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Abstract. The study of palaecoecology aims to reconstruct past ecologies with a view to
understanding evolutionary and biogeographic change. There are many sources of
information leading to palacoecological reconstructions, but in this paper I will be
concerned with the use of mammals as palaeoecological indicators. Methods of varying
complexity can be used to interpret palacoecology from the evidence of mammalian
faunas. There is no right way or wrong way to do this, only the most appropriate for the
particular case, whether it be complex or simple. Most methods rely on the comparative
method, i.e. comparisons of past faunas with those living today. Taxonomic comparisons
are the most common in palaeontology, with inferences on palacoecology being made
on the basis of relationships of fossil with living taxa. There is growing emphasis also
on morphological comparisons, whereby functional morphologies of fossil animals can
be interpreted by reference to those of living animals, with the ecological consequences
of the morphologies inferred from these. Total species diversity of fossil faunas can also
provide limited ecological information, and the diversity may also be analysed by single
ecological parameters such as size distributions of faunas. Finally, ecological diversities
may be analysed by univariate statistics or combined in multivariate functions to provide
more complete information on the structure of whole communities, and these analyses
may also be manipulated by rarefaction to simulate particular taphonomic biases in fossil
faunas or to attempt to reconstruct past communities thathave no living counterpart today.
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I. INTRODUCTION

The aim of palacoecology is to provide the context in which evolutionary changes
occur. Evolutionary change over time takes place in a changing world, and it may be asked
of any speciation event whether it is the result of changing environment or due to some
other factor. Darwinian thought tends to link speciation with environmental change, and
although non-adaptive or random events also play a part, [ am assuming that this link is
valid. The first stages in the analysis of the evolution of a set of organisms entails
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phylogenetic hypotheses based on character distributions. The identification of character
changes through a phylogeny, however, provides no information about the historical
processes underlying such changes, only that they have occurred (GANS 1989). Analysis
of historical processes requires an understanding of the interactions between fossil
organisms and their environment, i.e. their past ecology. The study of palacoecology is
thus complementary to the study of systematics of animal and plant life.

Ecology can be defined as the totality of interactions between organisms and their
environment (ODUM 1983). Palaeoecology can therefore be defined as the inferred
interactions between past organisms and their then-existing environment. The environ-
ment consists of a physical aspect, weather, atmosphere, source rock for soil, etc; and a
biological aspect, the interactions between the living species making up the biotic
community occupying a given area. The community in relation to environment is denoted
as an ecosystem, with community used in the sense of all living populations, both animal
and plant, occupying one time and one place. Palacocommunities are beyond our skill to
reconstruct in their entirety, because so many of the populations making up past com-
munities are not preserved in the fossil record as a result of taphonomic bias. What we
seek to do in palaeoecological reconstruction, therefore, is to make inferences about past
ecosystems by using certain parts of past communities as markers, assuming them to be
representative of the communities as a whole. This assumption underlies all attempts at
palacoecological reconstruction, and at present there is no way around it, nor likely to be
as far as we can see at present. Methods of analysis vary according to the size and nature
of the palaecocommunity available for investigation. Simple methods are easier and quicker
to apply, but they inevitably omit greater or less parts of the palaeoecological evidence
and may give misleading results; complex methods are difficult and often cumbersome to
apply, but since they draw on greater variety of information they are likely to provide
deeper insights into past ecologies.

Past ecosystems are interpreted by comparison with present-day ones, but it must be
recognized at the outset that past ecosystems do not necessarily have present-day counter-
parts and the proper understanding of these requires more sophisticated methods of
analysis. Simple taxonomic comparisons between fossil animals and their supposed living
counterparts may not be sufficient to interpret past ecosystems that differ from those of
the present day, and the same may be true also of comparisons of functional morphology
and ecological diversity. The question to be asked here is whether or not it is safe to assume
comparability in ecosystems, and if there is any reason to believe not, these methods can
at best only provide a partial insight into the nature of past ecosystems. To go further it is
necessary to introduce simulated variations into present-day communities in order to
increase levels of similarity with the fossil communities, and this will be attempted here
by rarefaction.

II. TAXONOMIC ANALYSIS

Comparisons of the taxonomic composition of mammalian faunas with those living
today are one of the commonest methods of palaeoecological analysis. Such comparisons
may be quantified in statistically elegant ways, but they all have the problem that the
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ecological affinities of extinct species, or even extant species living in earlier times, are
essentially unknown, so that ecological inferences drawn from them may be incorrect.

At its simplest level, the taxonomic identity of past organisms is assessed, and by
comparison with similar and/or related organisms in present day habitats, inferences are
made as to past habitats. This method may be applied to one or a selected number of taxa,
as has commonly been the case in the past, or it may be applied to a significant section of
the total assemblage. Analysis of pollen (BONNEFILLE 1976; CADMAN & RAYNER 1989;
HARRISON & HARRISON 1989) or macro-plant remains (AXELROD 1950; COLLINSON
1983) provide direct evidence on the vegetation present at many fossil sites, but these are
rarely preserved at the same levels as mammals, so that degrees of association cannot be
tested. It may also be the case that even though the species composition of the flora is
known, the structure of the vegetation may still be ambiguous, especially if there is some
indication that the pollen comes from many different habitats and is spread over thousands
of years.

