasoning was
shown to be doubtful using an example from
a living Gingko biloba L. (Axsmith et al. 2007);
that species has complex and highly variable
shoot development that is strongly influenced
by environmental conditions (Leigh et al. 2011,
Little et al. 2013). The suggestion by Artabe
and Brea (2003) that the specimen assigned
to U. uniramia by Axsmith et al. (2000) does
not have organically connected organs was
refuted by Axsmith et al. (2007). Artabe and
Brea (2007) regarded U. uniramia as structur-
ally distinct from the umkomasiaceans. Arce
and Lutz (2010) offered no new insight.
Species now included in Umkomasia have
a variety of reported branching arrangements:
(1) bilateral, opposite to subopposite [U. poly-
carpa Holmes 1987]; (2) bilateral, alternate
[U. macleanii]; (3) helical [U. distans Holmes
1987, U. resinosa Klavins et al. 2002]. Anderson
and Anderson (2003, p. 240) noted the diver-
sity of branching mode that has been included
in the genus. Klavins et al. (2002, pp. 670,
672) suggested that specimens preserved as
compressions and having apparently opposite
or alternate bilateral arrangement have been
misinterpreted because they lack three-dimen-
sional detail, implying that all species are heli-
cally arranged; hence, their proposed generic
emendation. Stem twist recorded in vascular
traces of specimens described herein does not
support this view, rather indicating that fructi-
fications were pinnate or bipinnate. Umkomasia
geminata (Shirley 1898) Rigby in Playford et al.
1982 had been regarded as helically (Playford
et al. 1982, pl. 5, fig. 2) or irregularly arranged
(Pattemore & Rigby 2005); all specimens from
both of these collections are re-assessed herein.
Previously considered to represent single fruc-
tifications, they are re-interpreted as pinnate
fructifications emerging from small short shoots
(discussed below). What had been regarded as
the main axis of a single fructification is shown
to be a long shoot. This interpretation may also
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apply to other species: e.g. U. polycarpa Holmes
1987 and U. quadripartita Anderson & Ander-
son 2003.

Representatives of Umkomasia evidently
had most of their total weight distributed
among their numerous cupulate ovules and,
in life, were probably pendulous open panicles.
Most recorded specimens have a disturbed
and fragmented preservation that probably
resulted from ovules being disarranged dur-
ing burial. Thus, in permineralized specimens,
analysed using sectioning, it is not surpris-
ing to find ovules arranged around a stem in
a manner suggesting a mode other than pin-
nate. Moreover, absent systematic sectioning,
stem twist or damage may not be observed.

Pattemore et al. (2015a) noted that vari-
ation in branching mode recorded in species
assigned to the Umkomasiaceae suggests
that the family is not monophyletic. Organs
described herein that probably belonged to the
same plant (see below: Umkomasia geminata,
Pteruchus dubius, Dicroidium feistmantelii)
all have a bipinnate structure. Specimens pos-
sessing genuine helical branching are prob-
ably taxonomically distinct from Umkomasia
and the Umkomasiaceae. The genus has been
reported from outside Gondwana (Pattemore
et al. 2015a and references therein).

Umkomasia simmondsii (Shirley 1898)
comb. et emend. nov.

Fig. 2

Synonymy.

1898 Stachyopitys Simmondsi Shirley, p. 13, pl. 18,
fig. 2.

1917 Stachyopitys Simmondsi Shirley; Walkom,
p- 13 (not figured).

Pteruchus simmondsi (Shirley) Thomas; Jones
& de Jersey, p. 55 (not figured).

1962a Pteruchus simmondsi (Shirley) Thomas; Town-

row, pl. 24, fig. 2 only.

1947

Emended diagnosis. Small pinnate ovulif-
erous fructification arising from bulbous short
shoot. Short shoot 1.8 mm wide, 1.5 mm long.
Scale-like appendages ca 1.5 mm long, 0.4 mm
wide also arising from short shoot (?bases of
other rachides). Rachis slender, <0.4 mm wide,
>19 mm long, probably having 5 or more oppo-
sitely attached pedicel pairs. Pedicels ca 2.5 mm
long, extending around cupule and attached
near uppermost point. Ovules cupulate, ca
1 mm wide, ca 1.4 mm long. Cupule ca 0.1 mm
thick, apparently covering most (?all) of ovule.

Type material. Shirley (1898, p. 13, pl. 18,
fig. 2), GSQF256, holotype by effective original
designation (ICN, Article 9.1, Note 1): Denmark
Hill, Ipswich; Blackstone Formation, Brassall

Subgroup, Ipswich Basin (Carnian—lowermost
Norian: McKellar 2013).

Material. GSQF256 (holotype): Denmark
Hill, Ipswich; Blackstone Formation, Brassall
Subgroup, Ipswich Basin (Carnian—lowermost
Norian). Line-drawn by Shirley (1898, pl. 18,
fig. 2) as Stachyopitys simmondsii Shirley
1898. Small photographic figure provided by
Townrow (1962a, pl. 24 fig. 2). Fig. 2 herein.

Occurrence. Blackstone Formation, Bras-
sall Subgroup, Ipswich Basin (Carnian—lower-
most Norian).

Discussion. Specimen GSQF256 was first
described by Shirley (1898) as Stachyopitys
simmondsii. It is very small and unattached
debris resembling fragments of Antevsia extans
(Frenguelli 1944) Townrow 1960 are scattered
amongst the fructification, thus suggesting that
it is a male fructification (hence Shirley’s inter-
pretation). Indeed, it was recombined as Pte-
ruchus simmondsii (Shirley 1898) Jones & de
Jersey 1947 [author attribution: ICN, Article
41.3] and this was later supported by Townrow
(1962a) and Retallack (1977). Attribution to
Pteruchus had earlier been suggested provision-
ally by Thomas (1933, p. 244); he indicated that
several characters required clarification before
the “generic identity can be regarded as estab-
lished”. Anderson and Anderson (2003, p. 217)
stated that “... S.[tachyopitys] simmondsii from
Queensland, based on a complete strobilus, is
accepted by us as a valid species”.

Specimen GSQF256 is re-figured herein
(Fig. 2) at considerably higher resolution than
was previously available, revealing that the only
clearly attached reproductive parts are ovulif-
erous and, although very small, they resemble
cupulate ovules of Umkomasia. The fructifica-
tion was preserved in such a way that pinnae
have mostly been swept to one side of the rachis
(Fig. 2A, B). Ovules (Fig. 2B) are attached:
ovule Ov2 shows that they are cupulate; ovule
Ov3 is incomplete and has a feathered edge due
to a thin band of white mineralization through
that part of the rock slab. Another ovule with
probable but obscured attachment (Fig. 2B,
Ovl) shows a pedicel positioned at the back
of an ovule such that the micropyle would be
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A

Fig. 2. A, B: Umkomasia simmondsii (Shirley 1898) comb. et emend. nov.; GSQF256 (holotype); Denmark Hill, Ipswich;
Blackstone Formation, Brassall Subgroup, Ipswich Basin (Carnian—lowermost Norian). A — fructification and short shoot;
B - modification of A with enhanced contrast and camera lucida overlay. Ov1-3 indicate ovules. Scale: A as for B; B — 5 mm

oriented toward the rachis. The specimen lacks
the scale-like appendages that both subtend
pinnae and are paired on pinnae in representa-
tives of the type species (Thomas 1933, Ander-
son & Anderson 2003). If not for the absence of
these scales in specimen GSQF256, the recom-
bination proposed herein would invoke synon-
ymy with U. macleanii [type species].

Umkomasia geminata (Shirley 1898) Rigby
in Playford et al. 1982 emend. nov.

Figs 3, 4

Synonymy. See Pattemore & Rigby (2005,
p. 333).

