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Introduction and summary

What is the origin and history of our species? 
Darwin (1871) first addressed this fundamental 
question in his book “The Descent of Man”. He 
claimed that humans are most closely related to 
the African great apes (chimpanzees and goril-
las) and hence that the origin of humankind must 
lie in Africa. Since then, his prediction has been 
borne out by the discovery of at least 16 differ-
ent hominin species (preceding modern Homo 
sapiens) fossilized in African deposits over the 
past ~ 7 million years. Hominins are defined as 
members of the taxon (“tribe”) Hominini, which 
comprises modern humans and their extinct rel-
atives over the past ~ 7 million years: all species 
of the genera Homo, Australopithecus, Paranthropus, 
Kenyanthropus, Ardipithecus, Orrorin and Sahelan-
thropus. Where, when and why did these species 
arise? Climatic and environmental changes are 
strong drivers of evolution, and it is assumed that 
these processes played a major role in hominin 
evolution and dispersal. Many hypotheses have 
been put forward to link climate and environ-
mental change with important junctions in the 
evolution of the human lineage (e.g. deMenocal 
2004; Fig.1). However, in order to test these hy-
potheses (or to generate new ones) three impor-
tant requirements should be met (Behrensmeyer, 
2006). 

Firstly, high-resolution temporal synchronic-
ity of climatic and evolutionary events needs to 
be demonstrated before any causal relationship 
between the two events can be considered. The 
problem is that especially in continental settings 
where hominin fossils are found, regional climate 
records resolving change at the appropriate evo-
lutionary timescales (5-30 thousand years (ky)) 
are generally very scarce or not available. Also, 
age control on hominin fossil occurrences is not 
sufficiently tight. Secondly, the spatial dimen-

sion (“the power of place”) needs to be taken into 
account, since the geography of Africa is very 
diverse. Locally different climatic and environ-
mental conditions will have exerted locally dif-
ferent influences on hominin evolution and dis-
persal. So far, the impact of the spatial dimension 
has hardly been explored in climate-evolution 
studies. Thirdly, to establish causal relationships 
between climatic and evolutionary events, it is 
crucial to identify testable ecological and physi-
ological mechanisms for transmitting climatic 
cause to evolutionary effect. 

Objectives

The ultimate aim of this study is to elucidate 
the influence of climate and environmental 
change on African hominin evolution and dis-
persal over the past ~ 5 million years. To achieve 
this, I focused on meeting the three challenges 
mentioned above: reconstruction of a regional 
paleoclimate record as well as improvement of 
age control of hominin fossil occurrences, rec-
ognition of the importance of geography, and 
identification of testable biological mechanisms 
that link climate and environmental change to 
evolution of hominin populations. An important 
underlying assumption, stemming in part from 
my background as a freshwater and marine ecol-
ogist, is that the presence of water always must 
have been an important factor for hominins: as 
drinking water, but possibly also as a source of 
freshwater and marine food resources. 

Study sites 

The fieldwork for this study was carried out in 
2004, 2006 and 2010, in ~ 2 million year old lake 
sediments along the eastern shore of Lake Tur-
kana (Kenya, Ethiopia), formerly named Lake 
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Rudolf (Fig. 2). It has been -and still is- a privi-
lege to work in this remote and harshly beauti-
ful area inhabited by the Dasanetch, Turkana 
and Gabbra. Made known to the outside world 
as recently as 1888 by the explorers Teleki and 
Von Höhnel (Brown, 1989), Lake Turkana earned 
the status as an iconic geographic space in East 
Africa. The vast lake in the windswept desert at-
tracted adventurers for many reasons (e.g. ivory, 
or crocodiles; Graham and Beard, 1973) but also 
just because it was there: reaching this place was 
a moving experience (Fig. 3). It enabled individu-
als to challenge and define themselves, to test 
their stamina and skills, and to earn distinction 
(Brown, 1989; Imperato, 2006). In the 1960’s the 
iconic status of Lake Turkana was strengthened 
by the discovery of rich fossil hominin-bearing 
beds on its eastern shore, at Koobi Fora. Paleo-
anthropologist and fossil hunter Richard Leakey 
had noticed these deposits by looking out of the 
window of a small airplane, when he was flying 
back from Ethiopia on a detour to avoid a storm 

(Gibbons, 2006). Since the start of the Koobi Fora 
Research Project in 1968, hundreds of hominin 
and other animal and plant fossils have been 
and continue to be found (Fig. 4, 5). The research 
presented in this thesis contributes to providing 
a climatic, environmental and ecological context 
for these important fossils from the “cradle of 
mankind” in the Turkana Basin.  

