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ABSTRACT. The paleoecology of tropical Podocarpaceae is reviewed for Africa and 
Southeast Asia. The family first appeared in the Triassic of Gondwana, after which it 
diversified through the Cretaceous and earliest Tertiary, and although some North-
ern Hemisphere Jurassic records are known, it has essentially remained a southern or 
southern- derived family until the present day. It seems to show a preference for areas of 
wet climate throughout its history. Podocarpus sensu lato dispersed into Southeast Asia 
during the late Eocene, and its present distribution is best explained by dispersal from 
India and possibly multiple long- distance dispersal events from Australia. Dacrydium 
reached Southeast Asia during the early Oligocene, presumably by island hopping, via 
the Ninety East Ridge and India and subsequently expanded its range to Japan during 
the middle Miocene climatic optimum. It is likely that the dispersal pathway was via 
low- altitude heath forests. Dacrycarpus and Phyllocladus dispersed into New Guinea as 
the island became established during the late Miocene and then island hopped to Borneo 
during the mid- Pliocene. Dacrycarpus subsequently reached Sumatra and the Malay Pen-
insula during the Pleistocene. In Africa, Podocarpus sensu lato was probably present in 
upland areas during the mid- Tertiary but dispersed by island hopping between montane 
areas to West Africa in the late Pliocene. In both Africa and Southeast Asia, the Podocar-
paceae have clearly increased their range within the low latitudes following mid- Pliocene 
global climate deterioration and the Northern Hemisphere ice expansion.

INTRODUCTION

The Podocarpaceae is an essentially Southern Hemisphere family of conifers, 
centered initially in Gondwana, subsequently in Australasia and southernmost 
South America, and currently in Malesia. The earliest firmly accepted podo-
carp macrofossils are from the Triassic of Gondwana, including Madagascar 
(Townrow, 1967; Axsmith et al., 1998; Anderson et al., 2007), with numerous 
subsequent records from the Jurassic of Patagonia (Gnaedinger, 2007), Africa 
(Townrow, 1967), India (Rao, 1943, 1947, 1949; Vishnu- Mittre, 1959; Suthar 
and Sharma, 1987; Srivastava and Gularia, 2006), Australasia (Townrow, 1967; 
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Hill, 1994), and Antarctica (Oecipa, 1998). Podocarps 
were prominent across the Gondwanan region, includ-
ing Patagonia (Archangelsky and Del Fueyo, 1989) and 
Antarctica (e.g., Poole and Cantrill, 2006), throughout the 
Cretaceous period (e.g., Dettmann, 1994; Douglas, 1994; 
Hill, 1994), with most modern genera appearing during 
the Cretaceous (Dettmann, 1994), possibly related to the 
onset of wetter and warmer climatic conditions associated 
with the opening of the Southern Ocean. Despite their 
mainly Gondwanan distribution, there are also scattered 
podocarp records from Laurasia, which include Scarburgia 
from the Yorkshire Jurassic, described by Harris (1979) 
and with bi-  and trisaccate pollen (Van Konijnenberg- van 
Cittert, 1971), and Harrisiocarpus from Poland (Rey-
manowna, 1987). There are also several Mesozoic records 
of Nageia- like leaves from East Asia (Krassilov, 1974; 
Kimura et al., 1988; Zhou, 1983), but since the Late Tri-
assic, Nageia- like Stalagma samara Zhou from China has 
monocolpate pollen, which is unknown in Podocarpaceae. 
These may be from a different group of conifers that has 
independently evolved wide multiveined leaves, or they 
may reflect an extinct clade of early podocarps. Tertiary 
macrofossils attributed to Podocarpus from the middle 
Eocene of Europe (including England) are now, however, 
considered to belong to Pinaceae and the genus Cathaysia 
(Van Konijnenberg- van Cittert, personal communication). 
All Tertiary macrofossils from mid-  and high- latitude lo-
calities are thus in the Southern Hemisphere. Most “Podo-
carpidites” pollen from the Laurasian Tertiary is unlikely 
to be related to the Podocarpaceae; these types are more 
likely to be from extinct Pinaceae, with pollen in which the 
typically finely reticulate sacci (typically more coarsely re-
ticulate in podocarps) are larger than the body. However, 
some pollen referred to Podocarpus from the Miocene of 
Alaska is very convincing (Reinink- Smith and Leopold, 
1995) and may truly reflect the former extent of the genus. 

This paper reviews the history and paleoecology of the 
Podocarpaceae in the old- world tropics, through the Cre-
taceous, Tertiary, and Quaternary periods, based mainly 
on the pollen record. There are numerous misconceptions 
regarding the occurrence of conifers in the low latitudes, 
including that they are on the decline (de Laubenfels, 
1988), that they are remnants of a former mixed gym-
nosperm/angiosperm Cretaceous vegetation (Richards, 
1996:18), and that lowland podocarps have “descended” 
from montane taxa (de Laubenfels, 1988). The fossil re-
cord allows judgments to be made on each of these issues.

There are currently 105 species of Podocarpaceae in 
10 genera in Malesia (Enright and Jaffré, this volume) and 
possibly 17 in Africa in 2 genera (Adie and Lawes, this 

volume). In Africa, all species of Podocarpus and Afro-
carpus are montane, whereas in Malesia, podocarps have 
common representatives in both montane and lowland 
habitats. Montane- restricted Malesian genera are Phyllo-
cladus (with a single species), Falcatifolium (five species), 
Dacrycarpus (eight species), and Prumnopitys (two spe-
cies). Genera with both montane and lowland represen-
tatives are Dacrydium (20 species, of which about 4 are 
common in lowland habitats) and Podocarpus (56 species, 
of which about 10 are lowland taxa). All species of Nageia 
occur in the lowlands, although one ranges into the mon-
tane zone (based on de Laubenfels, 1988). Although low-
land species may occur in low numbers in species- diverse 
mixed dipterocarp forests, they are primarily elements 
of localities with poor soil or drainage issues, such as in 
kerangas (heath forest), peat swamps, limestone, coastal 
forest on sand, and coastal bluffs (for further discussion, 
see Enright and Jaffré, this volume). 