Emended diagnosis. Megasporphyll
borne on short shoot. Several short shoots per

long shoot, irregularly (?bilaterally) arranged,
some bearing leaves. Long shoot ca 5 mm
wide, >130 mm long (probably substantially
longer). Short shoot, very small, ca 5 mm
wide, 1-3 mm long. Megasporophyll pinnate,
>50 mm long, some with bifurcating rachides,
generally having paired opposite—suboppo-
site cupulate ovules (1-pinnate) or pinnately
branched, attaching an ovule pair (2-pinnate).
Rachis 1-2.5 mm wide. Pedicels short, <5 mm
long, <1 mm wide (not including portion curled
around cupule). Pedicel curling around cupule
such that vascular connection with cupule
is farthermost from rachis; thus, micropyle
directed inwardly. Curled section of pedicel
adpressed on cupule but having distinct vascu-
lar bundle. Cupulate ovules elliptical, varying
in size from 5 x 4.5 mm to 17 x 11 mm.
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Fig. 8. A-D — Umkomasia geminata (Shirley 1898) Rigby in Playford et al. 1982 emend. nov. A—-C — QMF42583; Blackstone
Hill, Ipswich, Queensland; Blackstone Formation, Brassall Subgroup, Ipswich Basin (Carnian-lowermost Norian); A — entire
specimen including long shoot, several attached megasporophylls (arrows indicate possible rachis bifurcations) and foliar
crozier; B — foliar crozier; C — right-hand section of long shoot; collected by R. Knezour; D — UQF59912B; former State Quarry,
Slacks Creek, Brisbane; Tingalpa Formation, Brassall Subgroup, Ipswich Basin (Carnian-lowermost Norian); bifurcating

megasporophyll. Scale: A, C, D -1 ¢cm; B — 5 mm

Type material. Shirley (1898, p. 16-17, pl.
20, figs 1-5), GSQF103 (lectotype designated
by Rigby in Playford et al. 1982. p. 8, pl. 5,
fig. 8): Denmark Hill, Ipswich; Blackstone
Formation, Brassall Subgroup, Ipswich Basin
(Carnian—lowermost Norian: McKellar 2013).

Material. GSQF103 (lectotype): Denmark
Hill, Ipswich; Blackstone Formation, Brassall
Subgroup, Ipswich Basin (Carnian—lowermost
Norian). Figured by Shirley (1898, pl. 20, fig.
la), Walkom (1917, pl. 8, fig. 9) and Playford
et al. (1982, p. 8, pl. 5, fig. 8).

QMF42528-42531 (counterparts 42532-42535
respectively), 42536-42538, 42540-42543,
42544, 42583, 42589 (counterpart 42593):
Blackstone Hill, Ipswich; Blackstone For-
mation, Brassall Subgroup, Ipswich Basin

(Carnian—lowermost Norian). Specimen
QMF42544 was figured by Pattemore & Rigby
(2005, fig. 3B); QMF42583 figured herein
(Fig. 3A-C).

UQF59907A and counterpart UQF59907B,
UQF59912B: former State Quarry, Slacks
Creek, Brisbane; Tingalpa Formation, Brassall
Subgroup, Ipswich Basin (Carnian—lowermost
Norian: McKellar 2013, Purdy & Cranfield
2013). Site geology was discussed by Pattemore
et al. (2015b, tab. 2). Specimen UQF59912B
figured herein (Fig. 3D).

UQF72940: Spring Creek, north of Injune,
Queensland; Moolayember Formation (Ladin-
ian: Fergusson & Henderson 2013, fig. 3.110),
Bowen Basin. Figured by Playford et al. (1982,
pl. 5, figs 1, 2) and herein (Fig. 4).
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Occurrence. Blackstone and Tingalpa forma-
tions, Brassall Subgroup, Ipswich Basin (Car-
nian—-lowermost Norian). Moolayember Forma-
tion (Ladinian), Bowen Basin, Queensland.

Discussion. Specimen QMF42583 comprises
a long shoot bearing several small short shoots.
Fructifications resembling Umkomasia gemi-
nata arise from most short shoots, but one has
an emergent vegetative crozier (Fig. 3A, B).
That specimen was previously regarded as
a single fructification with irregular branching
(Pattemore & Rigby 2005). The vegetative cro-
zier arises from a short shoot that resembles
those attaching adjacent pinnate fructifications.
Today croziers are predominantly restricted to
the ferns, although leaves of some cycads also
form in this manner (Vasco et al. 2013). The

short shoots in specimens from the Ipswich
Basin are very small, rising 1-2 mm above the
surface of the long shoot. Thus, the short shoots
are difficult to recognize without the diversity of
attached organs; they could easily be mistaken
for branching within a single fructification.

The long shoot comprises a section (130 mm
long) of what was probably a much longer
branch. One end of the long shoot is partially
obscured by sediment; however, where visible,
stem thickness evidently varies little from one
end to the other.

Croziers, albeit small and partially formed,
are fern-like (Fig. 3A, B) and probably repre-
sent juvenile fronds belonging to Dicroidium
feistmantelii (Johnston 1894) Gothan 1912,
a bipinnate species. Many specimens from the
same location were assigned to D. feistmantelii

Fig. 4. A-C: Umkomasia geminata (Shirley 1898) Rigby in Playford et al. 1982 emend. nov.; UQF72940; Spring Creek, north
of Injune, Queensland; Moolayember Formation, Bowen Basin (Ladinian). A — long shoot with several lateral short shoots.
B - short shoot without attached parts. C — short shoot with attached megasporophyll. Scale: A — 1 cm; B, C — 1 mm. Entire

specimen figured by Playford et al. (1982, pl. 5, figs 1, 2)
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by Pattemore & Rigby (2005). Interpretation
of this crozier as a developing ovulate fructifi-
cation is doubtful. Basal pinnules show vena-
tion resembling that of Dicroidium, including
vein dichotomy. That pattern is unknown in
cupules of Umkomasia (Fig. 3 herein; Ander-
son & Anderson 2003, pls 82-89) and there is
no indication of structures resembling ovules.

Fructifications arising from the short
shoots have pinnately (commonly opposite—
subopposite) attached ovules. However, some
specimens (e.g. the lectotype and QMF42544)
indicate higher-order branching (bipinnate),
with pinnae probably consisting of no more
than a single pair of cupulate ovules. Speci-
men UQF59912B (Fig. 3D) has a bifurcating
rachis, and others (e.g. QMF42583: Fig. 3A,
arrowed) have divided segments that are both
equal and sufficiently wide to suggest they rep-
resent rachis bifurcations rather than pinnate
branching. The bipinnate structure indicates
modification from bipinnate vegetative fronds
such as Dicroidium feistmantelii. This is also
consistent with reinterpretation of their prob-
able associated male fructifications assigned to
Pteruchus dubius Thomas 1933 emend. Town-
row 1962a. The male fructification is shown
below to have a bipinnate structure. The
frond (D. feistmantelii) and the fructifications
(Umkomasia geminata and P. dubius) were all
found preserved together abundantly (Patte-
more & Rigby 2005).

Specimen UQF72940 from the Moolayem-
ber Formation, Bowen Basin (Ladinian) was
assigned to Umkomasia geminata by Rigby
in Playford et al. (1982). In light of the above
finding regarding this species, their specimen
was re-examined herein. It is preserved as
a white stained impression. It has apparent
helical branching (Playford et al. 1982, pl. 5,
figs 1, 2) and its base is slightly expanded, sug-
gesting that the entire structure issues from
a short shoot. It is unclear if this expanded
base represents a short shoot: it shows no
abscission marks; but cf. arrangement of
long and short shoots in Gingko biloba (Lit-
tle et al. 2013, fig. 13). However, many of the
“branches” have expanded bases that resem-
ble small short shoots (Fig. 4B, C). Like that
of specimen QMF42583 above, this specimen
probably represents a long shoot with sev-
eral pinnate fructifications arising individu-
ally from short shoots (Fig. 4). It differs from
the Ipswich Basin specimens (QMF42583 and

QMF42588) in having slightly longer short
shoots (ca 3 mm: Fig. 4) but it is otherwise con-
sistent with those and other specimens listed
above. Specimen UQF72940 from the Bowen
Basin is approximately 10—-15 Myr older than
the Ipswich Basin specimens.

