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Abstract 
For the Pleistocene of South-east Asia, the ‘savannah corridor’ hypothesis put forward by 
Lawrence Heaney in 1991 on the basis of a few pollen records rightly aroused a certain amount 
of enthusiasm and was the source of many attempts to confirm or refute a significant 
regression in forest cover, depending on the taxa considered, during the Last Glacial 
Maximum. The work carried out to verify this hypothesis used a number of tools, including 
palaeontology, the results of which seem to us to have been greatly embellished given the 
paucity of reliable data available. Indeed, it is clear that the hypothesis concerns a 
geographical area that is largely inaccessible today, located at a depth of 120 meters in the 
South China Sea, and that the faunal assemblages taken into account remain imperfectly 
defined to allow such a hypothesis to be tested. We provide a summary of the main work 
carried out to date and a critical assessment of the articles published over the last few 
decades. It emerges that the fossil series considered (essentially mammals) are neither well 
chronologically set nor well defined from a taphonomic point of view, notably because they 
are based on unsatisfactory references, which are themselves poorly dated or based on 
mixtures of different faunas. These shortcomings also call into question the renewed and 
attractive hypothesis of the flexibility of the diet and change of habitat (ecological niche) of 
certain taxa, based on isotopic analyses, as recently proposed. We advocate the 
implementation of systematic fine excavations that take into account the taphonomy of the 
sites, but also show that progress has been made to go further. 
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Résumé  
Pour le Pléistocène de l’Asie du Sud-est, l’hypothèse d’un « corridor de savane » avancée par 
Lawrence Haeney en 1991 sur la base de quelques enregistrements polliniques a suscité à 
juste titre un certain enthousiasme et a été à l’origine de nombreuses tentatives pour 
confirmer ou infirmer une régression significative du couvert forestier, selon les taxons 
considérés, lors du Dernier Maximum Glaciaire. Les travaux menés pour vérifier cette 
hypothèse ont fait appel à plusieurs outils, notamment la paléontologie, dont les résultats 
nous semblent avoir été largement embellis compte tenu de la rareté des données fiables 
disponibles. En effet, il est clair que l’hypothèse concerne une zone géographique en grande 
partie inaccessible aujourd’hui, située à 120 mètres de profondeur en mer de Chine 
méridionale, et que les assemblages fauniques pris en compte restent imparfaitement définis 
pour permettre de tester une telle hypothèse. Nous proposons une description synthétique 
des principaux travaux réalisés à ce jour et une évaluation critique des articles publiés au cours 
des dernières décennies. Il apparaît dès lors que les séries fossiles prises en compte 
(essentiellement des mammifères) ne sont ni bien calées chronologiquement, ni bien définies 
du point de vue taphonomique, notamment parce qu’elles sont basées sur des références 
insatisfaisantes, elles-mêmes mal datées ou basées sur des mélanges de faunes différentes. 
Ces lacunes remettent également en question l’hypothèse renouvelée et attrayante de la 
flexibilité du régime alimentaire et du changement d’habitat (niche écologique) de certains 
taxons, basée sur des analyses isotopiques, telle qu’elle a été récemment proposée. Nous 
préconisons la mise en oeuvre de fouilles fines systématiques prenant en compte la 
taphonomie des sites mais montrons également que des progrès importants ont été apportés. 
 
Mots-clés : Asie du Sud-est – Biostratigraphie continentale – Quaternaire - meilleures 
pratiques - Paléontologie tropicale. 
 
1. Introduction 
 
 Globally, the level of our palaeontological knowledge varies from one region to 
another, depending on the geological context and also on the different investments made 
over time by researchers for economic, historical or political reasons. If these factors are not 
taken into account, some colleagues who are unfamiliar with South-east Asia may have a false 
vision, or even be disappointed by the impossible progress made in this region of the world, 
which is of major interest particularly where the Pleistocene terrestrial fauna is concerned. 
Others may be misled by the emphasis of some publications, which suggest that the local 
palaeontological foundations and references are perfectly well known and mastered for this 
Pleistocene fauna. While Louys and Roberts (2020) emphasize that palaeoecological data are 
essential for understanding the evolution of megafaunal adaptations during the Quaternary 
in South-east Asia, they agree that regional data are not as well developed as in other regions. 
 If the progress of palaeontology was at one time synchronous in South-east Asia and 
in the Western world where the discipline was born, this is due to colonial history. The post-
colonial period, with its different histories from one nation to another, will have welcomed or 
practised the discipline in different ways. As far as the Quaternary is concerned, the most 
fragile basis is that of its ‘antiquarian’ period (cf. Trigger, 1984): a phase during which it was 



simply a matter of collecting fossils without always bothering about the context of their 
discovery (cf. Zeitoun, 2023). At the same time, when the work has been carried out correctly, 
it has often taken an enormous amount of time and tedious work on the archives of the time 
to restore the exact location of certain sites or fossils(cf. Huffman et al., 2005, 2006, 2010, 
2022). Unfortunately, historical collections and series are still used as references and still bias 
the bulk of newly acquired data, even though the collection of fossil teeth in pharmacies or 
the constitution of reference collections from mixtures of several provenances has already 
been highlighted(cf. Colbert, 1943; de Vos, 1983, 1984; Kahlke, 1961; Orchiston and Siesser, 
1982; Patte, 1928; Pei, 1957). De facto, mixtures introduce confusion into the chronological 
accuracy of the different assemblages and make it impossible to carry out palaeoecological or 
palaeogeographical work of palaeoenvironmental interest. The bad practice of mixing source 
data has even been perpetuated to the present day in order to increase the corpus of studies, 
as has recently been pointed out (see the detailed description of cases of deliberate mixing in 
Zeitoun et al., 2019). 
 The general problem of mixing of palaeontological assemblages, whether deliberate 
or accidental, or the uncertainties in the age estimates of assemblages that often 
indiscriminately encompass several glacial-interglacial cycles (Carstens and Knowles, 
2007)pose problems. The poor reliability of the corpus, as indicated by Meijaard (2003) and 
acknowledged by Flenley (1998) for palynology or geomorphological formations (De Dapper, 
1985), helps to mask to mask the reality of incompleteness. As a result, it is still not possible 
to provide a well-founded discourse on the issue of environmental evolution and to assess the 
true value of the erosion or evolution of Pleistocene biodiversity in South-east Asia. Locally, in 
Sumatra, Wilting et al. (2012) deplore the fact that the absence of a complete fossil record 
limits hypotheses on large-scale extinctions. Thus, to date, our knowledge of fauna and 
environments and how they are changing does not allow us to contribute equally, from one 
region to another, to the debate on the current or even future evolution of our planet in 
relation to global climate change. The current tropical zone is important for this debate. In this 
respect, South-east Asia, which has remained tropical at least since the PETM (Paleocene 
Eocene Thermal Maximum) (Lohman et al., 2011; Morley, 2018), is a valuable laboratory. After 
an introduction to define South-east Asia, we will explain how savannah is defined there, and 
then outline the limitations of the various tools used in palaeontology – modelling, 
palaeogeography and isotopes – to test the hypothesis of a savannah corridor during the LGM. 
At the same time, we will point out the limitations of the paleontological records themselves, 
for each tool, we will make a number of suggestions for improving these approaches in order 
to be able to demonstrate whether or not a savannah corridor existed. 
 
2. South-east Asia and the Sundaland 
2.1. Geographical entities that vary in time and space 
 
 Over the last few thousand years, the physiography of South-East Asia has changed 
considerably. South-east Asia (Fig. 1)currently includes Myanmar, southern Yunnan, Thailand, 
Laos, Cambodia, Vietnam, Malaysia, Singapore, Brunei, the Philippines, the Andaman and 
Nicobar Islands as well as Kalimantan, Java and Sumatra. The region has long been divided 
into Indochinese, Sundaic and Philippine (Wallacean) zoogeographic sub-regions(Wallace, 
1876), with mammal communities sharing a common biogeographic history. The main natural 
environments in South-east Asia are tropical rainforests, tropical seasonal forests, tropical 
deciduous forests, savannah forests and grasslands, montane forests, mangrove forests and 



swamp forests (Corlett, 2009;Demangeot, 1999). Today, Sundaland (id est Main continental 
South-east Asia and islands) has a humid tropical climate with seasonal monsoons and, 
together with the Amazon basin, the Congo basin and New Guinea, it still forms one of the 
largest equatorial rainforests in the world (Richards, 1996). Its biodiversity is one of the richest 
in the world (Myers et al., 2000; Woodruff,2010; Mittermeier et al., 2011; de Bruyn et al., 
2014) as a result of its geological history (Holloway and Hall, 1998; Morley, 2018),which is 
marked by major changes in its surface area, extending over some 1,800,000 km as a result of 
eustatic variations linked to global climate change during the Quaternary (Molengraaff, 
1921;Molengraaff and Weber, 1920; Beaufort, 1926; Verstappen, 1975a,1980; Tjia, 1980; 
Hanebuth et al., 2009). The current island nature of Sundaland is therefore only recent and 
anecdotal over the long-term (Cannon et al., 2009; Molengraaff and Weber, 1921; Voris,2000; 
Woodruff, 2010). Although this definition gives the impression of a homogeneous whole, in 
reality, there are differences depending on the hydrographic network, the topography or the 
proximity to the sea, and these differences have been more or less accentuated over time, as 
illustrated for example by the following two Quaternary periods: Lower Pleistocene and Late 
Pleistocene. Indeed, constant and periodic climatic changes took place during the Quaternary 
(Dam et al., 2001), which saw around fifty distinct glacial cycles (Woodruff, 2010). Thus, in one 
hand, between 1.25 Ma and 700 ka, the transition from low-amplitude 41 ka-year cycles to 
high-amplitude 100 ka cycles was accompanied by a considerable drop in sea surface 
temperatures, an increase in ice volume and an increase in aridity and monsoon intensity in 
Asia (Clark et al., 2006). As a result of these changes, the climate may have been drier, colder 
and more seasonal during the different glacial periods interspersed with warm, wet 
interglacial periods, as is the case today (Heaney, 1991; Morley, 2000; van der Kaars and 
Dam,1995; Verstappen, 1975b, 1980, 1997; Stuijts et al., 1988; Thorp et al., 1990; Thomas et 
al., 1999). On the other hand, during the Last Glacial Maximum (LGM), with the emersion of 
the bathymetric zone currently located at – 120 m, the land then emerging between 
Kalimantan, Sumatra, Java and the continent could have been covered by savannah-type 
vegetation (Muller, 1975; Morley, 1981;Morley and Flenley, 1987; Broecker et al., 1988; 
Caratini and Tissot,1988; Heaney, 1991; Gathorne-Hardy et al., 2002). However, monsoon 
forest (Whitmore, 1981; Whitten et al., 1996; Taylor et al.,1999) and lowland rainforests and 
mangroves (Morley, 2000; Sun et al., 2000; Kershaw et al., 2001) have also been suggested. 
As savannah and tropical forest are antinomic (Peel et al., 2007), we will review the various 
arguments put forward for reconstructing these palaeoenvironments. Nevertheless, some 
nuances need to be taken into account, because while temperatures at the LGM may have 
been 6 to 9◦C lower in the highlands (Morley, 2000; Hope,2007), in the lowlands the drop was 
only 1 to 2◦C (Pickett et al.,2004). Specific geographical features may also have affected local 
climates (Meijaard, 2003). For example, the mountainous sites of Java and Sumatra show no 
sign of reduced rainfall (Heaney, 1991)in southern Sundaland, when those of Yunnan and 
Nepal at the northern margin of Sundaland show wet conditions (Walker, 1986).It should also 
be pointed out at the outset that savannah can take different forms from one continent to 
another or within a given territory and, in the fossil record, it is above all the question of the 
openness of the environment as opposed to the dense forest that is addressed and it is still 
very difficult to define the environment with any degree of precision using the various 
palaeontological tools available. 
 
 
 



Figure 1 
Map of the Sundaland with the different zoogeographic areas and a potential savannah corridor during the Last 
Glacial Maximum, modified according to Bird et al. (2005), Heaney (2001), Tougard (2001), Voris (2000) and 
Suraprasit et al. (2021). 
Carte du Sundaland avec ses différentes zones biogéographiques et un potentiel corridor de savane au dernier 
maximum glaciaire, modifiée d’après Bird et al. (2005), Heaney (2001), Tougard (2001), Voris (2000) and 
Suraprasit et al. (2021). 

 
2.2. Biodiversities in South-east Asia during times 
 
 Although biodiversity has evolved over time as a result of changes in physiography, it 
remains a hotspot in South-East Asia. According to Woodruff (2010), understanding the 
palaeobiogeography of this global biodiversity hotspot is just as important for long-term 
conservation objectives as ecology and evolution are for understanding current patterns and 
processes. The many current hots pots are thought to be the result of refugia from the colder 
ice ages of the Pleistocene (Whitmore, 2003; Woodruff, 2010), particularly the last one when 
only Mount Kinabalu in Kalimantan and a small area of sufficiently high altitude in northern 



Sumatra were covered by ice (Hope, 2007; Lohman et al., 2011). The tropical forest would 
then have been found mainly on the rest of the high relief of the Malaysian peninsula, in 
western Sumatra and central Kalimantan. During periods of low temperatures, the tropical 
forest was replaced by more open environments. As we shall see, these general points are 
nuanced and even challenged for different reasons and on different scales. However, there is 
a consensus on the current existence of a marked biogeographic boundary between the west 
(Malay Peninsula and Sumatra) and east (Kalimantan)of Sundaland (Fernando et al., 2003; 
Hirai et al., 2005; Lim et al.,2011; Steiper, 2006; Woodruff, 2010; Zhi et al., 1996), even if its 
origin is debated. It is thought to be due to a more or less significant separation between a 
dense forest domain and a more open vegetation corridor oriented north-south in the center 
of Sundaland during the LGM (Adams and Faure, 1997; Bird et al., 2005;Brandon-Jones, 1996; 
Gathorne-Hardy et al., 2002; Heaney, 1991;Meijaard, 2003; Wurster et al., 2010). Various 
interpretations of the data are produced depending on the taxa and sites studied, and the 
chronological or geographical resolution that can be used. The deep valleys created by the 
major rivers crossing Sundaland at the time of its maximum emersion (with gallery forests 
(Colwell, 2000;Inger and Voris, 2001; Kuenen, 1950; Lim et al., 2011) are likely to have altered 
the continuity of the presumed more open space.  
 Although the past environments of Sundaland are difficult to assess insofar as much of 
it is submerged today (Cannon, 2012), we propose to begin by reviewing the various 
arguments for proposing one or other reconstruction of the evolution of its environment. 
Since we are mainly interested in mammalian faunal assemblages, we will then look at the 
various direct or indirect elements concerning Pleistocene fauna in relation to savannahs. 
 
2.3. Paleogeographic and climatic evolution of Sundaland since the Miocene 
 
 Global tectonic events and their climatic consequences have strongly shaped 
Southeast Asia over the last million years. The major geological changes of the Miocene have 
had an impact on the climate of the whole of Sundaland (Hall, 2013). Since Miocene the 
tropical rainforest of South-east Asia has contracted (Heaney,1991) and for Sundaland, 
despite the Kalimantan uplift, there has been a progressive increase in the area of shallow 
seas and a reduction in the land area of Sundaland during the Miocene to the Pliocene 
(Lohman et al., 2011). This was accompanied by climatic changes with cooler temperatures 
and altered precipitation patterns during the Pleistocene. On a large scale, when few 
palaeontological sites were yet known, Medway Lord (1971)argued that the Lower 
Pleistocene mammals of the Siwaliks in India, adapted to scrub and savannah vegetation, were 
prevented from migrating to Java by a forest barrier that had existed since the since the 
Pliocene, with the herbivores of Java adapted to riparian forest edges or forested habitats 
(Verstappen, 1980). 
 Thus, a large forest barrier would have separated savannah areas to the north and 
south in such a way that monsoon forest and wooded savannah are considered to have been 
the characteristic environment for vertebrates during the ice ages (Petersen, 1969).We have 
to reiterate here that what is being discussed is more the opening up of the landscape in 
relation to a dense tropical forest than the degree of afforestation of the savannah itself. And 
undoubtedly one of the issues indeed is certainly that not everyone refers to the same concept 
whenever authors talk about savannah that we could reduce the definition to an area whose 
the tree canopy is not closed and the understorey is grassy. 



 For northern Sundaland during the Pliocene, an increasingly arid climate would have 
been caused by the surrection of the Himalayas (Poole and Davies, 2001) but for southern 
Sundaland a number of large freshwater lakes appeared in Java, Sulawesi and Mindanao 
during their Plio-Pleistocene emergence. Nevertheless, the ages of the lakes remain uncertain 
(Lohman et al., 2011). Climatic drying and savannah expansion in Central Java have been 
suggested at the Pliocene-Pleistocene boundary (Rahardjo, 1999), with palaeosol studies 
(Bettis et al., 2009) indicating an increase in dry season duration during the early Pleistocene 
in the same region. According to Morley (2018), it is very likely that a seasonal climate corridor 
developed more strongly in the late Pliocene or early Pleistocene, when climates in the region 
were probably drier than in the late Quaternary. The condition of glacial periods has become 
more pronounced since 0.9–0.8 Ma (van den Bergh et al., 1996; Bintanja et al.,2005) and 
during periods of high sea level, the Java stands were intermittently isolated, limiting the 
migration of continental fauna(but see Husson et al., 2022 for an alternative view-point). 
 An open grassland fauna managed to occupy the whole of the Javanese region during 
the Lower and Middle Pleistocene until the arrival of a new fauna associated with the tropical 
forest from continental South-east Asia, as shown by the replacement of several mammal 
species (Badoux, 1959; van den Bergh et al., 2001). De Vos et al. (1994) refer to the Siva-
Malayan route to describe this process of migration from the south-eastern margin of the 
continent towards Sundaland in the Quaternary. Around 400 ka the subsidence of Sundaland 
(Sarr et al., 2019) reduces exposed land and decreases albedo, which increases atmospheric 
convection and regional precipitation (Di Nezio et al., 2016). suggested that a Pinus savannah 
was probably widespread on the Malay Peninsula on several occasions: 660, 480, 200 and 22 
ka based on palaeobotanical data. Based on pollen analysis of a borehole drilled in the 
alluvium of the Khorat plateau in Thailand, Yang and Grote (2018) suggest the presence of 
temperate forest and savannah at 172,739 ± 22,400 and88,661 ± 10,600 BP, followed by 
deciduous and mixed forests with aquatic species from 52,296 ± 6800 to 28,150 ± 7860 BP. 
Finally, they describe the period 27,332 ± 3000 BP as dry and cold. During that time, in Java, 
other clues to the evolution of environments are given by the evolution of lakes. For example, 
near Bandung, a large lake formed 135 ka ago has disappeared over the last few thousand 
years (van der Kaars and Dam, 1995). The Middle Pleistocene is a period when sea level was 
comparable to the LGM and Morley and Flenley (1987) indicate that a palynological study near 
Kuala Lumpur shows the presence of a pine savannah and grassland similar to the open forests 
of Thailand and the northern Philippines, rather than the present-day lowland rainforest. 
Then, according to pollen found in interglacial deposits dating from around 80 and 55 ka 
(Kamaludin and Azmi, 1997), the lowlands of the Malay Peninsula must have had a climate 
similar to that which prevails today. The transition period between 60 and 20 ka was 
characterised by a relatively humid and unstable climate, with temperatures colder than today 
(about 2 to 6◦C lower) (Heaney,1991; Penny, 2001; White et al., 2004; Cook and Jones, 2012). 
This is confirmed by pollen sequences dated between ∼52 and 45 ka in North Kalimantan with 
the periodic replacement of forest by drier, more open habitats, including savannah (Hunt et 
al., 2007)whereas in West Kalimantan, large fan-shaped stretches of sand bordering the rocky 
relief of colluvial origin suggest more open vegetation with significant seasonal rainfall 
between 60 and 27 ka(Thorp et al., 1990; Thomas et al., 1999; Thomas, 2000). Peat and wood 
samples dated between 41.2 and 36.4 ka (Ayob, 1970) indicate that a type of vegetation with 
evergreen leaves and to a lesser extent gymnosperms (Hing and Leong, 1990) was present in 
the Kuala Lumpur region.  



