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The fossil record of Icacinaceae in Australia supports long-standing Palaeo-Antarctic 
rainforest connections in southern high latitudes
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ABSTRACT
Fossil fruits of Icacinaceae are recorded from two Cenozoic sites in Australia, at Launceston in northern 
Tasmania and the Poole Creek palaeochannel in northern South Australia, representing the first report of fossil 
Icacinaceae from Australia. The Launceston material includes two endocarps with broad surface pits/tubercles 
and is referred to Palaeophytocrene. It is interpreted to have a minimum middle to late Eocene age. Two 
specimens are recorded from the Poole Creek palaeochannel; a mid-Miocene or middle Eocene age is possible 
for this site, but the older age (middle Eocene) is considered more likely. These specimens represent partial 
endocarps, one documenting the wall thickness and internal structures of the endocarp, and the other 
documenting the morphology and dimensions of the endocarp surface pits. The combination of characters 
shown by these fossils is unique among extant and fossil Icacinaceae genera, warranting the recognition of 
a new genus, Manchesteria gen. nov. These fossils document an early Cenozoic history for the Phytocreneae 
(Icacinaceae) in Australia and provide additional evidence that the family was broadly distributed during the 
globally warm Eocene. Along with recently documented African and South American fossil records, these fossils 
indicate a significant but little understood Gondwanic history for the family.
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Introduction

Gondwanan rainforest lineages have attracted the attention of bota-
nists and biogeographers alike as their modern distribution may bear 
little semblance to their past distribution based upon evidence from the 
palaeobotanical record (Greenwood and Christophel 2005; Kooyman 
et al. 2014). While these generalised patterns have been documented 
for many groups, including Gondwanan conifers (Hill and Brodribb 
1999) and Nothofagus Blume (Hill 1991), the fossil record of other 
groups, such as Icacinaceae Miers, remain poorly known from the 
Southern Hemisphere. Recent phylogenetic analyses of Icacinaceae 
and relevant asterid outgroups (e.g., Kårehed 2001; Byng et al. 2014; 
Stull et al. 2015, 2020a) have narrowed the concept of the family, 
redefining Icacinaceae as a clade comprising 23 genera occurring in 
tropical Africa, Madagascar, Southeast Asia, tropical South America 
and Central America, and Australia (Stevens 2001 onwards). The fossil 
record of this clade is well documented in the Palaeogene of the 
Northern Hemisphere (e.g., Reid and Chandler 1933; Manchester 
1994; Stull et al. 2011, 2020b; Collinson et al. 2012; Del Rio and De 
Franceschi 2020a), but the only published record from the Southern 
Hemisphere is from the Oligocene of Peru (Stull et al. 2012). 
Consequently, the evolutionary history of the family in the Southern 
Hemisphere remains largely obscure.

Here we examine the fossil record and modern distribution of the 
Icacinaceae in Australia. Six genera of Icacinaceae were recognised in 
the Flora of Australia (Guymer 1984). However, this treatment follows 
the traditional concept of Icacinaceae (Engler 1893; Howard 1940; 
Sleumer 1942), which is now known to be grossly polyphyletic 
(Kårehed 2001; Stull et al. 2015). Only one of these six genera, 
Ryticaryum Becc. (alternative spelling = Rhyticaryum), is still retained 
in the family, whereas the other genera have been transferred to 

Cardiopteridaceae Blume, Stemonuraceae Kårehed, Pennantiaceae J. 
Agardh., and Metteniusaceae H.Karst (Stull et al. 2015). Ryticaryum is 
restricted to semi-evergreen vine forest (Neldner et al. 2019), i.e., 
seasonally dry tropical forest, in Cape York Peninsula, in north- 
eastern Australia (Guymer 1984) (Figure 1). New Guinea forms the 
northern margin of the Australian plate and Ryticaryum and three 
other genera, Iodes Blume, Merrilliodendron Kaneh., and Phytocrene 
Wall., have been recorded from there (Sleumer 1971; Potgieter and 
Duno 2016).

There have been no previous fossil records of the Icacinaceae from 
the Australian plate, although they are a distinctive element in many 
Palaeogene floras in Europe (Reid and Chandler 1933; Collinson et al. 
2012; Stull et al. 2016; Del Rio et al. 2019; Del Rio and De Franceschi 
2020a), North America (Manchester 1994; Pigg and Wehr 2002; 
Rankin et al. 2008; Stull et al. 2011, 2012), South America (Stull 
et al. 2012), and Africa (Stull et al. 2020b), and have been reported 
from several late Cretaceous sites (e.g., Knobloch & Mai 1986; Soudry 
and Gregor 1997; but the latter report is probably not Icacinaceae – 
see Del Rio and De Franceschi 2020a). The absence of previous pollen 
records of Icacinaceae in Australia might simply be a result of the 
family being overlooked, as some clades of the family have relatively 
distinctive pollen (Lobreau-Callen 1972, 1973). Wood anatomy (e.g., 
Lens et al. 2008) and fruit morphology (e.g., Del Rio et al. 2020) have 
been well studied across the family, providing a strong context for 
interpreting fossil material of the family, but there has been relatively 
little research on fossil angiosperm wood and fruits in Australia (e.g., 
Rozefelds and Pace 2018).

In this paper, fossil fruits bearing diagnostic traits of the 
Phytocreneae tribe of Icacinaceae (i.e., unilocular endocarps with sur-
face pits and tuberculate protrusions; Stull et al. 2012, 2020b) are 
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described from two localities in Australia and are compared with extant 
and fossil species of the family. The Phytocreneae tribe traditionally 
includes ca. 50 species representing the genera Miquelia Meisn, 
Phytocrene Wall., Pyrenacantha Wight (including Chlamydocarya 
Baill. and Polycephalium Engl.), and Stachyanthus Engl. Phylogenetic 
analyses show that the genus Sarcostigma Wight and Arn. (two spp.) is 
nested in this tribe (Stull et al. 2015), and references to the Phytocreneae 
‘clade’ or ‘tribe’, here and elsewhere in the recent literature (e.g., Stull 
et al. 2020a), refer to the monophyletic group including Sarcostigma. 
We discuss the biogeographic implications of these new fossil records 
from Australia, which significantly expand our understanding of the 
geographic range of the Phytocreneae clade during the Palaeogene.