The other important site featuring in this thesis 
is Trinil in the Solo Basin on Java (Indonesia). In 
1893, on the banks of the Solo River, the Dutch 
anatomist Eugène Dubois discovered fossils of 
a transitional form between ape and human: 
Pithecanthropus erectus or Homo erectus as it is 
now called (Dubois, 1894; Fig. 6). Dubois (Fig. 7) 
was the first scientist who combined biological, 
paleontological and biogeographical informa-
tion to predict the possible geographic location 
where such transitional fossils could be pres-
ent. In 1887 he gave up his promising university 
career in Amsterdam to actually go and look for 
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those fossils. He went to the Dutch East Indies to 
search for the proverbial needle in the haystack, 
and amazingly by 1893 he had found it (Shipman, 
2001; Theunissen, 1989). The other remarkable 
thing about Dubois is that he was a true ecologist: 
he realized that his man-ape/ape-man fossils 

could only be understood in the context of their 
environment. Therefore Dubois collected all fos-
sil plant and animal remains from the 
“Pithecanthropus” excavation site, not only the 
spectacular mammalian bones but also tiny bird 
and fish bones, as well as large amounts of mol-

Figure 2. A: Location of Lake Turkana in NE Africa. B: Present-day Lake Turkana with Pliocene and Pleistocene depos-
its indicated in grey. C: Overview of the numbered paleontological collecting areas on the NE coast of Lake Turkana. 
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luscan shells. Since its arrival in the Netherlands 
early in the 20th century the rich Dubois Collec-
tion has been meticulously curated, presently at 
the Netherlands Centre for Biodiversity Naturalis 
in Leiden (The Netherlands). I was –and am– 
granted the opportunity to work in this unique 
collection. Presently, the Trinil site is no longer 
accessible due to permanently high river water 
levels. Thanks to Dubois’ foresight, it is still pos-
sible to reconstruct the ecological context of 
Javanese Homo erectus, and derive new hypoth-
eses on its resource use.
 
Results and conclusions
 
Chapter 1 – In this chapter we explore the possible 
relevance of aquatic environments (lakes, rivers, 
seashores) as sources of aquatic food items for 
hominins. Knowledge about dietary niche is key 

to understanding hominin evolution, since diet 
influences body proportions, brain size, cogni-
tion, and habitat preference. Here we provide 
ecological context for the current debate on 
modernity (or not) of aquatic resource exploita-
tion by hominins. We use the Homo erectus site 
of Trinil (Solo Basin on Java, Indonesia) as a case 
study to investigate how research questions on 
possible dietary relevance of aquatic environ-
ments can be addressed. Faunal and geochemical 
(strontium isotope) analyses of aquatic fossils 
from the Trinil Hauptknochenschicht (HK) fauna 
demonstrate that Trinil at ~1.5 million years ago 
(Ma) contained near-coastal rivers, lakes, swamp 
forests, lagoons, and marshes with minor marine 
influence, laterally grading into grasslands. Trinil 
HK environments yielded at least eleven edible 
mollusc species and four edible fish species that 
could be procured with no or minimal technol-

Figure 3. First view on Lake Turkana after a three days’ drive from Nairobi.
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ogy. We demonstrate that, from an ecological 
point of view, the default assumption should be 
that omnivorous hominins in coastal habitats 
with catchable aquatic fauna could and would 
have consumed aquatic resources. The hypoth-
esis of aquatic exploitation can be tested with 
taphonomic analysis of aquatic fossils associated 
with hominin fossils. We show that midden-like 
characteristics of large bivalve shell assemblages 
containing Pseudodon and Elongaria from Trinil 
HK indicate deliberate collection by a selective 
agent, possibly hominin. The important message 
resulting from this chapter is that the burden of 
proof has been shifted: instead of having to pro-
vide evidence of aquatic exploitation before it is 
regarded as a realistic option, evidence is needed 
when pleading that hominins in coastal habitats 
could or would not exploit aquatic resources.

