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ABSTRACT

This study explores patterns o f body size variation in the ungulates and large 

carnivores o f the British Middle and Late Pleistocene (ca. 750-10 kyr B.P.) and 

examines how communities were organised in terms o f the body sizes o f their 

members. Body size analysis has been carried out using estimated body mass data, 

produced through the application o f allometric scaling equations. A high degree o f 

estimate consistency was achieved within and between skeletal elements, indicating 

that the methods produce accurate representations o f mass. The bio stratigraphie scheme 

applied relates terrestrial deposits to the Oxygen Isotope Record o f climatic change. 

Body mass data generally supports the coherence o f the stratigraphie divisions utilised. 

The majority o f species underwent significant mass variation during the study period, 

with size differences identified at the 01 Stage and Sub-Stage level. Post-crania appear 

to be more suitable for mass estimation than teeth. Comparison o f the mass records 

produced from dental and post-cranial remains indicates whether size change events 

had a genetic or ecophenotypic basis. The patterns o f body size variation revealed have 

been related to palaeoenvironmental conditions. British Pleistocene ungulates generally 

underwent size change opposite to the predictions o f Bergmann’s rule, while carnivores 

maintained relatively constant body sizes across periods o f temperature variation. 

Primary productivity and levels o f seasonality appear to have been the major 

determinants o f ungulate body size. Carnivore body sizes may be related to size 

variations in their prey and can also be influenced by vegetation conditions if predation 

levels are affected, although changes in dental proportions may also result. Analysis o f 

community structure suggests that the body sizes o f different guild members were not 

closely linked during the Pleistocene. Community body mass distributions predicted by 

competition theory have not been consistently identified. The mammal communities 

appear to be loose associations o f species acting individualistically and responding in 

different ways to environmental challenges.
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CHAPTER 1: Introduction

This study examines the information on mammalian body size and community 

structure, which can be revealed from Pleistocene fossil material. The investigation 

focuses on large mammalian herbivores (> 2 0 kg) and their mammalian predators, from 

the British Middle and Late Pleistocene (ca.750-10 ka B.P.). A major aim o f this project 

has been to estimate the body masses o f these species from their fossil remains and track 

changes in size through time. Pleistocene mammals have only been examined from the 

British Isles to reduce the problems introduced by geographic body size variation. The 

Pleistocene is dominated by a series o f complex glacial-interglacial climatic cycles.

These global phenomena may have had profound effects on the body size and 

community structure o f mammals inhabiting the British Isles, which lie at the limit o f 

maximum Scandinavian ice sheet development. Lessons learned from these past events 

may provide important information relating to understanding present-day community 

body size structure and the effects o f future human-induced climatic change.

1.1 The Current Position

A significant number o f Pleistocene mammal studies have investigated body size. 

Using British material, body size studies o f deer (Lister 1981, 1994), bovids (Gee 1991) 

and carnivores (Turner 1981), have been carried out. In all three cases linear dimensions 

o f bone and tooth remains were used as indicators o f the pattern o f size change through 

time. Work o f the same type, on material with a Europe-wide distribution, has also been 

carried out for rhinoceroses (Guerin 1980) and equids (Eisenmann 1988,1991). The 

Late Pleistocene-Holocene has been the focus o f a large amount o f interest vrith respect 

to size change in mammal species. A range o f species have been shown to undergo size 

reduction at this transition, e.g. Equus ferus  (Forstén 1993), and the phenomenon has 

been identified across the Northern Hemisphere; in the British Isles (Lister 1981); Israel 

(Davis 1981); Alaska (Guthrie 1984); and North America south o f the Laurentide ice- 

sheet (Harris & Mundel 1974; Seymour 1993; Smith et al. 1995).

Despite the amount o f work already carried out on body size in Pleistocene 

mammals, there are two major reasons why further investigation o f this subject is 

relevant and should provide new information, particularly in light o f advances and 

reassessment in this field in recent years. First, the changes that have been made to 

British Pleistocene stratigraphy (Chapter 2) increase the opportunities to examine and

19



resolve the problem o f body size change through time. Second, a different methodology 

for studying body size in the Pleistocene has been introduced (Chapter 3), involving the 

estimation o f body mass from fossil remains.

1.1.1 Stratigraphie Re-organization

The body size studies discussed above have all been based on the British 

stratigraphie scheme o f Mitchell et al. (1973). However, relating the British sequence to 

the Oxygen Isotope Record o f climatic change (section 2.1.2), has led to the recognition 

o f two new interglacial periods, and a major re-organization o f the grouping o f late 

Middle Pleistocene fossil sites (Schreve 1997). Additionally, the complexity o f the 

Devensian cold stage is now appreciated, covering three Oxygen Isotope Stages with 

significantly different environmental conditions and faunas in each (Currant & Jacobi 

1997, 2001). Changes have also occurred to the early Middle Pleistocene record (Preece 

& Parfitt 2000). Divisions between sites previously grouped together in the Cromerian 

interglacial have been proposed (Meijer & Preece 1996; Stuart & Lister 2001), and new 

sites thought to represent distinct time periods have been discovered, such as Boxgrove, 

West Sussex (Roberts & Parfitt 1999) and Westbury-sub-Mendip, Somerset (Bishop 

1982; Schreve et al. 1999). Thus, fossil material that was previously considered to be of 

the same age is now recognized as dating from different periods. Size changes masked 

by the combination o f mixed age samples may now be revealed.

1.1.2 Body Mass Estimation

Estimation o f the body masses o f Pleistocene mammals, using techniques 

developed from scaling relationships in modem mammals, has rarely been attempted. 

Alberdi et al. (1995) carried out an investigation o f this type on Plio-Pleistocene equids, 

but compared mass differences between species rather than looking at intra-specific size 

change over short time periods. The majority o f mass information available for 

Pleistocene species is based on simple size comparisons with modem specimens. 

Investigations have generally focused on species with high curiosity value. The body 

masses o f two unusually large deer species, the giant deer {Megaloceros giganteus) and 

the red deer {Cervus elaphus) from Kent’s Cavern, Torquay, were estimated by Geist 

(1999). Likewise the body mass o f a dwarf form o f red deer that existed on Jersey 

during the last interglacial was estimated by Lister (1996a), and compared with the mass
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o f individuals from the mainland. No study has attempted to estimate the body masses o f 

a wide range o f mammal species over a long period o f Quaternary time.

The use o f body mass data provides a number o f advantages and opens up some 

new opportunities for study. Body masses can be estimated from a number o f different 

skeletal elements. Conversion o f linear dimensions into estimates o f mass means that 

body size information from a range o f bone types can be combined. This greatly reduces 

the problems o f sampling that can be experienced when comparisons o f specific linear 

dimensions are made. Body mass is also a biologically meaningful parameter, which may 

provide additional information on Pleistocene species. Studies o f modem mammals have 

shown links between body mass and metabolic and physiological variables (Schmidt- 

Nielsen 1984; McNab 1990), as well as a number o f traits relevant to ecology such as 

life-history parameters, diet, population density and growth rate and behavioural 

adaptations (Eisenberg 1990).