Holmes (1987) erected Umkomasia poly-
carpa with a single specimen from the Esk
Trough (Anisian), Queensland; it is re-exam-
ined herein (UQF81139: includes part and
counterpart and associated fragments; for-
merly UQF73298 and UQF73299; also figured
by Cook & Rozefelds 2015, p. 88). It is a car-
bonaceous impression but the “branches” have
a thick coal-like structure and lack definition.
However, a “branch” preserved on one of the
associated fragments appears to be a bifurcat-
ing rachis with attached ovules. Furthermore,
the rachis emerges from almost the same point
as a second rachis, suggesting that they both
emerge from an individual short shoot.

It seems possible that some specimens figured
by Anderson and Anderson (2003, e.g. pl. 84,
figs 1, 5 and pl. 85, fig. 1) as representatives
of Umkomasia similarly represent long shoots
bearing small short shoots which attach pinnate
fructifications and the reported “bracteoles” at
the bases of “branches” are in fact part of, or
associated with, short shoots. Some of these
specimens may be attributable to U. geminata.

Genus: Pteruchus Thomas 1933 emend.
Townrow 1962a

Type species. Pteruchus johnstonii by sub-
sequent designation (Townrow 1962b).

Discussion. The pollen-bearing structures
of Pteruchus have been variously reported as
pinnately (Townrow 1962a, b, Petriella 1980,
Taylor et al. 1984) or helically arranged (Pant
& Basu 1973, 1979, Yao et al. 1995). Thomas’s
(1933) diagnosis included dichotomous, alter-
nate and opposite branching, although the only
reported rachis bifurcation was regarded as
uncertain (discussed below). One species, Pte-
ruchus edwardsii Thomas 1933, was identified
as having genuine helical branching (Thomas
1933, Townrow 1962a) and was recombined as
Stachyopitys edwardsii by Townrow (1962a),
albeit reservedly. Although he distinguished
the single specimen from Pteruchus, he was
ambivalent about its attribution to Stachyo-
pitys Schenk 1867. Anderson and Anderson
(2003, p. 151) indicated that the specimen
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probably belongs to Peltaspermum Harris 1937
emend. Townrow 1960.

Four helically arranged species identified
from the Triassic (?Permian) of India (Pant
& Basu 1979) are doubtful representatives of
the genus (discussed below). Sections through
a single permineralized fructification assigned
to the genus from Antarctica suggested heli-
cal arrangement (Yao et al. 1995: see below),
and Anderson & Anderson (2003) tenta-
tively suggested that all species of the genus
reported from the Upper Triassic (Carnian) of
South Africa are helically arranged. Townrow
(1962a, b) examined Australian and South
African specimens, including many type speci-
mens, and considered the type species and oth-
ers to be pinnate.

Pteruchus barrealensis (Frenguelli 1942)
Holmes & Ash 1979 has been recorded from the
Lorne Basin (uppermost Lower Triassic: Patte-
more et al. 2015a), Australia, and the Barreal
Formation (Retallack 1977, Petriella 1980),
Barreal-Rincén Blanco Basin, Argentina (Mid-
dle Triassic: Morel et al. 2003). This pinnate
species (Petriella 1980) has the largest sporan-
gial heads recorded in the genus (up to 80 mm
long: Frenguelli 1942, Holmes & Ash 1979).
Townrow (1962a) re-assigned Frenguelli’s
(1942) original specimens — those attributed to
Pterorrachis barrealensis Frenguelli 1942 — as
Pteruchus dubius Thomas 1933 emend. Town-
row 1962a, but they were regarded as distinct
from that species by Holmes and Ash (1979). On
this point, Petriella (1980) largely agreed with
Townrow (1962a) but considered the larger size
of Frenguelli’s specimens as an important char-
acter; thus Petriella erected Pteruchus dubius
var. barrealensis. Frenguelli’s (1944b, fig. 12)
reconstruction of the fructification included
a bifurcating rachis; however, there is no evi-
dence for this character (Townrow 1962a, Petri-
ella 1980). The reconstruction also indicates
the pollen sacs entirely covered the sporangial
head (i.e. both upper and lower surfaces) but
again this seems doubtful: cf. reconstruction of
the species by Retallack (1977, fig. 7), which
was supported by Petriella (1980). Pteruchus
barrealensis is known only from the uppermost
Lower Triassic through Middle Triassic of Aus-
tralia and South America.

Four Pteruchus species were identified
as spirally arranged by Pant & Basu (1979,
table 1); all were reported from the Nidhpuri
(=Nidpur) locality (near the Gopad River),

Madhya Pradesh, India. This area has com-
plex geology, and differentiation between Per-
mian and Triassic strata is not always clear
(Pant & Pant 1987, Pattemore et al. 2015a).
Pteruchus nidpurensis Srivastava 1974 was
based on isolated sporangial heads and thus
branching arrangement is unknown (Sriv-
astava 1974, Pant & Basu 1979). Retallack
(2002) suggested that this species may belong
to Permotheca Zalessky 1929. The other three
Indian species — Pteruchus indicus Pant
& Basu 1973, P. thomasii Pant & Basu 1979,
and P. gopadensis Pant & Basu 1979 — are
characterised by their very small sporangial
heads and short pedicels. All of the sporangial
heads are about the same width, or considera-
bly smaller than, the fructifications’ main axis.
These three species are structurally unlike
Pteruchus and almost certainly belong to Per-
motheca: cf. reconstruction of a representative
of the latter genus by Krassilov et al. (1999,
text-fig. 2). Accordingly, the generic emenda-
tion of Pteruchus by Pant and Basu (1973)
is not followed herein. Permotheca is known
chiefly from beyond Gondwana (Zalessky 1929,
Gomankov & Meyen 1986, Krassilov et al.
1999, Naugolnykh 2013) but has been iden-
tified from near the Permo-Triassic bound-
ary in the Sydney Basin, Australia (Retallack
2002, Pattemore et al. 2015a).

Kirchner and Miiller (1992) erected Pteru-
chus septentrionalis from the Lower Jurassic
(sensu stricto, Liassic) of Germany. They inter-
preted the branching arrangement as probably
spiral on the basis of vascular traces in the axis.
Like that of the Indian specimens (above), the
axis is wide relative to the size of the micro-
sporophylls — much more so than Gondwanan
specimens reliably attributed to the genus.
Anderson and Anderson (2003) regarded the
German specimens as distinct from Pteruchus
and assignable to a new genus. I agree with
those authors that the German specimens do
not resemble Pteruchus, particularly regard-
ing the figured axis with branched microsporo-
phylls (Kirchner & Miiller 1992, pl. 3. fig. 2).
Kirchner and Miiller (1992) suggested that
their specimens are similar to Pteroma Harris
1964 but apparently lack the embedded pollen
sacs that are characteristic of the genus (Har-
ris 1964). The youngest specimen attributed to
Permotheca, as noted above, is from near the
Permo-Triassic boundary (Retallack 2002, Pat-
temore et al. 2015a).
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Following the erection of Pteruchus fremou-
wensis Yao et al. 1995, based on permineral-
ized specimens from the Middle Triassic of
Queen Alexandra Range, Central Antarctic
Mountains, some authors have suggested that
all representatives of the genus are helically
arranged (e.g. Anderson & Anderson 2003,
Bomfleur et al. 2011). The specimens reported
by Yao et al. (1995) were described as having
“helically and alternately” mounted micro-
sporophylls. They identified two axes; only one
figure shows actual branching from an axis
(Yao et al. 1995, fig. 1) and that does not show
branching arrangement. The axis in that fig-
ure was transversely sectioned and the wood
structure and apparent arrangement of stems
around the axis (Yao et al. 1995, fig. 4) were
regarded as implying helical insertion. It is
unclear how the reported alternate branching
arrangement was determined. The in-situ pol-
len identified by those authors and examined
by Osborne and Taylor (1993), were regarded
as strongly degraded by Balme (1995). Sporan-
gial sacs were shown to be mounted in rows
along either side of oppositely arranged veins
on the sporangial head (Yao et al. 1995). This
is supported by the discovery of a pinnate
structure within the sporangial head in speci-
mens assigned to P. dubius herein.

