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Abstract

This thesis examines the evolution of the straight-tusked elephant {Palaeoloxodon 

antiquus) in Pleistocene Europe where it was a conspicuous interglacial faunal element 

from around 780,000 until 30,000 years ago.

This study investigates the evolution of P. antiquus through variation in dental and 

skeletal morphology by making comparisons between and within interglacial 

populations correlated with stages of the marine isotope record. The study finds that 

there is variation within populations at a local level but that mainly there is broad stasis 

through the evolutionary history of P. antiquus in northern Europe. This can be 

explained by P. antiquus having done most of its evolving in East Africa prior to its 

migration into Europe and by its accommodating climatic change through the 

Pleistocene by migrating to southern European réfugia during glacial periods.

P. antiquus was the sister-group of a number of dwarf elephants found on 

Mediterranean islands. In the present study the dwarf elephants of Cyprus are examined 

and the effect of size reduction from a ten tonne ancestor to a 200 kg animal 

investigated. The teeth of the dwarf elephant, Palaeoloxodon cypriotes, show isometric 

scaling compared to P. antiquus, maintaining a similar shaped tooth but deviating from 

the grov^th line of P. antiquus; this is related to maintenance of function. The teeth of 

the dwarf show positive allometric scaling to the rest of the skeleton.

The validity of the genus Palaeoloxodon is upheld in this study and the derivation of 

Eurasian Palaeoloxodon from Palaeoloxodon recki in Afiica is examined. Comparison 

is also made between P. antiquus and Mammuthus species as are the effects on the 

former through competition with mammoth.
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Chapter 1
Introduction and Background

1.1. Aims and objectives

The Pleistocene provides an opportunity for study of evolutionary mechanisms and 

processes unequalled in vertebrate palaeontology. Although there is no firm consensus, 

it is recognised that the Pleistocene period began between 1.8 - 2.6 million years ago 

and finished at the onset of the Holocene about 11,500 calendar years ago. Being so 

recent, the Pleistocene is an excellent time period to study aspects of vertebrate 

evolution. It allows observation of the response of animals to change in environment at 

both the species and population level and is particularly useful since the climatic 

variations of the past 2 million years have, recently, been understood much more clearly 

(Lowe and Walker 1997).

New methodologies have allowed a fine scale stratigraphy and climatic pattern to be 

established for most of the Pleistocene and especially the early Middle to Late 

Pleistocene. Another advantage to evolutionary studies on Pleistd'cene taxa is that tnany 

are still extant or have extant closely allied taxa. This allows accurate reconstruction of 

past environmental and ecological conditions because modem conditions can be related 

to probable past environments.

This thesis is concerned with the extinct elephantid genus Palaeoloxodon. The majority 

of the study focuses on Palaeoloxodon in England and continental Europe although the 

distribution and evolution of the genus in Asia and its evolutionary history in Afiica are 

also addressed. The study is concerned with a time span fi-om approximately 780,000 - 

30,000 years ago, a period covering the immigration, evolution and extinction of the 

genus Palaeoloxodon in Europe and Asia. In the Far East the genus is found in deposits 

of possibly Holocene age; however, the Far Eastern species/subspecies of the genus are 

only briefly discussed in the thesis.

The main taxa encountered in the study are Palaeoloxodon antiquus (the straight-tusked 

elephant) and P. namadicus, and the dwarf forms - P. falconeri and P. cypriotes. These
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taxa were chosen because they are found abundantly as fossil remains from a range of 

localities throughout Europe/Asia and from a considerable time span allowing 

investigation of fine scale evolution. New developments in dating and stratigraphy allow 

most of the remains of these species to be assigned to a stage number on the marine 

isotope curve with its associated date, therefore allowing evolutionary studies to be 

carried out. Also, little previous research had been carried out on the genus 

Palaeoloxodon and almost nothing was known of its distribution or evolution. This is 

surprising since there are abundant remains of the genus in museums throughout 

Europe, many dating from collections over one hundred years old. One reason for the 

lack of previous research may be due to the concentration of interest in the genus 

Mammuthus on which the literature is much more extensive.

A study of this type is also facilitated because there are two extant genera of elephant, 

the African species/subspecies, genus Loxodonta and the Asian species/subspecies, 

genus Elephas. Although these species may not live in a completely natural 

environment, due to habitat destruction and modification by man, they allow inferences 

to be made on the behaviour and ecology of fossil species.

The objectives of the present study can be summarised:

• to establish the evolutionary history of the genus Palaeoloxodon, concentrating on 

Europe but also reviewing the patterns observed in Asia and Africa

• to present a detailed study of the changes in morphology within the genus 

Palaeoloxodon and the differences between species within this genus, in relation to 

the changing environmental conditions of the Pleistocene

• to define and clarify the taxonomic organisation and classification of the genus 

Palaeoloxodon

• to establish the evolutionary histoiy of the Mediterranean dwarf elephant P. 

cypriotes and identify the mechanisms involved in island dwarfing of large mammals

• discussion of the role of the genus Palaeoloxodon in Pleistocene biostratigraphy.

25



1.2. Structure of the thesis

The thesis is organised into 9 chapters:

• Chapter 1 introduces evolution within mammal lineages and the role of Pleistocene 

mammals in evolutionary studies. It also introduces the genus Palaeoloxodon and 

discusses the nomenclature and systematics of the genus

• Chapter 2 discusses the provenance of the fossil samples used in the study and 

describes the stratigraphie and palaeoenvironmental framework of the early Middle 

to Late Pleistocene. It also provides details of the age and palaeoecology of the sites 

involved in the study

• Chapter 3 deals with the spatial and temporal distribution of the Palaeoloxodon 

genus throughout Europe and Asia

• Chapters 4 describes the methods used to determine variation in dental, postcranial 

and cranial material

• Chapters 5 and 6 form the main part of the study, discussing the morphological 

changes observed within the genus Palaeoloxodon through its evolutionary history. 

Chapter 5 is concerned with dental remains while Chapter 6 addresses cranial and 

postcranial remains

• Chapter 7 is concerned with the evolutionary history and morphology of the 

Palaeoloxodon cypriotes and the general trends of island biogeography and dwarfing

• Chapter 8 analyses the relationship between Elephas recki in Africa and 

Palaeoloxodon and concludes that Elephas recki should be referred to as 

Palaeoloxodon recki

• Chapter 9 discusses the evolutionary history of Palaeoloxodon through Europe and is 

a synthesis of Chapters 5, 6 and 7. It addresses ecological interpretations inferred 

from dental and skeletal remains and examines the effects of Mammuthus - 

Palaeoloxodon competition. It provides a summary and conclusions of the study and 

discusses points of interest and future work.
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1.3. Morphological comparison of fossils as a means of investigation of 

evolutionary mechanisms

1.3.1. Introduction

In a study of fossil vertebrates it is necessary to understand how animals respond to a 

changing environment. This is particularly important in Pleistocene studies since the 

period is marked by great expanses of ice from the polar ice caps, together with global 

cooling and a dramatic change in vegetation interspersed with shorter periods of much 

warmer conditions. Mammalian response to environmental change occurs in the 

following ways:

• adaptation to environment - possible when the gene pool is large enough for natural 

selection to increase mean fitness of the population by selecting fitter individuals

• changes in behaviour

• migration to more favourable environments/habitats. This can occur en masse when a 

whole population will move or where only certain, adapted, individuals migrate

• ecophenotypic change, including facultative adaptation where an animal can adapt 

non-genetically to a changing environment. The term describes the inherent 

capability of an organism to undergo adaptive morphological change that was 

triggered by environmental change.

In any study on fossil animals it is important to note that the sample examined contains 

only the animals that have adapted to the changing environment and it only samples a 

short time span. There are various factors which need to be considered when attempting 

to determine the reasons why variation in morphology is observed between populations:

• the demographic structure of the population

• historical background of the population

• genetic composition of the population.
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1.3.2. Changes in morphology

Central to this study are the observations of changes in morphology (phenotype) of 

fossil remains from deposits of differing ages and from a range of geographical and 

palaeoecological environments. However, the term phenotype has several different 

meanings. Classically the phenotype is the physical manifestation of the genotype but it 

is also used to describe any change in the physical appearance. To avoid confusion, in 

the present study, changes in morphology brought about by non-genetic factors will be 

referred to as ecophenotypic.

It is important to remember that differences between populations may be brought about 

by one or a combination of the factors listed above. Also, a certain morphology 

exhibited in one population that is also seen in another, of possibly different age, may be 

brought about through a different factor/factors. For example, increase in body size in 

one population could be the product of an ecophenotypic change where food was 

particularly abundant; but by adaptation, through natural selection, which would cause a 

genotypic change, in another, unrelated population. This fact is important to note, 

particularly in fine scale studies on Pleistocene mammal lineages.

All phenotypic differences can be sub-divided simply into three main categories:

• Changes in body size/body mass. This is an important morphological change within 

a lineage and it is normally fairly easy to determine through simple linear 

measurements. It is generally deduced from linear measurements of limb bones or 

teeth and assumes that bones or teeth (or both) represent accurately the body size of 

the animd concerned. However, these assumptions cannot always be followed. As 

will be discussed in Chapter 6, body mass estimation in elephants is particularly 

difficult from teeth due to their unusual structure and development (see Chapter 4). 

Elephant postcrania provide a much better estimate of body mass, through the 

determination of shoulder height (Laws 1966), but there are inherent difficulties in 

using this method with fossil elephant species (see Chapter 6).
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• Shape changes. Unlike a change in size, a shape change is observed when the form 

of the object being examined, for example a limb bone, differs between two samples. 

It is the change in ratio between two, or more, linear measurements on a bone or 

tooth. If the ratio does not change then the change is only one of size and is isometric. 

If the ratio changes then the change is one of shape and is allometric. Dwarfing of 

Pleistocene deer on Jersey, as discussed by Lister (1996a) is allometric. The island 

deer have relativelv larger teeth compared to their postcrania than would be predicted 

from their ‘normal’ sized continental ancestor. The island deer are not simply scaled 

down versions of their ancestors but some of their body parts have dwarfed more 

rapidly than the teeth. This distinction is important for understanding changes in 

morphology in mammal lineages. This is addressed in more detail in Chapter 7.

• More Complex Character States. Some morphological traits cannot simply be 

described by linear measurements. In parts of the present study some features of 

dental morphology had to be categorised through presence or absence (see Chapter 4) 

and could not be measured numerically. It is important to note that many ‘character 

states’ are affected by changes in size and/or shape and so these factors often need to 

be taken into account when examining data of this type.

1.3.3. Genetic and non-genetic factors affecting morphology

There are two main physical factors affecting morphological (phenotypic) differences 

between populations, genetic or non-genetic. It is important to understand how these 

different systems operate and the influences they have on lineages.

Genetic factors

The genotype is expressed as the phenotype through the action of proteins coded for by 

nucleotides, and also through environmental factors, which are discussed below. If 

structural genes have multiple effects on several phenotypic characters they are termed 

pleiotropic genes. A single change in nucleotide sequence of a structural gene can cause 

a drastic change in the phenotype whereas others genes may be replaced, deleted or 

mutated, thus changing the genotype, but have little effect on the phenotype. New
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genetic information can arrive in a population through mutation of individual genotypes 

within the population or through the influx of new genetic material from another 

population (via immigration into the population) (Begon et al 1990).

If a new gene is introduced, through influx or mutation, and it has a selective advantage, 

it will increase in frequency rapidly through the action of natural selection (the term 

gene is used here for simplicity but refers to alleles or groups of alleles).

Within small, and especially isolated populations, genetic drift plays an important role 

in genotypic alteration. Here changes in gene frequency can quickly build up and spread 

through the population making it very different, genetically, from the original, larger 

population. This leads to the concept of metapopulation, a term widely used in modem 

ecology but rarely used to address palaeoecology. A metapopulation is defined as a 

series of semi-isolated populations between which various amounts of gene flow occurs. 

If individual populations are sampled they would appear to differ greatly genetically 

from other populations and so could, if taken in isolation, give misleading results of 

how the lineage evolved. In this study the concept of metapopulations is important to 

understand and consider. Sampling from one site may give a false impression of the 

morphology exhibited by the entire species. In fossil lineages this is an important 

consideration as it helps to explain why some populations became extinct and were 

replaced by better adapted individuals from another population.

Non-genetic factors

During an organism’s life its phenotype will be altered through environmental 

conditions (ecophenotypic change); these changes are non-inheritable. Environmental 

factors affect organisms in many ways; one of the most common is change in body size. 

A population of animals living in a productive area or which experiences less harsh 

climatic conditions to another population may have an increased body size; this is 

particularly seen in foetal or juvenile animals when rapid growth is taking place (Roth 

1982). This type of change, when observed in the fossil record, could give the 

impression of genetic change.
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Physiological factors may also affect the phenotype. For example, changes may take 

place in the size or shape of muscle attachments on limb bones in animals living in a 

more or less rugged environment (Begon et al. 1990).

1.3.4. Distinguishing Genetic and Non-Genetic morphological differences

Hanski (1997) states that if a morphological change is complex then it is normally the 

consequence of genetic change. If, however, it is only slight then it may be caused by a 

non-genetic factor(s).

The main intention of the present study is to determine and explain the variation and 

changes observed in the morphology of fossil Palaeoloxodon elephant species in 

Europe. It is therefore important to understand the mechanisms which cause both 

genetic and non-genetic change. It is currently often difficult to determine if a change in 

morphology of fossil specimen is caused by genetic or non-genetic factors. Roth (1982) 

points out teeth tend to be modified less by environment than postcrania so it may be 

better to concentrate on morphological variation between teeth fi*om different 

populations than bones. However, non-genetic changes are also of interest in a study of 

the evolutionary history of a lineage or in reconstructing palaeoenvironments. In the 

present study morphological variation in all skeletal elements is addressed and 

explained as far as possible with reference to the causative mechanisms outlined above.

1.3.5. Demographic factors causing sample differences

Since much of this thesis is concerned with the evolutionary history of a lineage, it is 

important to consider how the different populations sampled may relate to one another. 

When two populations, from deposits of different ages, are examined, one of two things 

may be the case, either:

• the younger population is a direct descendant from the older, in which case 

differences in morphology will be caused by changes in the lineage through time

or
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• the younger population is descended from a different population, either from a 

different area or which had dispersed into the study area, in which case differences in 

morphology will caused by sampling from a different gene pool.

To overcome the problem that two samples may not represent populations from the 

same lineage it is necessary to sample from as many temporally and spatially different 

sites as possible. It is also important to understand the palaeogeographic factors which 

affect the populations available for sampling and the climatic fluctuations which 

occurred during the evolution of the lineage.

1.3.6. Summary

Fossil taxa provide an excellent opportunity to investigate evolutionary mechanisms 

although certain important factors should be noted:

• morphological differences/similarities between populations arise through different 

processes

• a sample may represent the direct descendants within the same lineage being 

investigated or it may be the product of a different lineage or older population

• both genetic and non-genetic factors affect morphology. Genetic factors tend to cause 

more complex changes while non-genetic changes are normally more simple.

1.4. Use of Pleistocene mammal lineages as a means of investigation of 

evolutionary and ecological mechanisms

Pleistocene mammal lineages are excellent candidates for examination of evolutionary 

mechanisms for the following reasons:

• Pleistocene deposits are geologically relatively recent

• Pleistocene stratigraphy is detailed enough to allow accurate dating and chronologies 

to be established
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• the Pleistocene is a climatically dynamic period characterised by drastic variation 

from interglacial to glacial episodes allowing the possibility to trace mammal 

response to environmental change

• ecology and behaviour can be interpreted with a degree of certainty because many 

species are extant or are closely related to extant species

• multidisciplinary studies in the Pleistocene (such as palynology) provide a detailed 

account of the changing environment.

There are four main topics in evolutionary mechanisms that studies on Pleistocene 

lineages can investigate; these are discussed below.

1.4.1. Migration and range change

The question why some organisms stay in a certain habitat while others migrate to 

different habitats is an important topic in evolutionary biology. As Schimdt-Nielsen 

(1988) notes, large animals tend to be able to tolerate much greater fluctuations in 

temperature (climatic conditions), than smaller animals. This is particularly important 

when examining lineages in the Pleistocene. Larger animals appear to be driven to 

migrate through changes in food supply - either because of vegetational changes or 

because of a drop in prey density. During the Pleistocene, migration and range change of 

a large number of taxa is observed during the transition from interglacial - glacial 

episodes and vice versa.

During glacial episodes the range of many interglacial species was reduced forcing them 

to either retract or die off. A good example of range change is seen at the onset of cold 

stages in Britain. A typical interglacial fauna will include fallow deer. Dama dama, 

interglacial rhinoceros, Stephanorhinus kirchbergensis and straight-tusked elephant, 

Palaeoloxodon antiquus. At the onset of glacial periods these species usually disappear 

from Britain to be replaced by cold adapted equivalents such as reindeer, Rangifer 

tarandus, woolly rhinoceros, Coelodonta antiquitatis and woolly mammoth,

Mammuthus primigenius. The interglacial fauna has either died off or migrated to the 

warmer climate of southern Europe (Stuart 1982).
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1.4.2. Evolution and selection in changing and unchanging environments

According to Hanski (1997) a change in phenotype, through natural selection, can be 

caused in one of two ways:

1. A change in the environment causes a selective pressure for a new, adapted 

phenotype, which allows exploitation of the different habitat and thus increases 

individual fitness. The new phenotype then spreads throughout the population

2. Phenotypic variation in the population in a non changing environment may give 

some individuals a selective advantage over others in respect to exploitation of a 

different, adjacent, habitat. These individuals could then migrate to the new 

habitat/niche.

Pleistocene studies could examine the effect of environmental change on evolution 

within populations. Both type 1 and 2 driven evolution could, in principle, be observed 

in the Pleistocene because there is rapid climatic (environmental) change and high 

degrees of variation within and between populations.

1.4.3. Character Displacement and competition

When two species compete for the same resource both the size of the realised niche and 

the morphology changes - the character(s) is/are displaced. Displacement of characters 

can only be examined where there is detailed knowledge of the environment and where 

competition can be inferred. Both criteria are met in Pleistocene studies. This is a topic 

of evolutionary biology which requires development because, currently, there are few 

examples of character displacement documented. Begon et al. (1990) give the example 

of the work of Fenchel on the mud snails Hydrobia ulvae and Hydrobia ventrosa. 

Fenchel found that when the two species live apart their size is more or less identical; 

but when they coexist there is always a marked difference in size. He also noticed that 

when they coexisted H. ulvae consumed larger food particles then H. ventrosa. This 

seems to be an example of resource partitioning and coexistence.
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In this study, competition between Palaeoloxodon and Mammuthus will be examined. 

The precise dating and detailed stratigraphy of the Pleistocene should allow 

evolutionary divergence, due to the presence/absence of possible competitors, to be 

traced and analysed.

1.4.4. Rates of evolutionary change

The question of how rapidly species and lineages evolve is central to evolutionary 

biology. This topic has been much debated since Eldredge and Gould published their 

1972 paper on ‘punctuated equilibrium’. Evolution within a lineage does not occur at a 

constant rate but is variable. Eldredge and Gould (1972) address this problem - is 

evolution occurring in short, rapid bursts (punctuated equilibrium) or more slowly over 

longer periods? They suggest it occurs in short rapid bursts interspersed with long 

periods of little or no change (stasis), with spéciation events occurring during the rapid 

bursts. Others (e.g. Gingerich 1978), believe that these apparent rapid “bursts of 

evolution” are the product of too coarse sampling and stratigraphie unconformities and 

that the true pattern is one of gradualism,These trends can be investigated with 

Pleistocene fossil lineages, for example see Lister (1993).

1.5. Introduction to Pleistocene mammal studies

The Pleistocene and Holocene together form the Quaternary - the current time period, 

although the terms Quaternary and Pleistocene are often used interchangeably. Here, the 

Pleistocene will refer to the time period from the beginning of the Quaternary until the 

onset of the Holocene, approximately 11,500 calendar years ago.

This was a period of frequent and dramatic climatic change characterised by a cycle of 

interglacial-glacial episodes. The stratigraphy and palaeoenvironment of the Pleistocene 

are discussed in detail in Chapter 2.

Pleistocene fossils have provided interest for collectors since classical times. This 

interest led to extensive collecting from the 1880s to the present day - providing 

museums with large fossil collections. Most of the early collecting was carried out in the 

more accessible environments of river valleys and cliffs/beaches, however stratigraphie
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information was rarely collected making the use of fossils of this type problematic in 

evolutionary history studies. The potential of Pleistocene mammal remains as 

environmental indictors and as a means of understanding evolutionary processes has 

only been recognised over the past thirty years. Now Pleistocene mammals studies form 

an important part of the multidisciplinary approach which is recently being adopted to 

examine the Quaternary.

Extensive research into the mammalian remains from Britain has been carried out by 

several researchers such as Sutcliffe (1960) and Stuart (1976, 1982, 1986) who have 

concentrated on faunal turnover and site correlation, as well as environmental 

reconstruction using fossil mammals as proxy indicators. More recently work has 

focused on evolutionary processes observed in Pleistocene mammal lineages, for 

example Lister (1981,1996c) and Kaagan (2000) examining deer and horses 

receptively. These studies concentrate on the evolution of various species through the 

Pleistocene and their implications on palaeoclimatic reconstruction. Lately, work has 

focused on the possibility of using Pleistocene mammals as biostratigraphic indicators. 

Schreve (1997) has expanded this approach in the Middle-Late Pleistocene of Britain 

where she has identified ‘faunal suites’ which represent unique units specific to certain 

stages in the marine isotope record: see Chapter 2. Studies have also been carried out on 

continental Europe, for example see Kolfschoten (1990) and Azzaroli (1996) who have 

concentrated on the evolution of mammal lineages and their biostratigraphic 

importance.

Pleistocene mammals can provide information on former environmental conditions - 

through comparison with the distribution of modem relatives or through knowledge of 

dietary requirements. The classic example, as described by Stuart (1976), is the 

distribution of the hippopotamus. Hippopotamus amphibius, now confined to tropical 

Africa, which was once a common species in Europe during the Late Pleistocene. Also, 

as Klein (1994) discusses, mammal remains from early hominid sites provide 

information on diet, animal use and domestication by man.
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Central to a majority of studies of the Pleistocene is geological provenance: without this 

information evolutionary studies cannot be carried out. In this study, unprovenanced 

material was excluded from evolutionary studies, but was included in general 

descriptions of morphology.

Taphonomy also plays an important role in reconstructing palaeoenvironments and 

understanding why certain taxa are present at certain locations. Species absence at a site 

may be real or due to taphonomic reasons. Taphonomic problems specific to the sites 

encountered in this study are addressed in Chapter 2. However, an overview of general 

sites, taphonomic processes and problems, based on Stuart (1982), is given below:

• Cave sites: the main concern with cave sites is that the assemblage present may not 

adequately reflect the original community structure. Caves often contain deposits of 

different ages with complicated stratigraphy so collections may be mixed. Also, 

fossils are often washed into cave and are therefore not autochthonous. Some species 

will be over represented - such as carnivores using the caves as dens and bringing in 

their prey, while others will be underrepresented, such as large mammals that could 

not enter the cave.

• Lacustrine sites: Lake sediments produce assemblages which give a good 

representation of fish and amphibians. However, large mammals are also present in 

lake deposits, normally from animals which have been mired in mud or fallen 

through thin ice. Mammalian over-representation may also occur if the site was 

bordered by a human occupation, such as at Star Carr (Clark 1954). Here the prey of 

the human hunters, such as deer, are well represented

• Fluviatile sites: Sites deposited by rivers may contain disassociated fauna some of 

which will be derived from the immediate area whereas others may have been carried 

to the depositional site from a distance; usually, however, these can differentiated by 

fresh versus rolled appearance. The other main problem with fluviatile sites are that 

erosion of an earlier horizon by a more recent horizon may occur, mixing the 

resulting assemblage: this is known as reworking.
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All depositional environments provide problems for studies on Pleistocene fossils; 

however, when viewed in a multidisciplinary approach many of the problems outlined 

above can be understood and accounted for, thus preventing the remains from becoming 

redundant.

1.6. The Genus Palaeoloxodon

The palaeoloxodont elephants are a conspicuous feature of Pleistocene deposits through 

much of Eurasia. Characteristically they have a large body size, even for elephants, and 

have large, narrow, hypsodont molars, the only exception being in dwarf forms. The 

cranium has extremely wide premaxillaries and large frontal parietal crests forming a 

well-defined ridge above the nasal cavity.

They had a large range across Eurasia from England to Japan and were a highly 

successful group with at least 8 species, between them covering a time span from 

approximately 800,000 years BP to the Holocene. All species are now extinct, the most 

recent fossils being those found in Holocene deposits of Japan (Zong 1987) and P. 

cypriotes of Cyprus (see Chapter 7).

1.6.1. Previous studies on Palaeoloxodon

During the mid to late nineteenth century there was a great increase in research on all 

fossil elephantid species, the first major studies being carried out by Falconer (for 

example see: Falconer 1868). He examined much of the material from the Natural 

History Museum, London, and concluded that Palaeoloxodon antiquus {Euelephas 

therein) was a highly variable species which had similarities to, but was distinct from 

Euelephas namadicus. He was the first to discriminate between these two species, 

describing E. antiquus as representing the European material and E. namadicus as 

representing the Asian material.

The British fossil elephants were documented by Adams in three publications in 1877 

1878 and 1888. He provides a detailed account of the distribution o f Palaeoloxodon 

antiquus {Elephas therein) within England and discusses possible molar variants and 

species identification of postcranial material. At the same time that Adams was
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examining the British material, Pohlig was making a study of continental 

Palaeoloxodon remains. His 1888 and 1893 publications provide a detailed description 

of Mammuthus and Palaeoloxodon remains from Central Europe and particularly 

Germany, focusing on dental and skeletal morphological differences. Far Eastern 

Palaeoloxodon material has been documented by Matsumoto (1924) and, more recently 

by Zong (1987). The confusion over number of species and taxonomy in the Far East is 

finally being elucidated through modem studies on morphology by Chang (1980) and 

Chang (in prep.) and is beyond the scope of this thesis.

During the early part of last century much work on Palaeoloxodon was focused on 

newly discovered Mediterranean dwarf forms. Busk (1867) and Bate (1903 and 1907) 

led the field in describing these new species and providing information on the 

stratigraphy and possible ages of the fossil-bearing beds. More recently detailed 

examination of dwarf elephant fossils from Sicily and Malta has been carried out by 

Ambrosetti (1968) who produced an in depth account of all the fossil remains of 

Palaeoloxodon falconeri and P. mnaidriensis.

Osborn (1942), when published, was seen as a revelation for proboscidean research 

because he was the first to synthesise the previous work of other researchers and to 

describe many new specimens. However, it is now clear that Osborn overestimated the 

number of species of all proboscideans, defining new types for nearly all previously 

undescribed specimens he encountered. His work on Palaeoloxodon is outdated and 

confusing but still stands as an excellent reference of specimens no longer available for 

research.

A complete study of the Elephantidae was made by Maglio in 1973. His work on 

Palaeoloxodon {Elephas therein) was limited to producing various details of dental 

morphology but provides useful information on the Palaeoloxodon genus. Since the late 

1960s there has been limited work on Palaeoloxodon remains with more focus being 

directed at Mammuthus.

Dubrovo (1977,1994) describes the distribution and morphology of Palaeoloxodon in 

Russia and Eastern Europe and discusses the validity of Palaeoloxodon as a genus and 

the various possible subspecies found in Russia. Similar studies of German material
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have been made by Guenther (1975) where detailed descriptions of teeth from well- 

stratified German Pleistocene sites are discussed. However, as discussed in Chapter 9, 

Guenther often confuses taxonomy and seems reluctant to recognise intraspecific 

variation.

The majority of the present study focuses on the evolutionary history of Palaeoloxodon 

in Europe. However, important issues of taxonomy and evolution in Afiica and Asia are 

also addressed. By making a detailed study of variation within and between the species 

of Palaeoloxodon over a large geographic range a clearer understanding of the genus is 

achieved.

1.6.2. Nomenclature of Palaeoloxodon

The nomenclature of the species within the Palaeoloxodon genus is confused. Until 

1845 all Palaeoloxodon remains from Eurasia were referred to Elephas primigenius. In 

that year Falconer and Cautley described a partial skull with upper molars from the 

Narbadda Valley, Godavari Formation, Central India which is now held in the Natural 

History Museum, London (M3092), as Elephas namadicus. In 1847 they described a left 

mandible holding a lower M2 as being a new species, Elephas antiquus. Originally 

Falconer and Cautley (1845) had described the jaw as being from the mammoth 

Mammuthus meridionalis (recorded as Elephas meridionalis), however they later 

corrected this to Elephas antiquus, by hand, in a copy of Fauna Antiqua Sivalensis, 

(Falconer and Cautley 1845) held at the Natural History Museum, London.

This specimen (M2006) is thus the type of Palaeoloxodon antiquus. Unfortunately the 

specimen is without provenance but examination of morphology and preservation 

suggests England and possibly the site of Grays on the lower Thames (see Chapter 2 for 

site description). A comprehensive list of synonyms of P. antiquus is given in Table 1.1.

The term Palaeoloxodon was first introduced by Matsumoto in 1924 to describe a 

partial skull from Sahamma, Tôtômi province, Japan, previously named as Elephas 

namadicus naumanni by Markiyama (1924). The distinction from Elephas was based on 

the narrowness of the teeth and the unusual skull morphology, briefly discussed above.
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Table 1.1. Nomenclature and synonyms of Palaeoloxodon antiquus.

Year of 

publication

Name Author

1847 E. antiquus Falconer and Cautley as Elephas 

{Euelephas) antiquus

1857 Elephas [Elephas] (Loxodon) priscus 

(tjoldfiiss^

Falconer

1857 Elephas [Elephas] (Euelephas) antiquus Falconer

1868 Elephas Loxodon priscus Falconer

1875 Elephas Ausonius Major

1880 Elephas (Euelephas) antiquus var. nana Acconi

1883 Leptodon giganteus Gunn

1883 Elephas Gunnii Lartet

1883 Leptodon minor Gunn

1886 Elephas platyrhychus Graells

1887 Elephas (Elephas) antiquus var. minor Pohlig

1891 Elephas (Elephas) giganteus intermedius Gunn

1896 Elephas meridionalis antiquitatis Portis
1897 Elephas platyrhynchus Gurells
1912 Elephas antiquus var. insularis Soergel
1924 Elephas antiquus germanicus Stefanescu

1924 Palaeoloxodon antiquus Osborn

1931 Palaeoloxodon antiquus italicus Osborn

1931 Palaeoloxodon antiquus (andrerwsii) Osborn
1934 Hesperoloxodon antiquus Osborn

1934 Hesperoloxodon antiquus germanicus Osborn
1934 Hesperoloxodon antiquus italicus Osborn

1937 Elephas (Elephas) antiquus ruthenensis Astre

1955 1 Palaeoloxodon turkmenicus Dubrovo

1994 IPalaeoloxodon meridionaloides Dubrovo

Since that time authors have argued about the following points:

1. Is Palaeoloxodon a valid genus or it is a junior synonym of Elephas?

2. Is Palaeoloxodon antiquus a synonym of Palaeoloxodon namadicus?

3. How many species are there in the Palaeoloxodon genus?

41



The validity of Palaeoloxodon as a genus and P. antiquus as a species is addressed in 

detail in the present study and both are upheld in this thesis. The issue of the number of 

species within the Palaeoloxodon genus will be discussed here.

Since the description of E. antiquus in 1847 there have been at least 21 synonyms of P. 

antiquus described (Table 1.1). Although now only one name is recognised it is 

necessary to discuss some specific examples. Of particular interest is a tooth named by 

Falconer in 1868 as belonging to Elephas {Loxodon) priscus which is held in the Natural 

History Museum, London, collection (M39370). The tooth, a lower M2, from Grays, 

England, was described Falconer as resembling ''Elephas priscus'' (Goldfuss), due to 

its‘loxodont occlusal surface pattern’. During the present study over 700 P. antiquus 

teeth have been examined and many conform to this pattern and the ‘unusual’ occlusal 

pattern can thus be attributed to intraspecific variation.

In his 1942 publication Osborn placed all European Palaeoloxodon species in a new 

genus, Hesperoloxodon. This decision was based upon morphological variation between 

the skull of P. namadicus (type specimen) from India and the skull of a newly 

discovered P. antiquus skeleton from Pignataro, Italy. As will be discussed in Chapter 6 

the skull from Pignataro was erroneously reconstructed making it appear morphologically 

distinct from the Palaeoloxodon skull. It is concluded in the present study that there is 

no validity in the genus Hesperoloxodon.

The majority of this thesis focuses on European Palaeoloxodon material but a brief 

mention of the species found in the Far East is useful. The nomenclature of 

Palaeoloxodon material from Japan, Taiwan and China is as confused as that from 

Europe, compounded by the fact that researchers from Europe have had, until recently, 

limited access to material, preventing comparison. Early research on the fossil elephants 

from Japan, China and Java was carried out by Dubois (1908), Matsumoto (1924) and 

Makiyaima (1924). Between them they named at least eight Palaeoloxodon 

species/subspecies from Early to Late Pleistocene deposits. It is likely that many of these 

species/subspecies are synonyms of either P. namadicus, or the most common 

Palaeoloxodon species in the Far East, P. naumanni (Chang pers. comm.). The exact 

relationships and validity of these species/subspecies are beyond the scope of this thesis 

and are being addressed by others (Chang in prep.)
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Dwarf elephant material from the Mediterranean islands of Cyprus and Malta are 

focused on in this study, see Chapter 7. Classification and taxonomy of the Maltese 

species was carried out by Busk (1867) and Falconer (1862, 1868). They described three 

species of Palaeoloxodon (named Elephas by them) of differing size, Elephas 

melitensis, E. falconeri and E. mnaidriensis. Bate (1903) went on to describe two further 

dwarf species, from Crete P. creticus and from Cyprus P. cypriotes. This classification 

has remained relatively constant with the only major modification being the replacement 

of Elephas with Palaeoloxodon as the genus by Osborn (1942) and others (Caloi et al.

1996)

Generally, the large number of species recognised within the Palaeoloxodon genus can 

be attributed to the inability of collectors and researchers to make comparisons between 

specimens. Elephant bones are large and cumbersome making transportation difficult. 

When a large sample is examined, as in this study, it can quickly be established that 

there is a great degree of intraspecific variation and thus species identification is less 

problematic.

The nomenclature of species addressed in the present study is summarised in Table 1.2 

along with a brief description of geographical range.

Below is detailed the classification and list of synonyms of the three most important 

species (apart from P. antiquus) discussed in the present study. Table 1.3 shows the 

synonyms of P. namadicus and Tables 1.4 and 1.5 the dwarf elephants P. falconeri and 

P. cypriotes respectively.
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Table 1.2. Palaeoloxodon species encountered in the present study with geographic 

range.

Nomenclature used in this study Geographic range

Palaeoloxodon antiquus Europe

Palaeoloxodon namadicus Asia

Palaeoloxodon falconeri Malta

Palaeoloxodon melitensis Malta

Palaeoloxodon mnaidriensis Malta

Palaeoloxodon cypriotes Cyprus

Palaeoloxodon creticus Crete

Palaeoloxodon naumanni Far East

Table 1.3. Nomenclature and synonyms of Palaeoloxodon namadicus

Year of publication Name Author

1845 Elephas namadicus Falconer and Cautley

1857 EuElephas namadicus Falconer and Cautley

1924 Sivalikia namadicus Osbom

1924 Palaeoloxodon namadicus Osbom

1929 Loxodonta (Palaeoloxodon)

namadicus Matsumoto

Table 1.4. Nomenclature and synonyms of Palaeoloxodon falconeri

Year of publication Name Author

1867 Elephas falconeri Busk

1927 Elephas antiquus race

Falconeri Vaufrey

1942 Palaeoloxodon falconeri Osbom

44



Table 1.5. Nomenclature and synonyms of Palaeoloxodon cypriotes

Year of publication Name Author

1903 Elephas cypriotes Bate

1942 Palaeoloxodon cypriotes Osbom
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Chapter 2

Stratigraphie framework of the Pleistocene and 

geological provenance of fossil samples

2.1. Geological time scale and environmental change

The Quaternary, together with the Tertiary, form the Caenozoic Era. There has been 

much controversy regarding exactly when the Pleistocene began, due both to the 

difficulty in dating such old deposits and because of stratigraphie and correlation 

problems (Lowe and Walker 1997). It is generally recognised, however, that the 

Pleistocene began when there was a marked climatic cooling, observed in proxy records, 

particularly fossil invertebrates between 2.3 and 1.8 millions years ago (Lowe and 

Walker 1997).

The majority of this study is concerned with the period from about 780,000 - 30,000 

years BP, although older periods of the Early Pleistocene and Late Pliocene will also be 

examined regarding the evolution of Palaeoloxodon in Africa.

The present study is mainly concerned with environments in mid to high latitudes of 

Europe and Asia. These areas showed great environmental fluctuation during the 

Pleistocene. The most widely accepted cause of climate change during the Pleistocene is 

the response of the earth to regular changes in its orbit and tilt (Lowe and Walker 1997). 

These small variations bring the earth closer or further from the sun - thus either 

increasing or decreasing the amount of solar radiation incident on the surface and its 

seasonal distribution. It is this change in radiation that causes glacial-interglacial cycles.

These types of climatic fluctuation were common throughout the Caenozoic, but during 

the Quaternary the periods where of much higher amplitude (Lowe and Walker 1997), 

with some of the mean annual temperature fluctuations being as great as 15 °C in some 

areas. During cold periods there was an increase in major ice sheets and an expansion of
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mountain glaciers while during interglacial periods the mean temperature rose to equal, 

or in some cases, slightly exceed those of the present day.

During interglacial periods mid latitude areas were covered in mixed oak forest or a 

mosaic of grassland and woodland. During glacial episodes tree cover was greatly 

reduced to be replaced by a mosaic of grasses, herbs and sedges - the steppe-tundra 

environment.

In many cases faunal change mirrored the change in vegetation. For example, in Britain, 

the narrow nosed rhinoceros, Stephanorhinus hemitoechus was a common species 

during interglacials, but was replaced by the cold adapted woolly rhino, Coelodonta 

antiquitatis during glacial episodes (Stuart 1982). During the glacial episodes the 

S. hemitoechus range (and that of other interglacial mammals, including Palaeoloxodon 

antiquus) was retracted into southern Europe in association with patches of mixed 

temperate forest (see Chapter 3).

2.2. Stratigraphie and palaeoenvironmental framework of the 

early Middle - Late Pleistocene

Central to the study of the distribution and evolutionary history of a species is the dating 

of samples, at least on a relative scale. In this study only fossils with recorded 

provenance and which had some evidence of their position in the Pleistocene sequence 

where used in reconstructing the evolutionary history of Palaeoloxodon. Unprovenanced 

fossils, of which there are a large number, could not be utilised in this part of the study 

but were used in the recording of general morphological characters of the various 

species concerned.

2.2.1. British stratigraphy

It has recently been recognised that British Pleistocene stratigraphy is much more 

complex than previously thought (Lowe and Walker 1997). Analysis of deep-sea 

sediment cores has allowed the construction of marine isotope records or curves which 

record the change in global ice volume, by monitoring the relative changes in the marine 

isotopes ^*0 and over the past two million years (Figure 2.1). Peaks on the curve
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relate to a decrease in global ice volume (interglacials) while troughs relate to increases 

in global ice volume (glacials). The peaks and troughs are numbered from the Holocene 

backwards, odd numbers relating to warm periods and even to cold. These numbers are 

the marine isotope stages (MIS) which can then be related to terrestrial deposits.

Before the complexity of the marine isotope record had been established three 

interglacial and three glacial episodes had been identified in the early Middle to Late 

Pleistocene. The interglacials were named: the Cromerian, the Hoxnian and the 

Ipswichian, while the glacials were named: the Anglian, the Wolstonian and the 

Devensian. Each of these episodes is based on a type site, which, in some cases, gives 

the Stage its name.

The type sites for the interglacials are:

Cromerian - West Runton 

Hoxnian - Hoxne 

Ipswich - Bobbitshole.

However, it was recognised that the Cromerian represented a complex of interglacial - 

glacial episodes (West 1980). This was confirmed, in part, through analysis of bore hole 

data in the Netherlands which showed the Cromerian to be made up of at least four 

separate interglacial - glacial cycles (Zagwijn 1996). The Dutch Cromerian sequence 

was thus termed the “Cromerian Complex”.

More recently, using evidence from vertebrate remains, it has been proposed that the 

British Cromerian sequence represents five interglacial - glacial cycles (Stuart and Lister 

2001). This is discussed, vyith relation to specific sites, in section 2.5.
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Oxygen Isotope Record

O xygen O xygen iso top ically  
iso tope  heavy  lig h t ►

4 cold  w arm  ►stages

Named stages in British 
Pleistocene

Ipswichian 
(5e only)

|=C>

Series of unnamed warm and 
cold periods.

Hoxnian

Anglian

Cromerian Complex

Figure 2.1. The Oxygen Isotope Record, now referred to as the Marine Isotope Record 

(Shackleton and Opdyke 1973), with correlation to named stages of the British 

Pleistocene, taking Anglian Stage to be MIS 12. Note that within each stage there is 

climatic variation with small peaks and troughs indicating warming and cooling.
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The “Wolstonion” has also been recognised as an umbrella term to describe a series of 

interglacial - glacial episodes. Although suspected (Sutcliffe 1975), no interglacials had 

been recognised between the Hoxnian and the Ipswichian, and most sites had been 

lumped into the later Stage. To clarify the situation it was essential to determine where 

each known Stage was on the marine isotope curve.

It is widely recognised that the Anglian cold Stage is correlated with marine isotope 

stage (MIS) 12. This is because this stage represents the period of most severe cold 

within the Middle Pleistocene sequence. This is also backed up with evidence for the 

Thames terrace system (Bridgland 1994; Schreve 1997) who show that deposits 

assigned to marine isotope Stage 11 (such as Swanscombe and Clacton)immediatelypost 

date the Anglian cold Stage through river terrace formation and mammalian 

biostratigraphy.

It had long been suspected that there was more than one post Hoxnian interglacial 

(Zeuner 1945), but it was not until the development of marine isotope stratigraphy 

(Shackleton 1967; Mitchell et al. 1973) that it began to be more vsddely accepted. This 

identified two extra interglacials between the Hoxnian and the Ipswichian which, until 

that time, were unrecognised. Since the Anglian glacial period was correlated with MIS 

12 and the Hoxnian interglacial immediately followed this, known because interglacial 

deposits at Hoxne overlie Anglian Till with no break in deposition, the Hoxnian was 

correlated with MIS 11. However, aminostratigraphy (see section 2.3) correlated one 

Hoxnian site (Hoxne) to MIS 9, which, since it is the type site for the Hoxnian, meant 

that other ‘Hoxnian sites’, such as Swanscombe and Clacton had to represent a 

previously unnamed interglacial correlatafto MIS 11. However, mammalian 

biostratigraphy has shown no difference between Swanscombe and Hoxne, strongly 

suggesting that these both correlate to MIS 11 (Schreve 1997), also see below.

This left two peaks, numbered Stage 9 and 7, on the marine isotope record, which had 

not been identified in terrestrial deposits. Sutcliffe (1975) noticed that some deposits on 

the Thames terrace system which were allocated to the Ipswichian were at different 

heights. He also pointed out that the higher sites (Aveley and Ilford) had a mammalian 

fauna which was distinct from the ‘classic’ Ipswichian sites of Trafalgar Square and 

Barrington, since they included horse and an unusual form of mammoth with small
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teeth, species both absent from Trafalgar Square, and had no trace oi Hippopotamus, a 

species characteristic of the Ipswichian, see below. However, pollen spectra from these 

sites were very similar and could not be used to separate them.

Sutcliffe (1975) stated that the deposits at Ilford and Aveley must be correlated with an 

earlier interglacial. This was, however, challenged by Stuart (1976, 1982) who stated 

that the differences in mammalian fauna could be attributed to deposits having been laid 

down during different pollen zones. Within the same interglacial he pointed out the 

mammoth and horse was always absent from pollen zone II (see section 2.2.3) while 

Hippopotamus was present in zone II and early HI. He concluded that the deposits at 

Ilford and Aveley were the younger than those at Trafalgar Square and explained their 

higher elevation as being the result of deposition in tributary valleys. This line of 

argument has subsequently been upheld by Gibbard (1995). Stuart (1976) explained the 

lack of Hippopotamus at Aveley because of the small amount of mammalian material 

recovered and he disputed the observations of Sutcliffe (1975) that the mammoth at 

Ilford was ‘primitive’ (i.e. low plate count).

However, evidence from pollen-dated sites and raised beaches suggests that Britain was 

cut off from the continent during the first half of the Ipswichian, with sea level not 

falling until the end of pollen zone in (West 1972). Thus, it is difficult to see how 

mammoth and horse could have immigrated into Britain during zone IQ. Stuart (1976) 

suggested that horse and mammoth ‘survived’ the early part of the Ipswichian in 

Scotland before moving south in pollen zone Eh. This is unconvincing since, if pollen 

biostratigraphy is to be believed, horse was already present in south Britain at Selsey 

and Aveley during pollen zone IpHb (Schreve 1997).

The development of a model for the Thames terrace system (Bridgland 1994) provided 

more evidence that Ilford and Aveley represented an earlier interglacial than Trafalgar 

Square. He showed that during cold stages the Thames cut down while during warm 

stages it deposited material - thus, over time, creating a terraced system. Taking the 

Holocene terrace as terrace 1 counting back puts the Ipswichian on terrace 2 and Ilford 

and Aveley on terrace 3. Two higher terraces were also recorded, the highest of which 

relates to MIS 11 (Hoxnian) and the lower to MIS 9.
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Evidence from molluscan remains was also used to separate Ipswichian deposits from 

those at Ilford and Aveley. The mollusc Corbicula fluminalis is absent from all ‘classic’ 

Ipswichian sites but present at Aveley (Meijer and Preece 1995). Coleopeteran remains 

show a similar separation since the beetle Oxytelus gibbulus is present at Ilford but not 

at rnost Ipswichian sites (Coope 1974).

This evidence clearly shows that the deposits at Ilford and Aveley represent an earlier 

interglacial than that represented at Trafalgar Square. Evidencefromthe terrace system 

correlates this older interglacial with MIS 7.

However, as discussed above, this meant that MIS 9 had no sites correlated with it. 

Novel work by Schreve (1997) has shown that Hoxnian sites (MIS 11), sites on the 

fourth Thames terrace (such as Grays) which are correlated with MIS 9, and sites 

correlated with MIS 7, can all be separated on mammalian faunal evidence. She has 

developed a scheme which identifies ‘faunal suites’ characteristic of each interglacial. 

These are summarised below:

Hoxnian (MIS 11)

This interglacial sees the first appearance of the field vole {Microtus agrestis), narrow

nosed rhinoceros (Stephanorhius hemitoechus), giant deer {Megaloceros giganteus) and 

aurochs {Bos primigenius). At Swanscombe the appearance of a large fallow deer. 

Dama dama clactoniana, is also observed. Other biostratigraphically species are a 

small mole {Talpa minor) and the giant beaver {Trogontherium cuvieri). Important 

absences are the hyaena {Crocuta crocuta) and the hippopotamus {Hippopotamus 

amphibius).

Marine isotope Stage 9

The mammalian faunal assemblage from this interglacial is different from that of the 

Hoxnian in a number of ways. T. minor and T. cuvieri are absent, and the cave bear 

{Ursus spelaeus) is replaced by the brown bear {U. arctos).
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Marine isotope Stage 7

Remains of horse {Equus férus) and ‘Ilford type’ mammoth {Mammuthus primigenius) 

are important indicators in this interglacial since they are absent from the Ipswichian. 

Also of great importance is the absence of hippopotamus {Hippopotamus amphibius), a 

common component of the Ipswichian mammalian fauna, from all MIS 7 sites.

This evidence is useful in separating marine isotope Stages 11,9 and 7, and together 

with lithostratigraphic evidence, has provided the framework on which sites are 

allocated to marine isotope stage number in the present study.

Wherever possible within the present study samples will be related to this scheme and 

be assigned to an age identified by the marine isotope record. This is particularly 

important when considering deposits from the “Cromerian Complex” and the 

“Wolstonian” which contain more than one interglacial/glacial. There is still much 

debate as to the correlation of named terrestrial stages with the peaks and troughs of the 

marine isotope record, for example see Gibbard (1994). However, the present study 

follows, in the main, the allocation of stage numbers as defined by Schreve (1997) for 

Middle to Late Pleistocene deposits. As explained above, this allocation is based on 

bio/lithostratigraphy and altrimetric evidence.

Palaeoloxodon antiquus occurs in Britain in all interglacial episodes from the 

“Cromerian Complex” until the Ipswichian, or Last Interglacial (MIS 5e). It was also 

present during some interstadial episodes (short term warm periods during glacial 

episodes); these are discussed later.

The positions of named early Middle to Late British Pleistocene Stages, based on 

Shackleton (1987) and Gibbard (1994) are shown in Table 2.1.
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Table 2.1 British Pleistocene Stages with related marine isotope curve numbers. (* BP: 

before present). MIS = Marine Isotope Stage, T = temperate, C = Cold.

Stage name Year Stage 

began BP*

MIS Climate

Holocene / Flandrian 10,000 1 T

Devensian 80,000 2-5d C

Ipswichian 130,000 5e T

190,000 6 C

Late Pleistocene 250,000 7 T

“Wolstonian” 300,000 8 C

(in part) 340,000 9 T

350,000 10 C

Hoxnian 430,000 11 T

Anglian 480,000 12 C

510,000 13 T

Middle Pleistocene 560,000 14 C

“Cromerian Complex” 63,000 15 T

690,000 16 C

720,000 17 T

780,000 18 C

2.2.2. Continental European Stratigraphy

Correlation between Pleistocene deposits from Britain and the Continent allows a 

detailed evolutionary history of Palaeoloxodon antiquus in Europe to be constructed. 

Most correlations are based upon similarities in the mammalian and molluscan fauna 

between the site of unknown age with one of known age. Similarities in lithology and 

evidence from absolute dates are also important. As in Britain, a series of interglacial 

and glacial deposits have been identified on the Continent which have been attributed to 

various stages on the marine isotope curve. Fossils from a small number of continental 

sites have been examined in this study, although published records from several more 

have been cited in the text. The nomenclature of continental European and British early 

Middle - Late Pleistocene deposits are summarised in Table 2.2 (based on Lowe and 

Walker 1997).
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Table 2.2. Correlation and dating of named British and Continental Middle - Late Pleistocene Stages (based on Lowe and Walker 1997). Key as in 

Table 2.1.

British Stage The Netherlands Northern Alps Year Stage began BP MIS Climate

Nomenclature nomenclature nomenclature

Holocene / Flandrian Holocene Holocene 10,000 1 T

Devensian Weichselian Wtirm 80,000 2-4d C

Ipswichian Eemian Riss-Wiirm 130,000 5e T

190,000 6 C

250,000 7 T

“Wolstonian” Saalian Riss 300,000 8 C

340,000 9 T

350,000 10 C

Hoxnian Holsteinian Mindel-Riss 430,000 11 I
Anglian Elsterian Mindel 480,000 12 c

510,000 13 T

560,000 14 C

“Cromerian Complex” “Cromerian Complex” Günz -Mindel 630,000 15 T

690,000 16 C

720,000 17 T

780,000 18 C



2.2.3. Palaeoenvironmental framework of the early Middle - Late Pleistocene

Evidence from pollen sequence and other biological material (molluscs and beetles) 

provides a detailed account of the climatic and vegetational changes within the early 

Middle to Late Pleistocene. In Northern Europe four pollen zones (numbered I - IV), 

which are sometimes subdivided into sub zones, have generally been recognised in each 

interglacial period (Turner and West 1968). Below is an outline of the vegetational 

succession observed in named each interglacial episode from the Cromerian to the 

Ipsvrichian.

As discussed above, the “Cromerian” and “Wolstonian” Stage names and the 

corresponding continental European stage names have been used as umbrella terms 

which, in reality, describe long periods of changing climatic conditions. Examination of 

the marine isotope curve, see Figure 2.1, shows that these periods contain several 

climatic cycles with even more complex cycles occurring vrithin each peak and trough 

(i.e. small changes in climate within the cold or temperate stage, relating to stadial or 

interstadial periods).

However, the allocation of stage numbers is not always possible because the current 

dating and correlation of some sites is insufficiency known to relate them to other, 

previously dated, sites. This is particularly important in the “Cromerian Complex” 

which represents at least four interglacial-glacial cycles. In the present study, where 

possible, sites are related to marine isotope stage numbers, but where this is not 

possible, they are grouped into stage names.

Cromerian

The pollen record from The Netherlands identifies at least four separate glacial - 

interglacial cycles (Zawijn 1996). The vegetational history of West Runton (the 

Cromerian type site), based on West 1980, is given below. It should be noted that the 

allocation of Roman numeral numbers here relates to pollen zones and are not related to 

the numbering of the Netherlands Cromerian Complex sequence.
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Cri - grass communities replaced by Betula and Pinus forest which increase throughout 

stage with the addition of Ulmus and Alms.

Crll - development of mixed temperate forest with increasing amounts of Quercus and 

reduced amounts of Pinus, The climatic optimum.

Crin - general mixed oak forest but showing a fall in Quercus, Ulmus and Alnus.

CrlV - development of boreal forest with Pinus and Betula.

Hoxnian

A complete pollen sequence for the Hoxnian was described from Marks Tey (the 

stratotype site of the Hoxnian) by Turner (1970) which provides a record from the late 

Anglian to the early “Wolstonian”. The sequence is summarised as follows:

Hoi - development of Betula forest with rapid increase of Pinus and Quercus at end of 

stage.

Hon - increase of temperate forest species. In HoHa Quercus is the dominant species 

while during Hollb it is replaced by Alnus and Corylus. Later in the stage a period of 

deforestation is seen with increased charcoal remains.

HoHl - development of mixed temperate forest once again.

HolV - shift to boreal forest with an increase in grass as forest opens out.

The marine isotope record shows that the Hoxnian (MIS 11, see section 2.2.1) consists 

of a series of warm pulses (Figure 2.1). These pulses, identified as lie , l ie  and 11a, 

have been shown to have characteristic mammalian faunas (Schreve 1997). During sub

stage l ie  the fauna is dominated by forest adapted mammals while in sub-stage 11c a 

more open adapted mammal fauna is seen. This is coupled with an increase in the 

amount of non-arboreal pollen recovered from deposits attributed to sub-stage 11c, such 

as the upper gravels of Swanscombe (Schreve 1997).
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Post Hoxnian - Pre Ipswichian interglacials

As described in section 2.2.1, until analysis of the marine isotope record was carried out, 

many Middle - Late Pleistocene sites were, based on pollen records, placed in the 

Ipswichian or Hoxnian interglacials. However, now two extra interglacial episodes are 

recognised, correlated with MIS 9 and MIS 7. The pollen records from sites attributed to 

these stages are very like those from Ipswichian and Stage 11 sites but, as discussed in 

section 2.2.1, lithostratigraphic and biostratigraphic work has shown them to be separate 

interglacial episodes.

• MIS 9: Pollen samples from Grays show this to have been a heavily wooded stage 

with little open vegetation (West 1969a; Hollin 1977).

• MIS 7: As discussed in section 2.2.1 the pollen records from Ilford and Aveley show 

this stage to have had two vegetational types (West 1969b) that can be divided into 

two sub-stages 7c and 7a. Sub-stage 7c is characterised by being more closed while 

the vegetation type of sub-stage 7a is one of a more open parkland environment with 

increased grassland and patchy woodland. These two vegetational types are coupled

with a change from a browser-dominated fauna to one dominated by grazers (Schreve 1997).

Ipswichian (MIS 5e)

The stratotype for this interglacial is Bobbitshole, a site on the River Orwell south of 

Ipswich. West (1957) describes the pollen zones identified for the Ipswichian which are 

summarised as follows:

Ipl - development of park-tundra followed by increase in Betula woodland. Quercus and 

Pinus become important towards the end of the stage.

IpH - increase in Pinus until the end of sub-stage Ha which is followed by increases in 

Quercus, Corylus and Acer during sub-stage Ilb.

Ipin - dramatic increase in Carpinus while other species decline in abundance.
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IpIV - Pinus and Betula are the dominant tree species while non-arboreal pollen 

increases throughout the stage.

As with MIS 9, the Ipswichian is characterised as having a heavily wooded environment 

throughout, with limited graze available.

Cold Stages

Remains of Palaeoloxodon antiquus in Northern Europe are mainly restricted to the 

interglacials described above. However, the cold stage site of Balderton, Lincolnshire, 

has yielded fossils that have been examined in this study. Balderton (Lister and Brandon

1991) has been attributed to an interstadial episode in MIS 6 or to the beginning or end 

of that cold stage. Direct evidence is not available but presumably this showed thermal 

warming but not reaching the temperatures observed in interglacials (Lowe and Walker

1997). There may or may not have been time for the immigration of trees.

2.3. Dating of Pleistocene deposits

In the present study dating of deposits is much relied upon in order to reconstruct the 

evolutionary history of Palaeoloxodon in Europe and therefore it is useful to briefly 

describe the methods used and the problems encountered in dating Pleistocene deposits 

examined in this study.

Following Lowe and Walker (1997), dating methods can be divided into three main 

categories:

• Age estimates (absolute dating) - from either radiometric or incremental methods

• Age equivalence - correlation of dated horizons with those of unknown age but of 

similar bio and lithostratigraphy

• Relative age determination - establishment of relative order of antiquity of deposits 

with superposition of strata being the most important method used.
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2.3.1. Age estimate methods 

Radiometric methods

These methods are widely used to date Pleistocene and older deposits, and utilise the 

time-dependant radiodecay of certain minerals. The three main radioseries which are 

used are radiocarbon, uranium and potassium - argon. Dating by estimation of 

radioseries is carried out by examination of the ratio of one isotope (or, in the case of 

potassium-argon, element) to another. The method relies on examination of the 

radioactive decay (spontaneous changes in atomic organisation) of elements over time. 

Since radio decay is time dependant, if the rate of decay is known, then the age of 

deposits containing these isotopes can be calculated.

The two most important type of emission from an atom are alpha and beta. Alpha 

emission results in two protons and two neutrons being emitted while beta emission 

occurs when an electron is lost. The rate of emission (decay) is proportional to the 

number of protons and neutrons present in the nucleus and for each decay series there is 

a decay constant which represents the probability that an atom will decay in a given 

time. The rate of decay is expressed as a half-life.

Radiocarbon dating examines the relatively steady rate of decay of a rare 

component of the atmosphere, in order to determine the age of organic materials. 

Comparison with dating from tree rings has shown that dates produced with this method 

tend to underestimate so that the radiocarbon date of 10,000 years actually relates to 

about 11,500 calendar years. This discrepancy is brought about by the effect of a 

levelling off of at around 12, 10 and 9.5 ka BP (the radiocarbon ‘plateaus’) that are 

considered to represent periods of reduced atmospheric concentration (Ammann and 

Lotter 1989). It is therefore necessary to indicate whether a date produced by 

radiocarbon dating is years or calendar years.

The method also has another limitation: it is only possible to date deposits less than 

40,000 years old because of carbon contamination. Contamination can occur by older or 

younger carbon being added to the sample material giving it a misleading age. In order 

to overcome the problems of contamination samples are carefully treated with acid and
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alkali solutions in order to remove carbonates and humic acid which surround the

particles and can add ‘different’ carbon. However, it is not always possible to remove all 
contaminants. Dating is also limited by the exponential nature of radioactive decay.

Where few can be detected accelerator mass spectrometry is used. This technique 

involves accelerating ionised carbon atoms (C") towards a positive terminal. Once 

detected the ratio of to can then be compared.

Dating by uranium series examines the disequilibrium in samples between the two 

uranium isotopes and When used on speleothem samples this method has 

been shown to be very accurate (Gascoygne et al 1983), For example, several British 

Devensian and Ipswichian sites have been successfully dated with this method (Proctor 

1994).

The third method, potassium-argon series dating, is the least widely used method to date 

Pleistocene deposits. This method examines the ratio of the potassium isotope to the 

argon isotope "̂ ®Ar. The major drawback with this method is that only deposits high in 

potassium and argon can be tested - this is restricted to those of volcanic or marine 

origin. In the Pleistocene this means the method can only used on tephra samples (layers 

of volcanic ash) which are limited in distribution (Lowe and Walker 1997). However, 

this dating method has proved very useful in providing chronology for early hominid 

evolution in East Africa on lava deposits dated to around 2.4 million years (Hill et al

1992) and to the timing of palaeomagnetic events in Central Europe (Boggard et al 

1989).

Some of sites in the present study are dated by thermoluminescence. Materials 

containing uranium, thorium or potassium are subject to a constant bombardment of 

radiation which leads to ‘extra’ electrons becoming trapped in the material. When 

heated to a high temperature these electron are released (emitted as light) and recorded - 

the greater the light intensity the older the deposits (since electrons have had more time 

to accumulate). Although the method does have problems associated with contamination 

from other sources and in calibration of the resultant ‘glow curve’, it has proved useful 

in dating deposits to about 100,000 yBP, and dates of over 500,000 years have been 

recorded for deposits containing feldspar (Mejdahl 1988).
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A recent development in dating sediments has been Optically Stimulated Luminescence 

(OSL). This technique measures the light emitted by electrons from minerals such as 

feldspars and quartz and has proved useful in dating a wide range of sediments.

The most novel method used to date Pleistocene deposits is electron spin resonance 

(ESR). Like thermoluminescence dating this is achieved by examination of electron 

release, although in this case it can be from inorganic and organic remains. As electrons 

are released there is a change in magnetic field which can be detected, the greater the 

change the older the sample. This method is particularly useful for dating teeth, bones 

and speleothems (Smart 1991). However, caution must be used when using dates 

obtained through this method because it has been shown to given erroneous result due 

to irregularities in electron release (Hennig and Griin 1983). This can result in much 

older, or younger dates, being recorded for sites previously dated by other methods.

Incremental methods

Incremental dating methods rely on age estimations from regular deposition of organic 

and inorganic material. The most important, and the only one relevant to the present 

study, is dating from lake laminations. These sediments can be divided into two types: 

proglacial rhythmites, seldom found in Britain, although a major source of dating in 

Sweden (Lundqvist 1985), and organic varves formed from algal blooms.

Varves tend to be laid down annually and so, rather like counting tree rings (another 

form of incremental dating), can be used to determine the age of deposits. Turner (1970) 

employed this method when examining the Hoxnian deposits at Marks Tey. The main 

problem with this dating method is the scarcity of laminations and the uncertainty of the 

frequency of each algal bloom.

Age equivalence methods

These methods do not directly date deposits but rely on examination of similarities in 

stratigraphy (biological and lithological) and other signals which can be related to a 

deposit dated by age estimate methods. In Pleistocene studies the three most important 

methods are palaeomagnetism, biostratigraphy and lithostratigraphy.

62



Palaeomagnetism

The Earth’s magnetic field varies in strength and polarity through time. Magnetic 

minerals, such as iron, retain the Earth’s polarity signal under which they were 

deposited, and this can be measured. In the Pleistocene there were several episodes of 

magnetic change, among the most important being at the base of the early Middle 

Pleistocene (780,000 yBP). Here the polarity changed from reverse (Matuyama epoch) 

to normal (Brunhes epoch). During these periods there are sometimes rapid switches to 

the opposite polarity for short periods of time (7,000 - 30,000 years) such as those first 

identified at Olduvai in East Africa (approximately 1.87-1.67 million years ago) and 

Jaramillo in Italy (approximately 970,000 - 900,000 years ago) (Funnell 1995). Deposits 

of the same polarity can thus be correlated on a very rough scale because there is only a 

+/ - signal.

The greatest limitation of this method is that long sequences are needed to observe 

where the deposit sits within these polarity changes. However, the method is very useful 

because it allows correlation of both terrestrial and marine deposits on a global scale 

and, when biostratigraphically methods are also used, it is often possible to determine 

which palaeomagnetic episode is being examined.

Biostratigraphy

Dating of this type relies on the correlation of deposits depending upon the fossils found 

there. Certain fossil animals and plants have been identified as being characteristic of 

deposits of certain ages; for example, in Late Pleistocene Britain Hippopotamus is 

confined to the Ipswichian interglacial (Stuart 1982). As discussed in section 2.2.1 

biostratigraphy has proved one of the most important methods in correlating sites over 

large geographical areas and is probably, at present, the most widely used dating 

method.

Biostratigraphy based on faunal evidence falls into two categories: correlation of sites 

through presence/absence of species, and examination of the evolutionary grade of 

species present. Lister (1992) shows how mammalian biostratigraphy is very important
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in correlating sites since mammals show rapid turnover (useful in presence/absence 

analysis) and morphological evolution within lineages (evolutionary grade).

It is important to note that presence and absence of species relies on identification from 

fossil remains and should not be based on the presumed age of the deposit. For example 

the rhinoceroses Dicerorhinus etruscus (Lower and early Middle Pleistocene) and S. 

hemitoechus (late Middle to Late Pleistocene) can only be separated on teeth and skull 

morphology, so that limb bone fragments become redundant and should not be listed as 

one species or another depending upon the assumed deposit age (Lister 1992).

Absence of a species must be viewed with caution. A species may be absent because: 

the fossil assemblage may be small, the catchment area of the fossil deposit may not 

have favoured the species concerned or taphonomic processes may have meant the 

remains of the species are not preserved. The second of these points is particularly 

important to the present study with regard to the amount of Palaeoloxodon antiquus 

material recovered from Stage 7 sites; this is discussed in detail in Chapter 9.

Another limitation to using mammalian biostratigraphy in particular is that species may 

change their distribution and so become ‘extinct’ in one area before they do in another. 

Without bearing this in mind a site where the species is absent would not be correlated 

with another site where the species is present, but might be thought to be of a different 

age.

Comparison of evolutionary grade of fossil lineages is extremely usefiil in correlating 

sites but, again, it must be viewed with caution. For the method to work it is often 

assumed that a change in morphology happens rapidly and occurs across a species 

synchronously, and that the change is unidirectional (Lister 1992). However, evolution 

is highly complex and rarely operates in this way. Morphological characters may change 

between populations living at the same time but under different environmental 

conditions. For example, as discussed in Chapter 1, a plentiful food supply in one region 

may promote large body size while the same species may be suffering poor 

environmental conditions in another area which cause the body size to be stunted. 

Comparison of fossils from these two populations would suggest them to be of different 

ages if other, environmental information, was not examined.
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Also, morphological changes may not be unidirectional through time and are often 

highly irregular. Lister (1992) cites the thinning in enamel of molar teeth within the 

Mammuthus lineage. There is a trend for the enamel to thin from the archaic species M. 

meridionalis to the derived species M primigenius. However, the thickness of enamel 

within each species is very variable with some M. meridionalis individuals having thin 

enamel while some M. primigenius individuals have thick enamel. To overcome this 

problem large sample sizes are needed and mean morphological characteristics 

determined for each sample. This problem is particularly important to biostratigraphic 

use of Palaeoloxodon antiquus (see Chapter 9).

One of the most important mammalian biostratigraphic tools in the European 

Pleistocene is the so called ‘Vole Clock’. This methodology relies on the gradual 

evolution of the large water vole, Arvicola from the more primitive Mimomys. Mimomys 

is thought to be the ancestor of Arvicola because of similar occlusal surface patterns on 

the molars and structure of the enamel (Koenigswald and Kolfschoten 1996). The main 

evolutionary change observed in this lineage is the change from a rooted tooth in 

Mimomys to an unrooted tooth in Arvicola. Arvicola is also more hypsodont and has 

changes in enamel structure (these characteristics continue to change in the genus 

through the Pleistocene). Koenigswald and Kolfschoten (1996) show the transition from 

Mimomys to Arvicola occurs in the Cromerian after the West RuntonWoigtstedt 

interglacial. Thus, sites that contain Mimomys are known to be at least as old as West 

Runton and may be older, while those with Arvicola are younger.

The change in enamel structure through the evolutionary history of the genus Arvicola 

also has important biostratigraphic properties. Kolfschoten (1990) shows that the mean 

enamel thickness in each period of the Pleistocene is distinct. Thus, with a large enough 

sample size, enamel thickness can be used to broadly assign a deposit to a stage within 

the Pleistocene. Also, there is a change in the position of the thickest enamel from the 

Middle Pleistocene subspecies A. terrestis cantiana to the Late Pleistocene subspecies 

A. terrestis terrestis. In A. t. cantiana the enamel is thickest on the posterior side of the 

enamel loop, while mA .t. terrestis the situation is reversed. Identification of this 

species in an assemblage can thus correlate the deposit to the Middle or Late 

Pleistocene.
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Since rodent remains are often recovered from mammalian assemblages the ‘Vole 

clock’ is very important in correlation between sites. However, as with other 

biostratigraphic methods it is essential that a large sample is present before satisfactory 

conclusions can be drawn.

It is not only mammals that are useful in biostratigraphic studies. Molluscs and beetles 

have proved important in correlating sites across Europe as well as having provided 

information of climatic and vegetational conditions. For example, the extinct mollusc 

Corbicula fluminalis is restricted in temporal range to pre Ipswichian interglacials 

(Meijer and Preece 1995).

One of the most important biostratigraphic palaeoenvironmental tools has been the use 

of pollen to correlate sites in Northern Europe. On a very broad scale pollen analysis can 

distinguish between a glacial and interglacial period (the glacial period being devoid of 

arboreal pollen and being dominated by grasses and sedges). Also, as discussed in 

section 2.2.1, the succession of vegetation in an interglacial is, generally, very 

characteristic. It normally begins in pollen zone I with the arrival of birch and pine trees, 

the vegetation then reaches its most prolific in zone II with the development of mixed 

oak forest, this then gradually declines in zone III to be replaced by grasses in zone IV 

(for more detail see section 2.2.1). Deposits can thus often be allocated to pollen zones 

on the relative abundance of each species present. However, as discussed in section

2.2.1, pollen has proved much less useful in distinguish between interglacials. Until the 

mammalian biostratigraphy was examined only two post-Cromerian interglacials were 

recognised in the British Pleistocene (the Hoxnian and the Ipswichian), for more 

discussion see section 2.2.1. This was because deposits now assigned to MIS 7 and 9 

have very similar pollen records to the Ipswichian and Hoxnian respectively.

Some plant species do appear to be specific to certain interglacial or, at least, periods of 

the Pleistocene. For example, the pollen ‘Type X’ is characteristic of the Hoxnian, 

although it has also been recorded from the Cromerian site of Ostend, see section 2.5. 

Thus, it is dangerous to base correlation of deposits simply on the presence of absence 

of a few species.
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2.3.2. Relative age determination methods

These dating methods examine the degree of alteration and deterioration observed in 

organic and inorganic material. The most important of these analyses is amino acid 

epimerization. This method examines the equilibrium of the two amino acid isomers L 

and D, a time and temperature dependent process, from mollusc shell specimens. The 

method has a range of more than 600,000 years and has been used to date raised beaches 

(Keen et al. 1981) and freshwater and terrestrial deposits (Bowen et al 1989).

There are, however, limitations to this method, the most important of which is the effect 

that changing temperature has on the change from isomer L to isomer D. According to 

McCoy (1987) an increase in temperature of 4°C can double the rate of epimerization.

In principle, this can be taken account of if the palaeotemperature of a site is known 

(through biological evidence). But in practice this has proved difficult to establish, 

giving errors of up to 50% in some age estimates (Sykes 1991). For example, Bowen et 

al (1989) dated several British Pleistocene sites using aminostratigraphy. In their 

scheme they allocate the site of Hoxne (type site of the Hoxnian interglacial) to MIS 9. 

This is in disagreement with lithological and biostratigraphic evidence which allocate 

the site to MIS 11 (along with Swanscombe, Marks Tey and Clacton - see section 2.2.1).

2.3.3. Summary

The most accurate method for dating Pleistocene deposits is radiometric as it provides 

an absolute age. However, often these methods cannot be employed so dating relies on 

correlation between deposits or other, less conclusive methods. When determining ages 

of Pleistocene deposits a multidisciplinary approach is often best - pooling all available 

information.
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2.4. Collections utilised in this study

The fossil specimens examined in this study were found by earlier collectors and are 

now preserved in museums. Table 2.3 shows the British collections where a thorough 

survey of Palaeoloxodon remains was carried out in the present study. Table 2.4 shows 

the collections from Germany that were utilised in the present study for examination of 

continental material (mainly German).

The British and German collections were chosen because they filled the following 

criteria:

• collectively they provide large sample sizes from deposits of known different 

ages - important in establishing the evolutionary history of a species though time

• they provide fossil material from a large geographic range - important in establishing 

species distinction and variation

• they hold important fossils of Palaeoloxodon; for example Peterborough Museum 

houses a partial P. antiquus skeleton from the recently excavated site Deeping St. 

James in Lincolnshire.

There are numerous remains of Palaeoloxodon scattered through museums in Europe, 

Asia and North America. Clearly not every specimen can be examined in a study of this 

type but, by carefully selecting collections, the aims of this thesis can be met.
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Table 2.3. Table of British collections utilised in the present study.

Collection Abbreviation

Buckinghamshire Museum, Aylesbury AM

Booth Museum, Brighton BM

British Geological Survey, Keyworth BGS

Canterbury City Museum CCM

Colchester and Essex Museum CEM

City Museum and Art Gallery, Peterborough CMP

Dartford Borough Museum DBM

Hancock Museum, Sevenoaks HMNC

Ipswich Museum IM

Lapworth Museum, Birmingham LM

The Manchester Museum MM

Norwich Castle Museum NCM

Natural History Museum, London NHM

National Museums of Scotland, Edinburgh NMSE

National Museum of Wales, Cardiff NMWC

Somerset County Museum, Taunton SCMT

Swansea Museum SM

Sedgwick Museum of Geology, Cambridge SMGC

Torquay Museum TM

The University Museum, Oxford UMO

University Museum of Zoology, Cambridge UMZC

Warwickshire Museum Services WM

Yorkshire Museum YM
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Table 2.4. Table of German collections utilised in the present study.

Collection Abbreviation

Hessichen Landesmuseum, Darmstadt HLD

Institut fur Quartarpalaontologie, Weimar IQW

Naturhistorisches Museum, Mainz NMM

Forschungsbereich Altsteinzeit des Romisch-Germanisch

Zentralmuseum, Mainz, Schloss Monrepos, Neuwied SMN

Staatliches Museum fur Naturkunde, Karlsruhe SMNK

Staatliches Museum fur Naturkunde, Stuttgart SMNS

2.5. Description and dating of sites encountered in this study

The following section lists sites from which fossils have been recovered that were 

utilised biometrically in this study. A brief description of the deposit is provided 

together with, where possible, the allocation to an MIS number. For each site the 

location of fossil collections is also indicated.

A. British Isles

Apart from important sites, deposits used simply for species records are not listed here 

but discussed in the relevant sections in the text.

Early Middle Pleistocene sites (‘̂ Cromerian Complex’̂ , including the Cromerian 

sensu stricto)

The British sites relating to the early Middle Pleistocene all come from the Cromer 

Forest-bed Formation (CF-bF), a complex series on deposits on the Norfolk and Suffolk 

coast. The stratigraphy of this formation is complicated with several interglacial-glacial 

episodes having been recognised (Preece and Parfitt 2000).

The Forest-bed was described by Reid (1892) who classified the deposits of the Norfolk 

coast into two major units: the Weyboume Crag and the Cromer Forest-bed Series (this 

being the younger of the two units). Reid noticed that the deposits were highly complex
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and, with plant macrofossil material, showed there to be evidence of glacial and 

interglacial periods and of marine and non-marine environments.

The whole complex was reinvestigated by West (1980) who carried out a major 

examination of the deposits using pollen evidence as his major biostratigraphic tool. 

West identified two warm episodes (the Pastonian and the Cromerian) and one cold 

stage (the Beestonian) within the Cromer Forest-bed Formation (CF-bF). West realised 

that the there were gaps within the Formation which probably represented long periods 

of time; this was confirmed by Gibbard et al (1991) who showed the Pastonian to be of 

Early Pleistocene age with a long hiatus between it and the Cromerian interglacial.

As discussed in section 2.2.1, pollen analysis from boreholes in the Netherlands 

identified four separate interglacials (numbered CrI - CrIV) within the Cromerian 

termed the “Cromerian Complex” (Zagwijn 1996). There has been great difficulty in 

correlating the British and Dutch sequences (West 1980). It was thought that the 

Cromerian sensu scritto (West Runton) was correlated with the CrIV of the Dutch 

sequence since the pollen from both sites was similar. However, evidence from 

vertebrate remains challenged this because West Runton has the water vole Mimomys 

savini, whereas the type site of the Dutch CrIV (Noordbergum) has Arvicola terrestis 

cantiana. As discussed in section 2.3, the lineage of Mimomys - Arvicola is an important 

biostratigraphic aid - Mimomys has rooted teeth and is indicative of older sites in the 

early Middle Pleistocene whereas Arvicola has unrooted, more advanced, teeth. It was 

thought that in Britain the Mimomys-Arvicola transition took place during the later part 

of the Cromerian since Arvicola has been recovered from the later “Cromerian” site of 

Ostend, Suffolk (Stuart and West 1976). However, new evidence from Boxgrove,

Sussex (Roberts et al 1994) and Westbuiy-sub-Mendip, Somerset (Andrews and 

Ghalab 1999) has challenged this view. Both these sites have produced Arvicola with 

other ‘Cromerian type fauna’ in association with mixed oak forest woodland and not 

open/boreal environments indicative of the later part of an interglacial (Preece and 

Parfitt 2000).

More recently, evidence from molluscan remains has shown the situation to be even 

more complicated. Meijer and Preece (1996) have shown that the molluscs of the 

Forest-bed Formation fall into three groups: the older sites, such as West Runton and
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Kessingland (see below) contain Valvata goldfussiana, Tanousia runtoniana and 

Viviparus gibbus, the ‘mid age’ site Little Oakley contains Valvata naticina and 

Belgrandia marginata while the younger sites, including Sidestrand and Trimingham, 

contain V. naticina and Bithynia tentaculata. These molluscan groupings suggest the 

presence of at least three interglacials during the early Middle Pleistocene.

Further analysis of molluscan and vertebrate remains suggests that there are even more 

interglacials represented in the early Middle Pleistocene. Preece and Parfitt (2000) 

conclude that the molluscs, as described above, fall into three groups but that they may 

be further teased apart with the recovery of more material, particularly fi*om continental 

sites.

Using vertebrate remains Stuart and Lister (2001) show that the deposits at Pakefield- 

Kessingland and Corton (all in Suffolk) represent a previously unrecognised interglacial. 