POLLEN TyPEs IN  
ThE PODOCARPACEAE

The pollen of Podocarpaceae are invariably mono- , 
bi- , or trisaccate, with a single exception: the monospe-
cific genus Saxegothaea possesses inaperturate pollen, 
which prompted Erdtman (1965) to suggest that this ge-
nus should be transferred to the Araucariaceae and others 
to place it in its own family, Saxegothaeaceae (Gaussen, 
1973; Woltz, 1985). However, current opinion is in favor 
of the genus being retained in the Podocarpaceae (e.g., Mill 
and Stark- Schilling, 2009), and molecular evidence (Bif-
fin et al., this volume) suggests that the genus is, indeed, 
within the Podocarpaceae, but in an isolated, near- basal 
position. Some Mesozoic macrofossil cones with in situ 
pollen variously attributed to the Podocarpaceae include 
Rissikia from the Jurassic of Australia, with bisaccate and 
striate- bisaccate pollen, as well as Nothodacrium from the 
Jurassic of Antarctica (Townrow, 1967) and Apterocladus 
from the Early Cretaceous of Patagonia (Archangelsky, 
1966), both with “Callialasporites”- type pollen. Balme 
(1995) considered the latter two taxa to be araucarian and 
the former taxon (at least the male cone Masculostrobus 
warrenii ascribed to Nothodacrium warrenii) as a doubt-
ful podocarp, based on its araucarian pollen. As noted 
above, Stalagma samara from the Late Triassic of China, 
attributed to Podocarpaceae by Zhou (1983), has mono-
colpate pollen and is therefore unlikely to be a podocarp. 

It is noteworthy that the trisaccate condition is re-
stricted to the Podocarpaceae (except for aberrant grains) 
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and also seems to be near basal to the group, with a fossil 
record extending to the Middle (e.g., Van Konijnenberg- 
van Cittert, 1971; Suthar and Sharma, 1987) and Early 
Jurassic (de Jersey, 1971). The immediate ancestor to the 
Podocarpaceae should therefore yield a pollen type from 
which the simple trisaccate condition seen in Trisaccites 
(e.g., Baldoni and Taylor, 1982) could be readily derived.

The record of the Podocarpaceae from the low lati-
tudes comes essentially from pollen (Figure 2.1). The dis-
persed pollen of the Podocarpaceae, both modern and 
fossil, were first described by Cookson (1947, 1953; Cook-
son and Pike, 1953a, 1953b, 1954), and modern pollen 
were subsequently described by Pocknall (1981). There is 
a fair correspondence between pollen types and the major 
genera, as summarized in Table 2.1. For genera that occur 
in the low- latitude Tertiary, Dacrycarpus has trisaccate 
pollen (Figure 2.1A), whereas Phyllocladus has bisaccate 
pollen with diminutive sacci (Figure 2.1C). The genus 

FIGURE 2.1. Pollen of the Podocarpaceae, showing (A) Dacrycarpidites antarcticus = Dacrycarpus pollen; (B) 
Podocarpidites sp., in Podocarpus, Nageia, Prumnopitys; (C) Phyllocladites palaeogenicus, in Phyllocladus hypo-
phyllus; and (D) Lygistepollenites florinii, in most Dacrydium spp. Images A–C show modern pollen from The 
Australian Pollen and Spore Atlas (http://apsa.anu.edu.au); D is fossil pollen from Oligocene of Java (photo by Eko 
Budi Lelono).

TABLE 2.1. Podocarp pollen types from the Southeast Asian Ter-
tiary. Microcachrydites antarcticus is only known from probable 
reworked specimens from New Guinea.

Taxon Dispersed pollen type Reference

Podocarpus Podocarpidites spp. Cookson (1947)

 sensu lato

Dacrydium Lygistepollenites florinii Stover and Partridge  

   (1973)

Dacrydium Dacrydium guillauminii type Erdtman (1965) 

 guillauminii

Dacrycarpus Dacrycarpidites antarcticus Cookson and Pike  

   (1953a)

Phyllocladus Phyllocladites palaeogenicus Cookson and Pike  

   (1954)

Microcachrys Microcachrydites antarcticus Cookson (1947)
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Podocarpus is typically characterized by bisaccate pollen, 
in which the sacci are often larger than the body (Figure 
2.1B). However, similar bisaccate pollen occurs in Lepido-
thamnus laxifolius (formerly placed in Dacrydium), and 
there are also some Pinus species with somewhat similar 
pollen, so records of bisaccate Podocarpus- type pollen or 
Podocarpidites species need not be conclusive evidence for 
the genus Podocarpus. Fossil pollen is typically referred 
to morphotaxa, as indicated in Figure 2.1 and Table 2.1. 

Dacrydium, as considered by Farjon (1998), contains 
just two pollen types: the “typical” form has a strongly 
rugulate body (Figure 2.1D) and is placed in the fos-
sil taxon Lygistepollenites florinii, whereas monosaccate 
pollen occurs in Dacrydium guillauminii from New Cale-
donia and is reminiscent of Tsuga pollen in the Pinaceae. 
With the placement by Farjon (1998) of the New Zealand 
Dacrydium laxifolium (with Podocarpus- like pollen) into 
Lepidothamnus and the Tasmanian Dacrydium franklinii 
(with Phyllocladus- like pollen) into Lagarostrobos, the 
taxonomic significance of Dacrydium- type pollen has now 
been elevated, and the ambiguity previously discussed by 
Pocknall (1981) has disappeared with taxonomic revision.

