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One of the most exciting episodes of paleoanthropology was the find of the first transitional form, the 
Pithecanthropus erectus, by the Dutchman Eugène Dubois in Java during 1891-1892. The history of 
Dubois and his finds of the molar, skullcap and femur, forming his transitional form, are described. 
Besides the human remains, Dubois made a large collection of vertebrate fossils, mostly of mammals, 
now united in the so-called Dubois Collection. This collection played an important role in unravelling 
the biostratigraphy and chronostratigraphy of Java. Questions, such as from where were those mam
mals coming, when did Homo erectus arrive in Java, and when did it become extinct, and when did 
Homo sapiens reach Java, are discussed. 

The D u b o i s C o l l e c t i o n of vertebrate fossils w a s made b y Eugène D u b o i s i n the 
former Nether lands East Indies, n o w a d a y s Indonesia, at the end of the 19th century. 
C leeve ly (1983) m e n t i o n e d it as one of the most famous palaeontological collections 
i n the w o r l d . Its importance lies m a i n l y i n a molar , femur a n d skul lcap that were 
attributed b y D u b o i s to a transit ional f o r m n a m e d Pithecanthropus (now Homo) erectus. 
This was the first h o m i n i d ever to be accepted as evidence for h u m a n evolut ion . 
Therefore, the D u t c h physicist M a r i e Eugène François Thomas D u b o i s founded , w i t h 
his Pithecanthropus, p a l e o a n t h r o p o l o g y as a science i n 1891-1893 (Shipman & Storm, 
2002). Associated w i t h the Pithecanthropus remains are tens of thousands of bones and 
teeth of the Pleistocene vertebrate fauna of Indonesia. The vertebrate fossils and the 
h o m i n i d remains were sent d u r i n g 1895-1900 to what is n o w the N a t i o n a a l N a t u u r -
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historisch M u s e u m , but was then the R i j k s m u s e u m v a n Natuur l i jke His tor ie at L e i 
den, The Nether lands. 

Af ter the f i n d of Pithecanthropus erectus (1891-1893) o n Java and a s imi lar h o m i n i d 
(Sinanthropus pekinensis) i n C h i n a i n 1926 (Black, 1926), attention was focused o n A s i a 
as the cradle of M a n k i n d i n the early part of the 20th century. In the 1960s the atten
t ion shifted to A f r i c a , caused b y the f inds of older and more ape-like h o m i n i d s (the 
Australopithecinae) i n O l d u v a i and Lake Turkana . In the early 1980s a n e w interest 
was focused o n the Javanese Homo erectus again, as a result of n e w interpretations of 
the D u b o i s collection. 

The general consensus n o w a d a y s concerning the evolut ion of M a n is that i n A f r i c a 
one of the Australopithecinae gave rise to Homo ergaster. A b o u t 1.5 M a ago this species 
migrated to Eurasia . The descendants of Homo ergaster reached A s i a as Homo erectus. 

The purpose of this paper is to give a historical survey of the role of D u b o i s i n 
p a l e o a n t h r o p o l o g y , and to show h o w the D u b o i s Col lec t ion served as a basis for the 
debate o n the arr ival and extinction of Homo erectus, and the arr iva l of Homo sapiens, i n 
Java. These issues are closely related to the b io- and chronostratigraphy of Java, and 
faunal dispersal i n southeast A s i a . 

E a r l y theories about the e v o l u t i o n of M a n 

Theunissen & de V o s (1982), Theunissen (1989), Theunissen et al (1990), Leakey & 
Sl ikkerveer (1993), S h i p m a n (2001) a n d de V o s (1985b, 2002) have described the story 
of D u b o i s i n great detai l . For a g o o d u n d e r s t a n d i n g of the role of D u b o i s i n palaeo-
anthropological research, a s u m m a r y is g iven here based o n de V o s (1985b, 2002). 

A l t h o u g h the first f inds of fossil hominids started i n 1891, ideas about the evolut ion 
of M a n started earlier. In 1844 Robert C h a m b e r s (1802-1871) p u b l i s h e d Vestiges of 
Natural History of Creation, i n w h i c h he set out a development theory. Chambers d i d 
not stress the point , but his development hypothesis clearly made M a n an immediate 
descendant of the apes. The anatomist R i c h a r d O w e n (1855) used his expertise to dis
prove the theory of evo lut ion at its most controversial point , M a n ' s l i n k w i t h the apes, 
b y p o i n t i n g out that the heavy eyebrows of the great apes were miss ing i n m o d e r n 
M a n . A c c o r d i n g to O w e n , as eyebrows are developed independent ly , and are not 
inf luenced b y internal or external factors, M a n must have h a d heavy eyebrows, if M a n 
descended f r o m the great apes; this is obvious ly not the case (Reader, 1981). 

H o w e v e r , a s k u l l w i t h heavy eyebrows was f o u n d i n 1856 i n the Neander tha l near 
Düsseldorf. The fossil came into the hands of H e r m a n n Schaaffhausen, professor of 
anatomy at the U n i v e r s i t y of B o n n , w h o was convinced that the remains were very 
o l d a n d h o m i n i d . Their strange m o r p h o l o g y was caused b y deformat ion , but the 
dol igocephal ic f o r m of the s k u l l was, according to Schaaffhausen, not comparable to 
any m o d e r n race, even not to the most 'barbaric ' . The heavy eyebrows, characteristic 
for great apes, were according to Schaaffhausen typica l for the Neanderthal . The s k u l l 
therefore must have belonged to an or ig inal w i l d race of northwestern Europe . Some 
even considered it as the s k u l l of an idiot , an O l d D u t c h m a n ' , or a Cossack. 