 Before 34 ka Rugmai et al. (2008) identified closed habitat/rainforest, but grassland 
slightly present in Songkhla province in southern Thailand while Westaway et al. (2007) 

observed an enrichment of 18O values in speleothems in East Java at 38 ka, indicating a 
prolonged dry period followed by a return to wetter conditions towards the end of the Late 

Pleistocene. For their part, using 18O analysis of a freshwater bivalve, Marwick and Gagan 
(2011) show that northern Thailand experienced a predominantly wet and unstable climate 
between 33 and 20 ka, followed by a drier environment until the early Holocene. A savannah 
was recognized by Caratini and Tissot (1988) in the hinterland of the Mahakam delta in East 
Kalimantan and, in South-east Kalimantan, by Sun et al.(2000) around 20 ka. Then, climate 
change around ∼11.5 ka is associated with the strengthening of the Asian summer monsoon 
and leads to the rapid expansion of tropical forests across South-east Asia (Cook and Jones, 
2012) and the reduction of open savannahs in the region (Kealhofer and Penny, 1998; Penny, 
2001). The evolution of vegetation cover seems fairly accurate, although Flenley (1996, 1998) 
acknowledges that the dating of the pollen sequences used is uncertain. As we shall see later, 
we should probably consider that the historical development of the vegetation landscape of 
Sundaland in the Late Pleistocene is complex and locally varied (McAllister et al., 2022). This 
is supported by Puspaningrum et al. (2020) unless the differences result from issues specific 
to the proxies used. 
 
3. The properties and the evolution the savannah in Asia 
3.1. Savannah biomes today in Asia and their particularities 
 While all savannah environments have some points in common, there are some 
specificities from one continent to another. All intertropical savannahs are found in hot 
regions where rain-fall distribution is highly seasonal, with a rainy summer season(Scholes and 
Walker, 1993). The coexistence of woody and herbaceous plants is made possible by the 
separation of rooting niches. Grasses use only the moisture in the upper layer of the soil, while 
woody plants use subsoil moisture (Walter, 1971; Walker et al.,1981; Walker and Noy-Meir, 
1982; Eagleson and Segarra, 1985).The horizontal extent of the roots of savannah trees is 
around 10times greater than the extent of their canopy (Smit, 2004). This constrains their 
establishment to edaphic parameters. Edaphic and topographic parameters influence the 
formation of a savannah (Demangeot, 1999; Soares et al., 2015; Thomas-Barry et al., 
2021).Field studies on root distribution and water uptake have shown great differences in the 
degree of niche separation, depending on abiotic factors and the species concerned (Hesla et 
al., 1985; Knoopand Walker, 1985; Mordelet et al., 1997), but the establishment of savannahs 
and their evolution with respect to woody taxa could also be determined by competition 
between trees (Wiegand et al.,2006). However, it would also be possible to explain the 
coexistence  of trees and grasses by the fact that the savannah is an unstable state maintained 
by relatively frequent disturbances (Jeltsch et al.,2000) even if this instability depends on the 
scale of observation observation(Scholes and Archer, 1997; Skarpe, 1992). Thus, on a 
landscape scale, savannahs can be in stable equilibrium and persist for millennia because of 
their composition as a “moving” mosaic between herbaceous and woody dominance 
(Remmert, 1991; Scholes and Archer, 1997; Turner et al., 1993; Watt, 1947). This last point 
may help us to understand some of the differences between authors, depending on the scale 
taken into account when reconstructing palaeoscapes. One point we must make clear here is 
that African, South American and Asian savannahs have different properties(Solbrig et al., 
1996; Sankaran et al., 2005) and, according to Ratnam et al. (2016), although tropical Asia is 
dominated by monsoon climates with average annual rainfall of over 700 mm and is home to 



dense, tall forests, many types of savannah formations are still present today in a patchy and 
fragmented manner. In Asia, three different savannah communities can be distinguished: 
deciduous broadleaf savannahs, deciduous thin-leaved and thorny savannahs and evergreen 
pine savannahs, which range from sparsely-treed grasslands to densely-treed forests, 
generally along a gradient of increasing rainfall. Tropical savannahs can be defined as mixed 
tree-grass systems where the herb layer is generally dominated by grasses that use the C4 
photosynthetic pathway to fix carbon, while trees use the C3 pathway (Ratnam et al., 2011). 
Their defining characteristic is that the tree canopy is not closed and the understorey is grassy 
(Hirota et al., 2011; Lehmann et al., 2014; Staver et al., 2011). Fossil and molecular evidence 
suggests that C4 herbaceous vegetation was established in different parts of Asia at quite 
different times (Edwards et al., 2010; Morley, 2012, 2018) which sometimes leads to confusion 
in the use of palaeontological data to answer palaeoecological questions. 
 
3.2. The savannah corridor hypothesis: the forest of the discord 
 For three decades, the hypothesis of a savannah corridor in Sundaland has been the 
focus of various scientific communities. The existence of savannah in central Sundaland at the 
LGM evoked and then put forward by Heaney (1991) has been controversial depending on the 
methods or media used, the taxa and regions studied or the chronological or geographical 
resolution that can be taken into account. Depending on their preference for one argument 
or another, authors have put forward arguments opposing the existence of this savannah 
(Kershaw et al., 2001, 2007; Meijaard, 2003;Meijaard and Groves, 2006; Wang et al., 2009), 
some indicating that forests quite similar to those found in the region today were present 
(Anshari et al., 2000; Emmel and Curray, 1982; Geyh et al., 1979;Kershaw et al., 2001; Taylor 
et al., 1999, 2001; Page et al., 1999;Whitmore, 1981; Whitten et al., 1996). Others have 
highlighted the factors favouring the presence of open vegetation landscapes, including 
lowland savannah (Adams and Faure, 1997; Bird et al.,2005; Broecker et al., 1988; Caratini and 
Tissot, 1988; Clark et al.,2006; Cranbrook, 2010; Dubois et al., 2014; Frenzel et al., 
1992;Gathorne-Hardy et al., 2002; Gorog et al., 2004; Heaney, 1991;Morley, 1981, 2000; 
Morley and Flenley, 1987; Muller, 1975; Piperet al., 2011; Russell et al., 2014; Singham et al., 
2017; Suraprasit et al., 2019; Verstappen, 1975a,b; Wicaksono et al., 2017; Wurster et al., 
2010; Wurster and Bird, 2014) with varying degrees of nuance regarding the extent of a 
savannah corridor linking the present-day South-east Asian islands to the mainland at LGM. 
 Anshari et al. (2004) and Dommain et al. (2014), consider that the absence of peat 
accumulation in the lowlands of the region during the LGM suggests drier and presumably 
more seasonal climatic conditions for the whole of Sundaland during the lowest eustatic levels 
thus reducing the occurrence of “super-humid” climates. But, according to Meijaard (2003), 
although geomorphological, biogeographic, geochemical and geophysical data do not support 
this view, the existence of a savannah corridor at the time of the LGM has been confirmed as, 
biogeographic, geochemical and palynological data, as well as vegetation modelling, indicate 
that drier conditions prevailed in insular South-east Asia. During the last ice age there is limited 
support for the hypothesis of a continuous savannah corridor at the scale proposed by Heaney 
(1991). Contradictory arguments that a large continuous rainforest, instead of savannah, was 
present even under conditions of full glaciation have indeed been reported (Cannon et al., 
2009; Slik et al., 2011; Morley, 2012) and palynological (Cannon et al., 2009; Prentice et al., 
2011; Sun et al.,2000; van der Kaars et al., 2001; Wang et al., 2007, 2009), isotopic data 
(Dubois et al., 2014; Wurster et al., 2010), biogeographic data (Gathorne-Hardy et al., 2002; 
Meijard, 2003) and abiotic conditions suitable for maintaining viable populations of 



Dipterocarpaceae at the LGM would strongly call into question the intertropical savannah 
corridor hypothesis (Raes et al., 2014; Slik et al., 2011). 
 The continuity of a north-south savannah corridor in central Sundaland has also been 
questioned by coupled vegetation-climate reconstructions (Cannon et al., 2009; Crowley and 
Baum, 1997;Crucifix et al., 2005; Hope et al., 2004; Otto et al., 2002; Prentice et al., 1993). The 
question of the role of palaeorivers in interrupting the savannah corridor itself has been raised 
(Colwell, 2000;Inger and Voris, 2001; Kuenen, 1950; Lim et al., 2011). Heaney(1991) agreed 
with this from a geographical point of view, and Whitmore (2003) from a chronological point 
of view, but Slik et al.(2011) suggest that the edaphic component has been neglected and that 
heath forests have persisted in place of savannah in central Sundaland. However, Ashton 
(2005) has shown that several Dipterocarpaceae species can grow on sandy soils. This makes 
it possible for dense forest to continue even on the Sundaland sea bed during the LGM. Thus, 
discordant point elements exist at the various currently accessible margins of the area 
concerned, between the south and north of Sundaland but also within these two margins. The 
continuity of forest cover is associated with an increase in rainfall (Turney et al., 2006; van der 

Kaars, 1991) and a decrease in 18O values in speleothems during the LGM indicating the 
persistence of wetter conditions conducive to the persistence of forest vegetation at Flores 
(Ayliffe et al., 2013). It is consistent with the results of isotopic analysis of guano in Sarawak 

(Wurster et al.,2010) and with the 13C values of fatty acids from an off shore record (Dubois 
et al., 2014). According to Raes et al. (2014) the possibility of a Dipterocarpaceae environment 
off the west coast of Kalimantan at LGM is supported by palynological data (cf. Cannon et al., 
2009; Sun et al., 2000; Wang et al., 2007, 2009). Conversely, Hunt et al., 2007, 2012 suggest a 
“highly disturbed open forest ”during the last glaciation in North Kalimantan and, Caratini and 
Tissot (1988) suggested that during the LGM, the hinterland of the Mahakam delta probably 
consisted of grassland or savannah. 
 In the northern Sundaland, in northern Thailand, Suraprasit et al. (2019) indicate a 
possible open landscape from mammalian assemblages and Morley (1998) suggested that 
Pinus savannah was probably widespread on the Malay Peninsula at 22 ka. According to Penny 
(2001), the arid zone flora of north-eastern Thailand, consisting of a mixture of tropical, dry 
deciduous and savannah taxa, as well as temperate, tropical-montane or Eurasian taxa, then 
saw the advent of tropical deciduous forest dominance at the Pleistocene/Holocene 
boundary. The analysis of the cenogram of the Thum Wiman Nakin fauna (Tougard and 
Montuire, 2006) shows as lightly open forest environment, but according to these authors the 
species richness in Muridae were not consistent with the palynological records from southern 
China (cf. Wang et al., 1999; Zhengand Lei, 1999). 
 It is the different interpretations of data concerning environmental barriers that are 
the source of controversy or different interpretations. For example, Meijer and Withington 
(1981) state that the southernmost location of Pinus is restricted in the central highlands of 
Sumatra and van der Kaars et al. (2010) consider that its range was probably more extended 
during the LGM. Whereas Bodribb and Field (2007) consider that tropical evergreen forests 
constitute an impassable ecological barrier to the movement of Pinus southwards, where its 
absence can be explained by the permanent presence of dense forests in the equatorial 
region. From a genetic point of view, strong biogeographical barriers are thought to persist, 
particularly between Sumatra and Kalimantan, or more generally between east and west 
(Fernando et al., 2003; Hirai et al.,2005; Steiper, 2006; Zhi et al., 1996). For Slik et al. (2011), 
the dispersal barrier is mainly based on soil properties, as suggested in particular by Bird et al. 
(2005), Cannon et al. (2009) and Wurster and Bird (2014). Although plant distribution in 



tropical environments is mainly dictated by temperature and rainfall (Araújo and 
Peterson,2012; Araújo et al., 2013; Boucher-Lalonde et al., 2012), the edaphic reality is a 
prelude to the possibility of having dense forests or savannahs. If there are barriers, there are 
also refuge possibilities (Haffer, 1987; Prance, 1979; Colinvaux et al., 2001), the relevance of 
which is reiterated by Morley (2018). Nevertheless, the origin and age of these refuges is 
subject to various interpretations which in turn interfere with the development of the 
vicariance or dispersal models taken into account (cf. Brandon-Jones, 1996; Bibi, 2013; de 
Bruyn and Mather, 2007; de Bruyn et al., 2013; Esselstyn and Brown,2009; Fernando et al., 
2003; Gilbert et al., 2006; Gorog et al., 2004;Harrison et al., 2006; Heaney, 1991; Hirai et al., 
2005; Leonard et al.,2015; Mason et al., 2019; Patou et al., 2010; Quek et al., 2007; 
Ruedi,1996; Singham et al., 2017; Steiper, 2006; Wurster et al., 2010; Xu and Arnason, 1996; 
Zhang et al., 2001; Zhi et al., 1996). 
 Ultimately, the hypothesis of a savannah corridor is based on climatic conditions during 
the different glacial maxima, when land area was at its maximum, id est a biogeographical 
reality limited to ∼ 17% of the last 250,000 years according to Voris (2000) who proposes a 
probabilistic approach of the variation of eustatic levels. For the supporters of a savannah 
corridor in the heart of Sundaland, the nuances concern its width and continuity, depending 
on the adaptability of the taxa taken into account. To take up the founding point put forward 
by Heaney (1991) to promote this hypothesis, Wurster and Bird (2014) point out that the 
evidence put forward was limited to five palynological studies of varying reliability and Bird et 
al. (2005) were forced to take indirect evidence into account to support this hypothesis when 
other models (cf. Cannon et al., 2009 or Raes et al., 2014) suggest the presence of continuous 
forest cover across Sundaland. The question is not so much whether to accept or reject this 
or that conclusion, but rather to note that some studies use data that are limited, contested 
or questionable. As a result, despite the quality or relevance of the analyses produced, their 
results are in turn open to question. What matters above all is to identify the limitations or 
weaknesses of the primary data used to contradict this or that argument. What about the 
validation of models that are often used as credit in one-off studies? 
 
4. Limitations of palaeontological tools 
4.1. Modelling, methods and limitations 
 Modelling requires different types of data. Bioclimatic envelope models use 
associations between aspects of climate and occurrences of taxa to estimate the conditions 
conducive to maintaining viable populations. Once bioclimatic envelopes have been 
characterized, they can be applied to a variety of issues. The question arises as to the 
usefulness of these models, or at least their construction, especially as they may be based on 
unprovable hypotheses or may be contradicted by empirical evidence (Araújo and 
Peterson,2012). Numerical simulations of palaeoclimate at the LGM (Bush and Fairbanks, 
2003; Crucifix et al., 2005; Otto et al., 2002) indicate that most of Sundaland globally shows 
evergreen tropical forest landscapes. Wurster and Bird (2014) and O’Connell et al., (2020) also 
indicate that montane forest increased due to generally cooler climates during the LGM and 
that the area of lowland tropical rainforest almost doubled through expansion on the plateau 
linking Kalimantan to mainland Asia. The models proposed by Cannon et al.(2009) also show 
an expansion of the main forest types rather than a contraction during glacial phases. Using 
Dipterocarpaceae species distribution models to estimate the geographical extent of suit-able 
climatic conditions for the Sundaland rainforest at LGM, Raes et al. (2014) conclude that the 
presence of an intertropical savannah corridor is unlikely.  



