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Abstract

The scanning electron microscopic study of 41 Australian fossil pollen species, attributed to
the family Proteaceae, has revealed 11 main surface pattern types, 9 of these patterns are common to
the pollen of modern Proteaceae; however, 2 surface patferns i.e. scabro-rugulo-foveo-gemmate and
scabrogemmo-ornate are exclusively present in the fossil Proteaceae. The surface patterns in the
fossil Proteaceae, appearing first in the Upper Cretaceous and extending to the Pliocene, reach greatest
diversification in the Eocene with 2 subsequeni decline taking place from Oligocene to Pliocene. A
new species Proreacidites biporgtus is also described.

Introduction

The fossil pollen history exhibits a major radiation in the Palaeocene to Eocene,
and the greatest majority of records are from these periods. But the abudance and variety
of forms was much less in the Oligocene to Phocene periods. Though the correctness
of assignment of some fossil forms to the family Proteaceae is doubted, nonetheless,
there is a reasonable belief that the fossil record stretches back to the Upper Cretaceous.
The earliest pollen grains with reliability referred to Proteaceae belong to Senonian age
{(Martin, 1981).

Pollen morphology of fossil Proteaceae has remained the focus of attention to
many patynologists. Cookson (1950) and validated by Couper (1953) established 3 form
genera Banksieaeidites, Beaupreaidites and Proteacidites. Cookson (1950, 1954), Cookson
& Pike (1953}, Couper (1953, 1960), Dettmann & Playford (1968), Harris (1965, 1966,
1972}, McIniyre (1968), Stover & Evans (1973), Stover & Partridge (1973) and Martin
(1973} described fossil proteaceous pollen from southern hemisphere. Germeraad ef al.,
(1968) reported Proteacidites dehaani from Tertiary deposits of tropical area of Colim-
bia, Jain er al, {1973) have described Proteacidites subscabraius from India, and Wang
{1982} has reported Proteacidites partitus, P. bullotus and P, remnelus from Late Cre-
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taceous to Early Tertiary deposits of China. Some fossil forms of supposed Proteaceae
have also been reported from the northern hemisphere (Anderson, 1960; Druggs, 1967;
Leffingwell, er al, 1970; Samoilvich, 1967 etc.) far outside the present geographical
range of modern Proteaceae. The proteaceous species described by Leffingwell, er al.,
(1970) have been excluded from Proteaceae (Memon, 1983).

Martin {1973) has attempted to ascertain the wvalidity of certain proteaceous
palynomorphs as indicators of the occurrence of fossil Proteaceae, and to establish
more homogenous taxonomic groupings. Martin & Harris (1974) have proposed two new
form genera Cranwellipollis and Propylipoilis to receive certain species excluded from
Proteaceae. These new genera were based on pore characters rather than shape, exine
sculpture etc. used by Cookson (1950) and Couper (1953) for establishing Proteacidites.

Though considerable progress has been made in piece-meal fashion towards the
study of fossil Proteaceae by the traditional optical microscope, nonetheless, it was
worth studying these forms by the scanning electron microscope. The present study is
confined to the pollen surface pattern types of Australian fossil Proteaceae.

Material & Method

Fossil pollen species were picked from the following sedimentary rock samples
of Australia:

1).  Pidinga P15, 13.6-25 ft., Bucla Basin, Pidinga Formation, Middle Eocene,
S. Aust.

2). Poytz Bore, Hd. Ettrick at 94.5 m. Renmark Beds, Upper Eocene, S. Aust.
3). E.A.R.5, Frome Embayment 381 ft., Palaeocene, S. Aust.

4). Bore near Edicara at 280.4—283 m. ‘Wilkatana’ Formation, Middle of Upper
Focene, S. Aust.

5)  Moorlands Lignites, Hd. Sherlock Co. Buccleugh, Middle to Late Eocene,
S. Aust.