EARLy CRETACEOUs PODOCARPs

Fossil woods occur widely in the Early Cretaceous 
of Africa and Indochina. The African woods have been 
reviewed by Dupéron- Laudoueneix (1991) and Dupéron- 
Laudoueneix and Dupéron (1995), and several examples 
suggest possible affinity (never definite) with the Podocar-
paceae, such as Metapodocarpoxylon, which is one of the 
commonest elements (e.g., Philippe et al., 2003). They oc-
cur together with woods attributed to the Araucariaceae 
and the extinct gymnosperm family Cheirolepidiaceae. A 
second genus generally attributed to the Podocarpaceae 
is Protophyllocladoxylon, also present in the Early Cre-
taceous of Indochina. However, bisaccate pollen, which 
is ubiquitous in extant Podocarpaceae (with the excep-
tion of Saxegothaea, as noted above), is virtually absent 
from Early Cretaceous sediments of both regions (e.g., for 
the Ivory Coast and Senegal, see Jardine and Magloire, 
1965; for Indochina, see Racey et al., 1994, and Racey 
and Goodall, 2009), which are characterized by abundant 
Araucariacites and Classopollis pollen (the latter derived 
from the extinct gymnosperm family Cheirolepidiaceae). 
Since the attribution of these woods to the Podocarpaceae 
is mostly questioned (e.g., Philippe et al., 2003), it seems 
unlikely that these genera are from the Podocarpaceae, be-
cause podocarpoid bisaccate pollen would be expected to 

occur in the same- or equivalent-age sediments. However, 
the possibility needs to be considered that the woods are 
allied to Saxegothaea, which as noted above, has inaper-
turate, Araucaria- like pollen. Here, paleoclimate evidence 
helps to clarify the relationships. Lithological and palyno-
logical evidence indicates that the paleoclimate was warm 
and dry, and the absence of tree rings suggests aseasonal-
ity. Today, virtually all podocarps, including Saxegothaea, 
are essentially restricted to wet climates; this throws fur-
ther doubt on the possible podocarpaceous affinity of the 
wood fossils. The ambiguity in attribution of many Meso-
zoic wood morphogenera to extant families has recently 
been emphasized by Philippe and Bamford (2008).

The only records of bisaccate pollen from the Early 
Cretaceous of equatorial Africa that may have affinity with 
the Podocarpaceae are specimens referred to the morpho-
genus Alisporites (a morphotaxon name previously used 
to mean bisaccate pollen compressed in polar view) from 
the Barremian and Aptian of Gabon (Doyle et al., 1977). 
These are small in size, fitting with the current size range 
of many Podocarpus species, and occur in assemblages 
overwhelmingly dominated by Classopollis and Exesipol-
lenites tumulus (Cheirolepidiaceae). Similar forms occur 
in the stratigraphically equivalent succession in Brazil (Re-
gali et al., 1975). The occurrences of Alisporites species 
characterize the “synrift” period of development of the 
early Atlantic Rift, when upwarping would have resulted 
in elevated regions marginal to the rift, as is the case today 
for the East African Rift. They become less common in the 
Aptian during the early postrift phase and are absent from 
the Albian onward (Figure 2.2). It is therefore possible that 
these bisaccates were derived from Podocarpaceae grow-
ing in upland settings along the proto- Atlantic upwarp, 
in the same manner as some Podocarpaceae today along 
the East African Rift Valley. They then disappeared from 
the region as the Atlantic Rift went through the postrift 
phase, during which period the uplands bordering the 
Mid- Atlantic Rift would have disappeared by a combina-
tion of erosion and subsidence.

The analysis by Muller (1968) from the Pedawan For-
mation is still the only significant study of Early Creta-
ceous palynofloras from Sundaland (southeastern Asia). 
The lower part of the formation is thought to be of early 
Albian to Aptian age and, as with similarly aged localities 
from Africa, yielded abundant Exesipollenites tumulus, 
Classopollis spp., and Araucariacites spp. and very rare bi-
saccates of probable affinity with Laurasian conifers (Mor-
ley, 2000). Similarly, the Early Cretaceous Khorat Group, 
widespread across Indochina, is dominated by Classopol-
lis pollen with few bisaccates (Racey et al., 1994). It is 
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unlikely that the Podocarpaceae contributed significantly 
to the Early Cretaceous vegetation in this broad region. 

The Early Cretaceous of India is characterized by com-
mon Podocarpidites species, and these bisaccates are often 
accompanied by the trisaccate Microcachrydites antarcti-
cus (S. Noon and P. Brenac, CoreLab Indonesia, personal 
communication), which also is common in the Early Cre-
taceous of New Guinea (R. J. Morley, unpublished data).

LATE CRETACEOUs

africa

The Late Cretaceous of West Africa is devoid of bi-
saccate pollen (Jardine and Magloire, 1965). The Late 
Cretaceous is characterized by the demise of equatorial 
gymnosperms, with Classopollis suddenly disappearing 

FIGURE 2.2. Distribution of possible Podocarpus pollen (as Alisporites spp.) in 
the Early Cretaceous “pre- salt” Cocobeach succession of Gabon (from Doyle et al., 
1977).
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from the region at the end of the Cenomanian, concomi-
tant with the mid- Cretaceous rise of angiosperms (Figure 
2.3). Gymnosperms did retain a presence, with the diver-
sification of the Gnetales, characterized by Ephedripites 
species and elater- bearing pollen, but with wetter climates 
from the Campanian onward, the elater- bearing group 
became extinct and ephedroids became much reduced. 
Through the later Late Cretaceous, Araucariacean pollen 
remained present in significant quantities, only to disap-
pear entirely from the record at the Cretaceous–Tertiary 
boundary, after which time there are no records of conifer 
pollen in West African assemblages until the cooling phase 
of the late Neogene. 

southeast asia

The upper part of the Pedawan Formation in Sar-
awak, dated as Turonian by Muller (1968) but more likely 
of Santonian age (Morley, 1998), is dominated by Arauca-
riacites species and lacks any bisaccate pollen. It thus has 
similarities to the African equatorial palynoflora. 

india and new guinea

Podocarp pollen (both bisaccate and the trisaccate 
Microcachrydites antarcticus) virtually disappears from 
the Indian record during the transition from the Early to 
Late Cretaceous, previously emphasized by Morley (2000) 
and confirmed from recent petroleum industry records of 
Noon and Brenac (personal communication). Similarly, in 
New Guinea records of M. antarcticus are absent from 
the Late Cretaceous. However, Podocarpidites records 
continue to occur infrequently in the Late Cretaceous of 
India (e.g., Baksi and Deb, 1981), and fossil wood refer-
able to Podocarpoxylon has been recorded from the inter-
trappean beds (Trivedi and Srivastava, 1989; Srivastava 
and Gularia, 2006). In general, podocarps appear to have 
played little part in the Late Cretaceous vegetation either 
of equatorial Africa, India, or Southeast Asia, although 
with the limited coverage of the palynological record for 
this time period in some regions they could possibly have 
been present in any upland areas.