 Different simulations (Cannon, 2012) in fact give different scenarios, with or without 
savannah, due to the lower spatial and topographic resolution of the global climate model, 
which does not incorporate a narrow corridor and Handiani et al. (2012) show that the 
simulation of a savannah corridor in Sundaland only appears in one of their models, depending 
on whether or not it is associated with an unusual hydrological cycle in the tropics and a 
southward shift of the ITCZ (Intertropical Convergence Zone) (cf. Behling et al.,2000). Bird et 
al. (2005), who accept that the degree of northward contraction of the south/south-east 
forest boundary varies considerably between models, critically reviewed the evidence for 
drier and more seasonal climates during the LGM but were forced to consider indirect 
evidence to arrive at the savannah corridor hypothesis. Furthermore, in their modelling, 
Cannon et al. (2009)‘forced’ the model to generate an expansion of seasonal vegetation or 
savannah and more generally, there may also be disagreement in the interpretation of 
palaeovegetation (Sun et al., 2000), which has an impact on palaeoclimate reconstructions 
and modelling. 
 Although we are far from being able to refine the meaning of the term savannah in the 
fossil record, the study by Ratnam et al.(2016), aimed at improving management in terms of 
conservation, indicates that none of the models used manages to correctly represent the 
present-day savannahs of the islands of South-east Asia, and that Asian pine savannahs seem 
to be located in different climates to those of other southern continents. A lack of data for are 
construction of the tropical Asian biome makes a thorough comparison between the model 
and the data difficult. For Handiani et al.(2012), the failure to take into account the 
topographical specificity of places can lead to errors due to a lack of sufficient resolution, but 
the application to the incomplete fossil record remains imperfect. Wurster and Bird (2014) 
also note that vegetation models specific to Sundaland during the LGM fail to take edaphic 
factors into account, as has been previously noted (Heaney, 1991; Bird et al., 2005). 
 The most inclusive models using palynological data, dynamic vegetation models, 
mammal and/or insect communities, and isotopic compositions of vascular plants and guano 
remain incomplete. Indeed, a lower atmospheric CO2 concentration at the LGM compared 
with the pre-industrial CO2 concentration (Bragg et al.,2013) is difficult to take into account. 
However, this parameter is important since the advantage of plants with C4 metabolism 
overplants with C3 metabolism increases with lower CO2 concentrations. Furthermore, 
according to Kershaw et al. (2001) at the LGM, pollen records indicate lower precipitation than 
today, while mean temperatures may have been globally reduced by 6 to 7◦C, but assuming 
that the reduction in CO2 in the atmosphere had little influence. It is to noticed that authors 
indicated that the temperature reduction is not the same in the highlands: 6 to 9◦C 
lower(Morley, 2000; Hope, 2007) and in the lowlands: only 1 to 2◦C lower(Pickett et al., 2004). 
However, Louys and Roberts (2020) admit that a subtle variation in the partial pressure of 

atmospheric CO2 will affect interpretations of 13C values as being exactly equivalent to forest 
cover when this is not the case. Furthermore, as Bocherens et al. (2017) point out, the Suess 
effect, which describes the possible shift in carbon isotope values in atmospheric CO2 due to 
CO2 emissions from fossil fuel combustion and land use change, is a parameter to be taken 
into account when comparing recent and ancient materials. Finally, Sarr et al. (2019) have 
shown that due to its subsidence, Sundaland was not inundated during the Pleistocene until 
∼400 kya with a cyclic inundation repeating thereafter approximately every 100 kya (Voris, 
2000; Woodruff, 2010). 
 Cannon et al. (2009) have already highlighted the need for long, well-dated terrestrial 
archives capable of providing indirect and direct evidence of local vegetation. A major problem 



is that many sites considered to be indicative of conditions during the LGM remain poorly 
dated, or even completely lacking in any real dating control. Such sources must be treated 
with greater caution, and the decision to accept them or not is ultimately subjective and 
potentially biased by preconceived ideas (Adams and Faure,1997). Finally, from the various 
attempts at synthesis produced in recent years it is possible to identify a consensus to express 
dissent or more accurately to accept that significant climatic heterogeneity exists in the 
region, with high sensitivity to glacial-interglacial forcing (Wurster et al., 2019). Lohman et al. 
(2011) summarize the problem in one formula, indicating that the parameterization of the 
model guides the results and the neontological data add a level of uncertainty. 
 
4.2. Phylogeography, methods and limits 
 Phylogeography has produced a number of results that are sometimes complementary 
but can also be interpreted in contradictory ways. The test of the savannah corridor 
hypothesis is based on the climatic conditions of a maximum area of Sundaland that has only 
covered ∼37% of the last million years, id est ∼17% of the last250 ka (Voris, 2000) and makes 
it unlikely that it is solely responsible for the biogeographic pattern observed in Sundaland 
(Lohman et al., 2011). The available evidence consists of sites located on the Sundaland 
margin and a few marine cores (Sun et al., 2002; Wang et al., 2009; Zachos et al., 2001). This 
raises the question of the basis for the phylogeographic studies that are often invoked. In our 
opinion, this type of study is more relevant for raising new questions than for answering the 
subject we are dealing with here, because of the large number of ad hoc hypotheses used to 
interpret the models themselves, or even the primary data integrated into the models, most 
of which are already interpretations.  
 The study by Singham et al. (2017) suggests that different dispersal events and genetic 
isolation have shaped current biogeography and that different dispersal pathways affected 
terrestrial fauna during the Pleistocene whereas molecular data have revealed that Sulawesi 
taxa are frequently basal groups clustering with Asian ones (Randi et al., 1996). Several taxa 
have been studied on their own or in groups to answer the question of ecological or 
geographical connections or barriers, but according to Leonard et al. (2015) the chronology of 
divergences between populations of different landmasses varies considerably and cannot be 
attributed to a single event, such as a particularly extreme glacial cycle or a massive volcanic 
eruption. The wide variation in the dates attached to divergences from one taxon to another 
suggests that a stochastic factor may have led to different rates of population survival over 
tens of thousands to several million years. Geographical changes may have reduced biomes 
and population numbers, thereby increasing the risk of extinction, particularly in narrow areas 
of the Malay Peninsula where species diversity is now low (Woodruff and Turner, 2009) or on 
islands (Mays et al., 2018). Geneticists estimates refer to fairly large ages, which makes it 
difficult to use certain taxa to answer the question of connectivity between island sand the 
South-east Asian continent during the LGM. For example, orangutans from Kalimantan and 
Sumatra (Groves et al., 1992; Uchida, 1998; Xu and Arnason, 1996; Warren et al., 2001; Zhang 
et al., 2001; Zhi et al., 1996) are thought to have been very distinct and probably genetically 
separated for 1 to 2.5 million years. Similarly, assemblages constructed from recent molecular 
phylogenies estimate that cervids and cattle diversified in Asia after the beginning of the 
Pliocene, and that species now isolated on islands across South-east Asia diverged in the 
Pleistocene perhaps more than 1Ma ago (Bibi, 2013; Gilbert et al., 2006). Gorog et al. (2004) 
used a phylogeographic approach to account for the possible Pleistocene terrestrial 
connections of three rainforest-influenced Muridae rodents, which would indicate that the 



Pleistocene migrations of these taxa were instead replaced by a vicarious evolutionary history 
corresponding to the fragmentation of Sundaland in the Pliocene. This vicariance has been 
suggested repeatedly and usually against the prior expectation of younger Pleistocene 
patterns (Clouse and Giribet, 2010; Gorog et al., 2004; Shih et al., 2009). At the Isthmus of Kra, 
the few studies that have explicitly estimated divergence time support a vicariant scenario (de 
Bruyn et al., 2014; Patou et al.,2010). An additional difficulty is therefore noted here, which 
will inevitably affect the interpretations of the analyses carried out. Although many local taxa 
are endemic (Myers et al., 2000), many others are widespread throughout the region (Heaney, 
1986). 
 Another parameter to be taken into account upstream in phylogeographic models is 
genetic differentiation. For example, widely distributed terrestrial arthropods that are 
genetically differentiated show little intraspecific genetic variation in continental South-east 
Asia north of the Kra Isthmus (Azuma et al., 2006; Lohman et al.,2008; Su et al., 2007). 
Numerous studies on vertebrates have highlighted genetically distinct lineages and/or cryptic 
species, notably Paradoxurus hermaphroditus (Patou et al., 2010), Panthera tigris (Luo et al., 
2004) and birds (Fuchs et al., 2008). However, according to Lohman et al. (2011), the 
differences in the rates of discovery of cryptic species are more a reflection of the different 
research traditions of vertebrate and invertebrate taxonomists. Mason et al.(2019) suggest 
that a much higher sampling density of Sundaic taxa would shed more light on the geographic 
discrimination of cryptic species. Geographic disjunctions generate barriers at the origin of 
butterfly cladogenesis (Müller et al., 2010) and cryptic genetic differentiation of mammalian 
subspecies (Luo et al., 2004)or arthropods (de Bruyn et al., 2014). The notion of refuge has 
also been interpreted or discussed in work that has served as a basis for the creation of 
models. For example, landforms may have acted as refuges during the drier periods of the 
Plio-Pleistocene (Cannon and Manos, 2003; Lim et al., 2011; Moyle et al., 2005; Quek et al., 
2007),enabling ancient lineages to be preserved and spurring the genesis of new taxa with 
restricted ranges (Fjeldsa and Lovett, 1997).Changes in the hydrographic network (Barber et 
al., 2000; Crandall et al., 2008; Dodson et al., 1995) itself and its extensions in the form of 
estuary, mangrove or peat swamp habitats have resulted in the connectivity of aquatic taxa. 
Finally, phylogeography mobilizes a spectrum of multiple indirect inferences (stochastic, 
tectonic, volcanic, climatic, etc.) that are difficult to test in the fossil record, providing 
numerous examples and making paleontological transposition that is not ad hoc even more 
difficult, according to the authors. 
 
4.3. Isotope, methods and limitations 
 Isotope analyses are routinely used in palaeontology, but many new parameters and 
new methodological constraints are emerging in an effort to take more aspects of reality into 
account. As indicated by McAllister et al. (2022), stable isotope techniques applied to 
sediments, guano, dental enamel, speleothems or biomolecular material are making it 
possible to develop palaeoenvironmental reconstructions, but are still in their infancy for 
answering palaeoenvironmental and biodiversity evolution questions. While the diagenetic 
controls associated with the hot, humid environments that characterize the intertropical 
region are not yet fully understood, the availability of stable isotope sources also varies from 

site to site. In addition, subtle variation in the partial pressure of atmospheric CO2 and 13C 

values may have occurred over time and affect interpretations of 13C values as being exactly 
equivalent to forest cover when this is not the case (cf. Louys and Roberts,2020). By way of 



illustration and prospectively, the favorable influence of the CO2 rate for the forest with 
respect to the savannah has been modelled by Kumar et al. (2021). 
 In the 1990s, the isotopic adventure remained reluctant to take  on the Asian tropical 
world despite our requests and endeavored to develop studies on the temperate environment 
(Bocherens,1999). The psychological barrier was then broken (Martin et al.,2008) by 

correlating the 18O values of carbonates and phosphates, making it possible to identify inter-
taxonomic differences and/or differences linked to body temperature, initially as a diagenetic 
test. This was followed by a straightforward application, including on sites where the 
establishment of faunal assemblages had not been taken into account, to the point of 
supporting the classic hypothesis in palaeontology of flexibility in diet via isotopic analyses 
(Bocherens et al., 2017). In order to demonstrate this, it was necessary to postulate that 
isotopic analytical results were references for inferring one diet or another. Several 
developments were then proposed (see Ma et al., 2019; Suraprasit et al., 2020). To see 
whether these developments are legitimate, we need to go back to the basic principles of 
isotopic analysis. 
 Discrimination in the isotopic composition of carbon makes it possible to determine 

the evolution of plant cover and, over-all, the 13C values of plants are closely linked to C4 
production (Cerling et al., 2011). Thus, C4 plants (tropical and subtropical grasses and arid-

adapted shrubs) minimize photorespiration by separating initial CO2 fixation with 13C values 
between – 17 ‰ and – 9‰ (Ehleringer et al., 1997). The majority of plants (trees, most shrubs, 

temperate grass) have a so-called C3 physiology of photorespiration with 13C values between 
– 32 ‰ and – 20‰.Within tropical C3 plants there are also distinct carbon isotope ranges, due 

in part to edaphic factors (Cornwell et al., 2018), so that there is an increasing value of 13C 
values from tropical rainforests to tropical seasonal forests to tropical deciduous forest sand 
then xeric woody scrub (Diefendorf et al., 2010). Depending on the trophic chain, it is then 

possible to distinguish the value of 13C among herbivores between those consuming 
exclusively C3 plants (below – 10‰), those of mixed C3/C4 habitats (between– 10‰ and – 
2‰), and finally pure C4 diet (above – 2‰) (Lee-Thorp et al., 1989; Cerling and Harris, 1999; 
Cerling et al., 1997, 1999; Koch, 1998; MacFadden et al., 1999). Beyond this, the diet of 
carnivores is in turn recomposed. It should be noted that all isotopists make it clear that the 
trophic chain must be calibrated according to the local parameters available. While this is the 
basic toolbox for isotopists, there are a number of drawbacks. If succulents are present in the 
environment, as is the case in the tropics, they use an alternative photosynthesis pathway, 
CAM (Crassulacean Acid Metabolism), which gives carbon isotope ratios similar to those of C4 

plants (Tykot, 2004). Furthermore, although 13C values of facultative CAM plants have long 
been known to extend well into the range below −20‰, this value is often tentatively used as 
threshold for character coding to distinguish C3 from CAM species in studies of CAM evolution, 
Messerschmid et al. (2021) conclude that the evident continuum between CAM and C3 

photosynthesis cautions against the usage of a 13C threshold in macroevolutionary studies. 

 The 18O of carbonates is influenced by several factors such as latitude, altitude, 
aridity, precipitation and evaporation (Dansgaard, 1964; Gonfiantini et al., 2001; Longinelli, 
1984; Luzet al., 1984; Pederzani and Britton, 2019; Rozanski et al., 1993).Provided these 

conditions are met, the 18O carbonate of tooth enamel is commonly used to investigate the 
isotopic composition of ingested water. Thus, grassland-inhabiting grazers may have 

higher 18O enamel values than forest-dwelling browsers. Obviously, the first step is to check 
that the signal obtained and the vector studied are geographically consistent. For example, on 
the Kalimantan coast, vegetation at the start of MIS 3 was interpreted as alternating montane 



forest and savannah for the glacial period and as rather dry lowland forest, sometimes with 
the presence of mangroves (Hunt et al., 2007), whereas, according to isotope analyses of 
guano, forest habitats would have persisted during the Late Pleistocene. How-ever, as 
Wurster et al. (2010) point out, these data may be biased because most bats and swifts only 
feed in wooded environments. What about the signals conveyed in the fossil record with the 
central aim, which interests us, of being able to report on the evolution of environments and 
biodiversity? 
 According to Puspaningrum et al. (2020) all Lower Pleistocene Proboscidea from Java 

have 13C values compatible with the range expected for herbivores from closed canopy 
forests to open grasslands, while the values for taxa from the Sangiran Formation are 
indicative of savannah-type vegetation. Furthermore, for the Middle Pleistocene assemblages 
of Kedung Brubus, in the Bapang Formation and those of Trinil, Sunggu and Ngandong 

attributed to the Upper Pleistocene, the 13C values of Stegodon and Elephas, are 
concentrated in the range of C4 plants associated with herbaceous vegetation with the 
exception of rare specimens that indicate a mixed diet. It would therefore seem that 
Proboscidea were able to live in different environments and that they adapted over time. 
However, as these authors illustrate (fig. 3, p. 5 and fig. 5, p. 9),the chronological spectrum of 
the different assemblages taken into account covers several climatic variations and the 
answers provided remain global and limited to the rare samples selected. The same applies to 
faunal data from Niah caves in Kalimantan taken into account by Cranbrook and Piper (2007) 
who suggest a rainforest habitat during the Late Pleistocene associated with montane 
elements and signs of disturbance, but the chronological resolution of this work is extremely 
low compared with the palynological series used as a reference. 
 The use of stable carbon isotopes in the enamel of mammalian teeth from mainland 
or island South-east Asia has unfortunately focused on series whose dating is controversial or, 
more often, whose chronological resolution is imprecise or too great, indiscriminately mixing 
different climatic stages in a single assemblage (see Bacon et al., 2018a; Bocherens et al., 
2017; Janssen et al., 2016;Pushkina et al., 2010; Suraprasit et al., 2018, 2019). This general 
point has been discussed, both from the point of view of the actual coexistence or otherwise 
of certain taxa in an assemblage at a given time and their supposed ecological values (cf. 
Zeitoun et al., 2010, 2015) and, more generally, from the point of view of the necessary 
chronological resolution that is essential for comparing primary palaeontological or isotopic 
data with global climate cycles (cf. Zeitoun et al., 2019). We briefly return to this point here, 
particularly when it was put forward to test the hypothesis of a glacial effect in the South-east 
Asian tropics or, more specifically, the existence of a savannah corridor during the LGM. 

