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Abstract. Banksieaephyllum, which was originally intended only for cuticle-bearing fossil 

leaves of Banksiinae (Proteaceae subfamily Grevilleoideae, tribe Banksieae), is synonymised 

with Banksia. However, of the 18 described species of Banksieaephyllum, only eight are 

accepted in Banksia, whereas two are transferred to Banksieaefolia gen. nov., a genus erected 

for Banksieae of uncertain affinities, and which presently includes fossils that probably 

belong to Musgraveinae. Banksieaephyllum laeve Cookson & Duigan is synonymised with B. 

obovatum Cookson & Duigan, and newly described as Banksia dettmanniae. The seven other 

Banksieaephyllum species lack definitive characters of Proteaceae (brachyparacytic stomata 

and annular trichome bases) and do not have Banksieae-type cylindrical trichome bases. 

These species are therefore not accepted as Proteaceae and are transferred to Pseudobanksia 

gen. nov., together with another fossil Banksia-like leaf species, Phyllites yallournensis 

Cookson & Duigan. Implications arising from the reassessment of Banksieaephyllum include 

clarification of biome conservatism in Banksieae: Banksia has long had an association with 

relatively open, sclerophyllous vegetation, and Musgraveinae with rainforest. Pseudobanksia 

Page 1 of 48

http://mc.manuscriptcentral.com/csiro-sb

Australian Systematic Botany



For Review
 O

nly

A review of Banksieaephyllum 

 

and Banksia shared convergent traits, but in contrast to Banksia, Pseudobanksia failed to 

survive the drying climates and increased fire-frequencies of the Neogene. 

 

Introduction 

There are ~170 extant species of the iconic genus Banksia (tribe Banksieae, subtribe 

Banksiinae) (George 1999a,b; Mast and Thiele 2007), but the sister group of Banksia, 

subtribe Musgraveinae, contains only four species in two genera, Musgravea and 

Austromuellera (Venkata Rao 1957; Johnson and Briggs 1963, 1975; Hyland 1999a,b). 

Furthermore, Banksia is widespread in Australia, and one species (B. dentata L.f.) extends to 

New Guinea and the Aru Islands (Johnson and Briggs 1963; George 1999a), whereas 

Musgraveinae is restricted to a very small area of the Wet Tropics of Queensland (Johnson 

and Briggs 1975; Hyland 1999a,b). 

The fossil record of Banksia is among the most extensive of any Australian 

angiosperm lineage (Carpenter 2012), and Banksieae leaf fossils are of great historical 

interest with respect to Australian plant fossil research, being the first Proteaceae leaves with 

cuticular preservation to be described anywhere in the world, by the famous Melbourne 

palaeobotanist, Isabel Cookson, and one of her students, Suzanne Duigan (Cookson and 

Duigan 1950). These authors erected Banksieaephyllum for fossil leaves showing affinity to 

Banksia and Dryandra (the only representatives of tribe Banksieae at the time), and the new 

genus was deemed necessary because Banksia and Dryandra could not be separated 

following a wide study of leaf and cuticular characters within these genera. Six species of 

Banksieaephyllum were described by Cookson and Duigan (1950) from the Oligo-Miocene 

Latrobe Valley coals of Victoria. 

Blackburn (1981) slightly emended the diagnosis of Banksieaephyllum to reflect what 

he considered to be minor differences in trichome bases between those of another species he 
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described from the Maslin Bay Eocene site in South Australia and those of Banksiinae. 

Eleven more species of Banksieaephyllum have since been described from Cenozoic sites 

across southern Australia including Tasmania (Hill and Christophel 1988; Hill 1990; Hill and 

Merrifield 1993; Carpenter et al. 1994; Carpenter and Jordan 1997; Vadala and Drinnan 

1998). One of these species, B. taylorii R.J. Carp., G.J. Jord. & R.S. Hill, from late Paleocene 

sediments in New South Wales (Carpenter et al. 1994), is the oldest described leaf species of 

Proteaceae (Carpenter 2012). Banksia-like leaves without cuticular preservation are also 

widespread, especially in Australian silcrete assemblages (e.g. McLoughlin and Hill 1996; 

Greenwood et al. 2001; Carpenter et al. 2011), and some such leaves have been assigned to 

the form genus Banksieaeformis (Hill and Christophel 1988). 

Here, we reassess Banksieaephyllum and Banksiinae leaf fossils and discuss the 

implications of our work with respect to Banksieae taxonomy, evolution and biogeography. 

 

Materials and Methods 

Taxonomy and phylogeny of Banksieae 

Broad taxonomic relationships within Banksieae were resolved by Johnson and Briggs 

(1975). These authors added Musgravea and Austromuellera to Banksia and Dryandra in 

tribe Banksieae, erecting subtribe Musgraveinae for the former two genera, and subtribe 

Banksiinae for the latter two. Mast and Thiele (2007) summarised the morphological and 

molecular support for Dryandra being nested in Banksia, and transferred Dryandra to 

Banksia, making Banksia equivalent to Banksiinae. This current status has been questioned 

by George (2014), in part because he argued that molecular evidence had been obtained from 

only a small proportion of Dryandra species. However, the most recently published 

phylogeny (Cardillo and Pratt 2013) sourced DNA from four non-coding regions of the 

chloroplast genome of nearly all species of Banksia sensu lato, and confirmed the nested 
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position of Dryandra. Two subgenera of Banksia were also proposed by Mast and Thiele 

(2007), Banksia and Spathulatae, with Dryandra recognised as a series [Banksia ser. 

Dryandra (R.Br.) A.R. Mast & K.R. Thiele] of subgenus Banksia. The sister of Banksieae is 

unresolved (Weston and Barker 2006; Weston 2014). However, the presently available 

molecular evidence identifies the monotypic Sphalmium as the sister to Banksieae (Sauquet et 

al. 2009), and we follow this relationship here. Taxonomic authorities follow the 

International Plant Names Index (http://ipni.org/). 

 

Fossil and extant comparative material 

Fossil descriptions of all 18 described species of Banksieaephyllum were obtained from the 

literature, and Banksieaephyllum specimens and cuticle attributed to them were located in 

Australian institutions, notably Museum Victoria, where the specimens of Cookson and 

Duigan (1950) are part of the palaeontological collections of the former National Museum of 

Victoria (NMV). New cuticle preparations were made for some species (B. acuminatum 

Cookson & Duigan, B. angustum Cookson & Duigan, B. attenuatum R.S. Hill & Christophel, 

B. cuneatum R.S. Hill & Christophel, B. laeve Cookson & Duigan, B. obovatum Cookson & 

Duigan and B. regularis R.S. Hill & Christophel) for either or both light microscopy (LM) 

and scanning electron microscopy (SEM). Cuticles were compared with other fossils and 

extant material, including taxa widely distributed within extant Banksia (> 100 species), all 

four extant species of Musgraveinae and Sphalmium racemosum (C.T. White) B.G. Briggs, 

B. Hyland & L.A.S. Johnson. 

 

Taxonomic approach 

Cookson and Duigan (1950) did not nominate a type species for Banksieaephyllum among 

the six species they described, it not being a requirement for valid publication under the 
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International Code of Nomenclature until 1
st
 January 1958 (Article 40.1; McNeill et al. 

2012). Here, we first propose a suitable type for the genus. We then propose that 

Banksieaephyllum be synonomised with Banksia, since the new type of Banksieaephyllum is 

entirely consistent with Banksia including Dryandra (Mast and Thiele 2007). However, 

although many other species of Banksieaephyllum can similarly be accepted in Banksia, 

others either probably belong elsewhere in Banksieae, or cannot be accepted even as 

Proteaceae. These two groups of other species are therefore respectively transferred to two 

new genera, Banksieaefolia and Pseudobanksia. 

For clarity, original species names are used throughout the text and figures, and 

formal nomenclature changes are established in the taxonomy section at the end of the paper. 

Although we take the opportunity to formally nominate type specimens for two of the species 

of Banksieaephyllum described by Cookson and Duigan (1950), this study is not intended as 

a full revision of all species, which we intend at a later date. Rather, we focus on whether the 

current circumscription of this genus is suitable for the placement of all Banksia and Banksia-

like fossils. A full revision will require clarification of several aspects of the study by 

Cookson and Duigan (1950), including that these authors only referred to type specimens for 

two species, Banksieaephyllum obovatum and B. pinnatum Cookson & Duigan, both of which 

were represented by single specimens only. Unfortunately, the specimen of B. pinnatum was 

destroyed by Cookson and Duigan (1950) to obtain its cuticle, and, as will be established 

later in the present paper, cuticle we obtained from the specimen of B. obovatum is not the 

same as that illustrated by Cookson and Duigan (1950). Also, the cuticle slides attributed to 

the other species of Banksieaephyllum and to Phyllites yallournensis Cookson & Duigan by 

Cookson and Duigan (1950) were not linked to particular specimens. 