TERTIARy AND QUATERNARy

india

Scattered Podocarpidites records continue into the Pa-
leocene of India (e.g., Saxena, 1991; Prasad et al., 2009) 

and can be locally common (V. Prasad, Birbal Sahni Insti-
tute, Lucknow, India, personal communication), although 
Kar (1985) considers that pollen from Podocarpidites 
species from the Paleocene Matanomadh Formation of 
Kutch (northwest India) are reworked from the Early Cre-
taceous. The identity of Indian Paleogene Podocarpidites 
with Podocarpus needs careful review; although some 
published illustrations (e.g., Prasad et al., 2009: fig. 5.12) 
could, indeed, be from Podocarpus, others (Prasad, per-
sonal communication) referred to the form genus Podo-
carpidites are larger than any known Podocarpaceae, and 
their affinity with Podocarpus sensu lato (s.l.) is thus ques-
tionable. It therefore seems that Podocarpus s.l. was a spo-
radic element of Indian early Tertiary vegetation. It was an 
element of vegetation on islands of the Ninety East Ridge 
in the Indian Ocean during the Paleocene and Oligocene 
(Kemp and Harris, 1975). 

southeast asia

The Paleocene palynological record for Southeast Asia 
is very poor. The Kayan Formation in Sarawak (see Figure 
2.4), interpreted to be mainly Late Cretaceous by Muller 
(1968), is most likely of Paleocene age. This succession 
is characterized by a low- diversity assemblage with the 
bisaccates Alisporites similis and Rugubivesiculites reduc-
tus, which are probably derived from Laurasian conifers 
rather than podocarps (Morley, 2000). Further, Paleocene 
assemblages from the Pre- Ngimbang Formation from the 
East Java Sea region (R. J. Morley, unpublished data) lack 
any bisaccates, as do assemblages from the early Eocene 
Waripi Formation of New Guinea.

The palynofloras noted above are all relatively low di-
versity assemblages, and none can be envisaged to really 
“sample” the flora of each period sufficiently to confidently 
judge that bisaccate- pollen- producing plants were defi-
nitely absent from the regional vegetation. This is not the 
case for the middle Eocene Nanggulan Formation of Cen-
tral Java, where a study by Lelono (2000) exhaustively re-
corded the palynoflora, describing over 300 morphotypes 
without any records of bisaccate pollen during this period 
of high global temperatures (Zachos et al., 2001). The 
pattern thus parallels that in West Africa, where intensive 
studies for the period following the Cretaceous–Tertiary 
boundary event consistently demonstrate the absence of 
conifer pollen. It thus appears that the Cretaceous– Tertiary 
boundary bolide impact exterminated conifers from the 
lowland paleotropics, with the possible exception of the 
Indian subcontinent. Subsequent occurrences of tropical 
conifers in Southeast Asia and Africa are therefore likely 
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FIGURE 2.3. Occurrence of gymnosperm and angiosperm pollen in the Cretaceous of West Africa 
(Senegal and Ivory Coast) from Morley (2000), extracted from Jardine and Magloire (1965).
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to be due to immigration with dispersal via land bridges, 
filter routes, or via long- distance dispersal events.

Podocarpus Sensu Lato

Podocarpus- type pollen has a very long history in 
Australasia (Dettmann, 1994), extending throughout the 
Cretaceous. Podocarpus macrofossils have also been re-
ported from the Paleocene of Patagonia (South America), 
with multiple species, together with Retrophyllum (Wilf et 
al., 2003; Iglesias et al., 2007).

In contrast, the first record of Podocarpus- type pol-
len from the Southeast Asian region is from the late Eo-
cene section of the Nanggulan Formation in Central Java 
(Lelono, 2000). Podocarp pollen gradually appeared dur-
ing the middle to late Eocene transition (Figure 2.5). The 
specimens are all small bisaccates typical of Podocarpus 
s.l., with a comparatively small body and coarsely infrare-
ticulate sacci. The specimens are roughly divided into three 
morphotypes depending on overall shape, which may in-
dicate more than one species. They are assumed to reflect 
Podocarpus growing in montane settings since (1) more 
than one species may be involved and (2) the specimens are 
more prominent in more open marine settings, where the 
supraregional pollen component will be more prominent. 
Immigration from India following late Eocene cooling is 
suspected, as previously suggested by Morley (2000). 

From the early Oligocene onward, Podocarpus- type 
pollen occurs regularly in most stratigraphic intervals 
and in most areas, with regular records also from Viet-
nam, Taiwan, and China. There are also possible rare re-
cords from the Miocene of Siberia (Tomskaya, 1981) and 
Alaska (Reinink- Smith and Leopold, 2005), suggesting 
that Podocarpus may have ranged further north around 
the Pacific rim during the Miocene climatic optimum.

It is difficult to draw specific conclusions from the oc-
currence of Podocarpus pollen in Southeast Asian younger 
Tertiary sediments. Pollen occurs regularly in most sec-
tions, but in low numbers, and generally shows little 
change in abundance with depth in stratigraphic sections. 
Consequently, few judgments can be made with respect 
to its ecological significance. The commonest Podocarpus 
pollen type is of small size and has a small body, reminis-
cent of the common coastal tree P. polystachyus. Where 
this type occurs regularly and without other Podocarpus 
morphotypes, the pollen is assumed to come from a simi-
lar species growing in a coastal habitat. However, Podo-
carpus pollen often shows increased diversity, with the 
P. polystachyus pollen type being accompanied by larger 
types, which may possess a larger body, as in P. neriifolius. 
In such instances, the pollen is suspected to have been de-
rived from montane settings. There is little evidence from 
pollen studies of peats, coals, or other organic- rich sedi-
ments to throw light on the former occurrences of Podo-
carpus that are currently associated with peat- forming 
settings, despite several Podocarpus species occurring to-
day on peat swamps.