This complex of sites has yielded a similar vertebrate fauna to West Runton (including 

Mimomys savini) but with addition of three large mammal species not identified at West 

Runton, namely: Hippopotamus amphibius, Megaloceros dawkinsi (species of giant 

deer) and Palaeoloxodon antiquus. They note that, importantly, plant macro evidence 

also separates West Runton from the Pakefield-Kessingland complex. Using a 

multidisciplinary approach utilising vertebrate, plant and molluscan remains, Stuart and 

Lister (2001) sub divide the early Middle Pleistocene into at least five interglacials, with 

West Runton one of the earliest.

The complexity of the Forest-bed Formation makes allocation of marine isotope stage 

numbers problematic. The base of the early Middle Pleistocene is placed at the Brunhes- 

Matuyama boundary about 780,000 years ago (Lowe and Walker 1997), correlated with 

Stage 19 on the marine isotope curve. As discussed above, it is widely recognised that 

the Anglian is correlated with MIS 12 so the interglacials of the “Cromerian Complex” 

must encompass MIS 19 17 15 and 13. If West Runton is tentatively assigned to MIS 19 

or 17 then the younger interglacials must fall into MIS 15 and 13. The allocation of sites 

to marine isotope stage numbers is discussed, with relation to each site, below.

The situation is further complicated by the fact that the majority of fossils examined in 

the present study were collected over the past one hundred years, usually firom the beach
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below cliffs from where they had been eroded in heavy storms. These specimens are 

normally recorded by the name of the nearest coastal village with little in the way 

stratigraphie information. However, as Lister (1996d) notes, useful stratigraphie 

information can still be gleaned from the fossils. Many specimens were collected by 

Savin in the 1800s and by Gunn in the 1880s-90s. Both these collectors kept detailed 

records of the finds and the horizon where they were recovered from, or at least 

suspected to have eroded from. Examination of these records and of geological data 

produced by Reid (1882) and Blake (1890) means that some of these fossils can be 

allocated to a specific bed within the Forest-bed Formation: these are discussed, with 

relation to the relevant sites, below.

Outlined below are details of the deposits from where P. antiquus material was 

examined or is discussed in detail in the present study. This information includes details 

of age, palaeoenvironmental information and details of collections where this material is 

kept (these are shown as abbreviations; see Tables 2.3 and 2.4).

1. Pakefield-Kessingland and Corton, Suffolk. (NCM, NHM)

At Pakefield and Kessingland organic remains have been recovered from the Rootlet 

Beds and underlying gravel (Stuart and Lister 2001). Pollen analysis has been shown to 

relate to sub-stage Crllb (West 1969b, 1980) with 95% arboreal pollen dominated by 

Quercus, Pinus and Tilia. This suggests a regional temperate woodland which is 

confirmed by the mammalian fauna including: Dama dama and Sus s or o f a and P. 

antiquus (Stuart and Lister 2001). A similar pollen record is also seen at Corton which 

is attributed to a similar stage of the same interglacial (West 1980).

As discussed above, these deposits have recently been shown to represent a previously 

unrecognised interglacial by Stuart and Lister (2001). The presence of Hippopotamus 

amphibius, Megaloceros dawkinsi and Palaeoloxodon antiquus are important 

biostratigraphic indicators since none have been recorded as West Runton. In fact, the 

presence of P. antiquus is particularly important since it is the first record of the species 

in Northern Europe; see Chapter 3. Plant macro analysis also confirms the differences 

between these two site complexes.
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This evidence suggests that Pakefield-Kessingland and Corton are younger than West 

Runton and therefore could be assigned to MIS 17 (if West Runton is MIS 19) 15 or 13. 

The presence of Mimomys precludes the complex from being correlated with MIS 13 

which has Arvicola (see below) and so it must be at least as old as MIS 15.

Analysis of molluscan remains shows, however, that the assemblage from Pakefield- 

Kessingland and Corton is different from the assemblage at Little Oakley, Essex (older 

than MIS 13), but similar to those at West Runton. The vertebrate fauna from Little 

Oakley is also different from that at West Runton with the recording of Emys 

orbicularis (pond tortoise) and Apodemus maastrichtiensis, both unknown at West 

Runton. Little Oakley does have remains of Mimomys but they differ from those at West 

Runton as being higher crowned (Preece and Parfitt 2000), suggesting the deposits are 

of a younger age. It is not possible to assign Pakefield-Kessingland and Corton to a 

stage of the marine isotope record, however the following can be said: the deposits are 

clearly younger than West Runton but older than Little Oakley (based on molluscan 

evidence), which in turn is older than MIS 13.

2. Trimingham, Norfolk. (BGS, NCM, NHM)

Shelly blue clays have yielded mammalian remains, first identified by Reid (1882), at 

this site. Pollen analysis by West (1980) suggests mixed temperate woodland of sub

stage Ha. The molluscan assemblage from this site is different to that seen at West 

Runton with the presence of the mollusc Valvata naticina being recorded (Preece and 

Parfitt 2000). Originally the vole Mimomys was recorded from the deposit (Stuart 1996) 

but more recent investigations have only yielded Arvicola remains - examination of the 

^Mimomys' material shows the identification to be correct but the preservation suggests 

they probably come from the underlying Early Pleistocene deposits (Preece and Parfitt 

2000). This is supported by Lister (1996d) who showed the site contains a mixture of 

Early and early Middle Pleistocene deer and elephants. The position of the site on the 

marine isotope record is presently unknown but it is certainly younger than West 

Runton.
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3. Overstrand, Happisburgh, and Bacton Norfolk. (BGS, NCM, NHM)

There is little stratigraphie information on these sites since sea defences have been 

constructed in front of them. However, Reid (1882) notes a reddish sand deposit at 

Overstrand which Gunn (1891) states yielded Mammuthus trogontherii teeth (Lister 

1996d). It is possible that P. antiquus remains were also recovered from this horizon. 

Pollen evidence from the “Cromerian” of Overstrand shows the area to have been mixed 

temperate woodland (West 1980). Lister (1996d) shows that the assemblage from 

Bacton is dominated by Early Pleistocene species, and that these also occur at 

Overstrand and Happisburgh. The vertebrate collections from these sites are therefore 

strongly “mixed”.

4. Ostend, Norfolk- (NHM)

Organic beds here have yielded a small sample of mammal fauna (West 1980). Initial 

pollen analysis of sediment associated with some of the bones assigns the site to pollen 

sub-stage IV (West 1980). More recently, pollen analysis from sediment on a 

Palaeoloxodon antiquus tooth has assigned that specimen to sub-stage II of an early 

Middle Pleistocene interglacial (Lister and Peglar pers. comm.). It is likely that the area 

was wooded at that time with more open areas nearby. The presence of Arvicola 

correlates the site approximately with Boxgrove (assigned to MIS 13).

Hoxnian sites

As explained in section 2.2.1, in the present study Hoxnian sites are assigned to MIS 11. 

1. Clacton, Essex. (IM, NHM)

Freshwater and estuarine organic channels have produced mammalian fossils in both the 

cliffs and on the foreshore at Clacton (Warren 1955). Pollen analysis shows that these 

were deposited between HoH and HoIIIb (Pike and Godwin 1953). Near to the Clacton 

site is Jaywick Sands and Lion Point. Both these sites have produced fossil remains and 

the channels present are almost certainly associated vnth those at Clacton (Warren 

1955).
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2, Swanscombe, Kent. (BM, DM, NHM)

The sequence at Bamfield Pit is referred to the Hoxnian interglacial on faunal, 

archaeological and altrimetric evidence (Ovey 1964; Schreve 1997). The sequence is 

made up of a series of different strata: Lower Gravel, Lower Loam, Lower Middle 

Gravel, Upper Middle Gravel and Silt Bed (Kemey 1971). Molluscan evidence shows 

that the Lower Gravel and Lower Middle Gravel were deposited during a heavily 

forested stage, pollen sub-stage HoH to HoEH. The mammalian fauna from the Upper 

Middle Gravel suggest that the environment had opened out to a grass-dominated 

habitat with the presence of large bovids and the horse Equus ferus (Schreve 1997). 

Palaeoloxodon antiquus remains are abundant in the lower strata, attributed to sub-stage 

lie , but less common in the upper strata, sub-stage 11c (Schreve 1997).

3. Marks Tey, Essex. (CEM)

This site yielded a complete pollen record from the Late Anglian to the Early 

“Wolstonian” (Turner 1970). Pollen zones HoII and HoIII, indicative of a wooded 

environment, have yielded mammalian remains.

Post Hoxnian - Pre Ipswichian interglacial sites

As discussed in section 2.2.1, recent work has identified a variety of sites in Britain 

which predate the Ipswichian but postdate the Hoxnian. In this study two sites assigned 

to MIS 9 have yielded Palaeoloxodon antiquus remains while several sites have been 

assigned to MIS 7.

Marine isotope Stage 9 sites

1. Grays, Essex. (BGS, NHM)

This is a complex of three brickearth pits on the north bank of the Thames. Pollen 

records from Globe Pit (West 1969a; Hollin 1977) show them to have been deposited 

during interglacial conditions with a heavily wood environment with little open ground. 

A post Hoxnian date is suggested because, as described in section 2.2.1, the site is on a
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terrace of the Thames lower than Swanscombe (MLS 11) but higher than sites attributed 

to Stage 7, i.e. Aveley and Ilford (see below). Mammalian evidence also suggests a post 

Hoxnian date since the Hoxnian indicators Trogontherium cuvieri. Dama dama 

clactoniana and Ur sus spelaeus are absent while an advanced jfrom oï Arvicola 

cantiana, Crocidura and Neomys browni are present (Schreve 1997).

Gibbard (1994) has argued that the site is referable to MIS 5e but, as discussed in 

section 2.2.1, the presence of horse and evidence of human activity (cut marks) 

advocates against this. One tooth of Hippopotamus amphibius has been recorded from 

Grays, which, as discussed in section 2.2.1, suggests an Ipswichian age (MIS 5e) but, as 

Schreve (1997) points out, this may not genuinely be from the Grays assemblage. Also, 

the wealth of other biostratigraphic and altrimetric evidence opposes a MIS 5e age for 

this site.

2. Wolvercote, Oxfordshire. (MM)

Originally assigned to the “Wolstonian” this site is a brick pit situated on a terrace of the 

Upper Thames. Altrimetric evidence suggests it is older than MIS 7 sites but younger 

than those of Hoxnian age (Bridgland 1994). Very little fauna has been recovered from 

the site but it suggests temperate but cooling conditions with open grassland and little 

tree cover. The dominant tree species is Pinus (Schreve 1997).

Marine isotope Stage 7 sites

1. Ilford, Essex. (BGS, NHM)

Fossil mammal remains have been recovered from several pits in the Ilford area from 

the third terrace of the Thames terrace system, see section 2.2.1 Pollen analysis by West 

et al (1964) from Seven Kings is indicative of an open habitat with little tree cover, 

which is confirmed by the mammalian fauna present, including horse and mammoth. 

The age of this, along with most other Stage 7 sites, has been open to question. West et 

al (1964) assigned it to the Ipswichian (MIS 5e) based on palynological evidence and 

explained the elevation of the site onto the third Thames terrace (as opposed to the 

second terrace of the true Ipswichian sites) as being caused by a tributary stream. As
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discussed in section 2.2.1 Sutcliffe (1975) noticed that the fauna at Ilford was unlike that 

at Trafalgar Square (a classic Ipswichian site) since it contained horse and small 

mammoth remains and, most importantly of all, no Hippopotamus remains. He 

concludes that Ilford represented an earlier, previously unrecognised, interglacial.

This is confirmed by Schreve (1997) who notes that Ilford has a mammalian fauna 

similar to that seen at Aveley (the Stage 7 ‘type locality’ in her study) with small 

mammoth, horse, large forms of Cervus elaphus. Bos primigenius and Bison priscus 

along with P. antiquus and Stephanorhinus kirchbergensis. She concludes that this 

evidence, together with the fact that Ilford lies on the third Thames terrace, correlates it 

with MIS 7. Schreve goes further to show, based on faunal evidenceTlford is correlated 

with the later part of the Stage (7a) when the environment was opening out.

2. Aveley, Essex. (NHM)

These deposits, situated on the north bank of the River Thames, consist of two fossil 

mammal beds. In the lower bed pollen samples suggest a wooded environment with 

limited open cover, dated to pollen zone lib of an interglacial by West (1969a). The 

upper bed contains pollen indicative of more open conditions with much reduced 

arboreal pollen (West 1969a). This site is of particular importance to this study because 

of the discovery of two partial Palaeoloxodon antiquus skeletons in the lower bed and 

two partial Mammuthus primigenius skeletons in the upper bed; this is discussed in 

detail in Chapter 6.

This site has been designated as the MIS 7 ‘type locality’ by Schreve (1997). But, as 

stated, the dating of this site is a matter of controversy. West (1969a) and Cooper (1972) 

attribute the deposits to MIS 5e, based on pollen and molluscan biostratigraphy. But 

other evidence suggests that it is from a post Hoxnian, pre Ipswichian interglacial. 

Sutcliffe (1975) concluded that, as at Ilford, the presence of mammoth and P. antiquus 

together, along with the absence of hippo suggests a pre Ipswichian age. Bowen et al. 

(1989) showed, by amino acid epimerization, that the deposits correlate with MIS 7 and 

Bridgland (1994) has showithe deposits to be on the third terrace of the Thames terrace 

system (the same terrace as Ilford).
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Schreve (1997) goes on to describe important mammalian biostratigraphic evidence 

from the lower bed, which suggests correlation with MIS 7c, including: an advanced 

form of Arvicola not seen at Grays (MIS 9), presence of horse and the absence of hippo. 

In the upper bed she cites small mammoth and a large form of Cervus elaphus and Bos 

primigenius as being important (these species also correlate with Ilford, see above).

3. Bnindon, Suffolk. (IM)

The basal terrace of the River Stour has yielded mammalian remains (Moir and 

Hopwood 1939). Limited pollen samples indicate an open habitat with sparse woodland 

(Sparks and West 1970). The site was previously regarded as being of Ipswichian age 

(Stuart 1976) but the mammalian evidence suggests correlation vrith later Stage 7, MIS 

7a. Schreve (1997) notes the presence of small mammoth, Equus ferus and large forms 

of Cervus elaphus and Bos primigenius - all species indicative of MIS 7.

4. Upnor, Kent. (NHM)

Little work has been carried out on this site but altrimetric and lithostratigraphic 

evidence suggest it is from the MIS 7 interglacial (Bridgland 1994). Limited fauna has 

been recovered although of great importance is the discovery of a partial Palaeoloxodon 

antiquus skeleton (Andrews and Cooper 1928). This site is discussed in more detail in 

Chapter 6. The faunal evidence suggests a closed environment that possibly correlates 

with early Stage 7, MIS 7c.

5. Slade Green, Kent. (NHM)

Formerly known as Slade’s Green, this extensive series of pits forms part of the 

Crayford Brickearth Complex on the south bank of the River Thames (Bridgland 1994). 

No pollen has been recovered from the site but the presence of horse and large bovids 

suggests an open habitat with little tree cover (Kennard 1944). Litho and biostratigraphy 

correlate this site with other sites in the lower Thames more firmly attributed to MIS 7, 

such as Ilford and Aveley.

79



6. Bracklesham Bay, Sussex. (NHM)

This site consists of two channels, West and East Wittering. Pollen and molluscan 

evidence suggest that they were deposited during an interglacial (Parfitt 1998). Amino 

acid geochronology suggests correlation with either MIS 5e or MIS 7 (Bowen et al 

1989). The earlier age of MIS 7 is the more likely due to the presence of the mollusc 

Corbicula fluminalis in both channels, a species absent from the British Ipswichian 

(Parfitt 1998).

7. Selsey, Sussex. (NHM)

The Lifeboat Station Channel on the east side of Selsey Bill has yielded several 

mammalian remains. Pollen analysis by West and Sparks (1960) showed a transition 

from open vegetation to closed temperate woodland with nearby grassland. Originally 

assigned to MIS 5e on the presence of Hippopotamus (Sutcliffe 1995), this record has 

been shown to be a misidentification and the site is now assigned to MIS 7 (MIS 7a) on 

biostratigraphic evidence, including the presence of the mollusc Corbicula fluminalis 

(Schreve 1997).

8. Bleadon Cave, Somerset. (SCMT)

Situated on the north side of the Mendip Hills this site was first described by Dawkins 

(1865). The fauna is dominated by carnivores but the herbivores present are indicative 

of an open habitat (Schreve 1997). Mammalian biostratigraphic evidence, including the 

presence of small mammoth, horse and large Cervus elaphus, assigns this site 

tentatively to MIS 7.

9. Bielsbeck Farm, Yorkshire. (YM)

The first published account of remains from this site is by Harcourt (1829) who reported 

the recovery of elephant and rhinoceros bones. The mammalian assemblage is small but 

it suggests the presence of open grassland through the presence of M  primigenius and 

E. ferus, with woodland close by through the presence of P. antiquus and B. primigenius 

(Schreve 1997). The assemblage is very similar in character to that from Brundon and
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Ilford which suggests correlation with MIS 7. This is also strongly suggested through 

the presence of the Tlford type’ mammoth and horse (Schreve 1997).

Ipswichian sites

The type site for the Ipswichian is at Bobbitshole in Suffolk (West 1957). No large 

mammal remains have been recovered from this site but numerous other locations have 

yielded the classic ‘hippo fauna’, including Palaeoloxodon antiquus and are assigned to 

MIS 5e on a combination of pollen and vertebrate evidence. This is discussed in more 

detail below.

As explained in section 2.2.1, the Ipswichian is correlated to MIS 5e on the evidence 

that this peak represents the last major warm period before the Holocene. The marine 

isotope record from 150,000 years to present is detailed allowing the identification of 

several smaller peaks during Stage 5. The warm periods are numbered (oldest first) 5e, 

5c, 5a and the cold: 5d and 5b. At one time it was considered that the Ipswichian should 

be correlated with Stage 5, but, with greater resolution, it was determined that only 5e 

was warm enough and of long enough duration to be classified as a true interglacial 

(Lowe and Walker 1997).

1. Trafalgar Square, London. (BGS, NHM)

This grouping is a complex of sites in the Trafalgar Square area, including New Zealand 

House and Charing Cross Road. As explained in section 2.2.1 this complex played an 

important role in distinguishing between MIS 7 and 5e sites.

The sites are on the second terrace of the Thames terrace system (Bridgland 1994) and, 

as explained in section 2.2.1, this defines it as the last interglacial episode before the 

Holocene. Sutcliffe (1975) showed that the sites of central London have a fauna very 

different to those for the second terrace system (i.e. Aveley, Ilford and other MIS 7 sites, 

see above), and do not have mammoth, horse or any indication of the presence of man. 

But these sites do yield the classic ‘hippo fauna’ of Hippopotamus amphibius, P. 

antiquus. Dama dama and Stephanorhinus hemitoechus. Pollen analysis places these
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sites in sub-zone IpIIb, the climatic optimum of the interglacial (Franks 1960). In the 

present study this complex of sites is referred to as the Central London complex.

2. Barrington, Cambridgeshire. (BGS, NHM, SMGC)

Terrace deposits of a tributary of the River Cam have yielded numerous large mammal 

remains of the ‘hippo fauna’. The site has been assigned to pollen sub-zone IpIIb by 

Gibbard and Stuart (1975). Stuart (1982) reports that the pollen spectrum shows the site 

to have open grassland vegetation with small amounts of tree cover. This vegetation 

type is unusual for the Ipswichian which is normally recognised as having fairly closed 

vegetation with little open ground (Gibbard and Stuart 1975). Stuart (1982) explains this 

discrepancy through the area bordering the River Cam having been cleared by large 

herbivores but that forest cover was found further from the depositional site. This is 

confirmed by mammalian faunal evidence from the site which includes species which 

favour open conditions: Crocuta crocuta. Panther a leo and Megaloceros giganteus and 

those which prefer more closed habitats such as Dama dama.

3. Shropham, Norfolk. (IM, NCM)

Open site with Ipswichian deposits overlain by Devensian gravels, although the faunal 

collections are rather mixed. The Ipswichian fauna is characteristic of the middle of the 

interglacial (Currant, pers. comm.).

4. Joint Mitnor Cave, Devon. (TM)

Beds 3 and 4 of this complex cave site have yielded Palaeoloxodon antiquus remains. 

The site was formed by a pitfall trap into which large mammals fell. The fauna from 

these beds is wholly Ipswichian in character with Hippopotamus amphibius, P. antiquus 

and Stephanorhinus hemitoechus (Sutcliffe 1960).
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5. Bacon Hole, Gower. (NHM, SM)

This site has yielded an important Late Pleistocene mammalian fauna. Of importance to 

the present study are the units (from bottom to top): Unit E - Sandy Cave Earth, Unit G - 

Grey Clays and Unit I - Upper Cave Earth since these have yielded P. antiquus remains 

(Stringer et al. 1986). Dating of the layer above Unit E, which is probably 

contemporaneous, by Uranium-series dating, gave mean age of 122 +/- 9 kyr (Stringer et 

al 1986) which correlates with MIS 5e. This date was confirmed by Bowen et al. (1989) 

who, using amino-acid epimerization, correlated the Sandy Cave Earth with the 

Ipswichian. Of most interest are Units G and I which contain a mixed fauna indicative 

of cold and warm climate, including: P. antiquus, Stephanorhinus hemitoechus, 

Mammuthus primigenius (Unit G only) and Crocuta crocuta. These units have been 

dated to the Early Devensian (late Stage 5) and may relate to MIS substages 5c and 5a 

respectively (Stringer et al 1986). The relevance of this site to the last occurrence of P. 

antiquus in northern Europe is discussed in Chapter 3.

6. Water Hall Farm, Hertfordshire. (NHM)

Terrace deposits of the River Lea near Hatfield have yielded Hippopotamus and other 

Ipswichian fauna. The site has been correlated to the mid Ipswichian (Sutcliffe and 

Kowal ski 1976).

7. Wortwell, Norfolk. (NCM)

A terrace of the River Waveney has produced limited fossil mammal remains, pollen 

analysis from sediment adhered to a tooth of P. antiquus is indicative of pollen zone Ip 

U (Schreve 1997).

8. Deeping St. James, Lincolnshire. (CMP)

This is an open site on the River Welland recently excavated. The channel deposits 

contain various mammal remains including a partial Palaeoloxodon antiquus skeleton 

(Davies 1999). Molluscan and coleopteran evidence show the habitat to have been one 

of mixed woodland and scrub with some grassland nearby. The mean summer
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temperature was 4°C higher than today (Keen et al. 1999). Dating of the deposits by 

thermoluminence correlates it with MIS 5, with evidence from the invertebrate fauna 

assigning the deposit to MIS 5e (Keen et al 1999). This site is discussed in detail in 

Chapter 6.

9. Maxey (CMP)

The deposits at Maxey, near Peterborough, come from a gravel pit. Recent gravel 

extraction has revealed organic silt layers and channel in-fills of gravel assigned to the 

First Terrace of the River Welland (Davey et al 1991). Pollen, molluscan and 

coleopteran evidence assign this site to MIS 5e. The horizon where P. antiquus remains 

have been recovered is correlated with pollen zone Ipswichian Ilb (Davey et al 1991).

Cold Stage sites

1. Balderton, Lincolnshire. (BGS, UMZC)

Sand and gravel deposits beneath a terrace of the River Trent have yielded a ‘‘cold 

stage” fauna with woolly mammoth and woolly rhinoceros and a small amount of 

interglacial rhino and straight-tusked elephant (Lister and Brandon 1991). If all species 

coexisted the site is likely to represent an interstadial episode with largely open 

vegetation. The presence of the musk ox, Ovibos moschatus and reindeer, Rangifer 

tarandus suggest tundra environment with sedges and herbaceous plants. Conversely P. 

antiquus and the interglacial rhinoceros, Stephanorhinus cf. hemitoechus suggest the 

presence of some sparse tree cover (Lister and Brandon 1991). Pollen analysis shows the 

site to have been dominated by grasses and sedges with some trees nearby (Brandon 

and Sumbler 1991). ESR on elephant teeth and amino acid epimerization suggest a date 

of MIS 6 (Lister and Brandon 1991).

The provenance of some of the P. antiquus specimens is, however, open to question 

(Lister pers. comm.). Examination of the teeth from Balderton shows two distinct 

preservation types - an orange/light brown type and a dark brown/black type. The teeth 

with orange preservation are well preserved and show no signs of reworking while the 

dark specimens are more battered and damaged and may have come from older,
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underlying deposits, of MIS 7 age (Lister, pers. comm, and personal observation). The 

significance of this is discussed in Chapter 5.

B. German Sites

Below is a review of the German sites whose fossils were examined in this study. Sites 

used simply for species records are not listed here but discussed in the relevant sections 

in the text.

Early Middle Pleistocene sites

1. Mosbach, Hessen. (NMM)

The fluviatile sands at Mosbach cover a considerable period of time, including several 

climatic fluctuations. Faunal remains have been recovered from several layers but the 

greatest concentration is from the Grey Mosbach Sands (called Mosbach II) which 

contain an Arvicola fauna and were probably deposited during the late Cromerian 

Complex (Koenigswald and Kolfschoten 1996). Palaeoloxodon antiquus remains have 

been recovered from Mosbach II.

2. Mauer, Baden-Württemberg. (HLD, SMNK)

The Mauer Sands were deposited in the slack backwaters of the River Neckar, probably 

in a short space of time (Kolfschoten 1990). The site contains Arvicola but is probably 

older than Mosbach II with the rodent fauna suggesting an earlier Cromerian age 

(Koenigswald 1992; Koenigswald and Kolfschoten 1996).

Holsteinian sites

1. Steinheim, Baden-Württemberg. (SMNS)

Sand and gravel deposits of the River Murr have yielded mammal remains from two 

levels from a number of pits. The lower level contains a fully interglacial fauna with 

Bos, Castor and Palaeoloxodon antiquus while the upper level is characteristic of a
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steppe fauna with Mammuthus and Equus (Adam 1954). The lower level has been 

referred to the Holsteinian, based on both pollen and faunal evidence, while the upper is 

regarded as being from the subsequent cold stage. According to Ziegler (pers. comm.) 

the lower level could be assigned to MIS 11 or 9 but most probably MIS 11.

Several pits: Sammet, Sigrist, Renz and Bauer, at Steinheim have yielded P. antiquus 

remains. According to Ziegler (pers. comm.) Sigrist is possibly correlated with MIS 11 

while Sammet may be younger (? MIS 9). The age of the other pits is unknown.

2. Karlich “See-Ufer” (Karlich II), Neuweid. (SMN)

Situated in the Neuweid Basin in Central Rhineland this site is part of the Karlich 

Interglacial complex from which a long sequence spanning the Matuyama-Brunhes 

boundary has been obtained (Brittmann 1990). Palaeoloxodon antiquus has only been 

recovered from the “See-Ufer” site along with fauna indicative of an interglacial period. 

The pollen evidence suggests the deposit was formed during the end of an interglacial as 

the vegetation is opening out (Turner 1990). The site has been correlated with deposits 

at the end of Karlich II at the main site which lie above Cromerian Complex IV Stage 

deposits. Gaudzinksi (1996) tentatively assigns the site to MIS 11 or possibly 9.

Stage 7 site

1. Weimar-Ehringsdorf, Thuringia. (IQW)

This site consists of a thick layer of travertine capped by glacial gravels. The site has 

complex stratigraphy with two travertine levels recognised, the lower and the upper 

(Kahlke 1975). Palaeoloxodon antiquus remains have been recovered from the Lower 

Travertine only, along with other temperate species and evidence of homi nid activity 

(charcoal remains). The Lower Travertine is overlain by gravels and then a deposit of 

interglacial nature containing small mammal remains; this is capped by the Upper 

Travertine which yields cold stage fauna such as woolly mammoth and woolly rhino 

(Kahlke 1975). Originally the Lower Travertine was placed in the Eemian MIS 5e with 

the Upper Travertine pertaining to the Last Cold Stage (Mania 1975) but recently this 

has changed. The Lower Travertine is now placed in MIS 7 with the interglacial
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deposits above this relating to MIS 5e; this is based on evidence from small mammal 

assemblages (Maul pers. comm.). The Upper Travertine is still correlated with the Last 

Cold Stage (R. Kahlke, pers. comm.).

Eemian sites (MIS 5e)

1. Taubach, Thuringia. (IQW)

Travertine deposits near Weimar have been assigned to the MIS 5e on faunal evidence 

(Kahlke 1975). The site is rich in mammal remains and plant macrofossils which 

indicate a forested environment with temperatures slightly warmer than today.

2. Biblis, Worms. (NMM)

This is a gravel pit on the high terrace of the River Weschnitz near Darmstadt. Two 

stratigraphie units are represented at the site, the lower yielding fossils of an interglacial 

character, including Palaeoloxodon antiquus, while the upper is assigned to the Last 

Cold Stage with cold adapted fauna (Koenigswald and Loscher 1982). Pollen records 

from the lower level show the environment to have been one of mixed temperate 

woodland of an Eemian type.

3. Bruhl, Worms (NMM)

All fossil remains from this ‘site’ are dredged from gravels in the River Main 

(Koenigswald 1988). Material has been collected from here over many years and the 

faunal assemblage suggests an Eemian (MIS 5e) age.

4. Bad Cannstatt, Baden-Württemberg. (SMNS)

Little information is published on this site, however faunal evidence strongly suggests 

correlation with MIS 5e (Ziegler, pers. comm.).
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C. India

Fossils from only one site in India are examined in this study; the collection is held at 

the Natural History Museum, London and includes the type specimen of Palaeoloxodon 

namadicus.

1. Narbadda Valley, Central India. (NHM)

This site is little studied but has been broadly correlated with the German sitesof 

Siissenbom and Voigtstedt (Maglio 1973), which in turn have been correlated to West 

Runton (the Cromerian type site). Maglio (1973) states that this correlation is based on 

the similarity in mammalian fauna between the Indian and European sites. However, he 

does not describe what the fauna is but suggests that the presence of the bear, Ursus 

deningeri and the beaver Trogontherium cuvieri are important. No pollen remains have 

been recovered from this site.

D. The Levant

In this study several specimens of Palaeoloxodon antiquus from the site of Holon in 

Israel were examined. The specimens are housed in the Israel Museum, Jerusalem.

1. Holon

An extensive mammalian fauna has been recovered from this site, including; fallow 

deer, bovids and horse, suggesting a combination of open and wooded environments. 

Thermoluminescence dating has provided an age of 198-201,000 years BP while ESR 

on teeth samples has given a date of about 204,000 yBP (Goren-Inbar et ah 2000). The 

site is currently being reinvestigated and is thought to contain a long sequence spanning 

approximately 100,000-120,000 years. Dates of this age assign the site to MIS 7.

E. Africa

As discussed in Chapter 8, Eurasian Palaeoloxodon is shown to have evolved from a 

subspecies of Palaeoloxodon recki, a taxon common in Pliocene-Pleistocene East



Africa. Specimens of Palaeoloxodon recki, which are all curated in the Natural History 

Museum, London and come from the Olduvai Gorge Formation, were examined in the 

present study. Faunal evidence suggests that, at that time, the climate was more humid 

than today with both grassland and more wooded environments present (Harris et al. 

1988).

As Beden (1979) explains, the Palaeoloxodon recki lineage covers a long expanse of 

time from the upper part of the Shungura Formation (member B), dated to 

approximately 3.18 million years ago, to beds III - IV of the Olduvai Formation, dated to 

around 1.4 million years ago (Todd 1997). These deposits are discussed in detail in 

Chapter 8.

2.6. Selection and grouping of samples

For the study of the history and evolution of a lineage an ideal situation would be to 

have fossil samples from a wide spatial and temporal distribution and for each sample to 

be:

1. of known age

2. of large sample size.

The fossil record of Palaeoloxodon, and most other mammals, does not, unfortunately, 

fulfil these criteria. Often small samples have to be utilised from deposits whose age is 

debatable or known only within broad limits. These samples are, however, still useful as 

long as their limitations are borne in mind.

Samples of approximate age

Where the exact age (or correlation to a pollen zone) is not known it is important to be 

able to assign the sample to a Stage on the marine isotope record. For example, a sample 

may have come from a deposit broadly correlated with the Ipswichian, on mammalian 

evidence, but there may be no information of the pollen zone where the sample was 

found, and thus, which part of the interglacial it comes from. This sample is still useful
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because it is known to be younger than samples from the “Cromerian Complex”, MIS 

11,9 and 7 and thus can be placed in stratigraphie order.

Small samples

Samples from individual sites are often too small for meaningful statistical tests on 

morphological differences. To avoid this problem the following approaches may be 

taken:

• increase the geological range of samples that are being tested but without trying to 

reconstruct a detailed evolutionary history within such a ‘combined’ sample. For 

example, the age and stratigraphy of many of the early Middle Pleistocene sites 

discussed above is confused. By taking the entire ‘Cromerian Group’ and using that 

to compare differences with samples from deposits of definite known younger age 

allows meaningful analysis to be carried out. However, it must always be recognised 

that pooled samples of this kind may mask ecophenotypic adaptation and 

heterogeneity.

• samples from different correlated deposits may be pooled to increase their size. This 

is often the only way to obtain a sample size large enough to carry out meaningful 

analysis. Pooling of this type can occur at two levels; firstly samples from the same 

pollen zone within the same MIS can be pooled together, and secondly, where pollen 

zonation information is unavailable, samples form the same MIS stage can be pooled. 

What is of most importance is that samples pooled are all definitelv of a similar age 

to one another but of a different age to another pooled sample to which they are being 

compared. This methodology is widely used in this study because sample size is 

often small. Wherever possible, tests have also been carried out on intra-site 

differences within grouped samples.

Samples of unknown age or provenance can still be useful and have been utilised in this 

study for analysis of adaptations where the palaeoenvironment is known or for general 

identification of morphological parameters.
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2.7. Conclusion

In order to examine the evolutionary history of Palaeoloxodon in Pleistocene Europe it 

is essential to have a stratigraphie framework. This has been established with the sites 

utilised in the present study being assigned to a position, where possible, on the current 

knowledge in this dynamic field of Quaternary science.lt is clear that the only way to 

understand the complexities of the Pleistocene is to take a multidisciplinary approach 

examining all available evidence.
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Chapter 3

The ecology and temporal and spatial distribution of the

genus Palaeoloxodon

Introduction

The genus Palaeoloxodon was highly successful, inhabiting a large geographic range, 

and persisting for approximately 800,000 years from the early Middle Pleistocene until 

the onset of the Holocene about 10,000 years ago. During that time it was associated 

with a variety of habitats ranging from lush forest and woodland to open savannah, in a 

range of geographic areas from the plains of China and Russia to the rocky terrain of the 

Mediterranean islands. This chapter examines the habitats in which the genus occurred 

and its temporal and spatial range. In this chapter particular detail is paid to the 

European representative of the genus, Palaeoloxodon antiquus, although Asian 

representatives are also briefly discussed.

3.1. Spatial distribution and associated vegetation of the genus Palaeoloxodon

Remains of Palaeoloxodon have been recovered from hundreds of sites throughout 

Eurasia: see Figure 3.1. The following section collates information gained in the present 

study and from a review of the current literature. Distributions were identified by 

selecting the most westerly, easterly, northerly and southerly occurrences of P. antiquus 

and then this was expanded through the addition of data from sites within this range.

3.1.1. Palaeoloxodon antiquus

Palaeoloxodon antiquus was a widely distributed species with remains recovered 

throughout Europe from the Gower Coast, Wales to Turkmenistan (a distance of 

approximately 3000 miles), and from north Yorkshire, England to the Levant (a distance 

of approximately 2000 miles), see Figure 3.2.
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Figure 3.1. Known distribution of the genus Palaeoloxodon based on data collated in the 

present study.

This distribution is based on the samples examined in Chapters 5 and 6. Analysis of this 

distribution suggests that P. antiquus had a continuous record in southern Europe but 

was mainly restricted to interglacial periods in northern Europe. Unfortunately, there are 

few fossil-producing deposits from cold stages, particularly in southern Europe. This 

makes tracking the range change of P. antiquus difficult. However, the following 

observations can be made:

During interglacials P. antiquus had a range covering most of Europe. At these times, in 

northern Europe, it was associated with a variety of vegetation types, these are 

summarised in Table 3.1. It should be noted that the age indications given in Table 3.1 

are based on recent research but using earlier pollen analysis from key sites (see Chapter 

2 for more explanation).
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Table 3.1. Vegetational type of interglacials in Europe where P. antiquus is present.

Interglacial Vegetation type Reference

(UK nomenclature)

Cromerian Forested environment, consisting of: 

Pinus, A Ini/S', Quercus, Betula, Ulmus, 

Tilia and Corylus.

West (1980)

Hoxnian Forest environment consisting of: Ulmus, 

Quercus, Tilia, Alnus and Corylus. 

Followed by period of deforestation and 

subsequent replacement of dense forest.

Turner (1970).

MIS 9 Dense forest, little open cover, consisting 

of Quercus, Pinus and Alnus.

West et al. (1964)

MIS 7 Patchy woodland of Quercus, Pinus and 

Acer, with expanses of open environment.

West (1964)

Ipswichian Dense forest environment consisting of: 

Quercus, Pinus, Acer, Alnus and Corylus.

West (1957)

The succession of vegetation and the patterns observed during each interglacial are 

discussed in Chapter 2. However, in general, the vegetation consisted of expanses of 

mixed temperate forest with occasional open vegetation. P. antiquus is normally 

associated with pollen zone II (the climatic optimum and vegetational climax), although 

it is also found in later periods of interglacials, such as at Ostend, Norfolk, where pollen 

analysis shows the remains are associated with the more open vegetation of pollen zone 

in (Lister and Peglar pers. comm.).

Evidence for the correlation between P. antiquus and forest environments is seen in MIS 

11 and 7. For example, at Ilford (MIS 7, a relatively open environment) there are few P. 

antiquus remains (a minimum number of individuals of 13) compared to the large 

amount of Mammuthus primigenius remains which have been recovered (86% of 

proboscidean remains). At Swanscombe (MIS 11) there is a transition in vegetation 

between the Lower Gravel and Middle Gravel (Schreve 1997). In the Lower Gravel the 

vegetation was closed with high levels of boreal trees recorded (Hubbard 1996) while 

the pollen spectra from the Middle Gravel shows an opening out with the presence of
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more grass. This vegetation change is correlated with a change in P. antiquus abundance 

from high proportion of finds in the Lower Gravel to a lower proportion of finds in the 

Middle Gravel. This change in vegetation is also correlated with a shift from a forest- 

dominated fauna {Dama dama clactoniana. Bos primigenius, Stephanorhinus 

kirchbergensis) to a more open dominated fauna (M primigenius, Equus ferus) (Schreve 

1997).

Due to its dentition and large size and by analogy with modem elephants, it is likely that 

P. antiquus was a mixed feeder taking both browse and graze (see section 3.2) and so it 

is surprising that there is a reduction in abundance in tree-grass phases. This may be 

related to competition with other grazers and, in particular, mammoth. This is discussed 

in more detail in Chapter 9.

P. antiquus remains have also been recovered from two sites in England dated to glacial 

periods. Remains from Snitterfield, Warwickshire have been correlated with MIS 12 or 

10 (Lister et al. 1990) and those from Balderton to MIS 6 (Lister and Brandon 1991). P. 

antiquus was probably present at these sites during interstadial episodes when the 

climate warmed slightly. As discussed in Chapter 2 the vegetation during glacials was 

more open with little or no tree cover (Lister and Brandon 1991). The fact that only a 

small number of glacial sites have yielded P. antiquus remains suggests it was not able 

to adapt to graze dominated environments and was thus restricted to browse or browse- 

graze environments.

During glacial episodes it is likely that the range of P. antiquus, and other interglacial 

species, retracted to the southern European peninsulas of Greece, Italy and Spain (Stuart 

1991): this is shown in Figure 3.2. The evidence for this is limited because of the lack of 

glacial fossil sites in these areas. However, excavations at Grevena, West Macedonia , 

Greece, have produced a partial skeleton of P. antiquus in deposits dated to 160-170,000 

yBP, on ESR-dating (Tsoukala and Lister 1998). This places the site in MIS 6 (a cold 

stage) and represents the only well dated southern European site from a glacial episode 

where P. antiquus has been recovered.

There is, however, extensive evidence showing that southern Europe acted as a 

refugium for thermophilous trees during glacial episodes. During the climatic optimum
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of interglacials a mix of woodland and grassland covered northern and southern Europe 

(Ttzedakis 1993). But during glacial episodes these temperate forests were greatly 

retracted into the southern peninsulas. Bennette/ al (1991) examined tree distributions 

from all over Europe and showed that the Balkan region and the Alps and Italian 

mountains acted as important réfugia for temperate trees during cold stages. They 

concluded that these réfugia are the points from where the trees re-colonise northern 

Europe at the onset of an interglacial and that if trees died out in these réfugia they 

became extinct throughout Europe. Also, Ermolli and Cheddadi (1997) examined a long 

pollen sequence from southern Italy and conclude that this area acted as a refugium for 

Pinus and Quercus during cold stages correlated to MIS 16 and 14. They state that these 

species extended northwards in range at the onset of interglacials with associated forest 

fauna moving with them. This contributes to the supposition that the range of P. 

antiquus contracted to these peninsulas in cold stages.

The most persuasive direct evidence that P. antiquus was using southern Europe as 

réfugia is provided by the evidence from the Last Cold Stage. The latest records of P. 

antiquus show that it was found in Portugal, Spain and Italy in association with relict 

temperate forest; see Section 3.3. It is quite plausible that this pattern was repeated 

during other cold stages. Also, there are very few sites correlated with cold stage 

deposits in northern and central Europe where P. antiquus have been recovered, see 

Chapter 2. This is further evidence to suggest that during cold stages the range of P. 

antiquus was contracted into southern Europe.

3.1.2. Palaeoloxodon from Asia

Palaeoloxodon was a common species in Asia with a range throughout northern India, 

east China, Japan and Taiwan from the early Middle Pleistocene until the Late 

Pleistocene, see Figure 3.3 (Qi 1976). Published records of pollen spectra from sites in 

Asia where Palaeoloxodon has been recovered are, however, limited.
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Figure 3.2. Proposed range of Palaeoloxodon antiquus: interglacials (“Cromerian 

Complex”, MIS 11, 9, 7 and 5e) top and glacial (MIS 12 10, 8 and 6) bottom. This is 

based upon information collated in the present study. The glacial range is based on 

limited evidence from sites that have yielded P. antiquus remains but the distribution 

can be inferred from evidence from pollen and other fauna (see text for more 

explanation).
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Figure 3.3. Range of the genus Palaeoloxodon in Asia. This is based upon information 

collated in the present study from various literature sources.

Kong (1995) described the flora from Zhoukoudian, a site in China which has produced 

remains of P. cf. namadicus. The pollen recovered suggests a humid environment with 

Abies and Pinus trees and a predominance of shrubs and grasses. Kong (1995) states that 

the vegetation in that part of Asia was fairly stable throughout the Pleistocene with the 

range of thermophilous trees becoming slightly retracted during glacial periods to the 

south of the region. It is likely that, as in Europe, the range of Palaeoloxodon followed 

this range reduction with populations being associated with patches of temperate 

woodland.

Comparison of Figures 3.2 and 3.3 show that the Asian distribution of P. antiquus is 

shifted significantly southwards compared to the pattern observed in Europe. This could 

be related to vegetation type or other, as yet uncertain, factors. Much more work is 

needed to establish what the climatic and vegetational conditions were in Asia during 

the Pleistocene and how the range of Palaeoloxodon changed with shifts in vegetation. 

This work is currently being undertaken by Chang (in prep.).
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Summary

The range of the genus Palaeoloxodon was large. During interglacials P. antiquus was 

found all over northern and southern Europe, except Scandinavia. It was generally 

associated with mixed temperate forest although was also found, at low density in more 

open environments during MIS 7, the second part of MIS 11 and during a number of 

interstadial periods.

During glacial episodes the range of P. antiquus retracted into southern Europe in 

association with small areas of temperate forest. At the onset of interglacials its range 

increased, as temperate forest expanded northwards, and it moved up into northern 

Europe.

The range change record of Palaeoloxodon from Asia is limited. However, pollen 

evidence shows it was associated with humid, semi-open environments, with some tree 

cover.

3.2. Palaeoecology

A great advantage of studies on palaeoecology of Pleistocene species is that many are 

still extant or have extant closely related species. Ecology of modem species can be 

used to suggest the ecology of extinct species, particularly when associated vegetation is 

known from palynological evidence. Stuart (1982) notes that there is little reason to 

suppose that the ecology of modem species is different from their Pleistocene 

representatives; however, in the case of elephants, this view needs to be modified. The 

two extant elephant species and subspecies have undergone major changes in their 

ecology in recent times due to the activities of man on them directly and on their 

environment (Spinage 1994). This is particularly tme for the “savannah” species of the 

African elephant (Loxodonta africana) which is now restricted to the savannah plains of 

sub-Saharan Africa. This is mainly due to contraction of its range through the increase 

in human habitation and the actions of logging and forest clearance for agricultural land. 

However, useful comparisons can still be drawn from modem elephants to understand 

and explain the ecology of fossil species as long as it is recognised that modem ecology 

may not be the preferred habitat.

99



Below is a review of the ecology of modem elephants that forms the basis on which the 

palaeoecology of Palaeoloxodon can be reconstructed. The lives of modem elephants 

are highly complex and only the most important behaviours are addressed here.

3.2.1. Feeding behaviour

The diet of modem elephants tends to be nutrient-poor with a large proportion of 

stemmy and woody material being taken (Spinage 1994). Digestion in elephants is by 

caecal fermentation - in this system food is mainly stored in the stomach where little 

digestion takes place, the food then passes into the small intestine where some digestion 

occurs, with the break down of cellulose through the action of gut bacteria. However, 

most digestion occurs in the large intestines which are filled with gut bacteria that 

slowly break down cellulose and sugars from the plant material. This type of digestion is 

very inefficient; experiments on the digestion of hay in elephants have shown that only 

40% of the hay is effectively broken down, 'with most passing out as faeces. The figure 

of 40% is very low compared to other herbivorous mammals such as cows where the 

figure is 60% while in horse it is almost 70% (Schimdt-Nielsen 1988).

Elephants are very large mammals and have a high energy demand. Compensation for 

poor digestion is met by a vast throughput of food. Schimdt-Nielsen estimated that an 

adult Afiican elephant bull weighing 5 tonnes would require between 150-200 kg of 

fresh forage a day in order to maintain its weight. Although not linear, extrapolation of 

this gives a figure of about 350 kg per day of fresh forage for a 10 tonne Palaeoloxodon 

elephant. Experiments on zoo animals by Benedict (1936) showed that the passage of 

food through the alimentary canal of an Asian elephant was between 10-46 hours 

depending upon the food concerned. This rapid throughput means that elephants have to 

forage for long periods of the day. Observations of African elephants have shown they 

feed for between 12-14 hours per day (Guy 1974). Thus, over half the day is spent 

searching for food to meet the high energy demand.

Elephant feeding strategies are varied, ranging from reaching up to the tops of trees by 

standing on their hind legs and extending their trunk (Sikes 1971), to removing lumps of 

grass and earth with their trunk and tusks (Moss 1988). Wild elephants have been 

observed scraping bark off trees with their tusks as well as shaking trees to recover ripe
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fhlit and pushing trees over in order to get at new leaves and shoots in the top canopy 

(Moss 1988). It is this behaviour in particular which has drastically altered the habitat in 

which modem Afiican elephant live (Spinage 1994). Until their range was restricted by 

humans Afiican elephants were able to travel across huge distances in search of trees to 

feed firom, with those they knocked down being replaced by the time they returned to 

previous feeding areas. However, now the home ranges are so small that deforestation is 

a great problem and the remaining populations are forced to have a higher intake of 

grass in their diet (Sikes 1971; Moss 1988).

There is, however disagreement as to the preferred diet of modem elephants. This is 

probably a result of the habitat change blurring the original feeding strategies. Some 

authors (for example see: Sikes 1971 and Laws ef al 1975) state that Afiican elephants 

are browse-adapted and only feed on grass when forced due to overcrowding or 

environmental stress, such as drought. Buss (1961) and Oliver (1982), on the other 

hand, conclude that grass is the preferred diet with browse only being taken during the 

diy season. This seems unlikely, however, because diet analysis of Afiican elephants 

shows throughout the year a great amount of browse although grass is well represented 

(Spinage 1994).

The food preference of Asian elephants has also been the subject of discussion. Oliver 

(1982) observed that even in forest environments Asian elephants tend to eat mostly 

grass, only taking woody material when necessary. However, Mckay (1973) suggests 

that in fact they show no food preference and that they eat a large range of vegetation. 

Sukumar (1989) has shown that equal amounts of graze and browse are taken. These 

discrepancies are particularly important to understand with regard to the present study. 

The teeth of Afiican elephants are less hypsodont and with a lower lamellar fi’equency 

(see Chapter 4) than those of Asian elephants, which would imply they eat more browse 

compared to grass than Asian elephants. However, there may not be such a simple 

correlation between tooth stmcture and preferred diet. Where only a restricted food type 

is available, such as in the steppe-tundra environment of the woolly mammoth, 

Mammuthus primigenius, it is reasonable to conclude that more grass was eaten since 

browse was very limited (this is confirmed by the analysis of the stomach contents of 

the Beresovka fi*ozen mammoth carcass: Sutcliffe 1985). The teeth of M primigenius, 

being very hypsodont and having a high lamellar fi’equency, suggest they ate a diet high

101



in silica which correlates well with the known diet. The Shandrin mammoth carcass, 

however, shows a diet with large amounts of browse and fruits (Haynes 1991). This 

suggests that the mammoths were taking the most plentiful food available at the time. 

Where elephants exist in a vegetation mosaic, such as Palaeoloxodon antiquus in 

northern Europe during interglacials where both grass and browse were available, the 

correlation between tooth structure and preferred diet is even less clear. This problem is 

further discussed in Chapters 5 and 9.

Whatever the preferred diet of modem elephants it is clear that they eat a large variety of 

different foods, in order to take in enough food per day. Sikes (1971) provides a detailed 

list of the common food groups that wild African elephants have been observing feeding 

upon. She documents the feeding of: browse, bark, grass, fruits, shoots, herbs, shrubs, 

aquatics, roots and reeds. Similar observations have been made in Asian elephants 

although fewer roots tend to be eaten (Sukamar 1989).

Elephants will travel large distances in order to find food: Sikes (1971) reports that 

African elephants move to gallery forest after the rainy season when the trees are 

fruiting and then migrate to flood plain grassland when the rivers have subsided and 

fresh grass is available. Haynes (1991) concluded that elephants tend to be motivated to 

travel long distances with seasonal food changes. Elephants are thus essentially mixed 

feeders. Like other species, it is highly likely that Palaeoloxodon fed upon a large 

variety of vegetation ranging from browse and gr^s to fruits and roots, often depending 

upon which food was most plentifiil at the time. However, the preferred food was 

probably browse as opposed to grass. This is suggested by its usual occurrence with 

mixed woodland as discussed above.

Modem elephants drink large volumes of water a day. Spinage (1994) reports that 

African elephants drink up to 200 litres per day but can take over 300 litres in one 

drinking episode. Elephants cannot stray far from water and is likely that Palaeoloxodon 

was restricted to habitats near to freshwater sources, either rivers or lakes/ponds. During 

drought conditions African elephants have been shown to survive for up to 15 days 

(Spinage 1994) although in the wetter environment which Palaeoloxodon antiquus 

favoured drought is unlikely to have been a problem.
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3.2.2. Reproductive behaviour

Reproductive rate in elephants is low, with gestation of both Asian and Afiican 

elephants lasting approximately 656 days with only one calf being bom at each 

pregnancy (Sikes 1971). Calves are heavily dependant upon their mothers and other 

members of the herd for a long time, suckling continues for at least two years and the 

calf becomes fully independent at about the age of 12-15 years. Although females are 

fertile from about 12 years old until they are about 50 years old elephant populations can 

quickly drop if there are several years of environmental stress such as drought or 

diseased crops (Spinage 1994). It likely that, being of a larger size than either modem 

elephant species many Palaeoloxodon species had an even longer gestation. According 

to the equations of Martin (1990) gestation time in a 10 tonne P. antiquus would be 

approximately 850 days. This type of low reproductive rate makes elephants vulnerable 

to population crashes.

3.2.3. Social behaviour

Like many large herbivores, elephants tend to herd in stable family units (Eltringham 

1997). These groups can range in size from 3-25 individuals, consisting of a matriarch 

female, older cows, calves, siblings and juvenile males and females. African savannah 

elephants tend to have larger groups with a mean of 12 individuals (Spinage 1994) while 

Asian elephants tend to form smaller herds of about 7-8 individuals. This group size 

difference is probably related to ecology. It is interesting that the African elephant 

species Loxodonta cyclotis herds in small numbers of 3-4 individuals. This species is 

confined to the densely forest areas of Central Afiica where large group size may not be 

advantageous because there is reduced predation (Eltiingham, pers. comm.).

Conversely, on the savannah, large group size may be an advantage since predation is 

increased. Asian elephants tend to live in more forested environments than the savannah 

Afiican elephant and they also form smaller herds (Sukamar 1989) which, as with L. 

cyclotis, may relate to the ecological difference. Being mainly confined to forested 

environments, or at least showing a preference for wooded areas, it can be inferred that 

Palaeoloxodon antiquus probably lived in small herds of 3-4 individuals; consisting of a 

mother and her sub-adult calves. Small groups of sub-adult males were probably also 

formed along with solitary adult bulls. Those populations living in more environments.
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for example during Stage 7 (see Chapter 2), may, like other large mammals, have 

formed larger groups.

Wild elephants have a life span of 60-70 years with death finally occurring due to the 

complete wearing out of the last molar (M3), see Chapter 4. Since Palaeoloxodon had a 

larger body size than the two extant elephant species it almost certainly had a longer 

life-span of possibly 90-100 years. Obviously many animals die before they reach the 

final stages of dental wear due to predation and illness or disease. This is clear from the 

fossil assemblages that often contain a large number of molars from calves and juveniles 

(see section 3.3).

Summary

Using modem elephant species as analogues the following conclusions can be drawn 

about the ecology of Palaeoloxodon antiquus:

• A wide range of foods was eaten including: browse, grass, fiiiits, shoots, aquatics and 

roots. The diet was probably dominated by browse although significant amounts of 

grass would also have been eaten

• Populations could not travel far from a source of freshwater

• Reproductive behaviour was probably very like modem elephants although gestation 

time was longer than extant elephants

• All species probably lived in small groups consisting of a mother with her offspring 

of varying ages. Group size was probably small, made up of probably 3-4 individuals

• Life span was probably longer than living elephants (c.90-100 years).

3.3. Temporal distribution of the genus Palaeoloxodon

The majority of this section will examine the temporal distribution of Palaeoloxodon 

antiquus. Discussion of the distribution of the Asian representatives of the genus will 

also be given although in less detail; these are currently being researched in detail by 

others (Chang, in prep.). The following sections are based on data gathered in the 

present study and also from examination of the literature.
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3.3.1. First appearances

3.3.1.1. European species of Palaeoloxodon

Only Palaeoloxodon antiquus, the mainland European Palaeoloxodon species will be 

discussed below. The distribution of the Mediterranean dwarf elephants is discussed in 

detail in Chapter 7.

Southern Europe

One of the earliest, previously recorded occurrences of Palaeoloxodon antiquus in 

Europe is from deposits in the Guadix-Baza basin complex at Huéscar-1 in southern 

Spain. This site is composed of a number of deposits, of various ages from around

800,000 -  600,000 years old, and has yielded a number of large mammal fossils (Mazo 

1989). The amount of possible P. antiquus material recovered is small, consisting of 

several tooth plate fragments and small fragments of tusks. However, a fairly complete 

mandible with molars M2 and M3 has also been recovered and it is on this specimen 

which species identification has been made by Mazo (1989).

Comparison of the teeth to those of mammoth species {Mammuthus meridionalis and 

Mammuthus trogontherii) by Mazo (1989) shows them to be referable to P. antiquus, 

this identification is based mainly upon the general appearance of the occlusal surface. 

Mazo (1989) comments that the teeth have a primitive structure, the plates being thick 

with a rhombic shape.

During the present study it was not possible to observe the Huéscar-1 material and no 

measurements of the teeth are available. However, after examination of the specimen by 

Stuart in 2000 (pers. comm.) and from observations of photographs of the specimen by 

the author it is concluded that the mandible should be referred to M. trogontherii. This is 

based on the relative width of the teeth and the occlusal surface pattern. The teeth of P. 

antiquus are characteristically narrow for their length and have a very distinct occlusal 

surface pattern (see Chapter 4 for more detail). The mandible from Huéscar-1 has very 

wide teeth for their length with an occlusal pattern characteristic of Mammuthus 

trogontherii.

105



Several early sites in Italy have yielded Palaeoloxodon antiquus remains. These sites 

have a faimal assemblage regarded as characterising the middle Galerian mammal age 

and broadly correlated to the “Cromerian Complex” (Gliozzi et al 1997). It includes; 

the rhinoceros, Stephanorhinus hundsheimensis, large forms of the aurochs. Bos and the 

horse, Equus cahallus as well as P. antiquus (Azzaroli 1977,1983). The following 

middle Galerian sites have yielded P. antiquus remains: Slivia (Bon et al 1992), Isemia 

La Pineta (Sala 1996) and Ponte Galeria (a complex of sites) (Caloi and Palombo 1994).

These sites are all thought to be of similar age. Both the Ponte Galeria complex and 

Isemia, have been dated by potassium-argon analysis to approximately 730,000 yBP 

(Capasso and Petronio 1984). Slivia has been correlated with both these sites based on 

geological and molluscan biostratigraphic evidence (Gliozzi et al 1997) although Bon 

et al (1992) suggest it may be slightly older. Together these sites represent some of the 

earliest definite records of P. antiquus is Europe.

Northern Europe

The oldest sites to yield P. antiquus remains in northern Europe are Pakefield- 

Kessingland, and Gorton, Suffolk in the Cromer Forest bed Formation. As discussed in 

Chapter 2, these sites have a similar fauna to West Runton, including Mimomys savini 

but as Stuart and Lister (2001) point out, P. antiquus makes its first appearance here and 

is found with Hippopotamus sp. and Megaloceros dawkinsi both of which are not seen 

at West Runton. Pollen from both sites indicates the deposits were laid down in pollen 

zone n  and so this rules out the Suffolk sites representing a different stage of the same 

interglacial as West Runton. As explained in Chapter 2 the dating of this site is 

problematic but the presence of Mimomys means it must predate the Arvicola sites of 

Boxgrove, Westbury and Ostend correlated with MIS 13. The change in fauna from 

West Runton (which could be assigned to MIS 19) means the Pakefield-Kessingland site 

must date to at least MIS 15 and possibly MIS 17. This thus represents the oldest 

occurrence of P. antiquus in northern Europe.

Palaeoloxodon antiquus has also been recovered from the Cromer Forest Bed site of 

Ostend in Norfolk. Here two teeth (associated upper M3s) were collected by Green 

(1842) and are now housed in the Natural History Museum, London. One of these teeth
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was originally identified as belonging to M. trogontherii by Stuart and West (1976) 

although previously Adams (1878) had identified both as being fi’om P. antiquus, which 

is in agreement with the present study. Pollen analysis firom sediment adhering to one of 

these teeth is unlike the pollen spectra obtained firom other samples in the Green 

Collection, having high levels of Corylus and containing grains referable to ‘type X’, 

known fi*om the Hoxnian (Lister, pers. comm.). This contrasts to pollen firom cores at 

the site and adhering to other mammalian specimens, which indicated an open 

environment interpreted as the end of an interglacial (Stuart and West 1976). This 

suggests that either the remains come from a later interglacial than the other Ostend 

material, or that they correspond to a different temperate phase of the main Ostend 

interglacial. Recently (Stuart and Lister 2001), the main deposits at Ostend have been 

referred to MIS 13.

Germany has yielded a number of important early Middle Pleistocene sites firom which 

P. antiquus has not been recovered. Of these, the most significant are Siissenbom and 

Voigtstedt, both of which are roughly correlated with West Runton. Both of these sites 

have Mimoyms savini, with closed roots, as opposed to the more advanced Arvicola, 

characteristic of “Cromerian Complex” sites of a later age (Koenisgwald and 

Koefschoten 1996). At West Runton and Voigtstedt a small number of elephant remains 

have been recovered, together with the important record of a fairly complete skeleton of 

Mammuthus trogontherii at West Runton (Stuart 1996) and so the absence of P. 

antiquus here may be due to the lack of material. However, at Siissenbom over 1000 

elephant molars have been found, all of which are referable to M. trogontherii. Dietrich 

(1958) identifies a single molar as being fi-om Palaeoloxodon antiquus; however, 

examination of the tooth in question by Adam (1961), Aguirre (1969), Lister (pers. 

comm.) and personal observation, leads to the conclusion that the tooth is in fact a veiy 

worn lower M3 of M. trogontherii. Thus, P. antiquus was almost certainly absent fi*om 

Germany during the earlier part of the “Cromerian Complex”.

The first record of P. antiquus in Germany is in the later “Cromerian Complex” sites of 

Mauer and Mosbach H (the present study) where they are associated with Arvicola rather 

iheeoMimomys. P. antiquus is found at low frequencies at these sites compared to the 

other elephant species present at the site, M. trogontherii. The reasons for this are 

discussed in detail in Chapter 9, but it may be related to taphonomy, competition or the
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actual low number of P. antiquus at that time. A small number of P. antiquus remains 

have also been recorded from the German site of Karlich II. The age of this deposit is 

currently under investigation but, as discussed in Chapter 2, it is probably correlated 

with Stage 11 or 9 on the oxygen isotope record.

3.3.1.2. Middle Eastern species of Palaeoloxodon

As is discussed in detail in Chapter 8, the genus Palaeoloxodon almost certainly evolved 

in Africa from Palaeoloxodon recki atavus, a Pleistocene sub-species of the 

Palaeoloxodon recki lineage. As will be discussed below, section 3.3.2, the only 

suitable route out of Africa that Palaeoloxodon, and a large number of other genera, 

could have taken was through the Levant. Thus, the Pleistocene fossils of the Levant 

have an important role in determining the radiation of Palaeoloxodon.

Unfortunately the Levant has relatively few fossiliferous Pleistocene sites, which is 

almost certainly related to taphonomic problems caused by the rocky terrain of a 

majority of the area (Horowitz 1976). The details of only two Middle Pleistocene sites, 

that have produced remains of P. antiquus, in the Levant, have been published; Gesher 

Benot Ya’aqov and Holon, both in Israel. However, there is probably a considerable 

amount of unprovenanced and unidentified fossil elephant material housed within 

collections (L. Horowitz, pers. comm.).

The most important of these sites, regarding the arrival of Palaeoloxodon in the Levant, 

is Gesher Benot Ya’aqov which is situated in the valley of the River Jordan, north of 

Jerusalem (Goren-Inbar et al 1994; Goren-Inbar et al. 2000). In 1989 a partial skull of 

P. antiquus was discovered in association with stone and wooden artefacts indicative of 

an Acheulian living-fioor. The skull was positioned in such a way as to suggest 

deliberate breakage for brain extraction; the significance of this is discussed later. The 

site was originally dated, based on geochronological evidence, to around 500,000 yBP. 

However, recent examination of the site now suggests a much older date of around

780,000 yBP, at the Brunhes-Matayama boundary (Goren-Inbar et al. 2000). The site is 

currently being reinvestigated and is thought to contain a long sequence spanning 

approximately 100,000 -120,000 years. The Palaeoloxodon skull was recovered from 

the top part of the sequence and it is unknown yet whether older material is present in
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lower sections of the sequence. At present, this site represents the oldest occurrence of 

P. antiquus in the Levant.

The site of Holon is situated on the coast west of Jerusalem (Yom-Tov and Tchemov 

1988.). It has yielded an Acheulian industry with typical lower Palaeolithic lithics 

together with a fauna consisting of: Bos primigenius. Dama sp. Gazella sp., 

Hippopotamus amphibius and several teeth of Palaeoloxodon antiquus (identified by the 

author). Electron-spin resonance on two of the bovid teeth and thermoluminescence 

analysis has dated the site to between 198,000 - 201,000 yBP placing it in MIS 7 (Porat 

et al 1999; Chazan et al. 2001).

Another important Middle Pleistocene site in the Levant is Latemné situated in the 

valley of the River Orontes, Syria. Hooijer (1961) described elephant remains here as 

being of Mammuthus trogontherii, however this has been challenged by Maglio (1973) 

who concludes the remains (teeth only) are referable to Palaeoloxodon antiquus (P. 

namadicus therein). Hooijer (1961) concluded that the teeth were from M. trogontherii 

because of the lack of medial expansions on the occlusal surface, a characteristic of 

Palaeoloxodon (see Chapter 4) and because the lateral rings of the plates in early wear 

are equal in size to the median, a characteristics of Mammuthus. Maglio (1973) states 

that the teeth of Palaeoloxodon are highly variable and that the presence of the 

Mammuthus characters should not preclude the specimen being referable to 

Palaeoloxodon. Investigation in the present study has shown that the teeth of 

Palaeoloxodon are highly variable (see Chapter 5) but almost always have the classic 

pattern of large median rings and small lateral rings in early worn plates. Since none of 

the teeth collected from Latemné have this type of occlusal pattern (personal 

observations from photographs in Hooijer 1961 : p i20) it is concluded that the teeth are 

referable to Mammuthus trogontherii.

3.3.I.3. Palaeoloxodon of The Former USSR

Many fossil Proboscidea have been recovered from the area formerly known as the 

Soviet Union. However, remains of Palaeoloxodon are relatively rare and the recovered 

material rather poor (Dubrovo 1977). The earliest possible recorded remains of 

Palaeoloxodon in this region are from Kryzhanovka near Odessa in the Ukraine
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(Dubrovo 1977). This site is dated to Late Pliocene or Early Pleistocene; it is not clear 

how the site was dated but it probably based on geochronological evidence. The 

identification of the remains is also open to question. Dubrovo identifies the remains 

(partial skull with associated dp4 and Ml) as being from either a palaeoloxodont or 

“archidiskodon” (species Mammuthus meridionalis) elephant. This is based on the 

relative width and low crown of the teeth (Dubrovo 1977). Doubts over the species 

identification of the teeth have been expressed by Kahlke (1976) who assigns them to 

Mammuthus meridionalis. Since P. antiquus tends to be high crowned and narrow for its 

length, it seems likely that this material can be confidently assigned to M. meridionalis.

Palaeoloxodon remains have been recorded from the Kuay-Dag District in south

western Turkmenistan. Dubrovo (1955) identified the remains, a skull with M3s and 

fragments of postcrania, as being from a novel species of Palaeoloxodon elephant, 

named Palaeoloxodon turkmenicus (originally assigned to the genus Hesperoloxodon). 

This species identification is based upon supposed differences in skull morphology 

between P. antiquus, P. namadicus and the specimen at Kuay-Dag. Dubrovo (1994) 

states that the premaxillaries do not flare as greatly towards their base as observed in 

both P. antiquus and P. namadicus. However, as is discussed in Chapter 6, the validity 

of this identification is open to question because of the limited knowledge of 

intraspecific variation within the genus, due to the lack of cranial material. The precise 

age of the deposit is unknown but, according to Dubrovo (1994) it lies within the later 

Middle Pleistocene. This would give the deposits a broad age range of 400,000-130,000 

yBP.

In Asiatic Turkey the site of Yakari Sogiitonu has yielded a sparse fauna including one 

elephantid carpal bone and small tooth fragments (Becker-Platen et al. 1975). According 

to Becker-Platen et al. (1975) the carpal bone, a lunar, is referable to Palaeoloxodon sp. 

This identification is based upon species-specific characters described by Trevisan 

(1947) (see Chapter 6). Becker-Platen et al. (1975) do not list the characters used to 

differentiate the bone from those of Mammuthus meridionalis, a fairly common species 

in the region. However, since the only character that Trevisan (1954) lists for separating 

species on the morphology of the lunar is size it is likely that they used this. Size is a 

poor indicator of species difference and the lunar cannot be assigned to any species and 

must remain as Elephantidae sp. (also see Chapter 6). The site has been dated to 2
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million yBP on both biostratigraphic and geochronological evidence by Becker-Platen et 

al (1975). If this date is true then the elephant species represented there is likely to be 

M  meridionalis and not Palaeoloxodon. However, until more material is made available 

no further conclusions can be drawn. Unfortunately the tooth fragments from the site are 

too small to be of use in species identification.

3.3.1.4. Palaeoloxodon of the Far East

At least three species of Palaeoloxodon are recorded from the Far East (China, Japan 

and Taiwan) although the classification and species identification is somewhat confused 

and currently under review. It is generally accepted that the following Palaeoloxodon 

species are found in Pleistocene deposits in the Far East: P. tokunagai (Early-Middle 

Pleistocene), P. namadicus (Middle-Late Pleistocene) and P. naumanni (Late 

Pleistocene). Originally the arrival of Palaeoloxodon in the Far East was dated to the 

Late Pliocene/Early Pleistocene, approximately 2 million yBP. This was based upon the 

recovery of remains from the Nihowan Channel site in East China (Teilhard and 

Piveteau 1930) and, more recently, from a skull which was recovered from these 

deposits (Qi 1976) and supposed to be of similar age. However, the deposits of the 

Nihowan Channel are complex with many horizons present (Chang pers. comm.) and it 

is unclear from where the Palaeoloxodon remains were recovered (Tedford pers. comm, 

to Lister 1990). Recently, extensive excavations at the site in the late 1980s did not 

recover any Palaeoloxodon remains from the older channel, although the collection is 

small, but some material was found in the overlying, Late Pleistocene, loess (Tedford 

pers comm, to Lister 1990). It therefore seems likely that the Palaeoloxodon material 

recovered from the Nihowan channel dates to the Late Pleistocene.

Palaeoloxodon remains have been recovered from hundreds of sites in China and Japan 

and large numbers have been dredged from the Penghu Channel off the coast of Taiwan 

(Chang, pers comm.). According to the latest re-evaluation of these sites it seems that 

Palaeoloxodon appeared in China during the early Middle Pleistocene around 800,000 

yBP and in Japan around 400,000 yBP. The first appearance of the genus in Taiwan is 

unknown at present and is current under study (Chang in prep.).
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3.3.15. Palaeoloxodon of India

The only Palaeoloxodon species recovered from India is P. namadicus (Osborn 1942 

and Maglio 1973). The earliest occurrence of the species in India is from the Narbadda 

Valley, the location that yielded the type skull of P. namadicus (see Chapter 1). 

Although the exact age of this site is unknown it has been correlated with Süssenbom in 

Germany and West Runton in England (Maglio 1973) i.e. c.700-600,000 yBP.

Summary

• Palaeoloxodon antiquus first appears in Southern Europe at the Ponte Galeria 

complex and Isemia, dated to approximately 730,000 yBP and in Northern Europe at 

Kessingland and Pakefield, England, dated to about 600,000 yBP. At first it is a rare 

component of the European Pleistocene fauna being found in small numbers in the 

middle part of “Cromerian Complex”, in Germany France and Italy

• In the Middle East the first appearance is around 780,000 yBP

• In Asia Palaeoloxodon first appears in the early Middle Pleistocene at a site in India 

around 700,000 yBP and probably in the Far East, about 800,000 yBP. The species 

makes its first appearance in the Former USSR during the Middle Pleistocene.

To conclude, the current evidence suggests that Palaeoloxodon appears throughout 

Eurasia at approximately the same time. This suggests a very rapid radiation from Africa 

around 800,000 years ago. This is discussed in more detail in section 3.3.2.

3.3.2. Radiation of Palaeoloxodon

As discussed above, the earliest date for the arrival of Palaeoloxodon in Eurasia is 

approximately 800,000 yBP. Four major mammalian dispersal events have been 

identified in Europe during the Late Pliocene and Early to early Middle Pleistocene 

including the arrival of new taxa from Africa and Asia (Azzaroli et al 1988). These 

faunas are described as the early, middle and late Villafranchian and the Galerian, after 

sites in central and southern Europe where they were first identified. The Galerian 

faunal event has also been identified at a number of sites in Asia (Azzaroli et ah 1988). 

Palaeoloxodon appeared in Eurasia as part of the Galerian faunal event, during the
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Villafranchian-Galerian faunal turnover period around 1-0.8 million years ago. This 

period saw the replacement of many taxa with more evolved forms or by new species 

(Azzaroli et a/. 1988), including: Mammuthus trogontherii (evolving from M. 

meridionalis). Bos primigenius, Rangifer tarandus, Capreolus capreolus. Sus scrofa, 

Equus caballus, Stephanorhinus kirchbergensis, Crocuta crocuta, Panthera leo and 

Panther a par dus. This ‘faunal suite’ rapidly spread across western Europe and is 

characteristic of many early Middle Pleistocene sites. Several sites, such as Soleihac and 

Saint Prest, France, of this age show a mix of fauna with elements of both the older, 

Villifranchian, fauna, and the younger, Galerian fauna (Kahlke 1976; Bonifay 1996) and 

represent the transition point from the archaic to the more modem fauna.

Some of these faunal events were driven by changes in climate, shifts in vegetation and 

physiographic changes. Of particularly interest to the present study are the climatic and 

vegetational changes that promoted the Galerian faunal event - which saw the arrival of 

P. antiquus in Eurasia.

3.3.2.1. Climatic-vegetation changes

The late Pliocene and entire Pleistocene was marked by dramatic oscillations in climate 

from warm to cool/cold (see Chapter 1). However, pollen analysis of deep boreholes by 

Cooke (1981) has shown that during the later Early Pleistocene these climatic changes 

became more dramatic. This is seen for the first time at the top of the Jaramillo event (a 

period of normal palaeomagnetism during the Matayama period of reversed 

palaeomagnetism about 900,000 yBP (Gliozzi et al. 1997). Detailed pollen analysis in 

the Netherlands by Zagwijn (1996) has shown that this period was followed by a major 

glacial episode (the Linge glacial in Dutch stratigraphy), an interglacial (Leerdam 

interglacial) another major glacial (Glacial A) and then an interglacial (Interglacial I of 

the Cromerian).

Zagwijn points out that during the Leerdam and Interglacial I, the return of warm 

adapted floral elements did not occur suddenly as in older interglacials, but in a definite 

succession of migrations. This succession pattern was observed in the subsequent 

interglacials throughout the Pleistocene (see Chapter 2). The reasons why this type of 

succession should occur is unclear but it may be because the preceding glacial episodes
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(Linge and Glacial A) were more severe than previous glacial periods (Zagwijn 1996). 

This resulted in plant taxa being forced into more distant réfugia from which they 

returned at different rates.

In Japan great vegetational changes took place about 100,000 years earlier than in 

Western Europe, at the base of the Jaramillo event (Guobang and Junpai 1991). This 

change was marked by the appearance of an alpine type flora with an increase in cool 

adapted trees and grasses (Azzaroli et al 1988).

3.3.2.2. Physiographic changes

Analysis of sediment samples from the Siwalik Hills in northern India and Pakistan 

shows that there was a period of major tectonic movement in the Himalayan belt, during 

the Early Pleistocene, around 1 million years ago (Azzaroli and Napoleone 1982). It has 

been suggested that this upheaval may have been the primary cause of the whole 

sequence of climatic, vegetational and faunal changes observed across Eurasia during 

the Early and early Middle Pleistocene (Azzaroli et al 1988).

The rising of the mountains caused a barrier between north and south Asia which 

marked the onset of a monsoon climate in the south and a drier, cooler climate in 

northern and central Asia and Europe. These changes in climate from relative stability to 

seasonal probably caused the rapid radiation of Villafranchian and Galerian fauna into 

Eurasia because spéciation and dispersal into new favourable environments, could take 

place.

3.3.2.3. The Levantine corridor from Africa to Eurasia

Eurasian Palaeoloxodon evolved from a subspecies of the lineage Palaeoloxodon recki 

in Africa (this is discussed in detail in Chapter 8). It is shown in the present study that 

Palaeoloxodon evolved from Palaeoloxodon recki atavus, a common subspecies of the 

faunal assemblages in East Africa being recovered from Olduvai Beds I and II and 

Koobi Fora in beds which have been dated to approximately 2-1 .5  million years ago 

(Curtis era/. 1972).
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In reconstruction of the radiation of Palaeoloxodon out of Afiica the most likely route 

was through the Levantine corridor. It has been suggested that faunal radiation out of 

Afiica into Europe could have occurred via the Gibraltar Strait (Azzaroli et al 1988). 

However, this route is very unlikely for the radiation of any species and in particular, 

Palaeoloxodon. First, even with periods of lowered sea level, the Strait of Gibraltar was 

stable throughout the entire Pleistocene meaning radiation via this route into Spain 

would have meant swimming across the channel, which has strong currents due to its 

the connection between the Mediterranean Sea and the Atlantic Ocean. Many animals 

that radiated into the Europe during the Pleistocene, such as large bovids and carnivores, 

would have been incapable of making this journey. Second, there are no fossil remains 

of P. recki., of any subspecies, recorded fi"om north-west Afiica, the region of the 

Gibraltar Strait, so it is unlikely that P. recki reached this far north-west (Beden 1979).

There is, however, a considerable amount of evidence to suggest that Palaeoloxodon, 

and many other mammal taxa, radiated out of Afiica via the Levant corridor (Horowitz 

1976), see Figure 3.4. Around 1.5 million years ago, there was a period of major uplift 

and tectonic movement which continued the development of the Cis-Jordan mountain 

range which runs north-south through the region. (Yom-Tov and Tchemov 1988). This 

caused a change in climate between the east and west side of the region, the west 

becoming more humid while the east became drier.
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Figure 3.4. Hypothesised radiation and dispersal pattern of the genus Palaeoloxodon.

This change in climate caused vegetational changes in the Levant (Horowitz 1979). 

During the Early Pleistocene there was a trend for the vegetation to become fragmented 

into small biotic regions with patches of dense woodland of Quercus, Finns and 

Corylus, which favoured the evolution and range expansion of species adapted to 

woodland environments, such as P. antiquus (Horowitz 1979). This was matched with a 

change in East African vegetation from a dense woodland to more open savannah type 

environment (Yom-Tov and Tchemov 1988). The movement of woodland vegetation 

belts may have allowed Palaeoloxodon to move in to the Levant and then northwards 

into Europe and eastwards into India and the Far East.