6). Balcombe Bay fossil Beach Leaf-Beds — Post Basalt, Miocene, Vict. Aust.

7). F.B.H. Campbell No. 4 well, 28922912 ft. (Core 2), Cretaceous, Vict.
Aust.

8). Tarpeena Bore 1, 335 ft., Otway Basin, Knigh:t Formation, Middle Eocene,
Vict. Aust.
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9).  Nerriga, Eocene, N.S.W. Aust.

10). Warburn No. 1 Bore, W.C.I.C. Eocene, N.S.W., Aust.

Pollen material was treated by modifying Faegri & Iversen (1964) method, and
the picking of the pollen grains and scanning electron microscopy was carried out by
modifying Leffingwell & Hodgkin (1971) method. Photography was carried out as des-
cribed by Memon (1984).

Terminology: For detailed description of pollen surface pattern types, Erdiman’s termi-
nology (1952, 1969) has been used. However, some terms were borrowed from Faegri &
Iversen (1964); Kremp {1965); Norem {1958) and Wodehouse (1935). Some terms
previously described by these authors were amended and soime new terms were made
necessary for describing the detailed surface omamentations of pollen grains (Memon,
1984).

Results

Description of surface pattern is based on the observation of whole grain.

L Reticulo-foveolate:

A. Tectum more or less beaded to striate. Fig. 1, A.

long axis; foveae 0.2—0.6 um diameter; reticulum slightly reduced towards distal

pole and pore area; foveae intermixed with lumina; foot layer seeming to be

slightly verrucose; reticulum slightly tending towards striate.
Proreacidites reticularus Cookson 1950.

B. Tectum more or less scabrate. Fig. 1, B.

Reticulum heterobrochate, muri 0.5—1.5 um wide, lumina 0 5—1.5 um
in tong axis, reduced to foveae, 0.1-0.4 um diameter,

Proteacidires stipplatus Partridge, in Stover & Partridge 1973.
C. Tectum more or less fossulate. Fig. 1, C.
Reticulum heterobrochate, muri 0.4-2.0 pm wide, lumina 0.4-2.0 um

in long axis; foveae 0.1--0.6 pm diameter; in some species tectum slightly fending
towards convolute.
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Beaupreaidites elegansiformis Cookson 1950,

Propylipoliis {Proteacidires) reticuloscabratus Harris, 1965, emend.
Martin & Harris, 1974.

Proteacidites angulatus Stover, in Stover & Partridge, 1973.

P. pseudomoides Stover, in Stover & Partridge 1973.

D. Tectum flat and smooth. Fig. 1. D.

Reticulum heterobrochate, muri 0.3-2.0 um wide, lumina 0.3-5.0 um
in long axis; foveae 0.1-0.4 um diameter; suprafoveae present in some species;
reticulum reduced almost to foveae towards middle of distal pole and pore area.

Propylipollis {Proteacidites) tripartitus Harris, 1972, emend. Martin &
Haxris, 1974.

Proteacidites adenanthoides Cookson 1950.

P biporatus sp. nov. (see at the end of results).

P, collosus Cookson 1950.

P kopiensis Harris 1972.

E. Reticulum uneven in elevation, muri irregular-shaped. Fig. 1, E.

Reticulum heterobrochate, muri 0.3—1.4 um wide, lumina 1.0-5.0 um
in long axis; foveae 0.1-0.7 um diameter, mainly confined to rouri and also
occasionally occurring in foot layer.

Proteacidites alveolatus Stover, in Stover & Partridge 1973.

Reticulare:

A. Tectum smooth and flat. Fig. 1, F.

Reticulum heterobrochate, muri 0.3 -1.4 um wide, lumina 1.0--10.0 yum
in long axis; foot layer in some species scabrate and foveolate in others.

Proteacidites grandis Cookson 1950.
P. leightonii Stover, in Stover & Partridge 1973.
P. recavus Partridge, in Stover & Partridge 1973.