In 1859 Charles D a r w i n publ i shed On the Origin of Species, i n w h i c h he set out a 
theory of evolut ion , characterised b y a gradual development i n w h i c h natural selec
t ion is the mechanism. Others were d r a w i n g the conclusion that there is no separation 
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between M a n and apes. In this context the s k u l l of the Neander tha l became a centre of 
debate. T w o ideas developed, w h i c h are st i l l debated today; either Neander tha l M a n 
belongs to Recent M a n or Neander tha l M a n is a species of its o w n . H u x l e y (1863) set 
the tone of the discussion b y describing the morpholog ica l characteristics of the N e a n 
derthal as pr imi t ive , yet definitely h u m a n . H e also pointed to the large b r a i n capacity 
as proof of the Neanderthal ' s h u m a n nature (Theunissen et al, 1990). In contrast K i n g 
(1864), professor of anatomy at Queen's Col lege (Ireland), considered, w i t h o u t g i v i n g 
scientific arguments , that N e a n d e r t h a l M a n w a s a n e w species a n d cal led it Homo 
Neanderthalensis. Later f inds, such as the mandible of L a Naulette (1866) a n d the Spy 
skeletons (1887) n o w recognised as Neanderthals , were also usual ly ascribed to a 
(primitive) race of m o d e r n humans (Erickson, 1976). 

D a r w i n (1871) discussed the posi t ion of M a n i n evolution, but d i d so o n theoretical 
grounds w i t h o u t u s i n g fossils to support his argument. For Ernst Haecke l (around 
1887) fossils were not necessary as proof that M a n took part i n the evolut ion , because 
the process c o u l d be p r o v e n already b y anatomy a n d embryology. H e introduced the 
name Pithecanthropus as a theoretical miss ing l i n k between apes a n d M a n (Theunissen, 
1989). 

Thus , none of the fossils f o u n d before 1887 were considered proof that M a n took 
part i n evolut ion . In that year Eugène D u b o i s sailed for the Nether lands East Indies i n 
search of the miss ing l ink . 

The role of Dubois (1858-1940) in paleoanthropology 

M a r i e Eugène François Thomas D u 
bois (Fig. 1) was b o r n i n 1858, a year 
before D a r w i n publ i shed his On the Ori
gin of Species and t w o years after the 
Neander tha l s k u l l h a d been f o u n d . H e 
grew u p i n a per iod that witnessed the 
r a p i d acceptance a n d disseminat ion of 
the theory of evolut ion . In the 1860s 
a n d '70s the p r o b l e m of h u m a n ancestry 
was central to m a n y discussions o n evo
lut ionary theory. U n t i l far into the '80s 
opponents a n d adherents of an e v o l u 
tionary ancestry for humans agreed that, 
as yet, no h o m i n i d fossils were k n o w n 
that p r o v i d e d proof of h u m a n e v o l u 
t ion. D u b o i s was a m o n g the first to 
b r i n g about a change i n this climate of 
o p i n i o n (Theunissen, 1989). 

B o r n i n Ei jsden i n the south of The 
Nether lands, near St. Peter's M o u n t a i n 
where the remains of a mosasaur were 
f o u n d i n 1780, D u b o i s h a d been inter
ested i n palaeontology f r o m his early Fig. 1. Eugène Dubois at the age of 70. 
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c h i l d h o o d . The G e r m a n anthropologist C a r l Vogt , w h o i n the late 1860s lectured i n 
The Nether lands o n evolut ionary theory and h u m a n descent, probably encouraged 
his interest i n p a l e o a n t h r o p o l o g y . F r o m 1877 to 1884 D u b o i s s tudied medic ine at the 
U n i v e r s i t y of A m s t e r d a m , where he became reader i n anatomy i n 1886. A l t h o u g h he 
n o w seemed to be o n the b r i n k of a prosperous academic career, his predi lect ion for 
p a l e o a n t h r o p o l o g y made h i m decide to change course; more and more he became 
possessed b y the idea of beg inning a search for h o m i n i d fossils that might prove 
h u m a n evolut ion. F o l l o w i n g this call , he gave u p his pos i t ion at the univers i ty and i n 
1887 left for the Nether lands East Indies to begin his search for the miss ing l ink . 

But where to look for? D u b o i s (1889) referred to D a r w i n , Wal lace a n d L y d e k k e r 
to e x p l a i n this choice. In his Descent of Man (1871) D a r w i n h a d reasoned that our 
h u m a n ancestors must have l i v e d i n the tropics, since h u m a n beings h a d lost their 
fur pelts i n the course of their development . H e suggested A f r i c a , w h e r e c h i m 
panzee and gor i l la l ive , as the most probable region of h u m a n origins. Wallace , o n the 
other h a n d , h a d stressed the importance of searching for the ancestors of present-
day anthropoids i n caves a n d Tert iary deposits i n both A f r i c a a n d southeast A s i a . 
L y d e k k e r (1879) h a d described a pr imate fossi l , an incomplete j aw w i t h a n u m b e r of 
teeth, f r o m the S i w a l i k H i l l s i n B r i t i s h India , w h i c h seemed to t h r o w some l ight o n 
h u m a n descent. A c c o r d i n g to L y d e k k e r , this primate, w h o m he named Palaeopithecus 
sivaiensis, c o u l d be regarded as a predecessor of the chimpanzee ( in those days p u t 
i n the genus Anthropopithecus). Yet, he a d d e d that the fossi l also s h o w e d resem
blance to both g i b b o n a n d h u m a n . D u b o i s c o n c l u d e d f r o m this that "the G i b b o n 
g r o u p w h i c h i n earlier geological per iods h a d d e v e l o p e d fur ther" m i g h t have 
p l a y e d a role i n h u m a n e v o l u t i o n (1889, p p . 160-161). 