Summary

The earliest Palaeoloxodon in the Levant is from Gesher Benot Ya’aqov, dated to about

780,000 yBP. Similarly, there is evidence to show it arrived in Asia around 780,000 yBP 

and in southern Europe about 730,000 yBP. The similarity in dates is very interesting 

and although possibly coincidence, due to the paucity of fossiliferous sites in the Levant

116



(Yom-Tov and Tchemov 1998), it could reflect rapid spread of Palaeoloxodon after its 

initial entry into Eurasia.

There is large amount of evidence to suggest the Palaeoloxodon radiated into Eurasia 

through the Levant corridor and not via Gibraltar. From there it quickly spread 

throughout Europe and the Asia.

3.3.3. Last occurrences of Palaeoloxodon

The last occurrences of Palaeoloxodon, and many other extinct Pleistocene species, is 

not easily reconstmcted due to the lack of well dated sites (Stuart 1991). Currently, 

novel work is being carried out to accurately reconstruct the range reduction and 

extinction of megafauna in Europe (Lister and Stuart in prep.). This work will involve 

radiocarbon dating fossil remains from a large number of Late Pleistocene sites in order 

to establish exact extinction times. Until this is complete, the following provides the last 

recorded occurrences of Palaeoloxodon from the current knowledge of ages of Late 

Pleistocene-Holocene deposits.

3.3.3.1. Palaeoloxodon of southern Europe

As discussed in section 3.1, at the onset of the Last Cold Stage approximately 113,000 

yBP, the range of P. antiquus became completely retracted into southern Europe. Here 

several sites have yielded P. antiquus remains in association with a Mousteiian industry 

(Stuart 1991), characteristic of the Last Cold Stage from about 113,000 - 40,000 (the 

Middle Palaeolithic) (Jones and Keen 1993).

The site of most recent age to yield P. antiquus is La Silluca in Northern Spain (Llona et 

al. 1999). The site is a cave containing a raised beach with the P. antiquus remains, a 

partial skeleton thought to have been washed into the cave at a time of high sea level 

(Pinto et al. 1999). However, there is controversy over the age of this site; Aguirre (pers. 

comm, to Stuart 1999) states that the remains probably date to the Last Interglacial (MIS 

5e or 5c at the latest). However, unpublished radiocarbon dating of bone samples 

(University Uppsala) from the site give an age of 23,575 +/- 1125 yBP (late Last Cold 

Stage) (Stuart, pers. comm.). This date seems unlikely because, at that time, the sea
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level was considerably lower than today due to the expansion of the northern ice sheets

(Jones and Keen 1993). In order for the remains to have been deposited into the cave

they would have to have been washed in by the sea, something only possible at a time of

high sea level (most probably during the Eemian, MIS 5e). Currently, repeat radiocarbon

dating is in process (Stuart and Lister, pers. comm.).
%

The latest occurrence of P. antiquus from a well stratified site is the site of Foz do 

Enxarrique in central Portugal (Cardoso 1993). This site has been dated, by radiocarbon 

dating on a horse tooth (Raposo 1991), to 33,600 +/- 500 yBP. Only one small fragment 

of elephant tooth has been recovered from this site but identified, with confidence, by 

Cardoso, to be referable to P. antiquus. As the age of this site is close to the limit of 

radiocarbon dating the age is controversial with the suggestion that it may be somewhat 

older than Raposo has shown (Stuart, pers. comm.). However, until further work is 

carried out, this site is provisionally taken to be the most recent to yield P. antiquus 

remains.

Another late site is Cueva del Castillo, northern Spain, where a single molar of P. 

antiquus has been recovered in association with a late Mousterian industry (Altuna 

1981; Stuart 1991). The age of this site is unknown but, according to the characteristics 

of the industry discovered, is thought to date from about 60,000 yBP (Altuna 1971).

Several cave sites in Italy have produced small numbers of P. antiquus remains: Grotta 

Guattari, Grotta della Capre, Grotta del Principe and Grotta del Caviglione have all 

yielded remains in association with a Mousterian Industry (Caloi et al 1988; Stuart 

1991). These sites probably have an age of about 100,000 - 70,000 yBP (Stuart 1991) 

this is based on the technology of the Mousterian industry present at the sites.

3.3.3.2. Palaeoloxodon of northern Europe

In northern Europe there are a large number of Last Interglacial (MIS 5e) sites where P. 

antiquus is found (see Chapter 2), however, with the onset of the Last Cold Stage P. 

antiquus almost completely disappears. The exception to this is the occurrence of P. 

antiquus at Bacon Hole, a cave site on the Gower coast, Wales. Limited P. antiquus 

have been recovered from the Upper Sands horizon, which has been correlated to MIS
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5a (approximately 81,000 yBP, Stringer et al 1986). This deposit has also produced 

remains of the interglacial rhinoceros, Stephanorhinus kirchbergensis, suggesting that it 

represents a warm pulse within the Last Cold Stage where patches of forest could 

develop. This site represents the latest record of P. antiquus in Northern Europe.

3.3.3.3. Palaeoloxodon of the Mediterranean Islands

Dwarf elephants derived from Palaeoloxodon antiquus have been found on several 

Mediterranean Islands (see Chapter 7). The extinction of Palaeoloxodon species on 

Cypms is discussed in detail in Chapter 7. The deposits here show that Palaeoloxodon 

cypriotes was present on the island up until around 10,000 yBP (Reese 1989). This 

represents the latest occurrence of Palaeoloxodon in Europe and probably the world.

3.3.3.4. Palaeoloxodon from Asia

The record of the extinction of Palaeoloxodon in Asia is poor (Stuart 1991). This is due 

to the lack of material and poor dating of the few fossiliferous sites. Deposits from the 

Far East show that P. naumanni was present in China, Taiwan and Japan up until the 

end of the Late Pleistocene disappearing around 10,000 yBP (Takahashi and Namatsu 

2000; Chang pers. comm.).

In India and the Former USSR the last occurrences o ïPalaeoloxodon are, according to 

Dubrovo (1977), in the Late Pleistocene although no further information is known of 

exact dates or sites.

Summary

• The extinction of Palaeoloxodon and other megafauna is poorly understood. The 

youngest sites to produce P. antiquus remains in Europe are situated in Spain and 

Italy, and are correlated to MIS 5. A site in Portugal has P. antiquus dated to around

33,000 yBP but this date is controversial. This suggests that P. antiquus became 

extinct in northern Europe during early MIS 5 and contracted into southern Europe 

becoming extinct there some time later

119



• The dwarf elephant Palaeoloxodon cypriotes of Cyprus became extinct 

approximately 10,000 yBP; this is almost certainly the latest occurrence of the genus 

in the world

• In Asia Palaeoloxodon remains are found in Late Pleistocene deposits. The most 

complete record is &om the Far East where deposits of apparently 10,000 yBP have 

yielded fossils.

3.3.4. Reasons for the extinction of Palaeoloxodon antiquus

The latest records of mainland European P. antiquus are from between 100,000-33,000 

yBP. It has been recognised that at the end of the Pleistocene and the start of the 

Holocene a large number of megafaunal species (mammals weighing more than 1000 

kg) went extinct (Stuart 1991). P. antiquus became extinct before this main period of 

extinction but its extinction can be explained by similar causes to those seen at the onset 

of the Holocene. Two mechanisms have been proposed to explain the extinction: the 

vegetation-climatic model (Guthrie 1984; Graham et al. 1996) and the overkill model 

(Martin 1984). The evidence for both is summarised below, with particular reference to 

the extinction of Palaeoloxodon antiquus.

3.3.4.1. Vegetation-climatic model

This theory proposes that drastic changes in vegetation at the end of the Pleistocene 

were responsible for the decline and finally extinction of megafauna in Europe and 

North America. At this time there was a dramatic shift in vegetation with the 

disappearance of the lush steppe-tundra, a complex biome consisting of grasses, herbs 

and small shrubs which provided food for a large number of cold adapted species 

(Guthrie 1984). This was replaced with dense forest throughout much of Eurasia, a 

habitat which steppe-tundra adapted animals, such as the woolly mammoth and woolly 

rhinoceros could not feed upon (Stuart 1982).

Although the extinction of P. antiquus occurred before the end of the Pleistocene, a 

vegetation-climatic model could explain it. The climatic record of the past 125,000 

years is the most clearly understood (Lowe and Walker 1997) and shows a pattern of full 

interglacial conditions during MIS 5e followed by a cold period (MIS 5d), a short warm
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pulse (MIS 5 c) followed by another cold period (MIS 5b) and then another warm pulse 

(MIS 5 a). This is then followed by a significant cold period (MIS 4) and then a 

relatively warm period (MIS 3). Stage 3 is followed by a fully glacial period (MIS 2 -  

the Last Glacial Maximum) which is followed by the Holocene (MIS 1). This pattern is 

shown in Figure 3.5 together with information on the extinction o ff . antiquus during 

this period.

During this climatic cycle there were also drastic changes in vegetation cover in 

northern Europe. During the cold episodes tree cover became greatly reduced, being 

replaced by a mixture of grassland, herbs and shrubs -  a habitat unsuitable to forest 

adapted species such as P. antiquus (West 1977; Behre 1989). At the same time, the 

forest areas became retracted into southern Europe (Tzedakis 1993). Presumably it was 

in these relict isolated woodland areas, protected from the extreme cold in valleys, that 

P. antiquus and a variety of other woodland adapted species, such as Dama dama and 

Sus scrofa, existed.

In northern Europe the last record of P. antiquus is at Bacon Hole, dated to MIS 5a, 

approximately 81,000 yBP (see section 3.3.3). This was followed by the long cold stage 

of MIS 4 and it seems that P. antiquus was not able to expand into northern Europe at 

the onset of MIS 3 because vegetation conditions were not favourable. In southern 

Europe the last record of P. antiquus is possibly as late at 30,000 yBP (MIS 3) (see 

section 3.3.3). It is most likely that at this time the P. antiquus populations were 

extremely fragmented and isolated from one another, and this would have led to the 

gradually dying out of these populations and ultimately their extinction, presumably at 

the onset of MIS 2 (Stuart 1991). Unfortunately, the precise tracking of these events is 

difficult due to the problems of limited sites and dating difficulties.

A major argument against the vegetation-climatic extinction theoiy is that a similar 

pattern of extinction was not seen during previous glacial-interglacial cycles (Martin 

1984). However, there are arguments to suggest that the vegetational succession of the 

Last Cold Stage and into the Holocene was very different to that seen during other 

interglacials.
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As Guthrie (1990) points out, the vegetation conununities in the Holocene were strongly 

zonated into isolated biomes with a decrease of plant diversity which was mirrored by a 

decreased diversity in the animals which the plant communities support. Whether 

similar arguments apply to the Last Cold Stage is at present an open question.

3.3 4.2. Overkill Model

This theory explains megafaunal mass extinction during the Last Cold Stage and start of 

the Holocene as having been caused by the impact of human communities (Martin 

1984). It is argued that as colonisers arrived in new habitats (e.g. Australia and North 

America) they rapidly wiped out the large fauna as they swept across the continent 

(Martin 1984). It is argued that large mammals were easy targets because of their 

relative concentration - being found in large herds, and their inexperience of humans 

(Haynes 1991). There are many examples of humans having a huge impact on 

mammalian faunas, for example in New Zealand and on islands such as Madagascar, 

both through hunting and through the introduction of non-native animals, such as rats 

and carnivores which preyed on the native fauna. However, it should be noted that in 

many cases the extinction of native fauna on islands occurred long after the arrival of 

humans and is not necessarily a rapid event (Martin 1984).

It has been argued that there is simply insufficient evidence to show that humans killed 

off the megafauna of North America and Europe. Although some fossil sites do produce 

large mammals in association with human artefacts it is often unclear if they have been 

killed or merely butchered post mortem (Haynes 1991). Some sites definitely show 

evidence of hunting by humans, such as the Clovis sites of North America (Haynes 

1991) but sites of this type are too scarce to account for the extinction of taxa.

To explain this Martin (1984) proposed the Blitzkrieg model which states that human 

hunting, leading to megafaunal extinction, was so rapid that the events have not been 

preserved in the fossil record. The idea of a sweep of humans moving through North 

America has been proposed to explain the extinction of mammoth, and demonstrated by 

computer simulation by Mithen (1994) and others. The programs run on the principle 

that the country is divided into 100 km-square units in which human-mammoth 

interactions take place. However, this type of simulation relies on two factors which are
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unlikely and unrealistic. Firstly, they are set so that humans can move into any square 

they wish while the mammoth is unable to move (i.e. escape) into adjacent squares.

Secondly, humans become better hunters throughout the simulation as they learn new 

hunting skills. In contrast, the mammoths do not learn and are unable to adapt to the 

new threat humans represent. This is particularly unrealistic since modem elephants 

have been shown to rapidly learn the hunting strategies of tribes in Afiica and quickly 

change their behaviour to attempt to evade attack (Haynes 1991) and there is no reason 

to believe that mammoths would not have been able to adapt to the ‘primitive’ hunting 

techniques of the early colonisers.

Another problem with the overkill model of extinction is that it predicts humans, even at 

low population densities, cause extinction (Martin 1984). However, this is not 

confirmed by evidence fi-om the fossil record. Evidence fi-om Boxgrove, Sussex, shows 

that humans arrived in northern Europe in oxygen isotope Stage 13 (Roberts and Parfitt 

1999) but extinction of megafauna did not occur until the Last Gold Stage over 500,000 

years later. Certainly humans had the technology to kill megafauna by about 35,000 yBP 

when they were producing flint tipped spears and complex artefacts (Wymer 1985) but 

most megafaunal extinction occurred 20,000 years later. On the other hand the 

extinction of P. antiquus, and other “interglacial survivors” in Europe, occurred earlier 

and could have corresponded to these technological advances

At the time of the extinction of P. antiquus modem humans were becoming established 

in Europe and particularly in the northem Mediterranean which P. antiquus utilised as a 

refugium and so there superficially appear to be good grounds to attribute their 

extinction to the impact of human populations. It is also interesting to note that this time 

also corresponds to the replacement of neanderthals by Homo sapiens (Roberts and 

Parfitt 1999), and corresponds to the Last Glacial Maximum when the ice sheets where 

at their maximum squeezing P. antiquus into southem réfugia. Although it is highly 

unlikely that the “Overkill model” alone explains the extinction of Palaeoloxodon, and 

other megafauna, several sites have been found where there is evidence of human use of 

P. antiquus remains. The most important of these are summarised below.

124



Summary

• The population of P. antiquus began to become smaller during the Last Cold Stage, 

caused by a shift in vegetation from a forest environment to one of more open 

conditions, ill-suited to its ecology

• During stadial periods the P. antiquus populations were fragmented into relict forest 

areas in southern Europe and expansion from these populations was not possible due 

to unfavourable vegetation conditions

• There is insufficient evidence to explain the extinction of P. antiquus through 

hunting vrith the vegetation-climatic model explanation being more satisfactory, 

although much more evidence is required to solve this question.

3.4. Human interaction with Palaeoloxodon antiquus

In this section evidence of human interaction with P. antiquus is discussed. There are a 

number of sites where there is direct evidence for these interactions, all of Which pre

date the arrival of Homo sapiens in Eurasia, and therefore the humans there are 

neanderthals. Homo erectus or similar. It is not suggested that these humans caused the 

extinction of P. antiquus, especially since most or all sites are of an age that pre-dates 

the decline in P. antiquus numbers, but it is interesting to examine what happened there.

There is only one site where humans can be shown to have almost certainly killed P. 

antiquus. The site, Lehringen, Lower Saxony, Germany was being excavated in 1948 

when a fairly complete skeleton of P. antiquus was discovered (Thieme and Veil 1985). 

The deposits, dated to 125,000 yBP are of Eemian age (MIS 5e). The most interesting 

discovery at this site was that forced between the ribs of the skeleton was a wooden 

spear. The spear, made of yew and approximately a metre long, had been sharpened to a 

sharp point at one end (the end embedded in the skeleton). Many artefacts were also 

recovered from around the skeleton including scrapers, hand axes and choppers (Thieme 

and Veil 1985). The site has been described as a kill and butchery site, the surrounding 

artefacts having been used for this task. However, the possibility that the spear was 

thrust into the animal post mortem or while it lay dying, having been found by human 

scavengers, cannot not be ruled out. But it seems very likely that the animal had been 

hunted by a group of humans who speared it and then dismembered it where it fell. An
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adult elephant could easily be brought down with one spear if it were positioned in the 

chest which would cause a punctured lung and rapid death (Sikes 1971). This could 

have been the scenario at Lehringen.

Wooden spears have also been found in association with P. antiquus remains at 

Schoningen (channel II), Germany (Thieme 1997). This site is a complex of horizons 

dating from the early Holsteinian to the early Rheinsdorf (Hoxnian of Britain, MIS 

11). In layer II the remains of several P. antiquus have been recovered in association 

with three spears made of Abies alba (silver fir). The site also contains bones of a 

variety of other species including: Stephanorhinus kirchbergensis, Cervus elaphus, bear 

and horse (over 10,000 bone fragments in total). The site also contains numerous 

artefacts - flint tools and flakes (Thieme 1997).

The wooden spears have unusual grooves cut into their tips that Thieme (1997) suggests 

may have been the site of flint flakes. If this is the case then the artefacts represent the 

oldest composite tool yet discovered (Thiemel 997). As with the spear from Lehringen 

there is some doubt as to whether or not it was used in killing the animals found at the 

site but the presence of probable flint fixings and the general structure of the spears 

suggest that they were thrown. Whatever the spears were used for, the amount of bone 

material at the site clearly represents an area where people were butchering carcasses 

over a long period of time.

At all other sites where P. antiquus remains have been recovered in association with 

human artefacts there is no conclusive evidence that they were kill sites and not just 

assemblages caused by humans finding dead, or dying, elephants which they then 

butchered (Haynes 1991). Some of the more interesting sites are discussed below.

A number of other sites have produced P. antiquus in association with human artefacts 

but with no evidence of hunting. Often these are isolated skeletons, or parts of skeletons, 

with associated flint flakes, scrapers and other tools. In Germany three sites have been 

discovered, in addition to those described above, where there is evidence of human 

interaction with P. antiquus.
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At Neumark-Nord a skeleton of P. antiquus has been discovered in association with 

flint artefacts (Mania 1992), some of the bones showing signs of butchery (cut marks). 

The site is probably of Eemian age (MIS 5e) (Litt 1994), although a correlation with 

MIS 7 has been suggested by Mania (1992).

At Grobem, an Eemian site (MIS 5e), the skeleton of a ‘prime adult’ elephant has been 

found in association with flint artefacts (Erfurt and Mania 1990). Litt (1994) suggests 

that the site is evidence for an elephant kill and butcheiy event. However, there is no 

definite evidence such as the presence of spears or thrusting weapons. This highlights 

the difficulty of identifying a “kill site” with certainty in the majority of cases.

The third site, Bilzingsleben, has yielded numerous remains of large mammal, many 

with evidence of cut marks (Mania 1990). The date of the site is uncertain although 

Mania (1990) suggests that it may be of Holsteinian age (either MIS 11 or 9). A partial 

P. antiquus skeleton has been recovered in association with flint artefacts along with 

remains of rhinoceros, bovids and deer. The site probably represents a site of butchery, 

rather than a kill site.

In the Levant at Gesher Benot Ya’aqov a skull of P. antiquus, which the size and shape 

suggests is a female, has been discovered in association with human artefacts of 

Acheulian age (Goren-Inbar et al. 1992). Flint axes and cleavers were discovered 

alongside the skull together with a shaft of wood which, it appears, may have been used 

as a lever to manipulate the skull (Goren-Inbar et al. 1992). Also, the skull was 

damaged post-mortem, the cranial vault being smashed and badly crushed. Goren-Inbar 

et al (1992) argue that this is evidence for removal of brain material by humans which 

seems likely although there is no evidence that the animal was killed by hunters. 

However this site is important as the earliest known utilisation (c. 780,000 years ago).

3.5. A note on expected age profiles of mass kill sites

Extensive research has been carried out to determine what age profile of elephants 

would be expected at an assemblage caused by human hunting (Haynes 1991). 

Observation from modem humans (mainly African tribes) has shown that calves, sub

adults and ill/injured animals are favoured (Spinage 1994). The reasons for this are
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find solitary animals like this is likely to have precluded them from being hunted by 

humans (Haynes 1991) and, even if they were found, adult bulls would probably have 

overwhelmed human hunters. It is therefore not surprising that modem human hunters 

target herds of females with their calves. It is plausible that in this respect Palaeolithic 

man had similar hunting strategies to modem humans and so an age profile consisting of 

adult females, sub adults and calves would be expected at sites where human hunting 

had taken place (Haynes 1991).

To test this hypothesis a number of sites containing numerous remains of P. antiquus 

are discussed below.

3.5.1. Torralba and Ambrona, Spain

Both these sites show evidence of human activity of an early to middle Acheulian age 

(400,000-300,000 yBP) (Santonja and Villa 1990). Ambrona contains remains of at least 

30 P. antiquusi 26 horse, 25 red deer, 10 steppe rhinoceros and 10 aurochs together with 

the remains of four carnivores (Howell 1966). At Torralba only one P. antiquus is 

present together with a variety of other fauna (Villa 1990). Both sites have yielded a 

large number of artefacts witii flakes and flint scrapers being found nearby, and in 

association with, the fauna (Haynes 1991).

The elephant at Torralba is a fairly complete skeleton with only the skull and pelvis 

missing, while at Ambrona many of the limb bones of the 30 skeletons present are 

missing. Howell (1966) proposes that the sites represent individual human kill sites as 

well as sites of occasional mass death; this view has, however, been challenged. Binford 

(1987) argues that the assemblages are palimpsests representing bone input from 

millennia of noncultural (i.e. natural) processes but with occasional cultural (human) 

input. He bases this argument on the diversity o f stone tools which are present, 

suggesting that several different periods of occupation occurred throughout the 

depositional history of the sites.

More importantly, perhaps, than the evidence from the artefacts, is the age profile of the 

elephant assemblage. The skeletons, aged from dental remains and epiphysis fusion state 

(see: Chapter 4 and Chapter 6 respectively) show that most are of ‘prime adult’ age, that
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is 40 - 60 years old (Haynes 1991). This type of age profile suggests sites that were 

formed by selective mortality, from noncultural processes, over a drawn-out period of 

time {Haynes 1991).

This evidence suggests that at Torrabla and Ambrona elephants were not being killed by 

humans but their carcasses were butchered post mortem. The depositional sequence at 

die sites is complex but it is probable there were large freshwater lakes (Villa 1990) and 

it could be that elephants were attracted to the sites for water and, probably at times of 

environmental stress (i.e. drought), died there and were then utilised by humans.

3.5.2. Productive sites of Germany

A number of sites, of varying ages, in Germany have produced large numbers of 

P. antiquus remains. The age profiles of these sites have been examined by Soergel 

(1912), by ageing the animals on dental remains (see Chapter 4) to determine if they 

represented assemblages caused by cultural or noncultural actives. At Taubach (now 

assigned to MIS 5e) he concluded that only 16% of the assemblage were from adults 

animals (categorised as having M3 in wear). At Mauer (possibly assigned to MIS 13) he 

concluded that the assemblage was dominated by calves and subadults. In the present 

study both of these sites were investigated and it was found that the age profile 

represented at the Taubach assemblage was not dominated by subadults and calves but 

in fact contained more ‘prime adult’ animals; tiie results are given in Table 3.2. The 

assemblage from Mauer, does, however, in agreement widi Soergel (1912), show a high 

percentage of calves as well as adults (Table 3.2). This type of assemblage may suggest 

that some human activity may have been involved but that the site mainly represents a 

noncultural assemblage (Haynes 1991).

In order to determine the likelihood that the Mauer assemblage was formed as a result of 

human activities it was tested against a site where humans are known not to have 

coexisted with P. antiquus. For this, the site of Barrington, CamWdgeshire, was chosen 

because, firstly, the site is of Ipswichian age (MIS 5e) a time period where there is no 

evidence of humans in Britain (Jones and Keen 1993), and secondly the site has a large 

tooth sample of P. antiquus.
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Table 3.2 Percentage of P. antiquus upper tooth elements recovered from 3 sites in 

Germany. Notice higher percentage of subadults and calves recovered from Mauer.

Dental stage Taubach Mauer Mosbach

dp2 8 - 4

calf dp3 8 13 8

dp4 6 24 -

subadult Ml 4 17 4

M2 33 27 44

adult M3 41 19 40

Table 3.3 shows the comparison in age profile (based on dental remains) from 

Barrington and Mauer. Both age profiles are very similar with a fairly even spread of 

age classes. The assemblage at Barrington must be the result of natural death since there 

was no human presence in Britain at that time. Thus, the similarity suggests that the 

assemblage at Mauer may also be formed by noncultural activities. This is supported by 

the fact that Mauer is 500,000 years old -  the time period when Homo heidelbergensis 

was in Northern Europe, and there no evidence, expect perhaps at Gesher Benot 

Ya’aqov, that this species hunted big game.

Soergel (1912) also concluded that the assemblage from Mosbach, of similar age to 

Mauer, was also formed as result of natural death due to the high percentage of ‘prime 

adults’*. Findings in the present study suggest this to be the case (see Table 3.2).

Table 3.3 Percentage of P. antiquus upper tooth elements recovered from Mauer, 

Germany and Barrington, England.

Dental stage Mauer Barrington

dp2 - -

calf dp3 13 14

dp4 24 24

subadult Ml 17 19

M2 27 12

adult M3 19 31
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Guenther (1975) argues that the remains from Ehringsdorf, Germany (assigned to 

MIS 7) of P. antiquus remains differ greatly in age profile structure from those of 

Mammuthus primigenius recovered from tibe same site. He observes that the age profile 

of P. antiquus is evenly spread with a high percentage of calf/subadult animals 

represented while the age profile of M. primigenius is dominated by ‘prime adults’.

Analysis of the dental remains of P. antiquus in the present study are in partial 

agreement with the findings of Guenther. In the present study the age profile of tibe 

dental remains of P. antiquus from Ehringsdorf show a h i ^  proportion of calves, h i^er 

than the results of Guenther (1975): see Table 3.4. This discrepancy may be result of 

misidentification of dental elements by Guenther or it could be caused by a difference in 

sampling method. In the present study all teeth were included in the age profile analysis, 

not just those that could be measured for m oq^logical variation. The results of 

Guenther (1975) suggest he may have misidentified teeth since he identifies no dp2 or 

dp3 teeth (see Table 3.4), although catalogue numbers on these teeth match those from 

the Guentiaer study. Of the six teeth in the dental series of elephants these two are 

among the easiest to identify {see Chapter 4).

The age profile from Ehringsdorf, obtained in the present study, is similar to that 

obtained from Barrington and Mauer (see Table 3.3), suggesting the assemblage could 

have been formed by cultural or noncultural activity.

Evidence from the German sites suggests that the assemblages of Mosbach and Taubach 

where formed by noncultural processes. Those at Mauer and Ehringsdorf may have been 

formed through some human input, but, comparison with Barrington, England, suggest 

that this is not necessarily the case. As cautioned by Haynes (1991), different processes 

may have resulted in similar age profiles, so such deductions must be made with 

caution.
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Table 3.4. Comparison between percentage of upper molars of M. primigenius and P. 

antiquus jfrom Ehringsdorf.

Dental stage

Guenther 

M. primigenius

(1975)

P. antiquus

Present study 

P. antiquus

dp2 - - 4

calf dp3 - - 8

dp4 5 14 12

subadult Ml 15 28 16

M2 60 28 30

adult M3 20 28 30

3.5.3. Productive sites of England

In the present study the age profiles of P. antiquus from three productive sites were 

examined to determine whether or not human activity could be identified as having been 

responsible for the formation. The sites: Swanscombe, Grays and Barrington, were 

chosen because of the large sample sizes and because they span a large time period - 

MIS 11,9 and 5e respectively. Humans are known to have been contemporaneous with 

P. antiquus at Swanscombe (Ovey 1964) and Grays (Wymer 1957) while at Barrington, 

as discussed above, humans were absent.

The age profiles (Table 3.5) are interesting. As previously discussed, Haynes (1991) 

predicts that an assemblage formed through human activity (hunting) will have higher 

percentage of calf/subadult animals while those formed by noncultural activities (natural 

death) will be dominated by ‘prime adults’. The profiles from Swanscombe and Grays 

are similar with small numbers of calves/subadults and large number of ‘prime adults’ 

indicative of a natural death site. However, the depositional environment at these two 

sites is different. At Swanscombe the gravel beds are highly erosive and this could 

account for the low number of dp teeth recovered. However, Grays has fine calcareous 

sediment, excellent for preservation and collecting of small remains, suggesting the 

pattern is genuine.
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The results from Barrington, with high numbers of juvenile animals would be, on this 

model, possibly indicative of cultural deaths. However, as discussed above, at 

Barrington humans were absent (as they were throughout the entire Ipswichian 

interglacial, MIS 5e, in Britain), thus the assemblage must be the result of natural death. 

This discrepancy could be the result of a number of things:

• age profiles of elephants from modem hunting cannot be used as an analogue for 

past events

•  the sampling method was ineffective

• there is a collecting bias where collectors i^o re  small, non impressive fossils 

(i.e. premolars)

• the deposit is coarse grained or highly erosive

• non-cultural accumulation can mimic an age profile of a hunted sample.

Table 3.5 Percentage of P. antiquus upper tooth elements recovered from Swanscombe, 

Grays and Barrington (all England).

Dental stage Swanscombe Grays Barrington

dp2 2.7 4.5 -

calf dp3 8.3 IS 14

dp4 9 7 24

subadult Ml 11 4.5 19

M2 19 44 12

adult M3 50 22 31

Considering Barrington the following points can be made:

• the sample size from this site is large and so it is unlikely that sampling error has 

occurred

• the collections of material containing fossils varying in size from small deer 

teeth to long bone remains suggesting no collecting bias

• the deposit at Barrington is fine grain calcareous sediment which yields fossils in 

a good state of preservation
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• there is no evidence of humans in Britain during MIS 5e leaving only 

noncultural accumulation mimicking a hunted sample as the only possible 

explanation.

Therefore it seems likely that the assemblages were formed as a result of natural (non 

cultural) causes and in the case of Barrington, this is certain.

It is concluded that the sites of Swanscombe, Grays and Barrington have 

assemblages of P. antiquus which accumulated as a result of natural death.

3.5.4. Mediterranean Island sites

It is worth noting that there is definite evidence of humans butchering and, almost 

certainly, hunting the dwarf elephants of Cyprus, and possibly those of Malta-Sicily 

(along with a dwarf species of hippopotamus) (Reese 1995). The vegetation on Cyprus 

had become even more sparse during the Last Cold Stage leaving the population of 

elephants which lived there with little food (Simmons 1999). It is likely that the 

population of elephants on the island was already dwindling when the first humans 

arrived. Through hunting they would have wiped out the small population that was 

isolated on the island (see Chapter 7 for more detail).

Summary of sections 3.4 and 3.5

• The evidence for human hunting is inconclusive. Only one site has produced 

irrefutable proof that humans had hunted and killed P. antiquus

• Many sites have evidence of humans butchering and dismembering carcasses of P. 

antiquus

• Age profile data suggest that it is unlikely that sites with large numbers of P. 

antiquus represent cultural death assemblages and are probably the result of natural 

deadi events. Moreover, the data indicate that the identification of kill sites from age 

profiles is fraught with difficulty

• Human interaction probably had little effect on the extinction of P. antiquus

• On Cyprus humans were responsible for the exfmchoo ^Palaeoloxodon cypriotes by 

hunting an already dwindling population (see Chapter 7).

134



3.6. Conclusion

Using modem elephants as an analogue the ecology o f Palaeoloxodon has been 

reconstructed. The normal-sized elephants in this genus probably lived in a similar way 

to Asian elephants, living in small family units within woodland habitats.

The genus first appeared in Eurasia around 800,000 years ago, although the lack o f well 

dated sites makes tracking its arrival problematic. By the late Middle Pleistocene P. 

antiquus was a common feature in interglacial faunas throughout Europe.

The range o f  the genus was greatly reduced during glacial periods, retracting into 

southern areas and then expanding northwards at the onset o f the following interglacial. 

This range changed mirrored the shifts in vegetation.

P. antiquus became extinct around 30,000 years ago in southern Europe. This was 

probably as a result o f habitat fragmentation and lack o f suitable vegetation. Humans 

utilised P. antiquus as a resource but there is little evidence for extensive hunting on the 

mainland. The genus was last seen on Cyprus around 10,000 years when humans hunted 

it to extinction.
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Chapter 4

Dental and skeletal measurement methodology

This chapter describes the methodology used in the present study to determine variation 

in Palaeoloxodon dental, postcranial and cranial morphology. Where possible diagrams 

have been used to complement the text and give a clearer understanding of how 

measurements were taken.

4.1. Nomenclature of elephant teeth

The basic dental formula for elephants is:

The six elephant cheek teeth of living elephants have been classified in various ways by 

many authors:

dp2 -  dp4 and Ml - M3 Owen (1845) and Falconer and Cautley (1846)

PI - P3 and Ml - M3 de Blainville (1845)

MI -  MVI and Ml - M6 Morrison-Scott (1947), Laws (1966) and

Roth (1982).

Falconer and Cautley (1846) showed that, by identifying three deciduous premolars in 

Elephas planifions followed by three permanent molars erupting underneath, the 

nomenclature of Owen (1845) should be used, as it is biologically correct.

In the present study the nomenclature of Owen (lg45) and Falconer and Cautley (1846) 

is used because it conveys the homology of the teeth, by referring to the deciduous milk 

teeth. However, there is still some discussion as to what the correct numbering should 

be, for example see Roth (1982). If the Anthracobunidae are excluded from the 

Proboscidea, as there is great confusion as to their phylogenetic position (Shoshani
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1986), the earliest proboscideans are the moeritheres, all species of which had the 

following dental formula:

I - C - P - M -  
2 0 3 3

In the teeth of later Proboscideans there is a trend for the canines to be lost and for the 

incisor number to be reduced, culminating in the dental condition seen in the 

elephantids. Shoshani (1986) shows this trend through the examination of Eocene and 

Lower Oligocene proboscidean fossils.

The first deciduous molar seen in elephants is homologous to the dp2 of moeritheres. 

This was demonstrated by Morrison-Scott (1936) who observed atavistic dpi teeth in 

two mandibles of  Loxodonta qfricana; one has also been examined by Falconer and 

Cautley (1846). Morrison-Scott (1936) records that, at the time of Falconer and Cautley’s 

1846 publication, there was great debate as to whether the teeth were really dpls and not 

just deformed fragments of dp2s. Falconer and Cautley were challenged and it was 

claimed that they had cut the roots away and exposed the teeth in order to disguise the 

fact they were deformed dp2s. The mandibles concerned were observed in the present 

study and the observations of Falconer and Cautley (1846) and Morrison-Scott (1936) 

are upheld, the teeth are indeed homologous to dpi.

4.2. The structure of elephant teeth

The majority of this study concentrates on morphological variation in the dental remains 

of elephants. It is therefore important to understand the structure and development of 

elephant teeth, since variation in morphology is the result of developmental as well as 

adaptive factors.

4.2.1. Tooth structure

The structure of elephant cheek teeth, superficially, looks very unlike that of other 

mammalian teeth. Home (1799) was the first to show that elephant teeth, in this case 

those of E. maximus, consist of the three basic units of all mammalian teeth: enamel, 

dentine and cement. The teeth consist of plates or lamellae which are oriented vertically
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and are stacked the length of the tooth. In upper teeth they tend to be straight, inclined 

slightly towards the front and parallel to one another; in lower teeth, particularly the last 

molar, M3, the plates are often sinuous in shape and diverge from top to bottom, 

converging to form an apex in the middle of the occlusal plane.

The plates are formed by dental epithelium which, instead of laying down enamel in 

sheets, as is common in other mammals, causes the enamel to fold. These folds are 

sealed at the top, forming the crown apex, but are open at the root and join onto the 

plates immediately anterior and posterior to them, thus forming a continuous unit 

consisting of cores of enamel joined at the base. Each individual core has its own pulp 

cavity and is filled with dentine; these cores form the plates. At the bases, the plates are 

held together only loosely by a thin layer of enamel which would prove inadequate in 

holding the structure together in normal use; strength is therefore provided by cement 

which covers the whole tooth. It in-fills the spaces between the adjacent plates forming a 

dense block. This structure is shown in Figure 4.1. Often a plate is formed at the anterior 

or posterior end of the crown but is diminutive and non-functional, in this case it is 

termed a talon. Sometimes a talon has another, smaller talon (supernumerary talon) on 

top of it.

In normal wear the plates are cut horizontally and wear down from the crown apex to 

the roots. When sliced the plates have the characteristic pattern of an elongated enamel 

oval or loop enclosing a dentine core embedded in cement. When viewed from above 

this structure shows the hypsodont tooth model of Romer (1951, p.306):

cement - enamel - dentine - enamel -  cement

The plates are not smooth at the top but are formed from cuspules and therefore consist 

of rounded bumps at their apex. This is the last vestige of the cusped teeth of the 

elephants’ ancestors. The Miocene gomphotheres, the likely sister group of tiie 

elephantids, have a simple dentition from which the elephantid dentition is modified.

The teeth of the gomphotheres were, according to Maglio (1973), square in outline with 

cones (cusps), separated by an anteroposterior valley with smaller clefts between the 

individual cones (Figure 4.2).
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An individual plate 
(enamel pocket filled with 
dentine)

Cement holding plates 
together

Roots

Occlusal surface

Figure 4.1. Elephant lower molar with section cut away to reveal internal structure. See 

text for explanation. Based on Mol and Van Essen (1992).

The number o f cones increases from one cone in dp2 up to four cones in M3. Associated 

with these cones are small columns on the buccal cones o f lowers and lingual cones o f  

uppers. During wear the cones and columns are cut giving a characteristic three-lobed 

(trefoil) pattern. The cones then merge together forming a srindine surface with thick, 

non-folded, enamel.

In the earliest elephants changes occurred to the teeth, mainly associated with a change 

in the mastication function from one o f grinding to shearing (Figure 4.2). These are:

1. The teeth elongated, as did the mandibular corpus

2. The milk molars increased in complexity, increasing their duration considerably, 

and it is for this reason that the premolars were prevented from erupting and were 

eventually lost (having been present in gomphotheres and the earliest elephants)

3. The adjacent lingual and buccal cusps merged, together with associated columns, 

to form continuous plates along the width o f the tooth - the enamel loop. This 

change was accompanied by a reduction in the enamel thickness.

139



D

Figure 4.2. Evolution o f the elephant molar showing progressive consolidation o f the 

gomphothere cone-pairs, loss o f the median cleft and increase in and thinning o f the 

enamel. On the left are vertical sections through the teeth orientated with the occlusal 

surface down. On the right occlusal views of the molar, a: Gomphotherium sp. 

(Miocene) showing five rows o f blunt cusps, thick enamel and a cap o f cementum. b; 

Stegotetrabelodon sp. (Pliocene), showing deep V-shaped valleys, little cementum and 

widely spaced lophs. c: Primelephas sp. (Pliocene), showing increased number o f  lophs, 

narrower V-shaped valleys and thinner enamel, d: Elephas planifrons (Early 

Pleistocene), showing higher crowned tooth, more lophs, thinner enamel and more 

cementum. e: M. primigenius (Late Pleistocene), showing further development of  

features seen in E. planifrons. Key: Black: enamel, light stipple: dentine, heavy stipple: 

cementum. (Based on Maglio 1973 and Savage and Long 1986).
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In elephants the relict cuspules are not fused together at the apex o f the crown but 

appear as separate bumps. They merge further down the tooth and, as noted by Roth 

(1982), this occurs higher up the crown on the more posterior plates. In early wear the 

cuspules are not united and when worn appear as small loops o f  enamel with a dentine 

core on the occlusal surface. There are species-specific differences in the structure and 

appearance o f these cuspules once in wear; these are discussed in Chapter 5. The 

following pattern, summarized in Figure 4.3, is observed as the plates wear down:

1. In the unworn condition the plates are covered, at the crown apex, by a thin layer 

o f cement and cannot be observed, although their presence is indicated by a peak in 

the surface o f the cement

2. In early wear the plate appears as rings o f enamel, the number varying depending 

upon the species concerned

3. In moderate wear the enamel rings begin to merge into one another forming loops 

o f enamel

4. In moderate to late wear the rings are completely merged forming a continuous 

loop o f enamel.

► OCsXSÆ)

Figure 4.3. Distal view o f tooth plate showing pattern development as tooth is worn.
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4.2.2. Tooth modification and development

Molars develop in the molar crypt or alveolus. Gaunt and Miles (1967) describe the 

events that take place within the alveolus that lead to the formation of a fully functional 

tooth. As Roth (1982) notes, Gaunt and Miles show that the teeth in the jaw show an 

apparent ontogenetic sequence, with later stages of tooth development visible in the 

anterior teeth while more posterior teeth show earlier stages. The enamel plates form 

first, initially as isolated, unconnected, plates. At first they are hollow but then are filled 

with dentine. The enamel is thickest at the crown apex and then thins out towards the 

base: this non-uniform enamel distribution is important when taking measurements on 

the occlusal surface (see later). The plates thicken as more enamel is laid down and 

eventually unite together at their bases. Finally cement in-fills around and between the 

plates forming the tooth structure. As Gaunt and Miles (1967) note, the deposition of 

enamel from top to bottom is consistent with the pattern seen in other mammals.

Modification of plates

Roth and Shoshani (1988) provide a detailed account of modification in both extant and 

fossil elephantids and comment that during their formation plates may become 

damaged, remodelled or deformed through various intrinsic and extrinsic factors. The 

major part of this study focuses on the morphology of teeth and the variation observed 

between teeth from different populations. It is therefore essential to be aware of, and 

understand, abnormalities that are observed in teeth and how they affect morphology. 

Abnormalities observed in the present study are:

• twisted plates

• incomplete V̂  or ‘ Y’ shaped plates

• disorganised plates

• malaligned and multi-plates

• uneven wear patterns

• peculiar wear patters due to diet.

During this study examples of the above, although not common, were noted. Specimen 

SMNS 8564 from Steinheim, Germany displays twisted plates where most posterior
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plates are rotated through almost 90 degrees so that the plates at the back are 

perpendicular to the normally aligned plates (Figure 4.4). The malaligned plates are of  

normal size and structure but severely twisted. The reason for this is unknown but 

possibly a bone tumour or abscess could have formed in the lower portion o f the 

mandible and caused an obstruction to the developing tooth. In early stages o f  

development, before the enamel tissue has fully developed and hardened, the plates are 

soft and malleable and, as the tooth progressed deformation would have occurred if the 

soft plate encountered a blockage, such as a bony tumour.

kb(

Figure 4.4. Lower M3 tooth from Steinheim, Germany (SMNS 8564). Note twisting of  

plates (scale units = 1 cm).

A significant number o f specimens examined in this study possessed Vi or ‘Y ’ plates.

I he method by which these plate anomalies are formed is unknown, but it clearly occurs 

as the molar is developing within the alveolus. It is likely that the problem is genetically 

determined since when the phenomenon was observed in tooth pairs, the feature was 

seen in both teeth in 72 % (n = 18) o f cases. An example is shown in Figure 4.5.

In some teeth there is great variation between the amount o f wear on the lingual side of 

the plate compared to that on the buccal. As will be seen later, uneven wear is the 

normal state in elephant molars but not to a great extent. Uneven wear to this degree is 

associated with malalignment o f the mandible and maxilla, or o f the teeth themselves. 

This could be caused through a birth defect or injury later in life.
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Figure 4.5. Lower M3 tooth from Deeping St. James, England (1617). Note half plate at 

plate 3 position (scale units = 1 cm).

Elephants feed upon a vast amount and a wide range o f food (Spinage 1994 and see 

Chapter 3). During feeding, particularly on low-lying plants such as grass, large amounts 

o f grit will be taken into the mouth and cause abrasion and damage on the teeth, 

specifically: deepening o f the cement between the plates and increased concavity o f the 

occlusal surface. If this type o f feeding forms a large proportion o f the animal’s diet then 

unusual wear patterns may be observed in fossil specimens.

4.2.3. Tooth eruption and replacement

1. Tooth eruption

The method by which tooth eruption occurs is still not fully understood. Roth (1982) 

reviewed evidence to explain dental replacement in mammals. However, even after 

many years o f research, the exact method of tooth replacement is not clearly elucidated. 

The current theories are:

• cell growth within the root cavity

•  increased blood pressure within the periodontal cavity (under hormonal control)

• formation o f fibroblasts within the periodontal cavity.
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2. Tooth replacement

The normal pattern for tooth replacement in mammals is for the deciduous (milk) tooth 

to be replaced by a permanent tooth from below (i.e. vertically). The replacement tooth 

is then permanently within the jaw. The mode of tooth replacement in elephants is very 

different. Molar progression in elephants and all gomphotheres, stegodons and other 

“mastodons” is continuous throughout the life of the animal and horizontal, that is, the 

newly formed tooth replaces the tooth currently in wear from behind and not from 

below.

These systems evolved in tandem with an increase in body size and, consequently tooth 

size, of proboscideans (Maglio 1973). As tooth size increased eventually the mandible 

and maxilla were unable to accommodate the huge molars which developed and so a 

constant replacement system supplanted the deciduous to permanent dental strategy of 

other mammals. The major advantage of having continual dental replacement is the 

increase in the life of the tooth and with the increased longevity of proboscideans came 

the need for teeth to last longer. There are two ways in which the longevity of a tooth 

series can be achieved; either through an increase in size and structure (i.e. increase in 

height, width, length or enamel complexity); or an increase in tooth number. Space 

limitation, particularly in the maxilla due to its association with the cranium, prevents 

teeth from reaching enormous proportions. Increase in tooth number is also limited by 

space, but horizontal tooth replacement, as in elephants, has the same effect as 

increasing the number of teeth. Many authors (e.g. Maglio 1973; Roth 1982 and Spinage 

1994) have described the ‘conveyor-belt’ Idee system of dental progression in elephants 

(Figure 4.6), an apt analogy which describes the process veiy well. The molars, although 

they vary in size and shape, are of the same basic structure and so, when passing though 

the jaw, act as one huge tooth: a tooth of a size much too great to be accommodated 

within the mandible at one time.

Although the horizontal system of tooth replacement has been recognised in elephants 

since antiquity (it was noted by Aristotle), the method by which progression of teeth 

occurs through the jaw is unclear. An elaborate method for replacement was first 

described by Aichel (1918), who proposed that progression through the jaw does not 

actually occur but that it is in fact the remodelling of the mandible and maxilla which
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cause posterior teeth to come into wear. He proposed that the teeth remain in situ 

throughout the life o f  the animal, forming in the alveolus and not moving. Instead, the 

bone o f the jaws moves around the alveolus - being deposited at the posterior and 

reabsorbed at the anterior. Eventually, as the bone shifts it reveals the new, unworn 

tooth which then comes into wear. The major problem with this method is the vast 

amount of bone remodelling which is required to account for the complete series of six 

molars. Although elephant mandibles are subject to a great deal o f bone remodelling, as 

shown by Beden (1979), Roth (1982) estimates that a total length o f 800 mm o f bone 

would have to be deposited and reabsorbed in order to account for dental progression in 

L. africana. Bone formation is a costly process and requires a large amount o f energy 

which is almost certainly too much to allow for 800 mm o f bone.

M2 forcing M l out

Anterior tooth (M l in 
this case) is wearing 
down and being forced 
out o f the jaw by the 
posterior tooth (M2).

M3 developing in the 
tooth alveolus

Figure 4.6. Diagram showing progression of teeth through the mandible o f elephants. 

Based on Roth (1990).

Apart from the unlikeliness o f mass bone remodelling occurring to explain horizontal 

dental progression there is evidence to support a more simple explanation, although this 

too is not fully understood. Tooth replacement occurs by a new tooth in the molar 

alveolus pushing into the posterior o f the preceding tooth and pushing it along through 

the mandible. As this occurs the teeth are wearing down and eventually the preceding 

tooth is lost through a combination of wear and being forced from behind. The evidence
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for posterior force and horizontal progression, based on personal observation and Roth 

(1982) can be summarised:

• pressure scars (indentations) on the posterior of teeth caused by the new tooth 

pushing into the back of the preceding tooth

• ripple marks in internal bone of the mandible on both buccal and lingual sides

• modification of plates (i.e. twisting, compression). Where plates follow a plate or 

‘ Y’ plate they are often twisted around to fill the space left behind the anomalous 

plate, an action only possible if there is a posterior force pushing the tooth along

• bone is deposited in the molar alveolus behind the last molar in order to force it along 

and to seal the posterior mandible

• the method described by Aichel (1918) required the molar alveolus to be an area of 

active bone reabsorption but, as described in the point above, the alveolus actually 

deposits bone. Reabsorption occurs at the anterior mandible just posterior to the 

foramen mentale (Sikes 1971).

Various descriptions have been proposed to explain how teeth pass through the jaw and 

what forces drive them. Sikes (1971) gives a comprehensive description of a novel 

method based on her observations of mandibles of L. africana, which have an unusual 

structure on the inner surface. When the teeth are removed a ripple pattern can be seen 

in the bone which corresponds to the thickness, shape and position of the plates. Sikes 

proposes that these ripples are created by the deposition of bone which builds up at the 

rear of each plate and pushes each one along. She argues that with enough ripples (in L  

africana the number observed is almost always 12) there is enough force to move even 

the large M3 through the mandible.

The problem with this description is that it does not hold up when the physics of the 

process is examined. Dentine, cement and particularly enamel are dense materials 

(enamel is the most dense material found in the body) while bone, due to its honeycomb 

structure, is much less dense. Sikes’s method requires newly formed, and therefore less 

solid, bone to push against hardened dentine, cement and enamel. This means the inertia 

of the tooth (as a whole) compared to the softly forming bone would be much higher. 

These observations, also noted by Roth (1982), suggest that movement of teeth is not, 

primarily brought about by the bone ‘ripple-effect’. It is also interesting to note that
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when bone is exposed to high pressure, such as in the mandible or in a deformed joint, 

bone is reabsorbed, and not deposited, thus making Sikes’s model even less likely (Roth 

1982). The ripples are much more likely to be pressure scars caused by the plate 

pressing into the developing bone.

Another method has been proposed to explain the progression of elephant molars by 

Mol (manuscript). They state that the teeth are not pushed through the jaw but pulled by 

periodontal fibres (similar to method that pulls homonid teeth vertically into position). 

The method is based on observations on a mammoth jaw with a supernumerary M7 

tooth. They show how ligament fibres could pull the teeth along and describe this 

method as the only one capable of having enough force to move the teeth. Their 

observations have not be accepted by most elephant researchers because the evidence 

for the pushing of teeth from behind is overwhelming.

Summary

The horizontal tooth replacement of elephants is described. The actual method by which 

this occurs is less clear. It is probable that the posterior pressure caused by the 

movement of newly formed teeth in the molar alveolus is responsible for the passage of 

teeth along the mandible.

4.3. Determination of position of teeth

Identification of tooth position was essential in the present study because previous 

authors (for example see Maglio 1973 and Roth 1982) have shown that, due to the 

differing constraints of the mandible and maxilla during dental development, upper and 

lower teeth tend to have differing morphologies. For example, lower teeth tend to be 

much less hypsodont (average height of a P. antiquus upper M3 in this study is 177.2 

mm, n = 81, while in lowers it is 151.1 mm, n = 58). Thus, if pooled together the 

changes in morphology between populations would be masked by the ‘averaging-out’ of 

the uppers-lowers combination. Therefore upper and lower teeth are treated separately in 

the present study.
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4.3.1. Determination of upper or lower

Haynes (1991) states that “upper teeth are wider, higher and generally have greater 

dimensions than lowers”. He does not say whether this represents the findings from one 

species or whether, in his experience, it is true for all elephants. However, it is 

confirmed for P. antiquus in the present study, see later.

The most reliable method for determining whether a tooth is an upper or a lower is to 

examine the wear state of the occlusal surface. The occlusal surface of uppers is 

normally convex when viewed longitudinally, while the occlusal surface of lowers is 

normally concave. This is related to the fore and aft motion of the lower tooth against 

the upper tooth (Maglio 1973). Beden (1979) outlines the following extra characteristics 

for separating upper and lower teeth:

• the plates of upper teeth are straight and parallel to one another; the plates of lower 

teeth are often sinuous and converge towards the central apex of the tooth

• the plates of upper molars are normally inclined forwards

• in lowers the first root is often separated from the more posterior roots by a large 

valley or gap; the first root of uppers is separated from the other roots by only a small

gap
• the posterior roots of lowers are inclined backwards towards the posterior of the 

tooth; the posterior roots of uppers tend to be parallel to the plates and are inclined 

slightly forward.

4.3.2. Determination of front of tooth

Beden (1979) provides the following useful description to identify the front of the tooth:

• the plates tend to be curved over slightly at their apex and point towards the front of 

the tooth

• the plates at the front are alwavs the most worn

• root stmcture is constant: there is a larger single root, which diverges towards the 

buccal side, immediately behind which is a small valley, and then the second root 

which is forked. Behind this the roots become less well defined (specimens in mid to 

late wear will have lost the first two roots).
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4.3.3. Determination of left and right teeth

Beden (1979) identifies the follow characters which can be used to separate left and 

right teeth:

• when uppers are viewed anteriorly, with the occlusal surface facing downwards, the 

second root diverges in the same direction that the tooth occupies in the jaw

• upper teeth tend to bend in the direction of the jaw while lowers bend in the opposite 

direction (Figures 4.7 and 4.8)

• when uppers are viewed from behind the occlusal surface is higher on the lingual 

side, the opposite is observed in lowers (Figure 4.8).

Haynes (1991) and Roth (1982) have shown there to be no significant difference in 

dental parameters between left and right elephant teeth; this pattern is also observed in 

Palaeoloxodon antiquus. Plots of length-width and lamellar fi-equency-width show that 

there is no significant difference between left and right side teeth. For length-width^ 

(Figure 4.9) ANOVA analysis shows: F = 0.166, p = 0.779, n = 20 (mean length right = 

267.0 mm, mean length left = 272.6 mm, mean width right = 80.9 mm, mean width left 

= 81.1 mm). For width - lamellar firequency. Figure 4.10, ANOVA results shows: F =

1.645, p = 0.470, n = 125 (mean LF right = 6.4, mean LF left = 6.2, mean width right = 

80.9 mm, mean width left = 81.1 mm).

A similar pattern is seen in all tooth elements from both the lower and upper jaws (not 

shown). This finding means that it is valid to pool left and right side teeth in order to 

increase sample size.
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Upper tooth

Tooth curves in 
same direction 
as jaw

Tooth
swings down 
from maxilla

Tooth curves in 
opposite 
direction to 
mandible Lower tooth

Figure 4.7. Distal view (top diagram) and rear view o f skull o f P. antiquus showing 

position and curvature o f teeth in situ.
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Figure 4.8. Proximal view o f mandible (left) o f  P. antiquus showing tooth curvature in 

opposite direction to jaw, and rear view o f upper and lower teeth showing wear pattern.
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Figure 4.9. Comparison between length (mm)-width (mm) o f left and right upper M3 

teeth o f P. antiquus. Notice no difference between range o f  points for left and right 

teeth. Key: closed squares = right teeth, open squares = left teeth.
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Figure 4.10. Comparison between lamellar frequency-width (mm) o f left and right upper 

M3 teeth o f  P. antiquus. Notice no difference between range o f  points for both left and 

right teeth. Key as in Figure 4.9.

4.3.4. Identification of fragmentary and anomalous teeth

Fragmentary teeth can still provide useful morphological information provided that they 

are not too fragmented. In this study any tooth with less than 3 plates was normally 

ignored because:

• the teeth were impossible to identify to position in the dental series

•  an anomalous result can be expected from small fragments

•  it was impossible to determine whether the tooth was from the left or right side o f the 

jaw (although it was found in this study that there was no significant difference 

between the morphology o f left and right teeth) and, more importantly, whether the 

tooth was an upper or lower.

Teeth that are pathologically twisted or malformed are often difficult to identify to side 

o f  jaw or upper or lower position, and as with small tooth fragments, they are often not 

useful for a study o f morphological change because they give anomalous results.
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4.3.5. Symbols used for teeth identification

In the present study, for brevity, tooth type and position is often written in shorthand.

The following are examples of the nomenclature used to describe the position teeth 

occupy in the jaw.

• LM  ̂ left upper M2

• RMi right lower Ml

• Ldp"* left upper dp4

• Rdp2 right lower dp2.

4.4. Identification of teeth to position in the dental series

As the present study mainly examines morphological variation in elephant teeth through 

the Pleistocene and the effect of dwarfing on teeth (see Chapter 7), it is essential that 

teeth can be correctly identified to their position in the dental series.

As discussed above, the nomenclature of elephant teeth used in the present study is: dp2, 

dp3, dp4. Ml, M2 and M3. Previous studies, for example see Laws (1966), have shown 

that elephant teeth can be separated on size and plate count, however this method is not 

useful when teeth are incomplete and neither their maximum length (indicator of tooth 

size) nor their plate count is known. In the present study many of the teeth are 

fi'agmentary but can still provide useful information provided they can be allocated to 

their position in the dental series.

Due to their size, several elephant teeth are easy to identify to their position in the dental 

series. The dp2 tooth is extremely small with very few plates (range is 2-3, Tables 4.1 

and 4.2). The dp3 tooth is also small, although larger than the dp2, and fairly easy to 

identify unless it is very fragmented, in which case it is not useful for morphological 

studies. The last molar (M3) is also easy to identify because it has an unusual 

morphology. All other teeth in the dental series have a flat back caused by the pressure of 

the tooth behind as it moves through the jaw. However, as described above, no tooth 

follows the M3 and so there is no force exerted onto it, resulting in a tapering 

appearance.
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ITie three most difficult teeth to distinguish are the dp4. Ml and M2. Identification of 

these teeth is particularly difficult when there is a small sample size for comparison 

since it may be the case, for example, that a certain tooth is a large dp4 but is 

categorised as an Ml because the size range of the former tooth is unknown for that 

sample.

While data collection was carried out, in the present study, teeth were tentatively 

categorised by eye. Roth (1982) notes that, when a large sample is present, elephant 

teeth can be relatively easily sorted into size categories, corresponding to dp2-M3, based 

on size, shape and plate number. This method was initially perfected with the large 

sample of P. antiquus teeth at the Natural History Museum, London, where 250 teeth 

were examined. Here a range of teeth from each category was examined and, by laying 

all the teeth out together, an indication of the range in size and shape was established. 

This method was then used to allocate other teeth to position as data was collected 

throughout the study. Once all data were collected dental parameters were ascertained 

for each tooth element. Below is described the method used to establish the range of 

each dental parameter for dp2-M3 upper and lower teeth. The information generated 

from this analysis is shown in Tables 4.1 and 4.2.

Box plots show that in upper teeth there is no overlap between plate count of dp2 and 

dp3, and M2 and M3 teeth, although there is some overlap between dp4-Ml and M l-M2 

(Figure 4.11). There is no overlap between one standard deviation of adjacent tooth 

categories based on mean length, (Figure 4.12) while there is considerable overlap 

between dp4-Ml, M l-M2 and M2-M3 on width (Figure 4.13). However, in all but M2- 

M3 width the differences between the means of these parameters are significant at or 

below p = 0.05 (Table 4.3).

The separation of plate count, length and width in lower teeth is also well defined (Table 

4.4). Box plots show that there is no overlap in plate number between dp2 and dp3, and 

M2 and M3 although there is some overlap between dp4 and M l, and Ml and M2 

(Figure 4.14). The plots of length show there to be no overlap between tooth categories 

(Figure 4.15). However, the results of width data show there to be considerable overlap 

between dp4 and M l, Ml and M2 and M2 and M3 (Figure 4.16).
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Table 4.1 Table of dental parameters of upper molars of P. antiquus. Key: P = plate count, L = length 

(mm), W = width (mm), H = height (mm), LF = lamellar frequency, ET = enamel thickness (mm), HI = 

hypsodonty index.

P L W H LF ET m

M3: RANGE 13-21 196-384 64-102 118-246 4.7-S.2 1.7-5.3 165.5-276

MEAN 17.2 281.5 75.4 177.2 6.3 2.7 216.9

ST. DEV. 1.6 40.3 8.3 22.4 0.8 0.5 22.2

N 73 32 146 81 147 133 77

VAR. 2.5 1625.9 69.0 502.1 0.6 0.3 494.2

M2: RANGE 10-14 172-264 60-97 122-195 4.8-10.2 1.6-3.3 132.8-274.6

MEAN 11.8 207.1 73.5 149.7 6.5 2.3 217.0

ST. DEV. 0.9 21.1 5.3 20.2 1.0 0.3 30.7

N 33 18 62 28 94 64 25

VAR. 0.8 446.5 28.1 407.7 1.0 0.1 945.2

M l: RANGE 9-12 138-170 49-80 81-141 5.3-9.7 1-2.6 136.5-228.8

MEAN 10.5 151.4 59.6 113.0 7.8 1.8 192.2

ST. DEV. 1.0 8.6 6.2 17.6 1.0 0.3 29.2

N 23 14 32 19 33 29 18

VAR. 1.0 74.2 38.3 311.1 1.1 0.1 849.5

dp4: RANGE 7-10 92-137 40-61 58-113 5.5-10.9 1.1-2.0 120.5-217.3

MEAN 9.1 116.8 49.0 81.1 8.6 1.5 166.6

ST. DEV. 0.9 13.5 5.2 13.4 1.3 0.2 23.1

N 20 12 33 16 33 26 15

VAR. 0.8 183.6 27.4 180.6 1.6 0.04 535.22

dp3: RANGE 4-8 62.4-63.7 27.5-39 30-57 8.8-12.9 0.9-1.8 90.3-155.4

MEAN 6.3 62.9 33.67 45.8 10.8 1.2 135.0

ST. DEV. 1.0 0.7 2.7 5.9 1.0 0.2 7.0

N 24 3 28 16 30 27 16

VAR. 1.1 0.4 7.1 35.4 1.0 0.04 288.0

dp2: RANGE 3 17.3-63.7 12.6-19.0 19.0-21.8 15.9-23.9 0.9-1.4 109.9-150.7

MEAN 3 32.6 15.9 20.2 19.3 1.1 136.9

ST. DEV. 0 21.0 2.7 1.4 2.7 0.2 18.6

N 9 10 9 4 9 7 4

VAR. 0 440.5 4.2 2.0 7.5 0.03 345.4
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Table 4.2. Table o f dental parameters o f lower molars o f Palaeoloxodon antiquus. Key as in Table 4.1.

P L W H LF ET HI

M3: RANGE 14-22 257-400 61-94 128-191 3.8-9.1 1.9-3.9 155.6-248.7

MEAN 17.3 317.1 77.6 151.1 5.6 2.6 198.3

ST. DEV. 1.8 40.9 7.4 15.8 0.9 0.4 19.9

N 62 37 104 58 125 116 52

VAR. 3.4 1677.0 54.9 250.2 0.8 0.13 399.9

M2: RANGE 11-16 172-307 53-93 114-158 4.2-10.3 1.6-3.5 160.5-232.8

MEAN 12.7 219.5 69.4 136.5 6.0 2.4 201.9

ST. DEV. 1.3 36.0 7.4 15.9 0.9 0.4 23.8

N 34 20 62 15 84 79 14

VAR. 1.7 1300.3 56.6 255.4 0.9 0.1 568.0

M l: RANGE 9-12 117-178 47-66 80-142 5.8-10.1 1.5-2.5 137.9-242

MEAN 10.7 155.9 54.8 107.4 7.3 1.8 200.3

ST. DEV. 0.8 17.2 5.7 16.1 0.99 0.3 29.2

N 18 15 25 14 29 26 10

VAR. 0.7 295.8 32.4 259.5 0.98 0.1 853.1

dp4: RANGE 8-12 98-145 39-61 50-103 5.7-12 1-2 101.7-188.1

MEAN 10.1 123.6 46.9 73.9 9.0 1.5 147.2

ST. DEV. 1.02 12.9 6.4 15.3 1.4 0.3 28.6

N 17 14 24 11 27 23 7

VAR 1.1 167.6 41.8 236.1 2.0 0.1 820.7

dp3: RANGE 5-8 53-8. 26-42.1 31-46.6 9.2-13.5 0.8-1.6 105.7-126.1

MEAN 6.8 67.2 32 39.2 11.0 1.2 115.9

ST. DEV. 0.8 8.2 4.0 5.2 1.2 0.2 6.9

N 26 12 22 9 27 27 7

VAR 0.7 66.7 16.3 27.3 1.4 0.03 47.2

dp2: RANGE 2-3 14.4-20.9 11.6-15.2 - 14.7-34 1-1.3 -

MEAN 2.8 17.6 12.9 - 21.2 1.1 -

ST. DEV. 0.44 2.9 1.4 - - 0.1 -

N 5 4 5 - 1 5 -

VAR. 0.2 8.4 1.8 - - 0.02 -
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Table 4.3. Univariate statistics for plate count, length (mm) and width (mm) of upper 

molars P. antiquus. p <0.001 = ***, p <0.01 = **,p <0.05 = *,p >0.05 = n.s. (not 

significant).

Parameter dp2:dp3 dp3:dp4 dp4:Ml M1:M2 M2:M3

t-value -8.4 -6.7 -3.5 -5.1 -16.3

Plate count p-value <0.001 <0.01 <0.01 <0.01 <0.001

significance *** ** ** ** ***

t-value -24.9 -15.3 -8.0 -8.6 -7.7

Length p-value <0.001 <0.001 <0.001 <0.001 <0.001

significance *** *** *** *** ***

t-value -19.9 -10.4 -6.0 -4.7 -0.4

Width p-value <0.001 <0.001 <0.001 <0.001 0.09

significance *** *** *** *** n.s

Table 4.4. Univariate statistics for plate count, length (mm) and width (mm) of lower 

molars P. antiquus. p <0.001 = ***, p <0.01 = **, p <0.05 = *,p >0.05 = n.s. (not 

significant).

Parameter dp2:dp3 dp3:dp4 dp4:Ml M1:M2 M2:M3

t-value -7.0 -7.7 -1.6 -3.2 -9.4

Plate count p-value <0.001 <0.001 0.115 <0.001 <0.001

significance *** *** n.s *** ***

t-value -10.2 -13.2 -6.2 -6.1 -8.1

Length p-value <0.001 <0.001 <0.001 <0.001 <0.001

significance *** *** *** *** ***

t-value -7.5 -6.8 -7.2 -3.47 -4.62

Width p-value <0.001 <0.001 <0.001 <0.001 <0.001

significance *** *** *** *** ***
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Figure 4.11. Box plot o f plate count o f P. antiquus upper teeth.
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Figure 4.12. Box plot o f length (mm) o f P. antiquus upper teeth. Key as in Figure 4.11
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Figure 4.13, Box plot of width (mm) of P. antiquus upper teeth. Key as in Figure 4.11
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Figure 4.14. Box plot o f plate count o f P. antiquus lower teeth. Key as in Figure 4.11
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Figure 4.15. Box plot o f length (mm) o f P. antiquus lower teeth. Key as in Figure 4.11
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Figure 4.16. Box plot o f width (mm) of P. antiquus lower teeth. Key as in Figure 4.11
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Since this analysis had not proved useful in classifying all teeth on every parameter 

more complex analysis was attempted. Laws (1966) showed that teeth could be 

separated into categories on length-width dimensions. Therefore, when all data 

collection was complete all complete teeth of Palaeoloxodon antiquus (57 uppers and 

59 lowers) were analysed and plots of length - width produced.

These plots gave six clusters for both upper and lower teeth corresponding to dp2, dp3, 

dp4. Ml, M2 and M3 (Figures 4.17 and 4.18). However, there was some overlap 

between the clusters of dp4 and Ml, Ml and M2, and M2 and M3 in both upper and 

lower teeth. Therefore further analysis was attempted.

Roth and Shoshani (1988) have shown that, using the teeth of the Asian elephant, E. 

maximus, elephant teeth can be successfully categorised using length, width and plate 

number. In order to determine if this was the case for P. antiquus all complete teeth 

(those with a complete plate count and total length, n = 86 for uppers and 79 for lowers) 

were analysed by K-means clustering (see section 4.10). In this analysis, the three 

variables, length, width and plate number can be thought to be co-ordinate axes, with 

each point occupying a point within a three dimensional space. The analysis partitions 

each tooth into one of a specified number of clusters on the basis of Euclidean distance 

between the data points and the centres of the clusters. The program was run with 6 

clusters specified for upper and lower teeth. In both cases a significant result was 

obtained (Wilks’ lambda is 0.012 for uppers and 0.04 lowers). This means that there are 

significant differences between the mean plate number, length and width of each of the 

clusters. The cluster analysis sorted the upper teeth into dp2 (n = 7), dp3 (n = 12), dp4 

(n = 10), Ml (n = 12), M2 (n = 18) and M3 (n = 27) and was in complete agreement 

with the categorisations made during initial data collection (i.e. by eye). Similar results 

were found for lower teeth. 3D plots based on tooth length, width and plate count were 

produced for a sample of complete upper and lower teeth examined in this analysis 

(Figures 4.19a and 4.19b).
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Figure 4.17. Plot o f length (mm) - width (mm) o f complete upper teeth o f P. antiquus. 

Ovals drawn by eye. Key: Open circles^ dp2, crosses= dp3, diamonds= dp4, triangles 

M l, closed circles = M2, squares = M3.
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Figure 4.18. Plot of length (mm) - width (mm) of complete lower teeth o f P. antiquus. 

Icons as in Figure 4.17.
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Figure 4.19a. Three-dimensional plot of plate count, length and width of P. antiquus 

upper teeth. Key; open circles = dp2, crosses = dp3, diamonds = dp4, triangles = Ml, 

closed circles = M2, squares = M3.
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Figure 4.19b. Three-dimensional plot of plate count, length and width of P. antiquus 

lower teeth. Key as in Figure 4.19a.
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Having carried out these analyses, incomplete teeth or those of unknown dental number 

could be categorised based on estimated plate count, width and length. In the present 

study 713 P. antiquus teeth were examined and categorised into tooth position. 

Problems of identification of incomplete teeth to their position in the dental series were 

only encountered in dp4, Ml and M2. In these cases height was used as an additional 

indicator of tooth category because, as Figure 4.20 shows, there is a marked increase in 

height between dp4 and Ml and a fairly prominent increase in height between Ml and 

M2 in upper teeth (a similar pattern is observed in lowers).
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Figure 4.20. Width (mm)-height (mm) plot of P. antiquus upper teeth. Ovals drawn by 

hand. Key: open circles = dp2, crosses = dp3, diamonds = dp4, triangles = Ml, closed 

circles = M2, squares = M3.

Summary

Analysis of the molar teeth of P. antiquus by eye allowed the teeth to be separated into 

six groups corresponding to dp2-M3. Data analysis has shown that many tooth elements 

can be separated on plate count, length and width, particularly when these parameters 

are examined collectively. Tooth height is also useful for separating teeth. Typical 

examples of dp2 -  M3 upper and lower teeth of P. antiquus are shown in Figures 4.21a 

and b.
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Figure 4,21a. Photographs of typical complete dp2-M3 upper teeth of P. antiquus. a: 

M3, b: M2, c: Ml, d; dp4, e: dp3, f: dp2. Note tapering at back of M3. All 

approximately the same scale, scale units = 1cm.
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Figure 4.21b. Photographs of typical complete dp2-M3 lower teeth o f P. antiquus. Note 

curved plates in M3. Key as in Figure 4.21a.

4.5. Analysis of standard zones in Palaeoloxodon antiquus teeth

4.5.1. Crown height and width

Since most o f the teeth examined in this study were incomplete, either due to wear or 

because of breakage during the fossilisation process, it was necessary to have a method 

o f accurately estimating complete tooth length, width, height and plate count in order to 

have statistically useful sample sizes. The method used was pioneered by Sher and 

Garutt ( 1987) who showed that in the M3 tooth of species o f the Mammuthus genus, 

maximum height and width remain constant for a number of plates and that the anterior
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root structure is fairly stable allowing accurate reconstruction of plate count and tooth 

length.

To analyse whether a standard width zone is manifest in P. untiquus width, 

measurements were made on every plate of 14 complete upper M3 teeth. The results of 

this analysis are shown in Figure 4.22 and Figure 4.23. It can be seen that in P. antiquus 

the standard zone develops between plates 5 and 13. This is important since it allows 

maximum widdis to be derived from fragnentary teeth as long as the presence of a few 

plates in the region of plates 5-13 can be ascertained.

A similar investigation was carried out to establish the standard height zone in M3 teeth. 

However, unlike the standard width measurement, no standard height zone was manifest 

in the 17 teeth examined {Figure 4.24). Sher and Garutt {1987) note that in mammoth 

teeth with fewer than 15 plates the standard height zone is not manifest and in teeth with 

17-19 (i.e. a similar number to P. antiquus teeth) the zone is very short, usually only one 

or two plates. It seems that in P. antiquus the teeth have too few plates for the zone to be 

established so that the plates start to decrease immediately after die tallest plate which is 

between plate 10 and 16 (Figures 4.24 and 4.25). It is interesting to note that in P. 

antiquus the maximum plate height is situated toward the posterior of the tooth while in 

all mammoth species it tends to be in the first IhirdÆalf of tiie tooth (Sher and Garutt 

1987).

4.5.2. Standard root structure

Sher and Garutt (1987) also noted that the root structure of mammoth species was 

surprisingly stable. They showed that most anterior root support three plates and a talon 

(if present) and the root behind this holds two to three plates. Thus, if the anterior roots 

are still present in a fragmentary tooth it is possible to determine the original complete 

plate count with some confidence. Examination of the root structure of upper and lower 

teeth in P. antiquus showed that there tends to be an anterior single root (first root) 

which is inclined to the buccM side followed by a small valley and then the second root 

which is paired.
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Figure 4.22. Variation in plate width along the crown o f 14 P. antiquus upper M3 teeth.
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Figure 4.23. Frequency graph o f  plate number where maximum width of P. antiquus 

upper M3 teeth occurs (n = 104).
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Figure 4.24. Variation in plate height (mm) along the crown of 14 P. antiquus upper M3 

teeth.
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Figure 4.25. Frequency graph of plate number where maximum height of P. antiquus 

upper M3 teeth occurs (n = 69).
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In 96% of upper M3 teeth the first root holds two plates and any talons (n = 68) and in 

96% of cases the second root holds two plates (n = 72). This stable root structure 

allowed accurate reconstruction of complete plate count to be established on 

fragmentary teeth.

4.6. Age classification of teeth

Since elephant teeth progress along the jaw throughout the life of the animal they are 

useful in age estimation. The most comprehensive study on ageing elephants fi*om 

dental remains was carried out by Laws (1966) on culled Afiican elephants {Loxodonta 

africana) in the Queen’s National Park, Uganda. He classified 30 age categories (1 - 

XXX) based on the teeth present in the mandible and upon their state of wear. Using 

animals of known ages, mainly fi-om zoos and circuses, he then correlated state of dental 

wear to age. Laws’ work is summarised in Table 4.5.

As Haynes (1991) points out, relating Laws’ age categories to fossil elephants is 

problematic because it is difficult to estimate the life span of those extinct species which 

had a greater body size compared to L  africana . To overcome this problem he terms 

Laws’ dental years as ‘Afiican Elephant Years’ (AEY) which he then relates to 

estimated ages for extinct species.

The problem of age determination is further complicated because subsequent work has 

shown that, for some teeth, the Laws’ age categorisation gives incorrect results. Both 

Jachmann (1988) and Craig (in Haynes 1991) have shown that Laws’ method 

sometimes diverges fi-om predicted ages of animals of a known age. They have shown 

that, sometimes, entire age categories may be missing or the age distribution skewed.

Craig (in Haynes 1991) modified Laws’ method by examining a much larger sample and 

by comparing this in greater detail to elephants of known age (i.e. those in zoos and 

circuses). His method tallies with Laws’ for many states of tooth wear, particularly at 

the younger and older ends of the age range, but differs considerably in the middle of the 

age range (Table 4.5).
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Table 4.5. Summary of Laws’ (1966) age categorisation of teeth of African elephant and correlation with Palaeoloxodon^

Teeth present in 

mandible

State of yvear of teeth Law’s age 

category

Law’s age 

estimate (yrs)

Craig’s age 

estimate (yrs)

Palaeoloxodon age 

estimate (yrs)

dp2 and dp3 unworn I 0 -0.3 0.3

dp3 and dp4 dp3 very worn, dp4 unworn VI 4 -4.3 6

dp4 and Ml dp4 and Ml both moderately worn IX 10 -8.0 12

Ml and M2 Ml heavily worn, M2 unworn XI 15 -10-14 16^20

Ml and M2 Ml very worn, M2 light wear XIII 20 -15.5 24

M2 and M3 M2 moderately worn, M3 unworn XVIII 30 -24-27 34-38

M3 M2 very worn, M3 moderately worn XXIII 43 -39-42 54-57

M3 Heavily worn XXVII 53 -52-53 68-70

M3 Almost completely worn XXX 60 -60 90
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As discussed in Chapter 3, the large species of Palaeoloxodon probably had a longer life 

span than modem African elephants and may have lived for up to 90 years. Relating the 

age categories of Craig (in Haynes 1991) to Palaeoloxodon is thus problematic. Since it 

probably had a longer life span, it can be assumed that each Palaeoloxodon tooth took 

longer to be worn down and progress through the jaw. Taking 90 years as the average 

life span of P. antiquus and 60 years as the average life span of L. africana a prediction 

can be made of the age of P. antiquus corresponding to Craig’s age categories. If it is 

assumed that P. antiquus would reach Law’s age category XXX (60 years on Craig’s 

scale) at 90 then a simple correlation can be made between the earlier age categories. 

This is shown in Table 4.5.

The results from Craig, thus modified, are used in the present study to make age 

estimates of Palaeoloxodon remains. Age estimation is essential when assessing age 

profiles at kill sites, see Chapter 3 and for ageing skeletons, see Chapter 6.

4é7. Measurement of molar teeth

In the present study much work has concentrated on the measurement of teeth and it is 

therefore essential to have a set of measurements which have the following attributes:

• they provide information on evolutionary features and perhaps palaeoenvironmental 

conditions

• they can be taken accurately and with small errors in measurement

• they are easily repeatable by the author and other workers.

Various methodologies have been proposed by other workers to determine the 

morphological variation of teeth. Adams (1881) provides data based on length, width, 

height and plate count although he does not provide any information on how these 

measurements were taken. Osborn 1942 also records these features but without any 

methodology provided. In addition, he also records details on enamel morphology with 

reference to enamel folding and thickness.

It was not until 1973, with the publication by Maglio’s work on the evolution of the 

Elephantidae, that a standard set of measurements was developed. Maglio proposed
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measurements of plate count, length, width, height and lamellar frequency, as well as a 

measure of hypsodonty (a relative height to width measure). These measurements were 

clearly described in his 1973 publication and became the standard.