Geologic setting

Tamar Valley, Tasmania

The two specimens in the Natural History Museum of the UK 
(NHMUK) are part of a collection made by Joseph Milligan 

(1807–1884). Milligan was a significant natural historian in 
Tasmania who wrote on various aspects of the botany, anthropol-
ogy, and geology of Van Diemens Land, as it was then known, from 
1831 to 1860; he also settled briefly in Launcestron in 1842 
(Hoddinott 1967). The 1840s represented his most active period 
of research and he published articles in the Papers and Proceedings 
of the Royal Society of Tasmania and Tasmanian Journal of Natural 
Science. He also published an article (Milligan 1849) that discusses 
fossil plant sites in the Hobart and Launceston area in Tasmania 
and documents fossil leaves from Windmill Hill, East Launceston, 
that occurred in argillaceous and ferruginous sandstones. It is likely 
that this pertains to the material described here, but the fossils were 
neither described nor figured. The specimens treated herein are 
recorded as being collected from Launceston in northern 
Tasmania but further details are absent from the NHMUK 
collection.

The geology of the Launceston area is controlled by the Tamar 
Graben (Figure 1), and it is a geologically complex area due to exten-
sive faulting, terrestrial sedimentation, and volcanics of differing ages 

Figure 1. Map showing the modern distribution of Icacinaceae genera within Australasia, as well as the two fossil localities from this paper (Poole Creek, in South Australia, 
and Tamar Valley, in Tasmania). Australian state abbreviations are as follows: New South Wales, NSW; Northern Territory, NT; South Australia, SA; Queensland, Qld.; 
Tasmania, Tas.; Victoria, Vic.; Western Australia, WA. Genera indicated with an asterisk are members of the Phytocreneae, the clade to which the fossils described here 
belong. Note that the genus Phytocrene also occurs in New Guinea, although it is not indicated on the map because accurate occurrence data is lacking from the limited 
historical collections available.
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throughout the graben (Sutherland et al. 2006). The K-Ar and 
40Ar-39Ar radiometric ages for the basalts indicate eruptive events at 
47, 33–37 and 25 Ma, which correlate palynologically with the 
Proteacidites asperopolus Stover & Evans biozone and Malvacipollis 
diversus Harris biozone (middle-early Eocene), Nothofagidites asperus 
Stover & Partridge biozone (late Eocene), and Proteacidites tubercula-
tus Cookson biozone (late Oligocene), respectively (Sutherland et al. 
2006). The fossil plant fossils studied herein, from the NHMUK 
collection, are preserved as locule casts in ferruginized concretions 
and mudstones. Johnston (1888), Carey (1947), Longman (1966), 
and Jordan and Hill (2002) recorded that fossil plants occur in ferru-
ginized sediments in the Launceston area. Longman (1966) noted in 
more detail that when the sediments are limonite-impregnated, as is 
evident in the NHMUK specimens, these resistant layers have pre-
served impressions of the leaf and plant fragments. Recent geological 
mapping suggests that the ferruginized plant remains are from 
Palaeogene sandstone (Tsa) sequences (Forsyth and Calver 2005; 
Calver and Forsyth 2010) and occur within the Nothofagidites asperus 
biozone of Stover and Partridge (1973); therefore, a middle to late 
Eocene age is inferred for this material. The Windmill Hill area is 
mapped as Tsa in Forsyth and Calver (2005), but as this area is part of 
East Launceston and heavily urbanised, access to geological exposures 
is limited. Whether these specimens are all from a single location or 
multiple locations within the Launceston Basin is unknown.

Poole Creek palaeochannel, Lake Eyre Basin, South Australia

The floras in the Poole Creek area (Lake Eyre Basin, northern South 
Australia; Figure 1) are preserved as moulds of seeds, fruits, leaves, 
and stems and are often preserved as voids in silicified sandstones 
(Greenwood et al. 1990, 2001; Greenwood 1996; Alley et al. 1996; 
Alley 1998; Callen 2020). The plant specimens are preserved as 
impressions and the internal microstructure is typically not pre-
served, although rarely there may be partial preservation of some 
internal morphology. The plant remains were preserved in sand-
stones and were deposited in fluvial systems that are preserved as 
palaeochannels that now sit high in the contemporary landscape – 
a reversed topography (Greenwood et al. 1990; Alley 1998). The 
Poole Creek silcretes are typically confined to areas within or 
immediately adjacent to these Cenozoic channels and are inter-
preted as forming from ground water as they have a relatively 
simple profile and lack the jointing seen in pedogenic deposits 
(Webb and Golding 1998; Ullyott and Nash 2016; Taylor and 
Eggleton 2017). Mobilisation of silica was triggered through 
groundwater movement and development of a surface-contact 
film of silica capturing the external morphology of the plant mate-
rial; the mobilised silica forms an interstitial framework around the 
individual sand grains.

The age of the silcrete floras from northern South Australia has 
been unclear. Chapman (1937) attributed an Oligocene age to these 
silcretes; underpinning this was an assumption that they formed at 
the same time across the continent. More recent regional mapping 
and sedimentological studies suggest that, within the Lake Eyre 
Basin, three phases of sedimentation occurred: in the latest 
Palaeocene to middle Eocene, in the latest Oligocene-Miocene 
(involving dolomitic sediments), and a third and most recent 
phase in the Pliocene (Alley 1998). Two periods of silicification 
are recognised, although these silicification events post-date the 
deposition of these sediments (Alley 1998). Silcrete floras in the 
Poole Creek palaeochannel have been considered stratigraphically 
equivalent to the Eyre Formation sediments, which are interpreted 
as being Eocene in age, based on palynological data of unsilicified 
sediments at Nelly Creek, just NE of the Poole Creek palaeochannel, 
that intergrade into silicified sediments (Christophel et al. 1992; 