Pteruchus johnstonii (Feistmantel 1890)
Townrow 1962b

Figs 5-7

Synonymy.

1888 Baiera tenuifolia (R.M. Johnston); Johnston, pl.

2D, E (fructification only).

Trichopitys Johnstoni Feistmantel, pp. 113—

114, pl. 10, fig. 5 (fructification only).

Phyllotheca sp. ind.; Etheridge in Jack & Ether-

idge, pp. 365-366, pl. 42, fig. 1.

Stachyopitys annularioides Shirley, p. 13,

pl. 18, fig. 1.

Stachyopitys annularioides Shirley; Walkom,

p- 13, pl. 4, fig. 6.

Baiera tenuifolia Johnston; Walkom, pp. 85-86,

figs 15, 16 (fructification only).

Pteruchus africanus Thomas, pp. 235-237,

p- 24, figs 71, 72, text-figs 34, 35.

1962a Pteruchus africanus Thomas; Townrow, pp.
297-300, pl. 24, fig. 4, pl. 25, figs 1, 2, pl. 26,
figs 2, 4-11, text-figs 1-3, 6-10.

1962b Pteruchus johnstoni (Feistmantel) Townrow,

pp- 91-93, figs A—C.

Pteruchus johnstoni (Feistmantel) Townrow;

Hill et al., pl. T6, fig. 4.

1890

1892

1898

1917

1924

1933

1965

1977 Pteruchus johnstonii (Feistmantel) Townrow
1962; Retallack et al., p. 98, fig. 8C.

Pteruchus johnstonii (Feistmantel) Townrow
1962; Retallack, p. 39, figs 5A, 10B.

Pteruchus johnstonii (Feistmantel) Townrow
1962; Holmes, pp. 15, 17, fig. 7E, F.

Pteruchus africanus H.H. Thomas 1933; Ander-
son & Anderson, p. 254, pl. 90, figs 1-9.

Diagnosis. See Townrow (1962b, pp. 92-93).

1980
1982

2003

Type material. Feistmantel (1890, pp. 113—
114, pl. 10, fig. 5), Tasmanian Museum speci-
men B1049, holotype designated by Townrow
(1962b); Lord’s Hill (Upper Triassic: Reid et al.
2014), Hobart, Tasmania.

Material. GSQF536: Borehole Colliery,
Bundamba, Ipswich; Blackstone Formation
(Denmead 1955, Denaro et al. 2013), Brassall
Subgroup, Ipswich Basin (Carnian—lowermost
Norian: McKellar 2013). Identified as Phyl-
lotheca sp. by Etheridge in Jack & Etheridge
(1892, pp. 365366, pl. 42, fig. 1).

GSQF142: Denmark Hill, Ipswich; Black-
stone Formation, Brassall Subgroup, Ipswich
Basin (Carnian—-lowermost Norian: McKellar
2013). Identified by Shirley (1898, p. 13, pl. 18,
fig. 1) as Stachyopitys annularioides Shirley
1898. Figured herein (Figs 5, 6).

UQF2077 (part and counterpart), UQF82589:
Sheep Station Inlet (formerly Sheep Sta-
tion Creek, now submerged), Wivenhoe Dam,
Queensland; Esk Formation, Esk Trough (Ani-
sian: Purdy 2013). Both figured herein (Fig. 7).

Occurrence. Upper Triassic: coal measures
(Lord’s Hill, Hobart), Upper Parmeener Super-
group, Tasmania Basin (Reid et al. 2014);
Brassall and Kholo subgroups, Ipswich Basin
(Carnian—lowermost Norian: McKellar 2013,
Purdy & Cranfield 2013); Molteno Formation
(Carnian: Anderson & Anderson 2003), South
Africa.

Middle Triassic: Napperby Formation (Ani-
sian: Holmes 1982, Cameron et al. 1999), Gunne-
dah Basin, New South Wales. Basin Creek and
Cloughers Creek formations, Nymboida Sub-
Basin (Anisian: Purdy 2013, Purdy & Cranfield
2013), New South Wales. Esk Formation, Esk
Trough (Anisian: Purdy 2013), Queensland.
Torlesse Supergroup, South Island, New Zea-
land (Ladinian: Retallack 1980, 1987).

Description. Microsporophyll ?pinnate.
Axis striated, up to 60 mm long, 1-2 mm
wide. Several microsporangial pinnae per axis,
branching at 20°-40°. Pinnae up to 6 mm long
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Fig. 5. Pteruchus johnstonii (Feistmantel 1890) Townrow 1962b. GSQF142: Denmark Hill, Ipswich, Queensland; Blackstone
Formation, Brassall Subgroup, Ipswich Basin (Carnian—lowermost Norian). Contrast enhanced. Line-drawn by Shirley (1898,
pl. 18, fig. 1) as Stachyopitys annularioides Shirley 1898. Scale: 1 cm

(excluding sporangial head), ca 0.4 mm wide,
each bearing a single terminal sporangial head.
Pinnae tightly curved through ca 80° near
connection with sporangial head. Sporangial
head with rugose texture on one side, lacking
pollen sacs, subcircular—obovate, 2.5-3.5 mm
long and ca 2.5 mm wide (up to 7 mm long and
5 mm wide including marginal pollen sacs);
other side crowded with pollen sacs, covering
entire surface. Sporangial heads from the Esk
Trough are smaller (0.5-2 mm long) but all
are probably incomplete. Pollen sacs ellipti-
cal-oblanceolate, apices pointed, 2-5 mm long,
1-1.5 mm wide, longitudinally striated.

Discussion. Thomas (1933) erected Pteru-
chus and several of its species based on speci-
mens from the Molteno Formation (Carnian),
South Africa. Townrow (1962a) re-examined
Thomas’s material and described more speci-
mens from the latter author’s original col-
lection site: the Umkomaas Valley, western
kwaZulu-Natal, South Africa; site Umk111
of Anderson and Anderson (2003). Townrow’s
(1962a) generic and specific emendations added
considerable detail vis-4-vis morphology, cuti-
cle and pollen. He regarded many of Thomas’s
(1933) species as junior synonyms of P. afri-
canus Thomas 1933 emend. Townrow 1962a.

That species had hitherto been regarded as the
type species (Thomas 1933, Townrow 1962a).
However, Townrow (1962b) re-examined speci-
mens used to erect Trichopitys johnstonii Feist-
mantel 1890 from the Tasmanian Upper Tri-
assic, and Stachyopitys annularioides Shirley
1898 (Figs 5—6 herein) from the Ipswich Basin
(Carnian—lowermost Norian), Queensland. He
regarded these as indistinguishable from the
South African P. africanus. Thus, by prior-
ity, Townrow (1962b) identified P. africanus
as a junior synonym of P. johnstonii. The lat-
ter name has now been widely adopted (e.g.
Meyen 1984, Retallack & Dilcher 1988, see
above synonymy). Pollen belonging to the type
species were described by Balme (1995) and
references therein.