Aguirre who favoured the use of functional, as opposed to maximum dimensions, had 

previously published a different methodology in 1968. Aguirre focused on the size and 

shape of the tooth’s occlusal surface. In the present study a pilot study was conducted to 

ascertain if taking measurements in this way was useful. It was concluded that it is a poor 

methodology to employ when trying to describe and observe morphological variation 

since it is affected by occlusal wear.

Beden (1979) followed Maglio’s methodology closely but introduced a novel method for 

examining the morphology of enamel. He devised a method where the amplitude of 

folding was scored as a function of its thickness. During the present study a pilot study 

was carried out to determine if this method was useful - the method was found too 

complex and difficult to use and was thus disregarded.

Methodology to determine dental morphological variation used in this study

Initially a pilot study was conducted by measuring 50 teeth at the NHM in order to:

1. ascertain a standard methodology to be used throughout the study

2. assess problems that may be encountered during the study through anomalous teeth 

and the problems caused by previous methodologies.

The following list describes the exact methods used in the study. It is hoped that other 

elephant workers can use this methodology and so extra detail is given to make it as 

clear as possible (something not always true in previous publications).
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Measurements were made using the following instruments:

• 500 mm adjustable callipers reading to an accuracy of 1mm

• 150 mm electronic callipers reading to an accuracy of 0.1 mm

• soft measuring tape reading to an accuracy of 1 mm.

Errors in measurement

In a study of morphological variation it is important to carry out measurements that are 

reliable and repeatable within a small error range. In order to test the measurement error 

for dental, postcranial and cranial measurements tests were carried out on material at the 

Natural History Museum.

Here each measurement was taken and then repeated on two more occasions (each 

measurement repeat was taken at least 7 days apart to avoid error by remembering the 

original value obtained).

The measurements were then analysed using White’s Error in Measurement Formula 

(White 1991), described below:

• take measurement three times (ai, a2 , as) and find mean (x)

• calculate deviation (+ and -) fi*om this mean (y%)

• find sum of y and divide by number of observations (z)

• calculate percentage that z differs from x to give error measurement.

In the present study all errors in measurement were found to be within the range 0.1 - 

5% which, in accordance with White (1991), is within acceptable limits.

In the following section each dental measurement is discussed with regard to 

significance, previous methods and the methodology used in this study.
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Tooth length and width

This ‘suite’ of measurements provides information on size (although, as Roth 1982, 

points out, teeth are a poor indicator of body size) and, in combination, shape.

Length has been one of the most common measurements to be made on elephant molars, 

although there have been various methods proposed. Aguirre (1968) measured the 

length parallel to the occlusal surface (the so-called functional length, Q). Measurement 

made in this way has the major problem that it is dependent upon the state of wear of the 

tooth, which will alter the length continually as the tooth progresses through the jaw. 

Also, it poses the problem of how to take the measurement when the tooth is unworn - 

something that Aguirre does not allude too. A similar method was employed by Sikes 

(1971) which has the same problems.

Maglio (1973) discusses taking measurements parallel to the crown base, where the root 

forms, but this measurement presents problems when the crown base is not regular. In 

almost all the teeth examined in this study the crown base was irregular and tended to 

rise after the 2"*̂  or 3*̂** plate. In lowers this irregularity is particularly pronounced, 

especially in M3s which tend to have a curved crown base.

Therefore in the present study tooth length was taken perpendicular to the average plate 

direction (Figure 4.26) as described by Maglio (1973), with the long axis of the calliper 

parallel to the longitudinal axis of the tooth. This meant ignoring the plates at the front 

and back of the tooth, which tend to be squashed and malaligned. An elephant tooth can 

be visualised as a modified cuboid and so measurements should be based around this 

structure. Length measurements were taken at the mid point of the anterior and posterior 

plates on these teeth because that equates to the centre of the imaginary cuboid that the 

tooth represents. Measurements above the mid point underestimate the length, those 

below overestimate. An estimation of original length was made on fragmented teeth 

where possible, possible only on teeth which had lost fewer than two plates.

Aguirre (1968) measured the width parallel to the occlusion surface. As with length, this 

poses problems since the measurement will vary according to the state of wear of the 

tooth. In the present study the methodology of Maglio (1973) is followed where the
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width is taken on the widest plate perpendicular to the longitudinal axis of the tooth, 

with calliper jaws parallel to the plates, ignoring the occlusal surface (Figure 4.26). Care 

was taken to ensure that the measurement was taken on the corresponding plate on both 

the lingual and buccal side. This is particularly important in teeth which curve or have 

twisted plates. The plate number where the width was taken was noted as was the 

presence of cement. If the maximum measurable width did not represent the true 

maximum width, an estimate was made if possible. However, elephant teeth tend to 

have their widest point approximately two thirds the way down the crown and so only a 

very worn tooth will not manifest its true width.

b.

c,

d. e.

Figure 4.26. Dental measurements taken in the present study, a: length (upper), b: length 

(lower), c: width, d: height (uppers), e: height (lower). See text for explanation.
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Crown height

Height is an important indicator of diet. Grass, with its high silica content, is very 

abrasive and wears teeth down quickly. There is trend in elephantid lineages for crown 

height to increase with a shift from browse to grass. This is exemplified in the 

Mammuthus lineage. Lister (1996).

Maglio (1973) describes the methodology for height measurement, and this is followed 

in the present study. Height was measured from the crown apex to the crown base where 

the root starts, with the long axis of the calliper parallel to the plate (Figure 4.26). The 

number of the plate was recorded. There may sometimes be difficulty in determining 

where the crown finishes and the root starts in certain teeth, such as those that are very 

rolled. In the present study the crown was considered to have finished when the bulge of 

the plate had diminished completely and the cement ended, normally a small distance 

above where the root started. Where true maximum height was not preserved an 

estimate was, if possible, made. This was only possible on slightly worn plates where an 

indication of the original crown apex could be observed.

Hypsodonty index, HI

Tooth height measures the crown height but can be affected by the size of the tooth and 

does not indicate the relative height of the crown. As Maglio (1973) explains, as enamel 

thickness is reduced, the relative height of the tooth must increase in order to maintain 

the life of the tooth. If this increase did not happen then the tooth would wear down too 

quickly, resulting in the animal dying prematurely. Therefore a measure of hypsodonty 

that takes size into account was developed (see Maglio 1973). The hypsodonty index is 

calculated as follows:

— XIOOw
where H = unworn crown height and W = crown width

By dividing by tooth width, the effect of size is removed and thus relative changes in 

height can be examined and useful comparisons between teeth can be made.
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Enamel Thickness, ET

The enamel thickness is an important evolutionary grade measurement with a reduction 

in thickness through elephantid lineages. The major source of error in taking this 

measurement results from taking it parallel to the occlusal surface, while it should be 

taken parallel to plate direction. In this study enamel was measured at 10 separate points 

on the occlusal surface, parallel to plate direction (mean value used in analysis) (Figure 

4.27).

b.

d.

Figure 4.27. Dental measurements taken in the present study, a: enamel thickness 

(upper), b: enamel thickness (lower), c: lamellar frequency (upper), d: lamellar 

frequency (lower). See text for explanation.

Areas of excessive or very light wear were avoided since the enamel is often very thin 

and thick respectively in these areas. The maximum and minimum ET were also 

recorded, again from a representative area on the occlusal surface. The other major 

difficulty when taking this measurement is avoiding crumpled and folded enamel as this
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gives imrealistically high values. Sometimes this is difficult to do, especially when the 

enamel undulates considerably and is heavily crumpled. In the present study areas of 

heavy folding and crumpling were avoided.

Plate count

This is probably the most important feature that can be measured on elephant teeth. 

Maglio (1973) has shown that there is a trend for plate count to increase through the 

lineage of many elephantid taxa; the best example being in the Mammuthus lineage 

where an increase in mean plate count in the upper M3, from 12 in M meridionalis to 

23 in M. primigenius, is observed.

Plate count also provides information on adaptive response. In the Mammuthus lineage 

the increase in plate count is associated with a shift in diet fi’om one that is browse- 

dominated to one dominated by graze. By examining how plate count varies in P. 

antiquus it may be possible to track shifts in vegetation and response to environment.

Plate count is vital to understanding the shearing efficiency of the teeth for food 

processing. Plate count, length, width, height and enamel thickness are all important 

parameters when considering how well a tooth can shear food and cope with available 

vegetation. For example, increased graze in the diet would demand an increase in 

hypsodonty and also increased plate count, thus increasing the area of enamel. However, 

increased plate count may push the plates so close together that there is insufficient 

space between them to shear the food effectively. Therefore a balance must be reached 

between plate count, length and enamel thickness. In much of the present study these 

parameters are examined m detail to determine how P. antiquus was adapting to its 

environment.

Conventionally the plate count is written in Arabic numbers and the presence of 

diminutive, non-functional plates (talons) at the anterior or posterior part of the tooth 

indicated by an X. Talons are identified as small plates with no independent root, are 

fused onto other normal plates, and in some cases have a smaller talon attached (a 

supernumerary talon). In the present study presence of supernumerary talons is
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designated by a superscript This nomenclature has been used by Van Essen and 

Lister (pers. comm.) but, as yet, is unpublished.

Cooke (1947) introduced a terminology whereby a + should be placed before the plate 

number to indicate that plates are missing, either through wear or breakage. To 

differentiate between loss of plates at the front through wear and through breakage, 

others (Beden 1979; Lister, pers. com.) use - to indicate loss of plates at the front or 

back through breakage and the infinity symbol (oo), to indicate that plates are missing 

through wear. In this study of the methodology of Beden and Lister is followed.

Where an estimate of the number of plates missing, either through wear or breakage, can 

be made, it was inserted above the - sign or the oo sign. Where a plate or ‘ Y’ plate is 

present this is inserted in sequence in the plate formula, followed by the remaining 

number of complete true plates as proposed by Van Essen and Lister (pers. comm.).

Examples:

12 tooth with twelve plates.

X12x tooth with twelve plates and an anterior and posterior talon.

^12x* tooth with twelve plates, an anterior and posterior talon and an anterior

and posterior supernumerary talon.

ool Ix tooth which has lost plates through wear leaving 11 plates and a

posterior talon.

- llx  tooth which has lost plates through breakage leaving 11 plates and a

posterior talon

j) llx  tooth which has lost plates through wear at the front and has a posterior

talon. In this case an estimated 1 plate has been lost from the anterior 

end.

x6.V2.4x tooth with an anterior talon, 6 normally formed plates, a half plate

behind the sixth true plate, followed by 4 true plates and a posterior

talon. In total this tooth would have 10 true plates and 1 half plate.
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Lamellar frequency

This is an index that describes the number of tooth plates in a given crown length. It is 

useful because, at a constant tooth size, it is proportional to plate count, and can be 

made on a greater number of teeth than plate count because it can be done on fragments. 

This feature provides information on the evolutionary grade of a species and gives an 

indication of feeding behaviour. As noted above, an increase in plate count, and thus 

lamellar frequency, can be correlated with a shift from browse to graze in the diet.

The lamellar frequency, first developed by Pavlova (1910), measures packing of the 

plates, and consequently, the spacing between them, by measuring the number of 

complete cement-plate intervals in 100 mm of crown. The higher the lamellar frequency, 

the smaller space between the plates or the thinner the plates and, thus, the closer the 

packing.

However, by itself, the lamellar frequency can be misleading since changes in tooth size 

also affect lamellar frequency (Lister and Joysey 1992). For example, as shown in 

Figure 4.28, if a tooth has 6 plates in 100 mm then the LF is 6. But in a tooth which also 

had 6 plates but a length of only 50 mm the LF is doubled, i.e. 12. Viewed alone, this 

increase in LF might suggest the addition of more plates and thus evolutionary 

advancement/shift in diet in the second tooth, but is in fact the product of a decrease in 

length. What is of interest in the present study is actual changes in plate count.

This problem can be overcome by plotting LF against tooth length which allows 

dependence of LF on length to be observed. Displacement of LF at a constant length 

implies genuine plate count difference while changes in LF along the LF/length line 

does not (the line is the expected LF/length reciprocal relationship). However, complete 

tooth length is often not preserved in elephant molars due to wear or breakage.

Therefore an alternative index of tooth size as a substitute for tooth length is needed and 

in this case, width can be used. A plot of width-length of upper M3 teeth reveals that the 

two measures do not scale quite isometically (Figure 4.29). The exponent of the 

regression line is L a W , significantly differently from L a  W (isometry). This 

means that as width becomes reduced length becomes relatively more reduced.

However, LF has to be plotted against width since sample size for complete crown
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length is too small. This observation is in agreement with Lister and Joysey (1992) who 

found a similar pattern in M. primigenius.

mcrease m LF ttu ough leiigth reduction, no plate 
nmnbei mcrease

LF

LF 12 0^
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mamtanaiice o f LF tlirough plate nunibei 
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Figure 4 .28. The effect that size and plate count changes have on lamellar frequency. A reduction o f  50%  

in tooth length with no change in plate count results in a doubling o f  the lamellar frequency.
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Figure 4.29. Plot o f  tooth width (mm)-length (mm) o f  upper M3 teeth o f  P. antiquus. Linear regression 

line fitted to sample (red line). Black line shows line o f  isometry. See text for explanation.
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This approach is acceptable provided all samples are treated in a similar way. In the 

present study most bivariate plots of LF are made against width so that error is 

minhnised. However, in some cases length is used and the results analysed accordingly. 

In Chapter 5 plots of this type are generated to examine the evolutionary changes 

observed in the molars of P. antiquus through the Pleistocene.

Other methods have also been used to measure plate packing:

• Length-Plate Quotient (LLQ): pioneered by Wüst (1901), this is determined by 

dividing the length of the tooth by the total number of plates, thus, giving an average 

width of one plate and cement unit. This method has a drawback: if the tooth is 

complete the amount of cement measured will be one unit too many since cement 

covers both the back and the front. As noted by Morrison-Scott (1947), Wüst alludes 

to having taken this into account when making the measurement but it is not clear 

how this was done. It also involves counting talons as true plates, something which is 

not justified since, being diminutive, talons do not have the same fimctional life or 

effect on shearing as true plates nor are they the same size. This measure is the 

inverse of LF

• Plate Index: formulated by Hopwood (1935) this is calculated in a similar way to LF 

but also includes talons. The total length and number of plates is counted (with talons 

counted as half a plate) and then calculated to the number of plates in 10 cm. The 

problem again is that talons are used with a rather arbitrary designation

• Laminar Index: Morrison-Scott (1947) developed this method for examining the teeth 

of L. africana. It is a variation on the LLQ method of Wüst but does not include all 

plates, only those that are in full wear (all annuli fused) and not talons. This method 

is restrictive because it only measures in one place, on the occlusal surface.

Maglio (1973) describes the methodology for taking the LF and this is followed in the 

present study. Avoiding the anterior and posterior few plates, a central region of the 

tooth is chosen, the number of plates counted, and the length of the row of plates and 

cement measured. Since teeth twist and are not completely cuboid the LF is measured at 

the crown base and crown apex on both the lingual and buccal sides - the result is then 

averaged by dividing by 4 (Figure 4.27). Taking an average LF avoids the problems of
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divergent plates at the crown base and convergent plates (particularly in lower molars) 

at the crown apex which would give unrealistically low and high readings respectively.

Measurements are taken parallel to the average plate direction. In order to decrease the 

error in measurement o f LF even further, during this study the 4 separate measurements 

were taken on different regions along the crown if  possible. LF was not recorded on a 

tooth fragment with fewer than 4 plates.

Plate profile

Plate orientation was recorded on all teeth. When viewed laterally the plates o f a tooth 

form set patterns; in this study three were identified (labelled I, II, III). These patterns 

are shown in Figure 4.30.

a. b. c.

d e. f.

Figure 4.30. Diagrammatic representation o f six plate profiles recorded in the present 

study. Top uppers, bottom lowers. Key: a = type I, plates inclined vertically, b = type II, 

plates forward, c = type III, plates inclined backwards, d = type I, plates inclined 

forwards, e = type II, plates sinuous, f  = type III, plates inclined backwards.
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Measurements on the occlusal surface

Unique to the present study is an examination of how the shape of the tooth plates on 

the occlusal surface changes as the plate wears down. Todd (1997) paid some attention 

to measurements of plate shape but does not take the state of tooth wear into account in 

her analysis, which is problematic.

Initially, a pilot study was carried out on 100 teeth at the Natural History Museum, 

London, to determine what plate shapes are commonly seen on the occlusal surface o ff. 

antiquus. Each shape was recorded and 14 basic plate shapes were identified and 

categorised: these are shown in Figure 4.31. Only complete teeth, or teeth where an 

estimate of original complete plate count could be made, were examined in this part of 

the study

These occlusal patterns differ not only between individuals but also down the crown of 

one individual. Therefore, to allow comparison between individuals the plate shape was 

recorded together with the height of the plate. These data can then be used to build up a 

picture of how the plate shape changes througliout the height of the tooth which, as 

discussed in Chapter 5, may have evolutionary or biostratigraphic importance.
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Figure 4.31. Occlusal surface patterns observed in P. antiquus. Diagram shows how 

patterns change as the crown wears down. The patterns have been arranged roughly in 

the sequence that they appear in one individual (1 = apex, 14 = base). Note: not all 

patterns are observed in each tooth and not necessarily in this sequence

4.8. Measurement method of postcranial material

Compared to dental material there is far less identified Palaeoloxodon postcranial

material available. This is because:

• it is difficult to assign postcranial material to species level, unless it is associated 

with cranial or dental remains

• postcranial material is often too fragmentary or has unfused epiphyses and so is not 

collected

• postcranial remains were often not collected and currated because they are large and 

thus take up valuable museum space and, more importantly, are difficult to excavate.
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Initially a pilot study was carried out to determine what postcranial measurements would 

be useful, and how best to take them in order to determine body mass, size change and 

morphological differences between samples from different marine isotope stages 

through the Pleistocene. The pilot study was carried out on two complete African and 

Asian elephant skeletons at the Natural History Museum, London (Mammal Section). 

This allowed a variety of measurement techniques to be tested. For example, the smaller 

carpal and tarsal bones along with the metacarpals/tarsals and phalanges were deemed 

not useful in the present study. This was because the peculiar orientation of articular 

surfaces, and the inability to identify metacarpals/tarsals and phalanges to their position 

in the foot, meant that taking accurate, repeatable measurements was impossible.

Roth (1992) concludes that the only useful bone measures for estimation of body mass 

and size change are the long bones (humerus, ulna, radius, femur, tibia and fibula). This 

is in agreement with studies on ungulates where teeth have been shown to be poor 

indicators of body mass, while limb bones provide accurate estimates (Janis 1990). In 

the present study it was quickly established that there was limited long bone material of 

P. antiquus available in British and German collections and so sample size was 

increased by using previously published data from the literature (this is discussed where 

appropriate in Chapter 6).

In the present study 51 postcranial items were eventually measured and utilised in the 

morphological, body mass and gender determination sections, but a further 201 were 

examined to determine:

• epiphyseal fusion sequence

• species specific morphology

• presence/absence of species.

A list of postcranial measurements taken in the present study is shown in Table 4.6.

Also, to aid clarity. Figures 4.32-41 shows the methodology.
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Table 4.6. Postcranial measurements of P. antiquus taken in the present study, showing figure number 

shown is the original reference and error in measurement.

and number on figures 4.32-41 tp which measurement corresponds. Also

Bone Measurement Code Methodology Fig. No. Reference % Error

Atlas maximum length atl taken parallel to anterior articular surface 4.32 1 Roth 1982 , the present study 1.6

Atlas maximum width atw taken parallel to anterior articular surface 4.32 2 Roth 1982 , the present study 1.4

Axis maximum length axl taken parallel to anterior articular surface 4.33 1 Roth 1982 , the present study 1.2

Axis maximum width axw taken parallel to anterior articular surface 4.33 2 Roth 1982 , the present study 1.4

Humerus maximum length huml taken parallel to shaft 4.34 1 Roth 1982 , the present study 1.1

Humerus proximal width humpw taken perpendicular to shaft 4.34 2 Roth 1982 , the present study 1.7

Humerus distal width humdw taken perpendicular to shaft 4.34 3 Roth 1982 , the present study 1.9

^ u m e ru s minimum shaft circumference humsd taken perpendicular to shaft 4.34 4 Roth 1982 , the present study 1.8

"^Ulna maximum length ulml taken parallel to shaft 4.35 1 Roth 1982 , the present study 1.7

Ulna proximal width ulpw taken perpendicular to shaft 4.35 2 Roth 1982 , the present study 1.6

Ulna distal width uldw taken perpendicular to shaft 4.35 3 Roth 1982 , the present study 1.8

Ulna minimum shaft circumference radsd taken perpendicular to shaft 4.35 4 Roth 1982 , the present study 1.1

Radius maximum length radml taken parallel to shaft 4.36 1 Roth 1982 , the present study 1.7

Radius proximal width radpw taken perpendicular to shaft 4.36 2 Roth 1982 , the present study 1.8

Radius distal width raddw taken perpendicular to shaft 4.36 3 Roth 1982 , the present study 1.3

Radius minimum shaft circumference radsd taken perpendicular to shaft 4.36 4 Roth 1982 , the present study 1.2

Femur maximum length femml taken parallel to shaft 4.37 1 Roth 1982 , the present study 1.2

Femur proximal width fempw taken perpendicular to shaft 4.37 2 Roth 1982 , the present study 1.4



Table 4.6 continued.

Bone Measurement Code Methodology Fig. No. Reference % Error

Femur distal width femdw taken perpendicular to shaft 4.37 3 Roth (1982), the present study 1.9

Femur minimum shaft circumference femsd taken perpendicular to shaft 4.37 4 Roth (1982), the present study 1.0

Tibia maximum length tibml taken parallel to shaft 4.38 1 Roth (1982), the present study 2.0

Tibia proximal width tibpw taken perpendicular to shaft 4.38 2 Roth (1982), the present study 1.9

Tibia distal width tibdw taken perpendicular to shaft 4.38 3 Roth (1982), the present study 1.6

Tibia minimum shaft circumference tibsd taken perpendicular to shaft 4.38 4 Roth (1982), the present study 1.7

Cuneiform maximum height cuneh taken parallel to dorsal articular surface 4.39 1 KroU (1991), the present study 2.4

Cuneiform maximum width cunew taken parallel to fi'ontal surface 4.39 2 Kroll (1991), the present study 2.6

Astragalus maximum height astl taken parallel to dorsal articular surface 4.40 1 KroU (1991), the present study 1.6

Astragalus maximum width astw taken parallel to fi*ontal surface 4.40 2 KroU (1991), the present study 2.1

Calcaneum maximum height call taken parallel to anterior articular surface 4.41 1 KroU (1991), the present study 2.4

Calçaneum maximum width calw taken perpendicular to anterior articular surface 4.41 2 KroU (1991), the present study 2.5



Figure 4.32. Measurements taken on atlas. See Table 4.6 for explanation.

Figure 4.33. Measurements taken on axis. See Table 4.6 for explanation.

V

Figure 4.34. Measurements taken on humerus. See Table 4.6 for explanation.
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Figure 4.35. Measurements taken on ulna. See Table 4.6 for explanation.

Figure 4.36. Measurements taken on radius. See Table 4.6 for explanation.
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Figure 4.37. Measurements taken on femur. See Table 4.6 for explanation.

Figure 4.38. Measurements taken on tibia. See Table 4.6 for explanation.
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Figure 4.39. Measurements taken on cuneiform. See Table 4.6 for explanation.

Figure 4.40. Measurements taken on astragalus. See Table 4.6 for explanation.

Figure 4.41. Measurements taken on calcaneum. See Table 4.6 for explanation.
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4.9. Measurement method of cranial material

As with postcranial material, the amount of P. antiquus cranial material available to 

study is small, because elephant skulls, due to their pneumatised structure, are very 

fragile and are not well preserved (Lister et al 1990). In the present study four 

unpublished P. antiquus crania were examined (see Chapter 6) and compared with the 

published data of four other skulls.

A comprehensive measurement protocol of over 40 measurements of elephant skulls 

was developed by Beden (1979) which he used to describe morphological changes in the 

Elephas and Loxodonta lineages. In the present study the measurements of Beden were 

followed; however, far fewer measurements were able to be taken on the skulls 

encountered due to their poor state of preservation. The measurements used are listed in 

Table 4.7 along with their number in Figure 4.42.

Table 4.7. Cranial measurements taken in the present study showing number of each 

measurement in Figure 4.42 and error in measurement.

Measurement Number % Error

Maximum length along sagittal axis taken perpendicular to nares 1 5.4

Maximum width across cranial vault taken parallel to nares 2 4.3

Width of occiptal condyles 3 4.7

Length from anteroventral border of pseudo external auditory 

meatus to most ventral edge of orbit

4 4.6

Maximum zygomatic width 5 5.2

Depth of tusk aveolus taken at distal extremity 6 3.5

Maximum width of premaxillaries taken at distal extremity 7 3.8

Width of tusk alveolus taken at distal extremity 8 4.0
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Figure 4.42. Cranial measurements taken on Palaeoloxodon skulls in the present study. 

Key as in Table 4.7.

4.10 Data analysis

In the present study data were entered into Microsoft Access, Version 7. Analysis and 

graphics were produced using Microsoft Excel, Version 7 and Statistica, Version 5.

This study is concerned with analysing morphological differences among populations of 

P. antiquus and between P. antiquus and P. cypriotes (dwarf species). In order to 

achieve this the main tests used were:

1. Student’s t-test (abbreviated to t-test)

2. ANOVA and ANCOVA

3. K-Means Cluster analysis.

Ideally, Principal Component Analysis would have been carried out to assess character 

correlations and summarise morphological distances among samples. However, as in 

many palaeontological studies, lack of complete data for each specimen meant that this 

was not practical.

Below is a description of the statistical tests used, notes on their methodology and 

rationale for inclusion:
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1. Student’s t-test

This test is used to evaluate the differences in univariate means between two groups. 

This test was used for large sections of the study because much of the analysis focused 

on metric differences in morphology between samples.

Initially normality tests were run on the data. A Kolmogorov-Smimov D test was run 

that analyses data distribution and compares it to the expected normal distribution. In all 

cases the data were found to have a non-significant D statistic and were therefore 

normally distributed.

The t-test examines the differences in samples means, taking into account sample sizes 

and standard deviations. Two-tailed tests were used throughout, and significance levels 

recorded at the 0.05, 0.01 and 0.001 levels.

2. ANOVA and ANCOVA

The ANOVA (Analysis of Variance) test compares variances within and between 

samples, and allows the means of many samples to be analysed together. Used in this 

way, the tests works like a multiple t-test and tests for significant differences between 

means.

This method was useful in the present study because it allowed comparison between 

populations from different stages of the Pleistocene at once. Initially an F value is 

computed that indicates any significant variance between the samples tested. To 

determine where these differences are a post-hoc test is run.

The ANCOVA (analysis of covariance) is similar to the ANOVA test but analyses how 

the mean of the y-variable differs between two or more samples, controlling for their 

difference in the independent variable x, known as the covariate. In the present study 

this method was used to determine how the y-mean of one sample deviated from the 

predicted observation based on the bivariate mean of another sample. The test is made at 

the y-intercept and therefore depends on homogeneity of regression slopes, which is
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therefore tested first. This test was particularly useful in determining scaling 

relationships between normal sized P. antiquus and dwarf Palaeoloxodon species.

3. K-means Clustering

This method is a power test to determine how data clusters. However, unlike many 

clustering tests it allows the user to specify the number of supposed clusters. The 

analysis partitions the data into a specified number of clusters on the basis of Euclidean 

distance between the data points and the centres of the clusters. This method was used in 

determination of teeth within the dental series since it was known that the teeth must 

form six clusters (corresponding to the six molar teeth).

In all statistical analysis significance is shown by the conventional p <0.05*, p <0.01** 

and p <0.001***.

4.11. Summary

This chapter has described the methodologies used to determine dental, postcranial and 

cranial variation of P. antiquus throughout the Pleistocene. This is the first time that 

such a protocol has been produced and synthesised in this way and it is hoped it will 

form a methodology that can be used by other researchers.
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Chapter 5

Morphological variation in dental remains 

of Palaeoloxodon

5.1. The use of teeth in proboscidean palaeontology

Teeth have played an important role in the study of Pleistocene mammal evolution with 

examples such as phylogenetic studies on deer (Lister 1981), the evolution of 

rhinoceroses (Guerin 1980) and the mammoth lineage (Lister and Sher 2001). The 

reasons for the predominance of the use of teeth are:

• teeth are usually abundant as fossils because of their high preservation potential

• collections tend to hold large numbers of teeth. This is mainly because early 

collectors, particularly from the Victorian period, tended to ignore large postcranial 

remains. This was because of the difficulties of excavating and storing them

• tooth morphology is often species specific, allowing taxonomic identification to be 

made from limited or fragmented remains, something usually not possible from 

broken fragments of postcranial material

• teeth show morphological variations that can be used to identify populations which 

can be traced through a species’ evolutionary history

• sexual dimorphism is small for teeth, while in postcrania, it can be great. This 

reduces sample bias and is particularly useful when samples are small and need to be 

pooled

• teeth provide information on feeding adaptation and this can be linked to 

palaeoenvironmental studies.

As with other parts of the skeleton, there are problems associated with using teeth to 

examine evolution. The main ones are:

• elephant teeth show great plasticity during their formation and sometimes through the 

life of the animal (e.g. due to pathology). This is discussed in Chapter 4
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• incomplete, very fragmented and worn teeth can give ‘false’ results and so caution 

needs to be used when examining fragmented specimens

• changes in dimensions and occlusal pattern with wear

• for elephants specifically, the need to separate the six teeth of the row.

5.2. Identification of elephant species from dental remains

The majority of the present study concentrates on dental remains because, as discussed 

above, they are normally well pres erved in the fossil record and are useful in examining 

morphological variation with reference to changing ecology. It is therefore essential that 

species can be identified from dental remains. In the present study it was necessary to be 

able to separate the following:

Palaeoloxodon species 

Mammuthus meridionalis 

Mammuthus trogontherii 

Mammuthus primigenius

Palaeoloxodon coexisted with M. trogontherii and M. primigenius at various times in 

the Pleistocene but has not been recorded in association with M. meridionalis. However, 

in the present study, it has still been necessary to identify M meridionalis remains in 

order to separate them from Palaeoloxodon antiquus Wiile examining remains in 

English collections. Previous work has shown there to be various dental characters that 

can be used to separate these species. The following is drawn from Osborn (1942), 

Maglio (1973) and the present study.

Occlusal surface pattern

As noted by Maglio (1973) elephant teeth tend to have very distinctive occlusal patterns. 

As discussed in Chapter 4, the dental plates of elephant teeth are comprised of cusps that 

become fused together along the width of the plate. The cusps wear down in a very 

distinctive way that has species-specific properties. In the genus Palaeoloxodon in early 

wear the cusps form three, unequally sized rings (the medial and two lateral rings), the
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medial being large (Figure 5.1). As the plate wears down further the difference in size 

between the medial and lateral rings becomes less apparent and finally the rings merge 

to form one, continuous, enamel ring.

Species within the genus Mammuthus do not show this type of occlusal pattern in early 

wear. Instead, the medial and lateral rings are of approximately equal size before 

forming a complete loop as in Palaeoloxodon.

Once formed, the complete enamel ring differs in structure httWQQn Palaeoloxodon and 

Mammuthus. In Palaeoloxodon the ring often has a slightly rhomboid structure with a 

small expansion at the anterior, posterior or both sides of the plate (the medial 

expansion): this is illustrated in Figure 5.1. Where a medial expansion is absent the plate 

tends to have a cigar shape, being thick and slightly rounded at the medial side and 

thinner at the lateral edges (Figure 5.1). In Mammuthus the complete enamel rings tend 

to be much thinner and rectangular in shape (Figure 5.1). Medial expansions are rarely 

observed.

The structure of the enamel is also different between Palaeoloxodon and Mammuthus.

In Palaeoloxodon the enamel tends to be thick (in mean thickness is = 2.7 mm, n = 

82) and often strongly folded. In M. meridionalis the enamel is also thick (3.3 mm, n = 

36, data from Maglio 1973) but also almost completely non-folded. The mean enamel 

thickness in M. trogontherii is 2.2 mm (n = 22), while in M primigenius it is 1.6 mm (n 

= 17 )-data from Maglio (1973).

Plate count differences

Compared to M. primigenius, Palaeoloxodon antiquus has fewer plates in each tooth 

element, this is best seen in the M  ̂where the mean plate count in M. primigenius is 23 

(n = 16) compared to 17 (n = 73) in Palaeoloxodon (data for M primigenius from 

Maglio 1973).
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Figure 5.1. Simplified diagrams of occlusal surface of molars of (a) Mammuthus 

meridionalis, (b) M. trogontherii and (c) Palaeoloxodon antiquus. Notice in P. 

antiquus: narrow crown, large medial ring and small lateral rings in early wear, and 

medial expansions. All teeth drawn to same scale.

There is some overlap in range for this tooth with some Palaeoloxodon antiquus teeth 

having up to 21 plates while some M. primigenius teeth have as few as 20 plates (Lister 

and Sher 2001). However, these are rare and as discussed below, there are other useful 

diagnostic features that can be used to separate these species.
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Where a tooth is incomplete, this increase in plate number is clearly seen in the increase 

in lamellar frequency (plate packing). In M. primigenius M3 the average is 9 (n = 19) 

compared to 6.3 (n = 147) in P. antiquus (mammoth data from Maglio 1973). In M. 

trogontherii plate number and lamellar frequency are much more like those of P. 

antiquus (18 plates and 6.5 lamellar frequency). In M. meridionalis they are very much 

lower than in P. antiquus (12 plate count and 4.2 lamellar frequency).

Teeth narrow for length

This is an important feature of all Palaeoloxodon species and useful for identifying the 

genus. Compared to Mammuthus species the teeth are very narrow, a feature which can 

be picked out by eye but is more precisely defined on Figure 5.2. This shows that there 

is clear separation between M. meridionalis, M. trogontherii and P. antiquus with little 

overlap.

There is, however, considerable overlap between small M. primigenius and P. antiquus, 

but, these species can be differentiated on other characters which are discussed above 

and below.

Plate thickness

This measure is defined as the antero-posterior dimension of a whole plate. The plates 

of Palaeoloxodon tend to be thick, compared to those of Mammuthus primigenius and 

M. trogontherii (M  ̂average is 16.5 mm (n = 95) in P. antiquus, compared to 12.1 mm 

(n = 16) inM  primigenius and 14.2 mm (n = 18) in M  trogontherii). Plate thickness in 

M. meridionalis is greater than observed in P. antiquus (average of 20.4 mm, n = 12). 

This feature can often be picked out by eye, with the plates of P. antiquus having a very 

‘chunky’ appearance while those of Mammuthus tend to be more slender.
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Figure 5.2. Comparison o f length (mm) - width (mm) ranges o f upper M3 teeth between 

Palaeoloxodon antiquus (black circles), Mammuthus meridionalis (red circles), M  

trogontherii (green circles) and M. primigenius (blue circles). 95% confidence bands 

same colour as points. Notice little overlap in ranges between M. meridionalis and M  

trogontherii with P. antiquus. Although there is considerable overlap between P. 

antiquus and small M. primigenius these can easily be differentiated on other dental 

characters; see text for more explanation. Data for Mammuthus sp. from Maglio (1973), 

P. antiquus data from the present study.

Summary

Palaeoloxodon tooth remains are often recovered from deposits which also contain 

remains of Mammuthus species, meaning that effective identification to species level is 

essential. The two most difficult species to separate are P. antiquus and M. trogontherii 

which have similar morphology especially plate number, enamel thickness and lamellar 

frequency. However, differences in occlusal surface structure and plate thickness 

overcome these problems in most cases. In this section o f the present study 732 teeth 

were examined, o f which 713 were confidently assigned to P. antiquus and included in 

analysis.
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5.3. Comparison of dental remains of Palaeoloxodon species/subspecies

As described in Chapter 1, since Palaeoloxodon namadicus (originally placed in the 

genus Elephas) was first described by Falconer and Cautley in 1845 at least 26 species 

or subspecies synonyms have been proposed for P. antiquus. This confusion has usually 

arisen through the inability of researchers to examine a large collection of dental 

remains and thus compare new finds to previously identified material and, sometimes, 

through the over-zealous desire of collectors to have their name associated with fossil 

remains. Until the present study no comprehensive study had been made to examine the 

morphological changes observed in the teeth, postcrania and cranial material of P. 

antiquus through the Pleistocene and to establish the range of dental parameters 

observed in the species.

It is not practical to investigate all possible synonyms suggested for P. antiquus since 

the whereabouts of most specimens are presently unknown and the remains are badly 

recorded iu their original description with often the only information being that a new 

species/subspecies has been discovered. Most of these synonymies are based on single 

specimens which were recovered from deposits in Northern Europe together with 

remains of fauna indicative of fully interglacial conditions, such as the rhinoceros 

Stephanorhinus kirchbergensis and the fallow deer Dama dama. For example, Pohlig 

(1893) described a new subspecies of P. antiquus, P. antiquus minor, from Northern 

Germany, based on one tooth (M^) with a width of 72 mm, which is supposedly 

narrower than previously recorded P. antiquus teeth. As can be seen from table 4.7 

(Chapter 4) this falls within the range of P. antiquus remains examined in the present 

study (range is 64-102 mm, n = 146) and is certainly not the smallest tooth 

recovered from this species.

Of the 26 species/subspecies synonyms of P. antiquus two are worthy of further 

investigation. They are based on material from Germany and Italy and have been chosen 

because there is a fairly large amount of material allocated to these species/subspecies 

and there is still debate as to whether or not their taxonomic rank is justified. 

Comparison between P. antiquus from England and the two subspecies is described 

below.
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5.3.1. Palaeoloxodon antiquus germanicus

This subspecies was described by Stefanescu in 1924, who based his account on 

elephant dental remains from Taubach and Ehringsdorf (Germany) and Tanguan, 

Rumania from where the type specimen was recovered. At that time the German 

deposits were thought to be of the same age but, as discussed in Chapter 2, Ehringsdorf 

is now recognised as being older than Taubach and is placed in MIS 7, while Taubach is 

regarded as Eemian and placed in MIS 5e (R. Kahlke pers. comm. 1999).

Osbom (1942) later concluded that all remains of P. antiquus from Germany were 

referable to P. antiquus germanicus. In this he also included the material recovered from 

Steinheim (now correlated with MIS 9 or 11, see Chapter 2). He stated that the teeth 

from Germany have a h i^e r plate count and are longer, higher crowned and wider than 

those from England, which he termed P. antiquus typicus. Osbom supported this view 

with evidence from the M  ̂teeth from England (Ostend, Norfolk), from data published 

by Pohlig (1888-1893). The dental parameters given for comparing the English and 

German teeth are shown in Table 5.1. Unfortunately Osbom gives no indication of how 

many specimens he referred to for the German data but certainly only compared them to 

one specimen from England. This seems an unwise approach given that elephants have 

highly morphologically variable teeth with great intraspecific variation (a fact that 

Osbom 1942 himself points out).

The observations of Pohlig (1888-1893) and Osbom (1942) are challenged in the 

present study. In the present study 564 teeth of P. antiquus from England and 149 from 

Germany were analysed for a series of detailed measurements.
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Table 5.1. Osborn’s (1942) comparison of four dental parameters of teeth of P. 

antiquus from England and Germany. Length, width and height in millimetres.

Ostend,

England

Steinheim,

Germany

T aubach/Ehringsdorf, 

Germany

Plate count 16 16 17-18

Length 254 245 295-315

Width 78 88 80

Height 174 195 190-235

5.3.2. Teeth from Steinheim

In this section teeth from Steinheim (Osborn’s P. antiquus germanicus), are compared 

to P. antiquus from England MIS 11 (Swanscombe, Clacton and Marks Tey). This 

method is used because Steinheim, or at least a number of the pits there, have been 

tentatively assigned to MIS 11.

Comparison of plate count of M  ̂teeth of P. antiquus from England MIS 11 and from 

Steinheim, by t-test, shows there is a slight significant difference (p = 0.048) between 

the UK and Steinheim material with the UK sample having a higher plate count (Table 

5.2). Comparison of length, width and crown height of M  ̂teeth shows there to be no 

evidence of a significant difference (Table 5.2). These results must be viewed with 

caution however, because the sample from Steinheim is often small with a large sample 

being required to test this properly.

Superficial examination of the occlusal surface of P. antiquus dp2-M3 teeth from 

England and Steinheim shows them to be identical. Both samples have teeth with a large 

medial enamel ring and smaller lateral ring pattern in early wear, and some teeth have 

the classic medial expansion. However, closer examination of the occlusal wear patterns 

suggest that the teeth from Steinheim may represent individuals from a different 

population to the English P. antiquus. The teeth from Steinheim show unusual changes 

in occlusal surface pattern as the teeth wear down; this is discussed in more detail later. 

A typical example of an M  ̂tooth from England and Germany is shown in Figure 5.3.

207



Table 5.2. Univariate statistics for dental parameters: plate count, length (mm), width 

(mm), height (mm) of molars of P. antiquus UK MIS 11 and P. antiquus Steinheim.

Significance levels as described in Chapter 4.

Site Parameter Mean t P significance

UK 19.0 8

Plate count 2.24 0.048 *

Steinheim 17.4 6

UK 278.3 4

Length -0.37 0.702 n.s.

Steinheim 294.0 1

UK 83.3 19

Width -0.54 0.583 n.s.

Steinheim 85.1 13

UK 176.8 12

Height -0.12 0.910 n.s.

Steinheim 178.6 3

Summary of comparison of teeth between England and Steinheim

With the data available the following can be said: the samples of teeth from England 

and Steinheim show a significant difference in plate count but no significant difference 

in length, width and height. This contradicts the observations of Stefanescu (1924) and 

Osbom (1942) and provides no evidence for the distinction of P. antiquus germanicus. 

Differences in occlusal wear pattern (see later) are small and, again, insufficient to 

separate the two samples.
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Figure 5.3. Example of an o f P. antiquus from UK (top) and Germany (bottom).

Notice similar morphology o f occlusal surface -  enamel thickness and plate shape in the 

early wear section of both teeth (anterior in UK tooth, posterior in German tooth). Scale 

units = 1 cm.

5.3.3.Teeth from Ehringsdorf and Taubach

In this section late Middle Pleistocene teeth from Germany are compared to those from 

England MIS 5e. Taubach has been confidently assigned to MIS 5e. Ehringsdorf is 

almost certainly o f an older age (MIS 7) but the sample size o f material from England o f  

this stage is very small (see Chapter 2 for more information on the age o f these sites). 

The combining o f the two German sites for this section o f the study is justified since 

together they show a narrow morphological range (see Figures 5.4 and 5.5), and Osbom
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(1942) based his species identifications of P. antiquus from UK and Germany on ail this 

material (at the time of Osbom Taubach and Ehringsdorf were both thought to be of 

Eemian (MIS 5e) age).

Analysis of plate count shows there to be no evidence of a significant difference 

between the England and Ehringsdorf and Taubach (Eh-Tau) sample (Table 5.3). The 

teeth from Eh-Tau and England have statistically different lengths compared to the 

English teeth (Figure 5.4 and Table 5.3). The teeth from the two German sites are 

significantly longer than the English material (p = 0.032). This difference is interesting 

and is due to the small size of many of the teeth from MIS 5e in England; this is 

discussed in more detail later.

The widths of the M  ̂teeth from Eh-Tau and England differ significantly (Figure 5.6 and 

Table 5.3). The teeth from the two German sites are significantly wider than the English 

material (p = 0.011). As with the differences in tooth length, this could be related to the 

small size of some of the English animals.

There is no statistically significant difference in tooth height between the English and 

German samples (Table 5.3) although there is a non-significant difference in the same 

direction as length and width.

Comparison between the occlusal surface of teeth from Ehr/Tau and England again 

shows great similarity. The German teeth have a similar occlusal pattern with the 

characteristic early wear pattern of a large medial enamel ring and smaller lateral rings 

and, in some cases, medial expansions.
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Table 5.3. Univariate statistics for dental parameters: plate count, length (mm), width 

(mm) and height (mm) of molars of P. antiquus UK MIS 5e and P. antiquus 

EhringsdorfiT’aubach.

Site Parameter Mean n t P significance

UK 17.0 8

Plate count -0.46 0.650 n.s.

Ehr/Tau 17.5 6

UK 253.4 1 0

Length 3.05 0.032 *

Ehr/Tau 280.8 6

UK 76.0 15

Width -2.71 0 . 0 1 1 **

Ehr/Tau 82.6 8

UK 168.9 1 1

Height -1.85 0.092 n.s

Ehr/Tau 193.7 5

Summary of comparison of teeth between England and Ehringsdorf-Taubach

The teeth from England and these two German sites show no significant difference in 

plate count or occlusal pattern. Teeth from the German sites are larger than those from 

the English sites. These differences are not sufficient to separate the samples into 

different subspecies since, as Maglio (1973) and Roth (1982) state, size changes are less 

significant, taxonomically compared to changes in occlusal surface pattern which are 

stable between the samples.
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53.4.Comparisoii between the German sample’ and the ‘English sample’

In the present study P. antiquus material was examined from several German sites, not 

just Steinheim, Ehringsdorf and Taubach. This material was not examined by Osbom or 

Pohlig but would have been ranked by them as P. antiquus germanicus simply on 

geographic location. Osbom (1942) states that all English P. antiquus teeth have an 

archaic morphology with low crowns and low plate counts compared to the German 

material. However, he bases this only on English specimens from the Cromer Forest 

Bed and does not examine any material from later interglacials, such as MIS 11 or 5 e. In 

the present study this is tested and previously discussed above.

Since the material from Germany and England tested so far is almost identical, with 

biologically only marginally significant differences in length and width (MIS 5e 

samples) and plate count (MIS 11) it is justified to compare all English and German 

material together in order to further test Osbom’s theory of ‘the German antiquus\ As 

Figure 5.6 shows, a plot of lamellar frequency - width shows that there is no difference, 

upon which a subspecies distinction can be made, between the German and English P. 

antiquus samples (English sample slope = -0.25, German sample slope = -0.23). The LF 

intercepts are also similar being only 0.5 LF units apart as are the LF ranges (England 

range = 4.7-8.S, mean = 6.4, n = 52, German range = 4.V-7.3, mean = 5.9, n = 31). The 

slight difference in lamellar frequency range can be explained because the English teeth 

tend to be smaller in size.

There are differences within marine isotope stages between the German and English 

samples which are discussed later, but these differences are too small to have taxonomic 

value. It is concluded that P. antiquus remains from Germany are the same subspecies as 

those from England.
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5.3.5. Palaeoloxodon antiquus italicus

In 1926 a fairly complete skull and mandible o f P. antiquus was uncovered by a farmer 

at Pignataro, northern Italy, t his skull was removed and sent to the American Museum 

o f Natural History where it was studied by Osbom (see Osbom 1942). The skull was 

severely damaged during recovery and transit, so much so that upon its arrival in U.S.A. 

it was so badly ffagment%4 that it took 18 months to reconstmct. During this time 

Osbom was not allowed to see the specimen as it was deemed too distressing for him. 

Upon completion, Osbom made ahiorough study of the skull and teeth (upper and lower 

M2s and M3s). He concluded that the specimen represented a new subspecies of P. 

antiquus and named it P. antiquus italicus (Osbom actually named it Hesperoloxodon 

antiquus italicus but soon reverted to calling it Elephas and then Palaeoloxodon).

Osbom differentiated the specimen into a new subspecies mainly based on characters of  

skull morphology, which, as discussed in detail in Chapter 6, are not valid. The 

differences he observed were related to its erroneous reconstruction and have no 

phylogenetic significance. Also, he concluded that the teeth were more progressive than
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those seen in P. antiquus typicus" of England and P. antiquus germanicus of Germany, 

by being more bypsodont and having a higher plate count. Osbom (1942) went on to 

state that all P. antiquus remains from Italy were referable to P. antiquus italicus. He 

stated that they all show an ‘advanced state’ which is exemplified in the type specimen 

from Pignataro.

This statement was challenged by Aguirre (1968) who concluded that P. antiquus 

italicus was not a valid subspecies and that Osbom would have detected this if he had 

examined a larger sample of P. antiquus material. The same conclusion is reached in the 

present study. Comparison between data published by Osbom (1942) of P. antiquus 

italicus and data collected in the present study shows there to be no difference in plate 

count, length, width and height between P. antiquus from England and Germany and P. 

antiquus italicus. The data for these comparisons are shown in Table 5.4. Clearly the 

data of Osbom (1942) and Aguirre (1968) fall within the ranges observed in the present 

study (formed from much larger sample sizes).

Table 5.4. Comparison between dental parameters of of P. antiquus italicus, Osbom 

(1942), P. antiquus from England, Aguirre (1968), and P. antiquus from England and 

Germany, the present study. Note that published data are within the range of the P. 

antiquus in the present study. Length, width and height in millimetres (n value denoted 

in brackets).

Measurement Osborn (1942) Aguirre (1968) Present study

P. antiquus English English and German

italicus P. antiquus P. antiquus

Plate count 2 0 ( 1 ) 14-21 (20) 13-21 (73)

Length 295 (1) 217-316(21) 196-384 (32)

Width - 68-98 (32) 64-102 (146)

Height 190 (1) 130-135 (26) 118-246 (81)

Examination of individual P. antiquus specimens from England shows that some M^s 

are as large or even larger than the ‘progressive and huge teeth of P. antiquus italicus ’ 

described by Osbom (1942). For example, an tooth (1612) from Peterborough
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Museum (no location) has 20 plates, a width of 90mm and a height of 187mm. Another 

example is an tooth from Clacton (NHM M27907) which has 20 plates, a length of 

262 mm, a width of 84 mm and a height of 189 mm. The largest P. antiquus tooth 

examined in the present study is from Swanscombe (NHM M l8992) with 21 plates, a 

width of 8 6  mm, a height of 190 mm and an incomplete length of 308 mm. Compared to 

the data of Osbom (1942) this is larger and more “progressive” than P. antiquus italicus.

The comparison between these data shows that there are no differences between the 

teeth of P. antiquus from the type P. antiquus italicus compared to those from England 

and Germany. As with the German sample, it seems that Osbom based his subspecies 

characteristics on a small number of specimens which he compared to small samples 

from other geographic locations. There are also similarities in skull morphology 

between the Italian specimen and German material, which are discussed in detail in 

Chapter 6 .

It is concluded that the dental remains of P. antiquus germanicus and P. antiquus 

italicus are indistinguishable or differ in minor ways from P. antiquus from England and 

thus, pending examination of a larger sample from Italy, they should be regarded as one 

taxon -  P. antiquus antiquus. Analysis of cranial material to assess the taxonomic rank 

of these supposed subspecies and some other important species/subspecies supports this 

finding and is discussed in detail in Chapter 6 .

5.4. Dental differences between Palaeoloxodon antiquus and Palaeoloxodon 

namadicus

There has been much debate as to whether Palaeoloxodon antiquus is a synonym of 

Palaeoloxodon namadicus, or whether they are two distinct species or possibly 

subspecies; for example, see Maglio (1973) and Dubrovo (1955). This debate has arisen 

because of the apparent similarity between the teeth of the two forms of Palaeoloxodon. 

It is important to determine if these are separate species because if they are not, the 

name P. antiquus becomes redundant since, having been described first (Falconer and 

Cautley 1845), P. namadicus takes priority.
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Historically, P. antiquus has been used to describe the European representatives of 

Palaeoloxodon while P. namadicus has been used to describe one of the Asian 

representatives of the genus (Stuart 1982). Several autiiors, such as Maglio (1973) 

regard P. antiquus as a synonym of P. namadicus due to the ^parent impossibility of 

making any distinction between dental and cranial remains of the two ‘species’. 

However, others have found consistent differences in the dental and cranial morphology 

between the species and thus recognise both as valid (Ambrosetti 1968; Dubrovo 1955). 

In the present study, investigation into cranial morphology of both forms show that it is 

different enough to be separated at the species level, this is discussed in Chapter 6 . 

Comparison between dental morphology, contrary to Ambrosetti 1968 and Dubrovo 

1955, shows there to be no difference, tiiis is discussed below.

Twelve teeth of P. namadicus jfrom the Nadbaba Valley, India (including teeth from the 

type skull, M3091), were examined at the Natural History Museum, London. The 

paucity of data is a problem but interesting observations can still be made on this 

material.

Plate count

Comparison of plate count between P. antiquus and P. namadicus is shown in Figures

5.7 and 5.8; only data from M3 teeth was available for upper teeth. As Figure 5.7 shows, 

the P. namdicus teeth examined are in die upper half of the range for the plate count of 

P, antiquus (f. namadicus mean = 18.0, P. antiquus range = 13-21, mean = 17.2). t-test 

analysis (Table 5.5), shows that there is no significant difference between these means.

The results from lower teeth are similar to those observed in the uppers, although here 

data for M2 and dp4 teeth are also available. As Figure 5.8 shows, the plate counts of 

the P. namadicus teeth are within the range of the P. antiquus sample and not 

statistically significantly different (Table 5.6) although the M2 and M3 are in the upper 

half of the range.

217



Tooth length

The plot of tooth length of uppers (data available for M3 teeth only) shows that the P. 

namadicus tooth is within the range of the P. antiquus sample (Figure 5.9). This is 

confirmed by t-test which shows there to no significant difference in tooth length 

between the samples (Table 5.5).

Comparison in tooth length between lowers of P. antiquus and P. namadicus is similar 

to the plot for upper teeth with no significant difference observed between tooth length 

in the two samples (Figure 5.10 and Table 5.6). However, the M3 of P. namadicus is, 

compared to the corresponding tooth in P. antiquus, very long, being right at the limit of 

the P. antiquus sample. This result is not quite statistically significant (p = 0.07).

Tooth width

Osbom (1942) commented that the teeth of P. namadicus tend to be wider than those of 

P. antiquus and this is confirmed in the present study. Figure 5.11 shows that the single 

M  ̂and M  ̂teeth of P. namadicus are at the limit of the P. antiquus range. Analysis by t- 

test shows the teeth of P. namadicus to be significantly wider than those of P. antiquus 

in both cases (Table 5.5).

In lowers the situation is different. Here all the P. namadicus teeth are well within the P. 

antiquus range for the corresponding element (Table 5.6 and Figure 5.12). As Table 5.6 

shows, there is no significant difference between the width of the P. namadicus and P. 

antiquus samples.

Lamellar frequency

Comparison between lamellar frequency (LF) of the P. namadicus and P. antiquus 

samples shows that the LF is very similar to that of P. antiquus (Figure 5.13). As Table 

5.5 shows, there is no significant difference in the LF of either M2 or M3 teeth of P. 

namadicus compared to the P. antiquus sample.
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Table 5.5. Univariate statistics for dental parameters: plate count, length (mm), width 

(mm) and height (mm) of and molars of P. antiquus {Pa) and P. namadicus {Pn).

Tooth element Param eter n mean sL dev. t P significance

PaM i

Plate count

73 17.2 1.60

1.96 0 . 1 0 n.s

PrM3 6 18.0 1 . 0 1

P d m

Length

32 281.5 40.3

2,163 0.35 n.s

P r im 1 261.2 -

P a m

Width

62 73.5 5.30

2.75 <0.01 ♦♦

P r im 1 94.0 -

P d m

Width

133 75.4 8.30

3.06 <0 . 0 1 **

P rim 2 99.5 3.52

P d m

LF

94 6.5 1 . 0 0

-1.03 0.30 n.s.

P rim I 6 . 6 -

P d m

LF

147 6.3 0.79

-0.43 0 , 6 6 n.s.

P rim 3 6 . 1 0 . 6 8

The plots of lamellar frequency for lowers are similar to those of uppers with lower P. 

namadicus teeth showing a similar LF to the P. antiquus sample (Figure 5.14). This is 

confirmed by no significance being found between the samples (Table 5.6).

However, as discussed in Chapter 4, taking LF alone can be misleading since the LF of a 

tooth depends upon plate count and tooth length. In order to investigate this bivariate 

plots are produced.
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Table 5.6. Univariate statistics for dental parameters: plate count, length (mm), width 

(mm) and height (mm) of dp4 , and M3 molars of P. antiquus (Pa) and P. namadicus 

(fM).

Tooth element Param eter n mean s t  dev. t P significance

PaéçA

Plate count

17 1 0 . 1 1 . 0 2

0 . 1 1 0.91 n.s.

PnàpA 2 1 0 . 0 -

PaM2

Plate count

34 12.7 1.30

1.04 0.30 n.s.

PnM2 2 14.0 -

PaM3

Plate count

62 17.3 1.80

1.83 0.07 n.s.

PnM3 2 18.0 0 . 0 0

PaM2

Length

2 0 219.5 36.0

1.42 0.17 n.s.

PnM2 1 268 -

PaM3

Length

37 317.1 40.9

1.87 0.07 n.s.

PnM3 1 399.0 -

Padp4

Width

24 46.9 6.40

0.59 0.55 n.s.

Pndp4 2 49.5 4.94

PdM2

Width

62 69.4 7.35

1.52 0.13 n.s.

PnM l 3 76.7 10.96

PaM3

Width

104 77.6 7.40

0.63 0.53 n.s.

PrM3 1 82.0 -

fadp4

LF

27 9.0 1.40

-3.01 0.76 n.s.

PnéçA 2 8.7 0.71

PaM l

LF

84 6 . 0 0.90

0.84 0.40 n.s.

PnM l 4 6.4 0.98

PaU3

LF

125 5.6 0.89

-0.08 0.93 n.s.

PnM3 1 5.5 -
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Figure 5.9. Comparison between length (mm) in upper teeth of P. antiquus and P. 

namadicus. Icons as in Figure 5.7.
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Figure 5.10. Comparison between length in lower teeth of P. antiquus and P. 

namadicus. Icons as in Figure 5.8.
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Figure 5.11. Comparison between width (mm) in upper teeth of P. antiquus and P. 

namadicus. Icons as in Figure 5.7.
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Figure 5.12. Comparison between width (mm) in lower teeth of P. antiquus and P. 

namadicus. Icons as in Figure 5.8.
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Figure 5.15 shows the LF-length plot of teeth of P. antiquus and P. namadicus. It is 

clear that P. namadicus tooth has a similar LF-length shape to the P. antiquus sample 

(for more information on scaling see Chapter 4). Analysis by ANCOVA shows that 

there is no significant difference between the P. antiquus and P. namadicus sample (F = 

3.52, p = 0.38, n = 21).

In lower M3s the situation is similar (Figure 5.16) where in P. namadicus the observed 

LF, although higher than the predicted LF, is within the P. antiquus range. ANCOVA 

analysis shows there is no significant difference between the two samples (F = 2.40, p =

0.12, n = 33).
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Figure 5.13. Comparison between lamellar frequency of upper teeth of P. antiquus and 

P. namadicus. Icons as in Figure 5.7.
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Figure 5.14. Comparison between lamellar frequency in lower teeth of P. antiquus and 
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8.5

8.0

7.5

7.0
o

1 6.5

6.0
1)

1 5.5

5.0

4.5

4.0

□ i

I mo

□ ? □

□ □ □
a

□
°  1

....................

□

200 240 280 320 360 400

length

Figure 5.15. Lamellar frequency -  length (mm) plot of teeth of P. antiquus and P. 

namadicus. Line is exponential regression on P. antiquus sample (LF = aL ,̂ a = 12.0, b 

= -0.002). Key: open squares = P. antiquus, closed square = P. namadicus.
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Figure 5.16. Lamellar frequency -  length (mm) plot of lower M3 teeth of P. antiquus 

and P. namadicus. Line is exponential regression on P. antiquus sample (LF = aL ,̂ a 

9.0, b = -0.002). Key as in Figure 5.15.

Summary of results

As far as can be told from the small samples available here, there is no difference in 

dental structure between the P. antiquus and P. namadicus, except in tooth width in 

uppers. Thus dental morphology provides no evidence to separate the two species. 

However, as is discussed in Chapter 6 , considerable differences in skull morphology 

between P. namadicus and P. antiquus confirm them to be recognised as different 

species.

5.5. Morphological variation of dental remains of Palaeoloxodon antiquus 

through the Pleistocene

5.5.1. Introduction

This section investigates the morphological variation observed in the teeth of P. 

antiquus through the early Middle to Late Pleistocene. This is carried out:
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1. to determine the evolutionary history of P. antiquus and its biostratigraphic 

implications and

2 . to search for any correlation between dental morphology and palaeoenviromental 

evidence in order to further reconstruct the adaptive significance of molar 

variation.

In order to do this a total of 611 molars of Palaeoloxodon antiquus were analysed, 340 

of which were from England and 171 from Germany. Material from England and 

Germany was chosen for examination because:

• both countries have large collections of P. antiquus remains

• much of the material from these collections is from well dated or correlated sites (see 

Chapter 2)

• they represent a moderately large geographic range allowing morphological changes 

across a spatial range to be examined

• some sites have detailed associated palaeoenvironmental information.

Teeth were measured as described in Chapter 4, with as many measurements being 

taken on each tooth as possible. The state of preservation and fragmentary nature of 

some teeth meant that only limited measurements could be taken. For inter-stage 

comparison the teeth from Germany and England were pooled into groups of 

approximately the same age, i.e. into marine isotope stages described in Chapter 2, 

while they were separated for intra-stage comparison. For brevity these will be termed: 

the “Cromerian” group (F), the Stage 11 group, the Stage 9 group, the Stage 7 group the 

Stage 6  group and the Stage 5e group. The teeth from Steinheim and Karlich H were not 

included in inter-stage comparison since their age is open to question.

Roth (1982) notes that the tooth is the most appropriate to use in morphological 

comparison for the following reasons:

• the tooth is the easiest to identify to species level
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• the tooth shows most inter-populational and interspecies variation (this is probably 

associated with the large size of the tooth making it more plastic and being last in the 

tooth row so there is no constraint from behind)

• the sample size for M^s is often large because, being large the teeth fossilise well and 

also are favoured by collectors because they are conspicuous and impressive.

For these reasons a majority of the analysis in the present study is carried out on the 

although, where appropriate, the morphology of other teeth is examined.

In order to establish changes in dental morphology of P. antiquus through the 

Pleistocene, the results section is presented in the following format;

• morphological comparison of teeth between marine isotope stages

• morphological comparison of teeth within marine isotope stages.

This approach is usefiil as it allows differences in dental morphology through the entire 

evolutionary history of P. antiquus to be analysed on a broad time scale between marine 

isotope stages, and at a fine scale within the various stages.

5.5.2. Morphological comparison of teeth of Palaeoloxodon antiquus between 

marine isotope stages

In the following section data is plotted in two forms: as raw data and, to aid clarity, as 

box plots generated by Statistica (see Chapter 4). Plots are shown if the results show 

significant differences or points of interest. In other cases, raw data values only are 

quoted.

Tooth length

Since many teeth examined in the present study were fr-agmentary, obtaining large 

samples of complete tooth length is problematic, although, as explained in Chapter 4, 

tooth length can be estimated on teeth which have only lost 1-3 anterior plates. Although 

sample size is small, interesting observations can be made on the material that has been
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studied. Figure 5.17 shows tooth length for M^s (mean values: Stage F = 299.0 mm, n = 

2, Stage 11 = 269.0 mm, n = 4, Stage 9 = 318.7 mm, n = 3, Stage 7 = 273.5 mm, n = 2 

and Stage 5e = 268.9 mm, n = 11).
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Figure 5.17. Comparison of length (mm) of teeth of P. antiquus between Stages F,

11,9,7 and 5e. Top graph shows raw data points, bottom graph shows box plots, small 

numbers indicate number of overlying points.
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It can be seen that the teeth from Stage 9 have a longer mean length than teeth from 

other stages although there are long teeth from the “Cromerian” group and from the 

Stage 11 sample (Swanscombe, Lower Gravel). Analysis by post-hoc ANOVA shows 

that the teeth from Stage 9 are significantly longer than those from Stage 11 (p = 0.03) 

and Stage 5e (p = 0.01).

The increased tooth length in Stage 9 is, almost certainly, related to the large size of the 

elephants from this stage. As discussed in Chapter 6 , postcranial remains of P. antiquus 

from Grays (MIS 9) suggest a population of large sized elephants. However, since the 

postcranial Stage 9 sample is only represented by material from one site it is not 

possible to determine if all Stage 9 P. antiquus were of large size but the large size of 

from the other site in Stage 9 group, Wolvercote (one of the teeth shown in Figure 

5.17), supports this theoiy. However, these findings must be viewed with caution due to 

the small size of the sample.

Stage 5e teeth tend to be short (mean = 259.8 mm, n = 6 ). Postcranial evidence from 

Stage 5e showis that there were some P. antiquus populations of small body size during 

this interglacial, see Chapter 6 . However, there is one skeleton of a bull elephant from 

Bruhl, Germany, which, although not firmly dated, is almost certainly correlated with 

Stage 5e (Eemian) that is of very large size. This is discussed in detail in Chapter 6 .

Tooth width

The tooth width of P. antiquus is stable through the Pleistocene with no significant 

differences observed (F = 1.52, p = 0.191), (mean values: Stage F = 83.2 mm, n = 15, 

Stage 11= 85.2 mm, n = 18, Stage 9 = 79.9 mm, n = 4, Stage 7 = 79.6 mm, n = 11 and 

Stage 5e = 82.7 mm, n = 27). The only possible exception is in Stage 6  (Balderton) 

where the width is 70.0 mm (n = 1) (Figure 5.18). This observation must be viewed with 

caution because the Balderton sample size is small (n = 1) and it does lie within the 

lower ranges of the Stages 5e and 7 samples; it is however still interesting to investigate 

this pattern further. Unfortunately, no postcranial remains of P. antiquus have been 

recovered from Balderton so it is not possible to determine if the tooth represents a 

small individual, possibly a female, or whether the elephants at Balderton were all of
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small size. The tooth is too badly fragmented to obtain a length or height measurement 

and so it is not possible to ascertain whether the tooth is small in all dimensions, or 

simply narrow.
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Figure 5.18. Comparison of width (mm) of teeth of P. antiquus between Stages F, 

11,9,7,6 and 5e. Details as in Figure 5.17.
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In order to examine this further sample size was increased by comparing ontogenetically 

younger teeth from Balderton. Measurements of maximum width on upper and lower 

teeth were compared to the range from interglacial P. antiquus material from MIS 11,9, 

7 and 5e; these are shown in Table 5.7. All pre-M3 teeth from Balderton fall within the 

range of interglacial P. antiquus teeth. However, two M3 S are narrow (width = 69.0 mm 

and 66.0 mm, mean interglacial = 77.6 mm). This decrease in width is similar to the 

observation of the M  ̂(Figure 5.18).

The deposits at Balderton are complex with the cold stage gravels overlying interglacial 

deposits dated to Stage 7 (Lister and Brandon 1984). Some of the material from the cold 

stage deposit is rolled and probably reworked, presumably from the lower channel. 

Examination of the preservation type of the P. antiquus teeth from Balderton shows that 

there are two distinct types: an orange - brown colour, found on unrolled teeth, and a 

dark brown - black colour, found on teeth showing signs of rolling and reworking. This 

would suggest that the teeth with orange preservation come from the cold stage gravel 

(MIS 6 ) while the dark brown teeth come from an older deposit, almost certainly the 

underlying Stage 7 deposits.

Teeth 7A 151 and 7A/65 and the upper molar shown in Figure 5.18 (unnumbered) have 

the orange preservation while 3C 131, 8 A- 6  and 7A 109 have the dark brown coloration. 

This correlates well with the differences observed in tooth width between the teeth from 

the two, differently aged, horizons. Those with darker preservation tend to be the wider 

teeth (for their element) compared to those teeth with the orange preservation.

Comparison between the tooth width range of the teeth with dark preservation to teeth 

known to have come from Stage 7 is also interesting (Table 5.7). This shows that the 

teeth with dark preservation fall withm the range of the Stage 7 teeth, while the two M3 

teeth with orange preservation fall on the outside of the Stage 7, although n = 5 only.

This comparison with Stage 7 elephant teeth provides further evidence that the 

Balderton sample represents a mixed sample with teeth from Stage 6  as well as from 

Stage 7. Examination of other fauna from the Balderton assemblage also suggests the 

sample is mixed.
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Table 5.7. Comparison between tooth width (mm) of P. antiquus from glacial MIS 6  and interglacial deposits. The three specimens within the dotted lines are presimted to be of 

Stage 7 age with dark brown preservation state and evidence of rolling and reworking, see text for details. Mean values shown in brackets.

towu>

Tooth

number

Site MIS Tooth

element

Width Interglacial P. antiquus tooth width 

range

Stage 7 P. antiquus tpoth width 

range

Data source

7A 151 Balderton 6 M3 69.0 61.0-94.0 (77.6) 70-90 (n = 5) present study

7A/65 Balderton 6 M3 6 6 . 0 61.0-94.0 (77.6) 70-90 (n = 5) present study

3C 131 Balderton ?7 dp" 47.5 40.0-60.5 (49.0) 45-58 (n = 4) Present study

8 A - 6 Balderton ?7 M3 82.0 61.0-94.0 (77.6) 70-90 (n = 5) present study

7A 109 Balderton ?7 M3 76.0 61.0-94.0 (77.6) 70-90 (n = 5) present study

- Grevena 6 M3 82.7 61.0-94.0 (77.6) 70-90 (n = 5) Tsoukala and Lister (1998)

- Grevena 6 m V m ' 89.0 60.0-97.0 (73,5) or 64.0-102.0 (75.4) 70-90 or 68-87 (n = 5 or n = 10) Tsoukala and Lister (1998)

- Grevena 6 M^/M^ 80.0 60.0-97.0 (73,5) or 64.0-102.0 (75.4) 70-90 or 68-87 (n = 5 or n = 10) Tsoukala and Lister (1998)



Analysis of body mass change in the horse, Equus ferus, has shown that some from 

Balderton are of a similar size to those from Stage 7 while others are beginning to 

approach the size of ‘classic’ Stage 6  horses (Collinge 2001).

Also of interest is the width of teeth from Grevena, Greece (Table 5.7). This site, in 

West Macedonia, is also of Stage 6  age and has yielded the remains of a P. antiquus 

individual (Tsoukala and Lister 1998). Although only one of these teeth could be 

confidently assigned to position (M3), all three fall within the interglacial range of P. 

antiquus. This further supports the theory of a narrow-toothed population of P. antiquus 

inhabiting England, or certainly the Balderton area, during Stage 6 .

Length-width proportions

Since length and width show different patterns it is interesting to investigate how they 

scale with regard to one another. A plot of tooth length-width of upper M3 from Stages 

F 11,9,7 and 5e, Figure 5.19, shows an interesting pattern, although ANCOVA analysis 

shows there to be no difference between the stages (F = 1.25, p = 0.320, n = 21). In only 

one sample. Stage 5e, is length found to be correlated with width (p = 0.05) (Table 5.8). 

However, the lack of correlation in other stages can be attributed to small sample size.

More important are the teeth from Stage 9 (n = 2). Above, they were shown to be long 

(significantly compared to other stages). Looking at Figure 5.19 it is clear that for their 

length the teeth are narrow. This further explains and supports the observations made on 

the length-LF and width-LF plots (see later).

When all upper teeth are examined the pattern is blurred (Figure 5.20 and Table 5.9). 

Here there is no difference between samples. This is due to less variation in tooth shape 

in ontogenetically younger teeth and provides support for using only upper M3 teeth in 

morphological studies. Also, Figure 5.20 is interesting in showing that the ontogenetic 

stages all fall on a similar trend line of length-width.
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Figure 5.19. Length (mm) -  width (mm) plot o f P. antiquus upper M3 teeth from 

Stages 5e,7, 9 11 and F. Stage 5e sample fitted with linear regression line of same colour 

as points (see fable 5.8 for details). Notice Stage 9 teeth are narrow for their length.

Key: Blue circles = Stage F, black squares = Stage 11, pink crosses = Stage 9, green 

diamonds = Stage 7, red squares = Stage 5e.

Table 5.8. Correlation coefficients, their significance, and slope values for length vs. 

width o f upper M3 teeth for Stages F 11, 9, 7 and 5e.

Stage n r P slope

F 3 0.427 0.719 -

11 4 0.468 0.532 -

9 2 - - -

7 2 - - -

5e 10 0.613 0 .050 1.712
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Figure 5.20. Length (mm) -  width (mm) plot o f  P. antiquus all upper teeth (dp2-M3) 

from Stages 5e, 7 ,9  11 and F. All samples fitted with linear regression line o f same 

colour as points (see Table 5.9 for details). Notice close scatter o f points. Key as in 

Figure 5.19.

Table 5.9. Correlation coefficients, their significance, and slope values for length vs. 

width o f all upper teeth for Stages F 1 1 ,9 ,7  and 5e.

Stage n r P slope

F 13 0.877 <0.001 0.625

11 12 0.986 <0.001 0.668
9 7 0.953 <0.001 0.561

7 7 0.958 <0.001 0.720

5e 24 0.971 <0.001 0.661
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Tooth height

The unworn crown height of M ,̂ shown in Figure 5.21, is stable through the 

Pleistocene, showing no statistically significant difference between stages (F = 0.353, p 

= 0.840). Mean values: Stage F = 168.3 mm, n = 7, Stage 11 = 170.2 mm, n = 11, Stage 

9 = 172.8 mm, n = 2, Stage 7 = 166.0 mm, n = 7, Stage 5e = 164.8 mm, n = 15. It is 

interesting to note the wide range of tooth height observed in P. antiquus.
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Figure 5.21. Comparison of height (mm) of teeth of P. antiquus between Stages F,

11,9,7 and 5e.

Figure 5.22 shows a width-height plot of teeth from Stages F 11,9,7 and 5e. This 

plot is fitted with regressions on the Stage 5e 11 and F samples since these samples gave 

a significant correlation (Table 5.10). It can be seen that 60% of all teeth fall within the 

95% confidence bands of the Stage 5e sample. This result is not surprising since it has 

been shown that both height and width remain fairly stable through the Pleistocene and 

the teeth tend to be the same shape.

237



240

220

200

180

160

140

120

100
100 10580 85 90 9565 70 75

width

Figure 5.22. Width (mm) -  height (mm) plot o f P. antiquus teeth from Stages 5e, 7, 

9 11 and F. Stage 5e sample fitted with regression line, curved lines show 95% 

confidence limit. Key: Blue circles and line = Stage F, black squares and line = Stage 

11, pink crosses. Stage 9, green diamonds = Stage 7, red squares = Stage 5e. Regression 

lines same colour as points, for details see fable 5.10.

Table 5.10. Correlation coefficients, their significance and slope values for height vs. 

width o f upper M3 teeth for Stages F 1 1 ,9 ,7  and 5e.

Stage n r P slope

F 8 0.635 0.05 0.96

11 10 0.540 0.040 1.55

9 2 - - -

7 5 -0.124 0.840 -

5e 17 0.763 <0.001 2.15

Hypsodonty index

Hypsodonty index remains stable through the Pleistocene (Figure 5.23) (F = 0.487, p 

0.745). Mean values: Stage F = 215.8, n = 8, Stage 11 = 220.7, n = 14, Stage 9 group
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222.3, n = 2, Stage 7 = 207.2, n = 5, Stage 5e = 212.6, n = 18. There is no significant 

difference in hypsodonty index between the stages.
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Figure 5.23. Comparison of hypsodonty index of teeth of P. antiquus between 

Stages F, 11, 9, 7 and 5e.

Enamel thickness

Through the Pleistocene the enamel thickness of teeth of P. antiquus remains fairly 

constant (Figure 5.24). Mean values: Stage F = 2.6 mm, n = 5, Stage II =2.5 mm, n = 

18, Stage 9 = 2.7 mm, n = 4, Stage 7 = 2.7 mm, n = 10, Stage 6  = 3.0 mm, n = 1, Stage 

5e = 2.4 mm, n = 18). However, post-hoc ANOVA analysis shows a significant 

difference between the Stage 5e and Stage F sample (p = 0.05) and the Stage 5e and 

Stage 7 sample (p = 0.03). These differences are explicable because many of the Stage 

5e teeth have thin enamel.

A plot of enamel thickness-width of the P. antiquus sample from all stages. Figure 5.25, 

shows there is no correlation between width and enamel thickness (Table 5.11) due to 

the variable nature of the latter. The only exception to this is in the MIS 9 sample which
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shows a significant correlation of p = 0.008. However, this result is probably due to 

small sample size.

Figure 5.24. Comparison o f  enamel thickness (mm) o f  teeth o f P. antiquus between Stages F, II , 9, 7, 

6 and 5e.

Figure 5.25. Enamel thickness (m m ) - width (mm) plot o f  P. antiquus teeth from Stages 5e, 7 ,9  11 

and F. Key; Blue circles =  Stage F, black squares = Stage 11, pink crosses =  Stage 9, green diamonds = 

Stage 7, black open circle =  Stage 6 (Balderton only), red squares =  Stage 5e.
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Table 5.11. Correlation coefficients, their significance and slope values for enamel 

thickness vs. width of upper M3 teeth for Stages F, 11,9,7 and 5e.

Stage n r P
F 11 0.779 0.405

11 18 0.019 0.588

9 4 0.983 0.008

7 9 0.054 0.548

5e 23 0.274 0.205

Changes in width along tooth

The plot of width of each plate along the entire length of teeth from all Stages is 

shown in Figure 5.26. It is clear that the pattern of plate width along the tooth does not 

vary between Stages but remains fairly constant.

One point of interest is that Aguirre (1969) notes that in P. antiquus teeth there is often a 

“double inflexion towards the end of the tooth as a re-enforcement of the original 

maximum width”. Although his graphs do not make it clear exactly what this means it 

suggests that at the back of the tooth the plates become narrower at a relatively slower 

rate than towards the firont. This pattern is observed in one tooth firom Stage 11, but is 

almost certainly a result of intraspecific variation.

Plate count

As described by Maglio (1973), plate count provides information on the evolutionary 

grade of a species, and should broadly reflect the ecology of the species. Within many 

elephantid lineages there is a trend for the plate number to increase (Maglio 1973). This 

is exemplified in the Mammuthus lineage where an increase in mean plate number firom 

12 to 23 in M  ̂in Mammuthus meridionalis to M. primigenius, is observed (data fi"om 

Maglio 1973). This increase in plate count is associated with changes in skull 

morphology and a shift in diet from browse to graze.
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Plate count in teeth o f  P. antiquus is shown in Figure 5.27. Analysis by rank 

correlation shows a trend o f decreasing mean plate count over time (R = 0.382, t = 2.37, 

p = 0.023, n = 32). ANOVA analysis shows that mean plate count in Stage 11 (mean = 

19.0, n = 9) is significantly higher (p = 0.01) compared to Stage 7 (mean = 16.7, n = 4) 

and compared to Stage 5e (mean = 16.8, n = 11, p = 0.001). Since there is variation 

between the Stages analysis needs to examine each transition with relation to ecology.
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Figure 5.27. Comparison o f  plate count o f  teeth o f  P. antiquus between Stages F, 11, 9, 7 and 5e.