Alley et al. 1996; Greenwood 1996; Alley 1998; Callen 2020). Other 
silcrete floras in the Poole Creek palaeochannel – including the 
majority of silcrete in outcrop – have been interpreted as Miocene 
in age (Greenwood 1996; Greenwood et al. 2001; Callen 2020), but 
these outcrops preserve a distinctive, species-poor macroflora in 
a finer-grain lithology than the typical ‘Eyre Formation’ sandstones 
containing the leaf and fruit flora discussed by Greenwood (1996). 
The age and correlation interpretation for the Poole Creek palaeo-
channel is based upon field observations, and these fossiliferous 
channels have been interpreted as inter-tonguing with dolomitic 
facies of the Etadunna Formation. Dolomitic clasts, which are 
thought to be derived from this formation, occur in the deposit 
(Greenwood et al. 1990), but there is limited additional support for 
a Miocene age and, notwithstanding a recent review of the geology 
(Callen 2020), additional studies combined with more intensive 
radiometric dating would be helpful to better understand the bios-
tratigraphic relationships of these silcretes. The Etadunna 
Formation is considered to range from late Oligocene to Pliocene 
in age and is lithologically distinct from Eyre Formation sediments 
(Greenwood et al. 1990; Alley 1998).

Preliminary studies using radiometric dates from K and Mn 
mineralisation, while post-dating formation of the sedimentary 
units, are inferred to be broadly contemporaneous with silcrete 
formation and therefore provide insights on when silicification com-
menced. Bird et al. (1990) dated alunites, which occur within the 
weathered silcretes, as having crystallised in the Miocene. G. Lilley 
and P. Vasconcelos (pers. comm. 2019) dated Mn-oxides from 
north-western Queensland as ranging in age from middle Eocene 
to early Miocene, with the oldest dates corresponding to a minimum 
age of 48 Ma for silicification and silcrete duricrust formation (Lilley 
and Vasconcelos 2019). They suggested that the hot and seasonal 
climate during the early Eocene resulted in high concentrations of 
organic acids and provided the appropriate conditions for the for-
mation of acidic waters saturated with silica, with the subsequent 
evaporation of these silica-rich waters leading to the extensive silici-
fication seen across inland Australia. Whether or not these Mn-oxide 
precipitation and silicification events were regionally coeval is a 
question that needs further study, and Lilley and Vasconcelos 
(pers. comm.) noted the presence of a further episode of silicification 
post-dating the older dates.

While there is a paucity of detailed studies on the macrofloras of 
the Lake Eyre region (Christophel et al. 1992; Greenwood 1996; 
Greenwood et al. 2001), the Poole Creek flora includes some rain-
forest elements, and thus a late Miocene-Pliocene age is considered 
unlikely as palynological studies of the Etadunna Formation lacked 
rainforest elements (Martin 1990). It is also reasonable to infer that 
these sediments were deposited during wetter periods, i.e., middle 
Miocene or middle to late Eocene, and therefore an Eocene through 
to mid-Miocene age is possible for these floras. The dolomitic 
sedimentation associated with the Etadunna Formation, however, 
would not favour plant preservation and may explain, in part, the 
paucity of palynofloras from this unit (Alley 1998); therefore, an 
older middle to late Eocene date is considered most likely, a view 
similarly supported by Hill et al. (2016).

Materials and methods

The fossil specimens from South Australia (Figure 2) were photo-
graphed with a Canon camera using a zerene stacker and hydraulic 
hoist with the software ‘portable imaging’ by Visionary Digital 
Photographic System, or with a Nikon camera with a standard 
macro lens. Light microscopy images of the fossil specimens from 
Tasmania (Figure 2) were obtained using a Leica M80 stereo zoom 
microscope and Leica IC80 HD camera. A Zeiss Axio Zoom.V16 
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was also used to obtain z-stacked images and Helicon Focus soft-
ware was used to combine the stacks into fully focused images. The 
Tasmanian specimens were studied using an FEI Quanta 650 FEG 
scanning electron microscope in variable pressure secondary elec-
tron mode (at 50 Pa, 10kV). Distributional data for modern plant 
records were obtained from the Atlas of Living Australia (ala.org. 
au), the literature (e.g., Sleumer 1971; Utteridge and Schori 2011), 
the Flora Malesiana DataPortal (http://portal.cybertaxonomy.org/ 
flora-malesiana), iDigBio (https://www.idigbio.org; accessed 
22 May 2020), and GBIF (Occurrence Download https://doi.org/ 
10.15468/dl.h3p8a3; accessed 22 May 2020). The institutional 
abbreviation NHMUK refers to fossil collections held in the 
Natural History Museum (London), while GSSA refers to the 
Geological Survey South Australia collections, which are cited 
under the map number 6438 and the rock number RS197.

Modern fruit specimens of Icacinaceae from multiple herbarium 
(BRI, K, L, MO, P, UC, WAG; acronyms following the Index 
Herbariorum) were examined to provide a systematic context for 
interpreting the fossil material; examples are shown in Figure 3 (see 
Appendix 1 for voucher information). In particular, we examined 
multiple species of each genus in the Phytocreneae clade (i.e., 
Miquelia, Phytocrene, Pyrenacantha, Sarcostigma, and 
Stachyanthus), as the endocarp morphology of the fossils examined 
is generally consistent with that of this group. However, we also 
examined representatives of other geographically relevant genera of 
Icacinaceae (i.e., Iodes, Merilliodendron, Nothapodytes Blume, and 
Sleumeria Utteridge, Nagam. and Teo). We also compared the fossil 
material described here with previously published fossils of 
Icacinaceae based on the details provided in the literature (e.g., 
Reid and Chandler 1933; Manchester 1994; Stull et al. 2011, 2012, 
2016, 2020b; Collinson et al. 2012). To ensure consistency, and ease 
of comparison with other taxa, the descriptions of the endocarps 
include the terminology adopted by Stull et al. (2012), (2016) and 
Del Rio et al. (2020).