Chapter 2 – In this chapter we test whether oxy-
gen isotope ratios (δ18O) of fossil bivalve shells 
from ~2 million year old hominin-bearing sedi-
ments in the Turkana Basin can be used to recon-
struct climate and environments in this region. 
We show that seasonal shifts in δ18O values re-
corded by modern and fossil shells from the Tur-
kana Basin are caused predominantly by wet-dry 
seasonal changes in host water chemistry, forced 
by summer monsoonal rainfall over the Ethiopian 
Highlands. Due to strong evaporation and damp-
ening of the seasonal δ18O signal in lakes, fossil 
shells from lake sediments are not suitable for 
reconstruction of paleoclimate and paleoseason-
ality. In contrast, fossil shells from delta or river 
facies can be used for this purpose. The combina-
tion of δ18O and δ13C data from fossil shells in the 

Turkana Basin allows distinction between lake, 
delta (river plume) and river paleoenvironments. 
The presence of large healthy fossil bivalve shells 
in the paleolake sediments indicates that alkalin-
ity in the Turkana Basin at ~2 Ma must have been 
lower than today, despite the concomitant lacus-
trine δ18O values of ~ +6 ‰ that are similar those 
in the present-day highly alkaline Lake Turkana. 
This can be explained by the non-linear response 
of lake water δ18O to increasing evaporation 
(Craig-Gordon model). Environmental conditions 
in the paleolake at ~ 2 Ma were more favorable 
than those in modern Lake Turkana: it provided 
good drinking water and abundant aquatic mol-
luscs, fish and other aquatic animals (crocodile, 
turtle) as a possible hominin food supply. 

Chapter 3 – In this chapter we study the influ-
ence of orbital paleoclimate cycles on hominin 
evolution, which is a key challenge in paleoan-
thropology. The two major unresolved issues 
are: the unavailability of a climate proxy yield-
ing high-resolution (< 20 kyr) terrestrial climate 
records, and the lack of age control on hominin 
fossil occurrences at sufficiently high resolu-
tion. In the previous chapter we have shown that 
oxygen isotope ratios of fossil lacustrine shells of 
the Turkana Basin cannot be used to reconstruct 
paleoclimate. In this chapter we therefore de-
velop and apply a novel climate proxy, strontium 
isotope ratios (87Sr/86Sr) of lacustrine fish fossils 
from the Turkana Basin, that captures orbitally 
forced variation in summer monsoon intensity 
over the Ethiopian Highlands. We successfully 
applied the climate proxy to a ~ 150 kyr time in-
terval of ~2 million year old paleolake deposits 

Figure 4. Fossil skull KNM-ER 1470, attribut-
ed to Homo rudolfensis. This fossil was found 
by Bernard Ngeneo in 1972 (Leakey, 1973).
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containing hominin fossils. Existing age control 
of the studied interval was improved by a new 
magnetostratigraphic record precisely locating 
the base of the Olduvai chron near the bottom 
of the sequence. Spectral analysis demonstrates 
that 87Sr/86Sr variability is primarily determined 
by precession, which enables us to place hominin 
fossils in an astronomically-tuned climate frame-
work. The Sr climate proxy is potentially appli-
cable to all hominin-bearing lake deposits in the 
Turkana Basin, ranging in age from ~ 4.2 to 0.8 
Ma. Our results show that between ~ 2 and 1.85 
Ma the Turkana Basin remained well-watered 
and inhabited by hominins even during periods 
of precession maxima when summer monsoon 
intensity was lowest. This is in contrast to other 
basins in the East African Rift System (EARS) 
that were impacted heavily by precession-forced 
droughts. We hypothesize that during lake phas-
es, the Turkana Basin was an aridity refugium for 
permanent-water dependent fauna –including 
hominins- over the precessional climate cycles.