 

Results and Discussion 
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The type of Banksieaephyllum 

We propose Banksieaephyllum angustum (Fig. 1A) as a suitable type for the genus. Of the six 

species described by Cookson and Duigan (1950), this species was one of two (with B. 

acuminatum) that was shown to have two-layered hypodermes, stomatal pits and trichome 

base types that are entirely consistent with extant Banksiinae leaves. 

 

Can all Banksieaephyllum species be accepted as Banksia species? 

Banksieaephyllum was an attempt by Cookson and Duigan (1950) to define the first known 

fossil Proteaceae leaves with preserved cuticle, and subsequent authors have not critically 

reassessed the diagnostic parameters of this genus in the light of increasing knowledge of the 

family. The current diagnosis, as emended by Blackburn (1981) and most recently published 

by Hill and Christophel (1988), is as follows: 

 

Leaves simple with entire, serrate, or lobed margins, or pinnate; bilateral. Stomates 

superficial, or in pits, or in grooves, each with pair of subsidiary cells placed parallel to 

pore. Cells of stomatiferous epidermis with thick or thin, pitted, straight or curved lateral 

walls, some with bicellular hairs. Basal cells of hairs either thick or thin walled, sometimes 

with beaded thickening, of even diameter throughout or expanded distally or proximally. 

Cylindrical hair bases present on some or all cells of the non-stomatiferous epidermis. 

Cuticular papillae sometimes present. 

 

Parts of this diagnosis are so broad as to be superfluous, e.g. the leaf types and stomatal 

positions broadly apply to at least all angiosperms. Other requirements refer only to 

widespread states in Proteaceae, i.e. the (brachy)paracytic (formerly termed rubiaceous) 

arrangement of the subsidiary cells (Solereder 1908; Metcalfe and Chalk 1950; Carpenter et 
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al. 2005) and bicellular hairs (hereafter termed trichomes). Although Johnson and Briggs 

(1975) followed the terminology of Hummel and Staesche (1962) in describing Proteaceae 

trichomes as 3-celled; i.e. comprising a stalk cell, a slightly-to-greatly elongated and acute 

terminal cell and a basal cell in the epidermis, we accept the term ‘bicellular’, because a 3-

celled description would seem to be compromised in many Proteaceae where the trichome 

bases are associated with two or more epidermal cells, and explanation is needed to account 

for the single ‘basal cell’ presumably being capable of division below the stalk cell 

(Carpenter 1994; Carpenter et al. 2005). Cookson and Duigan (1950) did not report on other 

Proteaceae in their study of Banksia and Dryandra cuticles, but given that the basal cells 

referred to in the Banksieaephyllum diagnosis are equivalent to stalk cells we interpret these 

authors’ type (c) hair bases (i.e. large diameter forms particularly associated with the adaxial 

epidermis and midrib and which may encompass numerous epidermal cells) especially to be 

the type that is found widely in Proteaceae (especially in subfamily Grevilleoideae) (e.g. 

Carpenter 1994; Carpenter and Jordan 1997; Carpenter et al. 2005). The cylindrical trichome 

types more specifically are found in all species of Banksiinae (Cookson and Duigan, 1950) 

and Musgravea (Johnson and Briggs 1975; Carpenter 1994), and are synapomorphic for 

Banksieae. However, use of the term “non-stomatiferous epidermis” in the Banksieaephyllum 

diagnosis is wrong, or at best confusing if it was intended to refer to epidermal cells apart 

from the guard and subsidiary cells: in all species of Banksia the cylindrical trichome bases 

are in fact found only on the abaxial, stomatiferous surface. 

Overall, the broad definition of Banksieaephyllum contributed to this genus as a 

repository for all fossil Banksia-like leaves with cuticle, without adequate consideration of 

whether or not these leaves truly belong in Banksiinae. In particular, the erection of 

Musgraveinae by Johnson and Briggs (1975) as the sister group of Banksia within an 

enlarged Banksieae has not been properly addressed. No foliar synapomorphies for 
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Musgraveinae are known, and only the presence of cuticular papillae has been proposed in 

the literature as a synapomorphy for Banksia leaves (Carpenter et al. 2010). In addition to 

these problems, it has been proposed that the cuticular features of certain species of 

Banksieaephyllum (including some species described by Cookson and Duigan 1950) are 

inconsistent not only with Banksia but also with Proteaceae (Carpenter and Jordan 1997). We 

first consider these questionable species and elaborate on their cuticular features. 

 

Species of Banksieaephyllum that lack evidence for being Proteaceae 

The species of Banksieaephyllum listed in Table 1 have features that were considered by their 

authors to be consistent with Banksia; i.e. banksioid venation (Fig. 1B), stomata within 

distinct areoles (Fig. 1C), abundant small, commonly thickened trichome bases (Fig. 1C, D) 

and pinnately-lobed leaves or some potential derivative thereof (including toothed forms, Fig. 

1B). However, on closer scrutiny, these leaves do not show evidence that they even belong to 

Proteaceae. 

Importantly, Cookson and Duigan (1950) did recognise that three of the six species of 

Banksieaephyllum they originally described (B. obovatum, B. pinnatum and B. fastigatum 

Cookson & Duigan) were a distinct group with features not found in extant Banksiinae. 

Subsequent authors (Hill and Christophel 1988; Hill and Merrifield 1993; Vadala and 

Drinnan 1998) accepted these and new species as belonging to Banksieaephyllum because 

their traits were reasoned to be consistent with the diagnosis of the genus. However, a 

fundamental problem with all the species listed in Table 1 is that none was adequately 

demonstrated by its authors to have stomata with pairs of subsidiary cells placed parallel to 

the pores (brachyparacytic), the basic condition for Proteaceae (Carpenter et al. 2005). In 

extant Banksieae, the two subsidiary cells are also usually obvious under LM and in both 

inner and outer surface view under SEM (e.g. Carpenter et al. 2010). In contrast, for 1) B. 
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obovatum, 2) B. pinnatum and 3) B. fastigatum the subsidiary cells were respectively 

described by Cookson and Duigan (1950) as being; 1) “inconspicuous” and “surrounded by 

three or four encircling cells which are smaller and stain more deeply than the general 

epidermal cells” (Cookson and Duigan 1950; p. 151); 2) “often difficult to see” and “never 

prominent” (p. 152); and 3) “inconspicuous” and “surrounded by from three to six narrow 

cells which stain deeply” (p. 153). Our re-examination of the NMV cuticle slides attributed to 

B. obovatum, B. pinnatum and B. fastigatum confirmed that although the subsidiary cell 

arrangement of most stomata of these species is indistinct, it is certainly not clearly 

brachyparacytic, and we suggest that the small, deeply staining cells reported by Cookson 

and Duigan (1950) are much more likely to represent more-or-less cyclocytic or anomocytic 

arrangements (Fig. 1D–F), which are unknown in Banksia. In the slide attributed to B. 

pinnatum, contra Cookson and Duigan (1950), we also interpret the stomata to lie within 

individual, collared pits (Fig. 1F), a state also not recorded in Banksia. 

The subsidiary cell arrangements of Banksieaephyllum praefastigatum Vadala & 

Drinnan from New South Wales and B. fastigatum, B. westdaliense R.S. Hill & Merrifield 

and B. longifolium R.S. Hill & Merrifield from Western Australia were similarly 

acknowledged by Vadala and Drinnan (1998) and Hill and Merrifield (1993) to be indistinct 

or not preserved. Vadala and Drinnan (1998) also used SEM images (their figs 23, 24, 26) to 

argue that the stomata of extant Banksia species were comparable with those of 

Banksieaephyllum praefastigatum. However, the extant cuticles shown in these images 

appear incompletely cleared of cellular material, and the subsidiary cells cannot be seen. 

Also, although both B. attenuatum and B. regularis were described by Hill and Christophel 

(1988) as having brachyparacytic stomata, at least one of the stomata shown in their fig. 17 

(at upper left) of B. attenuatum is clearly not brachyparacytic, and the subsidiary cells shown 

in their figs 21 and 22 of B. regularis are indistinct. We re-examined the cuticle of B. 
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attenuatum and B. regularis under SEM and LM respectively, and show that although some 

stomata with two subsidiary cells occur, most stomata of these species have more than two 

subsidiary cells arranged in more-or-less anomocytic arrangements (Fig. 1G, H). Hill and 

Macphail (1983) also illustrated and briefly discussed fossil fruits that were found with B. 

regularis, and which they suggested were mature Banksia-like infructescences with multiple 

open follicles. However, as for the fossil leaves from Pioneer, there is no evidence that these 

fruits have affinity to Banksia (or other Proteaceae), and we note that the fruit (fig. 5K in Hill 

and Macphail 1983) has a maximum diameter of only ~ 7 mm, which is vastly smaller than 

the fruits of any extant species. 