For D u b o i s the East Indies seemed a suitable area, the more so because this colony 
of The Nether lands lay w i d e open to h i m . To p r o v i d e himself w i t h an income, he 
joined the D u t c h East Indies A r m y as a medica l officer and i n December 1887 arr ived 
i n P a d a n g o n Sumatra. In M a y 1888 he was seconded to Pajakombo i n the P a d a n g 
H i g h l a n d s , where he began to scout for caves suited for palaeontological excavations. 
B y A u g u s t he h a d gathered proof that fossil m a m m a l s occurred the caves of Sumatra. 
Thereupon, the colonial government not on ly enabled D u b o i s to dedicate a l l his t ime 
to this search, but even charged h i m to carry out palaeontological excavations o n 
Sumatra and, if necessary, o n Java. T w o members of the a r m y engineering corps were 
assigned to his party, a long w i t h fifty forced labourers to help h i m w i t h the excava
tions. 

The Sumatran cave fauna soon p r o v e d too y o u n g to inc lude any h u m a n fore
runners. Therefore, i n 1890, D u b o i s dec ided to continue his excavations o n Java, 
where fossils of supposedly Tertiary age h a d already been f o u n d by , a m o n g others, 
J u n g h u h n (1857) and Radèn Saléh (1867). Moreover , i n 1888, the m i n i n g engineer B . D . 
v a n Rietschoten h a d f o u n d a fossil s k u l l near the vi l lage of Wajak o n Java w h i c h , 
though f u l l y h u m a n , clearly dif fered f r o m the m o d e r n Javanese p o p u l a t i o n (Dubois , 
1890). Java thus h e l d p r o m i s i n g prospects. 

C a v e explorat ion i n Java p r o v e d u n r e w a r d i n g and D u b o i s n o w turned his atten
t ion to the open f ie ld . Success was almost immediate . In N o v e m b e r 1890, near K e d u n g 
L u m b u at K e d u n g Brubus i n the K e n d e n g H i l l s , he f o u n d a fragment of a mandib le 
that he described as fo l lows: " A m i d s t the remains of typica l representatives of the 
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Fig. 2. Skull-cap of Homo erectus (Dubois, 1893). 

fauna concerned, and i n the same layer a h u m a n fossil was f o u n d , the right side of 
the ch in of a lower jaw w i t h the sockets of the canine tooth and of the first and second 
premolar. . . . [T]his fossil [jaw] forms a different and probably lower type than any pre
v i o u s l y k n o w n " (1891, pp.14-15). 

In A u g u s t 1891, d u r i n g the second d i g g i n g season on Java, D u b o i s began excava
tions at T r i n i l , a local i ty that was to acquire h is tor ica l significance. A n enormous 
number of vertebrate fossils were unearthed and i n September the first remains of a 
pr imate , a t h i r d molar , emerged f r o m the sediments. A t first, D u b o i s ascribed the 
fossil to a chimpanzee (Anthropopithecus). In one of the reports to his superiors he 
wrote: "Th is genus of anthropoids, occurr ing only i n West- and Central-equatorial 
A f r i c a today, l i v e d i n B r i t i s h India i n the Pl iocene and , as w e can see f r o m this dis
covery, d u r i n g the later Pleistocene i n Java" (1892a, p p . 13-14). 

The skul lcap (Fig. 2) for w h i c h D u b o i s acquired fame was unearthed i n October. 
In the o p i n i o n of D u b o i s it was clearly dist inguishable f r o m that of the orang-utan 
and the gori l la . It h a d to belong to the same fossil chimpanzee f r o m w h i c h a molar 
h a d been f o u n d a m o n t h earlier. Despite h a v i n g designated the f i n d as a " c h i m 
panzee", D u b o i s was w e l l aware that he h a d made an important discovery. The 
Javanese c r a n i u m was higher and larger than that of the recent chimpanzee a n d sub
stantially more h u m a n - l i k e than any k n o w n anthropoid, whether fossil or recent 
(1892b, p p . 14-15). 

In A u g u s t of the f o l l o w i n g year a t h i r d primate fossil was discovered, this t ime an 
almost completely preserved left femur. "This th igh bone" , D u b o i s stated, " l a y at the 
same level i n w h i c h both the other parts were f o u n d , yet f o l l o w i n g the direct ion of the 
earlier stream w h i c h deposited the tuff material 15 m upstream. F r o m the c i rcum
stances of the f i n d and [my] comparative research it is evident that the three skeletal 
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Fig. 3. Excavation at Trinil in 1900. 

elements be long to one and the same i n d i v i d u a l , probably a very aged female" (1893, 
p . 10). The almost perfectly h u m a n characteristics of the femur indica ted that the 
i n d i v i d u a l must have w a l k e d upr ight and this i n d u c e d D u b o i s to christen his " c h i m 
panzee" Anthropopithecus erectus. Further , he stated: " I n v i e w of a l l three skeletal 
elements, especially the femur, Anthropopithecus erectus E u g . D u b o i s approaches m o d 
ern M a n more closely than any of the three great apes, a fact w h i c h is i n h a r m o n y 
w i t h the thesis of Lamarck , and later of D a r w i n a n d others, that the first step i n the 
direct ion of humanisa t ion of our ancestors was the [acquisition of the] erect p o s i t i o n " . 

A d d i t i o n a l invest igation of the remains f inal ly convinced D u b o i s that they repre
sented an intermediary f o r m between humans a n d apes. H e therefore dec ided that 
instead of a 'man-ape' or Anthropopithecus, it was more appropriate to designate his 
f i n d an 'ape-man' , a Pithecanthropus (the name coined b y Ernst Haecke l (1868) for the 
hypothet ical l i n k between humans and fossil Apes) . In 1894 D u b o i s p u b l i s h e d the 
results of his studies under the title "Pithecanthropus erectus, eine menschenaehnliche 
Uebergangsform aus Java" . 