Feistmantel (1890) suggested that the fruc-
tification Trichopitys johnstonii was biologi-
cally attached to an adjacent leaf. Johnston
(1888) erected Baiera tenuifolia for the leaf but
he did not name the fructification. However,
the specimen was re-examined by Walkom
(1924) who doubted attachment and Townrow
(1962b) confirmed that no attachment exists
— indeed, he noted that the fructification and
foliage are oriented in opposite directions and
are preserved in different layers within the
slab. Anderson and Anderson (2003, p. 250)
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Fig. 6. A-C — Pteruchus johnstonii (Feistmantel 1890) Townrow 1962b; GSQF142; Denmark Hill, Ipswich, Queensland;
Blackstone Formation, Brassall Subgroup, Ipswich Basin (Carnian—-lowermost Norian). A — microsporophyll with attached
sporangial heads. B — side view of sporangial head. C — pollen sac with longitudinal striation. Line-drawn by Shirley (1898,
pl. 18, fig. 1) as Stachyopitys annularioides Shirley 1898. Scales: A — 5 mm; B — 1 mm; C — 0.5 mm

identified Johnston’s specimen (more accu-
rately attributable to Feistmantel 1890) as
Pteruchus africanus and they suggested that
it is the youngest record of the genus. Thus,
despite disregarding priority, Anderson and
Anderson (2003) apparently agreed with
Townrow’s (1962b) conclusion that Trichopitys
Johnstonii and P. africanus are synonymous.

Shirley’s (1898) specimen (GSQF142) com-
prises at least two overlying fructifications,
both attributable to the type species. This
specimen and others examined herein do not
clearly show branching mode. Thus, Town-
row’s (1962b) assessment that the type species
is pinnate rather than helically arranged is fol-
lowed herein.

Fig. 7. A, B — Pteruchus johnstonii (Feistmantel 1890) Townrow 1962b. A — UQF2077. B — UQF82589; leaf on left (UQF82595)
identified as Linguifolium waitakiense Bell in Bell et al. 1956 emend. Pattemore & Rigby in Pattemore et al. 2015b; leaf shown
above (UQF20594) is part of a large bifurcating frond attributable to Dicroidium feistmantelii (Johnston 1894) Gothan 1912;
Sheep Station Inlet, by Wivenhoe Dam, Queensland; Esk Formation (Anisian), Esk Trough. Scale: A, B — 1 cm
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Chatterjee et al. (2013) recorded an indif-
ferently preserved specimen as Pteruchus sp.
from the Allan Hills (Middle and Upper Tri-
assic: Pattemore et al. 2015a), South Victoria
Land, Antarctica. It may belong to the type
species but the apparently incomplete sporan-
gial head could simply represent a portion of
a larger fructification (e.g. P. dubius).

Specimens recorded by dJones (1948) in
a core sample from an unidentified well near
Cracow, Queensland, included an unnamed,
small (ca 10 mm long, ca 3 mm wide) detached
strobilus. Its generic identity is uncertain,
being only figured by line-drawn interpre-
tation (Jones 1948, pl. 1, fig. 15) and it was
apparently not retained in a permanent collec-
tion. Furthermore, the well’s exact location and
the core recovery depth were unrecorded but
it almost certainly penetrated Permo-Triassic
strata of the Bowen Basin. Cracow is located
close to the basin’s eastern boundary and to
younger strata of the Surat Basin (Draper 2013).
Some specimens recorded by Jones (1948) possi-
bly resemble those of Playford et al. (1982) from
the Ladinian Moolayember Formation, Bowen
Basin.

Pteruchus dubius Thomas 1933 emend.
Townrow 1962a

Figs 8C-G, 9A-C

Synonymy.

1933 Pteruchus dubius Thomas, pp. 241-242, figs
44, 45,

1947 Pteruchus cf. africanus Thomas; Jones & de

Jersey, p. 55, text-fig. 51.
1962a Pteruchus dubius Thomas; Townrow, pp. 300—
302, pl. 24, figs 5, 6, pl. 25, fig. 3, pl. 26, fig. 1,
text-figs 1e, 4b, c, 7b, 8d, 10a—c, 11a, b.
Pteruchus dubius Thomas; Hill et al., pl. T6,
fig. 3.
Pteruchus dubius; Taylor et al. 1984, pl. 1, figs
1, 2.
Pteruchus dubius Thomas 1933 emend. Town-
row 1962; Cantrill et al., pp. 55-57, fig. 5a—g.
Pteruchus dubius Thomas 1933 emend. Town-
row 1962; Pattemore & Rigby, pp. 333-334,
fig. 3a.

1965
1984
1995

2005

Diagnosis. See Townrow (1962a, pp. 300—
301).

Type material. Thomas (1933, pp. 241-242,
fig. 44): Umkomaas Valley, western kwaZulu-
Natal, South Africa; Molteno Formation (Car-
nian), Karoo Basin.

Material. QMF42547 (counterpart 42576),
42548 (counterpart 42550) [Figs 8C, 8D, 9A-C
herein], 42557 (counterpart 42558), 42567
(counterpart 42568), 42574 (counterpart
42575): Blackstone Hill, Ipswich; Blackstone
Formation, Brassall Subgroup, Ipswich Basin

(Carnian—lowermost Norian: McKellar 2013,
Purdy & Cranfield 2013).

UQF28090A/B (part and counterpart): Den-
mark Hill, Ipswich; Blackstone Formation,
Brassall Subgroup, Ipswich Basin (Carnian—
lowermost Norian). UQF28090B was figured
by Hill et al. (1965, pl. 6, fig. 3).

Occurrence. Brassall Subgroup, Ipswich
Basin (Carnian—lowermost Norian); Molteno
Formation (Carnian: Anderson & Anderson
2003); Flagstone Bench Formation, Prince
Charles Mountains, East Antarctica (Norian:
McLoughlin & Drinnan 1997).

Description.  Microsporophyll pinnate.
Rachis >200 mm long, up to ca 4.5 mm wide.
Pinnae commonly subopposite, branching at
50-80°, ca 13 mm long (not including sporangial
head), 0.5-1.5 mm wide, commonly subtended
by a cataphyll. Pinnae commonly bifurcating
<5 mm from rachis, each with terminal sporan-
gial head. Cataphyll 7-9 mm long, 1-1.5 mm
wide. Sporangial head 15-38 mm long, 5-8 mm
wide, comprising three distinct layers: (1) a thin
rugose lamina forming probable upper surface,
overlying (2) a thin pinnate lamina to which (3)
pollen sacs are attached, probably pendulously.
Pinnate lamina approximately same overall
size as overlaying lamina. Pinnules linear but
slightly curved with faint costule, 1520 each
side of pinna-rachis (probably less in smaller
specimens). Pollen sacs crowded, attached in
?pairs laterally along pinnae, ca 5 sac pairs per
pinnule; thus >200 pollen sacs in total per spo-
rangial head. Pollen sacs commonly oblanceo-
late, pointed—rounded apically and pointed at
their attachment, 1.5-2.5 mm long, 0.5-0.8 mm
wide, longitudinally striated (ca 35 per mm).

Discussion. The specimens listed above from
Blackstone Hill were first described by Patte-
more and Rigby (2005) as Pteruchus dubius.
Extending their description, in particular, the
microsporophyll is indeed pinnate but some
sporangial heads show a previously unidenti-
fied distinct lamina to which the sporangial
sacs are attached (Fig. 9A, B). This lamina
is pinnate, thus indicating that the entire
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Fig. 8. A, B — Pteruchus minor Thomas 1933; QMF58647 (part and counterpart). C, D — Pteruchus dubius Thomas 1933
emend. Townrow 1962a; QMF42548 and counterpart QMF42550 respectively. Blackstone Hill, Ipswich, Queensland; Black-
stone Formation, Brassall Subgroup, Ipswich Basin (Carnian—-lowermost Norian). E, F — Pteruchus dubius Thomas 1933
emend. Townrow 1962a; entire specimen with part (E: QMF42548) and counterpart (F: QMF42550) vertically aligned. G —
Pteruchus dubius Thomas 1933 emend. Townrow 1962a; side view of sporangial heads, QMF42548. Collected by R. Knezour.