Cuticle was obtained for this study directly from the single leaf specimen (Fig. 1I) of 

Banksieaephyllum obovatum (now labelled as NMV P14741b, with the equivalent 

registration card P14741.2). This specimen is illustrated in fig. 27 of Cookson and Duigan 

(1950), and is referred to as “type specimen from above” in the caption for this figure (p. 163 

in Cookson and Duigan 1950). The cuticle from this specimen is clearly that of a Banksia 

(Fig. 1J), and is obviously not the same as the cuticle attributed to Banksieaephyllum 

obovatum by Cookson and Duigan (1950, figs 29–33). We also checked the cuticle on slide 

NMV P15119, which is labelled as B. obovatum. Confusingly, this cuticle (Fig. 1E) is 

undoubtedly consistent with that illustrated in figs 29–33 of Cookson and Duigan (1950). We 

cannot explain the origin of this cuticle beyond the certainty that it does not match that of the 

type specimen. However, we note that this cuticle is similar to that of B. fastigatum (slide 

NMV P14784; Fig. 1D), and we suggest that it may have been prepared by Cookson and 

Duigan (1950) from a specimen of B. fastigatum, and then erroneously attributed to specimen 

NMV P14741. Interestingly, we note that Cookson and Duigan captioned their fig. 22, an 

illustration of B. laeve (now housed at Museum Victoria as a syntype of B. laeve, with the 

label NMV P14741.1) with the same specimen number (i.e. NMV P14741) as that of their 
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type of B. obovatum. In our opinion, this type leaf (Fig. 1I) as described by Cookson and 

Duigan (1950), and the newly obtained cuticle from it (Fig. 1J), are consistent with the leaf 

fragments and cuticles constituting B. laeve (Fig. 1K–M; see also Cookson and Duigan; p. 

150, plate 3 and caption on p. 163). The specimen of B. obovatum and those of B. laeve 

strongly share the features of having slightly recurved or thickened entire margins, a wide 

midrib (~1 mm) conspicuous on the abaxial side, obscure but parallel secondary veins which 

arise from the midrib at high angles, absence of trichome bases on the adaxial side except 

near the leaf margin where there are also papillae, and presence of superficially and diffusely 

placed stomata with a mixture of abundant large, annular trichome bases and thickened, 

cylindrical trichome bases on the abaxial side. The specimen of B. obovatum is much wider 

(12 mm max. width) than those of B. laeve, but Blackburn (1985) reported numerous other 

more completely preserved B. laeve specimens from the Yallourn and Morwell coals, the 

descriptions of which closely match that for the B. obovatum specimen by Cookson and 

Duigan (1950). The stomata are apparently more densely placed in B. laeve, but we consider 

this difference to be relatively minor, and here propose the synonymy of the two species. A 

further point of confusion relating to B. obovatum is that Blackburn (1985) also reported 

leaves and cuticles of this species from the Yallourn coals, but his illustrations are limited to 

cuticles in his plates 45c and 46, and these cuticles cannot be from the same species. The 

cuticle in the former has brachyparacytic stomata and small-diameter trichome bases placed 

within epidermal cells (and is thus consistent with Banksia), whereas the cuticle in the latter 

has indistinct subsidiary cells and trichome bases which appear to be limited to cell junctions, 

just as in the Banksieaephyllum species which are not accepted here as Proteaceae. Newly 

prepared dispersed cuticular preparations from the Miocene Yallourn open cut (Top no. 1 cut) 

confirm that abundant material of this latter type is present, but whole leaf specimens will be 

required before further taxonomic work is undertaken. 
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Another leaf type that has been proposed as related to Banksia is “Dryandra 

comptoniaefolia” Ett. (von Ettingshausen 1887, 1891), which is found in uppermost 

Cretaceous to Paleocene strata in New Zealand (Pole 1997; Cantrill et al. 2008; Pole and 

Vajda 2009). These leaves have a narrow, lobed or deeply-toothed outline and venation 

similar to certain Banksia species but are reportedly amphistomatic (Cantrill et al. 2008), a 

state not found in Banksieae. Also, although the cuticular details of this taxon have yet to be 

published, a preliminary assessment (from images provided courtesy of D.J. Cantrill, pers. 

comm.) of the stomata by the first author is that they are not generally brachyparacytic, and 

thus that “Dryandra comptoniaefolia” is unlikely to be a member of Proteaceae. 

In addition to evidence that the stomata of the fossil leaf species in Table 1 are not 

brachyparacytic, no evidence for the typical Proteaceae-type and cylindrical Banksia-type 

trichome bases could be found on either the adaxial or abaxial leaf surfaces of any of these 

fossils. Also, the trichome bases that are present on these fossils are unlike any found in any 

extant Banksieae. Cookson and Duigan (1950) described the trichome bases of 

Banksieaephyllum obovatum, B. pinnatum and B. fastigatum as being only sparsely 

developed, and interpreted them as having a diameter of only about 5.5 µm, of about the 

same diameter as their supporting cells. In our opinion, supporting cells cannot be discerned 

in any of the figures of Cookson and Duigan (1950) for these three species, and the trichome 

bases may best be described as being minute knobs that are rooted at the junctions of several 

epidermal cells, which in many cases radiate around the trichome bases (Fig. 1C–F). The 

same features are also apparent in B. praefastigatum and on the outer surface of the West 

Dale specimens of B. fastigatum, B. longifolium (Fig. 2A) and B. westdaliense (see also Hill 

and Merrifield 1993). Further, as shown for B. attenuatum from Tasmania, this trichome base 

type is only visible on the inner cuticle surface under SEM as a nodular thickening (Fig. 1G; 

see also fig. 13 of Vadala and Drinnan 1998 for B. praefastigatum). As acknowledged by 

Page 12 of 48

http://mc.manuscriptcentral.com/csiro-sb

Australian Systematic Botany



For Review
 O

nly

A review of Banksieaephyllum 

 

Cookson and Duigan (1950), this type of base is not the thickened, cylindrical Banksia-type, 

which is always placed on an obvious, larger supporting epidermal cell that even in the 

Banksia species with the smallest such cells is clearly visible under LM (Fig. 2B). Also, the 

positions of the cylindrical trichome bases of Banksieae leaves appear on the inner cuticular 

surface under SEM as round apertures within their supporting epidermal cells (e.g. see fig. 4F 

in Carpenter et al. 2005). Corresponding apertures are also visible under LM in many 

Banksieae fossils (and in some cuticular preparations from extant leaves) in which both the 

apical parts of the trichomes and their cylindrical bases have been torn away. 

The taxonomic and phylogenetic relationships of the seven species of 

Banksieaephyllum in Table 1 are problematic. It is possible that at least some of these species 

are closely related to each other (e.g. B. fastigatum and B. attenuatum, as noted by Hill and 

Christophel 1988), but we are not aware of any similar extant plants, and conclude that the 

fossils probably belong to one or more extinct lineages. On this basis, these seven species 

could all be transferred to a broad form genus (Phyllites) for fossil leaves of unknown 

affinity. However, we prefer to acknowledge the apparently convergent morphological 

similarities to Banksia leaves, and we therefore propose the new genus Pseudobanksia for 

these species, designating P. fastigata as the type. We further note that Cookson and Duigan 

(1950) recognised another (pinnately lobed) small, areolate leaf type from the Yallourn coals 

as showing “a superficial likeness to leaves of certain Banksieae” (p. 160) and described it as 

Phyllites yallournensis. In our opinion, other than lacking any evidence of trichomes, P. 

yallournensis is consistent with the group of Banksieaephyllum species in Table 1, and we 

therefore rename it as another species of Pseudobanksia. 

 

Banksieaephyllum species accepted within Banksia 
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Subsequent to the work of Cookson and Duigan (1950), several foliar synapomorphies have 

been proposed for Banksieae, and the presence of these synapomorphies should allow fossils 

to be assigned at least to the tribe, and perhaps to Banksia. These synapomorphies are 

banksioid venation (Johnson and Briggs 1963, 1975; Thiele and Ladiges 1996; Carpenter et 

al. 2010); short, thick, small-diameter, cylindrical trichome bases that carry (or carried) 

trichomes with very long, thin terminal cells (Johnson and Briggs 1975; Carpenter 1994); 

stomata within distinct areoles (Carpenter 1994; Carpenter et al. 2010); raised subsidiary 

cells (Carpenter et al. 2010) and pinnately-lobed leaves (Johnson and Briggs 1963; Carpenter 

et al. 2010). 