Systematic palaeobotany

Order Icacinales van Tieghem, 1993
Family Icacinaceae Miers, 1851
Tribe Phytocreneae Bentham & J. D. Hooker, 1862
Genus Palaeophytocrene Reid and Chandler, 1933 
Type species: Palaeophytocrene foveolata Reid and Chandler, 1933, 
pp. 333–335, pl. 15, figs 24–32, from the early Eocene London Clay 
Formation, south-eastern England. 
Species: Palaeophytocrene sp. 
Material: NHMUK19840, NHMUK19841 (Figure 2A–C). 
Locality: Launceston area (precise locality not recorded), Tasmania, 
Australia. Coll. Joseph Milligan, year unknown, but possibly 1840s 
(Hoddinott 1967). 
Stratigraphic position and age: Sandstones mapped as Tsa 
(Forsyth and Calver 2005), inferred N. asperus Stover and 
Partridge biozone (late Eocene). 
Repository: Natural History Museum, London.

Description
Endocarp ovoid-ellipsoid in lateral view, lenticular in cross-section 
(inferred), ca. 18 mm long, ca. 12 mm wide (dimensions of locule 
cast); outer surface covered with broad pits, ca. 58 per face, with ca. 10 
pits spanning the length and ca. 7 spanning the width. Pits correspond 
to shallow, mound-shaped tubercles (broader than long) extending 
into the locule cavity; tubercles ca. 1 to 1.5 mm in diameter, occasion-
ally vertically elongate due to coalescence of adjacent tubercles/pits.

Remarks
The fossils were recovered from coarsely grained ferruginous sand-
stone/siltstone, with one specimen preserved as a locule cast and the 
other as a partial impression specimen; together they document the 
external and internal morphology of the endocarp but lack detail of 
the cellular structure of the endocarp wall. The material described 
here was identified by Swedish palaeobotanist Olof Selling, in 1952, 
as Palaeophytocrene foveolata, the type species of Palaeophytocrene 
Reid and Chandler (1933), originally described from the London 
Clay flora. Palaeophytocrene includes large, oval, compressed or 
slightly inflated fossil endocarps with a pitted outer surface and 
parallel-sided protuberances into the locule. An additional species 
with fewer surface pits and broader, conical tubercles, P. ambigua 
Reid and Chandler (1933), was also described from the London Clay 
flora. Since that time, seven additional species of Palaeophytocrene 
have been described from localities in North and South America 
(Scott 1954; Manchester 1994; Rankin et al. 2008; Stull et al. 2012) 
and Europe (Tichy 1979), with additional unnamed specimens from 
the Paris Basin of France (Del Rio and De Franceschi 2020b) and 
western North America (Meyer and Manchester 1997; Pigg and 
Wehr 2002).

While the similarities of these fossils with P. foveolata are apparent 
(e.g., they are generally similar in overall size, pit number, and pit/ 
tubercle size), we believe that placement in this species is unjustified 
given our incomplete morphological knowledge of the Tasmanian 
material and the considerable geographic (and possibility strati-
graphic) differences of these fossils. Nevertheless, these specimens 
appear to offer clear fossil evidence of Palaeophytocrene and more 
broadly the Phytocreneae, which is characterised by unilocular endo-
carps with surface pits that (in most genera) correspond to tubercu-
late protrusions into the locule. 

Genus: Manchesteria Stull & Rozefelds gen. nov.
(Figure 2E, F)

Type species: Manchesteria australis sp. nov.

Etymology
The generic name, ‘Manchesteria’, is established in recognition of 
the extensive contributions of Steven R. Manchester to the field of 
palaeobotany over many years of research, including his invaluable 
guidance and generosity as a mentor, colleague, and collaborator.

Remarks
This genus is based on a single species, Manchesteria australis sp. nov., 
described herein. The combined generic and specific diagnosis for this 
genus and its sole known species is provided below. 

Species: Manchesteria australis Stull & Rozefelds sp. nov.
(Figure 2E, F) 

Holotype: GSSA 6438 RS197/A. 
Material: GSSA 6438 RS197/B. 
Locality: Site 2095/032/6 (Greenwood et al. 1990; Greenwood 1996), 
Poole Creek palaeochannel, 28° 38’S 137° 40ʹE, South Australia. 
Stratigraphic position and age: Silcrete floras interpreted to be 
equivalent to the Eyre Formation (Alley et al. 1999), probably late 
Palaeocene to middle Eocene in age. 
Repository: Geological Survey South Australia collections.