Scale: A-D - 1cm; E,F-5cm; G-1cm

fructification represents a modified bipinnate
leaf. Townrow (1962a, p. 294) first suggested
that the sporangial heads belonging to this
and other species of Pteruchus probably have
a pinnate structure. Pattemore & Rigby (2005)
considered P. dubius to be associated with the
bipinnate leaf Dicroidium feistmantelii (John-
ston 1894) Gothan 1912 based on their fre-
quent preservation at the same locality. Cook

and Rozefelds (2015, p. 88) figured P. dubius
(QMF58599) from the same locality.

Many pinnae are subtended by a cataphyll.
Townrow (1962a, p. 292) reported rare “veg-
etative pinnules” in one specimen assigned to
Pteruchus dubius and in specimens attributed
to two other species but he noted that they
did not subtend any structure. Anderson and
Anderson (2003) identified paired sporangial
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Fig. 9. A-C — Pteruchus dubius Thomas 1933 emend. Townrow 1962a; QMF42548 and counterpart QMF42550. A, B —
QMF42550. C — QMF42548; pollen sac. Blackstone Hill, Ipswich, Queensland; Blackstone Formation, Brassall Subgroup,
Ipswich Basin (Carnian—lowermost Norian); collected by R. Knezour. D — Pteruchus minor Thomas 1933; UQF16609; Petrie’s
Quarry, Albion, Brisbane, Queensland; Aspley Formation, Kholo Subgroup, Ipswich Basin (Carnian—-lowermost Norian). Scale:

A, D-5mm; B,C—-1mm

heads, each mounted terminally on a singly
bifurcated pedicel that is subtended by a cata-
phyll (termed bracteole) in specimens referred
to their species P. matatimajor. Cataphylls in
the specimens examined herein were probably
thin laminae but lack visible venation. They
appear to have been easily lost or shed (Ander-
son & Anderson 2003, p. 250) or perhaps did
not always develop.

Anderson and Anderson (2003) tentatively

regarded all Pteruchus species from the
Molteno Formation, South Africa as having
irregular helical branching; that viewpoint was
apparently influenced by the discovery of the
supposedly helically arranged P. fremouwen-
sis from the Triassic of Antarctica (discussed
above). The specimens figured as P. matati-
major by Anderson and Anderson (2003, pls
92-94) suggest that species is probably a jun-
ior synonym of P. dubius.
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Specimens termed Pteruchus sp. cf.
P. matatimajor by Holmes and Anderson
(2005, p. 11, fig. 23A-E) from the Nymboida
Sub-Basin (Anisian) display a range of sporan-
gial head sizes like that of specimens attrib-
uted to P. dubius by Pattemore and Rigby
(2005). Holmes and Anderson’s (2005) figured
specimens may be attributable to that species.
The Nymboida Sub-Basin is approximately
coeval (Purdy & Cranfield 2013) with the Esk
Trough (Anisian: Purdy 2013); a Ladinian age
has also been suggested (Holmes & Anderson
2013). A single specimen figured as Pteruchus
sp. A by Holmes and Anderson (2005, pl. 23,
fig. F) may represent overlying sporangial
heads rather than a single forked head, which
is unknown in the genus.

Townrow (1962a) tentatively indicated that
pollen sacs of Pteruchus dubius may completely
encompass the head, i.e. covering both upper
and lower surfaces. The specimens examined
herein clearly show that one side (probably the
upper surface) lacks pollen sacs (Fig. 8@G). This
surface is bract- or leaf-like and its rugose tex-
ture probably resulted from a combination of
the underlying pinnate lamina and the crowded
pollen sacs. Likewise, the slightly crenulate
margin of the non-sporangial surface prob-
ably represents the apical portion of pinnules
in the underlying layer. Restriction of sporan-
gial sacs to one side of the head was also noted
by Cantrill et al. (1995) based on specimens
from the Flagstone Bench Formation (Norian),
Prince Charles Mountains, East Antarctica.

A specimen attributed to Pteruchus dubius
by Taylor et al. (1984, pl. 1, figs 1-2) was
apparently collected from Dinmore Quarry,
Queensland (Zavada & Crepet 1985, Osborn
& Taylor 1993, p. 206); thus it is probably
from the Tivoli Formation (Pattemore & Rigby
2005, but Blackstone Formation and of Norian
age according to Raven et al. 2015), Bras-
sall Subgroup, Ipswich Basin (Carnian—low-
ermost Norian: McKellar 2013). Retallack
(1983) reported P. dubius from the Ladinian
of the South Island, New Zealand; however,
the single indifferently preserved fragment is
very small and insufficient for specific identi-
fication. Pollen obtained from representatives
of the species have been described by Town-
row (1962a), Taylor et al. (1984), Zavada and
Crepet (1985), Balme (1995) and Cantrill et al.
(1995) and resemble the dispersed pollen genus
Falcisporites Leschik 1956 emend. Klaus 1963.

Pteruchus minor Thomas 1933
Figs 8A, 8B, 9D

Synonymy.

1903 Stachyopitys sp.; Seward, pp. 66-67, pl. 9,
figs 2, 2a.

1933 Pteruchus minor Thomas, pp. 242-243, pl. 24,
fig. 76.

1944a Stachyopitys anthoides Frenguelli, pp. 385-—

392, fig. 1, pls 1-2.

Pteruchus annularoides (Shirley) Thomas;

Jones & de Jersey, p. 55, text-fig. 38 (fructifi-

cation only).

Pteruchus simmondsi (Shirley) Thomas; Jones

& de Jersey, p. 55 (not figured).

1962a Pteruchus simmondsi (Shirley) Thomas; Town-
row, pp. 303-305, pl. 24, figs 1, 3, pl. 26, figs 3,
12, text-figs 2a—c, 4a, 4d-h, 6j, 6k, 7d, 8a, 8e,

1947

1947

11c, 11d.

1965 Pteruchus simmondsi Thomas; Hill et al., pl.
Te, fig. 5.

1967 Pteruchus rhaetica (Geinitz); Jain & Delevo-
ryas, pp. 572-573, pl. 90, fig. 15.

1980 Pteruchus simmondsi (Shirley) Thomas em.
Townrow 1962; Petriella, pp. 172-174, pl. 2,
figs 1-3.

2003 Stachyopitys lacrisporangia Anderson & Ander-
son, p. 220, pl. 76, figs 1-16; pl. 77, figs 1-5;
pl. 78, figs 1-12; pl. 81, figs 1-6.

2011 Townrovia polaris Bomfleur et al. 2011, pp.
818-820, fig. 8.

2013 Townrovia polaris Bomfleur et al. 2011; Chat-

terjee et al., p. 217, fig. 5C.

Diagnosis. See Thomas (1933, p. 242).

Material. QMF58647(a, b) part and coun-
terpart: Blackstone Hill, Ipswich; Blackstone
Formation, Brassall Subgroup, Ipswich Basin
(Carnian—lowermost Norian: McKellar 2013).
Fig. 8A, B herein.

UQF16609: Petrie’s Quarry (west side of Bar-
tley’s Hill), Albion, Brisbane, Queensland,;
Aspley Formation, Kholo Subgroup, Ipswich
Basin (Carnian—lowermost Norian). Figured
by Hill et al. (1965, pl. 6, fig. 5) as Pteruchus
simmondsii. Fig. 9D herein.

UQF82572, UQF82573: Denmark Hill, Ipswich;
Blackstone Formation, Brassall Subgroup,
Ipswich Basin (Carnian-lowermost Norian).
Specimen UQF82573 is located on the same
slab as a ginkgoalean leaf (UQF2037) that was
assigned to Czekanowskia tenuifolia Johnston
1886 by Jones and de Jersey (1947).

