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Paleoecology is the study of the relationships between organisms and their environ-
ments in the past. The principal application of paleoecology in anthropology is to
the study of human evolution. Paleoecology provides the context to our study of
changes in biological and behavioral adaptation through evolutionary time, such that
the major developments which define our differences from our nearest relatives can
be characterized in context and the development of human distinctiveness can be
examined within an environmental framework. The term derives from the ancient
Greek παλαιóς (palaiós, “old”) and the German Ökologie, from ancient Greek o’̃ικoς
(oîkos, “house”)+ -λoγία (-logía, “study of”).

All organisms interact with their environments and ecology is the study of those
interactions. Environments are both physical and biological and characterizing the
dynamic relationships between factors is one of the main challenges of studying
ecology in the present as well as in the past. The physical environment includes such
variables as temperature, rainfall, and aspects of the physical setting, such as altitude,
soil characteristics, and local geography, including availability and characteristics
of fresh water locally. The biotic environment consists of all the other living things,
both plant and animal, with which organisms interact. Paleoecology deals with these
things in the past, which makes them even harder to study than in the present since
we are more limited in how we can investigate these relationships. Those seeking to
characterize ecology in the past often rely on proxy measures of both biotic and abiotic
factors in an imperfect geological record.

Paleoecology helps us to understand the context of human evolution, particularly as
it can relate to overall ecosystem changes that provide the background for adaptation.
Themajor developments in human evolution which distinguish us from our closest rel-
atives, such as general reduction in dentition, the development of bipedal locomotion,
and increasing brain size, can all be viewed in an ecological context as responses to
environmental constraints which favored new morphologies and behaviors. Through-
out the history of paleoanthropology, various hypotheses have been used as investiga-
tive frameworks for studies of ecological relationships, from the “savanna hypothesis”
derived from the initial writings of Charles Darwin (1871), through Elizabeth Vrba’s
“turnover-pulse hypothesis” (1985) linking large-scale global climate change to pulses
in extinction and speciation driving changes in hominin faunal communities. A dom-
inant ecological hypothesis today is Richard Potts’s “variability selection hypothesis”
(1998), which predicts that behavioral variability and novelty is favored in highly vari-
able environmental settings.
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The study of ecology—and, by extension, paleoecology—has two major branches.
The first is autecology (ancient Greek via Latin auto- [“on itself”]+ ecology) and this
is the study of the interactions between one type of organism (e.g., a species) and its
environment, for example, we can study the interactions between an extinct hominin
species, Homo erectus, and its environment, examining its relationships with predators,
prey, and other animals and plants within a reconstruction of its abiotic environment.
The second is synecology (from ancient Greek 𝜎𝜐𝜈- [sun-], from 𝜎�́�𝜈 [sún, “with, in
company with, together with”]) and this focuses on the study of groups of organisms
associated as a unit. Usually the groups are along the lines of a defined portion of the
biological community (e.g., large mammals or carnivores) which can be examined as
a more or less coherent unit. For example, since all carnivores are dependent on ani-
mal prey to a greater or lesser extent, they can be considered as a group which together
shares important ecological characteristics, which in turn means they would have sim-
ilar interactions with their biotic and abiotic environment.

Many studies of paleoecology rely on the principle of uniformitarianism, a term bor-
rowed from geology whichmeans that the physical processes of the past are the same as
those observable in the present, often summarizedwith the observation that the present
is the key to the past. This approach is helpful in that it gives confidence that analogy
between past and present ecosystems has a well-founded basis. However, we can easily
observe via our knowledge of past faunas and floras that change in many respects has
occurred. Since the physical laws are the same, some ormore aspects of conditionsmust
have changed to create these differences.Themost universal driver is climatic change on
a global scale, although continental and regional changes can also cause paleoecological
change visible in the make-up of the ecosystem’s constituent biological elements.

Paleoecological investigations usually focus on a particular geographical or tempo-
ral range associated with the limits and scale of the ecosystem under investigation. An
ecosystem includes all interconnected biotic and abiotic components in a geographic
area, the size of which is usually constrained by both the nature of the research ques-
tion and the availability of evidence.The geological record is both patchy through space
and incomplete through time and its limits provide the primary constraint on the ques-
tions that can be answered. Another major constraint on the study of paleoecology is
that of taphonomy, the processes that occur and biases which affect how organisms are
preserved in the fossil record and how the resulting fossils are recovered and become
available for study. Taphonomic processes bias the fossil record in variousways that alter
how representative a fossil assemblage is of the living community it preserves. There-
fore, a good understanding of the taphonomy of fossil assemblages is a necessity when
investigating paleoecology.