Etymology
The specific epithetic, ‘australis’, Latin for ‘south’ or ‘southern’, was 
selected to highlight the geographic significance of the fossil 
material.
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Figure 2. Fossils of Palaeophytocrene sp. and Manchesteria australis Stull & Rozefelds, described herein, and Palaeophytocrene foveolata Reid and Chandler (1933) from the 
early Eocene London Clay flora. A. Palaeophytocrene sp. locule cast (NHMUK19840), documenting the presence of numerous, broadly shaped tubercles protruding into the 
locule cavity. B. Palaeophytocrene sp. impression specimen (NHMUK19841), showing infillings of the pits on the endocarp surface (which itself was not preserved). C. SEM 
image of the specimen from B, showing the outlines of the pits (sediment infillings) in greater detail; the finely bumpy surface is a feature of the sediment comprising the 
specimen and not preservation of structural detail on the endocarp surface. D. Locule cast of Palaeophytocrene foveolata (image from Stull et al. 2016, fig. 7B), showing the 
presence of broad tubercles protruding into the locule. E. Partial endocarp (GSSA 6438 RS197/A, Holotype) of Manchesteria australis, fractured longitudinally; the locule cast 
(infilling) of the endocarp reflects the subtle ridging from the endocarp surface as well as surface pits corresponding to broad tubercles protruding into the locule; the 
thickness of the endocarp wall is also shown, as well as the subapical entrance of the primary vascular bundle (arrow). F. An impression specimen (GSSA 6438 RS197/B) of 
Manchesteria australis, showing rounded to vertically oriented protrusions that represent infillings of the pits on the endocarp surface (the endocarp itself is not preserved). 
G. Image of the slab including the embedded silicrete fossil fruit specimens from E and F (arrows).
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Figure 3. Endocarps of modern species of Icacinaceae distributed in Australia and Indo-Malesia. Specimen numbers are provided in parentheses following the species name and 
authority; see Appendix 1 for full voucher information. A. Iodes yatesii Merr. (Burley 1577), in lateral view, showing a ridged endocarp surface. B. Iodes scandens (Becc.) Utteridge & 
Byng (Takeuchi 9320), in lateral view, showing a ridged endocarp surface. C. Same specimen as in B, in longitudinal section, showing the primary vascular bundle (arrow) travelling 
through the endocarp wall. D. Ryticaryum longifolium K.Schum. & Lauterb. (Jacobs 9671), in lateral view, showing a ridged endocarp surface. E. Ryticaryum macrocarpum Becc. (Katik 
46856) in transverse section, showing the thick endocarp wall, with no tuberculate protrusions. F. Ryticaryum sp. (Nicholson 1551), in lateral view, showing a ridged endocarp surface. 
G. Same specimen as in F, showing the thick endocarp wall, with no tuberculate protrusions. H. Merrilliodendron megacarpum (Hemsl.) Sleum. (White N.G.F. 10076), oblique view of 
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Diagnosis
Endocarp unilocular, nearly circular in lateral view, with a rounded 
apex and base. Primary vascular strand entering the locule subapi-
cally. Endocarp surface ornamented with narrow, broadly spaced 
pits, corresponding to broad tubercles protruding shallowly into the 
locule cavity. Endocarp wall notably thick (ca. 1.4 mm), at least 
along the dorsoventral margin. Endocarp ca. 21.5 mm in length, ca. 
19.6 mm in width.

Description
Endocarp unilocular, elliptic to nearly circular in lateral view. Apex 
more or less symmetrical; base rounded. Primary vascular strand 
running outside the endocarp and entering the locule subapically 
and horizontally from the dorsal margin. Endocarp surface covered 
with broadly spaced pits, relatively narrow in diameter (ca. 
0.5 mm), corresponding to broad tuberculate extensions into the 
locule; ca. nine pits span the length and ca. nine pits span the width 
of the endocarp; pits encircle by slight ridges on the endocarp 
surface. Tubercles rounded to vertically elongate (especially those 
positioned towards the apex of the endocarp), extending only 
shallowly into the locule (broader than long, ca. 1.5 mm in dia-
meter), with adjacent tubercles occasionally coalescing. Endocarp 
wall apparently thick (ca. 1.4 mm, at least along the dorsoventral 
margin forming the plane of symmetry). Endocarp ca. 21.5 mm in 
length, ca. 19.6 mm in width; depth dimensions unknown.

Remarks
This species is based on two specimens, preserving different 
aspects of the endocarp structure. One specimen (GSSA 6438 
RS197/A; Figure 2E) represents an endocarp that was infilled 
and then split in half (along the plane of symmetry), revealing 
the locule cast (which documents the morphology of the tuber-
culate extensions into the locule), the entrance and configura-
tion of the primary vascular bundle, and the thickness of the 
endocarp wall. The other specimen (GSSA 6438 RS197/B; Figure 
2F) appears to represent an impression of the endocarp surface, 
documenting the morphology, spacing, and dimensions of the 
surface pits (which correspond to tuberculate extensions into 
the locule); the protrusions on the specimen represent sediment 
infillings of the surface pits.

Greenwood (1996, Table 3 therein) noted similarities between 
some disseminules from the Poole Creek palaeochannel with the 
extant Proteaceae genus Athertonia and the related fossil genus 
Wilkinsonia (Rozefelds 1992). Manchesteria differs from 
Athertonia in lacking an incipient ridge aligned parallel to the 
margin of the endocarp, in having conical tubercles that project 
into the locule, and in the configuration of its primary vascular 
strand (with a subapical entrance from the dorsal margin). Instead, 
the suite of morphological features shown by Manchesteria (uni-
locular endocarps with pitted surfaces and prominent tuberculate 
protrusions into the locule) are consistent with the Phytocreneae 

tribe of Icacinaceae (Stull et al. 2012). Impressions of papillae 
(which line the inner endocarp wall of some members of 
Icacinaceae; Del Rio et al. 2020) are sometimes preserved on the 
surface of locule casts of Icacinaceae endocarps (e.g., Allen et al. 
2015), but the speckled, slightly papillate-like appearance of the 
surface of the locule cast of the Poole Creek specimen GSSA 6438 
RS197/A is due to diffraction of light around individual sand grains 
and is not evidence of papillae. This kind of preservation is fre-
quently seen in these silcretes (Lange 1978).

Among known members of the Phytocreneae clade, the material 
described here shows a unique combination of characters precluding 
placement in any particular modern or previously described fossil 
genus. The overall shape, narrow diameter surface pits (corresponding 
to relatively broad tubercles with a tendency for vertical elongation), 
and general pit arrangement is somewhat consistent with several spe-
cies of Pyrenacantha (i.e., those formerly placed in Chlamydocarya 
Baill.). However, the subapical entrance of the vascular bundle in this 
fossil taxon (Figure 2A) differs from species of Pyrenacantha, in which 
primary vascular bundle consistently enters the endocarp apically (G. 
W.S., personal observation). The wall thickness of the fossil taxon 
(1.4 mm) is also much greater than that of extant species of 
Pyrenacantha (0.7 mm max; Del Rio et al. 2020). Compared to the 
modern genus Miquelia, these fossils are highly similar in their tubercle 
morphology and in the subapical entrance of the vascular strand 
(Figure 3S; Stull et al. 2012). However, fruits of Miquelia are generally 
much more elongate (not nearly circular; Figure 3T, V), with consider-
ably thinner endocarp walls (Figure 3S). Phytocrene, which is distrib-
uted across Indo-Malesia today (Sleumer 1971; Utteridge and Schori 
2011), differs from the fossils in having pits that lack tuberculate 
extensions (e.g., Figure 3R); fruits of this modern genus are also 
typically much larger and more elongate in shape (e.g., Figure 3P). 
Stachyanthus, a small extant genus restricted to Africa, differs in having 
a more diffuse pattern of ridges on the endocarp surface (along with 
small pits); endocarps of this genus also have more apiculate apices with 
an apical entrance of the primary vascular strand (Del Rio et al. 2020), 
two additional features that contrast with the morphology of the fossils 
described here. See table 1 in Stull et al. (2020b) for additional details on 
the morphology of extant species of Phytocreneae.