Following the synonymising of Dryandra with Banksia, Carpenter et al. (2010) 

argued that new fossils could be included in Banksia if they showed synapomorphies for 

Banksieae and other features strongly shared with species of Banksia, but not found in other 

Banksieae. These authors proposed that one such feature, the presence of cuticular papillae 

(Figs 1M; 2B, C – described as verrucose thickenings on the outer cuticle surface by Cookson 

and Duigan 1950), could be synapomorphic for Banksia. Other apparently derived traits in 

support of fossils belonging to Banksia are: 1) absence of extensive leaf cuticular striations or 

similar ornamentations (Carpenter 1994); 2) heavily protected stomata (encrypted or within 

grooves created by leaf revoluteness: see Hill 1998; Mast and Givnish 2002); and 3) stomata 

superficially placed and diffusely arranged (i.e. “irregularly scattered over the whole 

surface”, Cookson and Duigan 1950, p. 141), as in the species in section Oncostylis that do 

not have revolute leaves. We consider that the state of having diffusely arranged stomata is 

derived with respect to the superficial, areolate state of Musgraveinae stomata (see Carpenter 

1994), probably accompanied by loss of the sclerenchyma plates that provide rigidity to 

areolate leaves (see Mast and Givnish 2002). 
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 Identification of Banksia leaves in some fossil assemblages is also strongly supported 

by co-occurrence of Banksia infructescences (Fig. 2D) at some sites, notably in the Latrobe 

Valley coals (Cookson and Duigan 1950; Pike 1953). 

Other leaf features of Banksia distinguish this genus from extant Musgraveinae, but 

some of these features may represent ancestral states. Many Banksia species have leaves that 

are deeply lobed, in some cases with the lobes cut to the midrib, whereas the species of 

Musgravea and Austromuellera may be lobed only in juvenile and seedling leaves (see 

Carpenter et al. 2010). However, although deeply lobed adult Banksieae leaves are now only 

found in some species of Banksia, this state may be plesiomorphic: not only are the adult 

leaves of extant Banksieae species logically derivable from such a form (Johnson and Briggs 

1963, Hill and Christophel 1988, Carpenter et al. 2010), the oldest Banksieae leaf fossils 

from the Paleocene (Carpenter et al. 1994) and middle Eocene (Blackburn 1981; Hill and 

Christophel 1988) are pinnately lobed. Assuming that the common ancestor of Banksieae had 

pinnately lobed leaves, both the states of entire and toothed margins are derived (see Hill and 

Christophel 1988), and among extant Banksieae, toothed margins only occur in species of 

Banksia. 

Banksia and Musgraveinae are ecologically disparate: extant Musgraveinae species 

occur in essentially closed tropical rainforest, whereas Banksia is mostly limited to open 

heathlands and swamps, with some extension into sclerophyll woodlands which in some 

areas form mosaics with rainforest. However, although the sister of Banksieae, Sphalmium, is 

also a tropical rainforest plant, there is fossil evidence that at least some Cretaceous 

Proteaceae grew in relatively open, nutrient-deficient habitats (Carpenter et al. 2015). Also, 

assuming that Banksieae date to around the latest Cretaceous or earliest Cenozoic (Sauquet et 

al., 2009; Cardillo and Pratt, 2013) and evolved at a relatively high latitude, early members of 

this tribe might have grown in vegetation that must have been quite open in structure due to 
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low-angle light incidence (Specht et al. 1992; Hill 1994). All this evidence implies that 

closed forest could actually represent a derived habitat state in Banksieae. Similarly, if the 

most recent common ancestor of Banksieae occupied an open, nutrient-deficient habitat then 

the leaf of this ancestor was plausibly more like the small, narrow, sclerophyllous type of 

many extant banksias than the typically large leaves of Musgraveinae. 

Magallón (2004) concluded that although the exact relationship between a fossil and 

its living relatives cannot be straightforward, a fossil that displays at least some of the 

synapomorphies of the crown group of a lineage can at least be identified as a representative 

of that lineage’s stem group. Following that philosophy here, we argue that there is sufficient 

evidence that Banksieaephyllum taylorii, B. linearis R.J. Carp. & G.J. Jord., B. orientalis R.J. 

Carp. & G.J. Jord. (Fig. 2E), B. laeve (Fig. 1K–M), B. acuminatum Cookson & Duigan, B. 

angustum (Fig. 1A), B. elongatum R.S. Hill & Christophel and B. urniforme (H. Deane) R.S. 

Hill must all be accepted as unambiguous species of Banksia, since they all show foliar 

synapomorphies for Banksieae, and at least one likely synapomorphy for Banksia, as well as 

supporting evidence consistent with Banksia leaf morphology and/or ecology (Table 2). 

 

Banksieaephyllum species accepted within Banksieae, but not assignable to any of its genera 

The two middle Eocene species, Banksieaephyllum incisum D.T. Blackburn from Maslin 

Bay, South Australia, and B. cuneatum R.S. Hill & Christophel, from Golden Grove, South 

Australia and Deanes Marsh and Anglesea, Victoria, probably belong to Musgraveinae. A 

strong, although indirect, argument for this is that B. cuneatum co-occurs with Musgraveinae 

inflorescences at Anglesea and Golden Grove (Christophel 1994). Also, the fossil leaf 

assemblages from both these sites are widely recognised as representing the type of warm 

rainforest vegetation in which Musgraveinae might be expected, but not Banksia. In 

particular, these leaf fossils have physiognomic (size and shape) ‘signatures’ that are 
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consistent with modern Australian notophyll vine forests (Greenwood 1994), and where 

known, belong to broad-leaved taxa of such families as Lauraceae, Myrtaceae, Cunoniaceae 

and Elaeocarpaceae, which are now common or even dominant in these forests (e.g. 

Christophel 1994). Banksieae flowers are so far unknown from Maslin Bay where 

Banksieaephyllum incisum was described, but this species has been regarded as being closely 

similar to B. cuneatum (Hill and Christophel 1988), and also comes from an assemblage 

likely derived from warm rainforest vegetation. 

Although there may be circumstantial evidence that B. incisum and B. cuneatum (and 

potentially other fossil leaves) belong to Musgraveinae, assignment of leaf fossils to the 

subtribe is fraught, because there is little evidence of useful foliar synapomorphies for 

Musgraveinae. An exception may be that pinnately compound leaves are likely to be 

synapomorphic for Austromuellera, but whole leaves of this type are unlikely to be preserved 

as fossils. Also, the two species of Austromuellera are the only Banksieae lacking cylindrical 

trichome bases on their leaves (Johnson and Briggs 1975; Carpenter 1994). This is the 

derived state in the tribe (Carpenter et al. 2010), but since almost all other Proteaceae do not 

have such trichome bases, leaf fragments truly belonging to Austromuellera could not 

confidently be identifiable to this genus. As discussed previously, cuticular striations are 

widely found in Musgraveinae (Carpenter 1994). These striations occur most obviously on 

the adaxial surface of M. heterophylla L.S. Sm., but also in the regions of the subsidiary cells 

in both Musgravea species. Although this trait is likely to be plesiomorphic, it is of some use 

as evidence of Musgravea in combination with the presence of cylindrical trichome bases, 

and especially if the fossils occur within assemblages which on other evidence are likely to 

have been derived from rainforest. 

Blackburn (1981) and Hill and Christophel (1988) assumed that B. incisum (and its 

probable equivalent form lacking cuticle, Banksieaeformis decurrens R.S. Hill & 
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Christophel; Fig. 2F) and B. cuneatum belonged to Banksiinae, in part because these species 

have pinnately-lobed forms comparable with that of Banksia grandis Willd., and which are 

unlike adult Musgraveinae leaves. However, Hill and Christophel (1988) also noted that B. 

cuneatum and B. decurrens are unlike any extant species of Banksia in having an elongate 

base, which changes abruptly into the lobes (Fig. 2F). This leaf type is also not found in 

extant Musgraveinae. However, it is possible that, assuming Banksieae leaves were 

ancestrally lobed, the most recent common ancestor of Musgraveinae had a lobed adult leaf 

form with a cuneate base similar to that of the Eocene fossils. The cuticle of B. cuneatum is 

clearly distinct from all extant species of Musgraveinae, but shares a much closer 

resemblance to Musgravea cuticle than to that of Austromuellera. Thickened, cylindrical 

trichome bases are present amongst the stomata, but at least in the type material from 

Anglesea, are much more sparsely distributed than on Musgravea leaves. Instead, the most 

abundant abaxial surface features of these specimens are apparently thin-walled, balloon-like 

protuberances from most epidermal cells, which are inflated beyond the outlines of these cells 

(Fig. 2G, H). Hill and Christophel (1988) described and illustrated (under LM only) the 

positions of the stomata as below the general epidermal surface, and under SEM it is 

especially clear that the apparent sunken nature of the stomata is due to the protuberances. 