 According to Janssen et al. (2016) the correlation observed between 13C and 18O 

values of herbivores confirms that enriched precipitation and 18O values of vegetation 
coincided with C4 abundance during the presumed glacial periods and that a relative break in 
vegetation balance is related to the contrast between glacial and interglacial precipitation due 
to the rapid flooding of Sundaland. However, if we go back to the sites studied by these 
authors, we see that, for Wajak, the dates are uncertain. They indicate a MIS 3 glacial origin 
according to Storm et al. (2013) or a Holocene interglacial origin according to Shutler et al. 
(2004). This could correspond to a mixture of specimens from glacial and inter-glacial periods 
in the collection considered. For the Padang and Sibrambang sites, taxonomic correlation with 
the Punung fauna is used as a criterion, whereas Punung shows taxa from different 
environments. For Trinil HK, Joordens et al. (2015) indicate an age between 0.43 ± 0.05 Ma 
and 0.54 ± 0.1 Ma but assume that there is a possibility of diagenetic alteration and mixing in 



the series considered. As for the Sangiran specimens, they come from a stratigraphic sequence 
that may extend over several hundred thousand years, spanning several glacial or interglacial 
episodes. Furthermore, it is not stated whether the specimens studied come from the 
Sangiran Formation, the younger Bapang Formation or whether they are of mixed origin 
(Janssen et al., 2016). 
 In a study dedicated to testing the existence of the savannah corridor on the basis of 
mammalian faunal assemblages from the Boh Dambang site in Laos, Bacon et al. (2018b, p. 
422) state: “it was not clear if the deposit represented a mix of older and younger fauna orjust 
older fauna that had been eroded into a younger deposit”. Furthermore, the choice of sites 
for comparison is not relevant to answering the question posed. Indeed, for the age of the 
other Laotian sites taken into account, Bacon et al. (2015, p. 117) themselves state  : “Despite 
being major fossil sites in the Southeast Asian Pleistocene record, Tam Hang and Nam Lot have 
only ever been discussed using estimated chronologies (Bacon et al., 2008b, 2011, 2012; 
Duringer et al., 2012)”. For the Duoi U’Oi site in Vietnam, the date of 63 ± 3ka of one calcitic 
floor does not correspond to the assemblage itself and, moreover, according to Bacon et al. 
(2008a) the faunal corpus is made up of remains from three locations (id est 1, 2 and 3) in the 
cavity, brought together in a single collection. For the Sibrambang site in Sumatra, the same 
authors state: “Despite recent attempts to relocate it in western Sumatra, its location and 
geological context are currently unknown” (Bacon et al., 2015, p. 103). Finally, at the Thum 
Wiman Nakin site in Thailand, the ages obtained for the faunal assemblage indicate a very 
broad chronological spectrum, from 8 to350 ka (Esposito et al., 2002), encompassing several 
climatic phases and probably indicating mixing in the series taken into account.  
 Using Zn isotopes, Bourgon et al. (2020) seem to indicate a case of good preservation 
of the trophic level between the different taxa from the Laotian site of Tam Hay Marklot, but 
the authors specify that the taphonomic origin of the remains, between primary deposit or 
reworking of ancient fossiliferous deposits, is unknown. Several locus appear to have been 
collected, and it is not possible to distinguish between them in a single faunal list. If the series 
is complete, it is ideal since it is dated on both sides of the LGM, id est between 26.5 and 19 
ka. The isotopic results logically suggest an environment ranging from dense tropical 
rainforest to open savannah. The primary data could have indicated a succession of distinct 
environments over time if they had not been amalgamated into a single batch. It would then 
have been possible to monitor whether there had been an evolution in biodiversity or, 
whether or not, a mosaic landscape had persisted on either side of the LGM. It is also 
regrettable that a sequential sampling was not carried out to compare intra-individual and 
inter-individual variations to account for any climatic seasonality or flexibility in the diet of the 
various taxa. This question is central. Indeed, as can be seen by comparing the spectra of the 
isotopic data produced by Bacon et al. (2018b,Fig. 10) and that of Suraprasit et al. (2021, Fig. 
4), for the Gaur (Bos gaurus = Bos frontalis), we see that the distribution of point values of 

13C is from −3 to +1. 5 ‰ for the different specimens at Boh Dambang while it is −2‰ to +1 
for sequential data from a single individual at Tham Lod. This high overlap of values between 
a single individual and several individuals suggests that the data from Boh Dambang are not 
exploitable as indicators of the diet and consequently the environment of this site used to test 
the savannah corridor hypothesis during MIS2. 
 Although there are four main deposits in Yai Ruak cave, Suraprasit et al. (2019) chose 
to deal with the faunal assemblage of breccia level 2, which guarantees the homogeneity of 
the assemblage under consideration. While the isotopic data provide valuable information, 
particularly as a result of the sequential sampling of the teeth, the impossibility of quantifying 



the age and, above all, the duration of the assemblage is a major obstacle to 
palaeoenvironmental interpretation. Indeed, according to these authors while analyses of 

18O obtained from the Rhinoceros allow them to identify a prolonged or non-contrasting wet 

season and 13C a slight gradient in a habitat remaining closed for this taxon, the global data 
indicate a variety of the ecosystems ranging from closed forests to open environments 
dominated by C4 plants. It is therefore not possible to say whether there was a mixed habitat 
for which the different taxa are indicators or whether it is a mixture of habitats that have 
succeeded one another over time. Suraprasit et al. (2019, p. 3) agree, stating that “the 
existence of savanna grasslands in the continent of Peninsular Thailand during the Pleistocene 
has never been demonstrated because the available proxy data are scarce”. We do not use 
the comparisons made by these authors to calibrate their assemblage over time, as the 
references they use for this purpose are of lesser quality than their own, both from the point 
of view of the analyses (which are not sequential sampling) and of the way in which 
taphonomic conditions are taken into account. 
 The Khok Sung site is located in a sand pit that is currently being exploited and has 
benefited from methodological developments for its dating (Duval et al., 2019), combined US-
ESR dating provides two possible ages of 130 ± 29 ka and 217 ± 36 ka for some of the fossils 
but no sediments associated with the measured samples were available, nor was it possible 
to carry out in situ gamma dose rate measurements due to the high water level. The sandpits 
in which it is located were deposited in the form of two sets of sinuous channels in which six 
units were distinguished. The faunal assemblage present in unit 4 and at the top of unit 3 is 
made up of fluvial contributions, some of which have a polished structure indicating reworking 
prior to deposition, but almost complete skeletons are also present, indicating taphonomic 
heterogeneity (Duangkrayom et al., 2014). Isotopic analysis by Suraprasit et al.(2018) indicates 
a variety of diets, ranging from pure C3 to C4 plants. The stable isotopic distinction between 
C3 and C4 plants suggests that the Pleistocene habitats ranged from closed forests to open 
grasslands but once again it is not possible to distinguish contemporary landscape mosaics or 

landscape evolution over time. If the intra-tooth variability in enamel 18O values of certain 
taxa  provide information about significant seasonal variations in precipitation and 
temperature, and humid conditions, the comparison with cenogram analyses is not relevant. 
Indeed, we have shown that although the approach was useful in its time (cf. Tougard and 
Montuire, 2006), an application of this type of comparative analysis to assemblages that are 
well identified chronologically by layer differs from a global analysis encompassing all the 
layers (Zeitoun et al., 2019). 

 The work of Pushkina et al. (2010) has the advantage of producing 13C values for 
modern taxa but on the other hand, comparison with the Pleistocene faunal assemblage of 
Thum Wiman Nakin reveals a range of habitats from closed canopy forest to open C3 and C4 
habitats that is more likely the consequence of a mixture of several successive environments 
between 8 and 350 ka according to the dating of this assemblage (cf. Esposito et al., 2002) 
than of synchronous ecological mixing. Similarly, Louys and Roberts (2020) carried out a global 
analysis of several sites whose assemblages were mixtures and/or had uncontrolled 
chronologies. This they agree with, as they consider it important to note that the modern 
baseline data needed to correctly interpret the fossil record and to place the deep period 
geobiological record in a modern context is almost entirely lacking. 
 
5. Perspectives 



 In attempting to resolve various palaeontological questions concerning climatic, 
palaeoenvironmental and ecological evolution, it is itis useful to take into account the limiting 
factors mentioned above in order to improve the quality of possible answers and draw 
conclusions that are reliable and properly supported. One of the major problems is therefore 
the availability of distinct faunal assemblages that are well dated and whose chronological 
range lies on either side of the LGM or other glacial maxima, so that their ecological realities 
can be quantified if they are recorded in the fossil record. Natural mixing due to taphonomic 
processes on the one hand, particularly in karstic environments, or deliberate mixing of fauna 
in collections or series to increase the corpus of specimens on the other, make it impossible 
to answer the question of whether or not there is a possible phasing between global climate 
change and the evolution of biodiversity, it is useful to take into account the limiting factors 
mentioned above in order to improve the quality of possible answers and draw conclusions 
that are reliable and properly supported. One of the major problems is therefore the 
availability of distinct faunal assemblages that are well dated and whose chronological range 
lies on either side of the LGM or other glacial maxima, so that their ecological realities can be 
quantified if they are recorded in the fossil record. Natural mixing due to taphonomic 
processes on the one hand, particularly in karstic environments, or deliberate mixing of fauna 
in collections or series to increase the corpus of specimens on the other, make it impossible 
to answer the question of whether or not there is a possible phasing between global climate 
change and the evolution of biodiversity. 
 There seem to be sufficiently effective tools for recognizing mixed habitats, such as the 
synecological method undertaken by Louys and Meijaard (2010). However, if a mixed habitat 
is detected for the Niah caves (Kalimantan), Tam Hang (Laos) and Ban Fa Suai I (Thailand) sites, 
the question that arises is the nature of this mix. Have Louys and Meijaard (2010) recognized 
mosaic landscapes, or is the mix identified merely the reflection of taphonomic mixing? Niah 
caves is a complex site with several distinct localities where, for example, there are no 
orangutans everywhere (Piper and Rabett,2009). The mixture of different habitats is at least 
due to such a taphonomical point and is probably diachronic since, according to Hunt et al. 
(2007), the region was cyclically dominated by lowland forests, montane forests and open 
savannah-type vegetation. At Tam Hang, the absence of a record of the position of the various 
specimens means that a corpus of diachronic faunal elements has been built up. At Ban Fa 
Suai I, the chronological alternation of two assemblages has been described (Zeitoun et al., 
2010). The mixed habitats reported by Louys and Meijaard (2010) in the latter case are 
therefore more the result of a mixture of data than the reality of a mosaic landscape. We 
therefore need to be in a position to specify whether the mixed environments reported by 
different media, whether palaeontological or isotopic, reflect an ecological reality or an 
analytical imprecision. 
 It has to be said that in the literature produced these trivial bases are largely forgotten. 
Even when effective geochronological supports are mobilized, the age of deposits containing 
fossils does not always correspond to that of the fossils themselves. The problem is that we 
are unable or unwilling to treat fossils by distinct stratigraphic units, even though this is a 
prerequisite for testing palaeoenvironmental hypotheses or quantifying the evolution of 
biodiversity (see Saegusa, 2001). Moreover, several authors had long been reluctant to 
consider the Indochinese paleontological assemblages as they are mixtures from different 
periods and environments (Patte, 1928; Colbert, 1943; Pei, 1957; Kahlke, 1961;Orchiston and 
Siesser, 1982; de Vos, 1983, 1984). Despite a number of methodological precautions, it is 



regrettable that most of the isotopic analyses were carried out on inadequate series, as we 
have already seen. 
 Even if the Pha Bong case is a little distant from the period that interests us id est the 
LGM to test the hypothesis of a savannah corridor, it is revealing of the precautions that it will 
be necessary to add in the future in the use of isotopic tools. Indeed, while we can also criticise 
the lack of dating or duration for the Pha Bong assemblage used by Bocherens et al. (2017) on 
the one hand and the reference made to the Thum Wiman Nakin site, whose chronological 
spectrum extends over several hundred millennia, on the other hand, several methodological 
precautions were taken to determine the Gigantopithecus diet that should be followed to 
answer the question concerning more recent periods. Thus, it has been assumed that larger 

mammals tend to have lower 18O values than smaller ones due to a lower metabolic rate (cf. 

Bryant and Froelich, 1995) and that folivorous primates have higher 18O values than 
frugivorous Primates (Carter and Bradbury, 2016) and, according to Bocherens et al. (2017) 

the restricted range of 13C values for Gigantopithecus indicates a habitat restricted to 
forested environments with a pure C3 diet and an absence of C4 grass. However, certain 
points should be noted as new restrictions. CAM plants, particularly succulents in forest 
environments, are not taken into account whereas Schoeninger (2014) showed that some 
primates consumed up to 30% of C4 or CAM foods. Furthermore, another difficulty could arise 
in the case of savannahs, whose genesis we have seen could be controlled by edaphic factors 
(Demangeot, 1999; Soares et al., 2015;Thomas-Barry et al., 2021). Indeed, according to Lloyd 
et al. (2015),there are differences between savannah soils, which systematically have lower 
concentrations of exchangeable cations and higher C/N ratios than neighboring forest plots 
and these differences between soils are also reflected in the average leaf characteristics of 
the canopy, with savannah trees generally having a higher leaf mass per unit area, but a lower 
mass of nitrogen and potassium, which has an impact on13C isotopic discrimination. Soil 
potassium would therefore play a critical role in modulating the structure and function of 
tropical vegetation. Finally, recent studies (Fannin and Scott McGraw, 2020) also suggest that 

the main factor in 18O variation in certain primates living under the canopy is not so much 
their diet as their vertical stratification. 
 Prior to their study, Bocherens et al. (2017) aimed to identify whether flexibility in the 
ecological niche of Gigantopithecus could explain its extinction, given that climate change will 
have a stronger impact on species with limited ecological flexibility. This flexibility is well 
known in Cervidae, which are generally considered to be adaptive and often mixed vegetation 
eaters (Kitcheneret al., 1990; Oka, 1998). Actualist or palaeontological studies of long 
evolutionary periods or different environments show this (Berlioz et al., 2017; De Miguel et 
al., 2010; Gebert and Verheyden-Tixier,2001; Hofmann, 1989; Uzunidis et al., 2022) so that 
studies of dental micro- and meso-wear are particularly worthy of development in South-east 
Asia. Such studies indeed indicate local and global environmental trends, such as those 
recognised in several taxa, particularly Ungulates (Fortelius and Solounias, 2000; Merceron et 
al., 2004; Merceron et al., 2007; Rivals et al., 2010; Rivals and Semprebon, 2011). Geographical 
and/or temporal variability in diet and vegetation structure has been illustrated during the 
Cenozoic (Mihlbachler et al., 2011; Rivals et al., 2007; Rivals and Lister, 2016; Semprebon and 
Rivals, 2007, 2010; Semprebon et al., 2016). And improvements have even been made to allow 
correlations between vegetation, climate and niche use (Calandra et al., 2008; Rivals et 
al.,2012). Wirkner and Hertler (2019) attempted to put the method into practice on Muntiacus 
muntjak from the E. Dubois collection preserved in Leiden, but this consists of remains 
brought back from the caves of Lida Ajer, Sibrambang, Jambu and more generally from the 



Padang Highlands without dating and sometimes without distinction of locality. For the three 
Sumatran caves, the Muntiacus muntjak are classified as mixed feeders, which for the 
moment makes it impossible to assess whether this is the reflection of a seasonal 
phenomenon or a mixture of environments linked to a climatic evolution for lack of dating, 
especially as the authors specify that the differences observed for two of the caves concerned 
can-not be validated statistically. Finally, the study of different types of tooth wear carried out 
by Amano et al. (2016) on Javanese cervids and bovids in the Late Pleistocene thus succeeded 
in showing a certain seasonality in clear chronological contexts during the LGM. Extending 
these studies to Asian savannah environments would help to illustrate what seasonality looks 
like in these biotopes which is encouraging for us to go further.  
 Further work was also undertaken on Naemorhedus goral, Naemorhedus griseus, and 
Capricornis sumatraensis which are taxa that co-exist in Pleistocene assemblages in Thailand, 
suggesting a more widely overlapping distribution in the past than today. Investigating their 
diet and habitat preferences using stable carbon and oxygen isotope analyses Suraprasit et al. 
(2020) revealed different ecological patterns between both genus Naemorhedus and 
Capricornis, the latter taxon having a greater generalist diet (browsers and grazers) than the 
former that fed on pure C4 or mixed C3 and C4 plants restricted to an open landscape habitat. 
As far as these taxa are concerned, we can wonder about their respective abilities to adapt to 
altitude by remaining in place through the time even when the climate changes, rather than 
migrating from one area to another, especially as, during karstic erosion in tropical 
environments, landscape erosion helps to generate steep gradients, which explains why the 
cavities located highest up are the oldest (Demangeot, 1999; Dunkley, 1995).  
 Suraprasit et al. (2021) are finally the only ones to have carried out a sequential 

sampling of teeth and to have performed 13C and 18O analyses on the tooth enamel of faunal 
assemblages from different layers of the same site at the Tham Lod rock shelter in north-west 
Thailand. No doubt they are downplaying the significance of their result and that additional 
analyses are needed to follow the evolution of signals by taxon over time in order to obtain a 
more detailed expression of the synchronism or otherwise of the evolution of biodiversity on 
either side of the LGM. The authors limit themselves to a conclusion that is too modest from 

an environmental point of view. In fact, they note no significant change in 13C and 18O values 
among mammals, nor any major seasonal variation based on the intra-dental profiles of the 
crowns of large Bovidae, whereas according to their overall interpretation in terms of diet 
distribution (Fig. 6, p. 8), the various Heinrich events 3, 2 and 1 are already perceptible. The 
Bølling-Allerød event, on the other hand, is not marked. The result of this study is that there 
is evidence for the existence of synchronous mosaic landscapes and that, on the other hand, 
not all global climatic events are recorded in faunal assemblages which is also encouraging for 
us to go further. 
 
6. Conclusion 
 The palaeontology of Southeast Asia remains a field that still lacks a great deal of 
reliable data, while many definitive conclusions are drawn on unsubstantiated grounds. A 
brief historical review shows how gaps remain and have not yet been filled by sufficiently 
rigorous approaches. Present-day South-east Asia is characterized by two biogeographical 
entities (Indochinese to the north and Sundaic to the south) adjoining a Wallacean area 
further east and exclusively insular. Today, the Indochinese-Sundaic transition zone varies 
close to the Kra Isthmus depending on the plant or animal taxa considered. The region is 
characterized by a climate influenced by a monsoon phenomenon (Tada and Murray,2016) 



and a more or less dense forest cover depending on altitude and soil type. Throughout the 
Quaternary, the region was subject to eustatic changes linked to global climate change which 
had an impact on a significant proportion of the land (Sathiamurthy and Voris, 2006; Voris, 
2000).  
 As far as the large mammalian fauna is concerned, the boundary between the two 
present-day biozones has fluctuated overtime. The region is characterised by a faunal 
assemblage initially identified in southern China with tropical taxa (Bien and Chia,1938; De 
Terra, 1943; Fromaget, 1936; Granger, 1938; Matthew and Granger, 1923; Patte, 1928; Pei, 
1935; Young, 1932) described by von Koenigswald (1938–1939) as “Sino-Malay”, which has 
been considered a chronological marker of the Middle or Upper Middle Pleistocene (Colbert 
and Hooijer, 1953; Ginsburg et al., 1982;Han and Xu, 1985; Kahlke, 1961; Pei and Wu, 1956; 
Schepartz et al., 2003). However, as palaeontology has developed locally over the years, the 
biostratigraphic correlation established between the different assemblages has long appeared 
unsatisfactory because it is based on mixtures of sites from different environments. As a 
result, the historical reference series and even most of the new assemblages unearthed 
cannot currently be properly used for palaeoecological or palaeoenvironmental purposes 
because of taphonomic gaps.  
 As far as the Quaternary in South-east Asia is concerned, three major questions have 
been addressed with regard to the biodiversity of the regional megafauna: the possible impact 
of humans(cf. Martin, 1967), the Toba mega-eruptions (cf. Chesner, 2012), or the more or less 
extensive and continuous existence of a savannah on Sundaland during the LGM (cf. Heaney, 
1991). When we looked at this last point, we realized that few studies were able to answer 
the question because of the lack of appropriate media, or at least because of the 
incompleteness or relevance of the information available. After a period of positioning for or 
against the hypothesis of a savannah corridor during the LGM, when everyone seemed to be 
leaning towards the confirmation bias, the time came to note that several elements 
constituted either a confirmation or a denial. This then led to the current phase of a consensus 
admitting to disagreement, with a tendency towards conciliation proposing a more complex 
reality, id est the coexistence of local particularisms(vegetation with varying degrees of cover 
depending on proximity to the coast or altitude, north or south of Sundaland). 
 No doubt we now need to try and provide a real answer to the question of whether or 
not this savannah corridor exists. It cannot be both present and absent although it is still a 
question of everyone agreeing on his definition of the savannah in South-East Asia. So is not 
the real question whether or not it is possible to answer this question or to reformulate it?  
At the very least, it is necessary to try, if possible by remaining as close as possible to the field 
data. The weakness of the basic data is apparent in almost all the studies linked to primary 
data, and depending on the degree of interpretation, the hypothesis may or may not be 
accepted. Work will probably have to be undertaken that will be more arduous and time-
consuming if the results are to be more reliable and lasting. Successive constructions and 
elaborate models often distance themselves from reality by multiplying proxies, which by 
definition are only approximations, without being able to reach it.  
 In the treatment of the savannah corridor hypothesis, phylogeography appeared to be 
a powerful tool, but one that implements numerous inferences that are difficult to control, 
with multiple ecological overlaps and several different methods. Above all, this tool raises 
many questions when there are incongruities from one taxon to another and sometimes 
provides snippets of answers, but these are based on older elements that incorporate 
incomplete primary data or data that has since been contested. In palaeontology, Tougard 