The use o f body mass as a common measure o f body size allows size 

comparisons to be made between species. This cannot be achieved using linear 

measurements, as these are often not equivalent across species boundaries due to 

different adaptations and evolutionary histories. Previous body size studies have focused 

on only one species at a time or only groups o f closely related species. The ability to 

compare masses between species will make community-level studies o f British 

Pleistocene ungulates and carnivores possible (section 1.4).

1.2 Body Size and Environmental Change

A large number o f factors have an impact on the body size o f mammalian 

species; these include: climate, nutrition, habitat structure, predation pressure, breeding 

system and both intra- and inter-specific competition. The Pleistocene is a period o f 

great environmental change, with climatic variation within and between glacial and 

interglacial periods and a range o f different vegetation conditions recorded in the British 

Isles (Chapter 2). The Pleistocene mammal record can therefore be seen as providing the 

results o f an ‘experiment’ examining the effects o f temperature and vegetation change 

on the body size o f large mammalian species.

1.2.1 Temperature Change

Body size variation in Pleistocene mammal species has often been related to 

climatic changes. Examples include the size difference in British spotted hyaenas
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{Crocuta crocuta) between interglacial and glacial periods (Klein & Scott 1989), and 

changes in the body size o f woodrats {Neotoma cinerea) from the Colorado Plateau 

over the last 25,000 years (Smith et al. 1995; Smith & Betancourt 1998). Evidence 

linking body size with climate change is often used as a test o f Bergmann’s rule which 

states that “races from cooler climates tend to be larger in species o f warm-blooded 

vertebrates than races o f the same species living in warmer climates” (Mayr 1963).

Bergmann’s rule is based on the idea that the reduced surface area:volume ratio 

o f larger animals leads to more effective thermoregulation, which is advantageous in 

cold environments due to reduced heat loss. Published evidence from Pleistocene 

mammals often appears to provide support for the rule, e.g. a number o f species show a 

size decrease at the transition from the last cold stage to the warmer climate o f the 

Holocene.

However, there has been a large amount o f criticism o f Bergmann’s rule and the 

interpretation o f evidence from the Pleistocene, indicating that further study is required. 

Size changes observed in Pleistocene mammals may be due not to climatic change, but 

to some other ecological factor such as character displacement resulting from 

competition between species (Dayan et al. 1991; Dayan et al. 1993; Dayan & Simberloff 

1996). Evidence from latitudinal trends in modem species is equivocal with only 

approximately half o f recorded cases showing the predicted trend o f increasing size with 

latitude (McNab 1971a). Many o f the species examined show no relationship between 

body size and temperature, a correlation over only a small extent o f their total latitudinal 

range, or variation in the relationship between regions (Dayan et al. 1991).

Bergmann’s rule has also been criticized on theoretical grounds. In large 

mammals, changes in pelage density to increase insulation would be a much more 

effective strategy for dealing with cold environments, than increases in body size to 

reduce relative surface area (Steudel et al. 1994). Additionally, the observed rate o f size 

increase with latitude is too low to allow effective heat conservation by reduction of 

relative surface area (Geist 1987).

Temperature is not the only factor that varies with latitude and may therefore not 

be the driving force behind the body size clines observed. A relationship between 

primary productivity and body size, rather than a temperature effect, has been suggested 

(Rosenzweig 1968a, 1968b). This is based on the finding that there is an initial pattern 

o f increasing size with latitude for large mammals, but once high latitudes (53-65°N) are 

reached this pattern is reversed (Geist 1987). The link between the body size o f large
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herbivorous mammals and plant productivity was also emphasized in a study of 

geographic variation in the body weight o f Norwegian red deer {Cervus elaphus) 

(Langvatn & Albon 1986).

Further investigations o f intra-specific size change in mammal species, over short 

Pleistocene timescales in relation to temperature and vegetation quality and quantity, 

provide opportunities for further testing o f the rule and the range o f theories discussed 

(Chapter 7). Consideration o f a range o f different species may reveal whether certain 

groups o f mammals are more likely to follow the predictions o f the rule than others. 

Community body mass studies will provide a test o f the theory that body mass changes 

result fi*om competitive interactions, rather than climatic effects.

1.2.2 Vegetation Change

The association between body size and vegetation type will also be explored in 

detail. For herbivorous species in particular, a close association between vegetation 

conditions and body size is to be expected. Studies will focus on relating observed size 

changes to variation in vegetation between open and forested conditions. These different 

vegetation types have been identified using various palaeoenvironmental indicators in the 

climatic divisions o f the British Pleistocene (Chapter 2).

Mixed feeding species such as red deer (section 1.6.9) may have undergone 

intra-specific dietary variation during the Pleistocene, with forms from forested 

interglacials including a high proportion o f browse in the diet and more grazing forms 

existing in open vegetation conditions. The relationship between body size and nutrition 

in mammalian herbivores has been modelled (Demment & Van Soest 1985; Illius & 

Gordon 1992); predicting larger body sizes for grazers than browsers. This relates to the 

lower food quality o f grasses, which have a high fibre content, and therefore require a 

long digestion period using microbial symbionts. As body mass increases, the specific 

metabolic rate declines and gut capacity increases. These two factors combine to allow 

food to be retained in the gut for longer periods o f time, resulting in more complete 

digestion o f fibre.

A weaker association between vegetation type and body size is to be expected in 

carnivore species. As long as prey biomass remains sufficiently high, the species 

composition o f the ungulate community should not significantly affect the large 

mammalian predators. However, if vegetation changes affect a carnivore’s hunting 

ability, then size changes may result. For example, dense forest cover may restrict the
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ability o f pack-hunting, pursuit predators to locate and capture their prey. Finding food 

supplies by scavenging is also expected to be more difficult in closed forest 

environments.

1.3 Bones and Teeth as Indicators of Body Size

There are good reasons to expect limb bones to show a close scaling relationship 

with body mass as they have to support the weight o f the body. Teeth on the other hand 

have no weight bearing hmction, but may still relate to body mass in a regular way (Janis 

1990). Isometric relationships observed between tooth size and body size have been 

interpreted on the basis o f an increase in tooth size with body mass in order to process 

the larger amount o f food required to fuel rising energy requirements (Fortelius 1985, 

1990). However, other studies have indicated that the factors that control tooth size are 

predominantly independent o f those that determine overall postnatal growth (Kieser & 

Groveneveld 1988). Diet is also expected to have a major influence on the design of 

teeth, disrupting the relationship with body size.