Details as in Figure 5.17.
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Both Stage 9 and Stage 5e were dominated by thick woodland cover with reduced open 

space (see Chapter 2). However, the plate number in these two interglacials is 

approaching a significant difference, in Stage 9 the mean in 18.2 plates (n = 3) while in 

Stage 5e it is 16.8 plates (n = 11, p = 0.06). This could be explained by differences in 

body size between the Stage 9 and 5e populations - as is discussed in Chapter 6, the 

elephants in Stage 9 tended to by very large, while some o f those in Stage 5e were small. 

Therefore it could be that increased plate number in Stage 9 is linked to an increase in 

maxilla/mandible size. This seems reasonable because as is explained in Chapter 7, 

dwarf elephants lose plates from all molars as a direct response to size reduction.

To test this, plate count is plotted against tooth length for all M^s (Figure 5,28). The 

relationship between plate count and tooth length is not correlated (for whole sample r = 

0.129, p = 0.594, n = 18). This means that increased plate count cannot, necessarily, be 

accounted for by increased length. In order to investigate this further, sample size is 

increased with lamellar frequency-tooth size plots; these are discussed below.

210 230 250 270 290

length

310 330 350

Figure 5.28. Length (mm) -  plate count plot of M^s o f P. antiquus from Stages F, 11, 

9,7 and 5e. Key: Blue circles = Stage F, black squares = Stage 11, pink cross, Stage 9, 

green diamond = Stage 7, red squares = Stage 5e.
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Lamellar frequency

Having examined plate count, lamellar frequency is investigated. Mean lamellar 

frequency shows some fluctuation through the Pleistocene (Figure 5.29) (mean values: 

Stage F = 6.4, n = 7, Stage 11= 6.6, n = 17, Stage 9 = 5.6, n = 4, Stage 7 = 6.3, n = 8, 

Stage 6 = 6.6, n = 2, Stage 5e = 6.8, n = 19). Post-hoc ANOVA analysis shows that the 

mean of Stage 9 is significantly lower than the mean of Stage 11 (p = 0.01) and Stage 5e 

(p = 0.002). Also, the mean of Stage 7 is significantly lower than Stage 5e (p = 0.05). It 

is interesting that the mean LF value of Stage 9 is lower than in other stages, and 

particularly Stage 5e, because it was shown above that the Stage 9 teeth have a high 

plate count which would predict a high LF.

However, as discussed in Chapter 4, simple examination of LF can be misleading since 

LF is determined not only by the number of plates present in the tooth but also by the 

length of the tooth. In order to determine if the changes in LF are a result of size change 

bivariate plots are needed. Ideally, tooth size would be shown as tooth length (i.e. a 

length - lamellar frequency plot). However, complete tooth length data is lacking for 

many teeth and would not provide large enough sample sizes for statistical tests, 

therefore width is used as a substitute for length.

A plot of lamellar frequency-width (Figure 5.30) shows that for all stages, LF decreases 

with increased width, the expected pattern (see Chapter 4). Analysis by ANCOVA 

shows there is a significant difference in LF-width between the stages (F = 4.22, p = 

0.001, n = 65). Post-hoc analysis show the Stage 5e sample differs significantly from the 

Stage 7 sample (p = 0.04), and the Forest bed (F) sample (p = 0.02), and both the Stage 

5e and Stage 11 sample differ significantly from the Stage 9 sample (p = 0.05 and p =

0.01 respectively). The intercept values for the regression lines, exponent details and 

sample sizes are shown in Table 5.12.
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Figure 5.29. Comparison of lamellar frequency of teeth of P. antiquus between 

Stages F, 11,9,7,6 and 5e. Details as in Figure 5.17.
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Figure 5.30. Lamellar frequency - width (mm) plot o f  P. antiquus teeth from Stages 5e, 7 ,9  11 and P. 

All sam ples Fitted with expotential regression line o f  same colour as points (see Table 5.12). Bivariate 

means are shown as large icons. Key; Blue circles =  Stage F, black squares = Stage 11, pink cross = Stage 

9, green diamond =  Stage 7, black open circle =  Stage 6 (Balderton only), red squares ^ Stage 5e.

Table 5.12. Values o f exponent b in regression lines calculated for LF on W (where LF 

= aW^) on for Stages F 11, 9, 7 6 and 5e.

Stage n intercept a exponent b

F 14 13.2 -0.167

11 14 7.9 -0.684

9 3 12.4 41826

7 8 28.2 -0.234

6 1 - -

5e 25 9 2 7 -0.460

Figure 5.30 reveals some interesting points. Firstly, Stages 5e and 11 have very similar 

LF-width plots (see close cluster o f bivariate means); secondly, the Stage 9 sample is 

clearly separated from the other stages, and significantly from the Stage 5e (p = 0.07)
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and Stage 11 (p = 0.01) samples. Although the sample size of the Stage 9 group is small 

(n = 3) the low LF in all specimens suggests this is not a product of sample size or large 

tooth width, but an actual difference. This result is unexpected because the Stage 9 teeth 

have been shown to have a high plate count that would predict high LF.

The plot of the Stage 7 sample is also of interest. As Figure 5.30 shows the regression 

line of this sample is very steep meaning that, compared to the other Stages, the LF of 

the Stage 7 sample is reducing more quickly with increased width. This observation is 

hard to explain. It could be related to the Stage 7 sample covering only a small width 

range.

Univariate plots of the Stage 5e sample show that the mean LF is higher than in other 

stages. However, when size is accounted for, as in Figure 5.30, the LF trend can be seen 

to be similar to the Stage 11 sample but with a greater proportion of smaller (high LF) 

teeth in Stage 5e. The similarities in the plots are confirmed by ANCOVA that shows 

there is no difference between these trend lines. It is interesting to note that the one tooth 

from Balderton falls on the Stage 9 regression and thus has a low LF for its width.

Univariate plots of LF (above) showed that the LF of the Stage 9 sample was lower than 

observed in other stages but this may have been a product of size increase (i.e. the teeth 

increased in size faster than plates were being added). The bivariate plot shows that, for 

width changes, this is not the case and that the difference may not be size related.

It is interesting to examine how the LF has changed from Stage 11 (the interglacial 

proceeding Stage 9) and Stage 9 itself. This method also allows comparison between 

Stage 9 and Stage 5e since Stage 5e and Stage 11 have been shown to be 

indistinguishable on this measure. Looking at Figure 5.31, which shows the Stage 11 

and 9 samples only, based on tooth width, two things can be said:

1. the Stage 9 teeth are not significantly wider than the Stage 11 sample

2. the Stage 9 teeth have a significantly lower LF than the Stage 11 sample.
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These observations mean that the change in LF is not due to size (at least as reflected by 

width) and could have adaptive significance. Looking at Figure 5.31, sliding along the 

regression line o f the Stage 11 sample (black line) allows a prediction o f the expected 

LF to be made for various tooth widths. Sliding along the line to a width of 78.5 mm 

(the Stage 9 sample mean width) would give a predicted LF o f approximately 6.9; 

however, the observed value for this width is 5.6.
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Figure 5.31. Lamellar frequency - width (mm) plot of P. antiquus teeth from Stages 

11 and 9. Both samples fitted with exponential regression line o f same colour as points. 

Notice how bivariate mean o f Stage 9 sample deviates from that predicted by Stage 11 

sample. Icons as in Figure 5.30.

A plot o f length-LF is produced (see Figure 5.32 and Table 5.13). Contrary to Figures 

5.30 and 5.31, this plot shows that the Stage 9 sample lies within the range o f other 

samples in the “long tooth” part o f the range.

249



7.6

I ■ ♦
6.0

5.6

360320 340260 280 300200 220 240

length

Figure 5.32. Lamellar frequency - length (mm) plot o f P. antiquus teeth from Stages 

5e 7, 9 11 and F. Samples fitted with exponential regression line of same colour as 

points where appropriate (see Table 5.13). Icons as in Figure 5.30.

fable 5.13. Values o f exponent b in regression lines calculated for LF on W (where LF 

= aL )̂ on for Stages F 1 1 ,9 ,7  and 5e.

Stage n intercept a exponent b

F 3 17.2 -0.605

11 3 11.2 -0.954

9 3 - -

7 1 - -

5e 12 16.2 -0.784

It is interesting, as with width-lamellar frequency plots, to examine the Stage 11 and 

Stage 9 plots in isolation (Figure 5.33). Unlike Figure 5.31 this plot shows that actually 

the Stage 9 mean has a LF only slightly lower (5.6) than predicted (5.8) from the Stage 

11 sample. This means that the Stage 9 teeth have the predicted LF for their length and 

that LF differences observed in the preceding graphs are due to length differences only.
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Figure 5.33. Lamellar frequency - length (mm) plot o f f . antiquus teeth from Stages 

11 and 9. Both samples fitted with exponential regression line o f same colour as points. 

Icons as in Figure 5.31.

The reason why the LF-width graph and LF-length graph give different results is 

because length and width do not scale isometrically (see Figure 5.19) see Chapter 4 for 

more discussion.

This discovery is o f importance to proboscidean studies. Plots o f width-LF are widely 

used to determine differences between proboscidean species or between populations 

while, due to the small size o f samples, plots o f length-LF are often ignored. This can 

lead to erroneous results since, as has been shown, there may be differences in length- 

width scaling relationships that need to be addressed.

Summary of between marine isotope stage comparison

The following observations can be made about dental morphology between the stages.
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Length

• Stage 9 teeth are statistically significantly longer than those firom Stage 5e.

Width

• Width is generally stable through the Pleistocene

• Examination of a small sample of teeth fi’om Balderton - Stage 6 shows that they 

may be narrow compared to those firom interglacial stages

• Length-width proportion of Stage 9 teeth is different to that that of teeth firom other 

stages. The Stage 9 teeth are long for their width.

Height and hypsodonty index

• Height and hypsodonty are stable through the Pleistocene.

Enamel thickness

• Enamel thickness is statistically significantly lower in Stage 5e teeth.

Changes in width along the tooth

• As with maximum width, the pattern is stable through the Pleistocene with only 

limited evidence of the double inflexion (Aguirre 1968).

Plate count and lamellar frequency

• There is a trend for plate count to decrease through the Pleistocene

• Univariate plots show LF is statistically significantly lower in teeth fi*om Stage 9 

compared to Stages 11 and 5e

• Plots of width-LF show the Stage 5e sample to be statistically significantly different 

to the Stage F and Stage 7 sample with the Stage 5e teeth having a higher LF for 

their size
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• Both the Stage 11 and 5e samples are statistically significantly different from the 

Stage 9 sample, confirming results from univariate plots. However when length-LF 

is plotted, the Stage 9 sample has the predicted LF for tooth length, compared to the 

Stage 11 and Stage 5e samples and thus has the expected LF for teeth of that length.

How can these results be explained?

The dental morphology of P. antiquus can be explained through;

• ecophenotypic changes; or

• changes in the gene pool which may be adaptive (through natural selection) or non- 

adaptive (i.e. through genetic drift).

Differences in tooth length could be the result of non-adaptive intraspecific variation. 

The increased tooth length from Stage 9 is almost certainly related to the large size of 

elephant living there. Evidence from teeth (Grays and Wolvercote) and postcrania 

(Grays) shows the elephants here to have been among the largest P. antiquus recorded. 

Therefore it is likely that during Stage 9 a population of large bodied P. antiquus was 

found in England. This should be viewed with some caution, however, because the 

sample sizes are small and the observations could be related to sampling large, bull 

elephants only.

Tooth width remains stable through the Pleistocene. This is not surprising since, as Roth 

(1982) comments, elephant teeth are prevented from increasing in width by the 

constraints of the maxilla. An interesting observation is that teeth from Balderton (MIS 

6) deposits tend to be narrow, or smaller overall, compared to those from interglacials. 

Also, the teeth from Stage 9 are narrow compared to tooth length or body size.

Both height and hypsodonty index remain stable through the Pleistocene. This is 

surprising since height has been shown to increase in other elephant lineages with an 

increase in grass in the diet (Maglio 1973). Therefore, it could be predicted that during 

Stage 7 P. antiquus would have an increased crown height, but actually a decrease in 

hypsodonty is observed (although not significantly). As with plate count this could be
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explained through mammoth competition (see Chapter 9 for more details). On the other 

hand, it may be that the genus Palaeoloxodon had already reached its maximum 

hypsodonty earlier in its history so that what is observed in P. antiquus is the greatest 

tooth height possible within the constraints of the skull morphology.

Considering plate count and lamellar jfrequency, if increase in plate count is to be 

accounted for by evolutionary progression then the teeth from Stage 5e would be 

expected to have the highest values, but in P. antiquus this is not the case.

The increased plate count observed in Stage 11 could be a response to increased grass in 

the diet. Stage 11 is characterised by a browse-open vegetation type and it could be that 

the elephants here have a more graze adapted tooth morphology. However, this is in 

disagreement with the findings from Stage 7 and 6 where the plate count is low. Stage 7 

was very open, particularly in the latter stages, as was Stage 6 and so a graze-adapted 

tooth morphology would be expected which is not observed in P. antiquus. The reason 

why this is the case could be because of the presence of Mammuthus primigenius during 

some periods of Stage 7 and all of Stage 6. As explained in Chapter 4, M. primigenius 

was adapted to a graze diet with a high plate count and it could be that it out-competed 

P. antiquus forcing it to stay in the relict forest environments where there would be no 

selection for graze tooth morphology.

Therefore it could be the case that at Stage 11 we see the ‘ideal’ graze-adapted tooth 

morphology of P. antiquus, while in Stage 7 and 6 there is competitive exclusion by 

mammoth meaning that the P. antiquus niche was reduced. This is discussed in more 

detail in Chapter 9.

The environment at both Stages 5e and 9 was closed but the teeth from Stage 9 have a 

high plate count and, importantly, almost significantly compared to those from Stage 5e. 

This observation is unexpected because a low plate count (browse adaptation) would be 

expected and the teeth from both stages would be expected to have similar morphology. 

Conversely, the teeth from Stage 9 have a low LF.
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However, when LF, corrected by length, is examined, the teeth jfrom Stage 9 follow the 

same LF-length relationship to that seen in Stage 5e teeth (this is best seen with size 

correction by length since width and length do not scale completely isometrically). This 

can be explained because the teeth from Stage 9 are long. It seems that as the teeth 

increased in length plates were added but not quickly enough to maintain the same plate 

packing (LF) and so the teeth are functionally different to the Stage 5e sample. It may be 

that in the Stage 9 teeth we are seeing the ‘ideal’ browse adapted tooth while m the 

Stage 5e teeth we see the signal that there is a population of small body sized elephants.

Although much of this discussion has focused on adaptive explanations to account for 

the dental morphology observed in P. antiquus, differences may be the result of 

intraspecific variation that is not closely related to environmental differences. As 

discussed in Chapter 3, during glacial periods the range of P. antiquus was retracted into 

southern Europe. Here, isolated populations of P. antiquus would have existed until 

their range expand northwards at the onset of the following interglacial period. What we 

are seeing in the dental morphology of assemblages sampled from northern Europe (i.e. 

in the present study England and Germany) may be the expression of these isolated 

populations from southern European réfugia. It is not possible to determine how much 

gene mixing would have occurred when these populations expanded in northern Europe 

and it is possible that genetic changes that occurred in the isolated ‘glacial populations’ 

of P. antiquus are expressed in each interglacial. These changes may have come about 

through genetic drift and that what is observed is intraspecific variation in genotype 

without any adaptive function. This is the idea of a metapopulation of P. antiquus, and 

is discussed in detail in Chapter 9.

5.5.3. Comparison of dental morphology of Palaeoloxodon antiquus within 

marine isotope Stages

Examination of dental morphology within groups is useful in identifying adaptation at a 

local level and can be of biostratigraphic importance. It is particularly useful when 

examining composite stage groupings, such as the “Cromerian” group, and when 

comparing groups of unknown age. As with the between-stage comparisons, the
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majority of this investigation will concentrate of the tooth, although other tooth

elements are examined where appropriate.

In this section raw data is plotted as opposed to box plots. This method is chosen 

because, in many cases, the sample size is small and so it is more meaningful to present 

the original data.

“Cromerian” Group (Stage F)

Length

As with plate count, the data available for tooth length in the “Cromerian” group are 

limited (n = 3), too small to carry out meaningful analysis. Mean lengths: Overstrand = 

283 mm, n = 1, Ostend = 312 mm, n = 2 (associated teeth), Mosbach = 248 mm, n = 1.

Width

AND VA examination of tooth width provides no evidence of differences among 

“Cromerian” sites, (F = 1.49, p = 0.30, n = 12). This is not surprising since, as discussed 

above, width was stable through the entire early Middle-Late Pleistocene. Mean widths: 

Sidestrand = 82mm, n = 1, Overstrand = 74 mm, n = 1, Happisburgh = 76.2mm, n = 2, 

Ostend = 83 mm, n = 2 (associated teeth), Mauer = 78.3 mm, n = 4, Mosbach = 88 mm, 

n = 3.

Height

ANOVA examination of tooth height provides no evidence of differences among 

“Cromerian” sites (F = 1.62, p = 0.40, n =8). Mean heights: Overstrand =163 mm, n = 

1, Happisburgh =165 mm, n = 2, Ostend =168 mm, n = 2 (associated teeth), Mauer =

165.5 mm, n = 3, Mosbach = 176 mm, n = 1.

Examination of tooth width-height plots of all “Cromerian” upper teeth. Figure 5.34, 

reveals that all teeth scale in a similar way. The plot is fitted with a regression line on
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the Mauer sample and it is elear that all points cluster close to this line. Although the 

“Cromerian” group is formed from a composite sample o f sites o f different ages this 

plot suggests that the teeth have a similar shape and therefore this relationship is not 

useful in distinguishing between teeth from different sites. Unfortunately, there are 

insufficient data to produce a meaningful plot o f length-width.
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Figure 5.34. Width (mm) -  height (mm) plot o f P. antiquus upper teeth (dp2-M3) from 

“Cromerian” sites. Key: blue triangles = Mauer, pink crosses = Mosbach, pink triangles 

= Mundesley, red square = Ostend, grey square = Trimingham, black crosses = Bacton. 

Linear regression line fitted to Mauer sample (r = 0.840, p = <0.001, slope = 2.389, n = 

17).

Hypsodonty index

Since the height-width relationship has been shown to be similar in all “Cromerian” 

teeth it is not surprising that hypsodonty index remains stable between sites (ANOVA: F 

= 0.29, p = 0.99, n = 8). Mean hypsodonty index: Overstrand = 217.3, n = l ,  

Flappisburgh = 208.3, n = 2, Ostend = 204, n = 2 (associated teeth), Mauer = 211.2, n = 

3, Mosbach = 209.9, n = 1.
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Enamel thickness

ANOVA examination of enamel thickness provides no evidence of differences among 

“Cromerian” sites (F = 2.11, p = 0.27, n = 10), Mean enamel thickness: Sidestrand = 2.5 

mm, n = 1, Overstrand =1.8 mm, n = 1, Ostend = 2.4 mm, n = 2 (associated teeth), 

Mauer = 3.1 mm, n = 6, Mosbach = 2.3 mm, n = 2.

There are insufficient data to plot enamel thickness against width.

Plate count

Plate count data for the Stage F group are limited, with only nine plate count estimates 

available. Sample size is too small to allow meaningful analysis. Mean data: Overstrand 

(plate count = 17, n = 1), Sidestrand (plate count = 16, n = 1), Mauer (plate count =18, 

n = 2), Mosbach (plate count = 18, n = 2) and Ostend (plate count = 21, n = 2).

Lamellar frequency

In Figure 5.35 all dp2-M3 upper teeth from the “Cromerian” groups are plotted. The 

regression line is shown for the Mauer sample (largest sample). The sample as a whole 

follows this trend and there is no clear displacement of any site. This means that, as far 

as the sample size allows, all the Stage F teeth have similar LF values for their size.

There are insufficient data to plot occlusal surface patterns.

Summary of ̂ Cromerian” group (Stage F) among-site comparison

The sample size for the “Cromerian” group is small and the following can be said:

• ANOVA examination provides no evidence of differences among sites in length, 

width, height, hypsodonty index, enamel thickness and plate count

• With LF-width plots all samples cluster around the Mauer sample.
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Figure 5.35. Lamellar frequency - width (mm) plot of P. antiquus upper teeth (dp2 - 

M3) from Stage F sites. Key: green triangles = Happisburgh, blue triangles = Mauer, 

pink crosses = Mosbach, pink triangles = Mundesley, red open square = Ostend, black 

circles = Overstrand, brown diamond = Pakefield, grey squares = Trimingham. 

Exponential regression line fitted to Mauer sample (LF = aL  ̂where a = 16.10, b = - 

0.013).

Stage 11 group

In this section the Stage 11 sample (Swanseombe, Clacton and Marks Tey, England) 

with be compared to the material obtained from Steinheim and Karlieh II, Germany. 

Although this broad comparison has already been made (see section 5.3.1) in the followir^ 

section individual sites are examined. The age of the German material is unclear but, as 

discussed in Chapter 2, they are very probably o f MIS 11 or 9 age. There is also debate 

as to whether or not the sites at Steinheim represent a single interglacial or are a 

complex o f interglacial and glacial deposits (Zeigler pers. comm.). As discussed in 

Chapter 2, P. antiquus remains have been recovered from four different pits at 

Steinheim, namely: Sigrist, Sammet, Bauer and Renz. The age o f Bauer and Renz is 

unknown but the material from Sigrist is thought to be o f Holsteinian age (MIS 11) 

while that from Sammet is through to be o f post Holsteinian age, possibly MIS 9 or
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from a glacial episode in the “Saalian” complex. Separate site examination is used to 

determine if the P. antiquus remains have different morphologies that may have 

biostratigraphic importance. These sites will also be compared to Stage 9 sites (see 

Stage 9 section below).

The site of Swanseombe can also be differentiated into material from the Lower Gravel 

and material from the Middle Gravel. As explained in Chapter 2, there is a shift in 

mammalian fauna from browse-dominated in the Lower Gravel to more open, graze- 

dominated in the Middle Gravel. Examination of the P. antiquus remains from these two 

levels will also be carried out.

Length

Data of complete tooth length is limited and examination by ANOVA provides no 

evidence of differences among the sites (F = 1.69, p = 0.21, n = 7). Mean values: 

Swancombe pit unknown = 240 mm, n = 1, Swanseombe Lower Gravel = 281.1 mm, n 

= 2, Clacton = 262 mm, n = 1, Karlieh II = 313 mm, n = 2, Steinheim Sigrist = 295 mm, 

n = 1.

Width

ANOVA examination of tooth width provides no evidence of difference among Stage 

11 or possible Stage 11 sites (F = 0.34, p = 0.84, n = 30) (Figure 5.36). Mean values: 

Swanseombe Lower Gravel = 99.0 mm, n = 5, Swanseombe Middle Gravel = 82.0 mm, 

n = 4, Clacton = 85.0 mm, n = 1, Marks Tey = 83.0 mm, n = 4, Karlieh H = 88.4 mm, n 

= 5, Steinheim Sammet = 88.7 mm, n = 3, Steinheim Sigrist = 81.4 mm, n = 6, 

Steinheim Bauer = 77.3 mm, n = 3, Steinheim Renz = 93.0 mm, n = 1.
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Figure 5.36. Width (mm) of Stage 11 and possible Stage 11 P. antiquus M teeth. Key: 

Sw LG = Swanseombe Lower Gravel, Sw MG = Swanseombe Middle Gravel, Clae = 

Claeton, Mark = Marks Tey, Kar II = Karlieh II, St Sam = Steinheim Sammet, St Sig = 

Steinheim Sigrist, St Bauer = Steinheim Bauer, St Renz = Steinheim Renz.

Length-width proportions

This plot, Figure 5.37, reveals that the teeth from all Stage 11 and possibly Stage 11 

sites seale in the same way, that is they have the same shape trend. This is confirmed 

through examination of the slope values (Table 5.14).

Height

ANOVA examination of tooth height provides no evidence of differences among Stage 

11 or possible Stage 11 sites (F = 054, p = 0.18, n = 7) (Figure 5.38). Mean values: 

Swancombe pit unknown = 160.0 mm, n = 2, Swanseombe Lower Gravel = 186.0 mm, 

n = 2, Swanseombe Middle Gravel = 178.0 mm, n = 5, Clacton =171.6 mm, n = 2, 

Marks Tey = 211.0 mm, n = 1, Karlieh II = 188.0 mm, n = 3, Steinheim Sigrist = 196.0 

mm, n = 2.
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The plot o f height-width (Figure 5.39 and Table 5.15) reveals all teeth scale in the same 

way.
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Figure 5.37. Width (mm) -  length (mm) plot o f all upper (dp2-M3) P. antiquus teeth 

from Stage 11 or possible Stage 11 sites. Key: blue circles = Swanseombe (Lower 

Gravel), red squares = Swanseombe (Middle Gravel) green diamonds = Clacton, pink 

triangles = Karlieh 11, grey square = Steinheim Sammet. Linear regression fitted to 

Swanseombe (Lower Gravel) sample and Claeton sample, for details see Table 5.14.

Table 5.14 Correlation eoeffieients, their significance and slope values for length vs. 

width o f all Stage 11 upper teeth (dp2-M3).

site

Clacton

Swanseombe Lower Gravel 

Swanseombe Middle Gravel

n

0.969

0.988

0.006

< 0.001

slope

3.640

4.558
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Figure 5.38. Height (mm) o f  Stage 11 and possible Stage 11 P. antiquus teeth with horizons and pits 

separated. Key: Sw UL= Sw anseom be unknown level, Sw LG = Swanseom be Lower Gravel, Sw MG =  

Swanseom be Middle Gravel, Clae =  Claeton, Mark =  Marks Tey, Kar II = Karlieh II, St Sig = Steinheim  

Sigrist.
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Figure 5.39. Width (mm) -  height (m m ) plot o f  all upper (dp2-M 3) P. antiquus teeth from Stage 11 or 

possible Stage 11 sites. Key: blue eross = Swanseom be (unknown horizon), blue eirele =  Swanseom be 

Lower Gravel, green diamond =  Clacton, grey square =  Steinheim Sigrist, pink triangle =  Karlieh II. 

Linear regression fitted to Swanseom be (Lower Gravel) sample, Steinheim Sigrist sample and Claeton 

sample, for details see Table 5.15.
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Table 5.15. Correlation coefficients, their significance and slope values for width vs. 

height of all Stage 11 upper teeth (dp2-M3).

site n r P slope

Swanseombe Lower Gravel 3 0.957 0.0002 2.894

Clacton 4 0.986 0.0021 2.598

Steinheim Sigrist Pit 4 0.910 0.0001 2.847

Hypsodonty index

As expected from the height-width relationship, there is no statistical evidence for a 

difference between the sites (F = 0.35, p = 0.089, n = 14). Mean values: Swancombe pit 

unknown = 241.3, n=  1, Swanseombe Lower Gravel = 242.6, n = 2, Swanseombe 

Middle Gravel = 210.1, n = 4, Clacton = 237.4, n = 2, Marks Tey = 250.0, n = 1, Karlieh 

n  = 218.6, n = 3, Steinheim Sigrist = 223.4, n = 2.

Enamel thickness

Analysis by post-hoc ANOVA shows that the teeth from Swanseombe (pooled horizons) 

have a significantly lower enamel thickness compared to teeth from Steinheim (pooled 

horizons) (p = 0.04, n = 20) (Figure 5.40). Mean values: Swanseombe Lower Gravel = 

2.4 mm, n = 5, Swanseombe Middle Gravel = 2.6 mm, n = 4, Clacton = 2.3 mm, n = 4, 

Marks Tey = 2.4 mm, n = 1, Karlieh II = 2.9 mm, n = 2, Steinheim Sammet = 2.9 mm, n 

= 3. Steinheim Bauer = 3.0 mm, n = 3, Steinheim Renz = 2.4 mm, n = 1, Steinheim 

Sigrist = 3.0 mm, n = 3.

A plot of enamel thickness - width (Figure 5.41) reveals a large scatter with no 

clustering of the samples, due to the highly variable nature of this measure.

264



4.0

3.6

3.2

(Uc

2.0

1.6
Clae Mark Kar II 

site

Figure 5.40. Enamel thickness (mm) o f  Stage 11 and possible Stage P. antiquus 11 

teeth with horizons and pits separated. Key as in Figure 5.36.
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Figure 5.41 . Enamel thickness (m m) - width (m m ) plot o f  P. antiquus teeth from Stage 11 and possible 

Stage 11 sites. Key: blue circles =  Sw anseom be (Lower Gravel), red squares =  Swanseom be (M iddle 

Gravel) green diamonds =  Clacton, pink triangles = Karlieh II, black circles = Steinheim Sigrist, grey 

square = Steinheim Sammet, green triangles =  Steinheim Bauer, brown diamonds =  Steinheim Renz.
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Plate count

ANOVA examination o f plate count provides no evidence o f differences among Stage 

11 or possible Stage 11 sites (F = 1.05, p = 0.47, n = 17) (Figure 5.42). Mean values: 

Swancombe pit unknown = 19.5, n = 2, Swanseombe Lower Gravel = 18, n = 1, 

Swanseombe Middle Gravel = 19.5, n = 2, Clacton = 19, n = 2, Karlieh II = 17.3, n = 4, 

Steinheim pit unknown = 16.5, n = 2, Steinheim Sammet = 19, n = 1, Steinheim Sigrist 

= 17, n = 1, Steinheim Bauer = 19, n = 1, Steinheim Renz = 18, n = 1.

Analysis by t-test between the Swanseombe (pooled horizons) and Steinheim (pooled 

horizons) also shows no statistically significant difference in plate count (t = 2.01, p = 

0.070, Swanseombe mean = 19.1, n = 5, Steinheim mean = 17.4, n = 6)
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Figure 5.42. Plate count of Stage 11 and possible Stage 11 P. antiquus M teeth. Key: Sw PU = 

Swancombe pit unknown, Sw LG = Swanseombe Lower Gravel, Sw MG = Swanseombe Middle Gravel, 

Clae = Clacton, Kar II = Kârlich II, St PU = Steinheim pit unknown, St Sam = Steinheim Sammet, St Sig 

= Steinheim Sigrist, St Bauer = Steinheim Bauer, St Renz = Steinheim Renz.
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Lamellar frequency

Examination of a width-LF plot (Figure 5.43 and Table 5. 16) shows all upper teeth in 

the Stage 11 and possible Stage 11 group scale in a similar way with no clear 

displacement of samples.
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Figure 5.43. Lamellar frequency - width (mm) plot of all P. antiquus upper teeth (dp2 -  

M3) from Stage 11 and possible Stage 11 sites where horizon or pit is known. Key: blue 

circles = Swanseombe (Lower Gravel), red squares = Swanseombe (Middle Gravel), 

green diamonds = Clacton, pink triangles = Karlieh II, black circles = Steinheim Sigrist, 

grey square = Steinheim Sammet. Regression lines same colour as points, for details see 

Table 5.16.

Table 5.16. Values of exponent b in regression lines calculated for LF on W of all Stage 

11 upper teeth (where LF = aL*’) on M̂ .

Stage n intercept a exponent b

Clacton 12 1K53 -0.013

Swanseombe (Lower Gravel) 12 14.80 -0.012

Swanseombe (Middle Gravel) 8 15.45 -0.13
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Occlusal surface wear pattern

This section of the study refers to how the shape of the plates on the occlusal surface 

changes with height in the plate (see Chapter 4). Complete teeth were examined and 

the plate shape recorded on all plates along the crown together with plate height. This 

information is then plotted to form a pattern of at what height different plate shapes 

appear down the crown (Figures 5.44a, 5.44b and 5.45).

Examination of wear pattern across the Stage 11 sample is interesting. In some of the 

Steinheim sample teeth the plates reach occlusal plate shape 12 (plate completely 

formed “cigar shape”) at an earlier wear state (i.e. higher up the plate, circled in Figure 

5.44b) than in the English sample. Also, the Steinheim Sigrist teeth exhibit an occlusal 

pattern not observed in the English material (plate shape 13 -  one anterior and two 

posterior expansions). This is shown in Figure 5.44b, the occlusal pattern codes are 

shown in Figure 5.45.

Summary of Stage 11 among-site comparison

• ANOVA examination provides no evidence of differences in length, width, height 

and hypsodonty index among Stage 1 land possible Stage 11 sites

• Enamel thickness in teeth from Swanseombe is significantly lower compared to 

teeth from Steinheim

• ANOVA examination provides no evidence of a difference in plate count among 

sites

• LF scales as expected when size is taken into account in all sites

• Occlusal surface patterns show a difference between the English and German 

material with the Steinhein Sigrist Pit having an unusual morphology.
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Figure 5.44a. Change in occlusal surface pattern along and down the crown o f  P. antiquus teeth from 

Stage 1 1 (excluding Steinheim). Key: red circles = T l ,  red squares = T2, red diamonds = T3, black circles 

= T5, grey squares = T6, blue diamonds = T 7, blue crosses = T9, blue circles = TIG, green open triangles 

= T 12, n = 10 (plus see below).
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Figure 5.44b. Change in occlusal surface pattern along and down the crown o f  P. antiquus teeth from 

Steinheim. Key: red circles = T l ,  red squares = T2, red diamonds = T3, black circles = T5, grey squares = 

T6, blue diamonds = T7, blue crosses =  T9, blue circles = TIG, green open triangles =  T12, pink circles = 

T13, n =  IG (plus see below).
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Figure 5.45. Occlusal plate shapes for Figures 5.44a and 5.44b.

Stage 9 group

The Stage 9 group is small because few sites have been assigned to this marine isotope 

stage in England and none on the continent. In the following section, as in the Stage 11 

section above, the English sites are compared to Karlieh II and Steinheim from 

Germany, both o f which may be correlated with Stage 9, see Chapter 2 for further 

discussion.

Length

There is limited data on complete tooth length. There is no statistical difference in 

length between these sites (F = 1.24, p = 0.56, n = 5). Mean values: Grays = 310.0 mm, 

n = 2, Wolvercote = 333.0 mm, n = 1, Karlieh II = 313.0 mm, n = 2, Steinheim Sigrist = 

295.0 mm, n = 1.

Width

As with length, testing by ANOVA provides no evidence o f a difference among the 

Stage 9 and possible Stage 9 sites (F = 1.58, p = 0.23, n = 18) (Figure 5.46). Grays =
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I l l  mm, n = 3, Kârlich II = 88.4 mm, n = 5, Steinheim Sammet = 88.7 mm, n = 3, 

Steinheim Sigrist = 81.4 mm, n = 6, Steinheim Bauer = 77.3 mm, n = 3, Steinheim Renz 

= 93.0 mm, n = 1. The Steinheim sample does, however, show a notably wider width 

range than the other sites.
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Figure 5.46. Width (mm) o f Stage 9 and possible Stage 9 P. antiquus M teeth with sites 

separated. Key: Grays = Grays, Kar II = Karlieh II, St Sam = Steinheim Sammet, St Sig 

= Steinheim Sigrist, St Bauer = Steinheim Bauer, St Renz = Steinheim Renz.

Length-width proportions

All the teeth (dp2-M3) have similar plots on the length-width graph. Figure 5.47.

Height

The samples are too small for statistical testing, but one o f the Grays specimen and one 

o f the Karlieh II teeth are notably low-crowned (Figure 5.48). Mean values: Grays =

154.5 mm, n = 2, Karlieh II = 188.0, n = 3, Steinheim Sigrist = 196 mm, n = 2.
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A plot o f width-height o f all upper teeth (dp2-M3) shows, as expected from the results 

above, that the teeth from Grays and the German sites scale in a similar way (Figure 

5.49). This is confirmed by examination o f the slope values for both the Grays and 

Steinheim (Sigrist Pit) sample. Table 5.17.

Hypsodonty index

The samples are too small for statistical testing. However, since all teeth have been 

shown to have the same height-width relationship the low-crowned Grays and Karlieh II 

teeth still have similar hypsodonty indexes compared to the other sites.
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Figure 5.47. Width (mm) -  Length (mm) plot o f all upper (dp2-M3) P. antiquus teeth 

from Stage 9 or possible Stage 9 sites. Linear regression fitted to Grays sample (r = 

0.946, p = <0.001, slope = 4.415, n = 9). Key: Blue circles = Grays, red squares = 

Wolvercote, pink triangles = Karlieh 11, Bauer, black circles = Steinheim Sigrist.
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Figure 5.48. Height (mm) o f Stage 9 and possible Stage 9 P. antiquus teeth with 

sites separated. Key as in Figure 5.46.
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Figure 5.49. Width (mm) -  height (mm) plot o f all upper (dp2-M3) P. antiquus teeth 

from Stage 9 or possible Stage 9 sites. Key: blue circles = Grays, black circles = 

Steinheim Sigrist, pink triangles = Karlieh II. Regression lines same colour as points, for 

details see Table 5.17. Note large size o f some German teeth.
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Table 5.17. Correlation coefficients, their significance and slope values for length vs. 

height of Stage 9, or possibly Stage 9 upper teeth (dp2-M3) from Grays and Steinheim 

Sigrist.

site n r P slope

Grays 9 0.806 0.0034 2.595

Steinheim Sigrist Pit 4 0.910 <0.001 2.847

Enamel thickness

Enamel thickness shows no statistically significant difference between the Stage 9 and 

possible Stage 9 sites (F = 0.19, p = 0.97, n = 17) Figure 5.50. Mean values: Grays = 2.9 

mm, n = 2, Wolvercote = 3.0 mm, n = 2, Karlieh II = 2.9 mm, n = 2, Steinheim Sammet 

= 2.9 mm, n = 3. Steinheim Bauer = 3.0 mm, n = 3, Steinheim Renz = 2.4 mm, n = 1, 

Steinheim Sigrist = 3.0 mm, n = 3.

A plot of enamel thickness against width. Figure 5.51, shows an unexpected inverse 

relationship (r = -0.730, p = 0.002).

Plate count

ANOVA examination of plate count provides no evidence of differences among Stage 9 

or possible Stage 9 sites (F = 2.47, p = 0.20, n = 10) (Figure 5.52). Mean values: Grays 

= 18, n = 2, Wolvercote = 19, n= 1, Karlieh II = 17.3, n = 4, Steinheim pit unknown = 

16.5, n = 2, Steinheim Sammet = 19, n = 1, Steinheim Sigrist = 17, n = 1, Steinheim 

Bauer =19, n=  1, Steinheim Renz = 18, n = 1.

Lamellar frequency

The plot of width against LF shows that LF follows the same trend between the Stage 9 

and possible Stage 9 sites (Figure 5.53).

There are insufficient data to plot occlusal surface patterns.
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Figure 5.50. Enamel thickness (mm) o f Stage 9 and possible Stage 9 P. antiquus M' 

teeth with sites separated. Key as in Figure 5.46.
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Figure 5.51. Enamel thickness (mm) - width (mm) plot o f P. antiquus teeth from 

Stage 9 and possible Stage 9 sites. Key: Blue circles = Grays, red squares = Wolvercote, 

pink triangles = Karlich II, Bauer, black circles = Steinheim Sigrist, grey square = 

Steinheim Bauer, green diamonds = Steinheim Sammet (linear regression on entire 

sample: r = 0.730, p = 0.002, slope = 0.03).
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Figure 5.52. Plate count o f Stage 9 and possible Stage 9 P. antiquus teeth with sites 

separated. Key: Grays = Grays, Wol = Wolvercote, Kar 11 = Karlich 11, St Pu = 

Steinheim pit unknown, St Sam = Steinheim Sammet, St Bauer = Steinheim Bauer, St 

Sig = Steinheim Sigrist, St Renz = Steinheim Renz.
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Figure 5.53. Lamellar frequency - width (mm) plot o f P. antiquus all upper teeth (dp2 -  

M3) from Stage 9. Linear regression line for Grays sample shown only (LF = aL  ̂where 

a = 21.6 and b -0.017). Key: Blue circles = Grays, red squares = Wolvercote, pink 

triangles = Karlich 11, grey square = Steinheim Bauer, black circles = Steinheim Sigrist, 

green diamonds = Steinheim Sammet.
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Summary of Stage 9 among-site comparison

The data available for Stage 9 and possible Stage 9 sites are limited. The results can be 

summarised:

• Length, width and height remainsshow no significant difference among all the sites 

tested

• Height-width plots show all the teeth to be of a similar shape although some of the 

German M3s are large

• Enamel thickness shows no significant difference between the sites tested

• Plate count and lamellar frequency shows no significant difference among all the 

sites tested.

Stage 7 group

There is little P. antiquus material available from Stage 7 (the reasons for this may be 

due to the presence of mammoth during this stage, this is discussed in Chapter 9). The 

following section describes the morphology of all Stage 7 teeth that are available in 

England, Germany and the site of Holon in Israel.

Length

There are insufficient data to produce meaningful graphs.

Width

Complete tooth width data for the Stage 7 sample are interesting. In Figure 5.54, it is 

clear that the Selsey sample (mean = 70.5 mm, n = 1, average from associated remains) 

is narrow, compared to those from other sites and significantly so compared to the Ilford 

sample (mean = 82.3 mm, p = 0.03, n = 4) and the Holon sample (mean = 90.1mm, p = 

0.02, n = 4). It is interesting to note the large width of the Holon teeth.
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There are insufficient data to produce a bivariate plot o f length-width, for the Stage 7 

sample.

Height

The plot o f tooth height. Figure 5.55, is interesting. The Upnor sample has statistically 

significantly lower crown height (mean = 138  mm, n = 1 average from associated 

remains) compared to the Ilford sample (mean = 193 mm, p = 0.02, n = 4) and the 

Ehringsdorf sample (mean = 179 mm, p = 0.04, n = 4).

There is insufficient data to produce a bivariate plot of width-height, for the Stage 7 

sample.
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Figure 5.54. Width (mm) of Stage 7 P. antiquus teeth. Key: Brun = Brundon, Ilf 

Ilford, Sel = Selsey, Upn = Upnor, Ehr = Ehringsdorf, Hoi = Holon (Israel).
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Figure 5.55. Height (mm) o f Stage 7 P. antiquus teeth. Key as in Figure 5.54.

Hypsodonty index

Data for this parameter show no statistically significant difference between the sites (F = 

1.25, p = 0.07, n = 4). Mean values: Ilford = 236.4, n = 3, Upnor = 168.0, n = 1 (average 

from associated remains), Ehringsdorf = 238.9, n = 3.

Enamel thickness

ANOVA analysis provides no evidence for a significant difference in enamel thickness 

among the Stage 7 sites (F = 2.93, p = 0.19, n = 9) (Figure 5.56).

Examination o f the width-enamel thickness plot. Figure 5.57, shows a wide scatter. Of 

interest are the positions o f one o f the teeth from Holon and the teeth from Upnor and 

Bracklesham Bay, which have extremely thick enamel for their width.
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Figure 5.56. Enamel thickness (mm) o f Stage 7 P. antiquus M teeth. Key as in Figure 

5.54.
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Figure 5.57. Width (mm) -  enamel thickness (mm) plot o f M teeth from Stage 7 sites. 

Key: pink triangles = Bracklesham Bay, red squares = Ilford, black circle = Holon, green 

diamonds = Upnor, green triangles = Ehringsdorf.
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Plate count

There are limited data for plate count and these show no statistically significant 

difference between sites (F = 3.10, p = 0.15, n = 6) (Figure 5.58). It is interesting to note 

the lower plate count observed at Brundon.

Lamellar frequency

Examination o f the width-LF plot, Figure 5.59, reveals that all upper teeth from Stage 

7 have a similar LF for their size, also see Table 5.18.

There are insufficient data to plot occlusal surface patterns.
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Figure 5.58. Plate count o f Stage 7 teeth. Key: Ilf = Ilford, Brun = Brundon, Ehr 

Ehringsdorf.

281



c

22

18

14

10

6

2
10 30 50 70 90 110

width

Figure 5.59. Lamellar frequency - width (mm) plot o f  P. antiquus all upper teeth (dp2 - M3) from Stage 7. 

Key: blue triangles =  A veley I, brown diamonds = Bielsbeck Farm, pink triangle = Bracklesham Bay, grey 

squares =  Brundon, green triangles = Ehringsdorf, red squares = Ilford black circle =  Slade Green, purple 

crosses = Selsey, green diamond =  Upnor. Exponential egression lines same colour as points (Table 5.18). 

Large icons are bivariate mean.

Table 5.18. Values of exponent b in regression lines calculated for LF on W of all Stage 

7 upper teeth (where LF = aW^) on

Stage n intercept a exponent b

Ehrindsdorf 11 19.26 -0.014

Ilford 6 19.49 -0.015

Summary of Stage 7 among-site comparison

• Plate count from the Brundon sample is low (though non-significantly)

• Tooth width from the Selsey individual is low

• Tooth height from the Upnor individual is low

• Hypsodonty index shows no statistically significant difference between all sites
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• Enamel thickness shows no statistically significant difference between sites but one 

of the teeth from the Holon sample and the teeth from Upnor and Bracklesham Bay 

have thick enamel for their width.

Stage 5e group

This forms the largest sample in this section of the present study. This is due to the 

numerous sites correlated with MIS 5e and because of the abundance of P. antiquus 

material from these sites. Since all the sites discussed below have been confidently 

assigned to MIS 5e analysis will concentrate on comparison between the English and 

German material as two groups and not by individual site. Graphical representation will 

still show the separate sites for clarity.

Length

Although sample sizes are very low, the plot of tooth length shows an interesting 

possible pattern (Figure 5.60). Although analysis by t-test shows no statistically 

significant difference between the English (n = 5) and German (n = 6) samples (t = - 

1.97, p = 0.08, n = 11) post-hoc ANOVA shows that the English teeth, at two sites, have 

significantly shorter crowns compared to those from Germany. The mean length of teeth 

from Barrington is significantly shorter than the mean tooth length from the Bad 

Cannstatt sample (p = 0.032, n = 3) while the Waterhall Farm sample is significantly 

shorter than the Bad Cannstatt sample (p = 0.018, n = 2) and the Taubach sample (p = 

0.039, n = 6).

Width

As expected, width is fairly constant across all Stage 5e sites (Figure 5.61). Analysis by 

t-test shows a not quite statistically significant difference between the English (n = 17) 

and German (n = 7) samples (t = -1.98, p = 0.06, n = 24). However, post-hoc ANOVA 

shows teeth from the two German sites, Biblis (n = 2) and Taubach (n = 5), have a mean 

width significant wider than the Waterhall Farm (n = 5) sample (p = 0.012 and p = 0.026 

respectively).
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Figure 5.60. Length (mm) o f Stage 5e P. antiquus teeth. Key: Bar = Barrington, 

Shrop = Shropham, WHF = Waterhall Farm, Wort = Wortwell, Bad = Bad Cannstatt, 

Tau = Taubach.
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Figure 5.61 .Width (mm) o f Stage 5e P. antiquus teeth. Key: Bar = Barrington, 

CLond = Central London, Swale = Swalecliff, WHF = Waterhall Farm, Wort = 

Wortwell, Shrop = Shropham, DSJ = Deeping St James, Bib = Biblis, Tau = Taubach.
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Length-width proportions

A plot of length-width for ail teeth from Stage 5e, Figure 5.62, shows that all sites 

cluster close to one another and have similar slope values (Table 5.19). This means that 

the narrowness and shortness of the Waterhall Farm teeth can be attributed to them 

being of a small size and not a different shape.
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Figure 5.62. Length (mm) - width (mm) plot of all P. antiquus upper teeth (dp2-M3) 

from Stage 5e. Key: blue circle = Barrington, blue triangle = Shropham, red circles = 

Swalecliffe, pink triangles = Waterhall Farm, black circles = Wortwell, green triangles 

Taubach. Samples fitted with linear regression line (see Table 5.19).

Table 5.19. Correlation coefficients, their significance and slope values for length vs. 

width of all Stage 5e upper teeth (dp2-M3).

site n r P slope

Barrington 5 0.98 0.002 0.260

Joint Mitnor Cave 10 0.917 <0.001 0297

Taubach 4 0.099 <0.001 0.279

285



Height

Analysis by t-test shows no statistically significant difference in tooth height between 

the English (n = 11) and German (n = 5) samples (t = -1.85, p = 0.09, n = 16) (Figure 5. 

63). However, post-hoc ANOVA shows that the teeth from Biblis are significantly 

higher than those from Barrington (p = 0.032, n = 5), Central London (p = 0.002, n = 3) 

and Waterhall Farm (p = 0.009, n = 5). Also, the Taubach sample is significantly higher 

than the Central London sample (p = 0.015, n = 4) and the Barrington sample (p =

0.037, n = 6).

A plot o f tooth width-height for all upper teeth (dp2-M3) is shown in Figure 5.64. This 

shows that most o f the high crowned teeth from Germany are still the same shape as 

teeth from English sites. This is confirmed by examination of slope values (Table 5.20). 

However, some of the large M3 teeth from the German sites, especially Biblis, are 

approaching a different shape to the English material and it may be that with more data a 

clear pattern o f higher crowned teeth for their width would be observed. This pattern can 

be further investigated by examining hypsodonty index.
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Figure 5.63. Height (mm) o f Stage 5e P. antiquus teeth. Key as in Figure 5.61
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Figure 5.64. Width (mm) -  height (mm) plot o f all P. antiquus upper teeth (dp2-M3). 

Keyiblue circle = Barrington, red squares =Joint Mitnor Cave, blue marked crosses = 

Shropham, pink triangles = Waterhall Farm, black circles = Wortwell, brown diamonds 

=Biblis, green triangles = Taubach. Two samples fitted with linear regression line 

(Table 5.20).

Table 5.20. Correlation coefficients, their significance and slope values for width vs. 

height o f all Stage 5e upper teeth (dp2-M3).

site

Barrington

Taubach

n slope

5

10

0.948

0.980

0.013

< 0.001

2J52

2.147

Hypsodonty index

As shown above, the Biblis teeth are very high crowned. By examining hypsodonty 

index (Figure 5.65) it can be determined if  this is simply related to size or whether the 

teeth are of a different shape. The samples from Germany not only have the greatest 

crown height but are also have the greatest hypsodonty index, significantly more in the
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Biblis sample compared to the Barrington sample (p = 0.039, n = 5), the Swalescliffe 

sample (p = 0.24, n = 3) and the Central London sample (p = 0.005, n = 3). The sample 

from Taubach is also has a significantly greater hypsodonty index than the Central 

London sample (p = 0.017, n = 4).
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Figure 5.65. Hypsodonty index of Stage 5e P. antiquus teeth. Key as in Figure 5.61

Enamel thickness

Enamel thickness shows considerable variation but no significant difference among the 

Stage 5e sites (F = 0.52, p = 0.07, n = 25) (Figure 5.66). Comparison between pooled 

English and German sites does, however, show a statistically significant difference (t = - 

2.838, p = 0.009, English mean = 2.3 mm, n = 13; German mean = 20.8 mm, n = 11).

A plot of enamel thickness-width. Figure 5.67, shows the Waterhall Farm group forms a 

cluster of narrow teeth with thin enamel. That is, the teeth are isometrically smaller than 

those from other sites. The pattern in this graph is interesting. Here, tooth width and 

enamel thickness both increase together, the expected pattern. However, it has been
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shown above that in Stage 9 and possibly other Stages that enamel thickness reduces 

with tooth width. This is discussed further below.
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Figure 5.66. Enamel thickness (m m) o f  Stage 5e P. antiquus teeth. Key as in Figure 5.61.
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Figure 5.67. Enamel thickness (mm) - width (mm) plot o f  P. antiquus teeth from Stage 5e. Waterhall 

Farm (pink) and B iblis group (brown) circled -  by hand. Key as figure 6.64. W hole sample fitted with a 

linear regression line (r = 0.37, p = 0 .01 , slope =  0.02).
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Plate count

As noted above, the plate count o f the Stage 5e is low. As Figure 5.68 shows, the plate 

count between sites confirms this (group mean = 17.0, n = 14). Analysis by t-test shows 

no statistical significance between the English (mean = 16.8, n = 8) and German (mean 

= 17.3, n = 6) samples (t = -1.04, p = 0.32, n = 14).

Lamellar Frequency

Figure 5.69 shows that ^  teeth from Stage 5e scale in the same way with regard to LF- 

width relationship. All points form a tight cluster, even where tooth size is increasing in 

the M3 towards the right hand side o f the graph where more variation is expected, see 

also Table 5.21.
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Figure 5.68. Plate count of Stage 5e P. antiquus teeth. Key: Bar = Barrington, CLon 

= Central London Complex, Shrop = Shropham, WHF = Waterhall Farm, Wort = 

Wortwell, Bad = Bad Cannstatt, Tau = Taubach.
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Figure 5.69. Lamellar frequeney - width (mm) plot o f P. antiquus all upper teeth (dp2 - 

M3) from Stage 5e. Key: blue open circle = Barrington, green diamonds = Deeping St. 

James, grey squares = Bad Cannstatt, red open squares = Joint Mitnor Cave, purple 

squares = Ravendale cave, blue triangles = Shropham, red circles = Swalecliffe, pink 

triangles = Waterhall Farm, black circles = Wortwell, brown diamonds = Biblis, green 

triangles = Taubach. Samples fitted with exponential regression line (Table 5.21), large 

icon is bivariate mean.

Table 5.21. Values o f exponent b in regression lines calculated for LF on W o f all Stage 

5e upper teeth (where LF = aW^) on M .̂

Stage n intercept a exponent b

Barrington 15 15.43 -0.012

Joint Mitnor Cave 12 19.85 -0.010

Taubach 7 15.76 -0.014

Occlusal surface wear pattern

Examination o f the occlusal surface patterns o f Stage 5e teeth reveals a similar pattern 

to that observed in the Stage 11 sample. As Figure 5.70 shows, in the English sample 

occlusal plate shape 12 occurs at around 130 mm. While, as Figure 5.71 shows, in the
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German sample this first oeeurs around 180 mm. However, in the Stage 11 sample the 

German teeth (from Steinheim) also displayed the unusual plate shape T13 (anterior 

expansion and two posterior expansions). In the Stage 5e sample this plate shape is 

observed in the English material and not the German. This is discussed further below.

6 7 8

plate number

Figure 5.70. Change in occlusal surface pattern along and down the crown o f  P. antiquus teeth from 

Stage 5e. Key: red circles = T l ,  red squares = T2, red crosses = T12, blue triangles =  T12, pink circles = 

T13, n =  7.

a  120
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10 11 12 13 14

Figure 5.71. Change in occlusal surface pattern along and down the crown o f  P. antiquus teeth from 

Taubach. Plate shape 12 circled, n =  3. Key as in Figure 5.71.
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Summary of Stage 5e among-site comparison

The following can be said regarding the dental parameters of the Stage 5e teeth:

• Teeth from Barrington, Waterhall Farm and Shropham are short, those from 

Waterhall Farm are also narrow

• Plots of length-width show all teeth have a similar shape between sites and that the 

Waterhall Farm teeth are simply small although the German M3 teeth may be 

approaching a different shape

• Teeth from German sites are higher crowned than those from England and also have 

higher hypsodonty index values

• Enamel thickness shows no statistically significant differences among sites but there 

is a statistically significant difference between the English (pooled) and German 

(pooled) samples

• Enamel thickness-width plots show that teeth from Waterhall Farm have thin enamel 

for their width

• Plate count and lamellar frequency for tooth width shows no statistically significant 

differences among sites

• Occlusal surface patterns show that the teeth from the German and English sites are 

different; this may be of biostratigrtaphic importance.

5.6. Conclusions

Given below is a summary of dental morphology observed in P. antiquus at each stage 

through the Pleistocene, and a synthesis of how these observations can be explained.

Through the late Middle Pleistocene and Late Pleistocene, from Stage 11 to Stage 5e, 

there is a trend for plate count to reduce. This is not expected since, as Maglio (1973) 

states, most elephant lineages show a trend for increase in plate count. However, when 

the early evolutionary history of Palaeoloxodon in Africa is examined, there is in fact a 

general trend for plate count to increase. This is discussed further in Chapter 9.
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The remaining morphological characters show small fluctuations between stages of the 

European Pleistocene but broadly the picture is one of stasis. The definite Stage 9 teeth 

(Grays and Wolvercote) tend to be long and have fairly high plate counts. Those from 

Stage 7 are unremarkable although the Upnor teeth are low crowned while the Selsey 

teeth are narrow. The teeth from Selsey are from a female partial skeleton (see Chapter 

6) and therefore the narrowness of the tooth could be related to sexual dimorphism. 

However, as was discussed in Chapter 4, elephant teeth do not show a great degree of 

sexual dimorphism and teeth are not always a good indicator of body size (Roth 1982).

It therefore seems likely that the Selsey specimen represents a narrow-toothed individual 

of P. antiquus. Teeth from Bracklesham Bay, Upnor and one from Holon (Israel) also 

have thick enamel for their widths. Some of the Stage 5e teeth are small (Barrington and 

Waterhall Farm).

5.6.1. How does morphology match environmental conditions?

Table 5.22 shows information on the environmental conditions of each interglacial in 

northern Europe from the “Cromerian Complex” to Stage 5e. Together with this 

information is a summary of the dental morphology of P. antiquus observed during each 

stage. The morphologies are divided into browse-type and graze-type. Browse-type 

morphology is identified by low crown height, thick enamel and low plate count. 

Conversely, graze-type is characterised by high crown high, thin enamel and high plate 

count.

Only in two stages is a match is observed. The teeth from Stage 11 have the highest 

plate count (significantly so compared to early Stage 7 and Stage 5e) and approach a 

graze-adapted morphology. This could match a shift in vegetation cover from closed to 

more open during the latter part of the Stage (11a). However, there are insufficient 

dental data to detect whether this change occurs with the shift in vegetation.

At Upnor (Stage 7c) a possible match is also observed. Associated fauna at Upnor 

suggests it was a relatively closed environment in comparison to other Stage 7 sites, 

including Ilford, and low crown height may be an adaptation to a diet with less grass. 

However, since this is based on one individual and a similar morphology is not observed
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at nearby Aveley (of the same age) it is probable that the match in morphology is a 

product of chance and not adaptive.

Moreover, in all other stages an adaptive match is not observed, so taking the database 

as a whole, we have to admit that such variation as occurs in P. antiquus dental 

morphology does not track broad vegetational changes.

Table 5.22. Stage-by-stage comparison of vegetation type, predicted tooth adaptation 

and observed tooth adaptation. P = mean plate count, H = mean unworn crown height 

(mm), ET = enamel thickness (mm). * Teeth from Stage 11 have the highest plates 

(graze adaptation) but there are insufficient data to detect if this matches the shift in 

vegetation during the stage.

Stage Vegetation Predicted Observed adaptation Matched ? 
type adaptation

F H ET

“Cromerian Mixed 
Complex”

Early 11 Closed
(11c)

Later 11 Open
(11a)

9 Closed

Browse-
graze

Browse

Graze

Browse

17.7 168.3 2.6

18 186.0 2.4

19.5 178.0 2.6

18.2 172.8 2.7

Early 7 (7c) Closed Browse

Later 7 (7a) Open Graze

138.0 3.4

18.5 193.0 2.5

✓
in part

5e Closed Browse 16.8 164.8 3
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5.6.2. How can these results be explained in a period of major vegetational change?

The environmental conditions of each of the five interglacials considered here is well 

documented (see Chapter 2). Since the dental morphology of P. antiquus does not match 

this it is interesting to ask why this may be. It seems that P. antiquus was adapted to a 

fairly wide niche encompassing both closed and mixed habitats. Clearly it was able to 

flourish in both wooded and mixed browse-graze dominated habitats even without 

adaptive shifts in dental morphology.

The probable explanation is that by the early Middle Pleistocene P. antiquus or its 

antecedents had done most of its/their evolving and had become adapted to this niche of 

forest and semi-open conditions. It accommodated changes in vegetation type by 

migrating with the retreating forests at the onset of glacial periods, remaining in isolated 

réfugia until the onset of the subsequent interglacial periods.

This model also explains why similar vegetational conditions, for example in early 

Stage 11 and Stage 5e should have different dental morphologies (i.e. high plate count 

during Stage 11 and low plate count during Stage 5e). While the populations were in 

isolated glacial refiigia changes would have occurred in P. antiquus through genetic drift 

or with local adaptive significance, which did not necessarily match northern habitats 

into which they subsequently migrated.

Also of importance is the role that competition between mammoth and P. antiquus may 

have had on dental morphology. P. antiquus was contemporaneous with different 

mammoth species in the “Cromerian Complex” and during Stage 7. It may be that, 

during stages where there was much open ground (i.e. Stage 7) mammoth forced P. 

antiquus into the small patches of woodland that remained. Here there would be no 

selection for graze-adapted teeth. The points addressed in this section are discussed 

further in Chapter 9.
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5.6.3. Geographical variation in P. antiquus populations

This study has identified certain morphological differences between populations of P. 

antiquus within England and between England and Germany. Modem elephants migrate 

large distances coming into contact with family groups over a wide range and there is no 

reason to suppose that P. antiquus behaved in a different way. Therefore, differences in 

morphology between material from one site and another gives an indication of how 

much genetic mixing occurred after P. antiquus had moved back into northern Europe at 

the onset of each interglacial.

Material from Steinheim is probably of Stage 11 age (based on pollen and faunal 

evidence, see Chapter 2). Comparison of this material with that from England of certain 

Stage 11 age shows some interesting results. The German material has an unusual 

morphology in two ways. Firstly, the enamel at Steinhein is thick and secondly, the 

occlusal surfaces have an unusual pattern. This suggests that the populations of P. 

antiquus in England and Germany did not come into direct contact, or if they did, they 

interbred to only a limited degree.

Stage 5e material from England and various sites in Germany also shows variation.

Some of the teeth from English sites are small: short at Barrington and Shropham and 

short and narrow at Waterhall Farm, while the German teeth are larger. Teeth from the 

German sites are also higher crowned and have thicker enamel. Pollen and faunal 

evidence from all these sites suggests there was thick vegetation cover with small 

patches of open areas so these morphological differences are unlikely to be adaptive. 

Observations made on the occlusal surface show that the German teeth also have an 

unusual morphology. This evidence suggests that the English and German populations 

did not interbreed to any great extent.

These observations can be explained either by populations undergoing change in 

separate glacial réfugia and maintaining their independence as they migrated into 

separate northern areas, or by change through genetic drift as they migrated or once in 

their northern ranges. This idea of isolated or semi-isolated populations of P. antiquus in 

the entire Europe metapopulation is discussed further in Chapter 9.
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5.7. Summary

In this Chapter it has been shown how the teeth of Palaeoloxodon can be distinguished 

from those which are likely to be found in association - that is species from the genus 

Mammuthus. Several important morphological characteristics have been identified and 

recorded.

It has been demonstrated that although the teeth of the supposed subspecies P. antiquus 

germanicus and P. antiquus italicus are different in some respects from those of P. 

antiquus of England, these differences are insufficient to justify separation into 

subspecies. The separation of P. antiquus and P. namadicus on dental characters is also 

not confirmed but analysis of cranial material does support this separation (see Chapter 

6).

The morphology of teeth from early Middle Pleistocene to Late Pleistocene stages of the 

marine isotope record have been examined and specific features identified in each 

group, some of which may have biostratigraphic and adaptive implications; this is 

discussed further in Chapter 9. Within-stage dental comparison has also been carried out 

and some likely morphological characteristics identified and described with relation to 

adaptation and individual variation.

It is possible that the English and German P. antiquus were composed of a series of 

separate populations, perhaps each founded by different populations. This helps to 

explain why teeth from the same environmental conditions have different morphologies. 

This is discussed in more detail in Chapter 9.

298



Chapter 6

The postcranial and cranial remains of 
Palaeoloxodon antiquus

6.1. Use of cranial and postcranial material in proboscidean palaeontology

Both cranial and postcranial material have played an important role in vertebrate 

palaeontology. In particular, cranial material has often been the only way a species can 

be correctly identified and separated from closely allied morphotypes (Maglio 1973). 

This is particularly relevant to the taxonomy of Palaeoloxodon where it is often difficult 

to distinguish individual species on dental material, but which have very different skull 

morphology: this is discussed in detail in section 6.9. Postcrania are important in 

predicting body mass and size change and also provide important information on 

locomotion and adaptation.

Proboscidean research has, however, concentrated on dental remains because, as 

discussed in Chapter 5, these are readily fossilised, show morphological variation 

through a lineage, and are abundantly curated in museums. Cranial and postcranial 

material is often not collected because it is large and therefore takes up too much space 

and is sometimes very fragile. This is particularly relevant to elephant skulls which, due 

to their highly pneumatised structure, are very fragile and do not fossilise well. 

Therefore, there have been limited studies carried out into the variation and morphology 

of elephant cranial and postcranial material.

There is limited postcranial material of P. antiquus and even less cranial material held in 

collections. It is difficult to draw conclusions from small samples but it has been 

possible in the present study to identify morphology which is useful in separating 

Palaeoloxodon postcranial material from that of Mammuthus and to describe important 

species-identifying cranial characters. Also, examination of the change in body 

mass/size through the Pleistocene has been carried out; these are described in the 

following sections.
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This chapter examines the limited postcranial and cranial material of P. antiqms in 

order to:

• develop useful taxonomic features

• review important P. antiquus skeletons

• examine body size changes in Pleistocene Europe

• examine the growth of P. antiquus.

6.2. Species identification of elephant postcranial remains

For the present study it was essential to be able to separate in fossil accumulations the 

postcrania of Palaeoloxodon antiquus, Mammuthus trogontherii and Mammuthus 

primigenius. Complete/partial skeletons of these species are easy to distinguish if they 

have associated dental remains because, as discussed in Chapter 4, the tooth 

morphology of these three species is fairly distinct. However, it is often the case that 

postcranial material is found in isolation and so criteria for identification are necessary.

In the present study any elephant postcranial material recovered from British sites of 

Stage 11, Stage 9 and Stage 5e age (see Chapter 2) was assigned to P. antiquus. This 

was because during those interglacials there is no evidence from dental remains that any 

other elephantid species was present in Britain. This is a reasonable assumption to make 

because, of 403 teeth examined in the present study from MIS 11,9 and 5e sites, none 

have been identified as being from Mammuthus. Also,, extensive collecting over the past 

150 years from sites throughout Britain has never recorded contemporaneous P. 

antiquus and Mammuthus in deposits attributed these stages. However, elephant 

material from the “Cromerian Complex” and Stage 7 could be referable to either P. 

antiquus or M. trogontherii (“Cromerian Complex” material) or M primigenius (Stage 7 

material); therefore a method to separate mammoth and P. antiquus postcrania is 

needed.
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6.2.1. Identifying postcranial elements

Normally, fairly complete bones or epiphyses can easily be identified to their position in 

the skeleton and those that cannot are usually too firagmentary to be of use in this type of 

study. The only bones that caused problems in the present study were the metacarpals, 

metatarsals and phalanges which were often difficult to assign to left or right and pes or 

manus. Also, these bones are particularly difficult to assign to species and were thus 

largely ignored-

Once assigned to its position in the skeleton it is necessaiy to determine to which 

species a bone is referable. To establish this, partial P. antiquus skeletons (with 

associated dental remains) were examined, together with material jftom MIS 11,9 and 

5e to identify characters that are of taxonomic importance. This evidence was then 

combined with information from several morphological studies comparing postcranial 

material oîP. antiquus and Mammuthus'. Adams (1877-1881), Andrews and Cooper 

(1928), Trevisan (1942 and 1947), Melentis (1963), Beden and Guerin (1975) and Kroll 

(1991). Also Dubrovo and Jaubowski (1988) provide information on the identification 

of carpal bones of P. antiquus.

In the following section each bone is examined in turn and important species-diagnostic 

features described that can be used to separate the bones of mammoth and P. antiquus. 

Also shown with sample size is the percentage of specimens that show the feature and 

the figure number (bone from right side is shown in most cases) to which the 

measurement corresponds. In all cases the features identified in P. antiquus have not 

been observed in Mammuthus species. This is based on observations by the author and 

from published data as described above.

Atlas (Figure 6.1). In P. antiquus the bone is more stout, being shorter (dorso-ventrally) 

for its width (80%, n = 5), CD, than Mammuthus. Also, the articular surface is more 

rounded inwardly (8 6 %, n = 7),(2).

Axis (Figure 6.2). The position of the dens epistrophei is important in this bone. In P. 

antiquus it is situated towards the top of the centrum body while in Mammuthus sp. it is 

lower down (75%, n = 4), CD.
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Scapula (Figure 6.3). In P. antiquus the articular surface is kidney shaped and heavily 

inwardly bowed (80%, n = 5), (D, while in mammoth it is more oval and flatter. Also, P. 

antiquus has a forked acromion process (100%, n = 3), 0 ;  while in mammoth the spine 

is single.

Humerus (Figure 6.4). In P. antiquus the cavity of the trochlear articular surface is 

deep (83%, n =6 ), CD, while in mammoth it is less so. Also, on die lateral surface there is 

a triangular shaped groove running midway down the shaft. This groove was first 

identified by Kroll (1991) who observed it on a skeleton from Crumstadt, noting that 

this feature, the fossa media deltoidei, is also seen in Asian elephant (see Sikes 1971). 

This feature could have important diagnostic properties since it was identified in 8 8 % of 

P. antiquus examined in the present study (n = 8 ), CD.

Ulna (Figure 6.5). The most consistent diagnostic feature here is that in P. antiquus the 

incrisuar semilimaris is saddle-shaped (83%, n = 6 ), CD, while in mammoth it tends to be 

flatter. Also, the olecranon is large and overhanging in P. antiquus (6 6 %, n = 6 ), while 

in mammoth it is smaller and more upright ©.

Radius. No useful species diagnostic characters.

Scaphoid (Figure 6.6). The upper lunar facet is triangular in P. antiquus (77%, n = 9), 

CD; while in M. primigenius it is rectangular.

Lunar (Figure 6.7). In P. antiquus there are always two clearly defined cuneiform 

facets (100%, n = 8 ), CD; these are almost always joined in mammoth species.

Cuneiform (Figure 6.8). In P. antiquus the bone is very hooked, while in mammoth it 

is straighten More importantly, in P. antiquus the pisiform facet is triangular (83%, n = 

6 ), CD, while in mammoth it is rectangular.

Pisiform (Figure 6.9). As expected, the cuneiform facet is triangular in P. antiquus 

(8 6 %, n = 7), (D; while in mammoth it is rectangular.
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Trapezium. No useful species diagnostic characters.

Trapezoid. No useful species diagnostic characters.

Magnum. No useful species diagnostic characters.

Unciform. No useful species diagnostic characters.

Pelvis. No useful species diagnostic characters.

Femur (Figure 6.10). The femoral shaft in P. antiquus is straight (100%, n = 6 ), ®; 

while in mammoth the lateral edge is curved. Also, the distal condyles are very close 

together in P. antiquus (83%, n = 6 ), while in mammoth they tend to be further apart.

Tibia. No useful species diagnostic characters.

Fibula. No useful species diagnostic characters.

Astragalus (Figure 6.11). In P. antiquus the interosenus groove is spindle shaped and 

does not run the entire length of the facies articularis calcaneum (n = 83%, n = 6 ), CD, 

while in mammoth it runs the entire length of the bone and is rectangular shaped. Also, 

in P. antiquus the fibula facet is convex (100%, n = 6 ), (2), while in mammoth it is 

concave. The outer facet for the calcaneum in P. antiquus is rectangular (83%, n = 6 ),

® ; while in mammoth it is triangular. The inner facet is kidney shaped in P. antiquus 

(6 6 %, n = 6 ), (D, while in mammoth it is rectangular.

Calcaneum. No useful species diagnostic characters.

Cuboid. No useful species diagnostic characters.

Navicular. No useful species diagnostic characters.

Cuneiforms. No useful species diagnostic characters.
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Figure 6.1. Cranial view o f atlas of P. antiquus (right) and Mammuthus sp. See text for 

species identification features.

(D

Figure 6.2. Cranial view o f axis o f P. antiquus (right) and Mammuthus sp. See text for 

species identification feature.

Figure 6.3. Lateral view o f scapula blade and articular surface o f P. antiquus (right) and 

Mammuthus sp. See text for species identification features.
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Figure 6.4. Lateral view o f humeri o f P. antiquus (middle and right) and Mammuthus sp. 

(left). See text for species identification features.

Figure 6.5. Anterior view o f ulnae o f P. antiquus (right) and Mammuthus sp. See text 

for species identification features.
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Figure 6.6. Lateral view o f scaphoid o f P. antiquus (right) and Mammuthus sp. See text 

for species identification feature.

Facets joined

Figure 6.7. Lateral view o f lunar o f P. antiquus (right) and Mammuthus sp. See text for 

species identification feature.

Figure 6.8. Lateral view o f cuneiform of P. antiquus (right) and Mammuthus sp. See 

text for species identification feature.
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Figure 6.9. Medial view o f pisiform o f P. antiquus (right) and Mammuthus sp. See text 

for species identification feature.

Figure 6.10. Cranial view of femora o f P. antiquus (right) and Mammuthus sp. See text 

for species identification features.

f '

! j

Figure 6.11. Distal view (left) and lateral view (right) o f astragalus o f  P. antiquus (right 

hand side) and Mammuthus sp. See text for species identification features.
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Summary

The most important bones in species identification of P. antiqmts are the scapula, 

humerus, femur and astragalus. Of these, the astragalus is probably the most important 

since, due to it robust nature, is one of the most commonly found elephantid postcranial 

fossils.

6.3. Important elephant skeleton sites

In the present study 6  partial skeletons of Palaeoloxodon antiquus were examined, these 

are from:

• Upnor, UK

• Deeping St. James, UK

• Aveley, UK (two skeletons - Aveley I and II).

• Selsey, UK

• Bruhl, Germany.

None of these skeletons are complete but they can provide interesting information on 

intraspecific variation within the P. antiquus species. Provided below is a detailed 

account of the discovery of the finds and important palaeoenvironmental information. 

Where skeletons have not been previously described details of the material recovered 

are included.

63.1. Upnor, Kent

The Upnor elephant represents a fairly complete skeleton and is one of the most 

important finds of Palaeoloxodon antiquus in the world. The remains of the elephant 

were first uncovered in 1911 by engineers who were cutting practise trenches for 

impending warfare. They uncovered a small number of bones and a tusk - all of which 

were destroyed during these excavations (Andrews and Cooper 1928). The site, now 

correlated with MIS 7 probably 7c) (see Chapter 2), was reinvestigated in 1913 by an 

amateur archaeologist who discovered a small number of bones which where sent to the
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then British Museum. Here they were identified as carpal bones from a massive 

elephant Following this identification a full-scale excavation was undertaken and a 

large number of associated bones were recovered which are listed in Table 6.1.

These bones were described in detail by Andrews and Cooper (1928) who compared 

them to African and Asian elephant and Mammuthus primigenius. As Table 6 d shows, 

a considerable amount of skeletal material was recovered from the site; the major 

missing elements were the skull and right fore limb. Andrews and Cooper (1928) report 

that the skull was observed during the initial investigations in 1911 but that tree roots 

were growing through it making removal problematic. The skull was removed in part in 

1913 but was in too poor a state of preservation to curate. Dental remains suggest an 

animal of age 60-65 P. antiquus years.

Table 6.1 List of bones recovered from the Upnor elephant skeleton.

Skeletal Number Skeletal Number

element (left/right) element (left/right)

teeth L + R -M3 and M̂ unciform 1(L)

atlas 1 metacarpals 5

axis 1 phalanges 15

other vertebrae 17 pelvis 1

scapula 1(L) femur 2(L + R)

humerus 1(L) tibia 2(L + R)

ulna 1(L) fibula 2(L + R)

radius 1(L) astragalus 2(L + R)

pisiform 1(L) calcaneum 2(L + R)

scaphoid 1 (L) navicular 2(L + R)

lunar 1(L) cuboid 2(L + R)

cuneiform 1(L) entocuneiform 2 (L + R)

trapezium 1(L) mesocuneiform 2(L + R)

trapezoid 1(L) ectoncuneiform 2(L + R)

magnum 1(L) metatarsals 1 0
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The absence of the right fore limb is more difficult to explain. Andrews and Cooper 

(1928) make no reference to whether it was too badly damaged to recover or whether it 

was absent from the site. It is probable that the limb was either badly crushed and 

therefore not excavated or its absence may be related to taphonomy. It is interesting to 

note that some bones were stolen from the site during the 1913 excavation and that a 

guard had to be set up for night-time watches (Currant pers, comm.). It may be that the 

right fore limb bones were stolen in this way during the excavation. This seems 

plausible since some of the right carpal bones have been recently discovered in the 

keeping of people who were children in the Upnor area during the early part of the last 

century (Currant, pers. comm.). According to Andrews and Cooper (1928) it is likely 

that the animal became trapped in mud and was unable to escape and thus died from 

exhaustion. This seems the most likely explanation since the animal was in prime 

adulthood and there is no indication of disease or pathology associated with the bones.

6.3.2. Deeping St. James, Lincolnshire

The site is situated on the north bank of the River Welland where extensive excavations 

have been carried out since 1993, These excavations have exposed a series of silts and 

sand filled channels which have yielded numerous pollen, mollusc and coleopteran 

remains (Keen et al 1999). In 1996 a partial skeleton of Palaeoloxodon antiquus was 

recovered from the site and curated at Peterborough Museum. The author was invited to 

examine and describe these remains and provide information on a new Tee Age’ 

exhibition that was being constructed at the museum - the skeleton forming the centre 

piece for the exhibit.

Table 6.2 shows the bones which were recovered from the site. It can be seen that a 

majority of the skeleton was missing; however, the material which has been found is of 

considerable interest.

Many of the bones were crushed and have subsequently been reconstructed prior to 

examination. The crushing of these bones suggests trampling by large mammals, almost 

certainly other elephants. Haynes (1991) reports that modem elephants regularly revisit 

sites of elephant skeletons and carry the bones around and smash them during their
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investigations. There is no reason to believe that P. antiquus vyonld have behaved in a 

different way.

Table 6 . 2 List of bones recovered from the Deeping St. James elephant skeleton.