(2001) was one of the first to use the biogeographical approach in a synthetic way to deal with 
Pleistocene faunas on the continent and the Sundaland islands, but on a scale that does not 
allow us to answer the question for the LGM. However, numerous studies have echoed her 
conclusions. The aim is not to accumulate studies in favour of one model or another 
(confirmation bias), but to determine whether we have the information we need to answer 
the questions posed. In this respect, and in particular with regard to the various models used, 
new studies are calling into question the foundations of phylogeographic or biogeographic 
studies by proposing that, due to its subsidence, Sundaland was not covered by the sea in the 
way that has been assumed until now, particularly from 400 ka onwards (see Husson et al., 
2020; Salles et al., 2021;Sarr et al., 2019).From the point of view of isotopic approaches, these 
are carried out on media that involve numerous proxy chains, the accumulation of which 
makes interpretation tricky. We have highlighted the fact that CAM plants are not taken into 
account when reconstructing diets and environments. One major criticism that we have 
levelled at the application of isotopic tools in palaeontology is that they focus on series that 
are unsuitable for answering questions about the evolution of environments over time 
because of the poor taphonomic quality of the palaeontological assemblages taken into 
account. In terms of ecological answers, it is undoubtedly appropriate to combine the isotopic 
approach with that of dental micro- and meso-wear. Similarly, the sequential sampling along 
mammalian high-crowned teeth that can allow quantification of the importance of seasonal 
variations in stable oxygen and carbon isotope composition related to the then prevailing 
environmental conditions (Balasse, 2002; Fricke and O’Neil, 1996; Fricke et al.,1998; Kohn et 
al., 1998) should be systematically implemented. It is also the pitfall of taphonomic gaps that 
limited the scope of the pioneering cenographic study by Tougard and Montuire (2006) to 
account for the palaeoenvironmental evolution of continental faunas in Sundaland during the 
Pleistocene. We strongly recommend the implementation of systematic fine excavations that 
take into account the many taphonomic factors that affect palaeontological assemblages in 
order to avoid considering sites as reliable environmental contexts when this is still not the 
case despite the proposal of some unfounded interpretations (cf. Bacon et al., 2023). By taking 
into account faunal assemblages layer by layer, as was done at Tham Lod (Suraprasit et al., 
2021), it will be possible to see whether or not palaeoenvironmental changes were recorded 
in the register during the LGM. Especially since, as Stimpson (2012) pointed out, closed canopy 
forest habitats may have been considerably reduced and mixed with, or replaced by, wooded 
savannah and grassland habitats and fragmented into refugia. It is therefore a question of 
being able to account for a real ecological mix (mosaic landscape) or a mixing effect, in 
particular for the question of the existence of a savannah corridor, the scale and extent of 
which there is no consensus on. The important thing, therefore, is to give ourselves the means 
to answer the question posed, bearing in mind that the important thing is to contribute 
knowledge and not to make ourselves known. 
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de Bruyn, M., Rüber, L., Nylinder, S., Stelbrink, B., Lovejoy, N.R., Lavoué, S., Tan, H.H., Nugroho, 
E.,Wowor, D., Ng, P.K.L., Siti Azizah, M.N., von Rintelen, T., Hall, R., Carvalho, G.R., 2013. Paleo-
drainage basin connectivity predicts evolutionary relationships across three Southeast Asian 
biodiversity hotspots. Systematic Biology 62, 398–410. 
 
de Bruyn, M., Stelbrink, B., Morley, R.J., Hall, R., Carvalho, G.R., Cannon, C.H., van den Bergh, 
G., Meijaard, E., Metcalfe, I., Boitani, L., Maiorano, L., Shoup, R., von Rintelen, T. (2014). 
Borneo and Indochina are major evolutionary hotspots for Southeast Asian biodiversity. 
Systematic Biology. 63:879–901. 
 
De Dapper, M.,1985. Quaternary aridity in the tropics as evidenced from geomorphological 
research using conventional panchromatic aerial photographs (examples from Peninsular 
Malaysia and Zaire). Bulletin de la Société Belge de Géologie 94,199-207. 
 
De Miguel, D., Azanza, B., Morales, J., 2010. Trophic flexibility within the oldest Cervidae 
lineage to persist through the Miocene Climatic Optimum. Palaeogeography, 
Palaeoclimatology, Palaeoecology 289, 81-92. 
 
de Vos, J., 1983. The Pongo faunas from Java and Sumatra and their significance for 
biostratigraphical and paleo-ecological interpretations. Proceedings Koninklijke Nederlandse 
Akademie van Wetenschappen 86, 417-425. 
 
de Vos J., 1984. Reconsideration of Pleistocene cave faunas from South China and their 
relation to the faunas from Java. Courrier Forschungsinstitut Senckenberg 69, 259-266. 
 
de Vos, J., Sondaar, P.Y., van den Bergh, G.D., Aziz, F., 1994. The Homo bearing deposits of 
Java and its ecological context. Courier Forschungsinstut Senckenberg 171, 129-140. 
 
Demangeot, J., 1999. Tropicalité, géographie physique intertropicale. Armand Colin, Paris.  
 



De Terra, H.,1943. The Pleistocene of Burma. In: De Terra, H. Movius, H.,  Colbert, E., Bequaert, 
J. (Eds.), Transactions of the American Philosophical Society, Vol. 32, Research on Early Man 
in Burma, pp. 271-340. 
 
Di Nezio, P. N., Timmermann, A., Tierney, J.E., Jin, F.F., Otto-Bliesner, B., Rosenbloom, N., 
Mapes, B., Neale, R., Ivanovic, R.F., Montenegro, A., 2016. The climate response of the Indo-
Pacific warm pool to glacial sea level. Paleoceanography 31, 866–894. 
 
Diefendorf, A.F., Mueller, K.E., Wing, S.L., Koch, P.L., Freeman, K.H., 2010. Global patterns in 
leaf 13C discrimination and implications for studies of past and future climate. Proceedings of 
the National Academy of Sciences of the United States of America 107, 5738–5743. 
 
Dodson, J.J., Colombani, F., Ng, P.K.L., 1995. Phylogeographic structure in mitochondrial DNA 
of a South-east  Asian freshwater fish, Hemibagrus nemurus (Siluroidei: Bagridae) and 
Pleistocene sea-level changes on the Sunda shelf. Molecular Ecology 4, 331–346. 
 
Dommain, R., Couwenberg, J., Glaser, P. H., Joosten, H., Nyoman, I., Suryadiputra, N., 2014. 
Carbon storage and release in Indonesian peatlands since the last deglaciation. Quaternary 
Science Reviews 97,1–32. 
 
Duangkrayom, J., Ratanasthien, B., Jintasakul, P., Carling, P.A., 2014. Sedimentary facies and 
paleoenvironment of a Pleistocene fossil site in Nakhon Ratchasima province, northeastern 
Thailand. Holocene Palynology and Tropical Paleoecology. Quaternary International 325, 220-
238. 
 
Dubois, N., Oppo, D.W., Galy, V., Mohtadi, M., Tierney, J.E., Rosenthal, Y., Eglinton, T.I., 
Lückge, A., Linsey, B.K., 2014. Indonesian vegetation response to changes in rainfall 
seasonality over the past 25,000 years. National Geoscience 7, 513–517. 
 
Dunkley, J. 1995. The caves of Thailand. Speleological Research Council Ltd, Sydney. 
 
Duval, M., Fang, F., Suraprasit, K., Jaeger, J.-J., Benammi, M., Chaimanee, Y., Cibanal, J.I., Grün, 
R., 2019. Direct ESR dating of the Pleistcene vertebrate assemblage from Khok Sung locality, 
Nakhon Ratchasima province, Northeast Thailand. Palaeontologia Electronica 22, 69. 
 
Eagleson, P.S., Segarra, R.I., 1985. Water-limited equilibrium of savanna vegetation systems. 
Water Resource Research 21, 1483–1493.  
 
Edwards, E.J., Osborne, C.P., Strrömberg, C.A.E., Smith, S.A., C4 grasses consortium, Bond, 
W.J., Christin, P.-A., Cousins, A.B., Duvall, M.R., Fox, D.L., Freckleton, R.P., Ghannoum, O., 
Hartwell, J., Huang, Y., Janis, C.M., Keeley, J.E., Kellogg, E.A., Knapp, A.K., Leakey, A.D.B., 
Nelson, D.M., Saarela, J. M., Sage, R.F., Sala, O.E., Salamin, N., Still, C.J., Tipple, B., 2010. The 
origins of C4 grasslands: integrating evolutionary and ecosystem science. Science 328, 587–
591. 
 
Ehleringer, J.R., Cerling, T.E., Helliker, B.R., 1997. C₄ photosynthesis, atmospheric CO₂, and 
climate. Oecologia 112, 285–299. 



 
Esselstyn, J.A., Brown, R.M.,2009.The role of repeated sea-level fluctuations in the generation 
of shrew (Soricidae: Crocidura) diversity in the Philippine Archipelago. Molecular 
Phylogenetics and Evolution 53,171–181. 
 
Emmel, F.J., Curray, J.R.,1982. A submerged late Pleistocene delta and other features related 
to sea level changes in the Malacca Strait. Marine Geology 47, 197-216. 
 
Esposito, M., Reyss, J.L., Chaimanee, C., Jaeger, J.J., 2002. U-series dating of fossil teeth and 
carbonates from Snake Cave, Thailand. Journal of Archaeological Science 29, 34-49. 
 
Fannin L.D., Scott McGraw W., 2020. Does oxygen stable isotope composition in Primates vary 
as a function of vertical stratification or folivorous behavior ? Folia Primatologica  91, 219-227. 
 
Fernando, P., Vidya, T.N.C., Payne, J., Stuewe, M., Davison, G., Alfred, R.J., Andau, P., Kilbourn, 
A., Melnick, D.J., 2003. DNA analysis indicates that Asian elephants are native to Borneo and 
are therefore a high priority for conservation. PLoS Biology 1, 110 –115. 
 
Fjeldsa, J., Lovett, J.C., 1997. Geographical patterns of old and young species in African forest 
biota: the significance of specific montane areas as evolutionary centres. Biodiversity and 
Conservation 6, 325–346. 
 
Flenley, J.R., 1996. Problems of the Quaternary on mountains of the Sunda-Sahul region. 
Quaternary Science Reviews 15, 549–555. 
 
Flenley, J.R., 1998. Tropical forests under the climates of the last 30,000 years. Climatic Change 
39, 177–197. 
 
Fortelius, M., Solounias, N., 2000. Functional characterization of ungulate molars using the 
abrasion-attrition wear gradient: a new method for reconstructing paleodiets. American 
Museum Novitates 330, 1–36. 
 
Frenzel, B., Pésci, M., Velichko, A.A.,1992. Altas of Paleoclimates and Paleoenvironments of 
the northern hemisphere Late Pleistocene–Holocene. Geographical Research Institute of 
Hungaria/G. Fischer Verlag, Budapest/Stuttgart. 
 
Fricke, H.C., O'Neil, J.R.,1996. Inter- and intra-tooth variation in the oxygen isotope 
composition of mammalian tooth enamel phosphate: implications for palaeoclimatological 
and palaeobiological research. Palaeogeography, Palaeoclimatology, Palaeoecology 126, 91-
99. 
 
Fricke, H.C., Clyde, W.C., O'Neil, J.R., 1998. Intra-tooth variations in 18O(PO4) of mammalian 
tooth enamel as a record of seasonal variations in continental climate variables. Geochemica 
et Cosmochimica Acta 62, 1839-1850. 
 



Fromaget, J., 1936. Sur la stratigraphie des formations récentes de la Chaîne annamitique 
septentrionale et sur l’existence de l’Homme dans le Quaternaire inférieur de cette partie de 
l’Indochine. Comptes Rendus de l’Académie des Sciences, Paris 203, 738-741. 
 
Fuchs, J., Ericson, P.G.P., Pasquet, E., 2008. Mitochondrial phylogeographic structure of the 
white-browed piculet (Sasia ochracea): cryptic genetic differentiation and endemism in 
Indochina. Journal of Biogeography 35, 565–575. 
 
Gathorne-Hardy, F.J., Syaukani, Davies, R.G., Eggleton, P., Jones, D.T., 2002. Quaternary 
rainforest refugia in south-east Asia: Using termites (Isoptera) as indicators. Biological Journal 
of the Linnean Society of London 75, 453–466. 
 
Gebert, C., Verheyden-Tixier, H., 2001. Variations of diet composition of red deer (Cervus 
elaphus L.) in Europe. Mammal Review 31, 189–201. 
 
Geyh, M.A., Kudrass, H.-R., Streif, H., 1979. Sea-level changes during the late Pleistocene and 
Holocene in the Strait of Malacca. Nature 278, 441-443. 
 
Gilbert, C., Ropiquet, A., Hassanin, A., 2006. Mitochondrial and nuclear phylogenies of 
Cervidae (Mammalia, Ruminantia): systematics, morphology, and biogeography. Molecular 
Phylogenetic Evolution 40, 101–117. 
 
Ginsburg, L., Ingavat, R., Sen, S., 1982. A middle Pleistocene (Loangian) cave fauna in northern 
Thailand. Comptes  Rendus de l’Académie des  Sciences, Paris 294, 295-297. 
 
Gonfiantini, R., Roche, M.A., Olivry, J.C., Fontes, J.C., Zuppi, G.M., 2001. The altitude effect on 
the isotopic composition of tropical rains. Chemical Geology 181, 147–167. 
 
Gorog, A.J., Sinaga, M.H., Engstrom, M.D., 2004. Vicariance or dispersal? Historical 
biogeography of three Sunda shelf murine rodents (Maxomys surifer, Leopoldamys sabanus 
and Maxomys whiteheiadi). Biological Journal of the Linnean Society of London 81, 91–109. 
 
Granger, W.,1938. Medecine Bones. Natural History, Now York 42, 264-271. 
 
Groves, C.P., Westwood, C., Shea, B.T., 1992. Unfinished business: Mahalanobis and a 
clockwork orang. Journal of Human Evolution 22, 327-340. 
 
Haffer, J., 1987. Biogeography and Quaternary history in tropical America. In:  Whitmore, T.C., 
Prance, G.T. (Eds.), Biogeography and Quaternary history in tropical America. Clarendon Press, 
Oxford, pp. 1–18. 
 
Hall, R., 2013. The palaeogeography of Sundaland and Wallacea since the Late Jurassic. Journal 
of Limnology 72,1. 
 
Han, D., Xu, C.,1985. Pleistocene mammalian faunas of China. In : Wu, R.  & J. Olsen, J. (Eds.), 
Palaeoanthropology and Palaeolithic Archaeology in the People's Republic of China. Academic 
Press, Orlando, pp. 267–89. 



 
Han, D., Xu, C., 1989. Quaternary mammalian faunas in south China. In: Wu, R., Wu, X., Zhang, 
S. (Eds.), Early humankind in China, Beijing Science Press, Beijing, pp. 338-391. 
 
Handiani, D., Paul, A., Zhang, X., Prange, M., Merkel, U., Dupont, L., 2012.  Tropical vegetation 
response to Heinrich Event 1 as simulated with the UVic ESCM and CCSM3. Climate of the Past 
Discusions 8, 5359-5387. 
 
Hanebuth,T.J.J., Stattegger, K., Bojanowski, A., 2009. Termination of the Last Glacial Maximum 
sea-level lowstand: the Sunda-Shelf data revisited. Global Planetary Change 66, 76–84. 
Harrison, T., Krigbaum, J., Manser, J., 2006. Primate biogeography and ecology on the Sunda 
Shelf islands: a paleontological and zooarchaeological perspective. In: Lehman, S.M., Fleagle, 
J.G. (Eds) Primate biogeography. Springer, New York, pp. 331–372. 
 
Heaney, L.R., 1986. Biogeography of mammals in SE Asia: estimates of rates of colonization, 
extinction and speciation. Biological Journal of the Linnean Society 28, 127–165. 
 
Heaney, L.R., 1991. A synopsis of climatic and vegetational change in Southeast Asia. Climatic 
Change 19, 53–61. 
 
Hesla, B.I., Tieszen, L.L., Boutton, T.W., 1985. Seasonal water relations of savanna shrubs and 
grasses in Kenya. Journal of Arid Environments 8, 15–31.  
 
Hing, T.T., Leong, L.K.,1990. Environmental placer gold deposits in northern Pahang. Bulletin 
of the Geological Society of Malaysia 26, 1–11. 
 
Hirai, H., Wijayanto, H., Tanaka, H., Mootnick, A.R., Hayano, A., Perwitasari-Farajallah, D., 
Iskandriati, D., Sajuthi, D., 2005. A whole-arm translocation (WAT8/9) separating Sumatran 
and Bornean agile gibbons, and its evolutionary features. Chromosome Research 13, 123 –33. 
 
Hirota, M., Holmgren, M., Van Nes, E.H., Scheffer, M., 2011. Global resilience of tropical forest 
and savanna to critical transitions. Science 334, 232–235. 
 
Hofmann, R.R., 1989. Evolutionary steps of ecophysiological adaptation and diversification of 
ruminants: a comparative view of their digestive system. Oecologia 78, 443–457. 
 
Holloway, J.D., Hall, R.,1998. SE Asian geology and biogeography: an introduction. In:  Hall, R.,  
Holloway, J.D.  (Eds.), Biogeography and geological evolution of SE Asia. Backhuys Publishers, 
Leiden, pp.1-23. 
 