A good example suggesting derivation of Podocarpus 
pollen from montane forests is from the Perning hominin 
site near Mojokerto in East Java (R. J. Morley, unpub-
lished data), which is of latest Pliocene or earliest Pleis-
tocene age (Huffman, 2001; Huffman and Zaim, 2003). 
At least three Podocarpus pollen types accompany regular 
Dacrycarpus imbricatus pollen in a setting without low-
land forests because of a strongly seasonal lowland cli-
mate (but moist montane climate), and this occurrence is 
taken to reflect a well- developed montane forest growing 
on nearby volcanoes, in a setting analogous to the drier 
islands of Nusa Tenggara (Indonesia) today.

Following their initial dispersal into Southeast Asia, 
presumably as montane taxa, have Podocarpus s.l. spe-
cies subsequently “descended into the lowlands” (sensu 
de Laubenfels, 1988), or have different Podocarpus 
groups independently dispersed into the region from 
other areas? Since the current genera Podocarpus sensu 
stricto, Nageia, and Prumnopitys all have distributions 
that extend not only from Australasia to Malesia but also 

FIGURE 2.4. Paleocene and Eocene localities mentioned in the text.
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FIGURE 2.5. Appearance of Podocarpus pollen in Southeast Asia in relation to the trend of global climate 
change as indicated by oxygen isotope data of Zachos et al. (2001).
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to South America (Prumnopitys, Nageia, Podocarpus), 
India (Nageia), and Africa (Podocarpus), it is likely that 
at least three or more dispersal events occurred to account 
for the Malesian populations of the Podocarpaceae pro-
ducing the “Podocarpidites” pollen type. These events 
could have taken place at any time from the late Eocene 
onward, and thus the idea of “descent” is unlikely to ap-
ply since with lowland and upland taxa being from differ-
ent genera, they are more likely attributable to different 
dispersal events. 

Podocarpus during the Late Quaternary

Many Podocarpus species are prominent in montane 
forests, and there is a good record for Podocarpus from 
numerous late Quaternary lake and peat deposits occur-
ring across the region. The general pattern shows that for 
montane sites, lower montane forests expanded in area 
during the Last Glacial Maximum as equatorial tempera-
tures became reduced (Cannon et al., 2009). At the same 
time upper montane forest was less well represented than 
today but expanded to its current distribution during the 
postglacial period (Flenley, 1995). Southern conifers are 
common elements in both lower and upper montane for-
ests, and Podocarpus species are elements of both of these 
habitats. The behavior of podocarps with changing tem-
peratures will be discussed further below in the sections on 
Dacrycarpus and Phyllocladus. 

Dacrydium

Dacrydium pollen is widespread throughout the Aus-
tralian Tertiary, first appearing in the record in the Santo-
nian stage of the Late Cretaceous (Dettmann, 1994). It is 
also reported from the late Oligocene/early Miocene of Pa-
tagonia (South America) by Barreda and Palazzesi (2007). 
Dacrydium pollen is distinctly absent from middle Eocene 
and older sediments of Southeast Asia. It was suggested 
by Morley (1998, 2000) that Dacrydium first appeared in 
the Sunda region in the Miocene following the onset of 
collision of the Australian and Asian plates, based on the 
sudden appearance of Dacrydium pollen in the latest part 
of the Talang Akar Formation (now dated as latest Oligo-
cene) from the West Java Sea (Figure 2.6). This event also 
coincides approximately with a change from a seasonal 
to an ever- wet climate in that area. Recent studies in East 
Java by Lelono (2007) and Lelono and Morley (In press), 
however, suggest that Dacrydium may have a much earlier 
record, with common occurrences of Dacrydium pollen 
from the mid- Oligocene onward and regular occurrences 

also through the early Oligocene. These data suggest that 
Dacrydium had established itself in the Sunda region by 
the beginning of the Oligocene. The very common occur-
rence of Dacrydium pollen suggests that it was growing in 
lowland habitats. 

The earlier immigration of Dacrydium into the Sunda 
region raises questions as to its mode of dispersal and its 
ecology. During the early Oligocene there still would have 
been a wide ocean of perhaps 1,000 km between Sunda 
and Australia (Hall, 1998), so dispersal via a direct fil-
ter route from Australia is unlikely. For dispersal to have 
taken place via a land corridor, it is more likely to have 
arrived via India. Unpublished records from the Indian 
subcontinent by Noon and Brenac (personal communica-
tion) indicate that Dacrydium was already present there in 
the early Eocene (although now extinct). Since there are 
records of Dacrydium from the Paleocene and Oligocene 
of the Ninety East Ridge (Kemp and Harris, 1975), it is 
thought that Dacrydium, which is dispersed by birds, first 
dispersed into the Indian subcontinent, probably via is-
land hopping, from Australasia via the Ninety East Ridge, 
prior to immigration into Southeast Asia during, or just 
prior to, the early Oligocene. 

FIGURE 2.6. Appearance of Australian elements in the Tertiary of 
West Java (from Morley, 2000).
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The absence of Dacrydium from the earlier Oligocene 
in the West Java region is probably attributable to climatic 
factors. West Java experienced a seasonally dry climate dur-
ing the early Oligocene (Morley, 2000), which would not 
have been suitable for Dacrydium, whereas ever- wet cli-
mates were more persistent in the East Java region through-
out the middle Eocene to Oligocene (Lelono and Morley, 
In press). The dispersal of Dacrydium into the Southeast 
Asian region approximately during the early Oligocene 
also explains the occurrence of scattered Dacrydium pol-
len in the late Oligocene of Natuna Sea sediments and its 
common occurrence through the late Oligocene of the Cuu 
Long Basin off the shore of Vietnam (R. J. Morley, unpub-
lished data), as well as in the Oligocene of China (Sun et al., 
1981). Following the Oligocene appearance of Dacrydium 
in the Sunda region, it spread quickly to China and reached 
as far north as Japan for a brief period during the mid- 
Miocene climatic maximum (Figure 2.7) about 16 mya, 
where it was a member of the Daijima flora ( Tanai, 1972) 
and also to Korea (Yamanoi, 1992).