Another major challenge is that of chronology.When studying fossils derived from a
single geological sequence in one region, creating a temporal framework may (or may
not) be relatively straightforward. However, it can be difficult to correlate temporally
different geological sequences distributed over larger areas, some of which may not be
amenable to absolute or radiometric dating. Therefore examining large-scale paleoe-
cological change, for example on a continental scale encompassing the entire known
range of a species, can be a challenge, while examining a smaller geographical scale will
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give a limited, yet more easily definable, view of the ecological range of a species or
community.

As befits a discipline as all-encompassing as paleoecology, there are many methods
used to examine the relationships between organisms and their biotic and abiotic envi-
ronment. Many of these take the approach of characterizing different aspects of these
relationships and interactions: for example, feeding ecology. To examine the feeding
ecology of a herbivorous mammalian species, one might look at the morphology of
its teeth to determine the type of diet it likely had. A less general way of looking at
diet would focus on changes made to an animal’s dentition by its actual diet, either
macroscopically (using a method called mesowear analysis, which examines how teeth
are changed attritionally through wear) or microscopically (using microwear analysis,
which examines themicroscopic damage left on the surface of teeth by the foods eaten).
Diet can also be examined through chemical analysis, particularly by analyzing the vari-
ation in the proportions of isotopes which indicate particular plant food diets (stable
isotopes of carbon linked to plant photosynthetic pathways). To characterize the diet of
a species, one might use several methods of analysis on numerous different specimens,
either from one defined region or from a wider area, at one time or from several points
in time, depending on the question addressed.

For students of paleoanthropology, another important aspect of paleoecology is the
relationship of hominin species and other mammals to the vegetational environment.
Thismay affect such diverse aspects of ecology as hominin diet and also predation pres-
sure, since vegetation affects both plant and animal species available to eat and also the
types of predators likely to be present and which prey they would favor. Overall vegeta-
tion structure can be studied by examining the proportions of stable carbon isotopes in
the fossil soils, which, as in the case of the dietary studies, indicates the overall percent-
age of plants that used different photosynthetic pathways and created soil carbonates.
Alternatively, vegetation can be inferred through fossils of plant leaves and seeds, which
are rare but identifiable to taxon, or by the analysis ofmicrofossils of plant pollen or phy-
toliths preserved in the soil.These relative proportions of both pollen and phytoliths are
biased by the amount produced by each plant, which varies widely, and, in the case of
pollen, how far it is dispersed. However, with these inmind, a profile of vegetation types
can be reconstructed. An alternative synecological approach uses the entire faunal com-
munity to predict what vegetation structure it might have been supported by, usually by
analogy to faunal communities living in modern wildlife preserves or protected areas.

It can be challenging to understand abiotic aspects of terrestrial environments, such
as temperature, seasonality, and even aspects of past geography—altitude or the pres-
ence of fresh water. Of these, the last is usually most straightforward because water
action plays a large role in the concentration, burial, and preservation of mammalian
fossils. The nature of local water sources can be greatly illuminated by the study of sed-
imentology and, for lakes in particular, the micropaleontology of diatoms preserved
in lacustrine sediments can help characterize lake salinity and pH. Determination of
local temperature is more complicated. Analysis of plant leaf morphology can also help
determine local temperature and rainfall but plant leaves are very rarely preserved in
the fossil record. Alternatively, when the age of the fossil assemblage is well constrained,
temperature is often determined with reference to the long-term records of climate
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change preserved in ice cores or in marine records like deep-sea sediment cores, which
show changes in the oxygen isotopes of foraminifera (marine microorganisms) and
fluctuations in the quantities of African terrestrial dust related to temperature. How-
ever, temperature estimates must be taken with a pinch of salt because the connection
between large-scale, often distant, indicators of global climate change and what is hap-
pening in any one terrestrial locale relies on inference alone.

Developments in paleoecology have three main drivers in discovery, methodology,
and theory. Discovery of new fossils, species, or fossil deposits are only some of the fac-
tors which can lead to new revelations about paleoecology. Newmethods, often derived
fromother disciplines, can lead to new insightswhen they are applied to paleoanthropo-
logical contexts. Finally, new theoretical insights and hypotheses can change the focus of
current research in paleoecology by providing new frameworks and points of reference
for analysis and discussion.
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ABSTRACT
Paleoecology is the study of the relationships between organisms and their environ-
ments in the past. The principal application of paleoecology in anthropology is to the
study of paleoanthropology. Paleoecology provides a framework for understanding
human evolution within the context of changing environments, influenced and
influencing both biotic and abiotic aspects of their surroundings.
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