Hope, G.S., Kershaw, A.P., van der Kaars, S., Xiangjun, S., Liew, P.-M., Heusser, L.E., Takahara, 
H., McGlone, M., Miyoshi, N., Moss, P.T., 2004. History of vegetation and habitat change in 
the Austral-Asian region. Quaternary International 118-119, 103–126. 
 
Hope, G.S., 2007. Paleoecology and Paleoenvironments of Papua. In: Marshall, A.J., Beehler, 
B.M.  (Eds.), The Ecology of Papua. Part One, Periplus, Singapore, pp. 255-266. 
 



Huffman, O.F., Berkhout, Albers, P.C.H., de Vos, J., A.W., Aziz, F., 2022. Geology and discovery 
record of the Trinil Pithecanthropus erectus site, Java. PaleoAnthropology 2022, 266-326. 
 
Huffman, O.F., de Vos, J., Berkhout, A.W., Aziz, F., 2010. Provenience reassessment of the 
1931-1933 Ngandong Homo erectus (Java), confirmation of the bone-bed origin reported by 
the discoverers. PaleoAnthropology 2010, 1-60. 
 
Huffman, O.F., Shipman, P., Hertler, C., de Vos, J., Aziz, F., 2005. Historical evidence of the 
1936 Mojokerto skull discovery, East Java. Journal of Human Evolution 48, 321-363. 
 
Huffman, O.F., Zaim, Y., Kappelman, J., Ruez, D., de Vos, J., Rizal, Y., Aziz, F., Hertler, C.,  2006. 
Relocation of the 1936 Mojokerto skull discovery site near Perning, east  Java. Journal of 
Human Evolution 50, 431-451. 
 
Hunt, C.O., Gilbertson, D.D., Rushworth, G., 2007. Modern humans in Sarawak, Malaysian 
Borneo, during Oxygen Isotope Stage 3, palaeoenvironmental evidence from the Great Cave 
of Niah. Journal of Archaeological Science 34, 1953–1969. 
 
Hunt, C.O., Gilbertson, D.D., Rushworth, G., 2012. A 50,000-years record of the late 
Pleistocene tropical vegetation and human impact in lowland Borneo. Quaternary Science 
Reviews 37, 61–80. 
 
Husson, L., Boucher, F., Sarr, A.-C., Sepulchre, P., Cahyarini, S.Y., 2020. Evidence of Sundaland’s 
subsidence requires revisiting its biogeography. Journal of Biogeography 47, 843-853. 
 
Husson, L., Salles, T., Lebatard, A.-E., Zerathe, S., Braucher, R., Noerwidi, S., Arobowo, S., 
Mallard, C., Carcaillet, J., Natawidjadja, D.H., Bourlès, D., ASTER team, 2022. Javanese Homo 
erectus on the move in SE Asia circa 1.8Ma. Scientific Reports 12, 19012. 
 
Inger, R., Voris, H., 2001. The biogeographical relations of the frogs and snakes of Sundaland. 
Journal of Biogeography 28, 863–891. 
 
Janssen, R., Joordens, J.C.A., Koutamanis, D.S., Puspaningrum, M.R., de Vos, J., van der Lubbe, 
J.H.J.L., Reijmer, J.J.G., Hampe, O., Vonhof, H.B., 2016. Tooth enamel stable isotopes of 
Holocene and Pleistocene fossil fauna reveal glacial and interglacial paleoenvironments of 
hominins in Indonesia. Quaternary Science Reviews 144, 145-154. 
 
Jeltsch, F., Weber, G.E., Grimm, V., 2000. Ecological buffering mechanisms in savannas: a 
unifying theory of long-term tree–grass coexistence. Plant Ecology 150, 161–171.  
 
Joordens, J. C., d’Errico, F., Wesselingh, F.P., Munro, S., de Vos, J., Wallinga, J., Ankjaergaard, 
C., Reimann, T., Wijbrans, J.R., Kuiper, K. F., Mücher, H.J., Coquegniot, H., Prié, V., Joosten, I., 
van Os, B., Schulp, A.S., Panuel, M., vn der Haas, V., Lustenhouwer, W., Reijmer, J.J., 
Roebroeks, W., 2015. Homo erectus at Trinil on Java used shells for tool production and 
engraving. Nature 518, 228–231. 
 
Kahlke, H., 1961. On the complex of the Stegodon-Ailuropoda fauna of Southern China and 



the chronological position of Gigantopithecus blacki V. Koenigswald. Vertebrata Palasiatica 2, 
83-108. 
 
Kamaludin, H., Azmi, H.Y., 1997. Interstadial records of the last glacial period at Pantai Remis, 
Malaysia. Journal of Quaternary Science 12, 419–434. 
 
Kealhofer, L., Penny, D., 1998. A combined pollen and phytolith record for fourteen thousand 
years of vegetation change in northeastern Thailand. Review of Palaeobotany and 
Palynology103, 83-93. 
 
Kershaw, A.P., Penny, D., van der Kaars, S., Anshari, G., Thamotherampillai, A., 2001. 
Vegetation and climate in lowland Southeast Asia at the Last Glacial Maximum. In: Davidson, 
I., Metcalf, I., Morwood, M., Smith, J.M.B. (Eds.), Faunal and floral migrations and evolution in 
SE Asia–Australasia. Lisse: A.A., Balkema, pp.  227–236. 
 
Kershaw, A.P., van der Kaars, S., Flenley, J.R., 2007. The Quaternary history of far eastern 
rainforests. In: Bush, M.B., Flenley, J.R.  (Eds.), Tropical rainforest responses to climate change. 
Springer, Berlin, pp. 77–115. 
 
Kitchener, D.J., Boedi, Charlton, L., Maharadatunkamsi., 1990. Wild Mammals of Lombok 
Island. Records of the Western Australian Museum, Supplement 33, 1-129.  
 
Koch, P.L., 1998. Isotopic reconstruction of past continental environments. Annual Review of 
Earth Planetary Sciences 26, 573-613.  
 
Koenigswald, von G.,1938-1939. The relationship between the fossil mammalian faunae of Java 
and China, with special reference to early man. Peking Natural History Bulletin 13, 293-298. 
 
Knoop, W.T., Walker, B.H., 1985. Interactions of woody and herbaceous vegetation in a 
southern African savanna. Journal of Ecology 73, 235–253.  
 
Kohn, M.J., Schoeninger, M.J., Valley, J.W.,1998. Variability in oxygen isotope composition of 
herbivore teeth: reflections of seasonality or developmental physiology? Chemical Geology 
152, 97-112. 
 
Kuenen, P.H., 1950. Marine geology. In: Wiley, J. & Sons, New York. 
 
Kumar, D., Pfeiffer, M., Gaillard, C., Langan, L., Scheiter, S., 2021. Climate change and elevated 
CO2 favor forest over savanna under different future scenarios in South Asia. Biogeosciences 
18, 2957-2979. 
 
Lee-Thorp, J.A., Sealy, J.C. van der Merwe, N.J., 1989. Stable carbon isotope ratio differences 
between bone collagen and bone apatite and their relationship to diet. Journal of 
Archaeological Science 16, 585-599. 
 
Lehmann, C.E.R, Anderson, T.M., Sankaran, M., Higgins, S.I., Archibald, S., Hoffmann, W.A., 
Hanan, N. P., Williams, R.J., Fensham, R.J., Felfili, J., Hutley, L.B., Ratnam, J., Jose, J.S., Montes, 

https://www.science.org/doi/10.1126/science.1247355#con1


R., Franklin, D., Russell-Smith, J., Ryan, C.M., Durigan, G., Hiernaux, P., Haidar, R., Bowman, 
D.M.J.S., Bond, W.J., 2014. Savanna vegetation-fire climate relationships differ among 
continents. Science 343, 548–552. 
 
Leonard, J. A, den Tex, R.-J., Hawkins, M.T.R.  Munoz-Fuentes, V., Thorington, R., Maldonado, 
J.E., 2015. Phylogeography of vertebrates on the Sunda shelf : a multi-species comparison. 
Journal of Biogeography 42, 871-879. 
 
Lim, H.C., Rahman, M.A., Lim, S.L., Moyle, R.G., Sheldon, F.H., 2011. Revisiting Wallace’s haunt: 
Coalescent simulations and comparative niche modeling reveal historical mechanisms that 
promoted avian population divergence in the Malay Archipelago. Evolution 65, 321–334. 
 
Lloyd, J., Domingues, T.F., Schrodt, F., Ishida, F.Y., Feldpausch, T.R.Saiz, G., Quesada, C.A., 
Schwarz, M., Torello-Raventos, M., Gilpin, M., Marimon, B.S., Marimon-Junior, B.H., Ratter, 
J.A., Grace, J., Nardoto, G.B., Veenendaal, E., Arroyo, L., Villarroel, D., Killeen, T.J., Steininger, 
M., Phillips, M., 2015. Edaphic, structural and physiological contrasts across Amazon Basin-
forest-savanna ecotones suggest  a role for potassium as a key modulator of tropical woody  
vegetation structure and function. Biogeosciences 12, 6529-6571. 
 
Lohman, D.J., de Bruyn, M., Page, T., von Rintelen, K., Hall, R., Ng, P.K., Shih, H., Carvalho, G.R., 
von Rintelen, T., 2011. Biogeography of the Indo-Australian archipelago. Annual Review of 
Ecology, Evolution and Systematics 42, 205–226. 
 
Lohman, D.J., Peggie, D., Pierce, N.E., Meier, R., 2008. Phylogeography and genetic diversity 
of a widespread Old World butterfly, Lampides boeticus (Lepidoptera: Lycaenidae). BMC 
Evolutionary Biology 8, 301. 
 
Longinelli, A.,1984. Oxygen isotopes in mammal bone phosphate: A new tool for 
paleohydrological and paleoclimatological research? Geochimica et Cosmochimica Acta 48, 
385– 390. 
 
Louys, J., Roberts, P., 2020. Environmental drivers of megafauna and hominin extinction in 
Southeast Asia. Nature 402, 402-406. 
 
Louys, J., Meijaard, E., 2010. Palaeoecology of Southeast Asian megafauna-bearing sites from 
the Pleistocene and a review of environmental changes in the region. Journal of Biogeography. 
37, 1432–1449. 
 
Luo, S.-J., Kim, J.-H., Johnson, W.E., van der Walt, J., Martenson, J., Yuki, N., Miquelle, D.G., 
Uphyrkina, O., Goodrich, J.M., Quigley, H.B., Tilson, R., Brady, G., Martelli, P., Subramaniam, 
V., McDougal, C., Hean, S., Huang, S.-Q., Pan, W., Karanth, U.K., Sunquist, M., Smith, J.L.D., 
O’Brien, S.J., 2004. Phylogeography and genetic ancestry of tigers (Panthera tigris). PLoS 
Biology 2, 2275–2293. 
 
Luz, B., Kolodny, Y., Horowitz, M., 1984. Fractionation of oxygen isotopes between 
mammalian bone-phosphate and environmental drinking water. Geochimica et 
Cosmochimica Acta 48, 1689–1693. 



 
Ma, J.,   Wang, Y., Jin, C.,  Hu, Y., Bocherens, H., 2019. Ecological flexibility and differential 
survival of Pleistocene Stegodon orientalis and Elephas maximus in mainland southeast Asia 
revealed by stable isotope (C, O) analysis. Quaternary Science reviews 212, 33-44. 
 
MacFadden,  B., Solounias, N., Cerling, T., 1999. Ancient diets, ecology, and extinction of 5 
million-year-old horse from Florida. Science 283, 824-827. 
 
Martin, C., Bentaleb, I., Kaandorp, R., Iacumin P., Chatri, K. 2008. Intra-tooth study of modern 
rhinoceros enamel 18O: Is the difference between phosphate and carconate  18O a sound 
diagenetic test ? Palaeogeography, Palaeoclimatology, Palaeoecology 266, 183-189. 
 
Marwick, B., Gagan, M., 2011. Late Pleistocene monsoon variability in northwest Thailand : a 
n oxygen isotope sequence from bivalve Margaritanopsis laosensis excavated in Mae Hong 
Son province Quaternary Science Reviews 30, 3088-3098. 
 
Martin, P.S., 1967. Overkill at Olduvai Gorge. Nature 215, 212-213. 
 
Mason, V., Helgen, K., Murphy, W., 2019. Comparative phylogeograpghy of forest-dependent 
mammals reveals paleo-forest corridors throughout Sundaland. Journal of Heredity 110, 158-
172. 
 
Matthew, W., Granger, W., 1923. New fossil mammals from the Pliocene of Szechuan, China.  
Bulletin of the American Museum National History 48, 563-598. 
 
Mays, H.L., Hung, C.M., Shaner, P.J., Denvir, J., Justice, M., Yang, S.F., Roth, T.L., Oehler, D.A., 
Fan, J., Rekulapally, S., Primerano D.A., 2018. Genomic analysis of demographic history and 
ecological niche modeling in the endangered Sumatran rhinoceros Dicerorhinus sumatrensis. 
Current Biology 28, 70–76. 
 
McAllister M.S., Morley M., Tyler, J., McInermey F., Blyth A., 2022. Investigating the 
paleoenvironmental context of Late Pleistocene human dispersals into Southeast Asia : a 
review of stable isotope applications. Archaeological and Anthropological Sciences. 14 : 86. 
 
Medway, Lord, 1971. The Quaternary mammals of Malesia, a review. In Ashton, (Eds.) 
Second Aberdeen-Hull Symposium on Malesian Ecology, Aberdeen. Miscellaneous Series 13, 
63-98. 
 
Meijaard, E., 2003. Mammals of Southeast Asian islands and their Late Pleistocene 
environments. Journal of  Biogeography 30, 1245–1257. 
 
Meijaard, E., Groves, C.P., 2006. The geography of mammals and rivers in mainland Southeast 
Asia. In: Lehman, S.M., Fleagle, J.G. (Eds.), Primate biogeography. Springer, New York, pp. 305–
329. 
 
Meijer, W., Withington, W.A., 1981. A map of vegetation and land use in Sumatra. Indonesia 
Circle, School of Oriental & African Studies Newsletter 9, 29–37. 



 
Merceron, G., Blondel, C., Brunet, M., Sen, S., Solounias, N., Viriot, L., Heintz, E., 2004. The 
Late Miocene paleoenvironment of Afghanistan as inferred from dental microwear in 
artiodactyls. Palaeogeography, Palaeoclimatology, Palaeoecology 207, 143-163. 
 
Merceron, G., Blondel, C., Viriot, L., Koufos, G., de Bonis, L., 2007. Dental microwear analysis 
on bovids from the Vallesian (Late Miocene) of the Axios Valley in Greece: reconstruction of 
the habitat of Ouranopithecus macedoniensis (Primates, Hominoidea). Geodiversitas 29, 421-
433. 
 
Messerschmid, T.F.E., Wehling, J., Bobon, N., Kahmen, A., Klak, C., Los, J.A., Nelson, D.B., dos 
Santos, P., de Vos, J.M., Kadereit, G., 2021. Carbon isotope composition of plant 
photosynthetic tissues reflects a Crassulacean Acid Metabolism (CAM) continuum in the 
majority of CAM lineages. Perspectives in Plant Ecology, Evolution and Systematics 51, 
125619. 
 
Mihlbachler, M.C., Rivals, F., Solounias, N., Semprebon, G.M., 2011. Dietary change and 689 
evolution of horses in North America. Science 331, 1178-1181. 
 
Mittermeier, R.A., Turner, W.R., Larsen, F.W., Brooks, T.M., Gascon, C., 2011. Global 
biodiversity conservation: the critical role of hotspots. In: Zachos, F.,  Habel, J. (Eds.), 
Biodiversity hotspots. Springer; Berlin/Heidelberg, pp.3–22. 
 
Molengraaff, G.A.F., Weber M.,1921. On the relation between the Pleistocene glacial period 
and the origin of the Sunda Sea ( Java and South China Sea), and its influence on the 
distribution of coral reefs and on the land and freshwater fauna. Proceedings of the 
Koninklijke Nederlandse Akademie van Wetenschappen. 23:395–439 
 
Molengraaff, G.A.F., Weber, M., 1920. Het verband tusschen den plistoceenen ijstijd en het 
ontstaan der Soenda-zee en de invloed daarvan op de verspreiding der koraalriffen en op de 
fauna. Verslagen der Afdeeling Natuurkunde 28, 497-544. 
 
Molengraaff, G.A.F., 1921. Modern deep-sea research in the east Indian archipelago. 
Geographical Journal 57, 95 –121. 
 
Mordelet, P., Menaut, J.C., Mariotti, A., 1997. Tree and grass rooting patterns in an African 
humid savanna. Journal of Vegetation Science 8, 65–70.  
 
Morley, R.J., 1981. Development and vegetation dynamics of a lowland ombrogenous peat 
swamp in Kalimantan Tengah, Indonesia. Journal of Biogeography 9, 151-190.  
 
Morley, R.J., 1998. Palynological evidence for Tertiary plant dispersals in the SE Asian region 
in relation to plate tectonics and climate. In: Hall, R.,  Holloway, J.D.  (Eds.), Biogeography and 
geological evolution of SE Asia. Backhuys Publishers, Leiden, pp. 211–234.  
 
Morley, R.J., 2000. Origin and Evolution of Tropical Rain Forests. In : Wiley, J. & Sons (Eds.), 
Chichester. 



 
Morley, R.J., 2012. A review of the Cenozoic paleoclimate history of Southeast Asia. In Biotic 
evolution and environmental change in Southeast Asia. In: Gower, D.J., Johnson, K.G.,  
Richardson, J.E., Rosen, B.R., Ruber, L. Williams, S. (Eds.), Cambridge University Press, 
Cambridge, pp. 79–114. 
 
Morley, R.J., 2018. Assembly and division of the South and South-East Asian flora in relation 
to tectonics and climate change. Journal of Tropical Ecology 34, 209-234. 
 
Morley, R.J., Flenley, J.R., 1987. Late Cainozoic vegetational and environmental changes in the 
Malay Archipelago. In Whitmore, T.C. (Ed.), Biogeographical evolution of the Malay 
Archipelago. Clarendon Press, Oxford, pp. 50-59. 
 
Moyle, R.G., Schilthuizen, M., Rahman, M.A., Sheldon, F.H., 2005. Molecular phylogenetic 
analysis of the white crowned forktail Enicurus leschenaulti in Borneo. Journal of Avian 
Biology, 36, 96–101. 
 
Muller, J., 1975. Pollen analytical studies of peat and coal from northwest Borneo. Modern 
Quaternary Research Southeast Asia 1, 83–86. 
 