Dacrydium, CasuarinaCeae, and Peat Swamps

Occurrences of common Dacrydium pollen from the 
Southeast Asian Cenozoic are almost invariably associated 
with common occurrences of Casuarina- type pollen (Ca-
suarinaceae; Casuarina and Gymnostoma share the same 
pollen type). The two are also frequently associated with 
coals and lithologies rich in organic carbon, with examples 
occurring throughout the Miocene and Pliocene. Today, 
Gymnostoma and Dacrydium often occur in association 
in inland “kerapah”- type peat swamps and in kerangas 
vegetation (Brunig, 1974, 1990). One of the most well- 
known peat swamps with vegetation consisting mostly 
of Gymnostoma nobilis and Dacrydium beccarii var sub-
elatum occurs at Lawas, Brunei (see photo in Whitmore, 
1975:171). Termed an “anomalous” peat by Anderson 
(1964), the palynological succession of this peat was stud-
ied by in the early 1960s, although he only published a very 
rudimentary discussion of the succession (Muller, 1965). 
He passed the original results to the author in 1981, and  

FIGURE 2.7. Dispersal of gymnosperms into Southeast Asia (from Morley, 2000), showing 1, collision of 
the Australian and Asian plates; 2, immigration of Dacrycarpus into New Guinea (approximate); 3, uplift in 
eastern Indonesia associated with the Sorong Fault.
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the data are presented here for the first time (Figure 2.8). 
The peat succession formed over a brackish Rhizophora 
(Rhizophoraceae) swamp with mangrove muds, which, in 
turn, overlay an interval with common Oncosperma (Are-
caceae) pollen. Both Dacrydium-  and Casuarina- type pol-
len are the most common elements of the palynoflora at 
the onset of peat formation, although Dacrydium seems to 
be more common in the middle part of the succession and 
Casuarina type more common in the upper part. 

Dacrydium has been found to be a common element of 
watershed peats in South Kalimantan (Morley, 1981) and 
occurs commonly in kerapah peats in Sarawak (Brunig, 
1974). However, it seems to be missing from basinal peats 
(the domed peats that occur behind mangrove swamps on 
coastal plains). The Lawas peat seems to be the only one 
where Dacrydium/Gymnostoma peat forms over a sub-
strate of mangrove mud.

Many coals from the Southeast Asian Cenozoic yield 
common Dacrydium and Casuarina pollen in association. 
This indicates that kerapah or watershed peats have been 
common elements of the landscape for more than 27 mil-
lion years and thus represent one of the oldest plant as-
sociations from the region. The principal examples noted 
by the author are from (1) the Oligocene of East Java (Le-
lono and Morley, In press), (2) the late Oligocene Talang 
Akar Formation in West Java (Morley, 2000), and (3) the 
early Miocene of the Malay Basin in Seismic Group I 
(Morley and Shamsudin, 2006); and in laterally equiva-
lent facies, (4) the strata of infilled incised valleys from 
the West Natuna Basin (R. J. Morley, unpublished data), 
(5) the middle Miocene coals from Southeast Kalimantan 
(Demchuk and Moore, 1988), and (6) the middle Mio-
cene “Group E” coals from the Malay Basin (Shamsudin 
and Morley, 2006). 

FIGURE 2.8. Palynological analysis of the Lawas peat swamp in Brunei. Analysis was performed by Jan Muller in 1963, but data are published 
here for the first time.
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There is no real record of Dacrydium pollen that 
could be considered to be derived from montane environ-
ments during the Tertiary, although Dacrydium pollen has 
been found in many Quaternary montane sites. Whether 
Dacrydium descended into the lowlands or ascended into 
the mountains cannot be determined from the fossil re-
cord, although on the basis of the early arrival of clearly 
lowland Dacrydium in eastern Java, it is thought that as-
cent is more likely, but this theory needs to be tested by 
molecular studies.

Dacrycarpus

Dacrycarpus has a long history in Australia and New 
Zealand, first occurring in the late Paleocene (Martin, 
1994), and in Patagonia (South America), first occurring in 
the early Eocene (Wilf, 2007). It dispersed to New Guinea 
(Figure 2.7) during the late Miocene (Khan, 1976), presum-
ably as montane environments became established with up-
lift of the New Guinea mountains, well after the collision 
of the Australian and Asian plates. It then dispersed to the 
Philippines (van der Kaars, 1991) and on to Borneo dur-
ing the mid- Pliocene, indicated by its appearance in marine 
sediments from the offshore Brunei region from that time 
and onward, initially reported by Muller (1966). 

Dispersal probably occurred through a combination 
of global temperature decline and the creation of dispersal 
routes through uplift in the Philippine region. The appear-
ance in northwest Borneo was within Nannofossil Zone 
NN15 between 3.4 and 4.04 mya. Dispersal was probably 
by birds, and the dispersal route was through an island 
chain.

In Central Java, Dacrycarpus pollen was already pres-
ent in Nannofossil Zone NN15, contemporaneous with 
its appearance in northwest Borneo; Dacrycarpus pollen 
is well represented in the late Pliocene to basal Pleistocene 
Java Man locality near Modjokerto, dated to approxi-
mately 1.8 mya (R. J. Morley, unpublished data; Huffman, 
2001). An area offshore from northwest Sarawak yields 
Dacrycarpus pollen from the basal Pleistocene to the pres-
ent day. Sediments in this area are sourced from rivers that 
flowed from Sumatra across the Sunda Shelf, suggesting 
that dispersal to Sumatra did not take place until the early 
Pleistocene (Figure 2.9). In 2005 a petroleum exploration 
well drilled in the center of the Malay Basin yielded the 
first record of regular Dacrycarpus pollen in that area in 
basal Pleistocene sediments (palynological analyses on 
previous wells from this area were undertaken only on 
the early Pliocene and older succession). Dacrycarpus pol-
len also ranges into the earlier Pleistocene in Myanmar 

(Morley, 2000). It is likely that Dacrycarpus is still extend-
ing its range into Indochina.