Skeletal

element

Number

(left/right)

Skeletal

element

Number

(left?right)

skull many small 

fragments

trapezoid

mandible 1(L) magnum -

teeth L + R M ^andM \L  

+ R M2 and M3

unciform

atlas 1 metacarpals 5

axis - phalanges 4

other

vertebrae

5 pelvis

tusk 2 femur distal fragment

ribs 1 2 tibia -

scapula - fibula -

humerus 1(R) astragalus -

ulna 1(L) calcaneum -

radius 2 navicular -

pisiform - cuboid -

scaphoid - enterocuneiform -

lunar - mesocuneiform -

cuneiform - ectoncuneiform -

trapezium - metatarsals 5

Many of the foot bones show evidence of gnawing, probably by hyaena. This is again a 

typical occurrence in modem elephant skeletons where hyenas attack the feet of the 

decomposing corpses as these are easy to remove from the skeleton (Haynes 1991). It is 

also interesting to note that many of the foot bones at Deeping are missing their 

proximal ends - this could be due to hyaenas burrowing into them from the top and
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breaking the bones in situ, a feature also observed in the Mammuthus trongontherii 

skeleton from West Runton, England (Stuart, pers. comm.) where direct evidence of 

hyaena activity is provided by coprolites among the elephant bones.

Outlined below is a description of each skeletal element recovered:

Skull. A large number of very fragmentary cranial remains were recovered (identified 

because of their honeycomb structure). Since elephant skulls are very fragile it is not 

surprising that the material is in such a fragmentary state.

Mandible. Fairly complete left ramus, severely smashed and material missing.

Teeth. The teeth are in a good preservation state although most are missing material 

from the anterior and/or posterior ends which has been lost post-mortem. The dental 

formulae are given below:

.  LM^ : -6 x 

.  R M ^ x 1 .‘/2.7-

.  RM  ̂: -8 x

• LM2 : xl.^.3-

• LM3 : -6 x

• RM3 : xl.V2 . i 5 -

The state of wear of the teeth suggest an age of 35-40 P. antiquus years.

The most interesting feature of the teeth is that the two lower M3 teeth have half plates 

in plate position 2  (see Chapter 4). Since both teeth have this feature it strongly suggests 

it is under genetic control. The lower right M3 tooth is shown in Figure 6.12.
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Figure 6.12 Lower right M3 tooth o f the Deeping St. James skeleton. Notice Vi plate 

behind plate one. Scale units = 1 cm.

Atlas. Almost complete, only lacking small amount o f material.

Other vertebrae. The vertebrae are all thoracic and, in most case, the spines are 

detached (broken) from the centra.

Tusks. Both very fragmented with largest recovered pieces being no more than 100 mm 

long. Erroneously reconstructed to be too curved.

Ribs. Of the 12 ribs recovered, most are in good condition with only slight damage from 

trampling.

Humerus. Reconstructed from several large fragments. Both epiphyses are relatively 

complete although material missing from distal diaphysis. Faint sign o f  the groove 

described by Kroll (1991) (see section 6.2) and heavily reconstructed on lateral side.

Lina. Fairly complete with only slight material missing from proximal epiphysis. Very 

robust bone.

Radius. Left radius completely affixed to ulna -  cross-over between bones is weak (a P. 

antiquus character noticed by Trevisan 1947). Right radius clearly crushed by trampling, 

diaphysis smashed midway.
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Metacarpals and phalanges. Most bones (78%) show signs of hyaena gnawing with 

60% missing the proximal ends.

Femur. Small fragment recovered from distal diaphysis just before epiphysis junction.

The size and general structure of the postcranial material suggest that the animal was 

female (see later: Figure 6.19).

Examination of the scatter of the bones (site plan in Peterborough Museum) reveals that 

the bones were highly concentrated, all being found within a 15 m  ̂perimeter (French 

pers. comm.). This suggests the skeleton was rapidly covered with sediment soon after 

death. Coleopteran and molluscan evidence suggest the site was a slow moving 

backwater or pool formed by the main River Welland. It is likely that the carcass was 

washed into this and quickly covered with sediment. The animal may have remained 

exposed for some time since the activity of hyaenas is recorded. Hyaenas are known, 

however, to dive for carcasses and this is the favoured scenario at West Runton (Lister 

pers. comm.)

Amino acid geochronology on shells of the mollusc Bithynia tentaculata give a mean 

age of 110,000 +/- 8000 yBP for the site while thermoluminence dates place it at 

120,801 + / - 14,000 yBP, both of which assign the site to MIS 5e on the marine isotope 

record (Keen et al. 1999).

Pollen and invertebrate analysis show the area to have been a reedy swamp with 

grassland meadows developing away from the river (Keen et al 1999). The forest area 

was dominated by Quercus although Pinus was also important, indicative of pollen zone 

IpIIb. The evidence from mollusc and coleopteran remains suggest summer temperature 

4 °C above the current temperature in East Anglia.

6.3.3. Aveley, Essex

This site, at Sandy Lane Quarry, is famous for having yielded 4 partial elephant 

skeletons: two Palaeoloxodon antiquus and two Mammuthus primigenius. In 1964
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excavation by Tunnel Portland Cement uncovered a partial M. primigenius skeleton. 

Directly beneath this, separated by only 30 cm of sediment, was a partial P. antiquus 

skeleton (in the present study, Aveley I) (Blezard 1966). Later that year another partial 

M. primigenius skeleton was recovered and in 1965 another P. antiquus skeleton was 

uncovered by a team from Queen Mary College, London University, led by John 

Carreck (Carreck 1966) (Aveley II in the present study). The pit remained open for 

another ten years during which time pollen (West 1969a; Hollin 1977), molluscs 

(Cooper 1972) and more mammalian remains were recovered (Stuart 1976 1982; 

Sutcliffe and Kowalski 1976).

More recently excavations have been carried out at the nearby site of Purfleet Road 

where sediments are stratigraphically equivalent to those at Sandy Lane Quarry. These 

excavations have increased the amount of mammalian material and 

palaeoenvironmental information recovered (Bridgland and Foreman 1996; Schreve 

1997).

Six stratigraphie units have been identified by Hollin (1977) at the Sandy Lane site 

(oldest at bottom):

' 1 . silt with pebbles

2 . upper silty clay

3. peaty clay

4. lower silty clay

5. sand

6 . pebbles.

The first M. primigenius skeleton and the P. antiquus skeletons were discovered on 

either side of the peaty clay horizon, P. antiquus in the lower silty clay. The fine 

sediment of the silty clay and peat layer suggests that they were deposited in a quiet 

backwater of a tributary of the Thames (Schreve 1997).

Mammalian faunal and pollen evidence from the Lower Silty Clay is indicative of 

heavily wooded conditions in pollen zone lib with high levels of Quercus and Pinus and 

species such as Bos primigenius and P. antiquus. Evidence from the upper channel is
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indicative of more open conditions with M primigenius, Equus ferus and more non- 

arboreal pollen (Schreve 1997). Schreve (1997) assigns the Lower, P. antiquus, channel 

to marine isotope sub-stage 7c (i.e. the first warm pulse in Stage 7).

The P. antiquus skeletons recovered firom Aveley have not previously been described in 

detail and provide some interesting information on the intraspecific variation within this 

species. The skeletal elements recovered firom these skeletons are shown in Tables 6.3 

and 6.4.

As Table 6.3 shows, a considerable amount of the Aveley I skeleton has been recovered, 

the only major omissions being the left hind foot and the skull. The absence of the skull 

is not unexpected because, as explained above, the fi'agile nature of this element means 

it is often destroyed during the fossilisation process. The absence of the foot could be 

attributed to scavenging, as observed in the Deeping St. James animal.

The bones of the Aveley I P. antiquus skeletons are described below.

Skull. Palate complete with teeth

Mandible. Complete with teeth.

Teeth.The teeth were in a good preservation state; the dental formulae are given below:

LM^:12x

RM ^-13x

RM  ̂; ?15x (encased in maxilla)

LM] : 12x

LM3 : ?17 (encased within mandible) 

RM] : ?17 (encased within mandible)

The state of dental wear suggests an animal of approximately 30 P. antiquus years. 

Atlas. Almost complete, only lacking small amount of material.
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Table 6.3. List of bones recovered from the Aveley I elephant skeleton.

Skeletal

element

Number

(left/right)

Skeletal

element

Number

(left/right)

skull Palate only trapezoid 2

mandible 1 magnum 2

teeth L + RM^ andM^, 

L + RM] and M3

unciform 2

atlas 1 metacarpals 5

axis 1 phalanges 8

other vertebra 23 pelvis 1

tusk 2 femur 2

ribs 19 tibia 2

scapula 2 fibula 1(R)

humerus 2 astragalus 1(R)

ulna 2 calcaneum 1(R)

radius 2 navicular 1(R)

pisiform 2 cuboid 1(R)

scaphoid 2 entocuneiform 1(R)

lunar 2 mesocuneiform 1(R)

cuneiform 2 ectomcuneiform 1(R)

trapezium 2 metatarsals 4(R)

Axis. Complete.

Other vertebrae. Selection of cervical, thoracic and lumbar vertebrae - many 

fragmented

Tusks. Both in excellent preservation state.

Ribs. Most of the 19 ribs collected are in good condition.

Scapula. Right scapula complete, left lacking some material on blade.
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Humerus. Both in excellent condition, both clearly show lateral groove identified by 

Kroll (1991) as an identifying character of P. antiquus.

Ulna. Complete.

Radius. Complete,

Carpal bones. Those persevered are all in excellent condition.

Metacarpals and phalanges. In good condition and mainly complete.

Pelvis. In two halves but good state of preservation.

Femur. Both in excellent condition.

Tibia. Right tibia in good condition, left showing signs of crushing/trampling.

Fibula. Both bones lacking epiphysis Wiich have been clearly broken off.

Tarsal bones. The right hind foot is complete and in an excellent state of preservation.

The remains of the Aveley II skeleton are mostly in a poor state of preservation with 

only a small number of bones recovered. The most important bone is the left humerus 

which is well preserved and shows the groove on the lateral side as described by Kroll 

(1991). The right humerus is crushed, probably firom trampling. The bones recovered 

fi*om this skeleton are shown in Table 6.4.

The size and robustness of both Aveley P. antiquus skeletons suggest that they are from 

female animals (see section 6.5).
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Table 6.4. List of bones recovered from the Aveley II elephant skeleton.

Skeletal

element

Number 

(left / right)

Skeletal element Number 

(left / right)

skull - trapezoid -

mandible - magnum -

teeth LM^ unciform -

atlas - metacarpals -

axis - phalanges 4

other vertebrae - pelvis -

tusk - femur -

ribs - tibia -

scapula - fibula -

humerus 2 astragalus -

ulna - calcaneum -

radius - navicular -

pisiform - cuboid -

scaphoid - entocuneiform -

lunar - mesocuneiform -

cuneiform - ectomcuneiform -

trapezium - metatarsals -

6.3.4. Selsey, Sussex

The coast of Selsey (deposits correlated with MIS 7a, see Chapter 2) has produced 

several important Pleistocene fossils. In 1956 a partial skeleton of the narrow-nosed 

rhinoceros {Stephanorhinus hemitoechus) was recovered by the Natural History 

Museum, London, and in January 1961 a partial P. antiquus skeleton was discovered 

near to where the rhino skeleton had been found.

The site was again excavated by the Natural History Museum, and remains of beaver 

{Castor fiber) and European pond tortoise {Emys orbicularis) were also recovered 

(Parfitt 1998). Pollen analysis shows the area to have been heavily wooded at the time
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that the P. antiquus skeleton was deposited (West and Sparks 1960) with high levels of 

Betula and Quercus.

The stratigraphy of the site as described by West and Sparks (1960) is summarised 

below (oldest first):

4. Clay with Hydrobia, warmer than today, pollen zone Eh

3. Clay with Hydrobia, marine transgression under interglacial condtions 

2. Detrius with wood, temperate fluvial deposits, containing P. antiquus skeleton 

1. Silt/clay, freshwater. Zone b of “Wolstonian”.

The elephant material from this site is in a reasonable state of preservation although 

many of the bones are fragmentary and flaky. The elements recovered from the skeleton 

are listed in Table 6.5.

The predominance of elements from the right side of the animal suggest the carcass may 

have been buried in the substrate quickly after death with its left side being exposed to 

scavengers and erosion.

The material is described in detail below:

Teeth. The teeth were in a good preservation state; the dental formulae are given below:

• LM^:oollxx

• RM^ioollxx 

. LM^: x7-

• RM^ : x8-

The state of wear of the teeth suggests an animal of 30-35 P. antiquus years.

Other vertebrae. Selection of cervical, thoracic and lumbar vertebrae -  many 

fragmented.
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Table 6.5. List of bones recovered from the Selsey elephant skeleton.

Skeletal

element

Number

(left/right)

Skeletal

element

Number

(left/right)

skull Palate only trapezoid 2

mandible - magnum 2

teeth L and R M ,̂ L 

and RM^

unciform 2

atlas - metacarpals 4

axis - phalanges 6

other vertebrae 10 pelvis 1

tusk - femur 2

ribs 3 fragments tibia -

scapula 2 fibula -

humerus 1(R) astragalus 1(R)

ulna 1(R) calcaneum 1(R)

radius - navicular 1(R)

pisiform 2 cuboid 1(R)

scaphoid 2 entocuneiform -

lunar 2 mesocuneiform -

cuneiform 2 ectoncuneiform -

trapezium 2 metatarsals 4

Ribs. 3 small fragments

Scapula. Both scapulae lacking some material on blade.

Humerus. Right only, in good condition and clearly showing the lateral groove as 

described by Kroll (1991).

Ulna. Complete.

Radius. Missing.
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Carpal bones. All in good condition.

Metacarpals and phalanges. In good condition and mainly complete.

Pelvis. In two halves but good state of preservation.

Femur. Both in good condition.

Tarsal bones. Two almost complete sets of tarsal bones (only cuneiforms missing), all 

in good condition.

6.3.5. Bruhl, Germany

The skeleton recovered from this ‘site’ was dredged by gravel dredgers from the Rhine 

(Koenigswald 1988). It is assumed to be of Eemian (MIS 5e) age (Zeigler, pers. comm.), 

dating which is based on pollen and mammalian biostratigraphical evidence. The pollen 

evidence from here suggests closed woodland with high levels of Quercus and Pinus.

The skeleton, at the Staatliches Museum fur Naturkunde, Stuttgart importantly includes 

the skulk In the present study it was possible to measure and examine the postcranial 

material but it was not possible to examine the skull material in detail because it was 

encased in polyfoam. The remains of this elephant are shown in Table 6.6.

The remains are mainly of large limb bones. This is not surprising since the material 

was dredged and so smaller bones, such as carpal/tarsal bones, would not be gathered in 

the dredger bucket. The bones that have been recovered are all in very good condition 

with very little damage. The general robusticity of the bones and the cranial/tusk 

morphology suggest that the individual animal was a male (the cranial morphology is 

discussed in more detail in section 6.9).

A description of the bones recovered is given below:
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Table 6.6. List of bones recovered from the Bruhl elephant skeleton.

Skeletal

element

Number

(left/right)

Skeletal

element

Number

(left/right)

skull 1 trapezoid -

mandible 1 magnum -

teeth R + L M ,̂ R +L 

M \R  + LM2,R 

+ L M3

unicifrom

atlas - metacarpals -

axis - phalanges -

other vertebrae - pelvis 1

tusk 2 femur 1(L)

ribs - tibia 2

scapula 1(R) fibula -

humerus 2 astragalus

ulna - calcaneum -

radius - navicular -

pisiform - cuboid -

scaphoid - entocuneiform -

lunar - mesocuneiform -

cuneiform - ectomcuneiform -

trapezium - metarsals -

Skull. Excellent condition, tusk sheaths very flared towards tip - indicative of a male 

animal.

Mandible. Excellent condition.

Teeth.

• LM : oo5x

•  R M ^  : qo5x  

.  LM^x?19
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RM^x?19 

RM2 : oo5x 

LM2 : oo6x 

R M 3 : x ? 1 8  

LM] : x?17

The state of tooth wear suggests an animal of approximately 45-50 years.

Tusk. Right tusk very large and in good condition, left tusk very fragmented.

Scapula. Good condition.

Humerus. Both specimens damaged: left humerus damaged lateral edge (therefore 

cannot see if groove is present), right humerus in two pieces.

Pelvis. Large element, good condition.

Femur. Both in good condition.

Tibia. Both in good condition.

6.3.6. Summary

Of the P. antiquus skeletons recovered, those from England are particularly important 

since they are confidently correlated with stages in the marine isotope record. The 

skeletons described are all fairly complete, expect one from Aveley, and provide the 

basis on which many of the identification features discussed in section 6.1 are made.

6.4. Carpal morphology of P. antiquus

The use of carpal morphology in proboscidean studies has long been recognised to be of 

importance for the separation of genera, for example see Pander (1821); Weithofer 

(1890). Two structural types have been determined: serial and aserial. In serial 

morphology the lunar joins only the magnum while in aserial morphology the lunar is
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much larger and covers the magnum and touches the unciform and the trapezoid (Figure 

6.13).

In Mammuthus trogontherii and M primigenius the wrist is aserial while in Loxodonta 

it is serial (Neuville 1946). However, the situation in Palaeoloxodon is more 

complicated with authors identifying both aserial and serial morphology. Andrews and 

Cooper (1928) comment that the structure is aserial while Maccagno (1962) and 

Dubrovo and Jaubowski (1988) state it is serial.

Lunar does 
not cover 
unciform

Lunar only just 
covers trapezoid

m

a.

Lunar covers 
unciform

Lunar covers 
trapezoid

b.

Figure 6.13. Serial (a) and aserial (b) carpal morphology of elephant feet. Bones on top 

row; c: cuneiform, 1; lunar, s; scaphoid, bottom row: u: unciform, m; magnum, t: 

trapezoid. Based on Lister (1996c).

The confusion over the carpal morphology of Palaeoloxodon has come about because of 

the lack of complete pes. In the present study only one complete fore foot was examined
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- this was from the Upnor elephant which Andrews and Cooper identified as having 

aserial morphology.

The complete left pes of the Upnor elephant is mounted in anatomical position and so 

assessment of carpal morphology is relatively straightforward. Examination of the bones 

clearly shows that the lunar is no larger than the magnum and does not overlie the 

trapezoid or unciform (Figure 6.14) and is thus serial in morphology. This is contrary to 

Andrews and Cooper (1928), pg. 8, who describe the lunar thus:

In front the lunar is considerably wider than the magnum upon which it rests, so that 

on the inner side it slightly overlaps the trapezoid, and on the outer the cuneiform'".

Figure 6.14. Photograph of fore foot of Upnor elephant showing serial morphology. 

Scale bar = 1 cm.

As Figure 6.14 shows, this is clearly not the case, although the lunar does touch the 

unciform it certainly does not merit the distinction of aserial morphology. The reason 

from the discrepancy is unclear. Andrews and Coopers’ 1928 paper was written when
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the Upnor skeleton had been mounted so they would have had access to the pes 

displayed in its anatomical position.

Whatever the reason for this misidentification, it is concluded in the present study that, 

based on the Upnor elephant, the carpus oî Palaeoloxodon antiquus has a serial 

morphology in keeping with the skeletons described by most other authors.

The significance of a serial morphology is unclear but, according to Dubrovo and 

Jakubowski (1988), it is suggestive of a greater load being carried by the front legs.

6.5. Sexual dimorphism in the pelvis of Palaeoloxodon antiquus

Gender determination of fossil proboscideans provides important information of 

taphonomy and social structure. For example, Angenbroad and Mead (1994) showed 

that at Hot Springs, South Dakota, the mammoth assemblage was dominated by young 

adult males and interpreted the site as having formed over a long time acting as a natural 

trap for the individual males which were roaming individually or in small herds. 

Determining the sex of an individual also helps in establishing the range of 

morphological variation between the sexes and also provides information on size 

differences.

As Lister (1996b) explains gender can be determined through:

• preserved genitalia

• skeletal size and robusticity

• skull and tusk morphology

• pelvic morphology.

Genitalia are only preserved in a very few frozen mammoth carcasses and no 

Palaeoloxodon individual has been found in this state. Skeletal size and robusticity is 

important in determining gender, with male skeletons tending to be larger and more 

robust. However, this method must be used with caution since individual and
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geographical variation is also important. This is particularly relevant to the present study 

where body size is shown to be a poor indicator of gender, see later.

Skull and tusk morphology are also important in gender determination - in 

Palaeoloxodon the male has very flared tusk alveoli, a relatively larger cranium and 

more massive tusks (this is discussed in detail later). However, as explained above, 

elephant skulls are rarely preserved in the fossil record and so are only of occasional 

use. This leaves the possibility of using pelvic morphology to determine gender. Lister 

and Agenbroad (1994) and Lister (1996b) have shown that in mammoth skeletons 

various dimensions have proved useful in separating the sexes.

Their studies have shown that the ratio between pelvic aperture width and ilium width 

can successfully discriminate between gender of mammoth skeletons. They also show 

that the ratio between pelvic aperture height and ilium width is useful in separating 

sexes: this is particularly useful for fragmentary specimens since it can be carried out 

when only one half of the pelvis is preserved (Figure 6.15).

In the present study the pelves from five P. antiquus skeletons were examined. The 

gender of these individuals was determined firstly by skeletal size/robusticity and 

skull/tusk morphology (if present), the details of this are given in Table 6.7. The pelvic 

measurements defined by Lister (1996b) were then used to determine what gender this 

independent method suggested.

Figure 6.16 shows the analysis of gender determination on pelvic structure. Also 

included on these plots are the ranges of male and female Mammuthus primigenius 

pelvic dimension ratios. The results are interesting because the P. antiquus sample does 

not fit the pattern of the mammoth sample. Although the sample size is small (n = 5) the 

position of the Aveley I pelvis (a definite female animal), with relation to the mammoth 

gender range, is unexpected as is the position of the Bruhl pelvis (a definite male 

animal).
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Figure 6.15. Gender determination measurements taken on pelvis. Key: (D, maximum 

horizontal width; diagonal height of pelvic aperture; maximum horizontal width

of pelvic aperture; width of ilium wing; (D, minimum width of ilium shaft. Based on

Lister (1996b).

This therefore suggests the method, which Lister (1996b) used to determine gender in 

mammoth, cannot be used for P. antiquus. An increase in sample size is needed before 

this method can be further tested and other gender determination methodology analysed 

but currently it seems that the pelvis is a poor indicator of gender in P. antiquus. In 

agreement with the present study, Palombo (pers. comm, to A. Lister 1999) found that 

the Lister (1996b) method did not work for the pelvis of Italian material of P. antiquus.

Contrary to these ftndings,GpWich (2000) suggested that the methods of Lister (1996b) 

do work for Palaeoloxodon. She shows that previously described pelves from animals 

which have been independently sexed, fit onto the Lister (1996b) plots. However, the 

small sample size ofCiohlich (2000) with n = 2 of independently sexed animals is 

probably too small to observe the variation in P. antiquus pelvic morphology.
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Table 6.7. Details o f gender determination o f five P. antiquus skeletons based on skeletal robusticity and skull morphology.

Locality Skull morphology Tusk morphology Skeletal size/ robusticity Gender Reference

Aveley I - slender and small small and slight F the present study

Selsey - - small and slight F the present study

Crumstadt - slender and small small and slight F Kroll(1991)

Upnor - massive huge, very robust M the present study

Bruhl flared tusk alveoli, massive cranial dome massive huge, very robust M the present study



male pelvis range 
(M  primigenius) female pelvis range 

{M. primigenius )

Upnor : Selsey Crum stadtAveley I Bruhl

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.63.4

pelvic aperture width to ilium width ratio

male pelvis range 
{M. primigenius )

female pelvis range 
(M  primigenius )

Aveley I Upnor Selsey Crum stadt

Bruhl

1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1

pelvic aperture height to ilium width ratio

Figure 6.16. Analysis o f gender determination on pelvic measurements o f P. antiquus 

compared to mammoth. (Mammoth data from Lister 1996b).

331



6.6. Size comparison among Palaeoloxodon antiquus skeletons

Several skeletons of P. antiquus have been described by other authors. It is interesting to 

compare the measurements observed in these specimens and in the six skeletons 

examined in the present study (see section 6.3). The previously described skeletons are 

shown in Table 6.8 with information on gender, age, age of deposit and original 

reference. Due to the paucity of material it is not possible to make comment at this stage 

on differences between material of different ages (this is discussed later).

Table 6.8. Details of gender of P. antiquus skeletons previously described with assumed 

age of deposit and reference.

Locality Gender Age Age of deposit 

(Stage)

Reference

Ciechanow, Poland F adult 5e Jakubowski et al (1968)

Crumstadt, Germany F subadult 5e Kroll(1991)

Grevena, Italy M adult 6 Tsoukala and Lister (1998)

Grobem II, Germany F adult ?5e Kroll(1991)

Grobem I, Germany M adult ?5e Kroll(1991)

Jozwin, Poland M adult 5e Jakubowski et al (1968)

Kiesacker, Germany M adult 5e Kroll (1991)

Riano, Italy M adult 5e Maccagno (1962)

Viterbo, Italy M adult 9 or 11 Trevisan (1947)

Warschau, Poland M subadult 5e Jakubowski et al (1968)

Plots have been produced of length and minimum shaft diameter for humeri and femora, 

since these skeletal elements form the largest sample size, from the published skeletons 

and from those examined in the present study. Examination of Figure 6.17 shows that 

the data on humerus length and width in male animals is consistently larger than female.

A similar pattern is also observed in the femur (Figure 6.18). In this plot, although there 

is clear separation between the male and female samples, the Aveley I (female) skeleton 

gives an unexpected result. Here, although the femur is narrow (within the female range)
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it is very long (within the male range). The reason for this individual variation is 

unclear, this is discussed in more detail later.

S 20

700 800 900  1000 1100

length

1200 1300 1400

Figure 6.17. Plot o f humerus length (mm) against minimum shaft diameter (MSD) 

(mm). Notice clear separation of male and female samples. Key; closed circles = males, 

open circles = female.
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140 A v e ley  I

130
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length

Figure 6.18. Plot o f femur length (mm) against minimum shaft diameter (MSD) (mm). 

Notice clear separation o f male and female samples except for Aveley I (highlighted). 

Key as in Figure 6.17.
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6.6.1. Body size/mass variation

Examination of Figures 6.17 and 6.18 reveals that skeletons of male P. antiquus are 

consistently larger than females. This is a feature common to modem elephants where 

extreme sexual variation is observed. For example. Laws et al (1975) report that adult 

African elephants can weigh up to 6 tonnes, with a shoulder height of up to 4 metres, 

while females weigh up to 3.2 tonnes and have a shoulder height of 2.6 metres.

Estimating body mass of fossil mammals is not a straightforward process (Damuth and 

MacFadden 1990). Most estimates rely upon inferences from a modem analogue, which 

for fossil elephants are the African and Asian elephants. The use of modem species may, 

however, not be valid.

Haynes (1991) notes that the bones of mastodons and mammoths are thicker than those 

of modem elephants; this, he suggests may be related to differences in locomotion. 

Whatever the cause, using modem elephants to predict mass from bones that are larger 

and more robust could give unrealistically high values. In the case of a small mastodon, 

weight estimates were obtained that gave a mass of over 8 tonnes, up to twice the mass 

of an adult bull African elephant (Haynes 1991). Therefore, body mass predictions made 

using modem elephant species must be viewed with caution. However, this is the only 

method available to researchers in this field presently and so has to used, provided an 

attempt is made to take over-estimation into account.

Anderson et al (1985) produced body mass equation for a range of mammalian orders, 

including proboscideans, using long bone lengths. They comment that this is the best 

method for body mass determination since the long bones support the bulk of the weight 

and thus reflect the load they carry. They point out that some bones are better than 

others for body mass estimation and cite the femur and humerus as the best indicators.

In the present study the body masses of the P. antiquus skeletons described in section 

6.3 and previously published skeletons (Table 6.8) were estimated using the equations 

generated by Anderson et al (1985) for humerus and femur length. Estimates were also 

made using the radius, tibia and ulna but these were found to grossly underestimate 

body mass and are not discussed here.
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Body mass estimates on the humerus and femur were made using the following 

equation:

1 = am’’

where: 1 = bone length; a is a constant; m is body mass and b is the exponent.

Values of a: humerus = 51, femur = 63. Values of b: humerus = 0.36, femur = 036 from 

Anderson ct a/. (1985).

Anderson et al. (1985) note that where body mass is known these estimates 

underestimate bone length by 3-7 %. To account for this, body mass estimates were 

obtained using these equations were corrected with a 5% increase: the results of this are 

shown in Table 6.9.

The range of body mass and the difference in mass predictions from the two bones are 

interesting. The skeletons are arranged in increasing body mass estimate based on the 

humerus (from left to right) with the minimum body mass being 3.2 tonnes of the 

Deeping St. James skeleton and the maximum of 15.3 tonnes of the Grobem I skeleton. 

The division in body mass estimates based on the humems between male and female 

skeletons is clear with no overlap between the groups.

The body mass estimates based on the femur are, however, very different to those based 

on the humems, in most cases giving much lower estimates. For example, in Grobem I 

the estimate on the humems is 15.3 tonnes while on the femur it is 6.5 tonnes. The only 

exception to this is the body mass estimate from Aveley I. The estimate based on 

humems length is 4.8 tonnes, a similar body mass to the skeletons from Aveley II and 

Selsey which have similar limb bone lengths. However, the femur body mass estimate 

predicts a mass of 10.7 tonnes for Aveley I. This is because the femur from this skeleton 

is particularly long compared to the other postcranial material. It is not possible to 

determine why the femur is so long.

Humems and femur body mass estimate differences could be because the 

humems'.femur ratio is different in P. antiquus compared to modem elephants. Or one is 

simply a better predictor than the other. Therefore mean values of body mass estimates 

are also given in Table 6.9.
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Table 6.9. Body mass predictions of skeletons of P. antiquus in tonnes based on humerus and femur length. Note consistently greater mass of male 

elephants (those to the right of division) on each measure. The only exception to this is the Aveley I femur estimate, this is discussed in the text.

Deeping 

St. James

Selsey Aveley I Aveley II Crumstadt Grôbem

II

Ciechanow Upnor Kiesâcker Warschau Bruhl Jozwin Grobem

1

Humerus 3.2 4.5 4.8 4.8 5.7 6 . 8 8 . 2 1 0 . 0 10.5 1 0 . 8 1 1 . 1 14.0 15.3

Femur - 3.3 10.7 - 2 . 8 - 3.5 9.0 5.3 - 5.8 6.5 6.5

Mean 3.2 3.9 7.7 4.8 4.3 6 . 8 5.9 9.5 7.9 1 0 . 8 8.5 10.3 10.9



The wide range of mass estimates could be a result of the method by which the predictor 

equations are obtained. In their study, Anderson et al. (1985) used the body mass 

measurements from an African elephant to predict Elephantid bone lengths. These 

animals only weigh a maximum of 6 tonnes (half the weight of many P. antiquus 

animals), meaning that masses of over 6 tonnes are not taken into account when 

constructing the predictor equations and thus the results may be inaccurate beyond this 

point.

Using these methods, the heaviest P. antiquus (15.3 tonnes based on the humerus from 

Grobem I) is over twice the mass of the heaviest African elephant bull elephant with a 

mass of 6.3 tonnes. The enormous size of this particular individual is probably unusual 

with most bull P. antiquus being around 10 tonnes and most cow elephants around 4 -5  

tonnes.

6.6.2. Variation in body size of Palaeoloxodon antiquus through the Pleistocene

Prediction of body mass requires complete bones from which information of widths and 

lengths can be obtained. However, the postcranial remains of proboscideans are often 

very fragmented and so large amounts of material cannot be used in this way. Interesting 

observations can still be made, however, on fragmentary material provided it fulfils the 

following criteria:

• the bones have fused epiphyses and thus have reached their maximum dimensions

• the bones can be identified to species level.

In the present study 123 postcranial elements fulfilled these criteria and were included in 

the analysis. Measurements of length and width were taken and calculated as a 

percentage deviation from a standard, in this case the Upnor skeleton. This skeleton was 

chosen because it represents the most complete P. antiquus skeleton examined in the 

present study. The ratio was calculated with the equation:
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—X I00 
B

where A = measure of tested specimen, B = measure of Upnor specimen.

Some of the specimens examined in this part of the study are associated and so the 

results must be viewed with caution since sample size is actually smaller than first 

appears. Nevertheless, interesting observations can be made on the difference in body 

size through the Pleistocene. Figure 6.19 shows the deviation in size of P. antiquus 

postcranial material (by MIS) from the Upnor standard.

It is clear that almost all the postcranial material examined is smaller than the 

corresponding Upnor element, that is, they are on the left hand side of the Upnor line. 

The only exceptions to this are two atlases from Swanscombe and the proximal radius 

and distal tibia measure from an elephant from Bleadon Cave in Somerset (see Chapter 

2). Also, the measures from the humerus from Grays are slightly larger than the Upnor 

standard.

In order to test this pattern statistically material from each stage was pooled and 

compared. In this analysis bone lengths were used because it was deemed this was the 

best indicator of body size. The sample size is smaller than shown in Figure 6.19 

because only one measurement was used on each bone and, where material was 

associated, a mean value was obtained. In this analysis the material from Bleadon Cave 

(MIS 7) was omitted because its huge size is anomalous for MIS 7 and its attribution to 

that stage is in fact tentative.

Table 6.10 shows the mean samplelUpnor standard ratio, sample size and range.
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Table 6.10. Mean ratio between each sample and the Upnor standard of P. antiquus 

postcranial material from stages “Cromerian Complex”, 11,9,7 and 5e,

Stage Mean n Range

“Cromerian Complex” 80.5 2 70.0-91.0

11 92.5 7 71.0-113.0

9 99.6 1 -

7 69.2 8 58.0-100.0

5e 68.0 4 58.0-81.0

Within each in stage, apart from Stage 9 where n = 1, there is a considerable size range. 

This is presumably due to sexual diamorphism -  an important factor in modem 

elephants.

Material from Stage 11,9 and the “Cromerian Complex” is large and, in some cases, 

approaches the largest P. antiquus material examined in this study. The large body size 

of the material from Stage 9 correlates with increased tooth length (see Chapter 5). 

ANOVA testing shows there is a statistically significant difference among the samples 

(F = 5.175, p = 0.006, n = 22). Post-hoc analysis shows that the material from Stage 5e 

is significantly smaller (p = 0.009) than that from Stage 9 (n = 5) and Stage II (p =

0.008, n=  11).

It is interesting that during Stage 5e, in England, and specifically Barrington, small 

postcranial material is found. This correlates with the small size of teeth (length) also 

observed at this site and several others which do not, unfortunately, have any postcranial 

material. This suggests that in England during MIS 5e there was a population of small 

body sized elephants; this is discussed in more detail in Chapter 9. Material from other 

Stage 5e sites. Deeping St. James and Bruhl, is larger and when the Barrington material 

is excluded from analysis, shows no significant difference between either the Stage 11 

or Stage 9 material.
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Material from Stage 7 is also significantly smaller (p = 0.008) than that from Stage 9 (n 

= 9) and Stage 11 (p =0.003, n = 15). Tooth length from Stage 7 is also short, but not 

statistically significantly, compared to other stages, this may be due to sample size (n =

2 tooth length measurements, see Chapter 5). When material from Bleadon Cave is 

included in the analysis the samplelUpnor standard ratio range for MIS 7 is increased to 

58.0 - 122.6 and no significant difference is found between it and either Stage 11 or 

Stage 9.

The associated remains from Bleadon cave are unusual. The radius and tibia measures 

suggest that the animal was larger than the Upnor specimen (approximately 20% greater 

in size) while the ulna and humerus measures suggest a size approaching the Upnor 

specimen. The increased tibia and radius size suggest the animal has longer distal limbs 

compared to other P. antiquus. It is interesting that remains of an animal of this size 

should be found in a cave which, according to Currant (pers. comm.), had a very small 

opening. Schreve (1997) comments that the site is dominated by lion {Panthera led) 

remains and it seems that they were using the cave as a den. It does not seem plausible 

that the elephant could have got into the cave through its small entrance. The two most 

probable explanations are that the remains were dragged into the den post-mortem or 

that the cave acted as a pit-fall trap.

Summary

The Upnor skeleton represents one of the largest P. antiquus specimens. Within each 

stage there is considerable size variation which is almost certainly due to sexual 

dimorphism. Material from Barrington (MIS 5e) and MIS 7 (excluding Bleadon Cave) is 

small, and significantly so compared to MIS 11 and MIS 9. In the case of Barrington, 

this correlates with small tooth size.

6.7. Growth in elephants

Unlike most other mammals elephants are unusual because they continue growing well 

into adult life (Laws et al 1975). Increase in bone length ceases when the epiphyses 

become fused to the diaphysis through ossification of the ‘growth zone’, a cartilaginous 

area between the diaphysis and epiphysis. This process has been observed to continue in
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African elephants beyond the age of 40 years, well beyond sexual maturity (Haynes 

1991).

In modem elephants, the sequence of fusion has been shown to be predictable (Roth 

1984), and Lister (1999) has shown that a similar, predictable, pattern is observed in 

Mammuthus primigenius. Knowledge of this pattern is useful because it can be used as a 

proxy to age postcranial remains where no dental remains have been recovered. By 

using dental stage as an indicator of age, see Chapter 4, Lister (1999) showed the 

following sequence of fusion:

1. distal humems 5. distal femur 9. distal radius

2. proximal tibia 6. proximal humems 10. distal ulna

3. distal tibia 7, proximal scapula

4. proximal ulna 8. proximal femur

Lister (1999) scored the state of fusion in following way:

• O = non fused

• X = completely fused

• (X) = partially fused, scored when epiphysis is fused but the distinction between the 

diaphysis and epiphysis is still clearly visible.

He notes the need to be observant of fillers and glues which are often used on fossil 

specimens to preserve or enhance their appearance, and which can hide the tme state of 

fusion.

In his study. Lister (1999) was fortunate to have a fairly large sample size of mammoth 

skeletons with associated dental remains - essential in determining age at each fusion 

state. There are very few Palaeoloxodon antiquus skeletons in collections and even less 

with associated dental material. In the present study 5 partial skeletons, vvith associated 

dental remains, were examined and scored for fusion states using the scheme developed 

by Lister (1999) Details of the skeletons are shown in Table 6TI, the results of the 

fusion scoring are shown in Table 6.12.
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Table 6.11. Palaeoloxodon antiquus skeletons, with associated dental remains, used in 

the fusion scoring study. Collection codes as in Chapter 2.

Site Country Collection

Aveley I UK NHM

Bruhl Germany SMNS

Deeping St. James UK PM

Selsey UK NHM

Upnor UK NHM

Unfortunately, as the results in Table 6.12 show, since all the P. antiquus skeletons 

examined in this section of the study have all limb bones completely fused, no 

information can be determined on the sequence or timing of fusion. All that can be said 

is that, at least for females, the skeleton is fully fused by 30 years compared to 40 in 

African elephants.

6.8. Growth pattern and skeletal shape

This section examines the patterns in growth of the postcrania of P. antiquus and how 

these affect the shape of the skeleton. Using modem elephants as an analogue, it is 

interesting to examine the effect that the increased body size of P. antiquus has on the 

rate of growth and the resulting skeletal changes.

Figure 6.20 shows the samplezUpnor ratio of long bone lengths against the standard 

Upnor specimen for important skeletons of P. antiquus. The most striking feature of this 

graph is the relatively larger size of the femur from the Aveley I skeleton (blue line). 

This size increase is not expected and deviates from the pattern of the other P. antiquus 

skeletons. It is not clear why this bone is so much larger in the Aveley I skeleton, but is 

clearly anomalous compared to other skeletons. The large size of the Aveley I femur 

explains why the body mass predicted from this bone was so high (see section 6.6).
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Table 6.12. Epiphyseal fusion score of long bones of P. antiquus together with data on P, antiquus corrected dental age. * denotes maxillary teeth, 

Key: prox: proximal, dist: distal, hum: humerus, tib: tibia, scap: scapula, fem: femur, rad: radius.

Site Sex Dental Stage Lfiws’ age class Dental gge (list

hum

prox

tib

dist

tib

prox

ulna

dist

fem

prox

hum

prox

scap

prox

fem

dist

rad

dist

rad

Aveley I ?F M2 XVIII 30 X X X X X X - X X X

Selsey ?F M2 XIX 30-35 X X X X X (X) - - - -

Deeping St. James ?F M 2-M 3 XX 35-40 X - - X - X - - X X

Bruhl M M3 XXIII r XXII 45-50 X X X X X X X - -

Upnor M M3 XXVI 60-65 X X X X X X X X X X
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Figure 6.20. Effect o f size change on percentage ratio in limb bone length from the Upnor standard from 9 P. antiquus skeletons. Key: blue circles = 
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Other interesting points from Figure 6.20 are the changes observed in skeleton shape 

with size increase. Ignoring Aveley I, which is anomalous, it is clear that as size 

increases the radius and humerus become proportionally longer, while the proportions of 

the other limb bones show more subtle changes with regard to one another. The tibia 

becomes progressively shorter as the femur increases - occupying more of the hind limb, 

while the humerus becomes longer with relation to the ulna which^ like the tibia, 

gradually occupies less space. Roth (1984) noticed similar changes in the limb bones of 

modem African and Asian elephants, however, she found the relationship between the 

humerus and ulna was more erratic and did not include radii in her examination.

The differences in skeletal shape could be attributed to different growth rates between 

the individuals observed in the study. For example, Nakamoto and Miller (1979) show 

that in baby rats increased nutrients in the diet can increase the length of the mandible 

while having little effect on the postcrania. Interestingly, as Roth (1984) notes, in Asian 

elephants reduced nutrition can result in slower growth and that animals in different 

conditions eventually reach the same size but a different times. That is, poor nutrition 

leads to later epiphyses fusion. This may be what is happening in P. antiquus although 

evidence of vegetational conditions argues against this.

6.9. Cranial material

As discussed in Chapter 4, the amount of P. antiquus cranial material is limited. This is 

because, due to their honeycomb structure, elephant skulls are rarely preserved in the 

fossil record.

In the present study three, previously unpublished, P. antiquus crania were examined 

together with one of P. namadicus (the type skull previously described in Osborn 1942); 

these are listed in Table 6.13. These were compared to other, previously described, 

crania, shown in Table 6.14. Measurements were taken as described in Chapter 4.
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Table 6.13. Crania examined in the present study with estimated age of animal and age 

of deposit. All P. antiquus expect * (P. namadicus).

Locality Gender Age Age of deposit Country Collection

Bad-Cannstatt I M 35 5e Germany SMS

Bad-Cannstatt II M 30 5e Germany MM

Steinheim III M 45 9 or 11 Germany SMS

Godavari* M 45 “Cromerian Complex” India NHM

Table 6.14. Crania of P. antiquus previously described by others with estimated age of 

animal, age of deposit and reference.

Locality (Sender Age Age of deposit Reference

Steinheim I M 40 9 or 11 Osborn (1942)

Steinheim II M 45 9 or 11 Osborn (1942)

Snitterfield F 18 1 2 Lister et al. (1990)

Grevena M 35 6 Tsoukala and Lister (1998)

Pignatoro ? 30 ?5e Osborn (1942)

Turkmenistan M 30+ Middle Pleistocene Dubrovo (1955)

The following sections describe results obtained from these crania by examining:

• species identification characters

• skull size and shape change

• taxonomic use of crania in Palaeoloxodon.

6.9.1. Species identification of cranial material

The skull of the genus Palaeoloxodon has a very distinctive morphology. As Maglio 

(1973) comments, the skulls are characterised as having the following features (the 

numbers indicate the features in Figures 6.21a and b):

• compression in facial plane (flattened facial plane) CD

• expanded fronto-paritetal surface laterally and anteriorly, forming a prominent 

crest/ridge overhanging the nasal orifice ®

• short and flat forehead below crest (D
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• large external naris ®

• premaxillary tusk sheaths massive and distally flared ®

• a double domed cranial vault ©

These features are found in all Palaeoloxodon species apart from the Mediterranean 

dwarf forms which have lost the double dome and overhanging crest; this is discussed in 

more detail in Chapter 7.

Identification of cranial material, like teeth, to species/subspecies level has proved 

problematic. Four important species/subspecies of Palaeoloxodon that have been 

proposed from cranial and dental material are discussed in the present study:

• P. antiquus italicus (Italy)

• P. antiquus germanicus (Germany)

• P. turkmenicus (TnvkmQmsiw)

• P. namadicus (Asia)

© and ©

(D

Figure 6.21a. Typical skull o f P. antiquus (back o f skull missing) showing important 

identification characteristics. See text for explanation.

3 4 8



Figure 6.21 b. Typical skull o f P. antiquus showing important identification 

characteristics. See text for explanation.

This view has, however, been challenged by Azzaroli (1966) and Maglio (1973) who 

state that there are insufficient differences in cranial structure to distinguish these 

subspecies. This corresponds to dental analysis in the present; however, it is important 

also to examine the skull morphology of these possible species/subspecies. Also of  

interest is that Maglio (1973) states that P. antiquus is a synonym o f P. namadicus', this 

can be investigated through comparison o f cranial material.

Examination o f Table 6.15 shows that the skulls o f P. antiquus vary considerably in 

length, width and other dimensions. For example, the skulls vary in length from 1005 

mm in the Steinheim III specimen to 1485 mm in the Turkmenistan specimen. These 

differences are, however, expected and can be attributed to sexual dimorphism and 

individual variation.

All o f the skulls figured in Table 6.15 are from adult animals (35+ years old) and, 

according to section 6.7, would have finished or almost finished growing. The small 

length and zygomatic width o f the Snitterfield specimen is due to it being female. The
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small size o f the Steinheim III specimen also supports this being female. The small 

sample does not show any pattern o f size change through the Pleistocene with sexual 

dimorphism blurring any signal there may be.

To examine if there are shape differences among these skulls a bivariate plot can be 

produced. A plot o f skull length against zygomatic width (used to give maximum 

sample size) is shown in Figure 6.22. Examination o f this plot shows that the skulls do 

not scale isometrically (regression line slope = 1.82, not 1) and thus show allometric 

growth. This means that skull length increases at a faster rate than width. Moreover, 

there is significant scatter around the line. However, the variation in skull shape does 

not map in any obvious chronological, geographical o f taxonomic manner.

The Turkmenistan skull is very large and long for its width but has a similar shape to 

Bad-Cannstatt 1 and Steinheim 1. The Steinheim ill and Bad-Cannstatt skulls are also of 

a similar shape. The P. namadicus skull from Godavari is in the middle of the P. 

untiquus range.

600

w =  1.82 I + -302 .2  
r =  0 .796 , p =  0 .002500

1400 Steinheim I

#  1300(L>
E
3
E 1200
i
E

1100
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Bad-Cannstatt 1
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700 740 780 820 860 900 940

zygom atic  width

Figure 6.22. Length (mm) -  zygomatic width (mm) plot o f skulls o f P. antiquus and P. 

namadicus. Gender: all male expect Steinheim III (? female). Pignataro skull not plotted 

since maximum measurable width is below true maximum. Red line is regression line 

on entire sample, black line is line o f isometry (slope = 1).
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Table 6.15. Comparison of possible P. antiquus subspecies and P. namadicus skulls. Letter in brackets under each specimen indicates gender: F = 

female, M = male, ? = unknown. Suggested species/subspecies (based on previous authors) for each skull is recorded. Measurements as described in 

Chapter 4, section 4.12. References; Godavari (Maglio 1973), Bad Canpstatt I and II and Steinheim III (the present study), Steinheim I and II and 

Pignatoro (Osborn 1942), Snitterfield (Lister, Keen and Crosling 1990), Grevena (Tsonkala and Lister 1998), Turkmenistan (Dubrovo 1955).

Godavari
(M)

P.

namaciicus

B^d- 
Cannstatt I 

(M)
P. antiquus 

germanicus

Bad - 
Cannstatt II 

(M)
P. antiquus 
germanicus

Steinheim I 
(M)

P. antiquus 
germanicus

Steinheim II 

(M)

p. antiquus 
germanicus

Steinheim III 

(?)

P. antiquus 

germanicus

Snitterfield

(F)

P.
antiquus

Grevena
(M)

P.

antiquus

Pignatoro

(?)

P, antiquus 
italicu^

Turkmenistan
(M)

P.
turkmenicus

Maximum length along sagittal axis taken 
perpendicular to npres 1275 1125 1150 1375 1005 >1240 1400 1485

^Maximum width across cranial vault taken 
parallel to pares 1021 1038 >830 1095 872 . . . 1114
Width of occiptal condyles - 164 236 - - - 243 - - -
Length from anteroventral border of 

pseudo external auditory meatus to most 
ventral edge of orbit 512 C.700 >820
Maximum zygomatic width 880 748 893 880 865 742 700 820 750 914
Width of tusk aveoli taken at distal 
extremity 752 576 610 850 480 521 1010 857
Maximum width of premaxillaries taken at 
distal extremity 712 479 457 545 890 846 . 640 530 973
Width between medial sides of tusk aveoli 
taken at distal extremity 562 576 - 850 - - - 540 500 -



In the following sections the taxonomic rank of the two possible P. antiquus subspecies 

together with P. turkmenicus and P. namadicus are discussed with relation to skull 

morphology.

**Palaeoloxodon antiquus italicus”

Osborn (1942) described a skull from Pignataro, Italy as being a new subspecies of P. 

antiquus. It was poorly excavated by the farmer on whose land it was discovered and 

shipped back to USA in a very fragmentary condition where it was reconstructed over a 

12 month period. Osborn (1942) then used this reconstruction to define the new P. 

antiquus italicus subspecies. He states that the skull of P. antiquus italicus is very 

bathycephalic (increased length measurement) and much less brachycephalic (width 

across zygomatic arch measurement) compared to the skull of P. namadicus (Godavari) 

and “P. antiquus germanicus^'. However, Osborn points out that the width measurement 

is only an estimate and clearly below the true maximum. He also points out that the P. 

antiquus italicus skull does not have the overhanging crest typical of other P. antiquus 

skulls. Together with the differences he cites for dental remains of P. antiquus italicus 

(see Chapter 5) Osborn concludes that the Pignataro skull represents a separate P. 

antiquus subspecies.

Comparison of skull length and width of the Pignataro specimen with other skulls do 

suggest that it is long and narrow (zygomatic width); see Table 6.15, but as pointed out 

above, this is only the maximum measurable width due to the incompleteness of the 

skull. Also, examination of photographs of the Pignataro specimen prior to excavation 

clearly shows the overhanging parietal crest. It is clear that during reconstruction these 

points were ignored and so an inaccurate skull was reconstructed. Furthermore, recently 

several P. antiquus skulls have been exposed in La Polledrara, Italy, a site thought to be 

MIS 9 in age, which clearly show a well-developed parietal crest (Lister pers. comm.) 

(Figure 6.23). This, together with information on the similarity between the teeth of P. 

antiquus italicus and other P. antiquus teeth from Germany and England show the skulls 

to be from the same subspecies with any differences being attributed to individual 

variation.
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Figure 6.23. P. antiquus skull from La Polledrara. Italy. Position o f parietal crest 

indicated with arrows (Lister pers. comm.).

'‘‘‘Pa/aeoloxodon antiquus germanicus”

In 1924 Stefanescu identified a new subspecies o f P. antiquus at Steinheim, Germany, 

which according to him had larger teeth than the “typical” Palaeoloxodon from 

England. However, as shown in Chapter 5, there is no difference in tooth dimensions 

between the entire sample o f English and German P. antiquus teeth and thus both 

should be regarded as the same subspecies.

In 1926 an imperfect elephant skull was discovered at Steinheim (Steinheim I) 

(unknown pit) which clearly came from a species of Palaeoloxodon. This was followed 

in 1928 by the further discovery nearby o f a complete skull which again had 

Palaeoloxodon characteristics (Steinheim II). Since they were found in Germany these 

skulls were attributed to P. antiquus germanicus. Osborn (1942) went further to state 

that the skulls were less high and wider than that from Pignataro and that this is was 

thus more evidence to separate the subspecies. Unfortunately the two Steinheim skulls
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were destroyed in World War II leaving only their teeth, but fortunately another partial 

skull from this site was available for examination in present study (Steinheim III) and, 

as Table 6.15 shows, the dimensions of this skull and those previous published are 

similar in proportion. Any differences, which are small, can be attributed to sexual 

variation, and individual variation. There is certainly no reason to define the German 

material as representing a separate subspecies.

These findings are in agreement with Azzaroli (1966) who stated that the skulls from 

Italy and Germany were probably all from one subspecies, Palaeoloxodon antiquus 

antiquus (based on material from England and Germany), and that the differences 

observed are not great enough, or constant enough, to raise any to the subspecfic rank.

Palaeoloxodon turkmenicus

In 1955 Dubrovo described a Palaeoloxodon skull from the Kuday-Dag District, 

Turkmenistan, as coming from a new species of Palaeoloxodon named P. turkmenicus. 

The species definition is based on dental morphology which is supposedly unique, 

including low plate count and well-developed loxodont structures on the occlusal 

surface and moderately flaring premaxillaries. However, as shovm in Chapter 5, these 

dental differences can be attributed to individual variation and fall into the range of the 

“typical” Palaeoloxodon antiquus from England and Germany. Dubrovo (1994) states 

the identification to specific level is open to question and she notes that the skull is very 

similar in structure to those from Steinheim and Pignataro, see Table 6.15 and Figure 

6.22, and that the validity of this identification can only be judged upon the discovery of 

more material.

Palaeoloxodon namadicus

As discussed in Chapter 5, Maglio (1973) argues that P. antiquus is a synonym of P. 

namadicus. However, in the present study examination of the type skull of P. namadicus 

from Godavari shows important differences in structure from those of P. antiquus from 

Germany and Italy.
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Although very similar in size, see Table 6.15, the skull from Godavari differs from those 

from Europe in one important way. In the specimen from India the zygomatic arch is 

parallel to the grinding surface of the upper molars while in all P. antiquus skulls (male 

and female, n = 7, those examined in the present study and from photographs of 

previously published material) it is directed downwards anteriorly (Figure 6.24) (this is 

not the case in the specimen shown in Figure 6.21a because here the zygomatic arch is 

erroneously reconstructed and the skull is not mounted in its anatomical postion).

This feature was noted by Ambrosetti (1968) and Azzaroli (1966) both of whom 

considered it sufficient to distinguish between two species. All P. antiquus skulls show 

this peculiarity and it cannot be a product of increased skull height since it is observed 

in all skulls, smaller and larger than the Godavari specimen (see Figure 6.22), and is 

therefore useful as a taxonomic marker.

It is unclear why the arch should be levelled in a different way in the Godavari skull. 

Maglio (1973) points out that in the Elephas lineage (he defines Palaeoloxodon as a 

synonym of Elephas) the zygomatic arch became more inclined in response to a change 

in diet from one of browse to one of graze dominated - this shift in skull morphology 

changed the centre of gravity so it was immediately above the teeth, thus increasing 

shearing efficiency. Thus, it may be that the skull of P. namadicus has the primitive 

Palaeoloxodon skull structure while P. antiquus shows a more advanced form. It is 

interesting to note that in Palaeoloxodon recki atavus, the progenitor of Eurasian 

Palaeoloxodon, the zygomatic arch is almost parallel; this supports the primitive nature 

of this morphology. However, P. namadicus shares with P, antiquus two further skull 

and tooth characters that are derived with regard to P. recki atavus (see Chapter 8), but 

lacks the derived tilted zygomatic arch of P. antiquus. These facts, together with 

biogeographic information, confirm the species distinction between P. recki, P. antiquus 

and P. namadicus.

Summary

Examination of cranial material reveals there is little, or no difference, in morphology 

between the skulls from Italy and Germany although the skull of P. namadicus from 

India does show species-specific morphological characteristics.
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A. B. C

Figure 6.24. Comparison in skull structure between A: P. recki atavus, B: P. namadicus 

and C: P. antiquus. P. antiquus based on Steinheim I and II; P. namadicus based on 

Godavari specimen. P. recki atavus based on Beden (1983). Notice tilt in zygomatic 

arch in P. antiquus compared to other specimens (shown with straight line to aid 

clarity).

6.10. Conclusion

This chapter has focused on postcranial and cranial remains o f P. antiquus. Specific 

postcranial features of P. antiquus have been identified and compared to Mammuthus 

sp. The chapter has also examined and described important P. antiquus skeletons and 

investigated carpal and pelvic anatomy.

Body size in P. antiquus has also been examined and patterns through the Pleistocene 

identified. The growth o f the skeleton of P. antiquus has be addressed and interesting 

patterns discussed. The limited cranial material o f P. antiquus has also been investigated 

and used to support the inclusion of all European subspecies o f P. antiquus as one 

species and to identify P. antiquus and P. namadicus as separate species.
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Chapter 7

Effect of insularity on elephants: 
the dwarf elephants of Cyprus

7.1. Introduction ta island biology

Islands have played an important role in understanding evolutionary processes since the 

early work in the nineteenth century by Humboldt, Wallace and Darwin. The unique 

community structure, low immigration rates and high extinction rates of mammals on 

islands mean they provide natural experiments in ecology (Roth 1992). Compared to 

mainland habitats islands have unique environments with depauperate flora and fauna 

and provide the opportunity to examine evolution and spéciation events at a very fine 

scale.

Work on island biology increased greatly after the publication by MacArthur and 

Wilson in 1967 of a work on island biogeography with reference to conservation. It was 

soon realised that island biology could be used to predict the effects of habitat 

fragmentation and destruction of mainland environments, an ever-growing problem in 

the modem world.

Size change of mammals on islands has been of interest since Darwin discussed the 

spéciation and evolution of the fauna of the Galapagos Islands, and in particular, the 

gigantism exhibited by the Galapagos tortoises. As Van Valen (1973) observed, the 

tendency for small herbivorous mammals to enlarge and ungulates and carnivores to 

dwarf on islands ‘seems to have fewer exceptions than any other ecotypic rule in 

animals’. The presence of giant rodents and dwarf megafeuna on islands is interesting 

because of the regularity of this trend and because it provides an opportunity to explore 

mechanisms of body size change.

The changing climatic conditions of the Pleistocene and their effect on sea level mean 

that island biology during this period is even more interesting, since the islands were 

changing in size and distance fi*om the mainland. In the present study islands formed on
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continental shelves are of interest, and not oceanic islands which have different 

biological conditions and constraints.

How and why do animals go to islands?

Various reasons why animals colonise islands have been proposed (Sondaar 1977):

• overcrowding of mainland population

• lack of food for mainland population

• other unfavourable environmental conditions on mainland

• chance dispersal.

It is interesting to note that these situations would be particularly important during 

glacial episodes in Europe. It is at this time that islands were closer to the mainland 

because of the drop in sea level, making colonisation easier. In other cases animals 

reached islands while they were still joined to the mainland and then only became 

isolated as the sea level rose, such as in the red deer of Jersey (Lister 1996a).

Terrestrial animals which actively arrive on an island, usually by swimming, must be 

able to detect the island or the vegetation on it in some way (Sondaar 1977). Small 

animals normally arrive on an island by rafting on natural floating debris, such as the 

rodents of the Galapagos which crossed 500 miles of open ocean (Carlquist 1974). For 

large animals there are two methods of detection, sight and smell. Elephants have good 

long sight but poor short sight (Johnson 1980) and it is possible that they could have 

seen islands that were near to the mainland, such as Sicily. However, it is clear that they 

relied mainly on smell to detect the island. Elephants have an excellent sense of smell 

and can detect fresh fruits of flowering plants from many kilometres (Spinage 1994). 

With a favourable onshore wind from island to mainland, it is highly probable that this 

caused elephants to swim to the islands.

Lomolino (1984) commented that, in North America, migrations to islands often take 

place in winter with animals travelling over floating ice. He states that in colonising 

islands, winter-active species (those that do not hibernate) have an advantage over those 

species which can only swim. This particular form of island colonisation is not
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applicable to Mediterranean islands since the sea never became frozen, even during 

glacial episodes (Lowe and Walker 1996). It may well have been of importance, 

however, to the island immigration of mammoths in Siberia (Roth 1992).

7.1.1. Body size change on islands

The trend of large mammals to dwarf and small mammals to increase in size on islands 

was first catalogued by Foster (1964). He compared body size of 116 species and 

subspecies of mammal in Europe and North America with their closest living relative on 

the mainland. He described an interesting pattern, which is observed in other regions of 

the world (for example see Sondaar 1977) where lagomorphs, carnivores and 

artiodactyls dwarf on islands while rodents normally evolve a large size (Roth 1992). 

This pattern was further described by Lomolino (1984) who showed that there is a 

general ‘graded trend’ for the smallest mammals to show the greatest increase in size 

while the largest show the greatest decrease in size.

Various other ‘island rules’ have been proposed but none are as regular as the 

observations of Foster (1964). Heaney (1978) and Roth (1982) describe the relationship 

between island size and body size of the mammals found on them. There is a general 

trend for the smallest islands to have the smallest dwarves and to show the greatest 

increase in size of small mammals. This is true for some examples, such as the tri

coloured squirrel described by Heaney (1978), but is not observed in every case, such as 

in manunoths on the California Channel Islands (Roth 1982).

Body scaling in mammals

The study of island dwarfing involves making observations in body scaling between a 

‘normal’ sized ancestor or close relative and the small form. Scaling can take two forms: 

isometric or allometric and it is of vital importance to understand the difference. 

Isometric scaling describes a constant scaling rate for all body elements, resulting in a 

diminutive or large form (depending on the direction of scaling) with all body elements 

having scaled to the same degree. True isometry is not observed in the growth of an 

individual because juveniles tend to show allometric growth in early development 

(Skelton 1993); see Figure 7.1. Allometric scaling describes differential rates of scaling
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of body parts such that one (or a series) of body parts scales differently to others: it may 

become relatively larger or smaller (Figure 7.1).

The term allometry strictly speaking encompasses a variety of specialised growth rate 

terms. Ontogenetic allometry refers to the differential growth rate of different parts; i.e. 

juveniles are not merely diminutive adults. Static allometry refers to shifts in proportion 

among closely related species. An example of this is in the extinct Irish elk,

Megaloceros giganteus, the largest of all cervids. The antlers of this species were 2.5 

times larger than would be predicted from its body size if isometrically scaled up from 

smaller cervids (Lister 1981), thus they are relativelv larger than predicted by body size. 

Evolutionary allometry refers to gradual shifts in proportions as size changes in an 

evolutionary lineage. An example of this is the relative lengthening of face observed in 

the evolution of the horse (Young 1992). It is this allometric process which is addressed 

in this chapter. For brevity evolutionary allometry will be termed simply allometry in the 

present study.

Also of importance to understanding body scaling is the timing of developmental events 

or heterochrony. Changes in timing of developmental events result in a change in shape 

and/or size of the derived form from the ancestor at an equivalent age. Where over

development occurs the rate of shape change is increased or its period of operation 

extended: this is termed peramorphosis. Where rate of shape change is reduced or period 

of operation reduced, the term paedomorphosis is used: here the derived adult resembles 

a juvenile stage of the ancestor.

Determining the scaling relationship between two measurements can by undertaken by 

bivariate analysis (Figure 7.1). Isometry is indicated by a straight-line relationship 

passing through the origin. An additive form of allometry is indicated by a straight line 

not passing through the origin. Exponential shape change is indicated by a line of the 

form y = bx  ̂where b is a constant and a is the allometric exponent, a >1 indicates 

positive allometry, a <1 negative allometry, a = 1 is isometry (in this respect seen as a 

special case of allometry). The exponent a can be determined as the slope of a line fitted 

to logarithmically transformed data.
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Figure 7.1. Bivariate plots of size scaling. Top graph shows two size measurements 

scaling isometrically. line has the equation y = mx. Middle graph shows two size 

measurements scaling allometrically at a linear rate, thus a straight line. Bottom 

graph shows allometric change at an exponential rate: line equation is y = bx*.

A note on the terminology used to describe body size change on islands

When addressing body size change two terms are sometimes applied, dwarf and giant. A 

dwarf, in this sense, is a smaller form of the original mainland ancestor or closest living
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relative. A giant is a larger form of the original mainland ancestor or closest living 

relative. The term dwarf is often interchanged with pvemv to mean the same thing. 

Biologically these terms can cause confusion because they imply not only the difference 

in size but also the process or processes that led to the change.

Technically, a dwarf is an allometricallv scaled form of the ancestor (normal sized adult) 

and the term paedomorph should be applied - meaning retention of juvenile 

characteristics in adult life. In humans, a dwarf has a relatively larger upper body and 

head, resembling a child, compared to a normal sized adult (Hill and Wyse 1989).

Where isometric scaling is seen, such as in a human midget or pygmy, individuals are 

scaled down versions of the normal size adult and have the same shape. However, 

historically, most authors use the term dwarf to describe any small form.

To avoid confusion from past usage, in this thesis the term dwarf elephant will be 

retained to describe all island elephants of a form smaller than their presumed mainland 

ancestor irrespective of the processes that have led to size reduction.

7.1.2. Shape changes in elephants on islands

A change in body size is often coupled with a change in shape of the whole organism or 

of individual skeletal elements, i.e. allometric scaling as described above. Gould (1971 

1977) showed that similar changes in shape observed in different mammalian orders can 

be the consequence of different mechanisms. Research into this topic needs to 

concentrate not only on what patterns are observed but how they are brought about.

Maglio (1973) notes that in dwarf elephant molars there is a reduction in plate number 

with proportionally thicker enamel - a morphology necessary to maintain the critical 

enamel thickness needed for efficient mastication. However, constraints of functionality 

may not be the only mechanism determining the changes seen in dwarf elephant molars. 

As noted by Gould (1975), in herbivorous mammals allometric increase in tooth size 

with an increased body size is often more rapid than reduction in tooth size with reduced 

body size during dwarfing - dwarf mammals tend to have relatively larger teeth for their 

body size than would be predicted from their normal sized ancestors. As Roth (1982)
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explains, dwarfing may be a result of selection for small body size without pressure for 

reducing tooth size whereas an increase in body size may require a corresponding 

relative increase in tooth size due to the increase in energy demand. (Smaller animals 

have a relatively higher energy demand than larger animals that have a higher absolute 

one).

The idea that allometric tooth scaling is related to energy has been challenged, however. 

Prothero and Sereno (1982) examined Miocene dwarf rhinoceroses to determine if tooth 

size had scaled isometrically or allometrically. They concluded that tooth size scaled 

isometrically to body size, contradicting Gould (1975). Fortelius (1985) stated that in 

fact the skull of the dwarf Miocene rhinoceroses was scaled allometrically (negatively) 

to body size while tooth size scaled almost isometrically but appeared relatively larger 

because of the relative reduction in skull size. Fortelius (1985) went onto to propose that 

teeth tend to scale ‘metabolically’ when chewing rate and life span are scaled to body 

size and that isometric scaling is normally seen across mammalian orders. However, a 

different pattern is seen at low taxonomic levels. Fortelius (1985) noted that 

observations of domesticated animals often show allometric scaling of tooth size to 

body size. Several examples of this are given, including the domestic dog, horse and 

cattle. He also stated, in agreement with Gould (1975), that a similar observation is 

made in small-bodied populations and that allometric changes in tooth size compared to 

body size are probably related to body size changing rapidly before the teeth can adapt.

This idea of dwarfing happening quickly, with postcranial skeleton changing faster than 

the teeth, which ‘catch up’ later is also proposed by Lister (1996a).

Postcrania can also show changes in shape as well as size. Ambrosetti (1968) discussed 

the change in torsion observed in the femora of pygmy hippos from the Mediterranean 

islands of Malta and Cyprus. In most specimens the femur has become more twisted end 

to end compared to that seen in the normal-sized mainland forms, a change from 30° to 

50° in torsion. This is related both to a reduction in body mass, so that the limbs do not 

have to be positioned directly underneath the animal, and to a need for more agile 

locomotion over the rough terrain found on islands.
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Other changes in limb morphology have been discussed by Sondaar (1977) who used 

the term ‘low-gear locomotion’ to describe the type of movement which dwarf 

megafauna need to successfully move around islands. This type of limb modification is 

observed in several taxa: deer, elephants and hippopotamus, and usually consists of a 

relative shortening of the distal limb elements and sometimes fusion of the ulna and 

radius and tibia and fibula.

7.1.3. Causes of body size and shape change on islands

This section will focus on the changes seen in terrestrial mammals only. First, they form 

the basis of the present study and, second, other groups are affected by mobility 

differences (birds and bats) or physiological differences (amphibians and reptiles). One 

point of interest poorly addressed in the current literature on island biology is how small 

a land mass has to be to cause island changes. Heaney (1978) provides an in-depth 

account of the factors causing changes in body size on islands that are summarised 

below. One or a combination of these factors may be responsible in any particular case.

Food limitation

It has been suggested by several authors, including MacArthur and Wilson (1967) and 

Lomolino (1985), that dwarfing is directly related to a reduction in available food and 

that there is an increased pressure to survive on less food on islands.

Food limitation may cause size change by two, or more, mechanisms: First, individuals 

which reach maturity more rapidly than, and are smaller than, normal sized individuals 

are favoured in habitats with limited food resources and this adaptation will, through 

natural selection, quickly spread through the population. Another important mechanism 

is adaptive flexibility or facultative adaptation (see Chapter 1). Many large mammals 

become stunted when food is limited and do not reach their full body size potential. 

Animals which have this ‘stunting ability’ genotype will be favoured on islands (Grant 

1965); in other words this type of adaptive ecophenotypic change can lead to a genetic 

change through genetic assimilation.
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On the other hand there is a potential disadvantage to small size when food in limited. 

Large mammals have long fasting times (Afiican elephants can go for 365 days without 

feeding in times of food reduction, Roth 1992), while small mammals have little stored 

body fat to utilise during times of fasting and thus need to feed regularly. However, 

Lindstedt and Boyce (1985) explain that it is costly and difficult to achieve and maintain 

a large body size where food is constantly limited. In these situations^ they suggest, it is 

better for an animal to invest in storing body fat and not bone/muscle which is both 

energetically expensive and difficulty to rapidly utilise as an energy source. An example 

is in Afiican elephants where, during times of food stress, fitness is increased in smaller 

individuals which store a greater proportion of body fat compared to larger, more lean, 

individuals (Laws et al. 1975). It is elephants of this type that would prosper on islands. 

Lomolino (1984) argues that, generally, resource limitation is the most important factor 

in causing size reduction in species of large body size while species of smaller body size 

are more affected by competition.

Predation

Predator numbers on islands are low because islands have depauperate flora and fauna, 

and the carrying capacity of the islands often means that populations of herbivores may 

be too low to support any population of carnivores. Van Valen (1973) stated that an 

absence of predators causes body size reduction in large mammals and body size 

increase in small mammals. Kurtén (1968) discussed the mechanisms that may regulate 

why predation release may cause these changes. Large mammals tend to avoid predators 

through being swift and nimble (examples are gazelle and zebra) or by being threatening 

and therefore overwhelming a predator (such as rhino or elephant). Small mammals tend 

to escape from predators by running down holes or burrowing into small crevices where 

predators cannot follow. When predator numbers are reduced or absent the need for 

investment in large bodies is no longer advantageous for large mammals or the 

maintenance of small bodies is not required for small mammals, that is, niche 

differentiation is possible when competition from predation is removed and other factors 

become important, such as sexual selection (Begon et a i 1990).

It is interesting that when large predators are present on islands they show body size 

reduction. According to Heaney (1978) predator body size tends to follow prey size and
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so as prey reduces in size the fitness of smaller predators, which are still capable of 

obtaining prey, increases. This is presumably because of a more rapid reproductive rate 

in smaller individuals.

Interspecific competition

Most studies on interspecific competition focus on two-species interactions, mainly 

because communities are too complex to examine. Grant (1972) proposes that when two 

species are directly competing with one another they tend to change in body size with no 

predictable tendency to either decrease or increase. An example is provided by the 

experiments on the Anolis lizard by Schoener (1974). He found that the lizards, which 

are generalist feeders, tend to reduce in size when competition, from another Anolis 

species, increases, regardless of the size of the competing species.

On islands competition is reduced because the smaller the area the fewer number of 

species. This is suggested by the results of Heaney (1978), who showed that in the tri

coloured squirrel dwarfing due to competition was more pronounced on larger islands.

Most species experience competition from a range of other species, not just one, and 

therefore the effects of competition are hard to predict.

Physiological efficiency

This factor encompasses a broad range of mechanisms that could contribute to body size 

changes, some of which are dependant upon the climate. In cold climates surface heat 

loss is relatively lower for large animals than small (Schimdt-Nielsen 1988). Moreover, 

although large animals need absolutelv more calories they can maintain larger fat stores, 

compared to smaller mammals and therefore survive hardship longer (as previously 

mentioned). Most large animals store proportionally the same amount of fat as small 

animals but are able to use it at a lower rate (Hill and Wyse 1989) allowing them to 

survive longer periods of fasting and drought.

fp hot climates large animals can often have relatively more fatty tissue that can absorb 

more heat and protect organs, as in the eland (Hill and Wyse 1989). Medium-sized
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animals are at a disadvantage in hot climates as they can neither store heat nor dissipate 

it rapidly. Also, large animals can drink and store relatively more water than small 

animals and therefore survive drought more easily (Hill and Wyse 1989).

More recent work, however, suggests that there is an optimum body size that, in the 

absence of other selective forces, will be favoured for reasons of physiological 

efficiency (Speakman 1993). As discussed above, larger animals have an advantage in 

times of food shortage yet it would be a problem to attain and then maintain a large size 

where food supply is poor. Elephants devote a large amount of time to feeding 15-19 

hours per day in some cases (Sikes 1971). During times of food shortage some animals 

die. What is important is reproducing despite the shortages (Speakman 1993). If food 

supply is constantly limited, i.e. on islands, then there are two possible evolutionary 

strategies. Either invest in large body size, or halt growth at smaller body size and invest 

in storage of fat which easily can be mobilised (Millar and Hickling 1990). The second 

strategy is often observed, such as in the study by Laws et al. (1975) discussed above, 

on African elephants in times of drought.

Summary

Figure 7.2 is based on the theories of Heaney (1978) who combined the major factors 

affecting changes in body size on islands with relation to the area of the island 

concerned. He showed that food limitation decreases while predation increases as does 

interspecific competition, as island area is increased and it comes to mimic the 

mainland. However there is limited or no physiological effect produced by change in 

island area because physiological effects are constant under similar climatic conditions.

The conclusion from these observations is that the final body size of a species is 

determined by a combination of these various selective forces. As Speakman (1993) 

points out, by examining both costs and gains to the animal it is possible to envisage a 

variety of effects on body mass. These effects may then select for smaller or larger body 

size depending upon the influences of each effect. As is often the case in biological 

systems, a balance is reached through a trade-off of different selective pressures (Begon 

et al 1996).
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Figure 7.2. Trends o f major factors affecting mammalian body size on islands, based on 

Heaney (1978).

7.1.4. Previous studies of mammalian body size change on islands in the 

Quaternary

Interest in island biology has produced a wealth o f information on body size change. In 

most cases the mammal faunas o f continental shelf islands are dominated by animals 

that were either good swimmers, such as deer and elephants, or by small mammals that 

probably reached islands on floating rafts of debris (Sondaar 1977) and consequently 

research has concentrated on these.

The follow section discusses examples o f large mammal dwarfing which have particular 

relevance to the mechanisms and observations made in the present study. The review is 

by no means comprehensive but highlights some of the most interesting and important 

issues investigated in the present study.

An interesting comparison of allometric and isometric tooth to body size scaling 

between two species within the same Family is made by Lister (1996a). He described 

the dwarfing o f red deer {Cervus elaphus) on the UK Channel island o f Jersey in 

comparison to the dwarf deer o f Crete.

Compared to the normal-sized mainland population, the dwarf deer on Jersey in the Last 

Interglacial show a reduction in limb diameter of 56%. Shoulder height is also reduced

368



from 125 cm in normal sized deer to only 70 cm for the island deer, a reduction of 44%. 

However, the change in tooth size of the dwarfed deer is less dramatic. Lister shows that 

the teeth only reduce by only 23% - thus scaling allometrically to body size.

The dwarf deer of Crete, which were studied by de Vos (1984), show a more 

complicated pattern. At least 7 species of deer lived on Crete from the Middle 

Pleistocene until the Holocene, and were probably founded at different times. Lister 

(1996a) concentrates on one of the species studied by de Vos, Candiacervus 

ropalophorus, which reached an average shoulder height of 60cm. The teeth of this 

species have scaled isometrically to body size, both showing a reduction of about 50% 

compared to a mainland deer (thought to resemble the ancestor in body size).

The reason why the Jersey deer shows allometric scaling of the teeth, in relation to body 

size can probably be explained by the length of time the dwarfing process took. Jersey 

was only isolated from the mainland for approximately 6000 years, during the last 

interglacial. On the other hand, Crete has been an island since the Miocene (Caloi et al. 

1996) with founders arriving by swimming. As discussed above, and pointed out by 

Lister (1996a), according to the work of Fortelius (1985), the deer of Jersey could be 

showing the immediate allometric effects of dwarfing. The Cretan deer, on the other 

hand, have had time to re-adjust to isometry by natural selection. As Fortelius (1985) 

pointed out, isometric scaling is commonly observed across mammalian Orders. He 

suggested that isometric tooth scaling is common because mastication functionality 

must be maintained.

Lister (1996a) showed that the Jersey island deer do not exhibit a change in morphology 

of the distal limbs, a common feature of dwarf ungulates where the metacarpals and 

metatarsals shorten as described by Sondaar (1977), in his theory of Tow-gear 

locomotion’. However, the Cretan species do show a relative shortening of the 

metacarpal but not metatarsal bones. It is predicted that both would scale together but 

Lister (1996a) proposes that the disparity may be concerned with the need for more 

thrust from the front limbs, possibly related to the terrain on Crete. This seems a 

reasonable explanation, with further evidence for this observation in the dwarf elephant 

Palaeoloxodon falconeri from Malta-Sicily (see section 7.2.1) which shows 

modification to the front limbs suggestive of a more nimble, scrambling action needed
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on rough terrain (Ambrosetti 1968). Alternatively, it may be that the dwarfing process 

had not occurred over a long enough period of time and, although the animals had 

become smaller, the distal metatarsals were yet to ‘catch up’ and change.

A similar adaptation is observed in dwarf hippopotamus remains which have been 

recovered from the Mediterranean islands of: Cyprus, Malta, Sicily, Crete and Kefalinia 

(Boekschoten and Sondaar 1972). Analysis of carpal and tarsal morphology shows them 

to resemble that of the modem pygmy hippo, Choeropsis liberiensis, but with restricted 

lateral movement and better anterior-posterior movement, an adaptation to the rough 

terrain of islands or forest environments. Sondaar (1977) also notes the unusual dental 

morphology of the dwarf hippos. The upper fourth premolar has been lost which, he 

proposes, correlates with a change in jaw movement from lateral to fore and aft. This is 

probably an adaptive change related to a shift in diet of grass to one of leaves and fruits, 

a more abundant food source on islands since there was a lack of open plain 

environments.