Occurrence. Kholo and Brassall sub-
groups, Ipswich Basin (Carnian—lowermost
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Norian: McKellar 2013, Purdy & Cranfield
2013). Molteno Formation (Carnian: Anderson
& Anderson 2003), South Africa. Potrerillos
and Cacheuta formations, Cuyo Basin, Argen-
tina (uppermost Ladinian—lowermost Norian:
Morel et al. 2003). Falla Formation (Upper
Triassic: Bomfleur et al. 2011), Victoria Group,
Queen Alexandra Range, Central Transant-
arctic Mountains, Antarctica. Upper Lashly
Formation (Middle or Upper Triassic: Patte-
more et al. 2015a), Allan Hills, South Victoria
Land, Antarctica.

Description. Small incomplete open pani-
cule, 15 mm long, 10 mm wide, bilaterally
branched, opposite—alternate. Rachis 0.8 mm
wide. Pinnae branching at 30°-70° with pinna
stem ca 4 mm long, <0.5 mm wide, bearing
a single terminal subcircular—elliptical sporan-
gial head (1.5—-2 mm diameter; 3—4.5 mm includ-
ing marginal pollen sacs). Pollen sacs probably
covering entire head (i.e. both upper and lower
sides); total number of sacs per head unclear,
but up to 14 visible around margin. Sacs oblan-
ceolate—obovate, 1-2 mm long, 0.4-0.7 mm
wide; apices rounded or pointed (obtuse—acute).
Sacs pointed at their attachment.

Discussion. These specimens would have
been attributed to Pteruchus simmondsii
(Shirley 1898) Jones & de Jersey 1947 emend.
Townrow 1962a. However, the type specimen
(GSQF256) of that species is shown herein to
be ovuliferous and therefore not representative
of Pteruchus - it is now identified as Umkoma-
sia simmondsii (above).

Pteruchus minor was diagnosed by Thomas
(1933) as having a bilateral and alter-
nate branching habit. The type specimen is
a very small fragment (Thomas 1933, pl. 24,
fig. 76, Anderson & Anderson 2003, p. 255, text-
fig. 9) comprising only three sporangial heads.
Thomas (1933) indicated that a possible fork
in the rachis may actually be a branch, thus
suggesting opposite—alternate branching. This
seems probable, as a forked rachis is other-
wise unknown in the genus: cf. P. barrealensis
(discussed above). Specimens described herein
have pinnate, opposite-alternate branching
(Figs 8A, 8B, 9D). Several specimens previ-
ously attributed to P. simmondsii are assigned
to P. minor herein. Townrow (1962a, p. 294)
noted that ridges on the head of one specimen
assigned to P. simmondsii suggested that the
head has a pinnate structure. That character

is confirmed for P. dubius (above) and sup-
ports the view that P. minor is consistent with
Pteruchus.

Specimen QMF58647 (part and counter-
part) suggests that the head was possibly fully
covered with pollen sacs (i.e. both upper and
lower surfaces: Fig. 8A, B). However, the pol-
len sacs are sufficiently large relative to the
size of the head that some sacs may have flexed
around the head during burial, thus giving the
impression of sac attachment to both surfaces.
The specimen is preserved adjacent to a large
fructification (QMF42548) that was assigned
to Pteruchus dubius by Pattemore and Rigby
(2005) and is re-examined herein (above). The
pollen sacs in specimen QMF58647 appear
fully developed and of similar size to those of
P. dubius and other species of the genus. The
holotype of P. minor is an impression without
a counterpart. Thomas’s (1933, fig. 46) line-
drawn interpretation also suggests the possi-
bility that sacs covered the entire head.

The male fructification Townrovia Retallack
1981 is remarkably similar to Pteruchus. It
was based on specimens from the Middle Tri-
assic of New Zealand and the Upper Triassic
of Tasmania. The type specimens (Tasmanian)
were originally included in Pteruchus (Town-
row 1965, Retallack 1981). The basis for sepa-
ration of those genera is doubtful. In defining
Townrovia, Retallack (1981) stated that “... in
Pteruchus the pollen sacs are attached to the
lateral margins rather than a median recepta-
cle”. This misrepresents the genus; all genuine
Pteruchus species discussed herein have pollen
sacs crowded below the lamina, covering most
or all of that surface. This is clearly indicated
in Townrow’s (1962a) emendation of the genus.
Pollen sacs only appear restricted to the margin
when obscured by an overlying lamina. Speci-
mens attributed to P. dubius (Fig. 9A, B) show
the structural arrangement of pollen sac attach-
ment covering the entire surface beneath the
lamina. Townrow’s (1965) specimens assigned
to his species P. petasata provided the basis
for Townrovia and are Carnian—Norian in age
(Pattemore et al. 2015a). He regarded that spe-
cies as most similar to P. dubius, being chiefly
separated by the number of rows of pollen sacs
and a laminar head that has a marginal rim
lacking pollen sacs. These differences were
not considered to be of generic significance by
Townrow (1965). He regarded the lamina head
to be unambiguously leaf-like, not stem-like.
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Retallack (1981) included material from the
Ladinian of the South Island, New Zealand in
his recombination, 7. petasata (monotypic); his
specimens are small, indifferently preserved
fragments with no indication of a rim lacking
pollen sacs.

Bomfleur et al. (2011, table 2) assumed
that Pteruchus is helically arranged, and this
was identified as a significant character dis-
tinguishing that genus from Townrovia. Those
authors also separated the genera by pollen
sac shape and cuticle. Pollen sacs of Pteruchus
were regarded by Bomfleur et al. (2011, table
2) as fusiform (elongate or narrowly ellipti-
cal with tapered apices) and those of Town-
rovia as clavate (oblancealate—obovate with
rounded apices): however, their diagnosis of
T. polaris includes elliptical sacs. The type
material of Townrovia (Townrow 1965, figs
4, 6) indicates that sacs are oblancealate—obo-
vate with rounded to pointed apices. Pteruchus
includes elliptical-oblanceolate—obovate sacs
with rounded to pointed apices: see herein
and diagnoses of various Pteruchus species by
Thomas (1933) and Cantrill et al. (1995). Thus,
generic differentiation based on this character
is doubtful. Furthermore, it is a character that
would probably be somewhat dependent on the
condition and maturity of the plant organ at
its time of preservation.

Bomfleur et al. (2011, table 2) also indi-
cated that subsidiary cells in representatives
of Townrovia are papillate, whereas those of
Pteruchus are non-papillate. This apparently
is based on Retallack’s (1981) diagnosis of
Townrovia that states incorrectly that subsidi-
ary cells are papillate. Stomata and subsidi-
ary cells in representatives of the genus are
known only from Townrow’s (1965) description
of P. petasatus, as Retallack (1981) did not
describe epidermal detail and Bomfleur et al.
(2011) only described epidermis devoid of sto-
mata. Townrow (1965) identified only five sto-
mata and four papillate cells — in total — from
a few minute fragments obtained from vari-
ous parts of the microsporophyll; it is unclear
what proportion of cells are papillate. He did
not describe subsidiary cells as papillate but,
rather more generally, he indicated the epider-
mis has solid or hollow papillae. Otherwise, his
epidermal description is consistent with other
species of Pteruchus. Papillae were considered
rare in the genus by Townrow (1962a) but
they are not unknown. Thomas (1933) erected

P. papillatus but representatives of this spe-
cies were not microscopically examined by
Townrow (1962a); pollen from the type speci-
men of that species were described by Zavada
and Crepet (1985). Thus, P. petasatus and
P. papillatus differ from other representatives
of the genus in apparently having more com-
monly occurring papillae, but this is of dubi-
ous generic import. The number and position
of papillae is affected by environmental condi-
tions and other non-genetic factors (Barclay et
al. 2007, tab. 1). Thus, it is doubtful that a suf-
ficiently objective basis has been established to
differentiate Townrovia from Pteruchus.