In Southeast Asian montane regions, Dacrycarpus is 
very common in upper montane forest, which according 
to Flenley (1995), only forms during interglacial periods 
from taxa recruited from lower montane forest. During 
glacial periods, upper montane taxa retreat and find ref-
uge in lower montane forest. Deep- sea cores from the 
Makassar Straits (Figure 2.10) indicate that in the last 
30,000 years Dacrycarpus pollen is more common during 
the Holocene than during the last glacial. This occurrence 
is consistent with the Holocene expansion of upper mon-
tane forest in which Dacrycarpus was likely to have been 
a prominent member. However, Lithocarpus (Fagaceae) 
is considerably more common during the Last Glacial 
Maximum, consistent with the much greater expansion 
of lower montane forest during this time at the expense 
of lowland dipterocarp forest (Cannon et al., 2009). The 
Podocarpaceae do not appear to show increased rep-
resentation in lowland forests during the Last Glacial 

FIGURE 2.9. Dispersal of Dacrycarpus imbricatus across the 
Sunda region during the Pliocene and Pleistocene, based on pollen 
records. Dates are in millions of years. The positions of the Proto- 
Musi, Hari, Kampar, and Pahang rivers at the time of the Last 
Glacial Maximum (and older sea level low stands) are shown fol-
lowing Voris (2000). These rivers carried pollen that was depos-
ited in the Malay Basin (+) and in deltas offshore from northwest 
Sarawak (*), dating dispersal from Borneo/Java to the mountains 
of Sumatra and the Malay Peninsula (#).
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Maximum, as has been demonstrated for the Amazon 
(Colinvaux et al., 1996).

Phyllocladus

Phyllocladus pollen has a long history in Austra-
lia, with the oldest records of bisaccate pollen from the 

Paleocene (Martin, 1994). However, Phyllocladus pollen 
first appeared in northwestern Borneo just at the begin-
ning of the Pleistocene about 1.9 mya, with the parent 
plant presumably dispersing via New Guinea. It has no 
fossil record in the Sunda region outside the northwest-
ern Borneo area, so it currently shows its maximum ex-
tension into the area. In late Quaternary sections, such 

FIGURE 2.10. Summary palynological diagram showing occurrence of Podocarpaceae pollen from 
the Papalang- 10 core, drilled in 2341 m of water at the base of the Mahakam Fan, Makassar Strait 
(Morley et al., 2004). The rare elements are Alnus (one specimen) and Pinus, probably carried by 
currents from the South China Sea.
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as in the Makassar Straits between Borneo and Sulawesi, 
it also shows increased abundance during the Holocene 
compared to the Last Glacial Maximum (Figure 2.10), 
which may also reflect the expansion of upper montane 
forest with climatic amelioration following the Last Gla-
cial Maximum.

Microcachrys

Microcachrys- type pollen is found throughout the 
Tertiary of Australia (Martin, 1994) and has also been 
reported from the late Oligocene to early Miocene of Pa-
tagonia (South America) by Barreda and Palazzesi (2007). 
Kahn (1976) observed pollen of Microcachrys type in the 
New Guinea Pliocene. This distribution was used by Ker-
shaw and McGlone (1995) to suggest that Microcachrys 
retracted its range during the Cenozoic. However, the 
Micro cachrys specimens figured by Khan are dark colored 
and preserved poorly compared to the remainder of the 
assemblages and are most likely reworked elements from 
older sediments. Microcachrydites antarcticus is a regular 
component of palynomorph assemblages from the Bajo-
cian (Middle Jurassic) to Early Cretaceous of Irian Jaya 
(Indonesia), and it is likely that the Pliocene specimens 
were reworked from Mesozoic sediments. Microcachrys 
was, however, reported from the Paleocene (ODP 214) 
and Oligocene (ODP 254) cores of the Ninety East Ridge 
by Kemp and Harris (1975).

africa

In West Africa, conifer pollen is absent from the Cre-
taceous–Tertiary boundary until the mid- Pliocene, when 
Podocarpus pollen suddenly appeared about 2.7 mya in 
the Niger Delta region (Knaap, 1972) and formed a useful 
stratigraphic marker. Podocarpus was likely to have been 
present in upland areas in East Africa through much of the 
Tertiary but dispersed to West Africa as global climates 
cooled during the late Pliocene. Maley et al. (1990) sug-
gested that Podocarpus in West Africa dispersed from the 
East African highlands via upland areas in Angola (Figure 
2.11). Poumot (1987) shows gymnosperm pollen occur-
ring commonly throughout the late Miocene and Pliocene 
of the Niger Delta, but this was subsequently shown to be 
in error (Morley, 2000). 

The time of dispersal into Africa is unknown, but 
Podocarpus pollen was present during the Early Creta-
ceous (see above), and it may have been present in upland 
areas away from the low latitudes throughout the whole 
of the Cenozoic. The timing of dispersal of podocarps into 

Africa could be investigated using a molecular approach 
of the modern remaining taxa. 

sUMMARy Of OLD WORLD PODOCARP 
DIsPERsALs AND ExTINCTIONs

PodoCarPus sensu lato

Originating in Gondwana by the earliest Cretaceous, 
Podocarpus was present in India and Africa during the 
Early Cretaceous but became extinct in West Africa fol-
lowing the mid- Cretaceous denudation of uplands (which 
may not have occurred in East or South Africa) and be-
came reduced in extent in India following its Late Creta-
ceous northward drift (Morley, 2000: fig. 8.1). It extended 
its range to the Ninety East Ridge by the Paleocene and 

FIGURE 2.11. Dispersal path of Podocarpus into West Africa 
according to Maley et al. (1990). West African regional moun-
tain systems as follows: (I) West African; (II) Cameroun- Jos; 
(III) Ethiopian; (IV) Imatonga- Kenya- Usambara; (V) Ruwenzori- 
Kivu; (VI) Uluguru- Mlange; (VII Chimanimani; (VIII) Drakens-
berg; (IX) Angolan.
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was present at the same time in Patagonia. Subsequently, 
Podocarpus dispersed presumably from India to the Sunda 
region during the late Eocene (and possibly at later times 
from Australia by long- distance dispersal) following 
global cooling, from which it radiated to its present distri-
bution across the Southeast Asian region. It subsequently 
expanded to East Asia and may also have extended around 
the Pacific rim to Alaska at the time of the Miocene cli-
matic optimum. In Africa, it dispersed from East Africa to 
the West African highlands following further global cool-
ing 2.7 mya, during the time of expansion of the Northern 
Hemisphere ice sheets (Figure 2.12).