Other studies comparing the bone and tooth proportions o f both modem and 

fossil mammalian material have revealed potential problems in using teeth for the 

production o f mass estimates. When populations o f large mammals are isolated on 

islands, dwarfing often results (Sondaar 1977; Roth 1992; Vartanyan et al. 1993). In the 

initial stages o f size reduction teeth display a smaller size response than limb bones 

(Lister 1996a). Mass results based on teeth may therefore not record the full extent o f 

size variation. In some cases dental remains could fail to record size variations 

altogether. Modem grey squirrel populations undergo Bergmannian body size trends 

with latitude that are not picked up in the dentition (Bamett 1977). Stmctures relating 

to feeding appear to experience stabilizing selection pressures that are sufficiently 

intense to override thermoregulatory or other factors that are generating a body size 

cline.

The initial reduction in body size on island isolation and a high proportion o f 

latitudinal body size trends are probably due to non-genetic ecophenotypic effects. 

Differences in the responses o f post-crania and teeth are likely to relate to discrepancies 

in levels o f genetic control and the potential for environmental effects to influence the 

phenotype. Teeth are complex stmctures that need to occlude accurately in order to 

function effectively. The disadvantages o f size fluctuations relating to environmental 

conditions are likely to outweigh any advantages, so tight genetic control over tooth
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form is expected. This theory has gained support jfrom studies o f the heritability o f 

dental and general body size characters. In human twins tooth size displays high 

heritability (0.8-0.9), indicating little impact o f the environment (Kieser 1990; Dempsey 

et al. 1995; Manfredi et al. 1997). Investigations o f the relationship between genetics 

and body size for agricultural purposes suggest much lower heritability values; most 

body size measures underlie 0.5 in New Zealand beef cattle (Morris et al. 1999). A 

much greater potential therefore exists for observing ecophenotypic changes in the post- 

cranial skeleton.

Teeth are generally better represented in the fossil record, so in many cases mass 

estimates are only possible from dental elements, with no indication o f the results from 

mass-bearing bones. However, good sample sizes o f both bones and teeth are available 

from the British Pleistocene for a number o f species. This provides an opportunity to 

compare the mass estimates produced from these two fossil types and determine the 

suitability o f dental remains for assigning body masses to fossil species (Chapters 4-7). 

The study o f body size throughout the British Pleistocene is an attempt to identify short

term intra-specific size fluctuations; it is likely that some o f these events were 

ecophenotypic in nature (Lister 1997). This can be investigated by examining possible 

differences in the pattern o f size change recorded from bone and tooth elements. If  post

crania record size change but the dentition does not then ecophenotypic process are 

likely to be operating. It is proposed that post-cranial mass estimates will reveal a more 

detailed pattern o f short-term size variation, with teeth only recording general 

evolutionary trends o f size change and dietary effects.

1.4 Pleistocene Community Ecology

Community ecology is the study o f how communities o f organisms are 

organized. The production o f body mass estimates from fossil material allows the body 

size composition o f palaeocommunities to be investigated (MacFadden & Hulbert 1990; 

Martin 1996). These techniques have been applied to analysis o f the body mass structure 

o f British Pleistocene ungulate and carnivore communities (Chapter 8 ). Modem 

community ecology has produced a number o f theories relating to community body mass 

structures (Tokeshi 1999). The majority o f these focus on the assumption that 

communities are co-evolved units, organized to minimize inter-specific competition and 

promote co-existence between species (Clements 1916). Hypotheses o f a minimum ratio 

o f 2.0 between adjacent species body masses (Hutchinson 1959), a limit to body size
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similarity within communities, constant mass ratios between species, and a minimization 

o f niche overlap, are aU based on this principle. However, an alternative view o f 

communities with only tentative links between members can also be put forward 

(Gleason 1926). In this theory communities are random associations o f species acting 

individualistically, but occupying the same area o f time and space due to common 

environmental tolerances.

The various theories o f community body mass organization will be tested in the 

British Pleistocene. Analysis will determine whether Pleistocene and modem 

communities display the same structure, as a major re-organization o f ecosystems 

appears to have occurred at the Pleistocene-Holocene transition (Graham 1990; Guthrie 

1990a; Musil 1992). The study o f palaeocommunities will provide evidence for 

community processes operating on long time-scales. Also the examined Pleistocene 

systems may be more suitable for body size studies than their modem counterparts as 

human activity during the Holocene has greatly affected the majority o f ecosystems on 

Earth. Especially for the large mammals, it may be argued that no communities remain in 

their fully natural state for examination, and that modem body size stmctures are an 

artefact o f human intervention.

1.5 Body Size and Biostratigraphv

The body size data produced may allow some bio stratigraphie interpretations to 

be made, and in particular testing o f body size patterns against the stratigraphie scheme 

applied in this study wiU be carried out. Body size can act as a biostratigraphic marker if 

each time division is characterized by the development o f a different combination of 

environmental factors and supports a unique community body size composition. Body 

size differences are highly likely to imply some temporal separation between 

assemblages, although geographic variation is also a possibility. Similar body sizes may 

or may not indicate age equivalence, but support for this interpretation increases if the 

same body size patterns are reflected in multiple species.

Information on the body size signals that can be used to recognize specific stages 

o f the British Middle and Late Pleistocene will be built up. In some cases individual 

species may display a highly distinctive body size for a restricted time period e.g. the 

small body size o f horses (Equus ferus) in 01 Stage 6  (Schreve 1997; Parfitt et al. 1998; 

Bates et al. 2000). In other situations a combination o f body size information fi’om a 

variety o f species may be characteristic.
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1.6 The Study Species

1.6.1 Canidae Gray 1821 

Canis lupus L.. grev wolf

The grey wolf Canis lupus is first recorded in Britain jfrom the early Middle 

Pleistocene site o f West Rimton, Norfolk, and appears throughout the British Middle 

and Late Pleistocene in both interglacial and cold climate periods. Early Middle 

Pleistocene wolves were o f small body size and are referred to the sub-species C  lupus 

mosbachensis. Further investigation into the size increase in the wolf lineage during the 

late Middle Pleistocene is required; this produced the large animals o f the Late 

Pleistocene (Parfitt 1999, Turner 1999). The wolf is a native element o f the British 

Holocene fauna. Human hunting removed the species fi’om England around the 12th 

Century, but it may have survived until the 16th Century in Scotland (Yalden 1999).