The taxonomic analysis of the mammalian faunas remains the most widespread form
of palacoecological analysis. AVERY (1987, 1990, 1991) has applied taxonomic analysis
to good effect on small mammal associations from Pleistocene and Holocene sites in South
Africa, and she has related differences in taxonomic composition of successive faunas to
differences in vegetation and thence to differences in climate. AVERY has not, however,
investigated the taphonomy of her cave assemblages, beyond the statement that they were
probably derived from the prey assemblages of an unknown predator, and the fact that
different predators have different hunting strategies, resulting in different prey assemb-
lages, must raise questions about the validity of her palaeoecologic and/or climatic
inferences. I have also recently used taxonomic analysis to show change through time in
an English middle Pleistocene cave sequence (ANDREWS 1990a), and by taking account
of differential taphonomic effects on the fauna I was able to correlate ecological and
climatic change with changes in taxonomic composition in the mammalian faunas. At the
bottom of the sequence was a warm temperate fauna; and this was succeeded by a fauna
which was taphonomically distinct but which had similar ecological indications. Above
these were two levels with cold faunas, while above these was a return to warm temperate
conditions in two more levels. At the top of the sequence was a return to cold conditions
again, even colder than the previous cold stage. The duration of these climatic fluctuations
could not be determined, because there was no evidence available on sedimentation rate,
but systematic studies on the small mammals show that the whole sequence of warm-cold-
warm-very cold fits within the end stages of the Cromerian interglacial (CURRANT in
press).

III. MORPHOLOGIC ANALYSIS

Characters in living mammals may be observed to serve particular functions, and when
the same characters are present in fossil mammals it may be assumed that the same function
was present in the fossils. An index was devised by VRBA (1980) comparing the
proportions of bovid tribes in fossil faunas. At first sight this might appear to be a
taxonomic scheme, but in fact the choice of tribes shows it to be morphologic. Alcelaphines
and antelopines are compared with tragelaphines and reduncines, the first two tribes
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containing almost entirely grazing species with hypsodont teeth, the second two containing
mainly browsing species with brachydont teeth. The index of one to the other separates
grazers from browsers, and this indicates vegetation differences between grassland and
woodland with possible climatic inferences as well. Up to a point this index works very
well, for there is a major dichotomy between grazing and browsing bovids in Africa today,
but since some of the bovid species are migratory, and in the course of their annual
migration they pass through, and often die in, many different ecosystems, it is possible for
misleading results to ensue.

Another example of morphologic-based analyses is based on the study of postcranial
morphology. KAPPELMAN (1991) has studied features of the bovid hind limb and has
demonstrated a functional linkage between several femoral characters and habitat type.
For example, cursorial species that live in open habitats have a laterally expanded femoral
head adaptive for running fast, whereas forest bovids have a more spherical head giving
greater ranges of movement for leaping. VAN VALKENBURGH (1987) has distinguished
between locomotor function in climbing, digging and running (cursorial) carnivores, and
she has found that certain osteological indices are good predictors of locomotor behaviour
in living carnivores. For example, arboreal carnivores have more strongly curved claws,
shorter metatarsals and longer proximal phalanges than do terrestrial species.

A third type of morphologic-based analysis is based on dietary differences seen in the
teeth. There are many examples of this. JANIS has shown that the degree of hypsodonty
of the molars of bovids is strongly related to habitat (JANIS 1988). Ungulates feeding at
ground level in open habitats are significantly more hypsodont (regardless of food
preference) than ungulates living in closed habitats. Crown complexity has also been
shown to be equally important in herbivores (SCHMIDT-KITTLER 1984; JANIS 1988; JANIS
& FORTELIUS 1988). Thick enamel may be related to food that is abrasive, but brittle rather
than tough so that blades are not needed for its comminution (KAY 1975; JANIS &
FORTELIUS 1988). Bilophodonty is commonly related to diets consisting of tough and
abrasive foods, but extreme lophodonty is necessary for very tough foods (JANIS &
FORTELIUS 1988).

Quantitative analyses of tooth wear have also proved valuable in reconstructing diets
in fossil mammals. Early work measured gross differences between grazers and browsers
(WALKER et al. 1978), but increasingly refined microscopy has led to greater distinctions
being made, in particular relating to frugivory and the differences between robust and
gracile australopithecines (GORDON 1982; GRINE 1986; KAY 1985: TEAFORD 1988; KAY
& GRINE 1988). In the future we may have whole faunas with microwear analysed for all
the species, and when that is done the dietary spectrum obtained will provide more precise
palaeoecological reconstructions that we can achieve at present.

Dietary distinctions may also be made with non-dental evidence. The structure of the
stomach is highly diagnostic of mammalian groups such as the ruminants and the
cercopithecoid monkeys, in which the stomach is structually adapted to utilise distinct
types of food (HOFMAN 1968). Unfortunately, such evidence is not generally available
from the fossil record. On the other hand, the shape of the premaxilla in large herbivores
has been shown to be related to diet (SOLOUNIAS et al. 1988). Browsing species have