We have not observed such cuticular structures in extant Banksieae, and they do not occur in 

the Deanes Marsh and Golden Grove specimens of B. cuneatum, where the stomata were 

described by Hill and Christophel (1988) as being superficially placed. The epidermal 

projections are also distinct from those in the New Zealand Oligo-Miocene species, Banksia 

novae-zelandiae R.J. Carp., G.J. Jord., D.E. Lee & R.S. Hill, where they are much thicker and 

combined with small, Banksia-type papillae (Carpenter et al. 2010). Although Hill and 

Christophel (1988) considered that all the specimens from Anglesea, Deanes Marsh and 

Golden Grove could be assigned to one species, we think that the presence of apparently 
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unique epidermal extensions in B. cuneatum from Anglesea warrants the future erection of at 

least one new species for the Deanes Marsh and Golden Grove specimens. 

Given the difficulty of assigning any of the fossil Banksieae leaves so far known to 

Musgraveinae, it seems appropriate to propose a new genus for leaf fossils with cuticular 

preservation that belong to the tribe Banksieae, but that cannot be reasonably accommodated 

in any of its genera. We therefore propose Banksieaefolia for this purpose. This genus 

presently includes only Banksieaephyllum incisum and B. cuneatum, but Musgravea-like 

cuticles (compare Fig. 2I with 2J) have also been reported from apparently similar Eocene 

assemblages from Western Australia (Carpenter and Pole 1995) and the Miocene of New 

Zealand (Pole 1998) in which presumably rainforest-derived Lauraceae remains are abundant 

and diverse (Carpenter and Pole 1995; Pole 2007). Western Australian Eocene assemblages 

are also known to host Banksieaeidites arcuatus Stover (Macphail 2007; Mack and Milne 

2015), the pollen type found in macerated fossil Musgraveinae anthers from Anglesea 

(Christophel 1984). 

 

Banksia-like leaves without cuticle 

Many Banksia-like leaves were recognised in early Australian palaeobotanical studies 

(Ettingshausen 1888; Deane 1925; Chapman 1937), but Cookson and Duigan (1950) 

expressed doubt as to whether all these leaves could be confirmed as having relationship to 

Banksia or even Proteaceae, in large part because of poor preservation. Hill and Christophel 

(1988) reiterated these doubts, and erected Banksieaeformis for fossil leaves that have 

architectural similarity to Banksia, Dryandra and Banksieaephyllum but that lack supporting 

cuticular evidence. There are five described species of Banksieaeformis (Table 3), but 

numerous other Banksia-like taxa have been recognised, including from silcrete floras of 

probable late Eocene to Miocene age in Western Australia (McNamara and Scott 1983; 
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McLoughlin and Hill 1996; McLoughlin and McNamara 2001), South Australia (Greenwood 

et al. 2001; R.J. Carpenter, unpublished; Fig. 2K, L) and New South Wales (Carpenter et al. 

2011). Although the lack of cuticle implies doubt that all these Banksieaeformis and Banksia-

like taxa belong to Banksieae, several types of apparently highly sclerophyllous forms 

probably truly represent Banksia, including Dryandra praeformosa Ett. from Vegetable 

Creek, New South Wales and Banksieaeformis langii D.R. Greenw., P.W. Haines & Steart 

(Fig. 2K). The latter species also co-occurs with Banksia infructescences (Greenwood et al. 

2001), as do some of the undescribed Banksia-like leaves from Western Australia 

(McNamara and Scott 1983). Greater doubt in establishing affinity to Banksia (or other 

Banksieae) for other taxa lacking cuticle is amplified by the preceding discussion that at some 

sites, notably Cethana (Carpenter and Jordan 1997), Banksia-like leaves without cuticle co-

occur with specimens that are accepted here as representing both Banksia and 

Pseudobanksia. 

Banksieaeformis also includes species which probably have affinities elsewhere in 

Banksieae: as discussed previously, Banksieaeformis decurrens (Fig. 2F) may belong to the 

same source plants at Maslin Bay as those from which Banksieaephyllum incisum was 

derived, although the single known specimen of B. decurrens is much smaller than B. incisum 

(Hill & Christophel 1988). Similarly, Musgraveinae flowers occur with abundant 

Banksieaephyllum leaves and undescribed Banksieaeformis leaves (Fig. 2M) at Golden Grove 

(Christophel and Greenwood 1987), suggesting that both these leaf types were derived from 

the same source plants. 

We do not propose alteration of the taxonomic status of Banksieaeformis, but warn 

against inferring that all its species truly represent Banksia. 

 

Biogeographical and ecological implications 
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Only eight of the 18 described species of Banksieaephyllum are accepted in Banksia. 

However, there remains no doubt that Banksieae, including Banksia and probably 

Musgravea, formerly had a greater range that included central Australia, where these taxa are 

now extinct. Also, assuming that the currently understood molecular-based dates for lineage 

splits within Banksia (Cardillo and Spratt 2013) are reasonably correct, the fossil evidence 

suggests repeated evolution and extinction of remarkably similar foliar forms in Banksia over 

millions of years. Perhaps most strikingly, several pinnately lobed fossils (Fig. 2E, K, L) 

from eastern and central Australia and Tasmania (Ettingshausen 1888; Carpenter et al. 1994; 

Carpenter and Jordan 1997; Greenwood et al. 2001) are architecturally similar only to extant 

Western Australian species of Banksia. Among these fossils are undescribed leaves from the 

late Miocene Stuart Creek macroflora of South Australia that are strongly similar to leaves of 

series Dryandra of subgenus Banksia, which is implied from molecular evidence to have 

evolved relatively recently in southwestern Australia (Cardillo and Pratt 2013). 

An interesting feature that was first recognised by Cookson and Duigan (1950) is that 

all of the species here transferred to Pseudobanksia are relatively mesomorphic with respect 

to typical Banksia leaves. However, although these Pseudobanksia species are known to 

occur with other relatively mesomorphic leaves, and not Banksia, at several sites (e.g. Loch 

Aber and Pioneer in Tasmania, Cambalong Creek in New South Wales), they co-occur with 

Banksia and other highly sclerophyllous taxa at Cethana in Tasmania and the Latrobe Valley 

in Victoria. This co-occurrence of taxonomically disparate leaf taxa with similar gross 

morphological features strongly suggests evolutionary convergence, which may well have 

been related to growth in environments, including swamps, in which nutrients were scarce 

and/or difficult to access. However, unlike Banksia, the Pseudobanksia species probably 

became extinct because they were unable to adapt to increasingly arid climates and fire-

affected environments in the Neogene. 
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Our results help to clarify the evolution of the ecological distinctiveness of 

Musgraveinae and Banksia, largely resolving the incongruity of presumed Banksia fossils 

being found with apparent rainforest leaves at several sites, and supporting the concept of 

biome conservatism (Crisp et al. 2009). First, as has been discussed previously, all the 

Banksieae fossil species from the middle Eocene rainforest sites in South Australia and 

Victoria probably belong to Musgraveinae, not Banksia. Second, credible Banksia leaves do 

not occur in the Nothofagus/conifer dominated Pioneer and Loch Aber (Hill and Macphail 

1983; Hill and Brodribb 1999) assemblages, nor the Lauraceae/Proteaceae/conifer-dominated 

Cambalong Creek flora of New South Wales (Vadala and Greenwood 2001), nor the West 

Dale flora, which has both broad-leaved rainforest and some sclerophyll components (Hill 

and Merrifield 1993). In fact, Banksia leaves are only found in assemblages that do not have 

clear rainforest physiognomic signatures, and include assemblages that were probably (at 

least in part) derived from oligotrophic swamp vegetation. These assemblages include those 

from Cethana, which has at least two Banksia species and a wealth of other sclerophyllous 

taxa (Carpenter and Hill 1988; Carpenter 1991; Carpenter and Jordan 1997), and the lignite 

of Newvale, New Zealand (Carpenter et al. 2010) and the Latrobe Valley (Cookson and 

Duigan 1950). Similarly, strongly Banksia-like Banksieaeformis leaves occur in the 

Lightning Ridge (New South Wales) and Kojonup Sandstone (southwestern Australia) 

silcrete floras, both of which represent mostly sclerophyll vegetation with few closed 

rainforest elements (McLoughlin and Hill 1996; McLoughlin and McNamara 2001; 

Carpenter et al. 2011, 2014). 