The occurrence o f C. lupus in various Pleistocene environments is not surprising 

considering that the species has the greatest natural range o f any living terrestrial 

mammal (Nowak 1991). It occurs in all habitat types in the Northern Hemisphere except 

tropical forests and desert areas. Modem wolves display size variation with latitude 

corresponding to Bergmann’s mle; smaller sub-species e.g. C. lupus arabs occur at the 

southern edge o f the range. In North America the largest individuals are found in Alaska 

and western Canada and the smallest in Mexico. Females are smaller than males, 

although sexual dimorphism is usually only in the order o f a few kilograms. Overall 

mean (and extreme) weights are about 40 (20-80) kg for males and 37 (18-55) kg for 

females (Mech 1970).

The wolf is a social carnivore, usually living in groups o f 5-8 individuals. Co

operation during hunting allows large mammals such as red deer, moose, reindeer and 

bison to be killed; if large prey is not available then wolves switch to smaller rodent 

prey. In Bialowieza Primeval Forest, Poland, wolves show a marked hunting preference 

for red deer {Cervus elaphus). Roe deer (Capreolus capreolus), wild boar {Sus scrofa), 

moose (Alces alces) and bison {Bison bonasus) are also hunted, but at lower levels than 

expected based on their abundance (Jçdrzejewski et al. 2000).

Canis (Xenocvon) Ivcanoides Kretzoi 1938. extinct canid

The only British record o f Canis (Xenocyon) lycanoides occurs at the early 

Middle Pleistocene site o f Westbury-sub-Mendip, Somerset. C. lycanoides was a large 

canid which coexisted with the smaller C  lupus mosbachensis at this site. Bishop (1982)
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suggests that it was a sufficiently large animal to hunt alone or in pairs, and that the 

small number o f remains argues against a social pack existence. The extinction o f this 

species may have been associated with the appearance o f the larger form o f Canis lupus, 

which competed with it for the same niche but employed a more complex social 

organization.

1.6.2 Ursidae Gray 1825

Ursus deningeri Reichenau 1906. extinct spelaeoid bear

Most early Middle Pleistocene bears from Britain are assigned to the species 

Ursus deningeri. This bear species is part o f an evolving European lineage from the 

early Pleistocene U. etruscus, to U. spelaeus o f the late Middle and Late Pleistocene 

(Kurtén 1969). U. deningeri appears to have inhabited a cave as a lair, with females 

giving birth to cubs during the winter hibernation period. Studies o f the chemical 

composition o f tooth enamel reveal carbonate hydroxylapatite depletion, which is 

related to lipid use during winter hibernation (Bocherens et al. 1994). Femoral 

morphology has been used to indicate behavioural differences between Pleistocene bear 

species (Kunst 1996). The limbs o f U. spelaeus appear to be designed primarily to 

increase static stability for weight support, while the more circular cross section o f the 

femoral shaft in U. arctos is interpreted as a cursorial adaptation for fast locomotion. U. 

deningeri exhibits intermediate limb properties between these two species.

A major multi-disciplinary study o f U. deningeri from Yarimburgaz Cave, 

Turkey (Steiner 1998; Steiner et al. 1998) has revealed sexual dimorphism in this 

population, with males reaching approximately twice the body mass o f females. The sex 

ratio produced by natural deaths in the cave during hibernation is only slightly skewed 

towards females, indicating hibernation activity in both sexes. This pattern o f hibernation 

can be proposed to derive from a diet o f seasonally available plants and invertebrates. 

The presence o f meat in the diet provides a winter food source and allows males to 

remain active for much o f this period. An omnivorous diet, including tough and abrasive 

materials such as nuts and tubers, is confirmed by isotopic studies o f tooth enamel and 

patterns o f tooth wear.

Ursus spelaeus RosenmuUer & Heinroth 1794. cave bear (extinct)

The cave bear species Ursus spelaeus existed in Britain for a short time period; 

the only material included in this study comes from the late Middle Pleistocene site of
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Swanscombe, Kent. This European endemic species had a much longer temporal 

distribution in mainland Europe, persisting through much o f the late Middle and Late 

Pleistocene. U. spelaeus relied on caves for hibernation, which resulted in the mass 

accumulation o f carcasses at some sites. The sex ratio varies in cave bear samples from 

equality to only 40% males, but most large samples tend to be relatively even (Kurtén 

1976). Individuals probably had small home ranges, which resulted in a number o f 

isolated dwarf races (Kurtén 1976). Like U. deningeri, this species shows marked sexual 

dimorphism.

Tooth morphology and some studies o f the chemical composition o f enamel 

indicate a high level o f herbivory. U. spelaeus tooth enamel has lower values than 

the American black bear (Ursus americanus) which has a predominantly herbivorous 

diet (Bocherens et al. 1994). The findings o f other isotopic studies (Hilderbrand et al. 

1996) indicate that some populations may have been more carnivorous.

Ursus arctos L.. brown bear

The brown bear (Ursus arctos) is the only ursid species recorded in Britain for 

the majority o f the late Middle and Late Pleistocene, where it filled the niche formerly 

occupied by U. deningeri. This species is found in both interglacial and cold stage 

contexts, a particularly large form occurring in the early part o f the Devensian (Currant 

& Jacobi 1997). The brown bear is a native element o f the British Holocene fauna, but 

was certainly extinct as a result o f human activities by Roman times (Rackham 1986, 

Yalden 1999). Like the wolf, the brown bear has an extremely wide modem distribution 

in the Northern Hemisphere, explaining its tolerance o f a range o f different 

environmental conditions during the Pleistocene. The species is found in open habitats 

such as tundra and alpine meadows, but more natural habitats are forests and mountain 

woodlands (Nowak 1991).

Brown bears hibernate during the winter and are omnivorous with a diet 

including vegetation, berries, tubers, insects, fimgi, carrion, fish, rodents and large 

mammals. U. arctos populations show an extremely large variation in size; some 

individuals in Alaska reach 780kg while in southern Europe average masses can be only 

70 kg (Nowak 1991). Sexual dimorphism is also pronounced with males larger than 

females; the male:female weight ratio ranges from approximately 1.5-2.0 (Silva & 

Downing 1995). The body size achieved by brown bears is greatly affected by the 

proportion o f meat included in the diet. North American U. arctos populations show a
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significant correlation between camivory and body size, a high proportion o f meat in the 

diet being associated with large individuals (Hilderbrand et al. 1999).

1.6.3 Hyaenidae Gray 1869

Crocuta crocuta Erxleben 1777. spotted hyaena

Spotted hyaenas first appear in Britain during the early Middle Pleistocene at 

West Runton. Evidence for the presence o f C  crocuta during the late Middle 

Pleistocene is limited, and the species appears to have been absent fi-om OI Stage 11, 

although this may be related to the general lack o f cave sites o f this age. It is not until 

the Late Pleistocene that large numbers o f C. crocuta specimens occur. In the majority 

o f cases these concentrations o f hyaena bones are found in caves used by the animals as 

dens. C. crocuta does not appear to have returned to the British Isles after the last 

glacial maximum, despite still being present in Europe during this period.