B. Tectum tending towards striate to slightly non-stranded contextate, columellae
thick apparantly rounded and protruding in lumina. Fig. 1, G.

Reticulum heterobrochate, muri 0.7 -1.8 um wide, lumina 1.5-9.0 ym
in long axis.
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Proteacidites confragosus Harris 1972.
C. Tectum convolute and more or less vermiculate. Fig. 1, H.

Reticulum heterobrochate, muri 0.5—1.5 um wide, lumina 0.7-8.2 um
in long axis; reticulum coarser towards equators and reduced around pores, some-
times to the extent of narrow clefts (arrow).

Proteacidites ormatus Harris 1972.
Reticulo-foveo-verrucose. Fig. 2, A.

Reticulum heterobrochate, muri 0.5—1.4 um wide, lumina 0.5—1.2 um
in long axis; intermixed with foveae, 0.1 -0.4 um diameter; supratectal verrucae
0.8—3 .4 um diameter; tectum slightly fossulate.

Beaupreaidites verrucosus Cookson 1950.
Rugulo-foveolate: Fig. 2, B.

Rugulae 0.3-2.0 um wide; foveae 0.1-1.2 um diameter; rugulae poorly
to strongly developed; fossae shallow to deep; in some species foveae confined to
more or less deep eufossae.

Banksieaeidites elongatus Cookson 1950.
Proteacidites granulatus Cookson 1950.
P. pachypolus Cookson & Pike 1953.

Scabro-ruguio-foveolate:

A. Tectum smooth to slightly coarser, more or less even in elevation, sometimes
subdivided into scabrae. Fig. 2, C.

Scabrae 0.2—1.0 um diameter, intermixed with rugulae, 0.2—1.3 yum wide;
foveae 0.1 ~0.7 um diameter, mainly confined to fossae; ektexine of Proteacidires
amolosexinus easily strips off.

Banksieaeidites arcuatus Stover, in Stover & Partridge 1973.

Propylipollis (Proteacidites) annularis Cookson, 1950, emend. Martin &
Harris 1974.

P. (P). parvus Cookson, 1950, emend. Martin & Harris 1974.

Proteacidites amolosexinus Dettmann & Playford 1968,
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P. obscurus Cookson 1950.
P, varius Harris 1972.
P. wilkaranaensis Harris 1972.

B. Tectum much coarser, incised by short and discontinuous rugulae in one
species and superficially two-levelled in other. Fig. 2, D.

Scabrae 0.3—1.0 um diameter, intermixed with rugulae, 0.3 1.0 um wide;
foveae 0.1—1.0 pm diameter, mainly confined to fossae, occasionally occurring
in rugulae or central protrusion.

Proreacidites rectomarginus Cookson, 1950, emend. Stover & Partridge
1973.
P, asperopolus Stover & Evans 1973,

C. Rugulae subdivided into subrugulae and scabrae. Fig. 2, E.

Scabrae 0.3-0.7 um diameter, intermixed with rugulae, 0.8—2.5 um wide,
subdivided into subrugulae 0.3-0.6 um wide; foveae 0.1--0.5 pm diameter, ocour-
ring more or less in funnel-shaped tectal depressions.

Proteacidites fromensis Harris 1972,
Scabro-foveolate: Fig. 2, F.

Scabrae 0.2-1.0 pm diameter; foveae 0.1 -0.3 um diameter; in some
species scabrae poorly developed and in others well-developed and more or less
isodiametric.

Propylipollis (Proteacidites} scaboratus Couper, 1960, emend. Martin &
Harris 1974,

Proteacidites similis Harris 1972,

P. subscabratus Couper 1953.

Foveo-spinuiose: Fig. 2, G.

Foveae not very clear, supratectal spinules 0.2—-1.0 wm long; tectum
seeming to be slightly scabrate in one species and verrucose in other.