Compared with the fossil genera Palaeophytocrene and Perfo 
ratocarpum Stull, Adams, Manchester & Collinson, the fossils 
described here are distinct in having a nearly circular shape and surface 
pits that are distinctly elongate (vertically) near the apex, appearing as 
thin plates. Fossils of Palaeophytocrene and Perforatocarpum are much 
more elongate and ovate to obovate in overall shape with pits that are 
more consistently circular even near the apex. Additional features 
likely differ across these genera but it is not possible to confirm at 
present given our incomplete knowledge of these taxa. For example, we 
do not know if papillae are present or absent from Manchesteria; the 
configuration of the apical vasculature in Palaeophytocrene is currently 
unknown; and the thickness of the endocarp wall and morphology of 
the tubercles of Perforatocarpum are unknown. Nevertheless, because 

a transversely sectioned endocarp, showing a thick endocarp wall with a smooth inner surface and numerous vascular bundles embedded within the wall. I. Same specimen as in H, 
in lateral view, showing the rugose, irregular ornamentation of the endocarp surface (partial specimen). J. Sarcostigma kleinii Wight & Arn. (Saldanha 13313), in lateral view, showing 
the rugose ornamentation of the endocarp surface. K. Same specimen as in J, in transverse section, showing the thick endocarp wall, lacking tuberculate protrusions into the locule. L. 
Sarcostigma paniculata Pierre (Atmodjo R D 175), fruit in lateral view, showing a rugose endocarp surface ornamentation beneath the shrunken exocarp/mesocarp. M. Same 
specimen as in L, shown in transverse section. N. Mappianthus hookerianus (Baill.) Sleumer (Clemens 26403), oblique view of a transversely sectioned endocarp, showing a smooth 
inner endocarp surface (lacking tubercles), and a relatively rugose ornamentation on the endocarp surface. O. Sleumeria auriculata Utteridge, Nagam and Teo (Krispinus SAN 118536), 
oblique view of a transversely sectioned fruit, showing a smooth inner endocarp surface (lacking tubercles). P. Phytocrene bracteata Wall (Maxwell 82–230A), in lateral view, showing 
small, widely spaced pits covering the endocarp surface. Q. Phytocrene racemosa Sleumer (Hotta 12687), in lateral view, showing broad surface pits on the endocarp surface, arranged 
in longitudinal lines. R. Same specimen as in Q, in transverse section, showing the surface pits terminating before the locule surface (i.e., tubercles are absent), and the contorted 
cotyledons and copious endosperm of the seed. S. Miquelia caudata King (King 7621), partial endocarp (upper portion), in longitudinal section, showing the subapical entrance of the 
primary vascular bundle (arrow). T. Miquelia caudata King (Wiriadinata 3383), in lateral view, showing the ridged and pitted endocarp surface; the ridges form areoles, each enclosing 
multiple pits. U. Pyrenacantha volubilis Hook. (Geesink & Hiepko 7840), in lateral view, showing the finely pitted endocarp surface. V. Miquelia celebica Blume (Beccari 292), in lateral 
view, showing the pitted and ridged endocarp surface; the ridges often form areoles, each enclosing one to multiple pits.
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the fossil taxon described here exhibits an unusual combination of 
characters precluding placement in any particular extant or fossil 
genus, we argue that the recognition of a new fossil genus, placed in 
the Phytocreneae, is warranted.

Discussion

The Icacinaceae, which today are distributed primarily in the tropics, 
have an extensive fossil record in the Palaeogene of the Northern 
Hemisphere (e.g., Reid and Chandler 1933; Manchester 1994; Pigg 
et al. 2008; Stull et al. 2011; Del Rio and De Franceschi 2020a), 
suggesting that the family perhaps originated and initially diversified 
in North America/Europe before migrating southward with late 
Eocene climatic deterioration (Stull et al. 2012, 2020b). However, 
new fossil evidence indicates that the family – or at least the 
Phytocreneae – was broadly distributed in the Southern 
Hemisphere during the Palaeogene, potentially challenging, or at 
least complicating, previous hypotheses about the family’s biogeo-
graphic history (e.g., Del Rio and De Franceschi 2020a). A recently 
discovered fossil of Palaeophytocrene from Argentina (Poore et al. 
2018) represents the oldest known evidence of both the Phytocreneae 
and this fossil genus. Here, we describe a fossil of Palaeophytocrene 
from the (?) middle to late Eocene of Tasmania that is morphologi-
cally similar to other Eocene Palaeophytocrene fossils from Europe 
(Reid and Chandler 1933; Stull et al. 2016) and North America 
(Manchester 1994; Rankin et al. 2008). We also document a new 
fossil genus of the Phytocreneae tribe, Manchesteria, from the 
Palaeogene of South Australia. When these new Southern 
Hemisphere fossil records are considered alongside other 
Palaeocene and Eocene fossils of Phytocreneae from northern 
South America, North America, and Europe, it becomes clear that 
the Phytocreneae had obtained a nearly global distribution by the 
middle Eocene (Figure 4). This suggests that the modern distribution 
of Phytocreneae has largely been shaped by regional extinction/extir-
pation since the Eocene, likely driven by post-Eocene climatic cooling 
(Zachos et al. 2001; Greenwood et al. 2003; Greenwood and 
Christophel 2005). The youngest North American record of 
Phytocreneae is from the early Oligocene of Oregon (Meyer and 
Manchester 1997; Del Rio and De Franceschi 2020a), after which 

(or around which time) known fossils are confined to more tropical 
latitudes: the early Oligocene of Peru (Stull et al. 2012) and Egypt 
(Stull et al. 2020b), and the Miocene of Panama (F. Herrera, unpub-
lished data). The modern absence of Phytocreneae in the Neotropics 
indicates that the tribe was extirpated from this region sometime after 
the Miocene, although the causes of extirpation are unclear given that 
this region has supported the growth of lowland tropical rainforests 
throughout the Cenozoic, albeit with climatic perturbations during 
the Quaternary (Graham 2011). In Australia, extirpation of the 
Phytocreneae at some point during the later Cenozoic (post- 
Eocene) was perhaps caused by aridification and/or cooling across 
the continent (Greenwood and Christophel 2005; Martin 2006).