Townrovia polaris — regarded as a junior
synonym to P. minor herein — was based on
specimens from the Upper Triassic of Antarc-
tica and included part and counterparts. The
counterparts are small fragments; they were
not figured but were used to extract pollen.
Like that of Pteruchus, in-situ pollen identified
from the type specimen of 7. polaris resemble
the dispersed pollen genus Falcisporites. Pollen
were also identified by Bomfleur et al. (2011)
within the micropylar canal of some ovules
assigned to Matatiella dejerseyi (erected by
those authors); they considered that organ as
probably belonging to the same parent plant
as T. polaris. However, pollen grains identi-
fied in those micropylar canals were only ten-
tatively regarded as resembling Falcisporites
(Bomfleur et al. 2011, p. 818).

Stachyopitys  lacrisporangia  Anderson
& Anderson 2003 is also identified herein as
a junior synonym of Pteruchus minor. One
specimen assigned to S. lacrisporangia by
Anderson and Anderson (2003, pl. 81) has
a bulbous base. A narrow strap-like append-
age is also evidently attached to that same
base and was interpreted by those authors
to be a leaf resembling Sphenobaiera Florin
1936. The appendage is very small: ca 30 mm
long, 0.7 mm wide near its base, apparently
broadening to ca 2 mm wide distally; however,
the distal portion may represent two adjacent
but separate specimens (Anderson & Anderson
2003, pl. 81, fig. 1). The appendage lacks vena-
tion and its basal width corresponds to that of
the adjacent fructification’s stem. Anderson and
Anderson’s (2003, p. 220, fig. 10a) line-drawing
implies that the appendage is distally com-
plete (not discussed by those authors). Their
interpretation of this appendage is doubtful,
being apparently based entirely on its distal
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portion somewhat resembling a single termi-
nal division in a ginkgoalean leaf. Their pur-
ported evidence is insufficient to establish an
organic connection between Sphenobaiera and
the fructification.

The reconstruction of the fructification by
Anderson and Anderson (2003, p. 220, text-
fig. 5) suggests that pollen sacs in representa-
tives of Stachyopitys lacrisporangia encom-
passed the entire sporangial head. Bomfleur
et al. (2011) first indicated that Townrovia
polaris and S. lacrisporangia may be synony-
mous.

Stachyopitys is a ginkgoalean fructification,
and unlike Pteruchus it contains monosulcate
pollen (van Konijnenburg-van Cittert 2010).
Pollen is unknown from specimens assigned to
Stachyopitys from the Middle and Upper Tri-
assic of Gondwana (most specimens have been
reported by Anderson and Anderson 2003).
Gondwanan specimens attributed to Stachyo-
pitys differ from those of well-understood spe-
cies of the Northern Hemisphere in having
a simpler branching pattern and in the num-
ber and the mode of attachment of pollen sacs
(van Konijnenburg-van Cittert 2010, Bomfleur
et al. 2011). Furthermore, based on Ander-
son and Anderson (2003, pls 72-81) it seems

possible that Gondwanan specimens assigned
to Stachyopitys may have a pinnate structure.

A specimen (UQF72911) assigned to Pter-
uchus simmondsii by Playford et al. (1982,
pl. 2, fig. 6) from the Ladinian Moolayember
Formation, Bowen Basin, Queensland was re-
examined herein. However, it appears to have
degraded since it was originally figured and
its generic identity could not be confirmed.
Sphenolepis rhaetica was erected by Geinitz
(1876) for very small fructifications described
as spirally arranged cones with woody scales.
These may be identified as Pteruchus minor
but Geinitz’s description and line-drawings
are insufficient for generic identification. If
they belong to the same species then Geinitz’s
(1876) nomenclature has priority.

Pteruchus sp.
Figs 10-12
Material. QMF57869: Meandu Mine,

Tarong Basin (upper Carnian: McKellar 2013),
Queensland, Australia.

Description. Microsporophyll head incom-
plete, 10 mm long, ca 7 mm wide (not including
pollen sacs around margin) with rugose texture.

Fig. 10. A, B — Pteruchus sp.; QMF57844; Meandu Mine; Tarong Basin (upper Carnian), Queensland. A — sporangial head;
see also Fig. 11j herein. B — pollen sac. Scale: A — 5 mm; B — 0.5 mm
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Fig. 11. Short shoot with camera lucida overlay: Meandu
Mine, Tarong Basin (upper Carnian), Queensland; a — long
shoot; b — short shoot, QMF57870 (Fig. 12 herein); c—i —
ginkgoalean leaf fragments; j — Pteruchus sp., QMF57844,
Fig. 10 herein; k-1 — shoots. Scale: 1 cm

Pollen sacs numerous, slender, <2.5 mm long
and <1 mm wide, finely striated longitudinally
(ca 40 striations per mm).

Discussion. The fructification (QMF57869)
is located within 19 mm of a short shoot
(QMF57870; Figs 11b, 12) but they are not
organically connected. Both the general form of
the fructification (Figs 10A, 11j) and its pollen
sacs (Fig. 10B) resemble Pteruchus; however,
its indifferent preservation disallows specific
identification. No structure is visible within
the head. The shoot includes ginkgoalean-like
foliage fragments that are either attached or
otherwise clearly associated based on their
orientation (Fig. 11c—i). Small curved features
are present near the apex of the short shoot
(Figs 11k, 111, 12).

The ginkgoalean-like leaves are incomplete.
They are fan-shaped and have parallel vena-
tion (Figure 11c, d and g). Other leaves resem-
bling Sphenobaiera Florin 1936 are preserved
separately on the same slab (QMF57871,
QMF57872) and elsewhere in the collection.
All other leaves in the collection are attribut-
able to either Linguifolium Arber 1917 emend.
Pattemore & Rigby in Pattemore et al. 2015b,
Xylopteris Frenguelli 1943 or Dicroidium (the
latter two are currently being investigated).

CONCLUSIONS

1. Umkomasia geminata is bipinnate and
arises from small short shoots. The species
has been recorded from the Ladinian-lower-
most Norian of Australia but it probably had
a wider geographic distribution during that
interval.

2. Pteruchus dubius has a bipinnate struc-
ture. Townrow (1962a) suggested that the spo-
rangial heads in representatives of this spe-
cies are based on a pinnate plan and this is
confirmed herein. Pollen sacs are attached to
a pinnate lamina.

3. The bipinnate structure of Umkomasia
geminata, Pteruchus dubius and Dicroidium
feistmantelii further supports the view that
they belonged to the same parent plant. More-
over, it strongly indicates that specimens with
genuine helical branching are taxonomically

B S —

Fig. 12. Short shoot, QMF57870: Meandu Mine, Tarong
Basin (upper Carnian), Queensland. See also Fig. 11b herein.
Scale: 5 mm
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distinct from those genera and probably from
the Umkomasiaceae.

4. The type specimen of Stachyopitys sim-
mondsii Shirley 1898, subsequently identified
as Pteruchus simmondsii (Shirley 1898) Jones
& de Jersey 1947, is shown to be ovuliferous.
The species, newly combined herein with Umko-
masia as U. simmondsii, may be synonymous
with the type species of the genus.

5. Several specimens previously identified
as Pteruchus simmondsii from the Gondwa-
nan Middle and Upper Triassic are assigned
to P. minor. Townrovia polaris and Stachyopi-
tys lacrisporangia from the same interval are
identified as junior synonyms of P. minor.

6. Townrovia is not regarded as convinc-
ingly distinguished from Pteruchus.

7. Pteruchus is recorded for the first time
from the Carnian Tarong Basin, Queensland.
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