Apart from resulting in high numbers o f hyaena remains, denning behaviour also 

led to the accumulation o f bones from a range o f other species, which were scavenged 

or actively preyed upon by the hyaenas. Despite acting as important accumulators o f 

Pleistocene bone remains, C  crocuta activity also resulted in the destruction o f a high 

proportion o f bone elements due to the bone-cracking behaviour o f the species. The 

dental design o f C. crocuta, with their greatly expanded premolars, allows all but the 

strongest bone parts to be cracked and consumed. This behaviour produces a 

characteristic taphonomic bias in hyaena den assemblages, with only the hardest bones 

surviving such as astragali and distal humeri (Sutcliffe 1969, Turner 1981).

The European Pleistocene species is considered by most workers to be 

equivalent to the spotted hyaena inhabiting Africa today (Kurtén 1972), although 

differences between the two forms are apparent, which may warrant a species distinction 

(L. Werdelin pers.com.). In comparison to modem African C. crocuta (mass 40-86 kg) 

the British Pleistocene forms are larger and more robust, with different limb proportions. 

The humems and femur are relatively long while the metapodials are short and thick 

(Turner 1981). Living spotted hyaenas display low sexual dimorphism with females 

slightly larger than males, on average 6.6 kg heavier (Kingdon 1977). In historical times 

they occupied all o f the more open habitat types south o f the Sahara.

The success o f this species depends on its ability to eat and digest entire large 

carcasses very quickly and to show plastic behavioural patterns (Nowak 1991). C. 

crocuta can either act as a solitary scavenger and predator o f small animals or as a
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group-living hunter o f large ungulates. Turner (1981) suggests that behavioural 

differences, and associated modifications in tooth morphology, may have existed 

between the hyaenas o f the last interglacial and Devensian. In the open environments o f 

cold stages the animals are most likely to have acted as pack hunters while in the more 

forested interglacial environments scavenging was probably more important.

1.6.4 Felidae Gray 1821

Panthera gombaszoegensis Kretzoi 1938. extinct cat

This species is recorded fi*om the British early Middle Pleistocene at Westbury- 

sub-Mendip and possibly also West Runton and Boxgrove. It represents an extinct 

species o f large cat, intermediate in size between the leopard and the lion (Bishop 1982). 

The species may just have survived the Anglian cold stage in the British Isles, with a 

tentative record at Swanscombe, Kent (Turner 1999). The extinction o f this species 

appears to be associated with changes in the ungulate fauna and vegetation cover related 

to the severe Anglian glacial episode (Turner 1992).

Panthera leoL ., lion

The lion {P. led) first appears in Britain during the early Middle Pleistocene and 

is recorded firom all o f the following late Middle and Late Pleistocene interglacials. The 

species also seems to have been present during cold periods, especially the Devensian.

P. leo did not return to Britain after the last glacial maximum, despite the presence o f 

European populations; the species has historical records in Mediterranean areas. The 

early Middle Pleistocene lion was an animal o f very large size, possibly the largest felid 

that ever existed (Kurtén 1968). The size o f P. leo is thought to have decreased 

throughout the late Middle and Late Pleistocene in Britain (Parfitt 1999), but the timing 

and nature o f this size reduction requires further investigation.

Modem populations o f P. leo show strong sexual dimorphism, with males 

weighing 150-250 kg and females 82-120 kg (Nowak 1991; Silva & Downing 1995). 

This can also be seen in Pleistocene material, particularly canines (Turner 1984, Kurtén 

1985). The species is usually found in open savanna habitats but is also known to inhabit 

forests. Lions live in social prides and often hunt co-operatively allowing very large 

ungulate species to be killed successfully.

Guthrie (1990b) suggests that evidence from European Cave paintings may 

provide information on the social behaviour o f Pleistocene lions. Animals are illustrated
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in small groups, but more importantly males have small manes. In modem populations 

large manes o f contrasting colour exist where competition between males for females is 

strong i.e. when large groups o f females occur. If  prides are small then males show a 

reduced mane or are maneless, the importance o f display is decreased and males are 

required to take part in hunting.

Panthera par dus L.. leopard

The leopard {P. pardus) is a rare species in the European Pleistocene and is only 

recorded from Britain at the late Middle Pleistocene sites o f Bleadon Cave, Somerset 

and Pontnewydd Cave, Clwyd. It first appears in the European record in the early 

Middle Pleistocene and occurs in smaller numbers than lion in both interglacials and cold 

stages from this point onwards. The Pleistocene leopard is considered to be equivalent 

to the modem species but is slightly larger. Modem populations are sexually dimorphic 

with males weighing 37-90 kg, while females range from 28-60 kg (Nowak 1991; Silva 

& Downing 1995). The species can adapt to various different environments, explaining 

its presence in both cold stages and interglacials, as long as there is sufficient food and 

cover. Leopards have been recorded in lowland forests, montane habitats, grasslands, 

bmsh country and deserts. The diet mainly consists o f small and medium sized ungulates 

such as wild boar and deer although rodents, rabbits and birds may also be eaten,

Homotherium latidens Owen 1821. extinct sabre-toothed cat

H. latidens is the European early middle Pleistocene sabre-tooth species. H. 

latidens is thought not to have survived the Anglian cold stage in Britain, despite the 

claims o f Late Pleistocene records from Kent’s Cavern, Devon and Creswell Crags, 

Derbyshire. The extinction o f this species at the same time as P. gombaszoegensis may 

weU have been for similar reasons. The sabre tooth design allowed predation on large 

ungulate species. Studies o f functional morphology support killing behaviour using a 

canine shear-bite accurately directed to areas such as the neck, similar to that used by 

modem felids hunting relatively large prey (Anton & Galobart 1999).
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L vm  Ivnx L.. northern lynx

Lynx is a rare fossil in the British Pleistocene record, with the majority o f 

specimens post-dating the last glacial maximum. A tentative record from the late Middle 

Pleistocene site o f Hoxne, Suffolk suggests that this species has a longer Pleistocene 

history (Schreve 1997). Lynx is recorded from a number o f sites in the early Holocene 

(Jenkinson 1983), but was traditionally thought to have become extinct in Britain 

sometime during the Mesolithic (Yalden 1999). A lynx specimen from Inchnadamph, 

Sutherland has now been dated to 1,779+80 B.P. (Kitchener & BonsaU 1997), indicating 

lynx presence in Britain throughout most o f the Holocene. The species probably 

survived longer in Scotland, away from human population pressure, as was the case for 

many o f the British Holocene mammal extinctions (Yalden 1999)

Modem lynx is generally an animal o f forest environments but it may also enter 

rock areas and tundra, explaining its presence in the British Lateglacial. Lynx may 

therefore not be such an important palaeoecological indicator o f woodland as some 

workers have suggested (Bishop 1982; Jenkinson 1983). Modem European lynx weigh 

8-38 kg, populations showing strong sexual dimorphism with males larger than females 

(Nowak 1991 ; Silva & Downing 1995). In modem European habitats the biology o f the 

lynx is very closely linked to its main prey species C. capreolus (Jçdrzejewski et al.