Müller, C.J., Wahlberg, N., Beheregaray, L.B., 2010. ‘After Africa’: the evolutionary history and 
systematics of the genus Charaxes Ochsenheimer (Lepidoptera: Nymphalidae) in the Indo-
Pacific region. Biological Journal of the Linnean Society 100, 457–481. 
 
Myers, N., Mittermeier, R.A., Mittermeier, C.G., Da Fonseca, G.A.B., Kent, J., 2000. Biodiversity 
hotspots for conservation priorities. Nature 403 : 853-858. 
 
O’Connell, K.A., Oaks, J.R., Hamidy, A., Shaney, K.J., Kurniawan, N., Smith, E.N., Fujita, M., 
2020. Impacts of the Toba eruption and montane forest expansion on diversification in 
Sumatran parachuting frogs (Rhacophorus). Molecular Ecology 29,2994–3009. 
 
Oka, G.M., 1998. Factors Affecting the Management of Muntjac Deer (Muntiacus muntjak) in 
Bali Barat National Park, Indonesia. Faculty of Environmental Management and Agriculture. 
PhD  University of Western Sydney, Hawkesbury, 238 p. 
 
Orchiston, D., Siesser, W., 1982. Chronostratigraphy of the Plio-Pleistocene fossil Hominids of 
Java. Modern Quaternary Research in South-East Asia 7, 131-149. 
 
Otto, D., Rasse, D., Kaplan, J., Warnant, P., Francois, L., 2002. Biospheric carbon stocks 
reconstructed at the Last Glacial Maximum: Comparison between general circulation models 
using prescribed and computed sea surface temperatures. Global and Planetary Change 33, 
117–138. 
 
Page, S.E., Rieley, J.O., Shotyk, O.W., Weiss,  D., 1999. Interdepence of peat and vegetation in 
a tropical peat swamp forest. Philosophical Transactions of the Royal Society of London 354, 
1885-1897. 
 



Patou, M.L., Wilting, A., Gaubert, P., Esselstyn, J.A., Cruaud, C., Jennings, A.P., Fickel, J., Veron, 
G., 2010. Evolutionary history of the Paradoxurus palm civets – a new model for Asian 
biogeography. Journal of Biogeography 37,  2077–2097. 
 
Patte, E., 1928. Comparaison des faunes de mammifères de Lang Son (Tonkin) et du Se 
Tchouen. Bulletin de la Société Géologique Française 28, 55-63. 
 
Pederzani, S., Britton, K., 2019. Oxygen isotopes in bioarchaeology: Principles and 
applications, challenges and opportunities. Earth Science Review 188, 77–107. 
 
Peel, M.C., Finlayson, B.L., McMahon, T.A., 2007. Updated world map of the Köppen-Geiger 
climate classification. Hydrology and Earth System Science 4, 439–473. 
 

Pei, W., 1935. Fossils mammals from the Kwangsi Caves. Bulletin of the Geological Society of 
China 14, 413-425. 
 
Pei, W., 1957. The zoogeographical divisions of Quaternary mammalian faunas in China. 
Vertebrata Palasiatica 1, 9-24. 
 
Pei, W., Wu, J., 1956. New materials of Gigantopithecus teeth from south China. Acta 
Palaeontologica Sinica 4, 477–90. 
 
Penny, D., 2001. A 40 000 year palynological record from north-east Thailand ; implications 
for biogeography and palaeo-environmental reconstruction. Palaeogeography, 
Palaeoclimatology, Palaeoecology 171, 97-128. 
 
Petersen, R.M., 1969.Würm II climate at Niah Cave. Journal of Sarawak Museum 17, 67-79. 
 
Pickett, E.J., Harrison, S.P., Hope, G., Harle, K., Dodson, J.R., Kershaw, A.P., Prentice, I.C., 
Backhouse, E.A., Colhoun, E.A., D’Costa, D., Flenley, J., Grindrod, J., Haberle, S., Hassell, C., 
Kenyon, C., Macphail, M., Martin, H., Martin, A.H., McKenzie, M., Newsome, J.C., Penny, D., 
Powell, J., Raine, J.I., Southern, W., Stevenson, J., Sutra, J.-P., Thomas, I., van der Kaars, S., 
Ward, J., 2004. Pollen-based reconstructions of biome distributions for Australia, Southeast 
Asia and the Pacific (SEAPAC region) at 0,6000 and 18,000 C-14 years BP. Journal of 
Biogeography 31, 1381–444. 
 
Piper, P.J., Ochoa, J., Robles, E.C., Lewis, H., Paz, V., 2011. Palaeozoology of Palawan Island, 
Philippines. Quaternary  International 233, 142–158. 
 
Piper, P.J., Rabett, R.J., 2009. Hunting in tropical rainforest: evidence from the terminal 
Pleistocene at Lobang Hangus, Niah caves, Sarawak, Borneo. International Journal of 
Osteoarcheology 19, 551-565. 
 
Poole, I., Davies, C., 2001. Glutoxylon Chowdhury (Anacardiaceae): the first record of fossil 
wood from Bangladesh. Review of Palaeobotany and Palynology 113, 261–272. 
 



Prance, G.T., 1979. Biological diversification in the tropics. Columbia University Press, New 
York. 
 
Prentice, I.C., Martin, T. Sykes, M.T., Lautenschlager, M., Harrison, S.P., Denissenko, O., 
Bartlein, P.J., 1993. Modelling global vegetation patterns and terrestrial carbon storage at the 
last glacial maximum. Global Ecology and Biogeography Letters 3, 67–76. 
 
Prentice, I.C., Harrison, S.P., Bartlein, P.J., 2011. Global vegetation and terrestrial carbon cycle 
changes after the last ice age. New Phytologist 189, 988–998. 
 
Pushkina, D., Bocherens, H., Chaimanee, Y., Jaeger, J.-J. 2010. Stable carbon isotope 
reconstruction of diet and paleoenvironment from the late Middle Pleistocene  Snake Cave in 
Northern Thailand. Naturwissenschaften 97, 299-309. 
 
Puspaningrum, M.R.,  van den Bergh, G.D.,  Chivas, A.R., Setiabudi, E.,  Kurniawan, I.,  2020. 
Isotopic reconstruction of Proboscidean habitats and diets on Java since the Early Pleistocene: 
Implications for adaptation and extinction. Quaternary Science Reviews 228, 106007. 
 
Quek, S.P., Davies, S.J., Ashton, P.S., Itino, T., Pierce, N.E., 2007. The geography of 
diversification in mutualistic ants: a gene’s-eye view into the Neogene history of Sundaland 
rain forests. Molecular Ecology 16, 2045–2062. 
 
Raes, N., Cannon, C.H., Hijmans, R.J., Piessens, T., Saw, L.G., van Welzen, P.C., Ferry-Slik, J.W., 
2014. Historical distribution of Sundaland's Dipterocarp rainforests at Quaternary glacial 
maxima. Proceedings of the National Academy of Science USA 111, 16790-16795.  
 
Rahardjo, A.T., 1999. Perubahan iklim dan batas umur Pliosen – Plistosen berdasarkan analisis 
forminifera dan palinologi di daerah Mojoroto, Mojokerto – Jawa Timur. Buletin Geologi 31, 
1–14. 
 
Randi, E., Lucchini, V., Diong, C.H., 1996. Evolutionary genetics of the suiformes as 
reconstructed using mtDNA sequences/ Journal of Mammalian Evolution 3, 163–94.  
 
Ratnam, J., Bond, W.J., Fensham, R.J., Hoffmann, W.A., Archibald, S., Lehmann, C.E.R., 
Anderson, M.T., Higgins, S.I., Sankaran, M., 2011. When is a ‘forest’ a savanna, and why does 
it matter? Global Ecology and Biogeography 20, 653–660.  
 
Ratnam, J., Tomlinson, K.W., Rasquinha, D.N., Sankaran,  M., 2016. Savannahs of Asia: 
antiquity, biogeography, and an uncertain future. Philosophical Transactions of the Royal 
Society of London  B Biological Science 371, 2015305.  
 
Remmert, H., 1991. The Mosaic-Cycle Concept of Ecosystems- An overview.  In Remmert, H. 
(Ed.), The Mosaic-Cycle Concept of Ecosystems. Ecological Studies, vol 85. Springer, Berlin, 
Heidelberg, pp. 1-21. 
 
Richards, P.W., 1996. The Tropical Rain Forest: An Ecological Study. Cambridge University 
Press, Cambridge. 



 
Rivals, F., Solounias, N., Mihlbachler, M.C., 2007. Evidence for geographic variation in the diets 
of late Pleistocene and early Holocene Bison in North America, and differences from the diets 
of recent Bison. Quaternary Research 68, 338-346. 
 
Rivals, F., Mihlbachler, M.C., Solounias, N., Mol, D., Semprebon, G.M., de Vos, J., Kalthoff, D.C., 
2010. Palaeoecology of the Mammoth Steppe fauna from the late Pleistocene of the North 
Sea and Alaska: Separating species preferences from geographic influence in paleoecological 
dental wear analysis. Palaeogeography, Palaeoclimatology, Palaeoecology 286, 42-54. 
 
Rivals, F., Semprebon, G.M., 2011. Dietary plasticity in ungulates: insight from tooth 
microwear analysis. Quaternary International 245, 279-284. 
 
Rivals, F.,  Semprebon, G.,  Lister, A., 2012. An examination of dietary diversity patterns in 
Pleistocene proboscideans (Mammuthus, Palaeoloxodon, and Mammut) from Europe and 
North America as revealed by dental microwear. Quateranry International 255, 188-195. 
 
Rivals, F., Lister, A.M., 2016. Dietary flexibility and niche partitioning of large herbivores 
through the Pleistocene of Britain. Quaternary Science Reviews 146, 116-133.  
 
Rozanski, K., Araguás‐Araguás, L., Gonfiantini, R., 1993. Isotopic Patterns in Modern Global 
Precipitation. In : Swart, P.K., Lohmann, K.C.,  Mckenzie, J., Savin, S.  (Eds.), Climate Change in 
Continental Isotopic Records, Geophysical Monograph Series, AGU, Washington DC, Vol. 78, 
pp.1-36. 
 
Ruedi, M., 1996. Phylogenetic evolution and biogeography of Southeast Asian shrews (genus 
Crocidura: Soricidae). Biological Journal of the Linnean Society 58, 197–219. 
 
Rugmai, W.J., Grote, P., Chonglakmani, C., Zetter, R.K., Ferguson, D., 2008. A Late Pleistocene 
palynoflora from the coastal area of Songkhla Lake, southern Thailand. Science Asia 34, 137.  
 
Russell, J. M., Vogel, H., Konecky, B.L., Bijaksana, S., Huang, Y., Melles, M ;, Wattrus, N., Costra, 
K., King, J. W., 2014. Glacial forcing of central Indonesian hydroclimate since 60,000 y B.P. 
Proceedings of the National Academy of Science USA 111, 5100–5105.  
 
Saegusa, H., 2001. Comparisons of Stegodon and elephantid abundances in the Late 
Pleistocene of southern China. In : Cavaretta, G., Gioia, P., Mussi, M., Palombo, M. (Eds.), The 
World of Elephants. Consiglio Nazionale delle Ricerche, Rome, pp. 345-349. 
 
Salles, T., Mallard, C., Husson, L., Zahirovic, S., Sarr, A.-C., Sepulchre, P., 2021. Quaternary 
landscape dynamics boosted species dispersal across Southeat Asia. Nature Communications 
Earth & Environment 2, 240. 
 
Sankaran, M., Hanan, N.P., Scholes, R.J., Ratnam, J., Augustine, D.J., Cade, B.S., Gignoux, J., 
Higgins, S.I., Le Roux, X., Ludwig, F., Ardo, J., Banyikwa, F., Bronn, A., Bicini, G., Caylor, K.K., 
Coughenour, M.B., Diouf, A., Ekaya, W., Feral, C.J., February, E.C., Frost, P.G.H, Hiernaux, P., 

https://www.sciencedirect.com/science/article/pii/S0033589407000956
https://www.sciencedirect.com/science/article/pii/S0033589407000956
https://www.sciencedirect.com/science/article/pii/S0033589407000956


Hrabar, H., Metzger, K.L., Prins, H.H.T., Ringrose, S., Sea, W., Tews, J. Worden, J., Zambatis, N., 
Determinants of woody cover in African savannas. Nature 438, 846-849. 
 
Sarr, A.C., Husson, L., Sepulchre, P., Pastier, A.-M., Pedoja, K., Elliot, M., Arias-Ruiz, C., 
Solihuddin, T., Aribowo, S., Susilohadi, 2019. Subsiding Sundaland. Geology 47, 119–122. 
 
Sathiamurthy, E., Voris, H.K., 2006. Maps of Holocene sea level transgression and submerged 
lakes of the Sunda shelf. The Natural History Journal of Chulalongkorn University 2, 1-43. 
 
Schepartz, L., Bakken, D., Miller-Antonio, S., Paraso, C., Karkanas, P., 2003. Faunal approaches 
to site formation processes at Panxian Dadong. In : Shen, C. Keates, K. (Eds.), Current Research 
in Chinese Pleistocene Archaeology. British Archaeological Research Monography, 1179, pp. 
70-94. 
 
Schoeninger, M., 2014. Stable Isotope Analyses and the Evolution of Human Diets. Annual 
Review of Anthropology 43, 413-430. 
 
Scholes, R.J., Archer, S.R., 1997. Tree–grass interactions in savannas. Annual Review of Ecology 
and Systematics 28, 517–544. 
 
Scholes, R.J., Walker, B.H., 1993. An African Savanna -Synthesis of the Nylsvley Study. 
Cambridge University Press, Cambridge, MA. 
 
Semprebon, G.M., Rivals, F., 2007. Was grass more prevalent in the pronghorn past? An 
assessment of the dietary adaptations of Miocene to recent Antilocapridae (Mammalia: 
Artiodactyla). Palaeogeography, Palaeoclimatology, Palaeoecology 253, 332-347. 
 
Semprebon, G.M., Rivals, F., 2010. Trends in the paleodietary habits of fossil camels from the 
Tertiary and Quaternary of North America. Palaeogeography, Palaeoclimatology, 
Palaeoecology 295, 131-145. 
 
Semprebon, G.M., Rivals, F., Solounias, N., Hulbert, R.C., 2016. Paleodietary reconstruction of 
fossil horses from the Eocene through Pleistocene of North America. Palaeogeography, 
Palaeoclimatology, Palaeoecology 442, 110-127. 
 
Shih, H.-T., Yeo, D.C.J., Ng, P.K.L., 2009. The collision of the Indian plate with Asia: molecular 
evidence for its impact on the phylogeny of freshwater crabs (Brachyura: Potamidae). Journal 
of Biogeography 36, 703–719. 
 
Shutler, R., Head, J., Donahue, D., Jull, A., Barbetti, M., Matsu'ura, S., de Vos, J., Storm, P., 
2004. AMS radiocarbon dates on bone from cave sites in Southeast Java, Indonesia, including 
Wajak. Modern Quaternary Research in Southeast Asia 18, 89-94. 
 
Singham, G. V., Othman, A. S., Lee, C.-Y., 2017. Phylogeography of the termite Macrotermes 
gilvus and insight into ancient dispersal corridors in Pleistocene Southeast Asia. PloSone 12, 
e0186690. 
 

https://www.sciencedirect.com/science/article/pii/S0031018215006422
https://www.sciencedirect.com/science/article/pii/S0031018215006422


Skarpe, C., 1992. Dynamics of savanna ecosystems. Journal of Vegetation Science 3, 293–300.  
 
Slik, J.W., Aiba, S., Bastian, M., Brearley, F.Q., Cannon, C.H., Eichhorn, K.A., Fredriksson, G., 
Kartawinata, K., Laumonier, Y., Mansor, A., Marjokorpi, A., Meijaard, E., Morley, R.J., 
Nagamasu, H., Nilus, R., Nurtjahaya, E., Payne, J., Permana, A., Poulsen, A.D., Raes, N., Riswan, 
S., van Schaik, C.P., Sheil, D., Sidiyasa, K., Suzuki, E., van Valkenburg, J.L.C.H., Webb, C.O., Wich, 
S., Yoneda, T., Zakaria, R., Zweifel, N., 2011. Soils on exposed Sunda Shelf shaped 
biogeographic patterns in the equatorial forests of Southeast Asia. Proceedings of the National 
Academy of Science USA 108, 12343-12347.  
 
Smit, G.N., 2004. An approach to tree thinning to structure southern African savannas for long-
term restoration from bush encroachment. Journal of Environmental Management 71, 179–
191. 
 
Smith, B.N., Epstein, S., 1971.Two categories of 13C/12C ratios for higher plants. Plant 
Physiology 47, 380–384. 
 
Soares, M., Reys, P., Pifano, D., de Sà, J-L., da Silva, P., Santos, T., Silva, F., 2015.  Relationship 
between edaphic factors and vegetation in savannas of the Brazilian Midwest region. Revista 
Brasileira de Ciência do Solo 39, 821-829. 
 
Solbrig, O.T., Medina, E., Silva, J.F., 1996. Determinants of tropical savannas. In: Solbrig, O.T., 
Medina, E., Silva, J.F. (Eds.),  Biodidersity and savanna ecosystem processes. Ecologial Studies 
121. Springer, Berlin, Heidelberg, pp. 31-41. 
 
Staver, A.C., Archibald, S., Levin, S.A., 2011. The global extent and determinants of savanna 
and forest as alternative biome states. Science 334, 230–232.  
 
Steiper, M.E., 2006. Population history, biogeography, and taxonomy of orangutans (Genus: 
Pongo) based on a population genetic meta-analysis of multiple loci. Journal of Human 
Evolution 50, 509 –522. 
 
Storm, P., Wood, R., Stringer, C., Bartsiokas, A., de Vos, J., Aubert, M., Kinsley, L., Grün, R., 
2013. U-series and radiocarbon analyses of human and faunal remains from Wajak, Indonesia. 
Journal of Human Evolution 64, 356-365. 
 
Stuijts, I., Newsome, J.C., Flenley, J.R., 1988. Evidence for Late Quaternary vegetational change 
in the Sumatran and Javan highlands. Review of Palaeobotany and Palynology 55, 207-216. 
 
Stimpson, C.M., 2012. Local scale, proxy evidence for the presence of closed canopy forest in 
North-western Borneo in the late Pleistocene: Bones of strategy I bats from the archaeological 
record of Great Cave at Niah, Sarawak. Palaeogeography, Palaeoclimatology, Palaeoecology. 
331-332, 136-149. 
 