O n e year later he returned to the Nether lands . H i s assistants cont inued the sys
tematic excavations u n t i l 1900 (Fig. 3). D u b o i s w i d e l y publ ic i sed his Pithecanthropus 
f inds, a n d d isp layed them at several international congresses and scientific meetings. 
O p i n i o n s o n his discovery var ied , but essentially the critics were d i v i d e d into t w o 
camps. Some gave the Pithecanthropus remains the same treatment the Neander tha l 
fossils h a d received forty years earlier; they regarded them as p r i m i t i v e , t h o u g h fu l ly 
h u m a n . Others, however , ascribed the bones to an (upright-walking) ape. D u b o i s 
(1896) d i d not fai l to exploit this difference of o p i n i o n . H e pointed out that for some of 
his colleagues the fossils were apparently too p r i m i t i v e to be regarded as h u m a n , 
w h i l e for others they were too h u m a n - l i k e to be assigned to an ape. Consequently , 
Pithecanthropus must have been something i n between. 

A f te r D u b o i s h a d clarif ied several points a n d especially d u r i n g congresses, h e l d 
f r o m 1894 to 1900, where they h a d been able to examine the fossils for themselves, a 
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g r o w i n g n u m b e r of scientists recognised that they were dea l ing w i t h a t ransi t ional 
f o r m l i n k i n g h u m a n s w i t h their ape-l ike ancestors. Thus , they accepted D u b o i s ' s 
belief that a phylogenet ic s ignif icance c o u l d be ascribed to the fossils. M o s t of them 
d i d not agree w i t h D u b o i s ' content ion that Pithecanthropus s tood exactly h a l f w a y 
between h u m a n a n d ape. They relegated h i m to an extinct side branch of h u m a n 
e v o l u t i o n , for instance, or they thought that he h a d been m u c h closer to Homo sapi
ens than D u b o i s was prepared to a l l o w . The cruc ia l factor is, however , that they 
s h o w e d themselves ready to adopt an evolut ionis t interpretat ion, m e a n i n g that for 
the first t ime a g r o u p of researchers a c k n o w l e d g e d a fossi l h o m i n i d as a transi t ional 
f o r m (Theunissen, 1989). 

F r o m that moment o n the search for more of such fossils started. First there were 
discoveries i n A f r i c a (Dart, 1925) and C h i n a (Black, 1926) before n e w f inds were 
reported f r o m Java. 

Important h o m i n i d sites of Java 

J26! J2!l_ 

Fig. 4. Map of Java, showing 
the important hominid sites. 

Dubois 's excavations at Java showed that Homo erectus was present i n T r i n i l , 
K e d u n g Brubus i n the K e n d e n g H i l l s , whereas Homo sapiens was f o u n d i n Wajak (Fig. 
4). In 1932, the D u t c h geologist W . F . F . O p p e n o o r t h described n e w h o m i n i d f inds f r o m 
the vi l lage of N g a n d o n g o n the banks of the Solo River . The site, a river terrace some 
20 m above sea level , h a d already been ment ioned b y Elbert (1907) and turned out to 
be a r i ch deposit of fossil vertebrates, i n c l u d i n g eleven skul ls of a n e w h o m i n i d . 
O p p e n o o r t h (1932) subsequently described this h o m i n i d as Homo soloensis. 

Gustav H e i n r i c h R a l p h v o n K o e n i g s w a l d (1902-1982), w h o f o l l o w e d i n the foot
steps of Dubois , was of tremendous importance for palaeoanthropological and bio-
stratigraphical research i n Java. In 1930, v i a his professor of palaeontology F. B r o i l i , 
v o n K o e n i g s w a l d was offered the post of vertebrate palaeontologist of the D u t c h Geo
logical Survey o n Java, a n d he g lad ly accepted this chance to go to southeast A s i a . 
A l r e a d y i n 1931 he p u b l i s h e d his first attempt to date the fauna f r o m the ' T r i n i l beds' 
(1931), where D u b o i s h a d discovered the Pithecanthropus. A s early as M a r c h 1936 v o n 
K o e n i g s w a l d was able to announce the f i n d of 'the c h i l d f r o m Mojoker to ' (Fig. 5), East 
Java, w h i c h he was sure belonged to Pithecanthropus. 

V o n K o e n i g s w a l d (1940) collected a lot of h o m i n i d fossils i n an area cal led Sangi-
ran. The p r o b l e m w i t h this area is that there are outcrops of several different forma
tions. A s almost a l l h o m i n i d fossils are incidental surface f inds, it is not k n o w n f r o m 
w h i c h format ion they originated. 



274 Winkler Prins & Donovan. Proc. VII Int. Symp. 'Cultural Heritage in Geosciences,Scripta Geol., Spec. Issue 4 (2004) 

Fig. 5. Skull of the child from 
Mojokerto. 

V o n K o e n i g s w a l d (1939, 1940) also sampled t w o fissure f i l l ings near P u n u n g 
(Java), w h i c h y i e l d e d a fauna consist ing only of dental elements f r o m w h i c h the most 
part of the roots was g n a w e d b y porcupines . Badoux (1959, p . 127) noted that v o n 
K o e n i g s w a l d h a d to ld h i m that the " P u n u n g C o l l e c t i o n " material or iginated f r o m t w o 
localities, P u n u n g I near M e n d o l o K i d u l and P u n u n g II near Tabuhan. In the collec
t ion there was a h o m i n i d dental element, w h i c h was considered b y v o n K o e n i g s w a l d 
as cf. Pithecanthropus erectus. H a l f of the P u n u n g collection is n o w a d a y s i n the N a t i o n 
aal Natuurhis tor i sch M u s e u m , the other half is i n the Senckenberg M u s e u m (Frank
furt, Germany) . 