Propylipollis {Proteacidites) concretus Harris 1972, emend. Martin &
Harris 1974.
P {P). latrobensis Harris 1966, emend, Martin & Harris 1974,
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Foveo-verrucose: Fig. 2, H.

Foveae 0.1 --0.2 um diameter; supratectal verrucae 0.1—-0.7 um diameter,
uniformly distributed; tectum slightly undulating.

Proteacidites tenuiexinus Stover, in Stover & Partridge 1974.
Verrucose: Fig. 3, A.

Supratectal verrucae 0.1-04 um diameter, more or less uniformly
distributed.

Propylipollis (Proteacidites ) beddoesii Stover, in Stover & Partridge 1973,
Scabro-rugulo-foveo-gemmate. Fig. 3, B.

Scabrae 0.3 1.0 um diameter; rugulae 0.3-1.8 ym wide; foveae 0.1-0.5
pm diameter, usually occurring in insulae or sometimes in gemmae (arrow a);
supratectal gemmae 1.0—4.5 ym diameter; partial fusion of some gemmae results
in an ornate pattern in one species, and gemmae connected with foot layer by
short supratectal columellae (arrow b} in other.

Cranwellipollis  (Proteacidites) tuberculatus Cookson 1950, emend.
Martin & Harris 1974,

Propylipollis (Proteacidites) wuberculiformis Harris, 1965, emend. Martin
& Harris 1974.

Scabro-gemmo-ornate: Fig. 3, C.
Scabrae 0.1--0.7 um diameter, confined to foot layer; gemmae 1.0-3.5
um diameter, ¢. 1.0-2.0 um raised above the tectum; ornamentation with 1.2-2.5

pm wide muri.

Cranwellipollis (Proteacidites) tortuosus Harris 1972, emend. Martin &
Harris 1974.

Proreacidites biporatus sp. nov. Fig. 3, F-H.

Materigl: Moorlands Lignites member of the Renmark Beds, Late Eocene, South

Australia.
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Descripgion:  Pollen grains 2-porate, bilateral, plano-convex to biconvex or slightly
concavo-convex, 43—(58)-70 wm long, 17—(21)-26 um in breadth:

thick as endexine; tectum reticulo-foveolate; reticulum heterobrochate,
muri 0.3-1.0 pm wide, lumina 0.3—2.0 um in long axis, slightly reduced
towards distal pole, and to foveae, 0.1-0.2 um diameter towards pore
area, foveae also intermixed with lumina; tectum slightly fossulate.

Comparison: The surface pattern of Proteacidites biporatus and P. adenanthoides
Cookson (1950) is almost identical, but the endexine thickens below
pore and then tapers with corrugations into tenuimarginate in the former
species, whereas endexine gradually tapers into more or less blunt edges
towards pore margin in the latter species.

Holotype:  Specimen on slide No. Ry 1182, ¢. 70 um long and 21 wm in breadth,
deposited in the palynological collection of the Geological Survey of
S. Australia.

Discussion

Though the scanning electron microscope greatly helps in resolving the micro-
morphological details of pollen exine surface patterns in comparison to optical micro-
scope, the sectional study of exine can be accurately carried out by the transmission
electron microscope (Memon, 1984). The scanning electron microscopic study sugpests
that the optical microscope exaggerates some features or does not reach the full depth
of focus of surface pattern. For example, the surface pattern of Proteacidires stipplatus
(Fig. 1, C.) is reticulo-foveotate with scabro-fossulate muri rather than granulate or tuber-
culate as described by Partridge (Stover & Partridge, 1973). Under the optical micro-
scope the scabro-fossulate muri are exaggerated to granules or tubercles. Similarly, the
surface pattern of Banksiepeidites arcuarus (Fig. 3, D.) and Propylipollis annudaris (Fig.
3, E.) is scabro-rugulo-foveclate rather than puncto-reticulate as described by Stover
(Stover & Partridge, 1973) for the former palynomorph, and reticulate as described
by Coockson (1950) for the latter. Under the optical microscope the scabrae and rugulae
are not easily detectable and the foveae are exaggerated to lumina of a reticulum.