Chapter 4 – In this chapter we postulate and de-
velop a new model, the aridity refuge model, to 
clarify the influence of climate change on hom-
inin evolution and dispersal in Africa between ~ 
5 and 2.5 Ma. The model holds that the longitudi-
nal Indian Ocean coastal forest strip provided an 
isolated aridity refugium, conducive to evolution, 
during recurrent long-periodic (~ 400 ky) dry 
episodes over the past millions of years. From 
this refuge, evolved species could disperse far 
inland to rift basins via (re-)established fluvial 
corridors, whenever onset of long-periodic hu-
mid episodes in eastern Africa allowed expansion 
from the coastal enclave. We develop the model 
by: 1) setting up the climatic-tectonic framework, 
2) choosing age, geographic location and genus 
of the “stem hominin” in the model, and 3) defin-
ing the algorithm that makes the model “run” to 
produce predictions on evolution and dispersal. 
These predictions are validated with data from 
the available fossil record. We conclude that pat-
terns in fossil occurrence of hominin species 
between ~ 5 and 3 Ma can be fully explained by 
invoking long-periodic (~ 400 ky) wet-dry cli-
mate changes as postulated in the aridity refuge 
model. We hypothesize that after ~ 3 Ma, the 
Northern Hemisphere Glaciation (NHG) exerted 

the most important influence on hominin evolu-
tion by causing contraction of the Indian Ocean 
coastal forest towards the equator. We argue that 
this ecological mechanism of habitat fragmenta-
tion caused a tripartite separation of Australo-
pithecus afarensis populations living along the 
Indian Ocean coast. As a consequence, the three 
geographically isolated populations subsisted in 
different environmental conditions, which led to 
a cladogenetic split in the hominin lineage. Fi-
nally, we show how the aridity refuge model can 
be used to predict testable patterns in the fossil 
record of other mammals, and to predict the lo-
cations of suitable new fossil hunting areas.

Chapter 5 – This chapter comes full circle by as-
sessing the evolutionary and societal relevance 
of aquatic resource use by hominins. In contrast 
to terrestrial foods, aquatic food sources are 
rich in substances that have a strong impact on 
physiology, gene expression, brain growth and 
development. The most important one is DHA 
(docosahexaenoic acid), an essential fatty acid 
synthesized by phytoplankton and progressively 
bio-accumulated by aquatic organisms higher up 
in the food chain. Hence, continuous consump-
tion of aquatic food sources over milions of years 
constitutes a direct and powerful physiological 
mechanism influencing the evolution of the hu-
man lineage. Therefore, despite the difficulties in 
interpreting subtle clues for aquatic resource use, 
it is worth the effort to establish the antiquity of 
earliest aquatic resource use by hominins, and 
assess the relative contribution of aquatic versus 
terrestrial food resources in the hominin diet. 
This is also important from a societal perspective 
since DHA appears to play a major role in modern 
human health and development. DHA deficiency 
is implicated in diseases and problems (e.g. 
coronary heart disease, inflammatory diseases, 
depression, aggression and antisocial behaviour 
–even homicide-, and impaired visual and neu-
rological development of children) that have a 
high prevalence in modern societies and cause 
major human suffering and economic costs. If the 
increasingly recognized modern human need for 
preformed DHA in the diet can be placed in an 
evolutionary context, crucial recommendations 
for dietary change will carry more weight and so-
ciety will benefit. I argue that this dietary change 

Figure 5 (left). Typical exposures of fossil-bearing paleolake deposits in Area 102, Koobi Fora. Persons (Hubert Vonhof 
(right) and the author) indicate the scale.
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should ideally consist of deriving our essential 
long-chain polyunsaturated fatty acids (e.g. DHA) 
directly from cultured phytoplankton, the green 
base of the aquatic food chain.
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Figure 6 (above). Fossil skull cap, femur and molar of the 
holotype of Homo erectus, excavated from Trinil (Dubois, 
1894). 

Figure 7 (right). Eugène Dubois in Amsterdam, 1883.