The only extant genus of Icacinaceae distributed in mainland 
Australia is Ryticaryum (Figure 1), which is distinct from the fossils 
described here in having ridged, rather than pitted, endocarps 
(Figure 3; Del Rio et al. 2020). Only one species of Ryticaryum, 
R. longifolium, occurs in Australia; this species as well as 11 others 
occur in the flora of New Guinea and adjacent islands (Sleumer 
1971; Utteridge and Schori 2011). Outside of Australia, multiple 
genera of Icacinaceae occur in New Guinea or the broader flora of 
Malesia and Southeast Asia (Figure 1), including Iodes, 
Merrilliodendron, Miquelia, Natsiatum Buch.-Ham. Ex Arn., 
Nothapodytes, Phytocrene, Pyrenacantha, Ryticaryum, Sarcostigma, 
and Sleumeria (Sleumer 1971; Utteridge et al. 2005; Utteridge and 
Schori 2011). The New Guinean flora sits on the northern extension 
of the Australian plate and has a mix of Laurasian and Gondwanic 
elements. The Malesian flora has similarly been recognised as 
a mixed flora of Laurasian and Gondwanic origin (Kooyman et al. 
2019). The distribution of genera in the Phytocreneae within the 
Indo-Australian region is not uniform. Some genera in the 
Icacinaceae, e.g. Iodes and Sarcostigma, are widespread throughout 
Malesian perhumid forests and also occur in India, while 
Merrillodendron and Ryticaryum are restricted to the perhumid 
forests of New Guinea and immediately adjacent areas (Figure 1). 
Other genera like Mappianthus Hand.-Mazz., Natsiatopsis Kurz/ 
Natsiatum, and Hosiea Hemsley & E. H. Wilson are absent from 
Malesia but are widespread in more tropical to subtropical forests of 
northern Indochina and southern China, with the later genus also 
occurring in Japan (Figure 1).

Figure 4. Map showing modern and fossil occurrences of the Phytocreneae tribe. Modern occurrences are represented by green dots. The two red triangles represent the 
fossil occurrences described in this paper. The diamonds represent previously described fossil occurrences from the Palaeocene (purple), Eocene (blue), and Oligocene 
(yellow). Modern occurrences were obtained from GBIF and iDigBio (see main text for details). Fossil occurrences were obtained from the literature: (Reid and Chandler 
1933; MacGinitie 1941; Wolfe 1977; Tichy 1979; Manchester 1994; Meyer and Manchester 1997; Pigg and Wehr 2002; Rankin et al. 2008; Collinson et al. 2012; Stull et al. 
2011; 2012, 2016, 2020b; Poore et al. 2018).
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Whether these genera of Icacinaceae, and in particular the 
members of the Phytocreneae, are of Laurasian or Gondwanic 
origin is unclear in light of this clade’s Palaeogene fossil record in 
both the Northern and Southern Hemispheres (Figure 4). In any 
case, clearly the tribe quickly obtained a broad distribution during 
the Palaeogene. Previous studies have implicated the North Atlantic 
land bridge as an important conduit for Icacinaceae between North 
America and Europe during the Eocene (e.g., Allen et al. 2015; Stull 
et al. 2016). Given the Palaeogene evidence of Phytocreneae from 
Australia (described here) and Argentina (Poore et al. 2018), it 
seems possibly that this group also used Antarctica as a migratory 
pathway during the Palaeogene, as has been suggested for many 
other tropical to warm temperate taxa (Kooyman et al. 2014).

The Launceston Eocene flora

The flora associated with Palaeophytocrene includes ferns, conifers, and 
angiosperms. The ferns include Lygodium dinmorphyllum Churchill 
(Lygodiaceae), which is a common species in Palaeogene floras in 
eastern Australia (Rozefelds et al. 2017). The angiosperms include 
Gymnostoma (Casuarinaceae) ‘seed cones’ and foliage, Phyllocladus 
phyllodes (Podocarpaceae), and moulds of large, unidentified ovoid 
and multilobed fruits, which may include the mangrove palm Nypa. 
Middle to late Eocene floras have been described from Hasties and 
Loch Aber in north-eastern Tasmania, and Phyllocladus phyllodes have 
also been recorded from the latter locality, although unlike some other 
elements of these floras, this genus has persisted in Tasmania to the 
current day (Hill 1989). Gymnostoma is recorded from early Cenozoic 
localities in Tasmania including Hasties and Regatta Point (Hill 1990; 
Pole 1992; Scriven and Hill 1995). Nypa has also been recorded from 
Eocene floras in Western Tasmania (Pole and Macphail 1996; 
Carpenter et al. 2012). As there is no detailed stratigraphic and locality 
information for this material, there are uncertainties in the age of the 
site, but a high palaeolatitude of 60–65°S is likely (Carpenter et al. 2012). 
Estimates of mean annual temperatures ca. 24° C have been proposed 
for the early Eocene Lowana site on the eastern side of Macquarie 
Harbour (Carpenter et al. 2012), and we infer similar high temperatures 
for the Launceston site. The available evidence for interpreting the plant 
communities is limited, but using a nearest living relative approach 
would likely suggest rainforest communities possibly with estuarine 
affinities, and previous studies of Eocene floras in Tasmania suggest 
that diverse rainforests growing under near-tropical conditions covered 
much of the State (Hill et al. 1999; Carpenter et al. 2012).