The fossils of the Latrobe Valley coals in particular have long attracted interest as 

capturing ecological evidence pertaining to spatial and temporal successions in vegetation 

makeup and structure, and the influence of fire, potentially associated with long-term climate 

change (Blackburn 1985; Blackburn and Sluiter 1994). Our reassessment of 
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Banksieaephyllum does not contradict the conclusions of Hill (1998) that traits in Banksia 

that can be regarded as xeromorphic first appeared in the Eocene. However, the presently 

available fossil record does not reveal a clear trend in the development of xeromorphy in the 

genus, and the co-occurrence in the Latrobe Valley of species with xeromorphic traits with 

others that lack them, is not really different from the extant situation, in which there are many 

instances where Banksia species with crypts or grooves grow in close proximity to other 

species without them. Nevertheless, in the detailed study of the palaeobotany of the Yallourn 

and Morwell Coal Seams, Blackburn and Sluiter (1994) noted that B. angustum and B. 

acuminatum, the two Latrobe Valley species with the most xeromorphic leaves (Cookson and 

Duigan 1950), are only found in the early–middle Miocene Yallourn Seam, not the older 

(early Oligocene–early Miocene) Morwell Seam. Moreover, leaves that combine abundant 

papillae and very deep crypts which have extremely small apertures appear to be limited to 

extant Banksia species, and may reflect relatively recent evolution in response to increasingly 

seasonal aridity (Carpenter et al. 2014). 

 

Conclusion 

This review provides an updated framework for interpreting the evolution of Banksieae, and 

formally recognises that several previously described fossils have been erroneously assumed 

to represent Banksia. We anticipate that Banksieae leaves will continue to be the most 

informative fossil-type within this lineage, and Cookson and Duigan’s (1950) emphasis on 

the importance of cuticular features for identifying these fossils cannot be overestimated. 

 

Taxonomy 

Order PROTEALES Dumort. 

Family PROTEACEAE Juss. 
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Tribe BANKSIEAE Reichb. 

Banksieaephyllum Cookson & Duigan, Australian Journal of Scientific Research B 3, 146 

Type species here designated: Banksieaephyllum angustum Cookson & Duigan, 

Australian Journal of Scientific Research B 3, 146, 148, plate 1 (1950) 

Type: Lectotype here designated, NMV P14734, Australian Journal of Scientific 

Research B 3, plate 1, fig. 1 (1950). 

Illustration herein: Fig. 1A. 

Notes: A type species for Banksieaephyllum was not nominated by Cookson and 

Duigan (1950). We erect B. angustum as the type before accepting Banksieaephyllum as a 

synonym of Banksia. Numerous other uncatalogued specimens of B. angustum are stored at 

Museum Victoria. 

 

Banksia L.f. 

Synonym: Banksieaephyllum, syn. nov. 

New and replacement names 

Banksia cooksoniae R.J. Carp., G.J. Jord. & R.S. Hill, nom. nov. (non Banksia acuminata 

A.R. Mast & K.R. Thiele) 

Basionym: Banksieaephyllum acuminatum Cookson & Duigan, Australian Journal of Scientific 

Research B 3, 148–150, plate 2 (1950). 

Type: Lectotype here designated, NMV P14737(a), Australian Journal of Scientific 

Research B 3, plate 2, fig. 12 (1950). 

Etymology: The combination Banksia acuminata has already been used by Mast and 

Thiele (2007). We therefore take the opportunity to honour Australian palynologist and 

palaeobotanist, Isabel Cookson, and her pioneering work on Proteaceae fossils. 
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Banksia dettmanniae R.J. Carp., G.J. Jord. & R.S. Hill, nom. nov. (non Banksia obovata 

A.R. Mast & K.R. Thiele) 

Basionym: Banksieaephyllum obovatum Cookson & Duigan, Australian Journal of Scientific 

Research B, 3, 151, plate 4, fig. 27 (1950). 

Synonym: Banksieaephyllum laeve Cookson & Duigan, Australian Journal of Scientific Research B 3, 

150–151, plate 3 (1950). 

Diagnosis 

Fossil Banksia leaves ≤ 12 mm wide, obovate–oblong, entire, margin slightly recurved, apex 

obtuse. Midrib ~ 1 mm wide on abaxial surface, secondary venation indistinct. Stomata not 

sunken, randomly oriented within indistinct areolar regions. Trichome bases present on most 

abaxial epidermal cells, of two types; thickened, small-diameter, cylindrical bases and large-

diameter, donut-like bases associated with 1–4 cells. Trichome bases and papillae confined to 

leaf margin region on adaxial surface. 

Type: NMV P14741(b), Australian Journal of Scientific Research B 3, plate 4, fig. 27 

(1950). 

Illustrations herein: Fig. 1I–M. 

Etymology: The combination Banksia obovata has already been used by Mast and 

Thiele (2007). We therefore take the opportunity to honour Australian palynologist and 

palaeobotanist, Mary Dettmann, and her extensive contribution to Australian Proteaceae 

fossil research. 

Notes: Ideally, since B. laeve is consistent with Banksia and B. obovatum as originally 

described by Cookson and Duigan (1950) is not, we would prefer to synonymise B. obovatum 

with B. laeve. However, since no type specimen has been published for B. laeve, the type of 

B. obovatum is accepted as the type for the new combination. The new diagnosis presented 

here is based on descriptions of this type and of the leaf and cuticle of B. laeve by Cookson 

and Duigan (1950), and supplemented by our own observations. However, the descriptions 

Page 25 of 48

http://mc.manuscriptcentral.com/csiro-sb

Australian Systematic Botany



For Review
 O

nly

A review of Banksieaephyllum 

 

and illustrations of cuticular structure and of internal anatomy for B. obovatum (Cookson and 

Duigan 1950; p. 151 and plate 4, figs 29–34) are not accepted as pertaining to the type. 

New combinations 

Banksia angusta (Cookson & Duigan) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 

Basionym: Banksieaephyllum angustum Cookson & Duigan, Australian Journal of Scientific Research 

B 3, 146, 148, plate 1 (1950). 

 

Banksia elongata (R.S. Hill & Christophel) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 

Basionym: Banksieaephyllum elongatus R.S. Hill & Christophel, Botanical Journal of the Linnean 

Society 97, 212–214, figs 24–29 (1988); Banksieaephyllum elongatum R.S. Hill & Christophel, 

Proceedings of the Royal Society of Victoria 102, 24–25 (1990). 

 

Banksia linearis (R.J. Carp. & G.J. Jord.) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 

Basionym: Banksieaephyllum linearis R.J. Carp. & G.J. Jord., Australian Systematic Botany 10, 559, 

figs 7–12 (1997). 

 

Banksia orientalis (R.J. Carp. & G.J. Jord.) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 

Basionym: Banksieaephyllum orientalis R.J. Carp. & G.J. Jord., Australian Systematic Botany 10, 

559, figs 1–6 (1997). 

 

Banksia taylorii (R.J. Carp., G.J. Jord. & R.S. Hill) R.J. Carp., G.J. Jord. & R.S. Hill, comb. 

nov. 

Basionym: Banksieaephyllum taylorii R.J. Carp., G.J. Jord. & R.S. Hill, Australian Systematic Botany 

7, 389, figs 1–6 (1994). 

 

Banksia urniformis (H. Deane) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 
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Basionym: Dryandra urniformis H. Deane, Records of the Geological Survey of Victoria 4, 495, plate 

62, fig. 9 (1925); Banksieaephyllum urniforme (H. Deane) R.S. Hill, Proceedings of the Royal Society 

of Victoria 102, 24, figs 1A–D, 2A (1990). 

 

Banksieaefolia R.J. Carp., G.J. Jord. & R.S. Hill, gen. nov. 

Diagnosis 

Fossil Banksieae leaves not assignable to an extant genus. Leaves simple to pinnately lobed, 

not toothed. Venation banksioid. Stomata confined to abaxial surface, within areoles. 

Subsidiary cells more-or-less raised in surface view. Thickened, small-diameter, cylindrical 

trichome bases present on some or all abaxial epidermal cells. 

Type species: Banksieaefolia incisa (D.T. Blackburn) R.J. Carp., G.J. Jord. & R.S. 

Hill. 

Etymology: The new genus is intended only for fossil leaves that belong to tribe 

Banksieae, but that cannot be assigned to extant taxa within the tribe. 

New combinations 

Banksieaefolia cuneata (R.S. Hill & Christophel) R.J. Carp., G.J. Jord. & R.S. Hill, comb. 

nov. 

Basionym: Banksieaephyllum cuneatum R.S. Hill & Christophel, Botanical Journal of the Linnean 

Society 97, 208–210, figs 8–10 (1988). 

 

Banksieaefolia incisa (D.T. Blackburn) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 

Basionym: Banksieaephyllum incisum D.T. Blackburn, Alcheringa 5, 14–17, figs 4, 5A, 6B (1981). 

 

ANGIOSPERMAE Lindley 

incertae sedis 

Pseudobanksia R.J. Carp., G.J. Jord. & R.S. Hill, gen. nov. 
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Diagnosis 

Small Banksia-like fossil leaves. Stomata confined to abaxial surface, superficially placed 

within areoles. General subsidiary cell arrangement not brachyparacytic. Trichome bases (if 

present) nodular, small-diameter, positioned at cell junctions on abaxial surface, mostly along 

veins. Trichome bases associated with one or more basal cells absent. 