daCrydium

Dacrydium originated in Australasia (Figure 2.13) 
during the Late Cretaceous (Santonian, 86 mya) and 
dispersed to the Ninety East Ridge by the Paleocene 
(55 mya). It then appeared in India 50 mya during the 
early Eocene and in East Java at the basal Oligocene (33 
mya). It attained a widespread distribution in Southeast 
Asia and reached China and Vietnam by the late Oligo-
cene (25 mya) and Japan during the Miocene thermal 
maximum (16 mya). There are also records from the mid- 
Tertiary of Patagonia.

daCryCarPus

Dacrycarpus originated in Australasia during the 
Maastrichtian (Late Cretaceous, 75 mya) and was pres-
ent in Patagonia during the early Eocene. It dispersed to 
New Guinea during the late Miocene. It established itself 
in Borneo and Java during the early Pliocene but subse-
quently dispersed to Sumatra, the Malay Peninsula, and 
Myanmar during the early Pleistocene. 

PhylloCladus

Phyllocladus producing the typical bisaccate pollen 
with diminutive sacci first appeared at the same time in 
Australia and Patagonia during the Paleocene (Martin, 
1994; Wilf et al., 2003). It dispersed to New Guinea in the 
late Miocene and to Borneo during the earliest Pleistocene.

miCroCaChrys

Microcachrys was widespread across Australasia and 
the Indian subcontinent during the Jurassic and Early Cre-
taceous but disappeared from lower- latitude areas, includ-
ing India and the New Guinea region, after the Albian (96 

mya). Its latest “low- latitude” location was on the Ninety 
East Ridge during the Paleocene and Oligocene (Kemp 
and Harris, 1975). 

CONCLUsIONs

The family Podocarpaceae first appeared in the Tri-
assic of Gondwana and apparently spread to the North-
ern Hemisphere during the Jurassic. However, from the 
Early Cretaceous onward the family has had an essen-
tially Gondwanan, or Gondwana- derived, distribution. 
Low- latitude Cretaceous wood fossils, always tentatively 
attributed to the Podocarpaceae, are thought unlikely to 
be podocarps since they are not accompanied by bi-  or 
trisaccate pollen, which is ubiquitous in extant podocarps 
with the exception of the isolated genus Saxegothaea. The 
main podocarp genera diversified in Gondwana during the 
Cretaceous and earliest Tertiary, coinciding with the open-
ing of the Southern Ocean, and by the Paleocene all the 
taxa that can be differentiated using pollen were in place. 
The Podocarpaceae is, with minor exceptions, essentially 
adapted to areas of wet, equable, mesothermal to micro-
thermal climate, and this has been the case throughout its 
history. The availability of areas of wet climate and equa-
ble mesothermal temperatures has probably impacted on 
its pattern of dispersal or extinction during the Cenozoic. 

At the beginning of the Tertiary, the Podocarpaceae 
was an important element of the vegetation of Australasia, 
Antarctica, and southernmost South America, disappear-
ing from Antarctica following mid- Tertiary glaciations.

Podocarpus s.l. may have been present at low latitudes 
in elevated areas of Africa during the Early Cretaceous 
and, together with Microcachrys, was an important mem-
ber of the Indian and New Guinea floras (both of which 
lay south of the tropical zone at that time). Podocarps 
became of limited distribution on the Indian Plate during 
the Late Cretaceous following competition from African 
immigrant angiosperms (Morley, 2000) and possibly the 
presence of unfavorable climates as the Indian Plate drifted 
across the Southern Hemisphere high- pressure zone. Arid-
ity and marine transgression were probably responsible 
for its disappearance from the New Guinea region. 

In Southeast Asia, Podocarpus s.l. first appeared in 
the late Eocene in Java, presumably as a result of disper-
sal from India but also possibly long- distance dispersal 
from Australia. This was closely followed during the early 
Oligocene by Dacrydium, which probably dispersed into 
Southeast Asia by island hopping along the Ninety East 
Ridge and via India (where it subsequently became extinct). 
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The first members of Dacrydium to reach the Sunda region 
were probably trees of lowland forests and dispersed via 
nutrient- poor heath forests (kerangas) and peat swamps. 
Subsequently, some Dacrydium species may have found 
niches in montane forests. Podocarpus s.l. was probably a 
tree of montane forests at the time of initial dispersal, but 
its widespread occurrence in low- altitude nutrient- poor 
habitats probably reflects multiple long- distance dispersal 
events rather than descent from montane species. 

Dacrycarpus dispersed from Australia to the moun-
tains of New Guinea as the island formed during the late 
Miocene. It spread by island hopping into Borneo and 
Java during the mid- Pliocene and then to the Sumatra and 
the Malay Peninsula at the beginning of the Pleistocene. It 
is probably still in the process of range expansion. Phyl-
locladus followed the same route as Dacrycarpus to New 
Guinea during the late Miocene and island hopped to Bor-
neo at the beginning of the Pleistocene.

It is likely that Podocarpus s.l. was present in upland 
areas of the African continent during the mid- Tertiary, en-
abling dispersal into West Africa by island hopping be-
tween areas of montane forest during the mid- Pliocene, 
coinciding with the time of global climate cooling and the 
expansion the Northern Hemisphere ice caps.

Although not part of this review, it is intriguing that 
only Podocarpus s.l. dispersed to the neotropics, despite 
the full diversity of podocarp genera being present in 

Patagonia during the early Tertiary and the presence of an 
appropriate dispersal path in the form of the Andes. It is 
suggested that unfavorable climates within the Southern 
Hemisphere high- pressure zone may have inhibited such 
dispersals. 
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