The typica l preservation of the P u n u n g fauna can also be observed i n the material 
D u b o i s collected f r o m the Sumatran Caves d u r i n g 1887-1888. Large numbers of fossils 
were f o u n d here, but, l ike i n P u n u n g , they consist on ly of dental elements f r o m w h i c h 
the most part of the roots is g n a w e d b y porcupines . The Sumatran collection contains 
a few dental elements of a h o m i n i d , w h i c h were attributed to Homo sapiens b y Hooi jer 
(1948). The close resemblance between the t w o faunas led to the conclusions that the 
molars ident i f ied as cf. Pithecanthropus erectus b y v o n K o e n i g s w a l d s h o u l d also be 
attributed to Homo sapiens (de V o s , 1983). So, T r i n i l , K e d u n g Brubus , Sangiran, N g a n -
d o n g a n d Mojokerto w i t h Homo erectus, and P u n u n g and Wajak w i t h Homo sapiens, are 
important sites for the discussion concerning the arr iva l a n d extinction of Homo erectus 
and the arr iva l Homo sapiens i n Java. 

T h e role of the D u b o i s C o l l e c t i o n i n b ios t ra t igraphy 

V o n Koenigswald 's official task at the Geological Survey was to provide a d i v i s i o n 
of the terrestrial deposits of Java o n the basis of fossil mammals . In 1934 he publ ished 
his biostratigraphy, but stressed that he w o u l d only give a summary of his results and 
that these had to be regarded as prel iminary. V o n K o e n i g s w a l d (1934, 1935) based his 
biostratigraphy o n 'guide fossils' and dist inguished, f rom the hominid-bear ing deposits 
mentioned above, the f o l l o w i n g faunas f r o m o l d to y o u n g ; Jetis (Early Pleistocene), 
T r i n i l w i t h Homo erectus ( M i d d l e Pleistocene) and N g a n d o n g w i t h Homo soloensis (Late 
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Pleistocene). V o n K o e n i g s w a l d was convinced, o n the basis of the guide fossils of the 
Jetis fauna found i n the Mojokerto area, that the s k u l l of the ch i ld was der ived f rom an 
older layer than the T r i n i l f inds of Dubois (von Koenigswald , 1936a). Unfortunately, as 
he stated himself, the s k u l l i n question was a surface f ind . Dubois (1936) contested the 
age proposed b y v o n K o e n i g s w a l d (1936a, b). The age of the Mojokerto s k u l l has been i n 
the centre of later discussions, and is as yet still unresolved. 

V o n K o e n i g s w a l d considered the fossil assemblage f r o m P u n u n g to be a T r i n i l 
fauna, of M i d d l e Pleistocene age, and inc luded it i n the faunal list of T r i n i l . To v o n 
K o e n i g s w a l d it was logical to identify the h o m i n i d i n the P u n u n g fauna as cf. Pithecan
thropus erectus, since the species was also found i n T r i n i l . Badoux (1959) gave a f u l l 
description of the P u n u n g fauna, w i t h the exception of the h o m i n i d specimens. H e con
sidered the age of the P u n u n g fauna to be younger than the T r i n i l fauna, but older than 
the N g a n d o n g fauna. H o w e v e r , he stil l placed the fauna i n the M i d d l e Pleistocene. 

The classic Pleistocene vertebrate biostrat igraphy of the i s land Java (Jetis, T r i n i l 
and N g a n d o n g ) as established b y v o n K o e n i g s w a l d (1933, 1934,1935, 1940, 1956) was 
part ly based o n composite faunas (de V o s et al., 1982). A l t h o u g h v o n K o e n i g s w a l d 
used locality names for his faunal units , some of the faunal assemblages f r o m local i 
ties i n c l u d e d i n these units differed m a r k e d l y f r o m those collected at the ' type local i 
ties'. Besides l u m p i n g faunas, v o n K o e n i g s w a l d also changed the faunal lists com
p i l e d b y previous authors, w i t h o u t any clear argumentation. Nevertheless, v o n 
K o e n i g s w a l d ' s biostrat igraphy w o u l d p r o v i d e a standard for more than forty years, 
and has p r o v i d e d an invaluable guide for a l l subsequent research i n Java. H o w e v e r , 
n e w research revealed its serious deficiencies (de V o s et al., 1982). 

Beside the h o m i n i d fossils, Dubois had collected more than 20,000 vertebrate fossils, 
mostly mammals , f rom different sites, l ike Tr in i l and K e d u n g Brubus, f rom 1891 unt i l 
1900 (Fig. 6). The fossils came to The Netherlands and were stored at several places f rom 
1900 to 1940 (Holthuis, 1995). Scientifically these animal remains were clearly considered 
inferior to the all-important h o m i n i d fossils, and thus received very little attention. D r . 
J.J.A. Bernsen catalogued the collection i n the '30s (Brongersma, 1941). This gave D r . D . A . 
Hooijer, former curator of the Dubois Collection, the opportunity to describe the fauna 
f rom the Sumatran caves and the fossils f rom Java i n detail (e.g. Hooijer, 1946a,b, 1947, 
1948, 1957, 1958, 1960, 1962). So, f rom every specimen f rom a particular site, the taxon 
became k n o w n . Hooijer didn ' t use the fossils i n a biostratigraphic way . However , his tax
onomical w o r k made it possible to study the faunal composit ion of the h o m i n i d 'type 
localities'. It was the starting point for a n e w look at the o l d collection. 