1993). This may explain the sudden appearance o f L. lynx at the end o f the Pleistocene 

when roe deer appear to have become more common. Other food items include leporids 

and other small ungulates along with rodents, birds and fish.

1.6.5 Equidae Gray 1821 

Equus ferus 1785. horse

All o f the large caballine horses found in the British Middle and Late Pleistocene 

are referred to E. ferus. This was an ecologically broadly adapted species with a wide 

geographic distribution, explaining the lack o f spéciation (Forstén 1996). The early 

Middle Pleistocene animals were o f large size and are sometimes referred to the sub

species Equus ferus mosbachensis. After the Anglian E. ferus  underwent a size 

reduction trend, identified in much o f Europe, which continued throughout the late 

Middle and Late Pleistocene and extended into the Holocene (Forstén 1991, 1993,

1996). The timing and exact nature o f the size decrease are however still in doubt 

(Parfitt 1999). The size oïE . ferus  specimens may represent a useful biostratigraphic
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marker if the exact features o f the size change cline can be determined (Eisenmann 1988, 

1991).

Equus ferus  is a common British Pleistocene fossil and can be found in a wide 

range o f cold stage and interglacial contexts. The species is recorded in all interglacial 

stages from West Runton onwards, excluding the last interglacial when it appears to 

have been completely absent from the British Isles (Sutcliffe 1995a). E. ferus  is usually 

described as a grazing species associated with the open grasslands o f cold periods and 

the more open vegetation environments found in forest edges and clearings in 

interglacial stages.

E. ferus  became extinct in Britain very shortly after the transition to the 

Holocene (Coard & Chamberlain 1999; Kaagan 2000). Przewalski’s Horse, the last wild 

population maintained by captive breeding programmes, is probably the best indicator of 

the features o f Pleistocene E. ferus. These animals are small compared to many domestic 

breeds but are stockily built with a large head and short erect mane. Many o f their 

external characteristics agree closely with illustrations o f Pleistocene horses in European 

cave paintings and specimens found frozen in permafrost (Guthrie 1990b). Studies o f the 

foraging behaviour o f feral horses in North America have shown a high proportion o f 

grasses and sedges in the diet with smaller percentages o f shrub species (Olsen & 

Hanson 1977; Salter & Hudson 1980). The horses show the highest dietary overlaps 

with cattle and wapiti so the potential for resource competition exists between these 

species.

Equus altidens Von Reichenau 1915. extinct horse

Equus altidens is a small horse species restricted to the early Middle Pleistocene 

in Europe. It may act as an important biostratigraphic marker, indicating the first part o f 

the early Middle Pleistocene in Britain (Stuart & Lister 2001). Azzaroli (1996) describes 

the species as having a body form similar to that o f hemiones with small slender limbs 

and hypsodont teeth.

Equus hydruntinus Regalia 1904. extinct horse

This stenoid species is a very rare element o f the British Pleistocene mammalian 

fauna and is recorded from only two sites dated to the late Middle Pleistocene, 

Swanscombe, Kent and Oreston Cave, Devon. E. hydruntinus is more common in 

southern and central Europe (Forstén 1986), and appears to have extended into the
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Holocene for a considerable period before becoming extinct in the Neolithic (Forstén

1996). Little is known about the palaeoecology o f this species but its rare occurrence in 

Britain indicates that it probably favoured warmer or more continental climates. As for 

the majority o f equids it is interpreted to have been a grazer generally associated with 

open vegetation conditions.

1.6.6 Rhinocerotidae Owen 1845

Stephanorhinus hundsheimensis Toula 1902. extinct rhinoceros

S. hundsheimensis is now recognized as the rhinoceros o f the early Middle 

Pleistocene in Europe and is considered to be distinct from the Late Pliocene and Early 

Pleistocene S. etruscus from which this species probably evolved (Fortelius et al. 1993). 

S. hundsheimensis was larger than the earlier S. etruscus, and lightly built with long 

limbs. The structure o f the neck indicates feeding on vegetation o f intermediate height, 

which together with features o f the teeth would suggest a predominantly browsing diet 

(Fortelius et al. 1993). This is supported by evidence in the nasal structure for a 

relatively strong prehensile upper lip for browse selection (Mazza 1993). Cursorial 

locomotion in open type habitats is proposed from limb joints and proportions (Fortelius 

et al. 1993).

Stephanorhinus hemitoechus Falconer 1868. narrow-nosed rhinoceros (extinct)

This species o f rhinoceros is first recorded in the British Isles at the start o f the 

late Middle Pleistocene. Records occur in all o f the late Middle Pleistocene interglacials, 

the species becoming extinct in Britain at the end o f the last interglacial. The skull 

structure o f S. hemitoechus indicates that it held its head in a low position (Loose 1975). 

This combined with the hypsodonty o f the teeth would argue for feeding on low 

vegetation and a high proportion o f grass in the diet (Fortelius 1982). An association 

with more open habitats is also supported by the structure o f the limb joints as seen in S. 

hundsheimensis, although the build is more compact with shorter limbs than observed in 

the earlier species (Fortelius et al. 1993).

Stephanorhinus kirchbergensis Jager 1839. Merck’s rhinoceros (extinct)

S. kirchbergensis occurs in all o f the late Middle Pleistocene interglacials, 

along with S. hemitoechus, but does not make an appearance in the Late Pleistocene.

The molars o f this species are less hypsodont than the condition seen in S. hemitoechus
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and have a more concave occlusal surface. These two features both point towards a 

more browsing diet. Shearing and crushing components are both present in the chewing 

cycle, which are needed for dealing with bulky vegetation like twigs, fruits and soft 

plants (Fortelius 1982). A high head position and long limbs support the browsing 

theory, while the form o f the limb joints indicates locomotion in a closed forest 

environment (Fortelius et al. 1993).

Coelodonta antiquitatis Blumenbach 1807. wooUv rhinoceros (extinct!

C. antiquitatis is generally associated with cold conditions in the British 

Pleistocene. The first appearance o f this species remains much debated, as few Middle 

Pleistocene cold stage deposits containing fossil material are known. The species does 

not occur in large numbers until the penultimate cold stage (OI Stage 6) and is very well 

represented in the middle o f the Devensian (OI Stage 3). A few records o f C. 

antiquitatis occur in interglacial contexts at late Middle Pleistocene sites such as Ilford, 

Essex and Crayford, Kent. The species did not return to Britain after the last glacial 

maximum, but persisted in other areas o f Europe until the termination o f the Pleistocene. 