In keeping with the longer time of isolation, it is interesting that the deer from Crete are 

defined as a species, while the Jersey deer sample a population (or possibly a 

subspecies) of red deer, Cervus elaphus. Changes in antler stmcture and body size are 

sufficient in the Cretan case to determine that spéciation has occurred. The issue of 

taxonomic rank of the elephants from Cypms is discussed later.

7.2. Mediterranean dwarf elephants

Many islands of the Mediterranean have yielded fossil dwarf elephant remains that have 

long been of interest to science. At least six species of dwarf elephant, ranging in size 

from only slightly smaller than their mainland ancestors, to pig sized in some cases, 

have been identified on Mediterranean islands (Caloi et a/. 1996). Almost certainly, all 

but one of the species is from the genus Palaeoloxodon while one is tentatively placed 

in the genus Mammuthus, although the nomenclature and classification of the dwarf 

elephants require further investigation (Caloi et al. 1996).
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This section of the present study focuses on the dwarf elephants, of which there are 

probably at least two species, from Cyprus. In the present study the following questions 

are addressed:

• effect of size reduction on teeth and postcrania

• determination of type of scaling (allometric/isometric) taking place

• timing of dwarfing.

Proboscideans have proved useful in answering important questions in dwarfing biology 

and have been the subject of several detail studies. There are many examples in the 

fossil record of elephants undergoing size reduction on islands throughout the world, 

from islands off the coast of California (Roth 1982) to the islands of South East Asia 

(Hooijer 1954).

Roth (1982) examined the effect of dwarfing on the Santa Rosa mammoths off the 

Californian coast, where dwarf mammoths are found in deposits of various ages and 

may have lived on the island from as much as 500,000 to 10,000 years ago. The dwarf 

mammoth, Mammuthus exilis, evolved from the mainland mammoth, Mammuthus 

columbi, a less arctic-adapted elephant than the woolly mammoth. Roth showed that the 

teeth of the dwarf elephant have a reduction in length of about 50% but, interestingly, 

maintain a similar lamellar frequency of about 7-8 (see Chapter 4) to the mainland 

ancestors. This would suggest that tooth plates were being lost at the same rate as the 

reduction in tooth length. In the present study an investigation into the effect of length 

reduction of teeth from the dwarf elephants of Cyprus is carried out to determine how 

scaling is occurring.

Size reduction is also observed in the mammoths on Wrangel Island, Russia (Vartanyan 

et al. 1993; Long et al. 1994; Lister 1996a). These animals have an approximate 

shoulder height of 180 cm compared to 320 cm of the mainland woolly mammoth. 

During the Last Cold Stage (100,000 - 10,000 years ago) Wrangel Island was joined to 

mainland Siberia and was inhabited by normal sized mainland mammoths. However, 

during the Holocene, about 12-10,000 yBP it became an island and from 7-3,000 yBP 

hosted the small mammoths (Vartanayan et al. 1993), meaning that size change 

happened in a short time, no longer than 5000 years (Lister 199Q. Unlike the teeth of M.
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exilis from Santa Rosa the teeth retained the same number of plates as observed in the 

ancestor but they became shorter, therefore increasing their lamellar frequency. This 

could be a result of the dwarfing occurring in a short space of time with the reduction in 

plate number not having time to ‘catch-up’ vnth reduction in tooth length, or it may 

have had an ecological function, e.g. a change in diet.

The issues raised by previous studies on dwarf proboscideans will be addressed in the 

present study. The dwarf elephants of the Mediterranean islands also have a unique 

feature. Although dwarfing of proboscideans has been a common occurrence in the 

Pleistocene, in most cases the dwarfing event has been unique, with the mainland 

ancestor only giving rise to a dwarf population once. In the Mediterranean, 

Palaeoloxodon antiquus has founded the dwarf elephants of at least ten islands at 

various times through the Pleistocene. These elephants have undergone differing 

degrees of size reduction on islands of different sizes and ecology. The present study 

concentrates on the elephants of Cyprus because they are little-studied and show a series 

of dwarfing episodes. They are also compared to the elephants of the other 

Mediterranean islands to determine how size reduction has affected the various lineages 

OÏP. antiquus.

Studies in palaeontology are often criticised because the fossil record represents isolated 

events which cannot be tested against other, similar events (Gould and Eldredge 1977). 

This is not the case of the elephants of the Mediterranean islands that represent a unique 

kind of multiple ‘experiment’ in island dwarfing.

7.2.1. Previous studies on Mediterranean dwarf elephants

Early research into dwarf elephants was carried out in the late nineteenth and early 

twentieth centuries. Table 7.1 lists, in accordance with the nomenclature used in the 

present study, the Mediterranean islands which yield dwarf fossils with a list of species 

present. A brief summary of the history of research and current theories for each species 

are also provided as a background to the work on the Cyprus dwarf elephants.
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Malta and Sicily

These two islands, which were connected until the onset of the Holocene, have been the 

focus of the majority of proboscidean dwarfing research in the Mediterranean.

Originally three species were identified: a very small elephant of maximum shoulder 

height one metre was described by Busk in 1867 and named Elephas falconeri (now 

Palaeoloxodon falconeri). Busk (1867) described the postcranial remains and concluded 

that the species was derived from Palaeoloxodon antiquus {Elephas therein). He did 

not have access to any dental remains but some were recovered a few years later which 

confirmed the palaeoloxodont features and, according to Vaufrey (1929) resembled 

small P. antiquus teeth. Vaufrey went further in stating that P. cypriotes, a dwarf 

elephant from Cyprus, was a synonym of P. falconeri based on a similar size and dental 

morphology; this is discussed later.

Table 7.1. List of major Mediterranean islands where dwarf elephant fossil remains are 

found with a list of species encountered.

Island Species present

Crete Palaeoloxodon creticus, P. creutzburgi, ? P. antiquus

Cyprus Palaeoloxodon cypriotes

Malta and Sicily Palaeoloxodon antiquus leonardii,

P. mnaidriensis and P. falconeri.

Rhodes Unnamed species derivedfrom P. antiquus

Delos Unnamed species derivedfrom P. antiquus

Kythnos Unnamed species derivedfrom P. antiquus

Milos Cyclades Unnamed species derived from P. antiquus

Naxos Islands Unnamed species derived from P. antiquus

Tilos Unnamed species derivedfrom P. antiquus

Sardinia ? Mammuthus lamarmorae or Palaeoloxodon sp.

At the same time, other small elephant remains were recovered from Malta which were 

slightly larger than those of P. falconeri. Falconer (1862) described these dental and 

postcranial remains as coming from an elephant about ‘the size and build of the largest 

individuals of the Indian tapir’ and named the species P. melitensis.
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As more remains have been discovered of both P. falconeri and P. melitensis the 

difference in size between the two species has become less apparent. Ambrosetti (1968) 

concludes that P. melitensis is a synonym of P. falconeri, and this new nomenclature is 

recognised by most authors (see: Maglio 1973 and Caloi et al 1996).

The remains of a further species of elephant have been discovered on these islands, 

those of an elephant smaller than P. antiquus but larger than P. falconeri. It was named 

P. mnaidriensis {Elephas therein) by Adams (1870) based on dental and postcranial 

remains. He was particularly interested in this species as it seemed to represent a link in 

the dwarfing process from P. antiquus to P. falconeri.

Osbom (1942) and Aguirre (1968) identified two molar morphotypes for this species - 

pachyganial (large molars with thick enamel and low lamellar frequency with slightly 

sub-triangular laminae) and endoganial (thinner, more folded enamel, high lamellar 

frequency and reduced loxodont laminae). Ambrosetti (1968) considered these two 

forms as a mark of sexual dimorphism. Dimorphism was observed in the crania of P. 

mnaidriensis with Ambrosetti (1968) identifying two forms - both of which show close 

affinities to P. antiquus although they have undergone allometric change (Caloi et al 

1996).

In 1968 Aguirre proposed the existence of another dwarf subspecies from Sicily, which 

he named Elephas antiquus leonardii. This subspecies has narrow, hypsodont molars 

with thin, unfolded, enamel. According to Palombo (1986) the teeth have a morphology 

similar to that of Middle-Late Pleistocene P. antiquus.

Until recently it was agreed that P. mnaidriensis represented a stage in dwarfing from P. 

antiquus to P. falconeri with P. antiquus leonardii probably representing the result of a 

slight dwarfing episode from a second invasion. However, recent work (for example see 

Belluomini and Bada 1985 and Caloi et al. 1996), show that deposits containing P. 

falconeri are of an older age (Middle Pleistocene) than those which contain P. 

mnaidriensis (Late Pleistocene). Therefore P. falconeri must be the result of dwarfing in 

a lineage whose earlier representatives are not represented as fossils on the islands.

The derivation of the dwarf elephants from Malta and Sicily has also been a topic of 

much debate. Ambrosetti (1968) suggested that although the postcranial material links
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p. falconeri to P. antiquus (he makes no comment on the teeth) the cranial material of 

P. falconeri is different. The crania of P. falconeri show a great reduction in the amount 

of pneumatised bone, presumably a result of a reduction in skull size. Also, there is a 

great increase in the relative size of the braincase. These changes result in the skull 

being relatively heavier compared to that of P. antiquus. How many of these changes are 

related to the considerable size reduction that the dwarves have undergone^ and how 

much is related to their ancestry is unclear. Palombo (2001) suggests that the skull of P. 

falconeri is more like that of Mammuthus and Loxodonta than Palaeoloxodon because it 

lacks the overhanging ridge on the occipital face. In normal sized Palaeoloxodon these 

ridges act as attachment points for the nuchal muscles which have a function in holding 

the cranium in place. However, in the dwarf forms it is likely that as the cranium is 

much smaller and lighter these muscles are relatively smaller and so no attachment ridge 

is necessary.

Another reason for strongly suspecting that P. antiquus is ancestral to the Sicilian and 

Maltese elephants is the fact that P. antiquus was very common in southern Europe 

throughout the Middle and Late Pleistocene (see Chapter 3) and so is the most likely 

species to have colonised the islands from Italy and/or Turkey. There is the possibility 

that Loxodonta could have colonised Malta from North Africa. However, examination 

of dental structure argues against this.

Crete

The dwarf elephants from Crete were first noted by Bate (1905) and subsequently 

described in her 1907 publication as being a small elephant new to science named 

Elephas creticus. She also noted that remains of a much larger elephant were present on 

the island and that this resembled the mainland P. antiquus (Bate 1905). Kuss (1965) 

described a new, medium sized elephant from the island named Loxodonta creutzburgi. 

Kuss also maintained that three other taxa were present on the islands - E. antiquus, L. 

cretica and E. antiquus falconeri. This theory was challenged by Sondaar and 

Boekschoten (1966) who stated that only E. creticus and E. antiquus were present. Kuss 

then re-examined the material and concluded that there were three species on the island 

- E. creticus, E. antiquus and L. creutzburgi (Kuss 1970).
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Since that time little attention has been paid to these various dwarf forms. Caloi et al 

(1996) attempted a provisional stratigraphy of the island and it appears that deposits 

containing Palaeoloxodon creticus are the oldest (early Middle Pleistocene), while L. 

creutzburgi (now Palaeoloxodon creutzburgi) is found in Late Pleistocene deposits.

This is similar to the situation observed on Malta-Sicily where the larger species {P. 

mnaidriensis) is younger in age to the smaller species {P. falconeri). It is interesting to 

note that some authors, such as Theodorou (1986), dismiss the presence of P. antiquus 

at all on the island and refer it to a large form of either of the two other species.

Rhodes

A few scattered remains of a dwarf elephant about the size of P. mnaidriensis have been 

recovered from Rhodes. Symeonidis et al (1974) suggest that, based on the limb 

morphology, this species is allied to P. antiquus, and is thought to be of Late Pleistocene 

age. Also found on the island are remains from an elephant slightly larger than P. 

falconeri which, according to Symeonidis et al (1974), is derived from P. antiquus and 

was present on the island from the Late Pleistocene to the early Holocene.

Cyclades Islands

These small islands have yielded a variety of dwarf elephant material which Sondaar 

(1971) considers to be of a similar size to P. falconeri and of Middle Pleistocene age.

He considers them to all derive from P. antiquus, but these elephants require further 

investigation, including naming.

Sardinia

The dwarf elephant from Sardinia is the only one presumed to belong to the Mammuthus 

genus. It was first described by Major (1883) as Mammuthus lamarmorae based on 

several tarsal and carpal bones and pieces of postcrania from “Riss-Würm” (presumably 

MIS 5e) deposits. Later two molars were recovered and described by Malatesta (1954). 

The teeth are small, about the same size as those from P. mnaidriensis and, according to 

Palombo (1986), have no palaeoloxodont characteristics. Recent work by Melis et al 

(2001) has shown the teeth to be referable to Mammuthus and derived from M.
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trogontherii. Caloi et al. (1996) described features of the carpal and tarsal bones based 

on drawings from a publication in 1965 by Comaschi Caria. Although they provide few 

taxonomic characteristics they do point to a change in locomotion from a slow powerful 

gait to a rapid scrambling gait, propelled by the front legs.

7.3. The dwarf elephants of Cyprus

The dwarf elephant remains from Cyprus have not been discussed in detail since their 

publication by Bate in 1904a. The Cypriot material provides an excellent opportunity to 

examine the effects of dwarfing of dental and postcranial material of elephants. It also 

provides an interesting comparison with the elephants of other Mediterranean islands, 

particularly Malta-Sicily, which allows the effect of repeated dwarfing to be examined.

7.3.1. History of research on Cyprus

The first published records of the fossil fauna of Cyprus were by a Dutch traveller, 

Cornelius de Bruijn, in. the late seventeenth century who visited the island and reported 

on ‘giant bones of man and beasts’. At that time the remains of elephants and other large 

mammals were often attributed to mythological creatures such as unicorns and Cyclops 

(Sutcliffe 1985). It was not until the late eighteen century that Cuvier described the 

dwarf hippopotamus, Phanourois minutes, named after a saint, that the first scientific 

account of the fossil fauna was produced. He made a detailed description of the hippo 

fossils and concluded that they differed sufficiently from the normal sized mainland 

species to be given their own genus. Di Cesnola (1877) described a collection of bones 

from various caves on the island - he commented that the bones were attributed to those 

of saints by the local population and by the Archbishop of Cyprus.

It was the work of Bate that greatly increased scientific interest in Cyprus, and a 

majority of the other fossil-bearing Mediterranean islands. She visited the island in 1901 

and spent a year investigating the caves and fossil deposits described by previous 

authors. As she collected, material was shipped back to London and the Natural History 

Museum curated and published accounts of the finds (for example see Forsyth Major 

1902). By the time she left. Bate had collected an enormous amount of material. She 

subsequently published a series of descriptions of the remains and the fossil localities
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(Bate 1903 1904a 1904b 1904c). In her publications Bate discusses individual 

specimens and, in some cases, compares them to allied species. However, a majority of 

the work is descriptive with little synthesis of information. As with many workers at the 

time. Bate paid little regard to stratigraphy in her published descriptions. However, the 

Natural History Museum, London, holds her original note books allowing an accurate 

identification of these sites and, in some cases, allowing them to be re-excavated (see 

Boekschoten and Sondaar 1972).

Since the time of Bate’s work little attention has been paid to the elephants of Cyprus. 

Extensive research into the fossil hippo from Cyprus has been carried out by Reese (for 

example see 1975 and 1989) and Simmons (1999), which provides the most up-to-date 

account of the sites and the remains recovered, including some sites where elephant 

remains have been found.

7.3.2. Previous research on the dwarf elephants of Cyprus

Bate’s first published account (1903) briefly described the collection of teeth she had 

recovered firom Imbohary. In it she describes Elephas cypriotes (referred to as 

Palaeoloxodon cypriotes here), which she determines has affinities with the other 

Mediterranean Island dwarf elephants, particularly Elephas falconeri.

In a subsequent article (Bate 1904a) she goes on to describe the Imbohary teeth and a 

distal femur fragment in more detail and examines each tooth element giving details of 

the number of plates and the general morphology. She also discusses the affinities of E. 

cypriotes with E. melitensis and the derivation of both species. In Bate’s opinion E. 

Cypriotes is derived fi*om P. antiquus: this is based on the low lamellar frequency (and 

plate count). In her subsequent papers on E. cypriotes she only briefly describes the 

location and provides an inventory of the remains recovered. In Table 7.2 the plate 

number of the teeth of E. cypriotes from Imbohary are given, as described by Bate 

(1904a). She does not provide any other parameter details for these teeth. However, as 

they are held in the Natural History Museum, London, it was possible to measure all 

parameters during the present study -  the first time this has been done.

Osbom (1942) provides a resume of Bate’s work and is in agreement with much of it 

although he derives P. cypriotes fi*om "'Hesperoloxodon antiquus italicus ” (his name for
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Italian representatives of P. antiqims) or a similar subspecies from the Middle to Late 

Pleistocene.

Table 7.2. Plate number of upper and lower teeth of Palaeoloxodon cypriotes from 

Imbohary, Cyprus, after Bate (1904a).

dp2 dp3 dp4 M l M2 M3

Uppers 5 7-8 7-8 8-9 11-12

Lowers 5 7-8 7-8 8-9 11-12

In a report on all the fossil fauna from Cyprus, Boekshoten and Sondaar (1972) describe 

tooth remains of an elephant of larger size than P, cypriotes from the site of Achna. 

These teeth (seven fragments in total) are curated at the Natural History Museum, 

London and clearly come from a large elephant. Boekshoten and Sondaar (1972) agree 

with Ambrosetti (1968) that it is not possible to describe a new species from these teeth 

alone and that this requires further investigation when more material becomes available.

Most recently Caloi et al (1996) briefly describe the elephants that are found on Cyprus 

-  this review is very basic and simply covers the nomenclature and possible coexistence 

of a second, larger species, based on the teeth from Ancha. Nowhere has an attempt 

been made to examine and explain the effect of dwarfing on the teeth and postcrania of 

P. cypriotes. The present study is novel as it examines all the material from the Bate 

collection to elucidate the evolutionary history of P. cypriotes. The teeth from Achna are 

also examined.

7.3.3. Geology, stratigraphy and ecology of Cyprus 

Geology and stratigraphy

The island of Cyprus is situated in the Mediterranean Sea, on a latitude of 35°, south of 

the coast of Turkey and west of the coast of Syria. There are three major geological 

zones present in Cyprus (Greensmith 1998). To the north the Kyrenia (Carboniferous- 

Middle Miocene), to the south Cicum-Troodos (Upper Cretaceous-Middle Miocene) and 

in the central part of the island Upper Miocene and Quaternary rocks of the Mesaoria
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Plain. The major rock types found on the island are chalk, calcareous sandstone and 

marls.

The island was formed by the subduction of the northern European continental plate 

with the African plate during the Cretaceous, 75-95 million years ago (Gass 1968).

At this time Cyprus was formed from two small land masses only a few kilometres in 

area but quickly increased in size through pelagic deposition from the warm Cretaceous 

sea. The islands continued to increase in size until the Miocene, around 15 million years 

ago, where there was a period of major uplift which formed the present Toordos 

mountains and the Pentadalctylos Range of the island. This led to the formation of the 

highest mountain on the island. Mount Olympus, at 1951m (Swiny 1988). During the 

Pleistocene the two separate islands became joined at the Mesoria Plain, initially a 

marsh-bog environment which lay between the two major mountain ranges. Since that 

time the island has been fairly stable with the only major changes being in the increase 

and decrease of area as sea level rose and fell during the Pleistocene.

The Pentadalctylos mountains, Toordos mountains and Mesaoria plain form three major 

biozones. Fossil deposits are found throughout the island but are more concentrated 

around the coast and in the higher ground. This can be explained by taphonomic 

processes-fossilisation is unlikely in wet or marshy environments while rocky caves and 

outcrops provide a more suitable environment for deposition of calcium carbonate 

leading to well preserved fossils (Lowe and Walker 1997).

Cyprus is separated from Turkey by the Adana Trough and from the Levant by the 

Latakia Basin, both features reaching a depth of up to 2000m (Swiny 1982). The 

geological history of the island and its setting are important in understanding how it was 

colonised. It is clear that as Cyprus has never been joined to the mainland, any 

colonisers must have arrived on the island by swimming, frying or on rafts. This makes 

Cyprus almost unique among Mediterranean islands, most others have been formed by a 

rise in sea level cutting them off from the mainland. During cold stages of the 

Pleistocene the fall in sea level would have meant that Cyprus was nearer to the 

mainland, but according to Swiny (1982), the minimum distance from the north eastern 

tip of the island to Turkey, via the Alexandretta Gulf, was at least 30 km.
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The vegetation of Cyprus

Since the onset of the Holocene Cyprus has had an area of 9,267 square kilometres. 

There are no permanent rivers with streams forming only briefly in the rainy season 

from October to March, although there are several freshwater lakes and two large 

saltwater lakes. The climate is generally hot and dry during the summer and cool and 

wet during the winter period. The mean annual temperature is 21 °C with 500 mm of 

rainfall (Greensmith 1998).

The modem vegetation is sparse, consisting of few tree species dominated by pine, 

cypress, cedar and oak. Tree cover is mainly restricted to the lower mountain regions 

while the vegetation of the Mesaoria is mainly scrub and olive groves. Pleistocene 

pollen records are scarce for Cyprus due to the lack of large bodies of still water (Lowe 

and Walker 1996). The only published Pleistocene pollen record is from a basin fill in a 

karst depression at K.ythraea (Boekshoten and Sondaar 1972). Although pollen 

preservation in this sequence is poor the following genera were identified, listed with 

the most common first: Pinus, Cedrus, Quercus and Artemisia (a plant indicative of 

steppe conditions). Gramineae and herb pollen were also recovered, although only in 

small amounts. The age of this sequence is unknown although, according to Boekshoten 

and Sondaar (1972), it was deposited some time during the Middle - Late Pleistocene, 

almost certainly during interglacial conditions. The pollen sequence suggests that there 

was dense to more open tree cover in the lower mountainous regions with a 

marshy/grassland habitat on the Mesaoria Plain. Greensmith (1998) considers the 

Pleistocene vegetation as having been very like the modem cover, with the exception of 

olive groves.

7.3.4. Sites containing dwarf elephant remains

The fossil localities on the island are either rock shelters or the floors of eroded caves; a 

small number are also found in rock beds near the sea (Reese 1989). Thirteen sites have 

yielded fossil elephant remains: a list, based on Reese (1989), is given in Table 7.3 

along with a summary of the remains recovered.
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As Table 7.3 shows, only three sites contain more than five remains, with the majority 

being collected from the type site at Imbohary. All of the Imbohary remains were 

recovered by Bate in 1902 and are housed in the Natural History Museum. The other 

sites were excavated over a period from the late 1960s onwards, usually in combination 

with archaeological investigations and are housed in collections in Cyprus. Figure 7.3 

shows the location of the principle fossil elephant sites.

Age of the deposits

Only one of these sites, Akrotiri Aetokremnos, has been firmly dated. Carbon 14 dating 

of burnt hippo and elephant bones from this site give it an age of approximately 10,000 

yBP (Simmons 1991). No firm date has been attributed to the other deposits (shown in 

Table 7.3) although Simmons (1999) considers them, based on geomorphological 

evidence, to date from the middle to the end of the Middle Pleistocene, between about 

380,000 and 200,000 years ago. It is most likely that colonisation of the island took 

place during glacial episodes when sea level was at its lowest. In the Middle Pleistocene 

this would correspond to the British Anglian Stage (MIS 12), MIS 10 and the 

‘ Wolstonian’ Stage(s) (MIS 8 and 6). These dates correspond to the arrival of fauna in 

Sardinia during the Cassian regression (Azzaroli 1981).

Deposits from a variety of the elephant sites confirm that the arrival of the mainland 

elephant cannot have been as late as the Devensian cold Stage (Wurm of the 

Mediterranean) because the fossil-bearing deposits are overlain by Tyrrhenian (pre 

Ipswichian, MIS 5e) deposits corresponding to the Riss of the Mediterranean.

In summary, the arrival of the fossil dwarf elephants probably dates from mid to late 

Middle Pleistocene but certainly predates MIS 5e. Whether the remains are 

contemporary and whether the product of one or more invasions from the mainland is 

discussed later.
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Table 7.3. Fossil localities with summary of dwarf elephant remains recovered from 

each, based on Reese (1989).

Site Fossil dwarf elephant remains recovered

Imbohary 46 molars, tusk fragment, femur fragment. 

Type site of P. cypriotes. Bate (1903).

Dhikomo Vertebra

Achna Molar fragments, larger than those recovered 

at other sites

Trashia 3 molars

Kythraea 1 molar

Kyrenia 1 molar

Alcanthou 1 molar

Kissonerga Ulna fragment

Ayois Georgois 2 molar fragments

Ayialrini 2 vertebra spines

Akanthou -  Vouma Cave 2 molar plates

Dragontor Vouma Cave 1 molar

Akrotiri -  Aetokremnos Many very fragmented molars and postcranial 

remains

Xylophagou Tusk fragment

Emba 1 Molar fragment
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Figure 7.3 Map of Cyprus showing some major fossil localities (Modified from Swiny 1986). Circles indicate fossil sites, squares are major towns.



7.4. Phylogenetic relationship between Palaeoloxodon antiquus and 

Palaeoloxodon cypriotes

Over the past 100 years a variety of mainland species have been suggested as the 

ancestor of the Mediterranean island dwarf elephants. Most authors have concluded that 

Palaeoloxodon antiquus is the ancestor of all but possibly Mammuthus lamarmorae 

(Ambrosetti 1968; Caloi et al. 1996). This has been based, until now, on the general 

similarity between the molars of the island dwarfs and P. antiquus but this has yet to be 

demonstrated with a thorough morphological comparison and has relied on simple 

observations (Caloi et al 1996).

Examination of the teeth of P. cypriotes show that they share with P. antiquus four 

important palaeoloxodont characters (shown in Figure 7.4):

1. medial expansions on the occlusal plate pattern

2. in early wear the occlusal plate pattern is a long medial loop with two, smaller, lateral 

loops

3. enamel is slightly to heavily folded

4. the teeth are narrow for their length.

As shown in Table 7.4, comparison with teeth from other elephant genera shows that 

while some share these characters the entire ‘palaeoloxodont morphological suite’ is 

only observed in P. antiquus and P. cypriotes. Moreover, these characters are all 

‘derived’ (in a cladistic sense) relative to the primitive elephant Primelephas. These 

general morphological observations strongly suggest that P. antiquus is the sister-group 

to P. cypriotes, and given the palaeogeographic situation, its ancestor.

More evidence to demonstrate the ancestry of P. cypriotes is provided by detailed 

analysis of tooth morphology. The third molar (M3) of P. cypriotes is shown in the 

present study to scale in lamellar firequency-width (see later) to exactly the same size 

and shape as the dp3 of P. antiquus. Ontogenetically younger teeth (dp3-M2) of P. 

cypriotes also follow the same pattern as the dp2 - dp3 of P. antiquus (see later). This 

type of scaling might not be expected if P. antiquus were not ancestral to P. cypriotes.
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Large medial ring 
and small lateral 
rings

Medial
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Figure 7.4. Drawing of occlusal surface of upper M3 P. cypriotes (NHM M8598) 

showing classic palaeoloxodine features of: medial expansions, medial and small lateral 

rings and heavily folded enamel. Scale bar = 30 cm.

An interesting point has been noted by Trevisan (1947) who considers that all 

Mediterranean dwarf elephants, expect Mammuthus lamarmorae, have similar adaptive 

dental characters to P. antiquus {Elephas therein) but in a more primitive state. This is 

also noted by Caloi et al. ( 1996) who describe the teeth of dwarf elephants as having 

primitive characteristics. By this these authors are referring to a reduction in plate 

number in the molars. However, as is discussed later, this is a derived character from an 

ancestor that previously had a higher number o f plates and is thus not a primitive 

character but a consequence o f size reduction.

It has been stated that elephant teeth are o f little use in phylogenetic reconstruction 

(Ambrosetti 1968). Unfortunately, no useful cranial and very limited postcranial remains 

of P. cypriotes have been recovered. However, as is shown later, the teeth and one piece 

of postcranium (a distal femur) o f P. cypriotes closely resemble P. falconeri (one o f the 

dwarf elephant species from Malta-Sicily of which many cranial and postcranial remains 

have been recovered). It therefore useful to discuss the ancestry o f P. falconeri with 

regard to understanding the phytogeny of P. cypriotes.

Recently Palombo (1999) has suggested that the Malta-Sicily dwarf elephants show 

closer affinities to Mammuthus or Loxodonta than Palaeoloxodon. She argues that the 

skull morphology o f P. falconeri resembles more closely that o f Mammuthus or 

Loxodonta rather than Palaeoloxodon. She comments that the skull o f  P. falconeri lacks 

the classic Palaeoloxodon morphology of overhanging frontal ridges, double domed 

cranium and flared premaxillary tusk sheaths: see Chapter 6.
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Table 7.4. Comparison of four palaeoloxodont dental features observed in six elephant species, Notice that P. antiquus and P. cypriotes share all four 

characters while other genera share no more than two. Key; 1 = medial expansions on the occlusal plate pattern 2 = in early wear the occlusal plate 

pattern is a long medial loop with two, smaller, lateral loops, 3 = enamel is slightly to heavily folded, 4 the teeth are narrow for their length.

Character

L. africana E.maximus M. primigenius p. antiquus P. cypriotes

Outgroup

Primelephas

1 / X X / / X

2 X X X / / X

3 X / X / / X

4 / X X / X
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However, as discussed above, changes in skull morphology are expected where size 

reduction has occurred. The reason why P. falconeri lacks the ‘classic’ palaeoloxodont 

skull morphology may be that it is showing paedomorphic characteristics (the retaining 

in the adult features which, in their ancestor, appear in juveniles: Gould 1977): see 

Figures 7.5 and 7.6. This is argued by Lister (1996a) who comments on the remarkable 

similarity between the P. falconeri and juvenile Loxodonta skulls.

Palombo (1999) argues that postcranial morphology suggests that Loxodonta or 

Mammuthus might be ancestral to P. falconeri. She notes that changes in the postcrania 

may be the result of size reduction and are not particularly useful for phylogenetic 

analysis, but that the reduced torsion in the femur and changes in carpal morphology 

observed in P. falconeri show a closer resemblance to Mammuthus than to 

Palaeoloxodon.

However, as discussed above, these changes can be explained as a result of size 

reduction. P. antiquus was extremely large with a mass of around 12 tonnes and in order 

to stand it had a columnar limb structure to support its great weight. The twisted femur 

of P. antiquus, according to Ambrosetti (1968), would have placed the feet centrally 

beneath the body necessary to support the enormous weight. In P. falconeri the 

reduction in torsion would have shifted the feet out allowing a more nimble gaiL

In support of the derivation of the Mediterranean dwarf elephants from P. antiquus 

Ambrosetti (1968) argues that P. antiquus {Elephas therein) is the only possible 

ancestor of the palaeoloxodont island species: this is based on skull morphology. He 

concludes that the skull of P. mnaidriensis (a large dwarf elephant species on Malta- 

Sicily) shows close affinities with the skull of P. antiquus (Figure 7.5). He comments 

that the peculiar orientation of the zygomatic arch in P, mnaidriensis is like that 

observed in P. antiquus. In P. namadicus (an Asian representative of mainland 

Palaeoloxodon) the arch is parallel to the grinding surface while in P. antiquus and P. 

mnaidriensis it is directed forwards and downwards, see Chapter 6. This morphology, 

Ambrosetti (1968) concludes, is not a result of size reduction but is of phylogenetic 

importance.
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p. antiquus P. mnaidriensis P. falconeri
Decreasing size

Change of adult skull morphology --------------------------- ^
to juvenile morphology

Figure 7.5. Crania o f three species of Palaeoloxodon showing changes in morphology from the normal sized P. antiquus to the dwarf

P. falconeri with the intermediate sized P. mnaidriensis. Notice reduction in double lobes of cranium in P. falconeri. (All drawn to same size for ease

of comparison).



Figure 7.6. Top: skulls o f neonate (left) and adult L. africana (right) in lateral view. 

Bottom: adult skulls of P. falconeri (left) and P. antiquus (right) in lateral view. Note 

the low cranium of P. falconeri and its similarity to the neonate and the increased 

cranial height in the adult skulls. The crossed/dashed areas in the bottom drawings 

marks the braincase (note the relatively larger braincase in the neonate). Modified from 

Lister (1996a).
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Another reason for challenging Palombo is that Palaeoloxodon was, as mentioned, by far 

the most common elephant genus in the Mediterranean region during the Middle and 

Late Pleistocene. The genus Loxodonta is restricted to Africa (Beden 1979) and it is 

highly unlikely that it would have been able to swim across the Mediterranean from 

North Africa, firstly because of the great distance and, secondly, because of the lack of 

stimulus. As mentioned above, animals tends to swim to islands when they can smeU 

vegetation on them or see the island, and it is highly unlikely that Loxodonta would have 

been aware of the Mediterranean islands. Mammuthus was found in southern Europe but 

in very smaU numbers (Cardoso 1993), and it is unlikely that it would have founded 

dwarf elephant populations on at least 9 Mediterranean islands.

In conclusion, most available evidence supports the derivation of P. cypriotes from P. 

antiquus. Possible skull and postcranial differences between the species can be explained 

through paedomorphosis and/or adaptation.

7.5. Evolution of Palaeoloxodon Cypriotes teeth

This section describes the patterns of dwarfing and the morphological changes observed 

in Palaeoloxodon cypriotes. It addresses the effects of size reduction on teeth and 

postcrania by examining the following:

• morphological changes o f P. cypriotes compared to P. antiquus

• scaling type (allometric/isometric)

• functional significance of changes

• estimation of body size.

Materials and Methods

During the present study the entire Bate collection, housed at the Natural History 

Museum, London, was examined. A total of 44 teeth of P. cypriotes were examined 

although, of these, only 33 were sufiBciently well preserved to be utilised. In addition to 

the 44 definite P. cypriotes teeth examined, seven teeth, larger than any of those of P. 

cypriotes, although still dwarf, were also examined; they are discussed later. Dental 

measurements of P. falconeri were also used in the study for comparisons between P.
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falconeri and P. cypriotes. These were made from material from Malta housed at the 

Natural History Museum, London and from data published from Sicily by Ambrosetti 

(1968).

Measurement methods used in this section of the study are as described in Chapter 4 and 

Chapter 6. A constant measurement method was needed to make comparison between P. 

antiquus and P. cypriotes.

Results of the effect of insularity on teeth o îPalaeoloxodon cypriotes

To study the effect dwarfing has on teeth it is necessary to compare the dwarf teeth with 

those of the mainland, normal sized, ancestor, P. antiquus. Data from dental remains 

from England and from continental Europe were pooled for the present study. Analysis 

was also carried out using just the data from England and the data from Germany, but 

this produced the same results and is not described here.

The dwarf teeth were identified to position in the dental series by comparison of the 

entire sample. As Roth (1982) notes, dwarf elephant teeth are more difficult to separate 

than those of normal-sized elephant and states that it is necessary to examine the whole 

sample together to determine the position a tooth had m the dental series. Initially aU 

teeth were divided into uppers and lowers, based on the general shape and occlusal 

surface wear characters described in Chapter 4. Each sample was then subdivided into 

groups depending upon the size of the tooth and number of plates present in each tooth. 

Although the sample size was small these groups were then used to tentatively assign 

each tooth to its position in the dental series, the results of which are shown in tables 7.5 

and 7.6. Figure 7.7 shows the separation between the teeth based on some of these 

parameters. It should be noted that even if some allocations are tentative, this is unlikely 

to prejudice comparisons with other taxa, as the teeth form a gradational series on aU 

parameters, and the whole series is compared in each case.

Table 7.7 lists the numbers of each tooth element of P. cypriotes measured in the present 

study. Although sample size is small, interesting observations can be made.
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Table 7.5. Parameters of upper P. cypriotes teeth showing range, mean, standard 

deviation, number of observations and variance. Key: P = plate count, L = length (mm), 

W = width (mm), H = height (mm), LF = lamellar frequency, ET = enamel thickness 

(mm), EQ = hypsodonty index.

P L W H LF ET HI

M3: RANGE 1 1 89-91 30-36 58-67 11-12.5 1 .6 - 1 . 8 175-223.3

MEAN 1 1 90 32.2 62.8 1 2 . 0 1.75 195.1

ST. DEV. - 1.41 2.63 4.51 0 . 6 8 0 . 1 25.1

N 2 2 4 3 4 4 3

VAR. - 2 . 0 6.91 20.3 0.47 0 . 0 1 632.5

M2: RANGE 9-10 75-86 29.5-30 51-56 12.2-13.2 1 .8 - 2 172.8-189.8

MEAN 9.5 80.5 29.7 53 1 2 . 6 1.9 181.3

ST. DEV. 0.71 7.78 2.89 3.5 0.53 0 . 1 2 2

N 2 2 3 2 3 3 11.9

VAR. 0.5 60.5 8.35 12.5 0.28 0.013 4.0

M l: RANGE 7-8 61 24-26.2 39-44.5 11.5-15.3 1.3-1. 6 148.6-190.8

MEAN 7.3 61 25.1 43 13.2 1.4 170.67

ST. DEV. 5.8 - 1.87 2 . 6 8 1.46 .17 19.8

N 3 1 5 4 5 3 4

VAR. 33.6 - 3.53 7.2 2 . 2 0 0.03 391.3

dp4: RANGE 6 53 2 0 . 8 34.9 14.5 1.4 167.8

MEAN 6 53 2 0 . 8 34.9 14.5 1.4 167.8

ST. DEV. - - - - - - -

N 1 1 1 1 1 1 1

VAR. - - - - - - -

dp3: RANGE 5-6 - 22.6-23.5 - 14.4-14.8 1.2-1.5 -

MEAN 5.5 - 22.9 - 14.5 1.4 -

ST. DEV. 0.70 - 0.85 - 0 . 2 1 0 . 2 1 -

N 2 - 2 - 2 2 -

VAR. 0.50 - 0.7 - 0.05 0.04 -

393



Table 7.6. Parameters of lower P. cypriotes teeth. Details as in Table 7.5.

P L W H LF ET HI

M3: RANGE 12-13 123 34 56-66 10.7-11.4 1 .6 - 1 . 8 164.7

MEAN 12.5 123 34 61.3 1 1 . 1 1.7 164.7

ST. DEV. 0.72 - - 7.4 0.49 0.14 -

N 2 1 1 2 2 2 1

VAR. 0.5 - - 56.1 0.24 0 . 2 0 -

M2: RANGE 1 0 - 1 1 90 27.8-28.8 44.2-47.8 10.5-11.7 1 .6 -2 . 2 165.9

MEAN 10.5 90 28.5 46 11.4 1.87 165.9

ST. DEV. 0.71 - 0.64 2.54 0.83 0.31 -

N 2 1 3 2 3 3 1

VAR. 0.50 - 0.41 6.48 0.69 0.09 -

M l: RANGE 7-9 75.8 20.6-25.7 35.2-39.2 12.6-13.8 1.2-1.7 170.8-175.0

MEAN 8 . 2 75.8 2 2 . 8 37.2 13.1 1.44 172.9

ST. DEV. 0.89 - 2.13 2.82 1.81 0.18 2.92

N 5 1 4 2 6 7 2

VAR. 0.80 - 4.6 8 . 0 3.29 0.03 8.5

dp4: RANGE 7 54-58 20.2-23 27.2-32.6 12.5-14.6 1.3-1.4 125.9-146.8

MEAN 7 56 21.7 30.0 13.4 1.33 135.8

ST. DEV. - 2.82 1 . 0 2 1.91 0.71 0.52 9.39

N 4 2 5 5 5 3 4

VAR. - 8 . 0 1.05 3.66 0 . 6 8 0.60 8 8 . 1

dp3: RANGE 5 41 19.2 23.4 15.8 1.3 1 2 1 . 8

MEAN 5 41 19.2 23.4 15.8 1.3 1 2 1 . 8

ST. DEV. - - - - - - -

N 1 1 1 1 1 1 1

VAR. - - - - - - -
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Figures 7.7. Plot of plate count (PC), tooth width (W) (mm) and tooth length (L) (mm) 

of (a) upper and (b) lower teeth of P. cypriotes. Squares: M3, circles: M2, crosses: M l, 

diamonds: dp4, triangles: dp3.
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Table 7.7. Numbers of each dental and postcranial element of Palaeoloxodon cypriotes

used in the present study.

Element Number utilised in Element Number utilised in

study study

Udp3 3 Ldp4 5

Udp4 1 LMl 7

UMl 5 LM2 2

UM2 3 LM3 2

UM3 4 Tusk 2

Ldp3 1 Distal femur 1

Changes in dental parameters between Palaeoloxodon antiquus and P. cypriotes

This section examines changes in a number of parameters of P. antiquus and P. 

cypriotes teeth. First univariate analysis is carried out to examine the effects of dwarfing 

on plate number and size change and then bivariate analysis is discussed to examine 

shape changes. Since P. cypriotes has undergone a dramatic size change from P. 

antiqims it is predicted that all dental parameters have become reduced. Large teeth (i.e. 

ontogenetically older teeth) are expected to show greater absolute reduction. What is 

more interesting is the relative size reduction that has occurred within each dental 

element. This is examined below.

1. Plate number and shearing efficiency changes

Compared to the same element in P. antiquus, mean plate number is reduced in many of 

the dwarf teeth, both uppers and lowers: see Figures 7.8 and 7.9 and Tables 7.8 and 7.9. 

Significance testing (by Student’s t-test) shows that this reduction is significant in all 

elements expect dp3 and M2 though it approaches conventional significance for lower 

M2 (Tables 7.8 and 7.9).
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Figure 7.8. Comparison between plate number o f  upper molars o f  P. antiquus and P. cypriotes. P. 

antiquus sample shown as range with mean; P. cypriotes sample shown as raw data. Key to P. cypriotes: 

closed  square; M 3, circles: M2, triangles: M l, diamonds: dp4, open squares: dp3.

Table 7.8. Univariate statistics for plate number o f  upper molars o f  P. cypriotes (Pc) and P. antiquus 

(Pa). % column is P. cypriotes expressed as a percentage o f  P. antiquus mean. Significance levels as 

described in Chapter 4.

Tooth element n mean % St. dev. t P significance

Pcdp3 2 5.50

87.3

0.707

-0.99 0.331 n.s.

fa d p 3 24 6.30 1.050

Pcdp4 I 6.0

66.0 ■ -3.31 0 .0036 **

fa d p 4 20 9.10 0.911

P cM l 3 7.3

69.5

1.527

-6 .17 <0.001 ***

P a m 23 10.5 0.9021

PcMl 3 9.5

80.5

0.001

-1 .70 0.098 n.s.

PaMl 33 11.8 0.991

P c m 2 11.0

64.0

0.001

-5 .39 <0.001 ***

P a m 73 17.2 1.635
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Figure 7.9. Comparison between plate number of lower molars of P. antiquus and P. 

cypriotes. Symbols as in Figure 7.8.

Table 7.9. Univariate statistics for plate number of lower molars of P. cypriotes (Pc) 

and P. antiquus {Pa). Details as in Table 7.8.

Tooth elem ent n mean % St. dev. t P significance

Pcdp3 1 5.0

73.6 ■ -1.24 0.228 n.s.

Pad^3 26 6.80 1.400

fcdp4 4 7

69.0

0.735

-4.62 <0.01 **

Padp4 17 10.1 0.883

P c m 5 8.2

76.6

0.707

-2.09 0.05 *

P a m 18 10.7 1.530

PcM l 2 10.5

82.7 ■ -1.89 0.06 n.s.

PaM l 34 12.7 1.862

P c m 2 12.5

72.2

2.810

-6.13 <0.001 ***

P a m 62 17.3 1.870
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Examination of lamellar frequency is interesting and shows an increase in all tooth 

elements of P. cypriotes compared to those of P. antiquus, in both uppers and lowers: 

see Figures 7.10 and 7.11. The greatest increase is seen in ontogenetically older teeth (M3, 

M2 and Ml) (Tables 7.10 and 7.11) although it is significant in all elements. Since 

lamellar frequency describes the tightness of plate packing this result shows that in the 

dwarf teeth the plates appear to be more closely packed together. However, as discussed 

in Chapter 4, lamellar frequency is influenced by tooth size and therefore to investigate 

this further bivariate plots are needed: these are shown below.

Examination of changes in enamel thickness between P. antiqims and P. cypriotes are 

interesting. In both ropers and lowers a non significant (Tables 7.12 and 7.13) increase 

in enamel thickness is found in dp3, while a non significant decrease is found in dp4: 

see also Figures 7.12 and 7.13, while in Ml, M2 and M3 teeth the reduction is 

significant (approaching significance in upper M2).

The stability in enamel thickness in dp3 and dp4 may be related to maintenance of 

shearing function. If the enamel thickness of the dp3 teeth was reduced by the same 

amount as observed in the M3 teeth (in uppers 2.88 mm to 1.75 mm represents a 37% 

reduction) the dp3 would have an enamel thickness of around 0.8 mm. This is thinner 

than the enamel thickness of a P. antiquus dp2 tooth (see Chapter 4) and is probably 

below the functional limit. A tooth with enamel this thin would wear down too quickly 

and not be functionally efficient.
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Figure 7.10. Comparison between lamellar frequency of upper molars of P. antiquus and 

P. cypriotes. Symbols as in Figure 7.8.

Table 7.10. Univariate statistics for lamellar frequency of upper molars of P. cypriotes 

{Pc) and P. antiquus {Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Pc&p3 2 14.50

134.2

0.50

5.10 <0.001 ***

Pa&Ç)3 30 10.80 0.98

PcàpA 1 14.50

168.6 ■ 4.57 <0.001 ***

PadpA 33 8.60 1.27

P o m 5 13.20

169.7

1.49

10.15 <0.001 ***

P aU \ 33 7.78 1.05

PcU2 3 12.60

193.8

0.52

10.97 <0.001 ***

PaM l 94 6.50 0.95

PcM3 3 12.0

195.2

0.68

14.29 <0.001 ***

P a m 147 6.30 0.77
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Figure 7.11. Comparison between lamellar frequency o f lower molars o f P. antiquus and 

P. cypriotes. Symbols as in Figure 7.8.

Table 7.11. Univariate statistics for lamellar frequency o f lower molars o f P. cypriotes 

{Pc) and P. antiquus {Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Pcdp3 1 15.8

143.6 ■ 3.93 <0 . 0 0 1 ***

Pûrdp3 27 1 1 . 0 1 . 1 0

Pc&pA 5 13.4

148.9

0.77

7.09 <0 . 0 0 1
***

Tadp4 27 9.00 1.48

PcMl 6 13.1

179.5

1.81

11.99 <0 . 0 0 1 ***

PaU\ 29 7.3 0.99

PcMl 3 11.4

190.0

0.98

9.43 <0 . 0 0 1
***

PaMl 84 6 . 0 1.39

PcU3 2 1 1 . 1

198.2

0.494

8.62 <0 . 0 0 1 ***

P a m 125 5.6 0.89
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Figure 7.12. Comparison between enamel thickness (mm) o f upper molars of 

P. antiquus and P. cypriotes. Symbols as in Figure 7.8.

Table 7.12. Univariate statistics for enamel thickness o f upper molars o f  P. cypriotes 

{Pc) and P. antiquus {Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P Significanc

e

Pcdp3 2 1.4

116.7

0 . 2 1

0.067 0.39 n.s.

Padp3 27 1 . 2 0 . 2 0

Pc&çA I 1.4

93J ■ -0.59 0.58 n.s.

Pa&pA 26 1.5 0 . 2 1

P a m 3 1.4

76.1

0.17

-2.19 0.05 *

PaM\ 29 1 . 8 0.30

PcM2 3 1.9

80.9

0 . 1 2

-1.94 0.06 n.s.

PaM2 64 2.3 0.37

PcM3 4 1.7

63.0

0 . 1 0

-0.89 <0 . 0 1 **

PaM3 133 2.7 0.71
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Figure 7.13. Comparison between enamel thickness (mm) of lower molars of P. 

antiquus and P. cypriotes. Symbols as in Figure 7.8.

Table 7.13. Univariate statistics for enamel thickness of lower molars of P. cypriotes 

{Pc) and P. antiquus {Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Pcdp3 1 1.3

108.3 ■ 0.60 0.60 n.s.

Paép2 27 1 . 2 0.19

PcôpA 3 1.3

86.7

0.05

-0.97 0.34 n.s.

fadp4 23 1.5 0.29

PcM\ 7 1.4

77.8

0.17

-4.23 <0 . 0 0 1
***

PaM\ 26 1 . 8 0.25

PcMl 3 1.9

79.2

0.31

-0.430 <0 . 0 1 **

Pam . 79 2.4 0.28

P a m 2 1.7

65.4

0.14

-3.07 <0 . 0 1 **

P a m 116 2 . 6 0.41
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2. Size changes

As expected, all P. cypriotes teeth show a reduction in length compared to the 

corresponding tooth element in P. antiquus; this is shown in Figures 7.14 and 7.15. This 

reduction is significant in all tooth elements (Tables 7.14 and 7.15). Examination of 

percentage length reduction reveals that corresponding elements of the upper and lower 

series show similar length reduction, and the greatest absolute reduction seen in 

ontogenetically older teeth.

Tooth width is also reduced between the corresponding tooth elements of P. antiquus 

and P. cypriotes (Figures 7.16 and 7.17). This reduction is significant for all elements 

(Tables 7.16 and 7.17). The percentage reduction in uppers and lowers is similar with 

ontogenetically teeth showing the greatest absolute reduction.

As expected the height of each tooth element is less in P. cypriotes compared to P. 

antiquus, in both uppers and lowers, as shown in Figures 7.18 and 7.19, and is 

significant in all elements (no data for upper dp3) (Tables 7.18 and 7.19). Closer 

examination of the differences between the means shows that in all elements, both 

uppers and lowers, a similar size reduction is observed. The only exception to this is in 

lower dp3 teeth where the mean is 59.5% the size of the corresponding P. antiquus 

element. This is because divergence in body size accelerates with age -  infant P. 

antiquus and P. cypriotes were less different in size than adults.
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Figure 7.14. Comparison between length (mm) of upper molars of P. antiquus and P. 

cypriotes. Symbols as in Figure 7.8.

Table 7.14. Univariate statistics for length of upper molars of P. cypriotes (Pc) and 

P. antiquus (Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Pcdp4 1 53.0

45.4 ■ -4.52 <0 . 0 0 1 ***

PadpA 1 2 116.8 13.55

PcM\ 1 61.0

40.3 ■ -10.13 <0 . 0 0 1
***

P a m 14 151.4 8.62

PcMl 2 80.5

38.9

7.78

-8.24 <0 . 0 0 1 ***

PaMl 18 207.1 21.13

PcU3 2 90

320

0.007

-6.97 <0 . 0 0 1
***

P a m 32 281.5 37.49
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Figure 7.15. Comparison between length (mm) of lower molars of P. antiquus and P. 

cypriotes. Symbols as in Figure 7.8.

Table 7.15. Univariate statistics for length of lower molars of P. cypriotes (Pc) and P. 

antiquus (Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Pcdp3 1 41.0

61.0 ■ -3.56 <0 . 0 0 1
***

Padp3 1 2 67.2 6.95

PcdpA 2 56.0

45.3

2.82

-7.12 <0 . 0 0 1 ***

Padp4 14 123.6 12.96

PcMl 1 75.8

48.6 ■ -4.51 <0 . 0 0 1 ***

PaMl 15 155.9 17.19

PcM2 1 90.0

41.0 ■ -4.80 <0 . 0 0 1
***

PaM2 2 0 219.5 35.1

PcM3 1 123

3&8 ■ -5.28 <0 . 0 0 1
***

PaM3 37 317.1 49.79
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Figure 7.16. Comparison between crown width (mm) of upper molars of P. antiquus and 

P. cypriotes. Symbols as in Figure 7.8.

Table 7.16. Univariate statistics for width of uppers molars of P. cypriotes {Pc) and P. 

antiquus {Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Fcdp3 2 22.9

6 8 . 0

0 . 0 0 1

-3.89 <0 . 0 0 1
***

Padp3 28 3 3 J 2.67

PcdpA 1 2 0 . 8

42.2 -5.48 <0 . 0 0 1
***

PadpA 33 49.0 5.20

PcU\ 5 25.1

42.1

1.51

-9.81 <0 . 0 0 1 ***

PaM\ 32 5^6 6.28

PcMl 3 29.7

40.4

OJ#

-10.15 <0 . 0 0 1 ***

PaMl 62 73.5 7.57

PcUl 4 3Z2

42.7

2^3

-11.9 <0 . 0 0 1
***

P a m 146 75.4 8.49
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Figure 7.17. Comparison between crown width (mm) of lower molars of P. antiquus and 

P. cypriotes. Symbols as in figure 7.8.

Table 7.17. Univariate statistics for width of lower molars of P. cypriotes {Pc) and P. 

antiquus {Pd). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

PcdpS I 19.2

60.0 ■ -T36 <0 . 0 1
**

PûfdpS 2 2 32.0 3.99

fcdp4 5 2 2 . 1

47.1

0 . 6 6

-7.76 <0 . 0 0 1 ***

PaàpA 24 46.9 6.48

PcM\ 4 28.9

52.7

2.60

-9.34 <0 . 0 0 1 ***

PaU\ 25 54.8 6.07

PcU2 2 2&5

41.2

7.48

-9.72 <0 . 0 0 1
***

PaMl 62 69.4 135.3

PcMl 1 34.4

44.3

0.80

-6.08 <0 . 0 0 1
***

PaUl 104 77.6 7.43
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Figure 7.18. Comparison between unworn crown height (mm) of upper molars of P. 

antiquus and P. cypriotes. Symbols as in Figure 7.8.

Table 7.18. Univariate statistics for unworn crown height of uppers molars of P. 

cypriotes {Pc) and P. antiquus {Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Pcdp3 - - -

Padp3 - - -

Pcdp4 1 34.9 -

40.1 -3.33 <0 . 0 1
**

PadpA 16 81.0 13.4

PcM\ 4 43.0 2.78

38.0 -7.78 <0 . 0 0 1 ***

PaM\ 19 113.0 17.6

PcM2 2 53.0 3.54

35.4 -6.48 <0 . 0 0 1
***

PaM2 28 149.7 20.9

PcM3 3 628 4.51

35.4 -8.78 <0 . 0 0 1 ***

PaU3 81 ■177.2 224
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Figure 7.19. Comparison between unworn crown height (mm) of lower molars of P. 

antiquus and P. cypriotes. Symbols as in Figure 7.8.

Table 7.19. Univariate statistics for unworn crown height of lower molars of P. 

cypriotes (Pc) and P. antiquus {Pa). Details as in Table 7.8.

Tooth element n mean % St. dev. t P significance

Pcdp3 1 23.4

59.5 ■ -2.89 < 0 J *

PadpS 9 39.2 5.22

PcdpA 5 30.0

40.7

1.91

-6.24 <0.001 ***

PadpA 11 73.9 15.4

PcM l 2 37.2

34.7

16.11

-5.98 <0.001 ***

PaM l 14 107.4 32.44

PcM2 2 46.0

3T7

2.45

-7.78 <0.001 ***

PaM2 15 136.5 15.98

PcM3 2 61.3

40.4

7.50

-8.04 <0.001 ***

PaM3 58 151.2 15.64
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Summary of univariate plots

These plots show that most dental parameters follow the expected P. cypriotes trend of 

size reduction, i.e. a reduction in plate number, length, width and height with an 

increase in lamellar frequency compared to P. antiquus.

An interesting, general, observation is that, compared to P. antiquus, the dwarf graphs 

are flatter. This means that there is less difference between dwarf dp3s-M3s than 

observed in P. antiquus. This is presumably because P. antiquus had more growing to 

do, and the difference in birth size of the two species was less, relatively, than in adults.

Examination of plate count shows that ontogenetically older teeth show the greatest 

relative reduction in plate number -  this is almost certainly related to maintenance of 

function and tooth life. If too many plates were retained they would be so tightly packed 

together that the tooth could not function effectively.

Length, vddth and height change show a similar pattern to one another. Here size 

reduction is significant in all elements but relatively more in ontogenetically older teeth. 

This is because the teeth follow the growth curve with infant P. cypriotes and P. 

antqiuus being less different in size compared to adult P. cypriotes and P. antiquus.

Lamellar frequency is increased in all elements but, as is discussed, the result needs 

careful interpretation since lamellar frequency is determined by both plate number and 

size. This is discussed in more detail below.

Enamel thickness is relatively reduced in Ml, M2 (almost in uppers) and M3 but 

remains stable in dp3, dp4. This is related to maintenance of function.

These results show that size reduction has occurred, however it does not identify 

whether different variables scale allometrically or isometrically. In order to establish the 

type of scaling occurring it is necessary to produce bivariate plots.
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3. Scaling changes

In order to test the scaling relationship (i.e. either allometric or isometric shape changes) 

P. cypriotes is assumed to be derived from a ‘mean’ P. antiquus population. Bivariate 

plots of various tooth parameters of P. cypriotes are produced and tested against the P. 

antiquus sample. Figure 7.20 shows the two patterns of scaling that could be observed.

In order to carry out this investigation the data must be manipulated into a form that will 

yield useful results. To do this the raw P. antiquus and P. cypriotes data were converted 

to logarithims (base 10), so that the allometric exponent could be found, and the 

regression on the P. antiquus sample found to establish how it compared to the line of 

isometry (slope =1) which was calculated by hand as the line along which all points 

have the same x/y shape as the bivariate mean of the P. antiquus sample. The raw data 

then plotted on a log scale and fitted with both the regression line (if a significant 

correlation was found) and the line of isometry. Data analysis was carried out to detect if 

the P. cypriotes samples were significantly displaced from the regression line of the P. 

antiquus sample. In order to do this ANCOVA testing was used. In all cases, apart from 

the length-width plots, tooth length or width was used as the independent (x) variable.

Graphs similar to Figure 7.20 are produced below, but to aid clarity it is beneficial to 

explain the general patterns observed in the simplified graph. The red line is a regression 

on the P. antiquus sample and thus predicts the pattern of growth observed within that 

species for that tooth element. In order to test the relationship of the P. cypriotes sample 

to this line it is necessary to extrapolate the line to cover the P. cypriotes size range. 

Clearly, this can potentially produce problems since the line must extend beyond the 

range of the P. antiquus data but this is necessary for analysis to be carried out. The 

black line is a the line of isometry (i.e. slope =1): any P. cypriotes falling within the 

range of this line would be the same shape as the P. antiquus sample but importantly, 

not the predicted shape as defined by the red regression line on the P. antiquus sample.

It would also be possible to find a dwarf sample that plotted away from the P. antiquus 

isometry line (i.e. allometry), but not following the P. antiquus allometry either.
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Figure 7.20. Theoretical graph showing the three scaling patterns that P. cypriotes teeth 

can display compared to a normal sized P. antiquus sample. Key: Dotted patch is P. 

cypriotes sample, red line is regression on P. antiquus sample showing growth curve for 

that sample, black line is line o f isometry.

Figure 7.21 shows a plot o f length-width of P. antiquus M^s, dp̂ ŝ and P. cypriotes M^s. 

The regression line on the P. antiquus M3 sample shows a negative allometric 

relationship o f width with regard to length (slope = 0.26). That is, length is increasing 

more rapidly than tooth width. The P. cypriotes teeth (n = 2) fall between the 

allometeric and isometric lines. Analysis by ANCOVA shows that there is a significant 

difference between the P. antiquus and P. cypriotes samples (F = 6.70, p = 0.05, n = 32) 

i.e. there is evidence to suggest that the P. cypriotes teeth do not follow the allometric 

line (red line) o f P. antiquus. Instead, the two dwarf teeth fall close to the line o f  

isometry (black line). This means that the teeth o f P. cypriotes are the same shape as 

those o f P. antiquus and are not following the P. antiquus growth line.
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Examination of the P. antiquus dp4 teeth is also of interest. Many of the points lie close 

to the line of isometry and thus are a similar shape of the P. cypriotes teeth and deviate 

from the P. antiquus allometric line.

These observations suggest that the dwarf teeth have evolved to be a different shape 

than predicted by the line of allometry. This can be explained through maintenance of 

function. If the teeth had reduced as predicted by the P. antiquus M3 allometric trend 

the teeth would have been extremely wide for their length (approximately 60 mm). A 

tooth this wide and with length of 92 mm would have been too cuboid to a: have fitted 

into the maxilla and b: to be functional. Therefore the P. cypriotes teeth have scaled to 

be the optimum shape for their size.

The position of the P. antiquus dp4 teeth can be explained because, being constrained 

by subsequent teeth within the maxilla (see Chapter 4), they are short while the M^s are 

very long.

Examination of a plot of P. antiqttus and P. cypriotes M3 shows a similar pattern to that 

observed in the upper teeth. Figure 7.22. The P. antiquus sample shows allometric 

growth with length increasing at a faster rate than width (slope = 0.65). And again, the 

P. cypriotes sample (n = 1) is significantly different to the growth line predicted from 

the P. antiquus sample (F = 7.23, p = 0.05, n = 21) and is close to the line of isometiy. 

This shows the dwarf teeth are the same shape as the P. antiquus sample and on a 

different growth line. Also the P. antiquus dp4s cluster in between the P. antiquus 

growth curve and the line of isometry.

A plot of tooth width against height of P. antiquus M^s and dp^s and P. cypriotes M  ̂is 

shown in Figure 7.23. The correlation between width and height of the P. antiquus M3 

sample is reasonably strong (p<0 .0 0 1 ) and negatively allometric (slope = 0 .6 6 ) with 

width increasing at a faster rate with respect to height.
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Figure 7.21. Plot o f upper tooth length (mm) against crown width (mm) o f P. antiquus 

and P. cypriotes. Key: closed squares: P. antiquus M3, closed diamonds: P. antiquus 

dp4, open squares: P. cypriotes M3. Red line is a linear regression on the 

logarithmically transformed P. antiquus sample (details given on graph), black line is 

the line of isometry on the P. antiquus M3 sample.
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Figure 7.22. Plot o f lower tooth length (mm) against crown width (mm) o f P. antiquus 

and P. cypriotes. Details as in Figure 7.21.
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Figure 7.23. Plot o f upper crown width (mm) against crown height o f P. antiquus and P. 

cypriotes. Details as in Figure 7.21 except closed triangles P. antiquus dp3.

1

205 logh = 0.538 logw + 1.155 
r = 0.418, p = 0.009

05
95
85
75
65
55

45

35

25
25 35 45 55 65 75 85 95 105

width
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Analysis by ANCOVA almost shows significant difference between the P. antiquus and 

P. cypriotes sample (F = 2.87, p = 0.056, n = 47) which suggests that the P. cypriotes 

teeth would not follow the predicted growth line of P. antiquus if a larger sample 

were available. Moreover, examination of the plot shows that the P. cypriotes points 

actually cluster more tightly around the line of isometry. This suggests that, as with 

length-width plots, the dwarf teeth are approaching the same shape as the P. antiquus 

and are possibly a different shape than is predicted from the P. antiquus growth line.

It is interesting to note the position of the P. antiquus dp3 teeth that are of a similar 

width to the dwarf teeth. All points (expect one) lie under the P. cypriotes points 

meaning that the small P. antiquus teeth are less high for their width than dwarf M3 s. 

This is because juvenile jaws are very shallow for their size.

In lower P. antiquus M3s and dp3s and P. cypriotes M3s (Figure 7.24) the pattern is the 

same. The correlation on the P. antiquus M3 sample is strong (p = 0.01) and shows 

negative allometric growth of height with respect to width (slope = 0.53). However, the 

P. cypriotes sample (n = 1) is significantly different from the predicted growth line of 

the P. antiquus sample (F = 9.25, p = 0.001, n = 34) and is closer to the line of isometry. 

Again, the dwarf teeth have the same shape at the P. antiquus. Also as with uppers the 

P. antiquus dp3 teeth fall below the P. cypriotes sample and do not follow this pattern.

Having examined height-width relationships it is interesting to examine changes in 

crown height when corrected for size (i.e. using the hypsodonty index, see Chapter 4). 

Figure 7.25 shows the plot for P. antiquus M^s and dp̂ ŝ and P. cypriotes M^s. A non 

significant correlation is found on the P. antiquus M3 sample (p = 0.330) and 

ANCOVA analysis show there to be no significant different between the P. antiquus 

and P. Cypriotes samples (F = 5.06, p = 0.38, n = 22). This is expected since the analysis 

is of a size corrected variable against a size variable (length) and because no significant 

difference in shape was found when height-width data was analysed. However, 

examination of the lines reveal an interesting pattern.

As Figure 7.25 shows, the P. cypriotes sample (n = 1) is close to the isometry line.

This means that although the dwarf tooth is much smaller (shorter in this case) 

compared to the P. antiquus M3 teeth it has the same relative crown height. As Figure

417



7.25 shows, the P. antiquus dp4s are well below the line of isometry and therefore have 

a lower relative crown height, for their length, compared to the M3 s. This is, as 

explained, related to the growth. A similar pattern is observed in M3 dwarf teeth (Figure 

7.26). Again, there is no correlation between hypsodonty index and length on the P. 

antiquus M3 sample (p = 0.362) and ANCOVA analysis shows no significant difference 

between the two samples (F = 0.89, p = 0.42, n = 35).

Having examined size parameters it is interesting to look at what changes have occurred 

in shearing efficiency of the dwarf teeth as they have undergone size reduction. A plot 

of enamel thickness against width of P. antiquus M^s and dp^s and P. cypriotes M^s is 

shown in Figure 7.27. There is no correlation between width and enamel thickness in P. 

antiquus (p = 0.561). In the dwarf teeth the enamel has not scaled isometrically with 

regard to width since the points lie clear of the line of isometry (black line). The same is 

true of many of the P. antiquus dp3 teeth which lie clearly above the line and within the 

range of the larger P. antiquus and dwarf teeth.

Since length-width and width-height have been shown to scale isometrically in the 

dwarf teeth it may be surprising that enamel does not. However, when the functional 

significance of this observation is considered it is clear why this is not the case. If 

enamel thickness in the dwarf teeth scaled isometrically with regard to the P. antiquus 

sample the teeth would have an enamel thickness of between 0.9-1.0 mm. Enamel this 

thin would be below the functional optimum and liable to crack and scatter or be worn 

down too quickly and so tooth life would be too short. Therefore the dwarf teeth have 

retained a thicker enamel and thus shearing efficiency is maintained.
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Figure 7.25. Plot of upper tooth length (mm) against hypsodonty index of P. antiquus 

and P. cypriotes. Details as in Figure 7.21.
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Figure 7.26. Plot of lower tooth length (mm) against hypsodonty index of P. antiquus 

and P. cypriotes. Details as in Figure 7.22.
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Figure 7.27. Plot of upper crown width (mm) against enamel thickness (mm) of P. 
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Figure 7.28. Plot of lower crown width (mm) against enamel thickness of P. antiquus 

and P. cypriotes. Key: closed squares, P. antiquus M3, closed triangles, P. antiquus dp3, 

open squares P. cypriotes M3.
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Why the P. antiquus dp3s should be found nearer to the line of isometry than the dwarf 

teeth is also interesting. It may be that since dp3s have a shorter ‘life-span’ than an M3 

they can have thinner enamel.

In lower teeth a similar pattern is observed (Figure 7.28) with the dwarf teeth retaining 

thicker enamel than is predicted (lying above the line of isometry) if all dental 

parameters had scaled isometrically.

Another important factor to consider regarding the shearing efficiency of elephant teeth 

is the plate count and lamellar frequency. Figure 129 is a plot of tooth length against 

plate count of P. antiquus M^s and dp^s and P. cypriotes M^s. It should be noted that, as 

in the plots of hypsodonty, the line of isometry in this case is horizontal. This is because 

plate count is a measure of shape and not size. In Figure 7.29 there is no correlation 

between tooth length and plate count (p = 0.270) and the dwarf teeth are statistically 

significantly different from the growth line of the P. antiquus M3 sample (F = 0.75, p =

0.001, n = 19). It is clear also that the dwarf teeth (n = 2) lie below the range of the P. 

antiquus M3 sample and well below the line of isometry. This means that the teeth have 

fewer plates for their length than would be predicted if they scaled isometrically with 

regard to the P. antiquus M3 sample.

Sliding along the line from the P. antiquus M3 sample an average plate count of 17 

would be predicted for the dwarf teeth. If this were the case the average lamellar 

frequency (the index of plate packing) would be:

— X 100= 18.6 
91

Where: 91 = average dwarf tooth length. 

However, observed average LF is 12.
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Figure 7.29. Plot of upper crown length (mm) against plate number of P. antiquus and 
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Figure 7.30. Plot of lower crown length (mm) against plate number of P. antiquus and 

P. cypriotes. Details as in Figure 7.22.

422



A lamellar frequency of 18.6 would be too high for the teeth to shear food efficiency 

since the plates would be extremely tightly packed together. This is discussed further 

below.

It is interesting to note the position of the P. antiquus dp3s on Figure 7.29. Being a 

similar size to the dwarf teeth it is not surprising that they are also found below the line 

of isometry and close to the dwarf sample. The reason for this is as explained above.

The same pattern is observed in lower teeth of P. cypriotes (Figure 7.30). As with 

uppers there is no correlation between tooth length and plate count of P. antiquus 

M3s (p = 0.384) and the dwarf sample is significantly different to the P. antiquus 

growth line (F = 0.78, p = 0.001, n = 34). Again, the dwarf teeth are well below the line 

of isometry meaning that the teeth have a much lower plate count than is predicted if 

scaled isometrically with regard to the P. antiquus M3 (predicted = 17.5, calculated = 

10.3).

A similar pattern is observed in the P. antiqttus dp4 teeth that have a lower LF than 

predicted from the P. antiquus sample. As with the dwarf sample this is related to 

maintenance of function.

Having established that dwarf M3 teeth are not scaling isometrically in plate count with 

regard to the P. antiquus M3 teeth it is interesting to investigate the pattern in 

ontogenetically younger teeth. In the present study dwarf dp4s provide the largest 

sample size of teeth of the required ontogenetic stage and are therefore chosen for this 

analysis.

In Figure 7.31 a plot of length-plate count for P. antiquus dp̂ ŝ and dp^s together with P. 

cypriotes dp̂ ŝ is shown, P. antiquus dp^s are shown because they are of a similar size to 

dwarf dp̂ ŝ. The correlation between tooth length and plate count of the P. antiquus dp4 

sample is significant (p = 0.002) and shows that the length increases at a faster rate than 

plates are added (slope = 0.16). The dwarf sample is not significantly displaced from the 

P. antiquus dp4 regression line (F = 1.45, p = 0.08, n = 12). As with M3s the dwarf 

sample (n = 1) is below the line of isometry because no change in shape would mean too 

high a plate count for the tooth length but, interestingly, is on the allometry line (red
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line) of the P. antiquus dp4 sample. This suggests that the dwarf teeth have the 

predicted plate count for their size compared to P. antiquus teeth and are allometrically 

scaled along the same axis as the P. antiquus sample. This observation is confirmed by 

the clustering of P. antiquus dp3s around the growth line.

It is interesting to consider why there is this discrepancy in the results from M3 and dp4 

teeth. In M3 teeth it was shown that there was no correlation between tooth length and 

plate count of the P. antiquus sample. This may be because of the much larger plate 

count range observed in M3s (range in M^s = 14-19, n = 16, range in dp̂ ŝ = 8-10, n = 

12) since they are less constrained in the jaw.

Examination of lower dp4 teeth of P. cypriotes. Figure 7.32, shows a similar pattern, the 

P. antiquus sample having a significant correlation between tooth length and plate count 

(p =0.002) and the dwarf sample is not significantly different from the P. antiquus dp4 

sample (F = 1.52, p = 0.07, n = 14). As with upper dp4s, in lowers the dwarf teeth 

cluster around the allometry line (red line) of the P. antiquus dp4 sample and with P. 

antiquus dp3s.

Having examined plate count changes with tooth size it is interesting to investigate how 

lamellar frequency varies between the dwarf and P. antiquus teeth. As discussed in 

Chapter 4, reduction in length can have one of three effects on lamellar frequency 

(Lister and Joysey 1992). These concepts are simplified in Figure 7.33 that shows the 

hypothetical situation where an ancestral tooth (A) (normal sized P. antiquus in this 

case) is reduced to 50% of its original length (i.e. to size of a P, cypriotes tooth).
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diamond: P. cypriotes dp4. Red line is a linear regression on the P. antiquus dp4 sample (details given on 

graph), black line is the line o f  isometry on the P. antiquus dp4 sample.
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The effect that this length reduction has on the LF of the derived tooth is either:

• plates may be lost so that the ancestral tooth and the derived tooth both retain the 

same LF (type B)

• type C - some plates may be lost but not as many as in the type B with an effect that 

the LF is increased in the derived tooth but not to the same degree as discussed in the 

type D

• the same number of platesmay be retained with the effect that LF doubles (type D), 

this is isometric scaling since the tooth retains the same shape.
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JL JL
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Figure 7.33. Simplified graph of length vs. lamellar frequency (LF) showing effect of 

reduction in tooth length and change in plate number on LF. See text for explanation. 

Based on Lister and Joysey (1992).

Analysis of plate count has shown that the dwarf teeth lose plates compared to P. 

antiquus and are therefore a different shape to the P. antiquus teeth, so they follow  

either the type B or C pattern shown in Figure 7.33. In order to investigate this further 

plots o f width-lamellar frequency are produced.
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Figure 7.34 is a plot o f width-lamellar frequency o f P. antiquus M s and P. cypriotes 

M^s. The plot shows two regression lines: the red line is an exponential regression on 

the P. antiquus sample (exponent = -0.244, r = 0.418), the black line is a line of  

isometry showing a type D transition of Figure 7.33; points on this line would have the 

same plate count as the P. antiquus sample.

The first point to note about Figure 7.34 is that the exponential regression line is not 

isometric and so points on this line are showing allometric changes with size change.
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Figure 7.34. Plot o f upper crown width (mm) against lamellar frequency o f P. antiquus 

and P. cypriotes M3. Red line is an exponential regression on the P. antiquus sample 

(equation given) black line is line o f isometry. Key: closed squares: P. antiquus M3, 

open squares: P. cypriotes M3.

However, the dwarf sample (n = 4) plots closer to the isometric line (black line) and is 

significantly different from the P. antiquus regression line (F = 51.3, p = <0.001, n =

68). It is not surprising that the dwarf teeth do not plot exactly on the line o f isometry 

since this would give a LF value o f approximately 15, too high for a tooth o f that size. If 

the dwarf teeth followed the P. antiquus growth line (red line) then their LF would be 

too low (approximately 7.9) and the tooth life would be too short. Therefore it seems
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that the dwarf teeth have retained enough plates for their size to have a functional tooth 

with a long enough life span (Type C, Figure 7.33) but without the plates being too 

tightly packed together as to be maladapted. This is investigated further by plotting all 

P. antiquus and P. cypriotes teeth together, see later.

It is interesting to note that the plot of length-plate count (Figure 7.29) suggested that 

the dwarf M3 s departed greatly from the pattern of the P. antiquus sample, while the 

width-lamellar frequency plot (Figure 7.34) suggests the dwarf teeth are scaling closer to 

isometry with respect to the P. antiquus M3 s. This can be investigated by plotting 

length-lamellar frequency (normally avoided due to lack of complete tooth length data), 

as in Figure 7.35.
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Figure 7.35. Plot of upper tooth length (mm) against lamellar frequency of P. antiquus 

and P. cypriotes M3. Details as in Figure 7.34.

What is interesting here is that the dwarf teeth plot much closer to the P. antiquus 

allometry line than to the line of isometry. This is in agreement with Figure 7.29 and is 

probably related to the fact that width and length do not scale completely isometrically 

(as discussed in Chapter 5).
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A similar pattern is observed in width-LF plots of lower M3s, where the dwarf sample 

plots near to the line of isometry based on the P. antiquus sample and is significantly 

different from the P. antiquus allometric regression (F = 35.3, p= <0.001, n = 72) 

(Figure 7.36). Again, this suggests that although the teeth have lost plates they retain 

enough to maintain a high enough LF to be functional.
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Figure 7.36. Plot o f  lower crown width (mm) against lamellar frequency o f  P. antiquus and P. cypriotes 

vl3. Key: closed squares: P. antiquus M3, open squares: P. cypriotes M3.

It is interesting to examine how lamellar frequency plots against width for all P. 

cypriotes teeth. Figures 7.37 and 7.38 show these plots for upper and lower teeth. 

Examination of the exponent values for the regression lines on the P. antiquus samples 

(all teeth pooled) show the lines are not isometric (uppers exponent = -0.624, lowers 

exponent = -0.587, i.e. not -1.0). However, remarkably, all the dwarf teeth (blue 

symbols) plot around this line. This means that the dwarf teeth have the same LF values 

as similarly sized P. antiquus teeth irrespective of position in the tooth row. None of 

the dwarf teeth follows the line of isometry (black line) because, as explained above, 

this would result in teeth with plates too tightly packed together to function correctly. 

These plots show that although the dwarf teeth have lost plates and reduced in size they 

have retained the same LF as small P. antiquus teeth, presumably because the LF value 

is optimum for a tooth of that size.
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cypriotes. Squares: M3, circles: M2, crosses: M l, diamonds: dp4, triangles: dp3, dashes {P. antiquus only) dp2.



Summary of bivariate plots

This section of the study aimed to determine the scaling relationships between teeth of 

P. antiquus and P. cypriotes. It was assumed that P. cypriotes had evolved from a ‘mean 

P. antiquus' and plots were produced accordingly. Scaling could have taken one of two 

forms: either allometric (i.e. a change in shape) or isometric (no change in shape). The 

results of this section are remarkable and unexpected.

Plots of length-width and width-height (i.e. size parameters) reveal an interesting fact. 

The teeth of P. cypriotes have scaled isometrically with regard to the P. antiquus sample 

and are thus the same shape, only smaller. This represents a change in shape from the 

allometric trend within P. antiquus. The teeth have evolved so to maintain the optimal 

shape. Had the teeth followed the P. antiquus allometric curve they would have been 

wider for their length and higher for their width than is observed. This is not the case 

because:

1. there was not space within the maxilla and mandible for the teeth of this width or 

height, and

2. teeth of this width or height would be cube shaped and not functionally efficient.

The dwarf M3 teeth also have a similar hypsodonty index to P. antiquus M3 s. This is 

expected and related to maintenance of tooth function.

Examination of scaling regarding shearing efficiency reveals some interesting points. 