In the early 80s of the last century a joint D u t c h (Utrecht U n i v e r s i t y and the 
Nat ionaa l Natuurhis tor i sch M u s e u m , Leiden) a n d Indonesian (Geological Research 
and Development Centre) team started to interpret the faunal succession u s i n g only 
faunas f r o m sites of w h i c h the stratigraphical context was k n o w n . The D u b o i s Col lec
t ion y i e l d e d the data for the sites at T r i n i l and K e d u n g Brubus (de V o s & Sondaar, 
1982). The authors conc luded that the T r i n i l H a u p t K n o c h e n Schicht ( H . K . ) fauna, the 
layer f r o m w h i c h the Pithecanthropus erectus of D u b o i s originated, was older than the 
one f r o m K e d u n g Brubus . The latter fauna was i n their o p i n i o n of the same age as the 
Jetis fauna of v o n K o e n i g s w a l d , w h i c h h a d y i e l d e d Pithecanthropus modjokertensis (= 
Homo erectus). This was a remarkable conclusion, as the c h i l d of Mojokerto h a d a lways 
been considered to be older than the Homo erectus f r o m T r i n i l . Af ter c o m p a r i n g the 
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Fig. 6. The enormous amount of fossils on the veranda of Dubois' house in Pajakombo, Java. 

fauna f r o m P u n u n g w i t h the Sumatran caves material de V o s (1983) conc luded that 
those faunas are s imi lar i n faunal composi t ion a n d age, a n d suggested that the 
h o m i n i d dental elements f r o m P u n u n g belonged to Homo sapiens, l ike the ones f r o m 
the Sumatran caves. C o m p a r i s o n of both faunas w i t h the Wajak fauna s h o w e d that 
those faunas were intermediate i n age i n between N g a n d o n g a n d Wajak. 

The n e w approach led i n a series of papers (Sondaar et al, 1983; Sondaar 1984; 
Sondaar & de Vos , 1984; Leinders , 1985; de Vos , 1985a; A z i z & de Vos , 1989; A z i z & de 
V o s , 1989; Theunissen et al, 1990), a n d ult imately to a revis ion of the fauna succession 
as proposed b y v o n K o e n i g s w a l d a n d to a n e w biostrat igraphy for Java, w h i c h runs 
f r o m o l d to y o u n g for the h o m i n i d sites: T r i n i l H . K . , K e d u n g Brubus , N g a n d o n g , 
P u n u n g a n d Wajak. T w o earlier faunas were also dis t inguished, namely a n i s land 
fauna (Satir) and an impover i shed T r i n i l Fauna ( C i Saat) (Fig. 7). 

D i s p e r s a l of faunas i n southeast A s i a 

A t the same time i n the early 1980s a n e w interest came u p about the o r i g i n of the 
faunas of Java. H a v i n g established w h e n the var ious faunas inhabited the i s land, the 
question of their o r i g i n and reasons for faunal turnovers became part of the research 
programme. In the past there were already speculations about the o r i g i n of the 
Indonesian fauna. M a r t i n (1884), w h o described some of Java's first recovered fossils, 
interpreted the m a m m a l remains as descendants of an ancient Indian stock. D u b o i s 
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Fig. 7. Biostratigraphy of Java after de Vos (1995). The symbols of animals represent new arrivals. 

(1908) recognised the continental a n d specifically Indian character of extinct m a m m a l s 
of Java. Molengraaf f (1922) suggested a dispersal route west, not east, of Sumatra. 
F r o m B u r m a , f o l l o w i n g the A n d a m a n a n d N i c o b a r Islands, the islands west of Suma
tra c o u l d have received faunal elements f r o m B u r m a . Later, Rensch (1936) proposed 
that some species c o u l d have even reached Java f o l l o w i n g this route. The is lands west 
of Sumatra as w e l l as the Nicobars a n d A n d a m a n s f o r m the exposed parts of a contin
uous r idge, most ly submarine, w h i c h can be traced f r o m the A r a k a n Y o m a i n B u r m a , 
a long the west coast of Sumatra and Java. M o r e of the r idge c o u l d have been exposed 
i n Pliocene a n d Pleistocene times. The uncertain topography, dif f icult terrain and 
heavy overgrowth of the is lands present major obstacles for f i e l d w o r k a n d none of the 
is lands has so-far p r o d u c e d remains of an ancient l a n d fauna. 

In the 1990s the fauna of the Javanese sites were g r o u p e d i n clear faunal associa
tions (de V o s , 1996; Sondaar et al., 1996). The h o m i n i d sites s h o w e d a clear b ipar t i t ion 
i n the fauna f r o m the localities w i t h Homo erectus a n d those containing Homo sapiens. 
The sites w i t h Homo erectus y i e l d e d the Stegodon-Homo erectus fauna association. The 
faunas f r o m the h o m i n i d sites T r i n i l , K e d u n g Brubus a n d N g a n d o n g are attributed to 
this faunal association, characterised b y archaic faunal elements l ike the proboscidean 
Stegodon a n d Homo erectus. It clearly shows affinities w i t h the faunal association f r o m 
the Indian Subcontinent (the S iwal iks) a n d B u r m a . F ive species a n d one genus have a 
direct relat ion w i t h the fauna of the S iwal iks , v i z . , Hexaprotodon sivalensis, Hyaena bre-
virostris, Caprolagus cf. sivalensis, Homotherium ultimum, Nestor ither ium cf. sivalense, and 
the genus Megantereon. Three species are closely related to S iwal ik species, v i z . , Stegodon 
trigonocephalus w i t h Stegodon ganesa, Elephas husudrindicus w i t h Elephas hysudricus and 
Duboisia santeng w i t h the Boselaphini . D e V o s (1995, 1996) conc luded that the 
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Fig. 8. The migration of mammals during the Early-Middle Pleistocene via the Siva-Malayan route 
(after de Vos, 1995). 

Stegodon-Homo erectus fauna association originated f r o m the S iwal iks (the Indian sub
continent) and reached Java v i a the so-called S i v a - M a l a y a n Route (Fig. 8). 