This rhinoceros appears distinctive in comparison to members o f the Stephanorhinus 

grouping. This is a result o f its graviportal build, which may represent an adaptation to 

cold, open environments (Guerin 1980). The tooth structure and head position o f C. 

antiquitatis indicate a grazing diet and similar ecological adaptations to the modem 

Ceratotherium simum (Fortelius 1982).

1.6.7 Hippopotam idae Gray 1821.

Hippopotamus amphibius L.. hippopotamus

H. amphibius is recorded from two distinct periods within the British 

Pleistocene. The first record o f the species is from the early Middle Pleistocene site o f 

Pakefield/Kessingland, Suffolk. The species is then absent from Britain until the last 

interglacial, when it is commonly recorded from deposits correlated with Oxygen 

Isotope Sub-Stage 5e, and acts as an important biostratigraphic marker. Hippos appear 

to be associated with peak interglacial conditions in Britain and records are concentrated 

down the western side o f Europe, indicating a low tolerance for cold winter conditions 

(Stuart 1986). The Pleistocene forms are considered to be conspecific with modem 

African H. amphibius although they may have been o f larger body size.
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In historical times the modem species occupied all suitable habitat south o f the 

Sahara with waterways. The animals are semi-aquatic and spend the day in the water 

before moving onto land to feed at night. The vast majority o f the diet consists o f 

grasses and sedges (Owen-Smith 1988) and individuals regularly move 1-2 km but can 

go as far as 10 km in search o f food. The grazing behaviour o f hippos can have large 

effects on the areas immediately surrounding rivers with short grass communities being 

maintained. Modem specimens are reported to weigh 1000-4500 kg, although weights 

o f under 2000 kg are more usual, with males slightly larger than females (Owen-Smith 

1988; Nowak 1991).

1.6.8 Suidae Gray 1821 

Sus scrofa L.. wild boar

Pigs are recorded from the majority o f British Middle and Late Pleistocene 

interglacials, but always in low numbers. All o f the material included in this study can be 

assigned to the modem species S. scrofa. The time range o f wild pigs in Britain extends 

well into the Holocene until they were finally driven to extinction by human over

exploitation around the 13*’’ Century (Yalden 1999). Modem S. scrofa are widely 

distributed across Europe and Asia and are found in a range o f habitats, but they usually 

prefer some form o f deciduous forest cover. The diet includes fungi, tubers, vegetation, 

grains and nuts, invertebrates, small vertebrates and carrion. Masses o f modem animals 

range from 50-350 kg, with males larger than females (Nowak 1991). The species 

appears to be intolerant o f cold temperatures and snow, as indicated in the lack o f 

records from Pleistocene cold stage deposits, and the modem distribution with a sharp 

northem limit at 60°N in Russia (Yalden 1999). Wild boar experience little wolf 

predation with the majority o f animals dying as a result o f severe winter conditions 

(Okarma et al. 1995).

1.6.9 Cervidae Gray 1821

Mesaloceros verticornis Dawkins 1872. extinct deer

This species is recorded from a number o f early Middle Pleistocene sites, but is 

absent from Britain in deposits post-dating the Anglian. M. verticornis is characterized 

by antlers with long, rounded beams that terminate in large, flat palmations supporting 

short tines. M. verticornis appears to have been smaller than Lateglacial M. giganteus 

(Azzaroli 1953) and was described by Geist (1999) as being o f similar size to a wapiti.
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Hyperostosis o f the mandible does not occur to the level seen in M. giganteus (Azzaroli 

1953). M. verticornis and M  dawkinsi may represent a separate subgenus 

(Megaceroides) from the group containing M  savini and M. giganteus (Azzaroli 1953, 

1979). Megaceroides are saltorial, small antlered animals, in contrast to the more 

cursorial and large antlered Megaloceros (Geist 1999). The diet o f M  verticornis is 

proposed to have included grasses, herbs and arboreal vegetation, located in woodlands 

and on their edges (Lister et al. 1990).

Mesaloceros dawkinsi Newton 1872. extinct deer

This giant deer species is recorded from early Middle Pleistocene deposits in the 

British Isles, where it may form an important biostratigraphic marker (Stuart & Lister 

2001). M. dawkinsi is similar in some aspects to M. verticornis, particularly with respect 

to tooth remains (Azzaroli 1953, 1994). It has been suggested that M. dawkinsi may 

represent a dwarfed species derived from M. verticornis and endemic to the British Isles, 

although similar forms have been described from France and Italy under the name ‘M  

solilhacus\ The antlers have reduced tines and slender beams relative to large burrs and 

pedicles, indicating derivation from larger animals (Azzaroli 1953, 1994). Geist (1999) 

proposes that this species was similar in size to a fallow deer.

Mesaloceros savini Dawkins 1887. extinct deer

M. savini is another cervid species restricted to the early Middle Pleistocene. It 

is possible that M. savini became extinct in the British Isles before the 

verticomis/dawkinsi grouping. This species appears to be more closely related to the late 

Middle and Late Pleistocene M. giganteus than the other early Middle Pleistocene 

megacerines and had branching antlers. M. savini was probably intermediate in size 

between M. verticornis and M. dawkinsi.

Mesaloceros gisanteus Blumenbach 1803. Irish elk/giant deer (extinct)

M. giganteus is first recorded from Swanscombe, Kent at the beginning o f the 

late Middle Pleistocene, although an earlier appearance during the Anglian cold stage is 

possible (Lister 1981, 1994). The species is recorded from both interglacial and cold 

stage contexts throughout the late Middle and Late Pleistocene but usually by only a 

limited number o f remains. The large numbers o f specimens from the Irish Lateglacial 

Interstadial are unusual and may be due to special taphonomic conditions.
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The stratigraphie range o f M  giganteus is now known to extend just into the 

Holocene, with radiocarbon dating evidence from Scotland (Kitchener & BonsaU 1999) 

and the Isle o f Man (Gonzalez et al. 2000). The latest recorded specimen, dated to 

9,225 ±85 B.P., shows a reduced skeletal size in comparison to the Irish Lateglacial 

population, but maintains relatively large antlers (Gonzalez et al. 2000). The extinction 

o f this species may have resulted from climatic change that altered vegetation 

composition and Umited open habitats, or alternatively human intervention. The large 

antler size o f the latest specimens o f this species would however argue against 

nutritional stress being involved in the extinction process, as extravagant display 

structures would not be maintained under such conditions (Gonzalez et al. 2000)

M. giganteus is most famous for its enormous antlers that may span 3.5m. This 

feature indicates an association with open vegetation conditions rather than forests. This 

is supported by evidence suggesting that M  giganteus was adapted as a highly cursorial 

species (Geist 1986, 1999). A cursorial life style is associated with the production of 

high quaUty milk and the ability to generate surplus nutrients and energy. These features 

may have made the development o f such a large antler mass possible.