Su, Y.-C,. Chang, Y.-H., Lee, S.-C., Tso, I.-M., 2007. Phylogeography of the giant wood spider 
(Nephila pilipes, Araneae) from Asian-Australian regions. Journal of Biogeography 34,177–91. 
 



Sun, X.J., Li, X., Luo, Y.L., 2002. Vegetation and climate on the Sunda shelf of the South China 
Sea during the last glaciation-pollen results from station 17962 . Acta Botanica Sinica  44, 746 
–52. 
 
Sun, X., Li, X., Luo, Y., Chen, X., 2000. The vegetation and climate at the last glaciation on the 
emerged continental shelf of the South China Sea. Palaeogeography, Palaeoclimatology, 
Palaeoecology 160, 301-316. 
 
Suraprasit, K., Bocherens, H., Chaimanee, Y., Panha, S., Jaeger, J.-J., 2018. Late Middle 
Pleistocene ecology and climate in Northeastern Thailand inferred from stable isotope 
analysis of Khok Sung herbivore tooth enamel and the land mammal cenogram. Quaternary 
Science Reviews 193, 24-42. 
 
Suraprasit, K., Jaeger, J.-J., Shoocongdej, R., Chaimanee, Y., Wattanapituksakul, A., Bocherens, 
H., 2020. Long-term isotopic evidence on the diet and habitat breadth of Pleistocene to 
Holocene Caprine in Thailand : Implications for the extirpation and conservation of Himalayan 
Gorals. Frontiers in Ecology and Evolution 8, 67. 
 
Suraprasit, K., Jongautchairiyakul, S., Yamee, C., Pothichaiya, C., Bocherens, H., 2019. New 
fossil and isotope evidence for the Pleistocene zoogeographic transition and hypothesized 
savanna corridor in peninsular Thailand. Quaternary Science Reviews 221, 105861. 
 
Suraprasit, K., Shoocongdej, R., Chintakanon, K., Bocherens, H. 2021. Late Pleistocene human 
paleoecology in the highland savanna ecosystem of mainland Southeast Asia. Nature 11, 
16756. 
 
Tada, R., Murray, R., 2016. Preface for the article collection “Land-Ocean linkages under the 
influence of the Asian Monsoon”. Progress in Earth and Planetary Science 3, 24. 
 
Taylor, D., Saksena, P., Sanderson, P.G., Kucera, K., 1999. Environmental change and rain 
forests on the Sunda Shelf: drought, fire and the biological cooling of biodiversity hotspots. 
Biodiversity and Conservation 8, 1159-1177. 
 
Taylor, D., Yen, O.H., Sanderson, P.G., Dodson, J., 2001. Late Quaternary peat formation and 
vegetation dynamics in a lowland tropical swamp, Nee Soon, Singapore. Palaeogeography, 
Palaeoclimatology, Palaeoecology 171, 269-287. 
 
Thomas, M.F., 2000. Late Quaternary environmental changes and the alluvial record in humid 
tropical environments. Quaternary International 72, 23–36. 
 
Thomas, M.F., Thorp, M.B., McAlister, J., 1999. Equatorial weathering, landform development 
and the formation of white sands in north western Kalimantan, Indonesia. Catena 36, 205-
232.  
 
Thomas-Barry, G., St. Martin, C., Lynch, M., Ramsubhag, A., Rouse-Miller, J., Charles, T., 2021. 
Science of the Total Environment 769, 145214. 
 



Thorp, M.B., Thomas, M.F., Martin, T., Whalley, B., 1990. Late Pleistocene sedimentation and 
landform development in western Kalimantan (Indonesian Borneo). Geologie en Mijnbouw 
69, 133-150. 
 
Tjia, H.D.,1980. The Sunda shelf, Southeast Asia. Zeitschrift für Geomorphologie 24, 405-427. 
 
Tougard, C. 2001. Biogeography and migration routes of large mammal faunas in South-East 
Asia during the Late Middle  Pleistocene : focus on the fossil and extant faunas from Thailand. 
Palaeogeography, Palaeoclimatology, Palaeoecology 168, 337-358. 
 
Tougard, C., Montuire, S., 2006. Pleistocene paleoenvironmental reconstructions and 
mammalian evolution in South-East Asia: focus on fossil faunas from Thailand. Quaternary 
Science Reviews 25, 126–141. 
 
Trigger, B., 1984. Alternative archaeologies: nationalist, colonialist, imperialist. Man 19,  355-
370. 
 
Turner, M.G., Romme, W.H., Gardner, R.H., O’Neill, R.V., Kratz, T.K., 1993. A revised concept 
of landscape equilibrium – disturbance and stability on scaled landscapes. Landscape Ecology 
8, 213–227. 
 
Turney, C.S.M., Kershaw, A.P., Lowe J.J., van der Kaars, S., Johnston, R., Rule, S., Moss, P., 
Radke, L., Tibby, J., McGlone, M.S., Wilmshurst, J., Vandergoes, M., Fitzsimons, S., Bryan, C., 
James, S., Branch, N.P., Cowley, J., Kalin, R.M., Ogle, N., Jacobsen, G., Fifield, L.K., 2006. 
Climate variability in the Southwest Pacific during the last termination (20–10 kyr BP), 
Quaternary Science Review 25, 886–903. 
 
Tykot, R.H., 2004. Stable isotopes and diet: You are what you eat. In: Martini, M., Milazzo, M., 
Piaentini, M. (Eds.), Proceeding of the International School of Physics “Enrico Fermi”. Course 
CLIV, (Eds.) IOS Press, Amsterdam, pp. 433-444. 
 
Uchida, A., 1998. Variation in tooth morphology of Pongo pygmaeus. Journal of Human 
Evolution 34, 71-79. 
 
Uzunidis, A., Rufà, A., Blasco, R., Rosell, J., Brugal, J.-P., Texier, P.-J., Rivals, F., 2022. Speciated 
mechanism in Quaternary cervids (Cervus and Capreolus) on both sides of the Pyrenees: a 
multidisciplinary approach. Science Reports 12, 20200. 
 
van den Bergh, G.D., de Vos, J., Sondaar, P.Y., 2001. The Late Quaternary palaeogeography of 
mammal evolution in the Indonesian Archipelago. Palaeogeography, Palaeoclimatology, 
Palaeoecology171, 385-408. 
 
van den Bergh, G.D., de Vos, J., Sondaar, P.Y., Aziz, F., 1996. Pleistocene zoogeographic 
evolution of Java (Indonesia) and glacio-eustatic sea level fluctuations: a background for the 
presence of Homo. Bulletin of the Indo-Pacific Prehistory Association 14, 7-21. 
 



van der Kaars, S., Penny, D., Tibby, J., Fluin, J., Dam, R.A.C., Suparan, P., 2001. Late Quaternary 
palaeoecology, palynology and palaeolimnology of a tropical lowland swamp: Rawa Danau, 
West-Java, Indonesia. Palaeogeography, Palaeoclimatology, Palaeoecology 171, 185–212. 
 
van der Kaars, W.A., Dam, M.A.C., 1995. A 135,000-year record of vegetational and climatic 
change from the Bandung area, West Java, Indonesia. Palaeogeography, Palaeoclimatology, 
Palaeoecology117, 55–72 
 
van der Kaars, W.A., 1991. Palynology of Eastern Indonesian marine piston-cores: A Late 
Quaternary vegetational and climatic record for Australia. Palaeogeography, 
Palaeoclimatology, Palaeoecology 85, 239–302. 
 
van der Kaars, W. A., Bassinot, F., De Deckker, P., Guichard F., 2010. Changes in monsoon and 
ocean circulation and the vegetation cover of southwest Sumatra through the last 83,000 
years: the record from marine core BAR94-42. Palaeogeography, Palaeoclimatology, 
Palaeoecology 296, 52–78. 
 
Verstappen, H.T., 1975a. The effect of Quaternary tectonics and climates on erosion and 
sedimentation in Sumatra. Proceedings of the 4th Indonesian Petroleum Association Annual 
Convention, Jakarta, Indonesia. 
 
Verstappen, H.T., 1975b. On palaeo-climates and landform development in Malesia. In: 
Barstra, G.J.,  Casparie, W.A.  (Eds.), Modern Quaternary Research in Southeast Asia, London, 
Balkema, pp. 3-35.  
 
Verstappen, H.T., 1980. Quaternary climate changes and natural environment in SE Asia. 
Geojournal 4, 45-54.  
 
Verstappen, H.T., 1997. The effect of climatic change on southeast Asian geomorphology. 
Journal of Quaternary Science 12, 413-418. 
 
Voris, H.K., 2000. Maps of Pleistocene sea levels in Southeast Asia: Shorelines, river systems 
and time durations. Journal of  Biogeography 27, 1153–1167. 
 
Walker, B.H., Ludwig, D., Holling, C.S., Peterman, R.M., 1981. Stability of semi-arid savanna 
grazing systems. Journal of Ecology 69, 473–498. 
 
Walker, B.H., Noy-Meir, I., 1982. Aspects of the stability and resilience of savanna ecosystems. 
In: Huntley, B.J.,  Walker, B.H. (Eds.), Ecology of Tropical Savannas. Springer, Berlin, pp. 556–
590. 
 
Walker, D., 1986. Late Pleistocene-Early Holocene Vegetational and Climatic Changes in 
Yunnan Province, Southwest China. Journal of Biogeography 13, 477-486. 
 
Wallace, A.R., 1876. The geographical distribution of animals; with a study of the relations of 
living and extinct faunas as elucidating the past changes of the Earth’s surface. Macmillan & 
Co, London: 574p. 



 
Walter, H., 1971. Ecology of Tropical and Subtropical Vegetation. Oliver & Boyd, Edinburgh. 
 
Wang, X., Sun, X., Wang, P., Stattegger, K., 2007. A high-resolution history of vegetation and 
climate history on Sunda Shelf since the last glaciation. Science China Serie D 50, 75–80. 
 
Wang, X., Sun, X., Wang, P., Stattegger, K., 2009. Vegetation on the Sunda Shelf, South China 
Sea, during the Last Glacial Maximum. Palaeogeography, Palaeoclimatology, Palaeoecology 
278, 88–97. 
 
Wang, X., van der Kaars, S., Kershaw, P., Bird, M., Jansen, F., 1999. A record fire, vegetation 
and climate through the last three glacial cycles from Lombock Ridge core G6-4, eastern Indian 
Ocean, Indonesia. Palaeogeography, Palaeoclimatology, Palaeoecology 147,  241–256. 
 
Warren, K.S., Verschoor, E.J., Langenhuijzen, S., Heriyanto, Swan, R.A., Vigilant, L., Heeney, 
J.L., 2001. Speciation and intraspecific variation of Bornean orangutans, Pongo pygmaeus 
pygmaeus. Molecular Biology and Evolution 18, 472-480. 
 
Watt, A.S., 1947. Pattern and process in the plant community. Journal of Ecology 35, 1–22. 
 
Westaway, K., Zhao, J.-X., Roberts, R.G., Chivas, A.R., Morwood, M.J., Sutikna, T., 2007. Initial 
speleothem results from western Flores and eastern Java, Indonesia: were climate changes 
from 47 to 5 ka responsible for the extinction of Homo floresiensis? Journal of Quaternary 
Science 22, 429–438.  
 
White, J.C., Penny, D., Kealhofer, L., Maloney, B., 2004.Vegetation changes from the Late 
Pleistocene through the Holocene from three areas of archaeological significance in Thailand. 
Quaternary International 113, 111-132. 
 
Whitmore, T.C., 1981. Palaeoclimate and vegetation history. In: Whitmore, T.C. (Ed.), 
Wallace's line and plate tectonics. Clarendon Press, Oxford, pp. 36-42 
 
Whitmore, T.C., 2003. An Introduction to Tropical Rain Forests. Oxford University Press, 
Oxford. 
 
Whitten, T., Soeriaatmadja, R.E., Afiff, S.A., 1996. The ecology of Java and Bali. Periplus 
Editions, Singapore. 
 
Wicaksono, S.A., Russell, J.M., Holbourn, A., Kuhnt, W., 2017. Hydrological and vegetation 
shifts in the Wallacean region of central Indonesia since the Last Glacial Maximum. Quaternary 
Science Review 157, 152–163. 
 
Wiegand, K., Saltz, D., Ward, D., 2006.  A patch-dynamics approach to savanna dynamics and 
woody plant encroachment-Insights from an arid savanna. Perspectives in Plant Ecology, 
Evolution and Systematics 7, 229-242. 
 



Wilting, A., Sollmann, R., Meijaard, E., Helgen, K.M., Fickel, J., 2012. Mentawai’s endemic, 
relictual fauna: Is it evidence for Pleistocene extinctions on Sumatra? Journal of Biogeography. 
39, 1608–1620. 
 
Wirkner, M., Hertler, C., 2019. Feeding ecology of Late Pleistocene Muntiacus muntjak in the  
Padang Highlands. Comptes Rendus Palevol 18, 541-554. 
 
Woodruff, D.S., 2010. Biogeography and conservation in Southeast Asia: How 2.7 million years 
of repeated environmental fluctuations affect today’s patterns and the future of the 
remaining refugial-phase biodiversity. Biodiversity Conservation 19, 919–941. 
 
Woodruff, D.S., Turner, L.M., 2009. The Indochinese-Sundaic zoogeographic transition: a 
description and analysis of terrestrial mammal species distributions. Journal of Biogeography 
36, 803–821. 
 
Wurster, C.M., Bird, M., 2014. Barriers and bridges : early human dispersal in equatorial SE 
Asia. In: Harff, J. Bailey, G. Lüth, F. (Eds.), Geology and Archaeology: submerged landscapes of 
the continental shelf. Special Publications (411). Geological Society of London, London, pp. 
235-250.  
 
Wurster, C.M., Bird, M., Bull, I., Creed, F., Bryant, C., Dungait, J., Paz, V., 2010. Forest 
contraction in north equatorial Southeast Asia during the Last Glacial Period. Proceedings of 
the National Academy of Science USA  107, 15508-15511.  
 
Wurster, C.M., Rifai, H., Zhou, B., Haig, J., Bird, M., 2019. Savanna in equatorial Borneo during 
the late Pleistocene. Scientific Reports 9,  6392. 
 
Xu, X., Arnason, U., 1996. The mytochondrial DNA molecule of Sumatran orangutan and a 
molecular proposal for two (Bornean and Sumatran) species of orangutan. Journal of 
Molecular Evolution 43, 431-437. 
 
Yang, F.-C., Grote, P.J., 2018. Riverine vegetation and environments of a Late Pleistocene river 
terrace, Khorat Plateau, Southeast Asia. Palynology 42, 158-167. 
 
Young, C. 1932. On some fossil mammals from Yunnan. Bulletin of the Geological Society of 
China 11, 383-93. 
 
Zachos, J., Pagani, M., Sloan, L., Thomas, E., Billups, K., 2001. Trends, rhythms, and aberrations 
in global climate 65 Ma to present. Science 292, 686–693. 
 
Zeitoun, V., 2023. Chasseurs-collecteurs de scoops en Asie du Sud-est : un retour aux sources 
antiquaires de la préhistoire ? Bulletin de la Société Préhistorique Française 120, 87-97. 
 
Zeitoun, V., Chinnawut, W., Debruyne, R., Auetrakulvit, P., 2015. Assessing the occurrence of 
Stegodon and Elephas in China and Southeast Asia during the Early Pleistocene. Bulletin de la 
Société Géologique de France 186, 413-427. 
 



Zeitoun, V., Chinnawut, W., Debruyne, R., Frère, S., Auetrakulvit, P., 2016. A sustainable review 
of the Middle Pleistocene benchmark sites including the Ailuropoda-Stegodon faunal complex: 
The Proboscidean point of view. Quaternary International 416, 12-26. 
 
Zeitoun, V., Lenoble, A., Laudet, F., Thompson, J., Rink, W.J., Chinnawut, W., Mallye, J.-B., 
2010. The cave of the Monk (Chiang Dao wildlife sanctuary, northern Thailand). Quaternary 
International 220, 160-173. 
 
Zeitoun, V., Winayalai, C., Lenoble, A., Bochaton, C., Burdette, K., Thompson, J., Mallye, J-B., 
Frère., S., Debruyne, R., Antoine, P-O., Rink, W.J., Auetrakulvit, P., 2019. Dating, stratigraphy 
and taphonomy of the Pleistocene site of Ban Fa Suai II (Northern Thailand): contributions to 
the study of paleobiodiversity in Southeast Asia. Annales de Paléontologie 105, 275-85.  
 
Zhang, Y.-W., Ryder, O.A., Zhang, Y.-P., 2001. Genetic divergence of orangutan subspecies 
(Pongo pygmaeus). Journal of Molecular Evolution 52, 516-526. 
 
Zheng, Z., Lei, Z.-Q., 1999. A 400,000 year record of vegetational and climatic changes from a 
volcanic basin, Leizhou Peninsula, southern China. Palaeogeography, Palaeoclimatology, 
Palaeoecology 145, 339–362. 
 
Zhi, L., Karesh, W., Janczewski, D., Frazier-Taylor, H., Sajuthi, D., Gombek, F., Andau, M., 
Martenson, J., O'Brien, S.J., 1996. Genomic differentiation among natural populations of orang 
utan (Pongo pygmaeus). Current Biology 6, 1326-1336. 
 


	De Miguel, D., Azanza, B., Morales, J., 2010. Trophic flexibility within the oldest Cervidae lineage to persist through the Miocene Climatic Optimum. Palaeogeography, Palaeoclimatology, Palaeoecology 289, 81-92.
	Rivals, F., Solounias, N., Mihlbachler, M.C., 2007. Evidence for geographic variation in the diets of late Pleistocene and early Holocene Bison in North America, and differences from the diets of recent Bison. Quaternary Research 68, 338-346.

	Tykot, R.H., 2004. Stable isotopes and diet: You are what you eat. In: Martini, M., Milazzo, M., Piaentini, M. (Eds.), Proceeding of the International School of Physics “Enrico Fermi”. Course CLIV, (Eds.) IOS Press, Amsterdam, pp. 433-444.
	Uzunidis, A., Rufà, A., Blasco, R., Rosell, J., Brugal, J.-P., Texier, P.-J., Rivals, F., 2022. Speciated mechanism in Quaternary cervids (Cervus and Capreolus) on both sides of the Pyrenees: a multidisciplinary approach. Science Reports 12, 20200.