Southern hemisphere fossil forms so far examined, belonging to form genera
Banksieaeidites, Beaupreaidites Cranwellipollis, Propylipollis and Proteacidites, attributed
to the family Proteaceae, resemble modern pollen species in the range of shape, size and
usually in surface pattern and pore structure. However, scabro-rugulo-foveo-gemmate
(Fig. 3, B.) and scabro-gemmo-ornate (Fig. 3, C) surface patterns are not found in
modern Proteaceae (Memon, 1984, and also see Fig. 4).
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Pollen morphology of fossil Proteaceae has demonstrated two main groups of
surface patterns i.e. 1). reticulo-foveolate (Fig. 1, A-E) and reticulate (Fig. 1, F-H), and
2). rugulo-foveolate (Fig. 2, F), scabro-rugulo-foveolate (Fig. 2, C-E) and scabro-foveolate
(Fig. 2, F), which together form a core surface pattern of the family (Fig. 4), appearing
first in the Upper Cretaceous and extending to the Pliocene. In Palaeocene three new
patterns ie. 1). reticulo-foveo-verrucose (Fig. 2, A), 2). foveo-spinulose (Fig. 2, G)
and 3). foveo-verrucose (Fig. 2, H) appeared. By the Eocene three additional surface
patterns i.e. 1). scabro-rugulo-foveo-gemmate (Fig. 3, B), scabro-gemmo-omate (Fig. 3, C)
and 3). verrucose (Fig. 3, A) appeared and continued right up to the Miocene. Then from
Oligocene to the Pliocene only core pattern was found (Fig. 4).

It is evident that the family Proteaceae underwent an apparent major burst of
surface pattern diversification in the Palaeocene and especially in Eocene, with a sub-
sequent decline taking place from the Oligocene to Pliocene. This may be because the
early Tertiary Proteaceae had more generalised floral morphology, higher pollen out put
and open pollination mechanism (Martin, 1981). The reason of decline of pollen grains
from Oligocene may be because the Australian palynologists appear to have been a rather
conservative in species making. Martin, (1981) has suggested that the considerable fall is
also more than an artifact of the data. He further suggests that only the Pliocene and
Pleistocene data seem to be seriously affected by the scarcity of these periods.

Conclusion

Pollen morphology of 41 Australian fossil Proteaceae has revealed 11 main surface
pattern types, 9 of them are invariably found in the species of modern Proteaceae
(Memon, 1984). However, scabro-rugulo-foveo-gemmate and scabro-gemmo-ornate
surface patterns are exclusively present in the fossil forms. The two commonest group
(i.e. treticulo-foveolate & reticulate, and 2-rugulo-foveolate, scabro-rugulo-foveolate &
scabro-foveolate) form a core pattern of the family Proteaceae.

It was noted that though majority of fossil forms manifest similar surface pattern
which are grouped together, nonetheless, each species retains its individuality.

The surface pattern of fossil Proteaceae, appearing first in the Upper Cretaceous
extending to Pliocene, reach its greatest variation in the Eocene with a subsequent decline
taking place from Oligocene to Pliocene.

Cranwellipollis tortuosus, C. tuberculatus, Propylipollis tuberculiformis, Protea-
cidites alveolatus, P. confragosus, P. leighronii, P. recavus and P ornatus could be identi-
fied on the bases of their surface pattern and more or less on shape. However, Banksieaei-
dites being 2-porate, Beaupreaidites being 3-colpoidate, Proteacidites biporatus being
reticulo-foveolate and 2-porate, and Profeacidites asperopolus being scabro-rugulo-



202 H.R. MEMON

foveolate with polar protrusion, and Proteacidites pachypolus being rugulo-foveolate
with polar protrusion could be segregated from the other fossil forms of Proteaceae.
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