Type species: Pseudobanksia fastigata (H. Deane) R.J. Carp., G.J. Jord. & R.S. Hill. 

Etymology: A genus for leaves which have unknown affinities, but which have 

superficial and probably convergent similarity to Banksia leaves. 

New combinations 

Pseudobanksia attenuata (R.S. Hill & Christophel) R.J. Carp., G.J. Jord. & R.S. Hill, comb. 

nov. 

Basionym: Banksieaephyllum attenuatum R.S. Hill & Christophel, Botanical Journal of the Linnean 

Society 97, 210–212, figs 14–18 (1988). 

 

Pseudobanksia fastigata (H. Deane) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 

Basionym: Banksia fastigata H. Deane, Records of the Geological Survey of Victoria 4, 494, text fig. 

140, plate 61, figs 1, 4, plate 62, fig. 6, possibly fig. 7, plate 63, fig. 13 (1925), Banksia adunca H. 

Deane, Records of the Geological Survey of Victoria 4, 494–495, text fig. 141, plate 62, fig. 10, plate 

64, fig. 18 (1925); Banksieaephyllum fastigatum (H. Deane) Cookson & Duigan, Australian Journal 

of Scientific Research B 3, 153, plate 6 (1950); emend R.S. Hill, Proceedings of the Royal Society of 

Victoria 102, 25, figs 1E–H, 2B (1990). 

Notes: Cookson and Duigan (1950) discussed and illustrated one of Deane’s (1925) 

specimens (shown in his plate 61, fig. 4), but did not formally establish this specimen as the 

type for Banksieaephyllum fastigatum in their paper. However, this specimen is housed at 

Museum Victoria as NMV P15124, with the label “lectoholotype”, and we accept it here as 

the lectotype. Hill (1990) synonymised Banksia adunca H. Deane (holotype NMV P15128) 
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with Banksieaephyllum fastigatum. He reasoned that the name B. fastigatum should be 

retained but did not note the lectotype specimen referred to above. 

 

Pseudobanksia longifolia (R.S. Hill & Merrifield) R.J. Carp., G.J. Jord. & R.S. Hill, comb. 

nov. 

Basionym: Banksieaephyllum longifolium R.S. Hill & Merrifield, Alcheringa 17, 320–322, fig. 12 

(1993). 

 

Pseudobanksia pinnata (Cookson & Duigan) R.J. Carp., G.J. Jord. & R.S. Hill, comb. nov. 

Basionym: Banksieaephyllum pinnatum Cookson & Duigan, Australian Journal of Scientific Research 

B 3, 152, plate 5 (1950). 

Note: The single specimen was referred to by Cookson and Duigan (1950) as the type, 

but this specimen was “was destroyed to obtain its cuticle” (p. 164). 

 

Pseudobanksia praefastigata (Vadala & Drinnan) R.J. Carp., G.J. Jord. & R.S. Hill, comb. 

nov. 

Basionym: Banksieaephyllum praefastigatum Vadala & Drinnan, Australian Systematic Botany 11, 

442–446, figs 2–4, 6–16 (1998). 

 

Pseudobanksia regularis (R.S. Hill & Christophel) R.J. Carp., G.J. Jord. & R.S. Hill, comb. 

nov. 

Basionym: Banksieaephyllum regularis R.S. Hill & Christophel, Botanical Journal of the Linnean 

Society 97, 210–212, figs 19–23 (1988). 

 

Pseudobanksia westdaliense (R.S. Hill & Merrifield) R.J. Carp., G.J. Jord. & R.S. Hill, 

comb. nov. 
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Basionym: Banksieaephyllum longifolium R.S. Hill & Merrifield, Alcheringa 17, 320, fig. 11E–H 

(1993). 

 

Pseudobanksia yallournensis (Cookson & Duigan) R.J. Carp., G.J. Jord. & R.S. Hill, comb. 

nov. 

Basionym: Phyllites yallournensis Cookson & Duigan, Australian Journal of Scientific Research B 3, 

160–161, plate 9 (1950). 

Note: Cookson and Duigan (1950) did not nominate a type specimen from among the 

three pinnately lobed NMV specimens they illustrated (their figs 64–66), and the source of 

the cuticle illustrated in their figs 67–69 and the leaf transverse section in their fig. 70 is 

unknown. Cuticle from each of these leaf specimens should be checked, as we note here the 

similarity of these specimens to those of both Banksieaephyllum pinnatum (their figs 35, 36) 

and B. urniforme (figs 1A and 2A in Hill, 1990). 
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Table 1. Banksieaephyllum species not accepted as Proteaceae, and transferred to 

Pseudobanksia. 

For age, m and l denote middle and late, and P, E, O and O-M denote Palaeocene, Eocene, 

Oligocene and Oligo-Miocene. 

Species Location Age Reference Revised taxonomy 

B. attenuatum Loch Aber, Tas. m–l E Hill and Christophel (1988) Pseudobanksia attenuata 

B. fastigatum Yallourn, Vic. O-M Deane (1925), Cookson and 

Duigan (1950), Hill (1990) 

P. fastigata 

B. fastigatum West Dale, WA mid E–O Hill and Merrifield (1993) P. fastigata 

B. longifolium West Dale, WA mid E–O Hill and Merrifield (1993) P. longifolia 

B. pinnatum Yallourn, Vic. O-M Cookson and Duigan (1950) P. pinnata 

B. praefastigatum  Cambalong Ck, NSW  l P  Vadala and Drinnan (1998) P. praefastigata  

B. regularis Pioneer, Tas. O Hill and Christophel (1988) P. regularis 

B. westdaliense West Dale, WA mid E–O Hill and Merrifield (1993) P. westdaliense 
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Table 2. Accepted fossil Banksieae leaf species in chronological order, oldest to most recent, with revised taxonomy and justifications. 

For age, e, m and l denote early, middle and late, and P, E, O, O-M and Pl denote Palaeocene, Eocene, Oligocene, Oligo-Miocene and Pleistocene. Key 

references for original descriptions are shown as footnotes. 

Species Age Likely ancestral states Likely derived states (italics)/other evidence supporting 

revised taxonomy and proposed NLR 

Revised taxonomy Proposed nearest 

living relative (NLR) 

Banksieaephyllum tayloriiA l Pa Pinnately lobed 

Superficial stomata 

Absence of striations 

Same form as B. formosa (R.Br.) A.R. Mast & K.R. Thiele 

leaves 

Banksia taylorii Banksia 

Banksieaephyllum incisumB m E Pinnately lobed 

Superficial stomata 

Striations 

Co-occurrent closed rainforest taxa Banksieaefolia incisa Banksieae, probably 

Musgraveinae 

Banksieaephyllum cuneatumC m E Pinnately lobed 

Superficial stomata 

Striations 

Co-occurrent 3-glanded flowers 

Co-occurrent closed rainforest taxa 

Banksieaefolia 

cuneata 

Musgraveinae 

Banksia paleocryptaD l E  Stomata in crypts 

Toothed form, as in some extant banksias 

Numerous co-occurrent sclerophyll taxa 

 Banksia, probably 

subgenus Banksia 

Banksieaephyllum orientalisE 

 

e O Pinnately lobed 

Superficial stomata 

Apparent absence of striations 

Strong architectural similarity to some extant banksias 

Numerous co-occurrent sclerophyll taxa 

Banksia orientalis Banksia 

Banksieaephyllum linearisE e O Superficial stomata Toothed, linear form, as in some extant banksias Banksia linearis Banksia 
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 Striations Numerous co-occurrent sclerophyll taxa 

Banksia novae-zelandiaeF O-M Pinnately lobed 

Superficial stomata 

Striations 

Abundant surface papillae 

Architectural similarity to some extant banksias 

Numerous co-occurrent sclerophyll taxa 

 Banksia 

Banksieaephyllum urniformeG O-M Pinnately lobed 

Superficial stomata 

Absence of striations 

Strong architectural similarity to some extant banksias 

Co-occurrent sclerophyll taxa 

Co-occurrent Banksia infructescences 

Banksia urniformis Banksia 

Banksieaephyllum elongatumC,G O-M Pinnately lobed 

Superficial stomata 

Absence of striations 

Strong architectural similarity to some extant banksias 

Co-occurrent sclerophyll taxa 

Co-occurrent Banksia infructescences 

Banksia elongata Banksia 

Banksieaephyllum laeveH/B. 