The Poole Creek silcrete flora

Central Australian floras are important because they provide evi-
dence of the plant communities that occurred in this region before 
the current dry-adapted floras evolved. Previous records are limited 
and include fossils interpreted to have affinities with the extant genera 
Gymnostoma, Brachychiton, and (in the case of the fossil genus 
Myrtaciphyllum) Syzygium or Myrtaceae more broadly (Chapman 
1937; Christophel et al. 1992; Greenwood 1996). The remaining taxa 
have been tentatively identified and/or compared with extant gym-
nosperms (cf. Dacrydium) or flowering plants (e.g., ‘legume’ leaflet; 
various genera in the Proteaceae including cf. Orites, cf. Grevillea, cf. 
Athertonia; and Myrtaceae including ‘Eucalyptus’ and ‘Lophostemon’; 
Greenwood et al. 1990; Greenwood 1996). The silcretes of the Poole 
Creek palaeochannel that hosted Manchesteria australis are consid-
ered to be stratigraphic equivalents of the Eyre Formation, and floras 
from nearby Nelly Creek include pollen of the Casuarinaceae 
(Haloragacidites harrisii (Couper) Harris (1971)) along with 
Myrtaceae and Proteaceae (Christophel et al. 1992; Alley et al. 
1996). The Poole Creek and stratigraphically equivalent units provide 

unequivocal evidence of Gymnostoma (Casuarinaceae) and various 
Proteaceae genera (Greenwood 1996, Figure 4 therein) and our study 
provides evidence of the Phytocreneae of Icacinaceae while removing 
the tentative record of Athertonia (Greenwood 1996) from this flora. 
These Eocene floras were interpreted by Alley et al. (1996) as a gallery 
rainforest along fluvial systems with sclerophyll vegetation occupying 
the interfluves, with these silcrete floras deposited in relatively high- 
energy fluvial systems, perhaps including elements sourced from 
different plant communities. Greenwood (1996) undertook an ana-
lysis of the physiognomy of leaves from these floras, which suggested 
that they were more comparable with leaf assemblages from decid-
uous monsoonal vine thicket forests (i.e., seasonally dry tropical 
forest) than with other rainforest community types (sensu Webb 
and Tracey 1981). However, Carpenter et al. (2011) questioned this 
interpretation, highlighting the limited systematic resolution of most 
taxa. We recognise that further research is clearly needed to resolve 
the affinities of the other taxa comprising these palaeocommunities to 
better understand the systematic and phytogeographical significance 
of these silicified floras from Central Australia. Nevertheless, assum-
ing a middle to late Eocene age, this flora was growing at a relatively 
high palaeolatitude of 50–55°S (Carpenter et al. 2012).

Conclusions

As there is only a single extant genus of Icacinaceae in Australia 
today (Ryticaryum), it could be assumed that there would be little 
fossil evidence of the family in the region, and indeed, to date, there 
have been no fossils reports of the family from Australia. However, 
this study indicates that the flora of Australia historically included 
a greater diversity of Icacinaceae, including Palaeogene representa-
tives of the Phytocreneae, a clade now confined to Indo-Malesia 
(excluding Australia) and tropical to subtropical Africa and 
Madagascar. The new fossils, representing two taxa, are biogeogra-
phically striking given that the family’s known fossil record is 
largely confined to the Northern Hemisphere, particularly North 
America and Europe (e.g., Reid and Chandler 1933; Manchester 
1994; Rankin et al. 2008). Along with other recent reports (Stull 
et al. 2012, 2020b; Poore et al. 2018), these fossils attest to a little 
understood and largely undocumented Gondwanic history for the 
family and indicate that the Phyocreneae clade was represented 
broadly in both the Northern and Southern Hemispheres during 
the Palaeogene. The fossil record from Patagonia (Poore et al. 2018) 
and these records from Australia also indicate that the family 
occurred in southern high latitudes during the Palaeogene. 
Whether representatives of other clades of the Icacinaceae also 
occurred in Australia can only be resolved by further evidence 
from the fossil record, as the modern distribution of Icacinaceae 
clearly represents only a limited portion of the family’s former 
geographic breadth.
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Appendix 1. Voucher data for endocarp material 
examined and photographed for this study, including the 
following info: Species name and authority: collector and 
field number (herbarium acronym and accession 
number), geographic provenance

Iodes scandens (Becc.) Utteridge & Byng: Takeuchi 9320 (L.3807467), 
Papua New Guinea. Iodes yatesii Merr.: Burley 1577 (L.2288996), 
Sumatra. Mappianthus hookerianus (Baill.) Sleumer: Clemens 26403 
(L.2288906), Borneo. Merrilliodendron megacarpum (Hemsl.) Sleum.: 
White N.G.F. 10076 (L.2289121), Papua New Guinea. Miquelia caudata 
King: King 7621 (UC), Malaysia; Wiriadinata 3383 (L.2289519), Borneo. 
Miquelia celebica Blume: Beccari 292 (L. 2289511), Sumatra. Phytocrene 
bracteata Wall: Maxwell 82–230A (L.2289361), Singapore. Phytocrene 
racemosa Sleumer: Hotta 12687 (L.2289611), Borneo. Pyrenacantha volu-
bilis Hook.: Geesink & Hiepko 7840 (L.2292804), Thailand. Ryticaryum 
longifolium K.Schum. & Lauterb.: Jacobs 9671 (L.2292611), New Guinea. 
Ryticaryum macrocarpum Becc.: Katik 46856 (L.2293142), Papua New 
Guinea. Ryticaryum sp.: Nicholson 1551 (US.2425964), New Guinea. 
Sarcostigma kleinii Wight & Arn.: Saldanha 13313 (US.2583902A), India. 
Sarcostigma paniculata Pierre: Atmodjo R D 175 (WAG.0350252), Java. 
Sleumeria auriculata Utteridge, Nagam & Teo: Krispinus SAN 118536 
(L.2292968), Borneo.
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