A t the end of the M i d d l e Pleistocene the Stegodon-Homo erectus fauna association 
became extinct. A faunal turnover took place and a n e w fauna migrated into the 
Indonesian Arch ipe lago ; the Pongo-Homo sapiens fauna to w h i c h the site P u n u n g is 
attributed, as w e l l as the material f r o m the Sumatran caves. In this fauna w e f i n d the 
Indian elephant (Elephas maximus), orang-utan (Pongo pygmaeus), the g ibbon (Hylobates 
syndactylus), the pig- ta i led Macaque {Macaca nemestrina) and the M a l a y a n bear (Ursus 
malayanus), a l l species w h i c h are st i l l extant o n the continent or i n other places of the 
Indonesian Arch ipe lago , but are no longer f o u n d o n Java. The large quantity of orang
utan and the presence of other primates indicate a h u m i d tropical rainforest envi ron
ment. S imi lar faunas w i t h orang-utan {Pongo pygmaeus) are also f o u n d i n fossil sites of 
the continent, l ike V i e t n a m (Lang Trang Cave) , C a m b o d i a ( P h n o m Loang) , a n d C h i n a 
(de V o s 1984, V u the L o n g et al, 1996). 

Based o n the balanced character of the faunas of P u n u n g and Sumatra, and the fact 
that w e are deal ing w i t h a tropical rainforest, w h i c h cannot cross a water barrier, w e 
may assume that the connection w i t h the m ain land became more continuous. Probably 
between 126,000 and 81,000 years ago (Storm, 2001) there was such a lower ing of the sea 
level, w h i c h connected Sumatra, Java and Kal imantan (the Sunda shelf) to the continent. 
In that per iod there was an immigrat ion of a tropical rainforest fauna w i t h Homo sapiens 
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Fig. 9. The migration of mammals during the Late Pleistocene via the Sino-Malayan route (after de 
Vos, 1995). 

f rom C h i n a , v i a Vie tnam, Cambodia , the M a l a y Peninsula to the Sunda shelf (de V o s & 
L o n g , 2001). Based o n the presence of orang-utan and other elements of the fauna de 
Vos (1995), v a n den Bergh et al (1996,) and de V o s et al (1999) deduced that the fauna 
f rom Sumatran Caves, N i a h (Kalimantan) and P u n u n g (Java) came f rom South C h i n a 
d u r i n g the Late Pleistocene, v i a the so-called S ino-Malayan route (Fig. 9). 

The chronostratigraphy of Java 

The faunal succession gives a g o o d idea about the relative age of the faunas, but i n 
order to make correlations w i t h m a i n l a n d faunas, it is better to have them i n a 
chronostratigraphic f ramework. F r o m the 1960s this p r o b l e m has been tackled b y 
methods of absolute dat ing. Radiometr ic ages have been reported for var ious l i tholog
ie units and tektites i n Java. M a n y of these dates, however , are contradictory and con
fus ing w h e n appl ied to the dat ing of var ious geologic and palaeontologic events. 

V o n K o e n i g s w a l d (1964,1968) publ i shed t w o p o t a s s i u m / a r g o n ( K / A r ) dates. The 
first was based o n a ' typ ica l T r i n i l ' fauna w i t h the age of 495,000 ± 100 to 60,000 y r ; the 
second o n a tektite f r o m the T r i n i l layers at Sangiran, w h i c h was 730,000 ± 50,000 yr . 
V o n K o e n i g s w a l d supposed the first date represented the age of the upper T r i n i l . 

Jacob & Cur t i s (1971) gave a p r e l i m i n a r y K / A r dat ing for early humans i n Java. A 
sample f r o m M o j o k e r t o gave a result of 1.9 ± 0.4 M a . A c c o r d i n g to C u r t i s (1981), 
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however , the date is of little value due to the very h i g h atmospheric-acid content of 
the sample. N o consensus was reached o n the interpretation of these K / A r dates of 
about t w o M a for the Jetis beds. V o n K o e n i g s w a l d he ld the o p i n i o n that the date for 
Mojokerto is ' g o o d for the upper Jetis on ly ' (1975, p . 306), but others mainta ined that 
the t w o dates represent m a x i m a and that the average of the Jetis vertebrate fauna is 
closer to 1 M a (e.g., Isaac & Pi lbeam, 1975). 

In a survey of the available literature, Orchis ton & Siesser (1982) reported that 
radiometric approaches i n v o l v i n g the K / A r method have been p o p u l a r attempts to 
date the fossil h o m i n i d bearing formations i n Java. Yet i n their v i e w , most of the ava i l 
able dates are inadequate. F e w were reported i n detail , some were p u b l i s h e d w i t h o u t 
standard deviations, and a l l of them lacked adequate stratigraphie informat ion. 

In 1975, as the Univers i ty of T o k y o and the Geological Survey of Indonesia became 
equally convinced of the importance and necessity of a project for unravel l ing the bio-, 
l itho -and chronostratigraphy of the hominid-bear ing deposits of Java, they agreed to 
p l a n and implement a joint research project. The team concentrated o n Sangiran, where 
most of the hominids were coming from, and was the first to carry out large-scale sys
tematic excavations i n al l fossil beds i n this area. The project was carried out i n the years 
1976 unt i l 1979 (Watanabe & Kadar , 1985). A broad spectrum of approaches was fo l 
l o w e d , i n c l u d i n g petrologic and magnetostratigraphic investigations; f luorine analyses 
of bones, antlers and teeth of fossil mammals ; pol len analysis; and fission track dating, 
al l conducted under controlled stratigraphie conditions. In the Sangiran area several tuff 
layers could be dist inguished and dated (Suzuki et al, 1985). The fauna succession as 
suggested b y the Dutch-Indonesian team, based o n the Dubois Collect ion, fits the 
results of the excavations of the Indonesian-Japanese team (Watanabe & Kadar , 1985). 
Leinders et al. (1985) correlated the faunas w i t h the Indonesian-Japanese dates, and also 
based o n Shutler et al. (2004) and Storm (2001), the f o l l o w i n g ages for the h o m i n i d sites 
were obtained (Fig. 4): 

The Wajak fauna between 12,930-12,140 years (Shutler et al., 2004). 
Wajak M a n between 7,670-7,210 years (Shutler et al, 2004). 
The P u n u n g fauna must have an age about 81,000-126,000 years (Storm, 2001). 
The N g a n d o n g fauna is considered to be younger than the K e d u n g Brubus fauna 

(Leinders et al, 1985). 
The K e d u n g Brubus Fauna is considered about 0.8 M a (Leinders et al, 1985). 
The T r i n i l H . K . and C i Saat faunas are between 1 and 1.2 M a (Leinders et al, 1985). 