obovatumH* 

O-M Superficial stomata Absence of striations 

Adaxial surface papillae 

Entire, linear form, as in some extant banksias 

Co-occurrent sclerophyll taxa 

Co-occurrent Banksia infructescences 

Banksia dettmanniae Banksia 

Banksieaephyllum acuminatumH O-M  Absence of striations 

Stomata in crypts 

Entire, linear form, as in some extant banksias 

Co-occurrent sclerophyll taxa 

Co-occurrent Banksia infructescences 

Banksia cooksoniae Banksia 
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Banksieaephyllum angustumH O-M  Absence of striations 

Stomata in shallow crypts 

Toothed, linear form, as in some extant banksias 

Co-occurrent sclerophyll taxa 

Co-occurrent Banksia infructescences 

Banksia angusta Banksia 

Banksia strahanensisI e–m 

Pl 

Superficial stomata Absence of striations 

Stomata not in obvious areoles 

Same entire, linear form as some B. spinulosa R.Br. leaves 

Co-occurrent sclerophyll taxa 

Relatively recent fossils 

 Banksia subgenus 

Spathulatae, probably 

B. spinulosa/B. 

ericifolia L.f. clade 

Banksia kingiiI l Pl  Absence of striations 

Stomata in depressions 

Same entire, linear form as B. saxicola A.S. George leaves 

Co-occurrent sclerophyll taxa 

Co-occurrent Banksia infructescences 

Recent fossils 

 Banksia subgenus 

Spathulatae 

 

A
Carpenter et al. (1994); 

B
Blackburn (1981); 

C
Hill and Christophel (1988); 

D
Carpenter et al. (2014); 

E
Carpenter and Jordan (1997); 

F
Carpenter et al. 

(2010); 
G
Hill (1990); 

H
Cookson and Duigan (1950); 

I
Jordan and Hill (1991). *note that these species are regarded here as synonymous. 
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Table 3. Described Banksieaeformis species. 

For age, e, m and l denote early, middle and late, and E, O and M denote Eocene, Oligocene 

and Miocene. 

Species Location Age Reference 

B. decurrens Maslin Bay, SA m E Hill and Christophel (1988) 

B. dentatus Cethana, Tas. e O Hill and Christophel (1988) 

B. serratus Glen Helen, NT ‘mid-Tertiary’ Greenwood et al. (2001) 

B. langii Stuart Creek region, SA l M Greenwood et al. (2001) 

B. praegrandis Stuart Creek region, SA E and M Chapman (1937), Greenwood et al. (2001) 
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Figure Captions 

Fig. 1. Images of Banksieaephyllum specimens and cuticles from Yallourn (A–F, I–M) and 

Tasmania (G, H). New species names are provided in parentheses. A. SEM image of abaxial 

surface of B. angustum (= Banksia angusta). Note shallow stomatal crypts surrounded by 

vein mesh, scale bar = 1 mm. B. B. fastigatum (= Pseudobanksia fastigata) leaf fragment 

(NMV P14780). Image copied from plate 6, fig. 44 of Cookson and Duigan (1950), scale bar 

= 2 mm. C. Abaxial cuticle (NMV slide P14782) prepared by Cookson and Duigan (1950) 

from the type of B. pinnatum (= Pseudobanksia pinnata) showing stomata within areoles and 

abundant thick, knob-like trichome bases at cell junctions, scale bar = 100 µm. D. Abaxial 

cuticle (NMV slide P14784) of B. fastigatum (= Pseudobanksia fastigata) showing stomata 

that do not appear brachyparacytic. A trichome base is shown at cell junctions above scale 

bar, scale bar = 25 µm. E. Abaxial cuticle (NMV slide P15119) attributed to B. obovatum by 

Cookson and Duigan (1950). Note subsidiary cell arrangement that may best be described as 

cyclocytic, with three large dark cells surrounding a ring of small cells around the guard cells, 

scale bar = 10 µm. F. Abaxial cuticle (NMV slide P14782) of B. pinnatum (= Pseudobanksia 

pinnata) showing stomata that are (slightly) individually sunken. Subsidiary cells are 

obscure, but there is no evidence that they are brachyparacytic. Note the thick, knob-like 

trichome bases at cell junctions, scale bar = 25 µm. G. SEM image of inner abaxial cuticle of 

B. attenuatum (= Pseudobanksia attenuata). Note that the subsidiary cell arrangement is 

clearly not brachyparacytic, and that the trichome bases have a nodular form and occur at cell 

junctions only, scale bar = 10 µm. H. Abaxial cuticle of B. regularis (= Pseudobanksia 

regularis) (P-428, holotype). The stomata are not brachyparacytic, and may best be described 

as anomocytic, scale bar = 25 µm. I. B. obovatum (= Banksia dettmanniae) [NMV 

P14741(b), holotype; also shown in plate 4, fig. 27 of Cookson and Duigan 1950], scale bar = 

10 mm. J. Abaxial cuticle from B. obovatum (= Banksia dettmanniae) [NMV P14741(b), 

Page 44 of 48

http://mc.manuscriptcentral.com/csiro-sb

Australian Systematic Botany



For Review
 O

nly

A review of Banksieaephyllum 

 

holotype] showing features obviously consistent with Banksia, i.e. brachyparacytic stomata 

associated with  thickened, cylindrical trichome bases and a larger diameter base (near centre) 

that encompasses several cells, scale bar = 25 µm. K. Banksieaephyllum laeve (= Banksia 

dettmanniae) leaf fragment (NMV P14741.1). This is the adaxial view of the same specimen 

shown in plate 3, fig. 22 of Cookson and Duigan (1950). Note similarity to B. obovatum (= 

Banksia dettmanniae) holotype shown in Fig. 1I, including obscure venation, scale bar = 1 

mm. L. Abaxial cuticle of B. laeve (= Banksia dettmanniae) (NMV P14741.1) showing near 

identical features to cuticle from B. obovatum holotype shown in Fig. 1J, scale bar = 25 µm. 

M. Adaxial cuticle near the leaf margin of B. laeve (= Banksia dettmanniae) (NMV 

P14741.1) showing epidermal papillae, scale bar = 25 µm. 

 

Fig. 2. Images of fossil Banksieae from Western Australia (A, I), New Zealand (C), Victoria 

(D, G, H), Tasmania (E) and South Australia (F, K–M) and extant cuticles (B, J). New 

species names are provided in parentheses. A. SEM image of outer surface vein of 

Banksieaephyllum longifolium (= Pseudobanksia longifolia) (also illustrated as fig. 12E in 

Hill and Merrifield 1993) from West Dale, showing nodular trichome bases at cell junctions, 

scale bar = 50 µm. B. Adaxial cuticle of extant Banksia baueri R.Br. showing epidermal 

papillae and trichome bases associated with very small basal epidermal cells, scale bar = 25 

µm. C. Adaxial cuticle of Banksia novae-zelandiae from Newvale, showing epidermal 

papillae. Note trichome base associated with numerous basal epidermal cells at upper right, 

scale bar = 25 µm. D. Banksia infructescence (NMV P15615) from the Pliocene Deep Leads, 

Eldorado, Victoria (see also Pike 1953), scale bar = 1 cm. E. Banksieaephyllum orientalis (= 

Banksia orientalis) (C524, holotype) from Cethana, scale bar = 1 cm. F. Banksieaeformis 

decurrens (S-1497, holotype) from Maslin Bay. Note that the leaf is not lobed in the basal 

half. Scale bar = 1 cm. G. SEM image of inner abaxial cuticle of Banksieaephyllum cuneatum 
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(= Banksieaefolia cuneata) from Anglesea, showing brachyparacytic stomata, the positions of 

trichome bases marked by rounded apertures (several within single cells, and one at left 

encompassing two cells), and the positions of balloon-like epidermal extensions marked by 

depressions within the cuticle, scale bar = 20 µm. H. Abaxial cuticle of B. cuneatum (= 

Banksieaefolia cuneata) from Anglesea. Note that the stomata appear sunken, in part due to 

thin-walled, balloon-like epidermal extensions, scale bar = 25 µm. I. Musgravea-like abaxial 

cuticle fragment from Eocene Lake Lefroy site (R.T. Lange, slide 44, University of Adelaide 

collection; see Lange 1978 and Carpenter and Pole 1995). Note small-diameter, cylindrical 

trichome bases and stomata with ornamented subsidiary cell cuticle, scale bar = 25 µm. J. 

Abaxial cuticle of Musgravea heterophylla. Note pronounced similarity to fossil Musgravea-

like cuticle (I), scale bar = 25 µm. K. Banksieaeformis langii (South Australian Museum 

RTL022) from Stuart Creek region, scale bar = 1 cm. L. Undescribed Banksieaeformis leaf 

(South Australian Museum RTL018) from Stuart Creek region that is closely similar to extant 

species of series Dryandra, scale bar = 1 cm. M. Large, undescribed Banksieaeformis leaf 

(Museum Victoria, uncatalogued) from Golden Grove, scale bar in mm. 
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