Plots of width-enamel thickness show that the enamel thickness of the dwarf teeth is not 

scaled isometrically with regard to the P. antiquus sample but is thicker than predicted, 

as observed in P. falconeri (Maglio 1973). This is related to maintenance of function of 

the enamel. If it scaled isometerically then it would be too thin to function correctly and 

shatter. Comparison between P. cypriotes M3s and P. antiquus dp3 and dp4 teeth shows 

that length, width and height ratios are different. This is related to the P. antiquus dp3 

and dp4 teeth having a different position in the tooth row. However, when lamellar 

frequency is examined the dwarf and ontogenetically younger P. antiquus teeth 

functionally converge.
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Plate count changes are remarkable. In the dwarf teeth plates are lost but lamellar 

frequency is exactly as predicted by tooth size compared to the P. antiquus sample. This 

is remarkable since it shows that irrespective of their position in the dental series the 

dwarf teeth have evolved to retain, the presumably, optimum LF for their size. This is in 

agreement with the findings in the dwarf mammoth, M exiîis (Roth 1982).

The findings of the scaling relationship of P. antiquus to P. cypriotes are of great 

interest. Scaling has been shown to be isometric in some parameters while in others it is 

allometric. These changes are related to maintenance of function of the teeth.

The fact that the teeth scale isometrically in several parameters suggests that the dwarf 

elephants may have been on Cyprus for some time. Had the elephants been there for a 

short time it is expected that the teeth would follow the allometric pattern of the P. 

antiquus sample. Since they have changed growth axis and become isometrically scaled 

it suggests that they had time to evolve on the island.

An interesting observation is that the small teeth of P. antiquus, that are a similar size to 

P. cypriotes M3 teeth, do not scale exactly like the dwarf teeth. As mentioned, this can 

be explained because:

1. different positions in the tooth row give different length/width and height/width 

ratios and plate counts

2. enamel is thicker in the dwarf teeth.

4. Standard height and width zones

The effect of size reduction on the development of the standard zone area for height and 

width, as described in Chapter 4, in P. cypriotes was also investigated and compared to 

P. antiquus.

Figure 7.39 shows that the standard height zone is hardly manifest in the dwarf upper 

M3 tooth; the same is also observed in the lower M3. In P. antiquus the standard height 

zone is found between plates 7-9 (see Chapter 4), a much smaller zone than the 

corresponding zone in Mammuthusprimigenius where it is seen between plates 5-12.
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The reason is probably related to the fewer number of plates in P. antiquus compared to 

mammoth (this is discussed in more detail in Chapter 4). It is therefore not surprising 

that in the dwarf tooth, with even fewer plates, the zone is not manifest.
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Figure 7.39. Plate heights for unwom/slightly worn upper M3 of P. cypriotes. The 

standard height zone is not manifest, n = 3.

In Figure 7.40 the standard width zone is shown, this is found on a large range of plates 

from plate 3-10. The same pattern was observed in ontogenetically younger teeth (Ml, 

dp4 and dp3). However, in these teeth, the standard width zone was shorter, related to 

lower plate number.

In P. antiquus the standard width zone is found between plates 6-13 (see Chapter 4, 

section). It is interesting that, unlike the standard height zone, reduction in tooth length 

has not affected the development of the standard width zone in P. cypriotes.
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Figure 7.40. Standard width zone of unworn / slightly worn upper M3 of P. cypriotes. 

Standard zone is manifest between plates 3 and 10, n = 3.

5. Incisors

Two fragments of tusk (M8610 and M8614), from the Bate collection. Natural History 

Museum, London, were examined during the present study. Both fragments are almost 

complete, lacking only a small amount of material at the proximal end and tip.

Measurements made on the tusks are given in Table 7.20. Bate (1904a) notes that the 

tusks of P. cypriotes are more curved than in other Mediterranean dwarf elephants. To 

test this, comparison was made between the P. cypriotes tusks and photographs of fairly 

complete tusks of P. falconeri (Ambrosetti 1968). It was determined by eye that the 

tusks of P. cypriotes were slightly more curved than the Sicilian specimens although the 

P. falconeri specimens were fragmented and poorly preserved. Unfortunately, a scale 

was not provided on the Ambrosetti (1968) specimens and so measurement comparison 

could not be made. However, comparison with P. antiquus tusks (n = 7) shows that the 

tusks of P. cypriotes are consistently more curved (Figure 7.41), or to put it another 

way, the same amount of curvature has been achieved in a shorter length.
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Table 7.20. Measurements made on two tusk fragments o f P. cypriotes. Measurements 

in millimetres.

Measure M8610 M8614

Length along outer curve 280 300

Length along inner curve 210 238

Greatest circumference 130 136

Greatest dorso - ventral diameter 35 44

Greatest medial - lateral diameter 26 36

Mid shaft dorso - ventral diameter 27 40

Mid shaft medial - lateral diameter 20 30

Figure 7.41. Comparison between tusk curvature of P. cypriotes (M8614) and P. 

antiquus (based on a composite sample of 7). Notice increased curvature from P. 

cypriotes. Scale bar = 100 mm.

The differences in curvature could be explained through sexual/individual variation, or 

changes in cranial morphology; this can only be assessed when more material is 

available. It would be premature to suggest any adaptive explanation.
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An interesting observation was made by Kuss (1965) who described abnormal wear on 

the tusk tip oi^'Loxodonta creutzburgi” (a dwarf elephant ffoni Crete). He attributes 

these groove-like marks to wear from grass collecting. He states that dwarf elephants 

used both trunk and tusks to grasps grass tufts prior to pulling them out of the ground. 

This seems an unlikely explanation for the marks since modem elephants feed in a 

similar way and do not show these marks (Eltringham 1993), Also, marks of this type 

were not observed in P. cypriotes tusks and there is no reason to believe that they were 

not feeding in a similar way to other dwarf elephants.

The most complete tusk of P. cypriotes (M8614) was cited by Bate (1903) where she 

described the tusk as being laterally compressed; this feature is confirmed in the present 

study (Figure 7.42). Measurements along the tusk show that, consistently, the dorso- 

ventral value is greater than the lateral, see Table 7.21. Lateral compression is also seen 

in the tusks of P. falconeri Ambrosetti (1968). The enamel structure and preservation 

state of the specimens do not suggest that they have been crushed and so the feature 

appears natural. In P. antiquus the tusks (n = 7) are more circular along their entire 

length (Figure 7.42). The reason for these observations is unknown, although it may 

relate to paedomorphic changes in the dwarf elephants.

Table 7.21. Dorsal-ventral and lateral measurements of P. cypriotes tusk (M8614).

Distance from tip 

on outer surface 

(mm)

Dorsal-ventral 

length (mm)

Lateral 

width (mm)

Ratio of 

length to 

width

0 5 3 1.7

30 30 21 1.4

60 32 25 1.3

90 37 28 1.3

120 40 31 1.3

180 44 36 1.2
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Figure 7.42. Comparison between cross section of tusk (near base) of P. cypriotes

(NHM 8614) (left) and P. antiquus (based on a composite sample of 7). Sections are

basal in all specimens. Notice lateral compression in dwarf tusk. Scale bar = 50 mm.

Summary of Palaeoloxodon cypriotes teeth

• all dwarf teeth examined in the present study were confidently allocated to a position 

in the tooth series, based on length, width and plate number

• compared to Palaeoloxodon antiquus all teeth show a significant reduction in length, 

width and height, the ontogenetically older teeth showing a relatively greater 

decrease

• univariate plots of enamel thickness show stability in dp3 and dp4: this is related to 

maintenance of tooth function

• bivariate plots of length-width and width-height show that the dwarf teeth scale 

isometrically compared to the P. antiquus sample and are a different shape to P. 

antiquus tooth generations of a similar size

• the hypsodonty index in the dwarf teeth is stable

• the dwarf teeth have thicker enamel for their size compared to P. antiquus

• there is a reduction in plate count in the dwarf teeth but less than predicted by 

isometry, this is related to maintenance of tooth ftmction

• lamellar frequency scales exactly as expected for the size of dwarf teeth compared to 

each P. antiquus tooth generation

• no standard height zone is manifest in the teeth of P. antiquus but a standard width 

zone is

• compared to P. antiquus the tusk are very curved and, as in P. falconeri, laterally 

compressed.
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7.6. The postcrania of Palaeoloxodon cypriotes

The only P. cypriotes postcranial material available in the present study was a left distal 

femur firagment fi-om the Bate collection at the Natural History Museum, London. The 

femur (M8613) was recovered from Imbohary and is in a poor state of preservation. 

Only a limited number of useful measurements could be taken on the specimen - 

maximum distal width and dimensions of the condyles (see Chapter 4 for methodology).

Although only a fragment, the specimen provides important information on size and 

shape changes as P. cypriotes dwarfed from P, antiquus. Ambrosetti (1968) noticed that 

the femur of P. falconeri {Elephas therein) has a slim diaphysis and a robust epiphysis. 

Although, due to poor preservation state, it is difficult to determine if this feature is also 

present in P. cypriotes, the femur does have a different shape compared to P. antiquus. 

In P. antiquus the epiphysis is of a similar width to the diaphysis, where they join, 

forming a straight progression from one to the other (n = 4). In P. cypriotes the 

epiphysis is wider than the diaphysis and flares out towards the distal end: see Figure 

7.43 for comparison. These changes in shape between P. antiquus and P. cypriotes 

suggest an allometric change has taken place during size reduction.

Roth (1992) notes that the knee joints of M. exilis and P. falconeri show adaptation to 

being more flexible and mobile. In the femur the distal epiphysis is moved forward with 

relation to the shaft and the patellar grove is less developed; also the femora have a slim 

diaphysis and a robust epiphysis. These suggest a more mobile gait - an adaptation to the 

rocky terrain of islands. The changes observed in the femur of P. cypriotes may reflect a 

change in locomotion from a plodding gait to a more rapid, scrambling action.

The difference in shape of the femur between P. antiquus and P. cypriotes may also be a 

product of paedomorphism. Unfortunately, no juvenile P. antiquus femora are known. 

However, Roth (1982) studied changes in femur shape of Elephas maximus between 

different ontological stages and found an interesting pattern. She showed that, during 

growth, the main axis of the bone shifts towards the posterior vrith respect to the distal 

epiphysis. Importantly, she also noted that in comparison between the dwarf mammoth, 

M  exilis, and the normal sized mainland species, M colombi, the femoral shaft was 

further forward in the dwarf specimens which were of a similar state of fusion. She
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States that the more bowed shaft of the dwarf suggests a more horizontal posture, 

transmitting weight through an arch structure rather than the pillar structure o f normal 

sized mammoth. Therefore, the adult dwarf specimens appear to have a femur 

morphology very like juvenile E. maximus. This supports similar the features in P. 

cypriotes as also being caused by paedomorphosis.

Care must be taken, however, when observations are made on one specimen. Elephant 

postcrania are highly sexually diamorphic (Eltringham 1997) with females being up to a 

third smaller in body size. The difference in shape of the P. cypriotes femur could be a 

result of sexual or individual variation and, until more P. antiquus and P. cypriotes 

material becomes available, this cannot be investigated further.

Figure 7.43. Comparison between distal femur of P. cypriotes (NHM M8613) (right) 

and P. antiquus (Aveley I). Notice flaring of epiphysis in dwarf femur. Both drawn to 

same size.

Although there are limited postcranial remains of P. cypriotes it is interesting to 

examine the percentage reduction of the distal width of the femur compared to the 

reduction in the dental width. These changes are plotted in Figure 7.44, data given in 

Table 7.22. The points, which are based on the data from the three upper M3 P. 

cypriotes teeth measured in the present study, are plotted as percentage of the average 

parameters of P. antiquus.
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Table 7.22. Percentage reduction of upper M3 width and femur distal width of P. 

cypriotes from mean value of P. antiquus (measurements in millimetres).

Parameter Mean P. 

antiquus

P. cypriotes P. cypriotes as a % 

of P. antiquus 

mean

Mean %

Distal femur width 250 (n = 5) 86 34.4 34.4

UM3 width 30 39^

UM3 width 75.4 (n = 8I) 32 42.4 433

UM3 width 36 4T8

As can be seen in Figure 7.44, there is a difference in reduction between tooth width and 

femur distal width of P. cypriotes. The teeth show less reduction in size compared to P. 

antiquus than the femur (mean tooth size is 43.3% of P. antiquus mean, femur is 34.4% 

size of P. antiquus mean). This agrees with observations made on P. falconeri by 

Ambrosetti (1968) who concludes that, in that species, the teeth are relatively larger than 

the rest of the skeleton. This is discussed in more detail in section 7.9.

I I «-1 ;  I-1 » I I I I I

tooth width

«Xi

distal femur width

50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

P.cypriotes as % of P. antiquus mean

Figure 7.44. Comparison of skeletal and dental size in P. antiquus and P. cypriotes. A 

composite sample from all P. antiquus is used as a standard of comparison (100%).
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In order to test the reliability of this observation it is possible to examine the size 

reduction of P. cypriotes teeth and femur compared to associated P. antiquus skeletons. 

Skeletons of P. antiquus with both M3 teeth and complete femurs are rare. However, in 

the present study one skeleton, from Upnor, Essex, was measured where both 

measurements could be recorded. In this skeleton (which is very large, see Chapter 6) the 

femur distal width is 320 mm and the tooth width is 83 mm. The P. cypriotes means 

expressed as a percentage of these values are 27% the size of the Upnor femur and 

39.4% the size of the Upnor tooth. These values are close to those in Table 7.22 and 

thus confirm the observations made above.

Body mass and shoulder height estimation

As described in Chapter 6, several methods have been developed to estimate body mass 

of elephants and other mammals. In estimating the mass of P. cypriotes there is a 

problem as only a fragmented postcranial remain is available. To overcome this, 

comparison was made between the femora of P. falconeri (data published by Ambrosetti 

1968) and P. cypriotes. The range of distal femur width for P. falconeri is 65 -  92 mm 

(n = 14) while for the P. cypriotes specimen, the measurement is 86 mm. Ambrosetti 

(1968) also provides details of femora lengths, range is 311-427 mm (n = 14). This 

information can be used to produce a graph on which predictions can be made of the 

original length of the P. cypriotes femur (Figure 7.45).

Using Figure 7.45 a predicted length of 403 mm is given for the P. cypriotes femur. Roth 

(1990) has formulated various equations to determine the body mass of dwarf elephants, 

including an estimate based on femoral length. These equations are derived by regression 

on data published by Alexander et al. (1979) and Anderson et al (1985) from modem 

animals. Using the equation:

Mass (kg) = 1.774 x 10*̂  x femur length (mm)̂ ^̂ "* (Roth 1990). 

a body mass of 146 kg is predicted for P. cypriotes.
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distal width = 0.15 x length +21.9

P. cypriotes
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Figure 7.45. Plot of femora lengths (mm) and distal widths (mm) of 14 P. falconeri 

specimens (data from Ambrosetti 1968). The graph is used to predict the length of the P. 

cypriotes femur of distal width 86 mm. Line shows linear regression on P. falconeri 

sample, equation given.

This is a great reduction in mass from P. antiquus to P. cypriotes (see Chapter 6 for 

details of P. antiquus body mass). If the average body mass for P. antiquus is taken as 

10 tonnes then a reduction to 146 kg in P. cypriotes represents a reduction of 98.5%.

Although this method of body mass estimation cannot be completely accurate because 

the femur length is estimated, it does provide an indication of the scale of size change 

that has taken place. Roth (1990) points out that mass estimations from distal femur 

width normally underestimate body mass and ideally, more body mass estimations 

would be made.

Shoulder height can also be calculated by the equation:

4 X —  = 1.4 m 
250
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where: 4 = average shoulder height of P. antiquus, 86 = distal femur width of P. 

Cypriotes and 250 = mean distal femur width of P. antiquus.

A reconstruction of the body size of P. antiquus and P. cypriotes is show in Figure 7.46. 

In this reconstruction the shape of the skeleton of P. cypriotes is based on the complete 

skeletons of P. falconeri and meant only to indicate the magnitude of size reduction 

observed between P. antiquus and P. cypriotes.

7.7. Taxonomic rank of Palaeoloxodon cypriotes and comparison with 

Palaeoloxodon falconeri

The classification of P. cypriotes as a valid species is now almost universally recognised 

(Caloi et al. 1996). However, there had been much debate previously as to whether all 

the palaeoloxodont dwarf elephants from the Mediterranean should be classified as the 

same species (Ambrosetti 1968).

In his 1929 publication Vaufirey considered all the island dwarfs to be synonyms of P. 

falconeri {Elephas therein) as most are of similar size. He noticed that P. mnaidriensis 

of Malta-Sicily was slightly larger than P. falconeri and explained this by concluding 

that the various dwarf forms were from different races. It is, however, highly improbable 

that two taxa of elephant coexisted on Malta-Sicily because of small area and limited 

food.

Vaufrey goes on to postulate that some of the islands could have been colonised by 

already small-sized elephants from other islands. Sondaar (1977) has commented that 

this is extremely unlikely because of the inability of dwarf elephants to swim great 

distances due to a lack of pneumatic cranial bone. Although other, similar sized animals, 

e.g. deer and hippos, do swim considerable distances it is unlikely that any would have 

swum the 500km between Malta-Sicily and the other islands where dwarf elephants are 

found (i.e. Rhodes, the Cyclades and Cyprus).
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Figure 7.46. Reconstruction of Palaeoloxodon antiquus (left) and P. cypriotes. Based on reconstruction of Upnor elephant and P. falconeri in Osborn 

(1942). Scale bar 1.5 metre.



The most likely explanation as to why the Mediterranean dwarf elephants resemble each 

other is, as pointed out by Ambrosetti (1968), that all species show similar adaptive 

responses to insularity, that is, parallel evolution. In all cases where palaeoloxodont 

elephants are found on these islands they were living in a similar environment. All the 

Mediterranean islands concerned are small with rocky terrain and, during the 

Pleistocene, had limited vegetation. Each founding population of P. antiquus was 

subject to these similar selective pressures and it is therefore not surprising that similar 

responses to environmental change are observed.

Having a similar morphology does not necessarily mean that two individuals are of the 

same species. Due to their similar size, P. cypriotes has often been regarded as a 

synonym of P. falconeri (Vaufrey 1929; Ambrosetti 1968). However, detailed 

comparison of dental characteristics show that there are differences between the 

dental parameters of the two species. In Table 7.23 the plate count (a measure of 

taxonomic importance) ranges of P. cypriotes and P. falconeri are shown. Analysis by t- 

test show there are significant differences between P. falconeri Mis and MBs compared 

to P. cypriotes with the former having more plates (Table 7.24). It should be noted 

however that the sample sizes of the P. cypriotes data are small.

Table 7.23. Comparison between tooth length and plate number of upper teeth of P. 

cypriotes and P. falconeri. Data for P. falconeri from Ambrosetti (1968).

Tooth element Plate count range 

P, cypriotes P. falconeri

dp3 5 -6 5 -7

dp4 6 8 -9

Ml 7 -8 10

M2 9-10 9-11

M3 11 14-15

Alone, these differences suggest taxonomic separation. Moreover, there are additional 

important factors which show P. cypriotes and P. falconeri to be separate species:
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• the two populations speciated separately

• the founding population was almost certainly different, since arrival at each island 

was from a different geographic location. P. cypriotes was probably founded by P. 

antiquus metapopulations from Turkey while P. falconeri was probably founded by 

populations from Italy

• the two species were not contemporaneous with P. falconeri evolving on Sicily and 

Malta before P. cypriotes was founded on Cyprus.

It could be argued that P. falconeri, P. cypriotes and all dwarf palaeoloxodont elephants 

are subspecies of P. antiquus and thus P. falconeri would be classified as P. antiquus 

falconeri and P. cypriotes as P. antiquus cypriotes. However, as discussed, the dwarf 

elephants show considerable changes in cranial and postcranial morphology and, in 

some cases, have differently shaped teeth. This morphological variation would suggest 

that spéciation had occurred.

Table 7.24 Univariate statistics for plate count of upper molars of P. cypriotes (Pc) and 

P. falconeri {Pj). Data collected by the author and from Ambrosetti (1968).

Tooth element n mean St dev. t P significance

Pcdp3 2 5.5 0.707

-0.255 0.806 n.s.

P/dp3 6 5.6 0.816

Pcdp4 1 6 . 0

■ -2.880 0 . 2 1 2 n.s.

P/dp4 2 8.5 0.707

PcM\ 3 7.3 0.577

-5.410 <0 . 0 1
**

P/Ml 2 1 0 . 0 -

PcWL 3 9.5 0.433

0.510 0.198 n.s.

p j m 3 9.6 1.154

P c m 2 1 1

■ -7.000 <0 . 0 1
**

P/M3 2 14.5 0.707
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A better understanding of the taxonomic rank of P. cypriotes will be achieved with the 

collection of more material, particularly crania and postcrania.

It is concluded that P. cypriotes is a valid species and distinct from P. falconeri with 

the two species showing parallel evolution.

7.8. The larger dwarf elephants of Cyprus

The Natural History Museum, London, contains seven teeth from Achna, a fossil deposit 

on the south eastern coast of Cyprus. Due to their highly fragmentary nature limited 

measurements could be taken on these teeth. No true maximum width measurements 

could be taken and only one tooth, M12611, could be definitely assigned to its position 

in the dental series as a lower M3. All the remaining teeth were tentatively assigned to a 

position, except M l2610, an isolated tooth plate. In Table 7.25 the maximum 

measurable widths of the Achna specimens are listed along with their assumed position 

in the dental series and the widths of upper and lower P. cypriotes M3 molars.

Table 7.25. Maximum measurable crown width of teeth from Achna with tentative 

assignment to position in dental series compared to upper or lower M3 of 

P. cypriotes (measurements in millimetres).

Specimen

number

Tooth

position

Maximum 

measurable width

Width range of 

P. cypriotes upper or 

lower M3

n

M12613 isolated plate -

M12614 ?dp4/Mi >29.3 34 2

M12612 LM2/M3 >36.9 34 2

Unnumbered Rdp4/Mi -

M12609 r m ’/m ^ >40.8 30-36 2

M12610 RM1/M2 >37.3 34 2

M12611 RM3 >38.1 34 2
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As shown in Table 7.25 all the measurable teeth from Achna, apart from M l2614, have 

a maximum measurable width that is greater than the maximum width of the largest 

tooth (M3) found in P. cypriotes. M12614 is probably a dp4 and so it is expected that 

this would be smaller than an M3 of another species, although the measurement given is 

only the maximum measurable and so the true maximum width may be greater than that 

of the P. cypriotes M3,

Although the sample size is small, the consistency of differences suggests that the teeth 

from Achna come from a species/sub species of elephant with teeth larger than P. 

cypriotes. This elephant has palaeoloxodontine characteristics: the occlusal surfaces 

have larger medial and smaller lateral loops in early wear, although medial expansions, 

a highly variable character, are absent.

Some authors (e.g. Reese 1995; Simmons 1999) consider the teeth from Achna to be 

from a large form of P. cypriotes and do not consider it to be a separate 

species/subspecies. However, without more material is not possible to determine the 

phylogenetic relationship between the small P. cypriotes and the specimens represented 

at Achna. The age of the deposits at Achna is unknown and thus it cannot be determined 

if the teeth represent a species which evolved before P. cypriotes and was possibly its 

ancestor, or whether it arrived later. It is clear, however, that at least two forms of dwarf 

elephant with different sized teeth lived on Cyprus during the Pleistocene.

7.9. Comparison between P. cypriotes and a dwarf elephant from Malta

During the present study data were collected from elephant dental remains from Malta 

(this material is housed in the Natural History Museum, London), The identity of this 

species is unclear, although they are clearly palaeoloxodont in character, and could be P. 

falconeri, P. melitensis or P. mnadirensis. However, it is interesting to examine how 

these teeth compared in functional morphology to P. cypriotes.

The teeth available to measure were two M^s and they are significantly longer than the 

same dental element in P. cypriotes (mean of Maltese specimen is 134 mm, n = 2; P. 

cypriotes mean is 90 mm, n = 2; t = -31.11, p = 0.001) but shorter than the teeth of P.
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antiquus (mean = 281.5, n = 32). It is interesting to examine how shortening in these 

teeth has affected the plate count compared to P. cypriotes.

Figure 7.47 is a plot o f tooth length-plate count o f upper M3 teeth o f P. antiquus and the 

two dwarf species. The Maltese teeth have lost fewer plates compared to P. antiquus (a 

reduction o f 17.5 to 14.5 mean plate count) than the P. cypriotes teeth (mean plate count 

is 11) and the size reduction is also less severe than observed in P. cypriotes. Looking at 

Figure 7.47 the size reduction in Maltese specimens must lead to a rapid increase in LF 

(plate packing) because few plates have been lost. However, as discussed above, in P. 

cypriotes the LF is exactly as predicted for a tooth o f its size compared to the P. 

antiquus sample. This suggests that the moderate reduction in tooth length o f the 

Maltese teeth meant that fewer plates had to be shed for tooth function to be maintained, 

while in P. cypriotes the greater reduction in tooth length meant that more plates had to 

be shed, and this appears to have accelerated as the teeth went below c. 120 mm in 

length (Figure 7.47).
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Figure 7.47. Plot of tooth length against plate count for upper M3s o f P. antiquus, P. 

cypriotes and specimens from Malta. Notice moderate length and plate count decrease in 

Maltese teeth, and increase in LF, compared to P. cypriotes. Key: Blue icons: P. 

antiquus, red: Maltese specimens, black: P. cypriotes. Lines are lines o f isometry (same 

colours as icons).
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7.10. The extinction of Palaeoloxodon on Cyprus

Although based on limited evidence from a small number of archaeological sites, 

Simmons (1999) attributes the extinction of most Late Pleistocene Mediterranean island 

vertebrates to the activities of humans. The arrival of humans on Cyprus was, until 

recently, placed at between 8,000 - 8,500 yBP (LeBrun et al. 1987). However, recent 

excavations at the site of Akrotiri Aetokremnos, dated by carbon 14, suggest an earlier 

date for the occupation of the island at around 10,000 yBP (Simmons 1991; Simmons 

1999).

The site is a collapsed and eroded rock shelter on the south east coast of the island. 

According to Swiny (1982) the palaeoenvironmental evidence (pollen and invertebrates) 

suggests the surrounding area was covered in patchy parkland or forest. The most 

striking feature of the site is that it is dominated by remains of over 200 pygmy hippo 

and 200, very fragmented, bones of dwarf elephant, representing at least 3 individuals - 

the few dental remains are of a small size similar to P. cypriotes. Also, most of the 

bones remains show signs of burning or charring. Although none of the bones shows cut 

marks (an occurrence not uncommon with hippo and elephant bones from 

archaeological sites, due to a great amount of body fat and thick hide: Haynes 1991), 

Simmons (1991) concluded that they are likely to have been killed and eaten by humans. 

This seems a veiy likely explanation because of the large amount of material recovered 

especially since the taphonomy of the site does not suggest it was a natural bone trap.

Sea travel is well documented on many Mediterranean islands from as early as 12,000 

BP (Perles 1979), and the colonisers undoubtedly arrived by boat, probably from the 

Levant or Antalonia (Simmons 1991). Cherry (1981) argued that the Mediterranean 

islands were too habitat-impoverished to support long-term hunter-gather communities 

and it is likely that they travelled between islands as resources became limited.

Although it is likely that there was interaction between man and the dwarf elephants on 

Cyprus it is difficult to establish the exact pattern of extinction. Sondaar (1986) states 

that as the climate began to warm at the onset of the Holocene (about 10,000 BP) the 

environmental conditions on the island became less hospitable, with a reduction in 

vegetation limiting food availability. Simmons (1991) proposed that the arrival of man
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on Cyprus was the trigger that pushed the fauna to rapid extinction. According to him, it 

is likely that Akrotiri Aetokremnos was a processing site where meat was hoarded for 

later consumption while the bones were possibly used as fuel.

The evidence from Akrotiri Aetokremnos suggests that man came into contact with, and 

killed P. cypriotes. It is probable that the elephant population and those of other large 

mammals were dwindling before the arrival of man on Cyprus, whereupon they rapidly 

went to extinction. Whatever the means of extinction, the remains at Akrotiri 

Aetokremnos are the most recent remains of the European species of the Palaeoloxodon 

genus.

7.11. Conclusion and discussion

Fossil small-sized elephants of at least two types, maybe two species, are found on 

Cyprus. Both types show significant size reduction from the mainland ancestor, 

Palaeoloxodon antiquus. The largest sample of remains is of Palaeoloxodon cypriotes.

Food limitation was probably the most important factor affecting the change in body 

size. Limited pollen evidence has shown that the vegetation of Cyprus consisted of pine 

trees (nutrient poor) and patchy woodland. It is unlikely that limited amounts of such 

vegetation could provide enough food year round for normal sized P. antiquus.

On Cyprus there were no predators capable of killing large mammals such as elephants 

and hippos, with the only carnivore recovered being a genet (Boekshoten and Sondaar

1972). This led to a selective advantage in the large herbivores having a smaller body 

size. Achieving and maintaining a large body size demands high energy costs because 

vast amounts of food must be eaten and processed into tissue. Where large body size 

acts as protection against predators, as in elephants, predation release would mean that 

body size could decrease without a decrease in fimess.

Intraspecific competition on Cyprus was probably important and played a role in 

reduction of body size through overcrowding. Competition for limited resources would 

have increased fitness in those individuals that matured more rapidly, and therefore, at a 

smaller size.
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The teeth of P. cypriotes show size reduction in all parameters, except enamel 

thickness in dp3 and dp4, with greatest size reduction being observed in ontogenetically 

older teeth (M3 and M2). The stability of enamel thickness is almost certainly related to 

maintenance of tooth function.

Investigation into scaling relationships shows that in length-width, width-height and 

height-length the dwarf teeth are scaled isometrically wdth regard to the P. antiquus 

sample (i.e. they are the same shape). However, the dwarf sample deviates from the 

allometric axis of the P. antiquus sample suggesting that the teeth have evolved to 

follow a different growth pattern.

Plates are lost in the dwarf elephant but not as many as predicted for equivalent lamellar 

frequency in the same P. antiquus teeth (e.g. M3). Plate loss is such that LF for the 

dwarf teeth is exactly the same as in similar-sized (ontogenetically younger) P. antiquus 

teeth.

The tusks of P. cypriotes examined are more curved than those of P. antiquus. The tusks 

are also laterally compressed; the reason for this observation is unclear.

Available postcranial remains of P. cypriotes are limited, and only one distal femur was 

examined in the present study. However, this has a similar morphology to that of P. 

falconeri. These could be adaptations to a more scrambling form of locomotion, similar 

to the low-gear locomotion of Sondaar (1977). This is confirmed because remains of P. 

cypriotes have been recovered from Mount Olympus at a height of about 1000ft 

(Boekshoten and Sondaar 1972) proving that the animal was capable of steep ascents, 

something which P. antiquus would have been incapable of doing.

The teeth are found to be relatively larger compared to the femur in P. cypriotes, this 

feature is also observed in P. falconeri (Ambrosetti 1968). This is similar to the 

observations made by Lister (1996a) on the dwarf red deer on Jersey. That is, the teeth 

are positively allometrically scaled with relation to the rest of the skeleton. Lister 

suggests that the postcrania have responded more quickly to the selective and/or 

ecophenotypic pressure of living on an island while the teeth are slower to ‘catch-up’, 

and this may be what is observed in P. cypriotes.
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The dental remains of P. cypriotes strongly suggest phylogenetic association with P. 

antiquus. The teeth have a very similar morphology, with M3 and M2 of P. cypriotes 

resembling dp3 of P. antiquus. Although allometric changes have occurred it is 

concluded that P. cypriotes descended from P. antiquus during the Middle Pleistocene 

with the colonisers coming from Turkey. The number of colonisation events place is 

unclear but the presence of the teeth from an elephant larger than P. cypriotes at Achna 

suggests that it occurred on at least two separate occasions or that they represent stages 

in a single lineage.

The extinction of Palaeoloxodon on Cyprus occurred during the transition to the 

Holocene about 10,000 yBP. From the remains at Akrotiri Aetokremnos it is likely that 

humans were killing these animals; what is not so clear is whether or not they were 

solely responsible for their extinction. It is more likely that the population was , 

becoming smaller due to climatic and ultimately vegetational changes that were 

compounded by the presence of Man.
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Chapter 8

The evolution and validity of the genus Palaeoloxodon

This chapter focuses on the evolution of Eurasian Palaeoloxodon from the 

Palaeoloxodon recki lineage in Africa. It examines where Eurasian Palaeoloxodon 

branches from this lineage and discusses the derivation of Palaeoloxodon.

The chapter also discusses the validity of Palaeoloxodon as a genus, by comparing 

Palaeoloxodon material with that from other elephant genera.

8.1. The evolution of Eurasian Palaeoloxodon from Palaeoloxodon recki

In the past, considerable work has focused on the evolution of the Pliocene-Pleistocene 

Palaeoloxodon recki lineage in East Africa (for example see: Beden 1979, 1983; Todd 

1997). This lineage is particularly interesting because it covers a long time period (from 

approximately 3.18 to 1 million years ago, Todd 1997) and during that time shows a 

steady evolution in dental morphology with an increase in plate number and thinning of 

enamel (Maglio 1973; Beden 1979,1983).

Palaeoloxodon recki occurs at a number of important sites in the East African Rift 

Valley including Koobi Fora, Olduvai and Shungura. As Beden (1979) describes, the 

species was first identified by Dietrich in 1915 who concluded that it was part of an 

""Elephas antiquus reckf" lineage -  a taxonomy no longer recognised. It was not until 

Osbom (1942) and Arambourg (1947) that the complexity of the Palaeoloxodon recki 

lineage came to be understood. These authors recognised that the lineage consisted of a 

chronological series of morphotypes that could be classified as separate species. 

Contrary to this Arambourg (1969) and Leakey (1965) concluded that several 

‘mutations’ could be recognised, but their terminology of archaic, typical and 

progressive forms proved problematic.

It was not until Maglio (1970,1973) and Beden (1976) that the classification of the P. 

recki lineage was established with some sort of universal agreement. Maglio classified 

the lineage into four successive stages numbered 1 2, 3 and 4 while Beden recognised 

one extra stage and organised them as follows:
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Palaeoloxodon recki brumpti oldest

Palaeoloxodon recki shungurensis 

Palaeoloxodon recki atavus 

Palaeoloxodon recki ileretensis 

Palaeoloxodon recki recki youngest

This is now the recognised nomenclature and will be followed in the present study.

The changes observed in this lineage are not unidirectional, as Todd (1997) points out, 

but show a complex of changes with archaic characteristics reappearing several times. 

However, the general trend observed by Maglio and Beden of increase in dental 

complexity (increased plate count and thinning of enamel) is, to some extent, valid and 

correlates well with an opening out of the vegetation in East Africa through this period 

(see also Chapter 9).

Several authors (i.e. Dietrich 1916; Osbom 1942; Aguirre 1969; Maglio 1973) noticed 

the close similarity in both molar and cranial morphology between Palaeoloxodon recki 

and P. antiquus. They observed that the teeth both have the enlarged median expansion 

in early wear (see Chapter 4) and that the skulls have flaring premaxillaries and an 

overhanging frontal crest - although these features are more developed in P. antiquus 

(see Chapter 6).

This suggests that one of the subspecies of P. recki is likely to be the sister group of P. 

antiquus. Establishing where the divergence occurred is, however, more problematic. 

Examination of dental material by Beden (1979) and Todd (1997) led to the conclusion 

that the teeth of P. recki sspp. are highly variable vrith a great deal of morphological 

variation between and within subspecies. Todd (1997) showed that it is difficult to 

determine the point where the P. antiquus branch occurs through examination of dental 

parameters.

In the present study 31 upper M3 molars of the five subspecies of P. recki were 

measured and analysed. The sample size was increased with data from Beden (1979) 

and Todd (1997) and the dental parameters compared against P. antiquus from the 

British and German sample combined.

456



Dental comparisons between P. antiquus and P. recki sspp. are shown in Figure 8.1. It 

is clear from these plots that, except for length, none of the parameters of P. recki sspp. 

closely matches that of P. antiquus. There is overlap between P. antiquus and some of 

the P. recki sub^ecies in plate count but ANOVA shows that P. antiquus differs 

significantly from all the P. recki subspecies (Table 8.1).

There is close sinilarity in tooth length which has a similar mean value in P. antiquus, 

P. recki ileretemis and P. recki recki (Figure 8.1b). However, this feature has limited 

phylogenetic properties and is associated with animal size.

Table 8.1. Results from ANOVA of four dental characters between five P. recki 

subspecies and f. antiquus. Key: P.r.b = Palaeoloxodon recki brumpti, P.r.s = P. recki 

shungurensis, P.r.a = P. recki atavus, P.r.i = P. recki ileretensis, P.r.r = P. recki recki, 

P.a = P. antiquus. Significance levels as described in Chapter 4.

Parameter F value P.r.brPa. P.r.siP.a P.r.aiP.a P.r.irP.a P.r.riP.a

plate count 26.6 >0.001
***

>0.001
***

>0.001
***

>0.05
*

>0.01
***

length 30.8 >0.001 >0.05 >0.05 0.370 0.263
*** * * n.s n.s

enamel 7.4 >0.001 >0.01 >0.001 >0.001 >0.001

thickness *** ** *** *** ***

width 10.7 >0.001 >0.001 >0.001 >0.001 >0.001
*** *** *** *** ***
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The reason why there is limited overlap in dental morphology between these species is 

because P. antiquus is more derived than even P. recki recki - the last stage of the P. 

recki lineage. This is very likely related to:

• the younger age of the P. antiquus sample. The oldest material included in this 

sample is from the “Middle Cromerian Complex”, dated to no older than 600,000 

years BP, while the youngest P. recki material is P. recki recki dated to 

approximately 900,000 years BP

• more importantly, P. antiquus migrated into a much wetter and closed environment 

in Europe that would have had different selection pressures compared to that of P. 

recki sspp. in Africa.

Although P. antiquus is most similar to the later members of the P. recki lineage {P. r. 

ileretensis and P. r. recki) the data of Figure 8.1 do not allow a detailed placement of P. 

antiquus within the P. recki lineage. The only other option is to examine cranial 

material. Fortunately there is a large amount P. recki cranial material preserved in 

African collections which Beden (1979, 1983) examined in detail. He noted that one 

particular P. recki subspecies has a cranial morphology very like that of P. antiquus.

Examination of the skull of P. recki atavus highlights two important characteristics that 

are absent in the skulls of other members of the P. recki lineage but observed in P. 

antiquus. Beden (1983) notes that the skull of P. recki atavus has the enlarged parietal 

bosses (forming a double dome) and the parietal crest (forming an overhanging frontal 

crest). As discussed in Chapter 6, these two features are also observed in all Eurasian 

species of the Palaeoloxodon genus, except dwarf species, but are absent in other 

elephant genera.

Figure 8.2 compaires the skulls of P. recki atavus, P. antiquus and Loxodonta africana 

and clearly shows that these unusual characteristics are present in both P. recki atavus 

and P. antiquus but absent from L. africana. As Beden (1979) concludes, it is highly 

unlikely that these peculiar structures would have evolved separately in both genera so 

they are almost certainly of phylogenetic importance. Importantly, these features are not 

observed in other elephantid taxa, for example Loxodonta, strongly suggesting that they 

are shared-derived. This is discussed in more detail in section 8.2.
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a. b c.

Figure 8.2. Comparison between skulls of (a) Palaeoloxodon recki atavus, (b) 

Palaeoloxodon antiquus and (c) Loxodonta africana. Top: frontal view, bottom: right 

lateral view. Notice enlarged parietal bosses (forming a double dome) and the parietal 

crest (forming an overhanging frontal crest) in both P. recki atavus and P. antiquus. 

Note: P. antiquus skull is missing back part of cranium, P. recki atavus is missing 

material from premaxillaries. P. recki atavus and L. africana pictures based on Beden 

(1983), P. antiquus based on Steinheim skull, observed by author. Scale bar = 500 cm.

Also, Beden (1983) points out that the premaxillaries o f P. recki atavus are slightly 

flared (not seen in Figure 8.2 since specimen is broken), a feature absent from the skulls 

of other members of the P. recki lineage, but a feature observed in Eurasian 

Palaeoloxodon (see Chapter 6), where it is more developed. This is further evidence to 

suggest that Eurasian Palaeoloxodon is the sister group o f P. recki atavus. The later P. 

recki ileretensis retains none of these features.

Palaeoloxodon recki atavus remains have been recovered from deposits at the top of  

Member F o f the Shungura sequence and are well represented in the lower sections of  

sequence G (Beden 1979). These deposits have been dated to approximately 1.7 - 1.9

4 6 0



million years ago (Drake et al. 1980) and thus place the branching of the Palaeoloxodon 

lineage at some time within this interval.

As discussed in Chapter 3, the earliest record of P. antiquus in the Levant is around

780,000 years ago and in northern Europe around 600,000 years ago and that its 

expansion into Europe correlates with the opening out of the tree cover in Africa and the 

development of a warm-wet climate in Europe which favoured the expansion of forest 

adapted species. This means that there is a large time span of approximately 900,000 

years where P. antiquus or its precursor was presumably evolving in Africa but is not 

detected in the fossil record.

8.2. Validity of the genus Palaeoloxodon

An important issue in the present study is the validity of Palaeoloxodon as a genus. As 

discussed in Chapter 1, P. antiquus was first named Elephas antiquus in 1845 by 

Falconer and Cautley. However, in 1924 the nomenclature was changed by Matsumoto 

upon the discovery of a partial skull with E. antiquus type teeth, in Japan, which he 

identified has having characters distinct from Elephas. Since then there has been debate 

as to whether species in this genus should be classified as Elephas, Elephas 

{Palaeoloxodon) or Palaeoloxodon.

As discussed in Chapter 1, over the past 150 years many species within the genus have 

been identified and often quickly abandoned and many new genus names have been 

proposed.

In continental Europe the term Palaeoloxodon is retained as a subspecies of Elephas i.e. 

Elephas (Palaeoloxodon). This was proposed by Beden (1979) and has found favour 

with most authors. On the other hand, in Britain and the Far East the term 

Palaeoloxodon has been retained as the genus name. The situation has become more a 

matter of choice than having a sound basis on taxonomy.

According to Skelton (1995) making a distinction even between genera in the fossil 

record is problematic and even more difficult at the species level. He comments that 

since so many identifications among modem mammals are based on pelage colouration 

and vocalisation it is even more difficult to separate fossil species and genera. He
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concludes that teeth and cranial material hold the most promise in determining separate 

genera and species, although these distinctions will often remain open.

From a cladistic point of view, determination of relationship between taxa must be 

carried out by comparison between at least three taxa. This then allows analysis to show 

if taxon A is more closely related to taxon B than either is to taxon C (Patterson 1982). 

Caution must be used when using a cladistic approach for fine scale genus and species 

determination because taxa may share characteristics that are not derived but caused by 

parallel evolution.

To determine the taxonomic position of Palaeoloxodon important characters observed 

in both dental and cranial morphology were examined and compared to Elephas 

maximus and Palaeoloxodon recki atavus, using Loxodonta africana as an outgroup; 

these characters are shown in Table 8.2. Figure 8.3 shows the result of cladistic analysis 

of these characters.

The most parsimonious explanation as to the phylogeny of Eurasian Palaeoloxodon is 

that P. antiquus is more closely related to P. recki atavus than either is to E. maximus, 

with E. maximus being the sister group of this pair. If P. recki atavus were more closely 

related to E. maximus this would involve characters 1,2,5 and 6 evolving separately in 

both P. antiquus and P. recki atavus, something, though not impossible, highly unlikely.

Since the data strongly suggest this relationship the taxonomy of the Palaeoloxodon 

recki lineage is also brought into question because it renders Elephas paraphyletic.

Thus, all taxa within this monophyletic clade should be referred to Palaeoloxodon.

Also, since both P. antiquus and P. namadicus share characters 4 and 8 they form a 

monophyletic group and this confirms P. recki atavus as their sister group. This 

diagnosis leads to the conclusion that P. antiquus and P. namadicus diverged between 

Europe and Asia after a single origin in Africa.
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Table 8.2. Comparison of important characters in Elephas maximus, Loxodonta africana, Palaeoloxodon recki (in this case P. recki atavus) and 

Palaeoloxodon antiquus and Palaeoloxodon namadicus.

JCs-Os

C haracter L. E. p. p. p.
africana maximus recki nama4icus antiquus

1. medial expansions on the ocçlusal plate pattern X X / y y
2 . in early wear the occlusal pl^te pattern is a long medial loop with two, smaller, lateral loops X X y y y
3. enamel is slight r heavily folded X / / y y
4. the teeth are narrow for their length X X X y y
5. fropto-parietal surface expanded laterally and anteriorly X X / y y
6 . prominent overhanging frontal crest X X / y y
7. large external naris X X y y y
8 . distally flared premaxillary tpsk sheaths / X X y y
9. double domed cranial vault X / y y y

1 0 . zygomatic arch tilted X X X X y



I

L, africana E. maximus P. recki atavus P. namadicus P. antiquus

Figure 8.3. A cladogram showing most parsimonious relationship between L. africana, E. maximus, Palaeoloxodon recki atavus, 

Palaeoloxodon namadicus and Palaeoloxodon antiquus The Palaeoloxodon clade is indicated by dashed line. Small numbers refer to 

characters in Table 8.2.



8.3. Summary

Eurasian Palaeoloxodon has been shown to have evolved from Palaeoloxodon recki 

atavus the two taxa sharing important characters. The taxon of Palaeoloxodon has been 

upheld and cladistic analysis has shown that all Palaeoloxodon recki subspecies should 

be referred to the genus Palaeoloxodon. This analysis has also shown that P. namadicus 

and P. antiquus diverged into Asia and Europe respectively after a single origin in 

Africa.
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Chapter 9

Synthesis: The evolutionary history of Palaeoloxodon

This chapter is a synthesis o f the information on dental, postcranial and cranial material 

o f Palaeoloxodon antiquus examined in the present study in order to establish the 

evolutionary history o f the genus in Europe. Included in this chapter are the patterns and 

processes involved in the dwarfing o f the Palaeoloxodon elephants on Cyprus. The 

ecological and biostratigraphic importance o f P. antiquus remains are also discussed, as 

are the effects of competition with Mammuthus species and biostratigraphic uses o f  

P. antiquus.

9.1. Evolutionary history of the genus Palaeoloxodon

The present study has concentrated on the mainland species Palaeoloxodon antiquus 

and the dwarf elephant from Cyprus, P. cypriotes. This analysis has focused mainly on 

dental remains due to their relative abundance and the interesting morphological 

information they can impart.

As was discussed in Chapter 3, Palaeoloxodon antiquus appeared in Europe as early as

730,000 years ago and was certainly present in moderate numbers, compared to 

mammoth, by about 600,000 years BP. In the following section each stage will be 

considered and important morphological information summarized. To aid clarity a graph 

is shown that summarizes mean values o f important dental characters and body size 

examined in the present study (Figure 9.1).
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Figure 9.1. Variation in six dental parameters o f upper M3 teeth and body size of Palaeoloxodon antiquus through the Pleistocene. Data shown as 

mean values for the group (body size data shown as group mean compared to “Upnor standard”, see Chapter 6).



9.1.1. “Cromerian Complex” group

The “Cromerian Complex” group contains the earliest representatives of P. antiquus in 

Europe. The stratigraphy of this group is still poorly understood and so many sites are 

lumped together forming a composite of different ages (at least two separate 

interglacials are represented in this group).

The dental morphology of P. antiquus from this group is unremarkable. It is interesting 

that since these are the oldest P. antiquus studied, the animals from this group might be 

expected to have the most primitive morphology and, in particular, a low plate count. 

However, this is not observed, many of the teeth having an “advanced” character. 

Postcranial material from the “Cromerian Complex” is scarce but, as discussed in 

Chapter 6, the few that have been recovered are medium sized compared to other stages.

9.1.2. Stage 11 group

This grouping contains sites of definite Stage 11 age (Swanscombe, Mark’s Tey and 

Clacton, England) and sites of probable Stage 11 age (Steinheim pits and Karlich II, 

Germany).

The teeth from the Stage 11 group show high plate counts compared to Stage 7 and 5e. 

Within the group there is also variation, the Steinheim (Sigrist Pit) sample having a 

distinct occlusal morphology compared to the English and other German samples. These 

features may be of taxonomic importance (Maglio 1973) and this suggests the Sigrist Pit 

sample represents individuals of a different age (?MIS 9) or, more likely, a different 

population.

The increase in plate count and lamellar frequency is possibly a response to changing 

environmental conditions. Stage 11 was initially very closed with little open ground (see 

Chapter 2) but, during pollen zone Ilb - III it became more open. This would select for a 

graze-adapted tooth which is seen at Swanscombe (Middle Gravel). But it is more likely 

to be due to chance.
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Postcranial material of P. antiquus from MIS 11 shows the animals to be of a large size 

(significantly so compared to MIS 7 and MIS 5e). The unknown level provenance of 

the postcrania from Swanscombe makes it impossible to determine if the animals were 

larger in the later part of the stage - this would be predicted as the vegetation was more 

open. Sikes (1971) notes that the Asian elephant and the African forest elephant are both 

smaller than the savannah Africa elephant suggesting that small size is selected for in 

closed environments.

Among the material studied (England and Germany) cranial material from this stage is 

only available from Steinheim, which could be correlated with either MIS 11 or MIS 9. 

These skulls do not show any unique morphologies and have the characteristics of 

Palaeoloxodon antiquus with a double domed cranium, prefrontal ridge and titled 

zygomatic arch.

9.1.3. Stage 9 group

The sample size for this stage is small. As with Stage 11 the sample could also include 

the material from Karlich II and Steinheim which are referable to either MIS 11 or 9.

The teeth from Stage 9 are long compared to those from Stage 5e and almost have a 

significantly higher plate count. Since the environment was very closed it might have 

been expected that the teeth would have a low plate count (browse adaptation). This 

observation is hard to explain and is discussed in more detail later.

The only postcranial remains from MIS 9 come from Grays. The animals were large 

(significantly so compared to MIS 7 and MIS 5e). This is interesting as it might be 

predicted that the wooded environment of Stage 9 would select for smaller body size but 

this is apparently not the case. It could be that as food was very abundant so that large 

size was not disadvantageous or it may be that modem elephants cannot be used as a 

model for fossil species. However, the result of large body size for the entire stage must 

be viewed with caution because it is based on a small sample which could consist of 

large bull elephants. Only when more data because available will this issue be resolved.
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9.1.4. Stage 7 group

This is one of the most interesting stages because during some periods ihere is 

interaction between P. antiquus and Mammuthus primigenius (i.e. Ilford, Brundon); this 

is discussed in more detail later.

The Stage 7 teeth have the lowest observed mean hypsodonty index values, a 

morphology suggestive of a browse-dominated diet. The vegetation type of the early 

part of Stage 7 was a mosaic of grassland with moderate tree cover. Later on in the stage 

the tree cover was greatly reduced and the habitat became much more open - it was at 

this time that P. antiquus coexisted with mammoth.

The teeth from Holon, Israel are also interesting. One tooth has very thick enamel for its 

width. This observation may be of biostratigraphic importance but the validity of this 

can only be confirmed if more data become available.

Some of the postcranial material from Stage 7 is small including, from Selsey, the 

smallest adult P, antiquus skeleton described in this study. Material from the Upnor 

elephant and Bleadon Cave is large. The large body size range is probably a result of 

sexual dimorphism blurring any pattern of body size variation within the stage.

9.1.5. Stage 6 group

In northwest Europe, Palaeoloxodon antiquus remains from cold stages are rare, and 

only those from MIS 6 have been examined here. Teeth from Balderton fall into two 

groups. Those with fresh preservation type, which are almost certainly from Stage 6 and 

not reworked, are narrow compared to those from Stage 7. Conversely the damaged 

teeth are of a similar width to those from Stage 7, which suggests that they are reworked 

from the underlying interglacial deposits, as suggested by Lister and Brandon (1991).

The expected dental morphology in a cold stage would be a high plate count (coupled 

with increase lamellar frequency) and thin enamel - adaptations to a graze-dominated 

diet. This is not observed in teeth of definite Stage 6 age. These teeth have a low plate
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count and thick enamel. This would appear to be a dental morphology indicative of a 

browse dominated diet. This dental morphology could be a response to the presence of 

mammoth in Stage 6 forcing P. antiquus into protected valleys where trees were still 

present. This is discussed in more detail later.

9.1.6. Stage 5e group

The Stage 5e P. antiquus is the largest sample and presumably represents a period of 

high abundance. This is probably related to the suitable vegetation conditions.

The most striking feature of this stage is that the British and German material falls into 

two groups. Teeth from all the Stage 5e German sites are higher crowed, longer and, 

those from Taubach, have thick enamel for their tooth width. This suggests that the 

English and German groups are separate populations; this is discussed below.

According to Maglio (1973), since the Stage 5e sample represents the final stage of the 

P. antiquus lineage (excluding small relict populations which survived into the Late 

Glacial) it should have the most evolutionarily advanced dental morphology. He predicts 

that the teeth should have the highest plate count. However, this is not borne out by 

observations and it is unrealistic to expect trends in morphology to transform in a linear 

manner through time, particularly when the environment was constantly changing, as is 

characteristic of the Pleistocene.

The short length of some of the British teeth is probably as a result of reduced body size. 

Postcranial material from Barrington is significantly smaller than that from MIS 11 and 

MIS 7. This suggests a population of small P. antiquus was living in at least part of 

Britam during this time.

9.1.7. Discussion

The variation in skeletal morphology of P. antiquus through the Pleistocene is 

interesting. The teeth do not show the linear progression of increased plate count and 

crown height as seen in some elephantid lineages but show more subtle changes
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between stages which is due to the selective pressures of the complex environment and 

morphology of the founder populations.

The causes of morphological variation in P. antiquus could be explained through a 

combination of:

• ecophenotypic change

• morphology of populations expanding from glacial réfugia

• evolutionary adaptation.

The variation in skeletal morphology in P. antiquus shows some simple trends but is 

actually highly complex. Between each stage, and at each site within each stage, the 

three factors noted above have to be considered. For example, at Swanscombe (MIS 11) 

the teeth are advanced with high plate counts. Either the environment in Stage 11 

selected for this character, or the populations of elephants that expanded into northern 

Europe at the end of the MIS 12 cold stage had this type of ‘graze-adapted’ dental 

morphology -  it is difficult to decide on the present data.

Rather than simply making stage-to-stage comparisons with northwest Europe, it is 

more informative to consider P. antiquus populations within the “European 

Palaeoloxodon metapopulation”. This means that each individual population, for 

example the Stage 11 elephants, can be viewed in semi-isolation within the entire 

species (the metapopulation) with variation at a local level. In this way, for example, the 

small body size of the Barrington ‘morphotype’ and the larger German animals can be 

considered as populations showing different body size, with the capability of 

interbreeding (although probably limited), within one large metapopulation.

It is likely that what we observe in P. antiquus in northern Europe is at least in part the 

product of genetic change that took place in the isolated southern European réfugia 

during glacial periods. Here populations would have been isolated with reduced, or no 

gene flow. Genetic change could have occurred with no adaptive significance to the 

interglacial environments that the populations expanded into at the onset of the 

following warm stage. This conclusion is similar to observations made on modem
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mammals. Hewitt (2000) shows how colonisation of northern Europe by hedgehogs and 

brown bear occurred at the end of the Last Glacial. Using DNA differences Hewitt has 

shown that these animals (together with grasshoppers) formed isolated populations in 

southern European réfugia during glacial episodes, before expanded northwards as the 

climate warmed. DNA analysis of P. antiquus has not so far proved possible due to the 

age of the material (Lister, pers. comm.) but, using dental morphology as a proxy, 

similar patterns are observed.

Since they are migratory animals, once they had expanded northwards, it is likely that P. 

antiquus from Britain and Germany would have interbred. Therefore, it is expected that 

the populations sampled in the present study from the same marine isotope stage would 

have similar morphology. However, this is not what is found during MIS 11 and MIS 

5e, suggesting that these populations did not fully interbreed. During MIS 5e Britain 

was isolated from the Continent through the formation of the channel and so 

interbreeding is expected to be limited. However, during MIS 11 there was no physical 

barrier to separate the populations and so the different morphologies observed suggest 

little interbreeding occurred.

A schematic representation of the movements of P. antiquus populations is shown in 

Figure 9.2. Although theoretical, this shows how the range of populations of P. antiquus 

could have expanded from southern European réfugia at the onset of each interglacial.

How does such variation relate to longer-term trends? As discussed, Maglio (1973) 

showed that in several elephantid lineages, evolutionary changes such as plate count 

increase and thinning of enamel occur cumulatively through time. On the other hand, as 

Beden (1979) and Todd (1997) point out, such changes are not necessarily 

unidirectional, and it is unrealistic to expect the teeth not to respond to local/regional 

environmental changes. This corresponds to the observation that P. antiquus teeth from 

different stages, and different sites or regions within a stage, have teeth with different 

morphologies. It is likely that, at a fine scale of only tens of thousands of years, 

evolutionary trends are masked by ecophenotypic and other small-scale changes at a 

local level.
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However, even at the broader level of hundreds of thousands of years, P. antiquus in 

Europe does not show ‘gradualistic’ change, but fluctuations and broad stasis. This 

observation can be explained through P. antiquus having been successful in a relatively 

narrow niche and migrating rather than evolving in response to changing climate 

conditions.

On the face of it, the stasis observed in P. antiqims through the European Pleistocene 

appears different from the traditional ‘gradualistic’ view of mammoth evolution (Maglio 

1973; Lister 1993). However, novel work by Lister and Sher (2001) shows long periods 

of stasis in European mammoths; for example, Mammuthus trogontherii remained 

unchanged apart from size reduction from 700,000 -  200,000 BP. These periods of 

stasis were interrupted by immigration of more advanced forms from outside.

Similarly, the European history of P. antiquus is a relatively short segment of 

Palaeoloxodon evolution, and the stasis observed in mainland Europe from about

700,000 BP to extinction about 30,000 BP has to be seen in this light: most evolution in 

the genus had presumably already occurred in the African precursors. If the history of P. 

antiquus is extended backwards to P. recki in Afnca, a more dynamic picture emerges. 

The sequence now covers around three million years.

Figure 9.3 shows variation of four important dental parameters in the five P. recki stages 

and the history of P. antiquus in northwestern Europe. It is clear that early on in the 

lineage there was considerable molar variation in P. recki and that there is a general 

trend for increased plate count and tooth length and decreased enamel thickness through 

P. recki. This suggests that Palaeoloxodon had done most of its evolving in Africa 

before entering Europe. As indicated previously, however, if P. antiquus derived from 

P. recki atavus, the latter stages of these trends occurred in parallel between late P. recki 

sspp. and the (unknown) direct antecedents of P. antiquus.
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9.2. Dwarfing of Palaeoloxodon antiquus

P. antiquus founded populations on Cyprus on several different occasions from the 

Middle Pleistocene onwards. The process of dwarfing happened in a relatively short 

time and resulted in the formation of an elephant with the body mass 1.5% that of P. 

antiquus.

The teeth of P. cypriotes show size reduction in all parameters, except enamel thickness 

in dp3 and dp4, with greatest size reduction being observed in ontogenetically older 

teeth (M3 and M2). The stability of enamel thickness is almost certainly related to 

maintenance of tooth function.

Investigation into scaling relationships shows that the dwarf teeth are scaled 

isometrically with regarded to the P. antiquus sample (i.e. they are the same shape). 

However, the dwarf sample deviates from the allometric axis of the P. antiquus sample 

suggesting that the teeth have evolved to follow a different growth pattern. Analysis of 

plate loss in the dwarf elephant gives a lower than predicted lamellar frequency 

compared to the equivalent P. antiquus tooth (e.g. M3). It is such that LF for the dwarf 

teeth is exactly the same as in similar-sized (ontogenetically younger) P. antiquus teeth.

The one distal femur examined in the present study has a similar morphology to that of 

P. falconeri of Malta/Sicily. As with the dental remains, the femur shows not only a size 

reduction but also a change in shape when compared to P. antiquus which could be an 

adaptation to a more scrambling form of locomotion, similar to the low-gear locomotion 

of Sondaar (1972). The teeth are found to be relatively larger compared to the femur in 

P. cypriotes, a feature also observed in P. (Ambrosetti 1968). Thus the teeth

are allometrically scaled in relation to the rest of the skeleton.

9.3. Ecological interpretation of Palaeoloxodon remains

In previous chapters the variation in skeletal morphology of P. antiquus has been 

discussed with relation to environmental conditions. As shown above, there is often a 

danger when examining morphology to categorise certain characters with preconceived
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ideas of what they mean ecologically. For example, in elephant teeth, when viewed in 

isolation, thick enamel suggests archaic morphology and a browse-adapted diet. 

However, it could equally be a response to changes in other dental parameters and be 

compensating for a low crown height due to maxilla size change, or be due to individual 

variation. Equally, it may be that the observed morphology has no adaptive significance 

but is the result of genetic drift

However, it can be stated that P. antiquus is clearly an interglacial-adapted species. The 

evidence for this is:

• in northwest Europe it is found in Stages F 11,9,7 and 5e and only very rarely in 

cold stages (i.e. MIS 12 , 10, 8 and 6)

• it is usually found in association with other woodland-adapted species which are 

known to prefer closed vegetational condition because they are extant (e.g. Dama 

dama), or the morphology strongly suggests they were adapted to a browse 

dominated diet (e.g. Stephanorhinus hemitoechus)

• when coexisting with mammoth in more open interglacial conditions (i.e. the later 

part of Stage 7) they are found in much smaller numbers suggesting the environment 

is less suitable and that they are in competition with mammoth (this is discussed in 

detail later)

• southern réfugia were utilised during glacial episodes where the climate was warmer 

with some tree cover (e.g. Grevena, West Macedonian, Greece, MIS 6).

Therefore, it is concluded that P. antiquus was normally associated with climatic 

conditions as warm as or warmer than modem northern Europe. It very likely had a 

constant occurrence in southern Europe from the “Cromerian Complex” until the Late 

glacial where it was living in lush woodland during interglacials and in more open, but 

still partially wooded, conditions during glacial periods. Beyond this no more detail can 

be given based on the P. antiquus remains.
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Summary

Care must be taken when using morphological characters to interpret 

palaeoenvironments. The material examined in the present study shows few patterns that 

link directly to local environmental conditions. This is especially true since not all 

morphologies are necessarily adaptive but relate to the evolutionary history of the 

individual populations and individual variation.

9.4. Palaeoloxodon - Mammuthus interactions/competition

In looking at mammoth-/*, antiquus interactions it is useful to first examine the effect 

that mammoth species have had on one another. The Mammuthus lineage in Europe 

shows a change from M. meridionalis to M. trogontherii to M. primigenius. This is 

accompanied by a shift in diet preference from browse to browse-graze to graze (Maglio

1973). It was long thought that the evolution of this lineage was gradualistic and that M 

trogontherii evolved from M. meridionalis, perhaps in part as a response to M. 

meridionalis having been forced out of the forest environment by the better-adapted P. 

antiquus.

However, recent work by Lister and Sher (2001) has shown the situation to be more 

complex. By studying Mammuthus fossils from across Europe and Russia they have 

shown that it is likely that M. trogontherii evolved from a population of M. meridionalis 

in northeastern Siberia around 1.2 to 0.8 million years ago, arriving in Europe around

700,000 years ago. The arrival in Europe of M. trogontherii coincides with the arrival of 

P. antiquus and it seems likely that these two, more precisely adapted species, covered 

the broad M. meridionalis niche forcing it into extinction.

During the present study an interesting observation has been made that where mammoth 

and P. antiquus are found together, the amount of mammoth material always 

outnumbers P. antiquus. P. antiquus was contemporaneous with either Mammuthus 

trogontherii or M. primigenius in various stages of the Pleistocene. During the 

“Cromerian Complex” it coexisted with M. trogontherii at a number of sites while in the 

later period of MIS 7 (Ilford and Brundon) and the cold Stage MIS 6 (Balderton) it
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coexisted with M. primigenius. It is problematic to determine the interaction that these 

species had with one another and effect that their coexistence had on morphology 

because there is no modem analogue with which to compare them and many other 

environmental factors have to be considered. However, the following points can be 

made:

1. where these species coexist mammoth always outnumbers P. antiquus (population 

size)

2. changes in dental morphology of P. antiquus could be a result of competition and 

character displacement.

These two points are addressed below:

1. Population sizes

When mammoth and P. antiquus are found together, and sample size is large, the 

number of mammoth individuals always outnumbers the number of P. antiquus.

In the “Cromerian Complex” M trogontherii and P. antiquus are known to have 

coexisted at a number of important English sites:

•  Kessingland • Happisburgh

• Bacton • Trimingham

• Sidestrand • Overstrand

• Mundesley

At these sites a large number of elephant dental and postcranial remains have been 

recovered and show an interesting pattern. Table 9.1 shows the percentage of elephant 

remains collected, compared to the entire faunal assemblage, of M trogontherii and P. 

antiquus. At all but two (Sidestrand and Bacton which have small sample size) of these 

sites there is a greater percentage of M. trogontherii to P. antiquus present. Alone this 

information does; not tell us much about absolute numbers since it may be that the 

population of P. lantiquus has remained stable compared to sites lacking mammoth, and
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that mammoth is just very variable in abundance. However, when these data are 

compared to sites where P. antiquus was the only elephant species present (e.g. MIS 11, 

9 or 5e sites) a clearer picture can been seen. At Clacton (MIS 11) P.antiquus is 10.1% 

of the entire fauna (data from Schreve 1997); a similar pattern is also observed at Grays 

(MIS 9). With the exception of Overstrand, this percentage is significantly higher than 

observed at most of the sites listed in Table 9.1.

There are three reasons that can explain these observations:

• taphonomic

• sampling problems

• reflection of actual events.

Table 9.1. Comparison between number of Mammuthus trogontherii teeth and 

Palaeoloxodon antiquus teeth shown as a percentage of all fauna recovered from a 

selection of “Cromerian Complex” sites. Data from Lister (1996d).

Locality M. trogontherii P. antiquus

Kessingland 2 0 3

Happisburgh 50 3

Bacton 5 5

Mundesley 33 6

Trimingham 82 5

Overstrand 60 9

Sidestrand 3 3

Taphonomic reasons

The sites listed in Table 9.1 were all deposited in a fluvial environment. Since M. 

trogontherii favoured more open conditions to P. antiquus it is likely that it was found 

in greater numbers on the river fioodplain. This could then bias the collection of 

mammoth over P. antiquus. However, the constant signal of more mammoth compared 

to P. antiquus at these sites and the fact that, when P. antiquus is the only elephant
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species in northwest Europe (e.g. MIS 11,9 and 5e), it is very abundant at even 

fluviatile localities such as Swancombe, argues against this. Therefore, there is no 

reason to suspect the taphonomy of these sites would bias the collection of M. 

trogontherii over those of P. antiquus.

Sampling problems

The elephant tooth collections from these sites is large and it is clear that most collectors 

have retrieved any large fossil material possible. Also, until Adams (1877) and the 

publication of his monograph on the British Pleistocene elephants, many collectors 

thought there to be only one species of elephant in the British Pleistocene and so it is 

highly unlikely they would have only selected mammoth remains.

Reflection of actual events

This seems the only plausible explanation for the paucity of P. antiquus material 

recovered from these “Cromerian Complex” sites compared to the large amount of 

mammoth remains. There are two possible reasons why this could have happened:

• there may have been only a low population density of P. antiquus in northern Europe 

at this time

• the presence of M trogontherii may have driven P. antiquus into the forest areas as it 

took over the open and semi-open areas.

As discussed in Chapter 3, the first record of P. antiquus in the Levant was 780,000 

years ago. This suggests that large populations of P. antiquus could have become 

established in northern Europe around 600,000 BP.

The alternative explanation is that the presence of mammoth displaced P. antiquus, 

restricting it to its most suitable habitat (forest environment) while out competing it in 

less suitable, open environments. It is probable that there were large populations of M 

trogontherii in northern Europe at this time which may have outnumbered those of P. 

antiqims forcing them away from the more open environments into a core area of the
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lush river gallery vegetation. This would then lead to a decrease in population size of P. 

antiquus.

Where P. antiquus was contemporaneous with Mammuthus primigenius the situation is 

more complicated. During the early part of Stage 7 P. antiquus was the only elephant 

species in northern Europe, while during the later part of this stage it coexisted with 

mammoth. At sites from the earlier period (Aveley, Upnor) the number of P. antiquus 

remains is low (skeletons of four individual animals only); however, this is probably 

related to taphonomic processes because none of these sites has produced a large 

amount of fossil material of any species and each was probably deposited rapidly. 

However, at sites of a later Stage 7 age (Ilford, Stoke Tunnel, Brundon, Stutton - data 

from Schreve 1997) mammoth remains always outnumber those of P. antiquus with P. 

antiquus proportions being low compared to sites without mammoth (e.g. Clacton, MIS 

11 10.1%). This is shown more clearly in Table 9.2.

Table 9.2. Comparison between number of Mammuthus primigenius teeth and 

Palaeoloxodon antiquus teeth shown as a percentage of all fauna recovered from a 

selection of Stage 7 sites. Data from Schreve (1997),

Locality M. primigenius P. antiquus

Ilford 26.4 2.5

Stoke Tunnel 16.6 0.9

Brundon 21.4 4.0

Stutton 19.8 3.1

The environment at these Stage 7 sites was more open than the earlier sites of Aveley 

and Upnor and so it could be that P. antiquus numbers dwindled because of unsuitable 

habitat or it may be because of the presence of mammoth pushing it into the patches of 

woodland/shrub that remained. The Stage 7 sites are all fluvial and have a similar 

depositional history and, as with the “Cromerian Complex”, could then bias the 

collection of mammoth over P. antiquus. However, as before, the constant signal of 

more mammoth compared to P. antiquus at all these sites and the fact that, when P.

483



antiquus is the only elephant species in northwest Europe (e.g. MIS 11,9 and 5e), it is 

very abundant, argues against this.

This leaves the only plausible explanation for the difference in population size between 

these two species to have been caused by competition. The dental morphology of M. 

primigenius is adapted to a graze-dominated diet with high plate count and lamellar 

frequency and thin enamel. Thus, M. primigenius was almost certainly more suitably 

adapted to the vegetation type in the later parts of MIS 7.

It seems that, being better adapted, mammoth increased in numbers rapidly at these sites 

and forced the small P. antiquus populations in to the surrounding patches of woodland. 

This would mean that the populations may have dwindled due to habitat limitation or 

that few fossils are preserved since the animals moved away from the river areas. The 

problem can be analysed further by looking for variation in dental morphology between 

populations of P. antiquus where mammoth was and was not present.

2. Changes in dental morphology

In order to determine the effect that the presence of mammoth had on the dental 

morphology of P. antiquus it is necessary to examine sites, with similar vegetation and 

of the same age, where mammoth and P. antiquus did and did not coexist. The most 

useful stage for this type of analysis is Stage 7 because sites in this group are correlated 

together and the vegetation type is well documented.

Of the Stage 7 sites the most striking feature is that the teeth from the Upnor elephant 

have a significantly lower crown than those from Ilford (MIS 7a) and an almost 

significantly lower hypsodonty index. Also of interest is the thick enamel observed at 

Upnor. This difference is not statistically significant but, with the evidence of more data, 

may indicate a compensation for reduced crown height. These observations can be 

related to either:

• differences in vegetation between sites, or

• due to the presence of mammoth (e.g. by competition), or
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• due to individual variation, or

• due to the genotype of the founder population.

In the later periods of Stage 7 (Ilford and Brundon) the habitat was much more open 

than during other interglacials; see Chapter 2. This habitat would select for graze- 

adapted teeth with high plate count, lamellar frequency and thin enamel. This 

morphology is approached in the Ilford and the Brundon sample, and may become more 

evident with increased sample size, while at Upnor a more browse adapted dental 

morphology is observed. It is possible that in the teeth of the Ilford and Brundon P. 

antiquus samples we start to observe the dental morphology adapted to the new graze 

diet. This is contrary to the evidence on population size that suggests that the presence 

of mammoth caused P. antiquus to retract into the patches of woodland available during 

this stage, where there would be no selection for a graze-adapted morphology.

An alternative explanation for this is that the populations present at the later Stage 7 

sites were founded by different populations from the southern réfugia compared to those 

at Upnor.

Summary

There is no reason to doubt that P. antiquus came into contact with M trogontherii 

during the “Cromerian Complex” and with M primigenius during Stage 7. During the 

“Cromerian Complex” the small number of P. antiquus remains recovered could be 

related to P. antiquus not yet having established itself in northern Europe at that time. 

However, the more likely explanation is that P. antiquus was forced from the river flood 

plain habitats to woodland areas through competition with mammoth.

In Stage 7 the dental morphology of P. antiquus begins to correlate with the change in 

vegetation from semi-closed to open. This could be due founder effect of the Stage 7 

populations or adaptation; the evidence from competition, however, favours the former.

485



9.5. Biostratigraphic implications of Palaeoloxodon antiquus remains

Palaeoloxodon antiquus has useful biostratigraphic features. It has long been recognised 

that P, antiquus is normally associated with interglacials (for example see: Stuart 1982). 

Also, it has been shown that, at a small number of localities, P. antiquus is found in cold 

stage deposits, probably during interstadial periods.

However, until the present study, P. antiquus has often quoted as being a forest species 

associated with woodland generally during interglacial pollen zone II. While this is, in 

part, true, P. antiquus was also perfectly capable of living in more open or mixed 

environments (for example Ilford and Ostend in pollen zone III). Also, the present study 

is the first to describe, in detail, material from the more arid environment of the Levant 

at Holon. Here P. antiquus was existing in an environment very different to that seen in 

Europe.

As discussed in Chapter 5, there is limited variation in dental morphology between 

stages but considerable variation within each stage. This makes it difficult to identify 

specific dental morphotypes for each stage or site. However, the following observations 

can be made:

• Stage 11 teeth have a high plate count and postcrania are large

• Stage 9 teeth are long, and postcrania suggests a population of large-sized animals

• In later periods of Stage 7 the teeth may approach a graze-adapted morphology and 

are fewer in number compared to mammoth. Postcranial remains show a wide range 

of body size

• The teeth from Balderton (Stage 6 ) can be separated into cold stage and reworked 

Stage 7 groups

• Teeth from English Stage 5e sites are often small, as is postcranial material, 

particularly from Barrington.

However, observed variability makes it clear that substantial sample sizes and statistical 

testing would be needed to draw reliable conclusion and single specimens are liable to 

be misleading. Comparison of MIS 11 and 9 material between Britain and Germany (see
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earlier sections) shows that even for sites of the same Stage, geographic variation makes 

correlation risky even across relatively short geographical distances. This is an 

unexpected but an important result for a supposedly wide-ranging species, like an 

elephant.

Summary

The usage of P. antiquus in biostratigraphic studies is limited and must be viewed with 

caution because, although there is limited variation in dental morphology between 

Stages, there is a large amount of variation v^thin the Stages. Thus, selecting a tooth and 

expecting it to be identified it to locality or even a Stage is difficult because of 

intraspecific variation. The presence of P. antiquus in northern Europe almost certainly 

means the deposit was laid down under interglacial or possibly interstadial, condition 

which can be confirmed through examination of associated faunas and pollen evidence. 

It is much more problematic to then assign sites to stages on the marine isotope curve 

based on the P. antiquus morphotypes present.

9.6. Summary and conclusion

This chapter has synthesised information on the evolution of the genus Palaeoloxodon 

in Europe as determined in the present study. It has brought together information on the 

variation in dental, cranial and postcranial material and explained them in terms of 

ecophenotypic, non-adaptive and evolutionary change.

The morphological variation in dental remains is discussed in terms of ecological 

interpretation and biostratigraphic implications. Dental morphotypes are identified for 

each stage of the marine isotope record and the limitations of small sample size and 

intraspecific variation discussed.

The competition between mammoth and P. antiquus is addressed and its effect on dental 

morphology and population density analysed. The presence/absence of mammoth is 

used to explain certain morphological changes observed in populations of P. antiquus 

during the “Cromerian Complex” and Stage 7.
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9.7. Future work

The present study has provided a detailed account of the evolutionary history of 

Palaeoloxodon antiquus from the early Middle to Late Pleistocene. This has now 

produced a framework which can be augmented by the inclusion of material from 

southern Europe (something beyond the scope of the present study) and of new material, 

as and when it is excavated.

Currently, research is being undertaken into the evolution of the genus in Asia (Chang in 

prep.). The completion of this work will allow the establishment of a complete 

evolutionary history of the genus throughout its entire range in Eurasia.

One of the most interesting topics addressed in the present study was the effect that 

body size reduction had on the teeth and bones of dwarf elephants in the Palaeoloxodon 

genus. Currently, several sites on Cyprus are under investigation which have previously 

yielded P. cypriotes and it is hoped will contain more postcranial material (Reese, pers. 

comm.). Examination of this material and the small collection of postcrania held in 

Cyprus, would provide interesting information on the effects that dwarfing has on bones 

as well as teeth in this species. Also, the recovery of more material of the larger species 

of dwarf elephant on Cyprus will provide information on the pattern of dwarfing. It 

would also be interesting to make a comprehensive comparison between the dwarf 

elephant of Cyprus and other Mediterranean islands.

Expansion of the cladistic analysis of Palaeoloxodon and its African antecedents would 

prove useful in further elucidating the phytogeny of this genus. It would also be 

interesting to attempt DNA extraction from P. antiquus and Palaeoloxodon recki 

material. Although this has not been successful on material as old as this before, any 

results would elucidate further our understanding of how these two genera relate to one 

another and to other elephantid genera.
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9.8. Final thoughts

The work in this thesis has not only provided a detailed account of the evolutionary 

history of Palaeoloxodon antiquus in Pleistocene Europe but, more broadly, has been a 

study into the evolution of a rapidly evolving, migratory and highly variable genus.

At the genesis of this project it was predicted, naively, that the evolution of P. antiquus 

would be more straightforward. This was based mainly on earlier work on the 

Mammuthus lineage showing a clear evolutionary trend in Eurasia from browse to graze 

adapted species. However, as discussed this apparent gradualistic change has recently 

been challenged by Lister and Sher (2001) and both the Palaeoloxodon and Mammuthus 

lineages share the common evolutionary feature of periods of broad stasis.

The present study has shown the complexities of evolution being driven by habitat type, 

founder population genotype and individual variation. It has provided an in-depth 

account of a species’ response to the constantly changing environment of the Pleistocene 

and the effect of reduction in land size (and resources) resulting in the dramatic 

dwarfing of the Cyprus elephants.

The limitation in using a species that has reached evolutionary stasis as a 

biostratigraphic tool has also been demonstrated. It is clear that the best way forward in 

understanding the Pleistocene, and the way organisms evolved in it, is through a 

multidisciplinary approach where all available evidence is synthesised together. It seems 

now that this is finally happening with exciting results.
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