T i m e of a r r i v a l of Homo erectus a n d Homo sapiens i n Java 

T w o m a i n theories have been put forth to expla in m o d e r n h u m a n origins, the 
M u l t i r e g i o n a l E v o l u t i o n M o d e l and the O u t of A f r i c a theory. The M u l t i r e g i o n a l E v o 
l u t i o n M o d e l (Wolpoff et al, 1984), proposes that Homo erectus migrated f r o m A f r i c a to 
Eurasia about 1.5 M a ago and gave rise to m o d e r n humans i n var ious regions of the 
O l d W o r l d over a l o n g per iod of time. The result is the evo lut ion of a single, w i d e 
spread species, Homo sapiens, w h i c h preserves specific regional traits. In this m o d e l , i n 
Java, Homo erectus gave rise, v i a N g a n d o n g M a n and Wajak M a n , to the Recent A u s 
tral ian aboriginals {Homo sapiens). S torm (1995) s h o w e d , based o n the Wajak s k u l l i n 
the D u b o i s Col lec t ion , that this scenario is not valuable for Java. 
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The second O u t of A f r i c a theory (Stringer, 1992), suggests that after Homo erectus 
left A f r i c a a r o u n d 1.5 M a ago and dispersed over The O l d W o r l d , Homo sapiens devel 
oped about 150,000 years ago also i n A f r i c a and also dispersed over the O l d W o r l d . In 
this scenario Homo sapiens replaced archaic h o m i n i d populat ions (Homo erectus) 
throughout the O l d W o r l d . 

The u n g o i n g debate about the arr iva l and extinction of Homo erectus i n Java is con
centrated a r o u n d t w o radiometric dates (Swisher et al, 1994, 1996). For the arr ival 
Swisher et al (1994) c la imed that Homo erectus was already present o n Java at 1.81 + 
0.04 M a , based o n dat ing of minerals f r o m the supposed site of the Mojokerto c h i l d . 
This date is m u c h older than the supposed 1.5 M a of the Homo erectus (OH-9) f r o m 
A f r i c a and is i n contrast w i t h the date for the K e d u n g Brubus fauna of about 800,000 
b y Leinders et al (1985). D e V o s & Sondaar (1994) d isputed the dat ing of Swisher et al 
(1994) based o n the lack of a so l id l i thostratigraphy as was g i v e n b y the Japanese-
Indonesian team. This team h a d conc luded that at 1.8 M a Java was st i l l b e l o w water 
level (de V o s & Sondaar 1994). If the date of 1.8 M a is true, Homo erectus must have 
migrated f r o m A f r i c a m u c h earlier than the general accepted 1.5 M a . Swisher et al 
(1994) suggested that the ancestor of Homo erectus ventured out of A f r i c a before 1.5 
(probably 1.8 M a ) , and that a second migra t ion of Homo ergaster f o l l o w e d at a round 
1.5 M a . 

For the extinction Swisher et al . (1996) c la imed a very y o u n g date (27,000 ± 2,000 
years ago) based o n fossil b o v i d teeth f r o m N g a n d o n g . These dates are, according to 
Swisher et al (1996), surpr is ingly y o u n g and, if p r o v e n correct, i m p l y that Homo erec
tus persisted m u c h longer i n Southeast A s i a than elsewhere i n the w o r l d , indicat ing 
that Homo erectus existed beside Homo sapiens. In this case the M u l t i r e g i o n a l M o d e l 
doesn't stand. A c c o r d i n g to the Dutch-Indonesian team these dates are indeed too 
y o u n g . The P u n u n g fauna w i t h orang-utan and Homo sapiens h a d an age between 
81,000-126,000 years a n d was younger than N g a n d o n g fauna i n c l u d i n g N g a n d o n g 
M a n . If the data of Swisher et al (1996) are correct than one w o u l d expect a m i x e d 
fauna consisting of Homo erectus, archaic faunal elements (like the proboscidean Ste-
godon) a n d Recent faunal elements (like Pongo) w i t h Homo sapiens. H o w e v e r , this is not 
the case; there are only archaic faunal elements i n N g a n d o n g . 

The quest ion is " w h a t is the value of those absolute dates". A n y w a y , the debate 
w i l l continue for some years. 

C o n c l u s i o n 

The D u b o i s Col lec t ion owns its fame as an important part of cul tural heritage to 
the famous skul lcap and femur that gave the first phys ica l proof of a transit ional f o r m 
between apes and M a n . The remainder of the fossils in i t ia l ly received little attention 
and were stored f r o m 1900 t i l l about 1940 at several places. M u c h progress was made 
i n the s tudy of fossil m a n o n Java as n e w f inds were made i n the 1930s. Other verte
brates were considered of m i n o r importance, a l though v o n K o e n i g s w a l d used them 
for a first biostrat igraphical scheme. 

The role of the D u b o i s collection was restricted to the h o m i n i d fossils, u n t i l 
Bernsen started cataloguing the other fossil material , after w h i c h Hooi jer started the 
task of systematic descriptions. This w o r k set stage for a n e w role for the collection. 
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These vertebrate remains p r o v i d e d n e w and valuable insights i n the biostrat igraphy 
of the region. Secondly, they a l l o w e d the reconstruction of the ecological changes i n 
southeast A s i a . Thus, the D u b o i s Col lec t ion got a n e w l ife, a n d p r o v i d e d the basis for 
evolut ionary scenarios concerning the dispersal of Homo erectus and Homo sapiens. 
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