The cheek teeth o f M. giganteus are relatively low crowned, suggesting a major 

browsing component in the diet, although some adaptations to grazing are also 

apparent. The species is proposed to have required large amounts o f nutrients for its 

lifestyle and large antlers, which would restrict it to environments with a relatively short 

winter period o f low nutrient availability. This may explain the concentration o f M  

giganteus remains in the oceanic habitats o f Western Europe, especially towards the end 

o f its time range. An association o f specimens with rich herbaceous vegetation, rather 

than Empetrum heath, has been found in the Irish Lateglacial sample (Mitchell & Parkes 

1949).

Dama dama L.. fallow deer

Fallow deer are first recorded from the British Pleistocene at West Runton and 

occur in forested interglacial periods from this point onwards. The species appears to 

have been absent during the open vegetation conditions o f the 01 Stage 7 interglacial, 

although it may have occurred in more wooded conditions early in the period (Schreve

1997). A separate sub species D. dama clactoniana is recognized in the late Middle 

Pleistocene with animals o f large body size and a distinct antler form (Leonardi & 

Petronio 1976).
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Modem fallow deer have a mass range o f 40-100 kg; sexual dimorphism is high 

with males approximately twice the weight o f females (Geist 1999). During the 

Holocene D. dama did not return to the British Isles from its southern European glacial 

refiigia as it had in previous interglacials. The natural post-glacial range o f Dama dama 

appears to have been restricted to Mediterranean regions and Turkey (Chapman & 

Chapman 1975), and the present worldwide distribution is the result o f human 

intervention; the species was probably introduced into Britain by the Normans, around 

the 11^ Century (Corbet & Harris 1991). Dama dama has had the greatest success in 

warm humid zones (Chapman & Chapman 1975). Rainy climates with mild winters, and 

temperatures in the coldest month above freezing appear to be most suitable. Fallow 

deer are not found above 65°N. This northem limit to distribution is set by a 50 cm 

maximum annual snow depth, and less than 4 months with average temperatures below 

10°C (Chapman & Chapman 1975). These factors explain the absence o f the species 

from Britain during Pleistocene cold periods.

A common feature o f fallow deer range is the presence o f some sort o f tree 

cover, although the wooded areas do not have to be particularly extensive for Dama 

dama to be successful. Fallow deer inhabit areas with both deciduous and coniferous 

species present, though deciduous or mixed forests are generally preferred. Forest 

understorey species and open areas for grazing are vital for the survival o f this species as 

they supply the majority o f food (Jackson 1977). Fallow deer are preferential grazers, as 

shown by the stmcture o f the rumen (Hofinann 1985). The rest o f the diet is made up o f 

a variety o f herbs and broad-leafed browse, beech mast and acoms (Putman 1996). 

Despite the general need for cover there is growing evidence for the development o f a

D. dama ecotype that specializes on arable land.

Cervus elaphus L.. red deer

Cervus elaphus is first recorded in the British Pleistocene at West Runton and is 

found throughout the subsequent Pleistocene to the present day, in both forested and 

open vegetation types as well as interglacial and cold stage faunas (Lister 1984). Early 

Middle Pleistocene C  elaphus have antlers that are described as ‘acoronate’; this could 

indicate a separate sub-species but post-cranial remains are very similar to the modem 

form.

The modem distribution o f red deer ranges from 30°N-60°N, the northem hmit 

is determined by snow cover and the availability of suitable shelter (Nowak 1991). Most
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modem populations are associated with deciduous or coniferous woodland areas, but 

open habitat forms appear to have been more common before human interference. 

Records o f populations from steppe or grassland habitats include the Russian steppe and 

the North American prairies. The Tule Elk’ (C. e. nannodes) from open habitats in 

California displays adaptations o f the teeth and skull to a more grazing diet 

(McCullough 1969).

The wide range o f habitat types inhabited by C. elaphus populations result in 

variable diets recorded for the species. Red deer are mixed feeders and appear to 

consume vegetation in similar proportions to its presence in the environment. In the 

open habitats o f the Scottish Highlands the diet includes large amounts o f grasses and 

dwarf shmbs such as heather, while in Polish woodlands a significantly higher level of 

deciduous browse is eaten (Mitchell et al. 1977). The high ecological plasticity o f red 

deer is illustrated by their ability to change the size and form o f the digestive tract in 

response to seasonal variations in diet (Hofifinan 1983).

Modem C. elaphus shows a wide variation in body size from 75-340 kg. Males 

are larger than females but sexual dimorphism is not as great as observed in fallow deer: 

pubhshed male:female weight ratios range from 1.4-1.8 (Geist 1999). The species 

displays a cline o f increasing size across Europe from NW to SE, opposite to the 

predictions o f Bergmann’s mle. Wapitis in North America do however follow a trend o f 

increasing size with latitude. A large amount o f size variation has been recorded 

between various stages o f the British Pleistocene. Red deer from deposits correlated 

with Oxygen Isotope Stage 11 have been recognized as having a particularly small body 

size (Lister 1981, 1986), while animals from the Middle Devensian are considered to be 

the largest C. elaphus individuals that ever lived (Lister 1987).

Alces latifrons Johnson 1874. extinct elk/moose

The only site included in the current study that has produced remains o f this 

species is West Runton. A. latifrons appears to have evolved from the Late Pliocene and 

Early Pleistocene A. gallicus some time in the early Middle Pleistocene (Lister 1993a). 

The species displays the long slender hmb bones and brachydont teeth characteristic o f 

Alces (Azzaroli 1953). The timing o f the extinction or transition o f this species into 

modem A. alces is unknown due to the small amount o f fossil evidence o f moose from 

the late Middle Pleistocene. However, it has been suggested that the species persisted 

into the Late Pleistocene (Pfeiffer 1999). This species is considered to be the largest
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deer that ever lived, with limb bones approximately 15% longer than those o f modem 

European yf. alces (Lister 1993a).

Alces alces L.. elk/moose

The exact timing o f the appearance o f this species during the Pleistocene is 

unknown. One tooth identified as Alces sp. is recorded fi*om the late Middle Pleistocene 

site o f Grays, Essex. This specimen appears to be smaller than A. latifrons but a definite 

identification cannot be made. Some evidence for possible transitional forms between A. 

latifrons and A. alces is recorded in antler specimens dating to the last interglacial in 

Germany (Lister 1993a). Geist (1999) proposes that A. alces evolved into its present 

form fi*om the A. latifrons way o f life in response to competition from giant deer. Both 

species are considered to have fed on similar plant types so differentiation o f habitats 

between a cursorial and a closed vegetation trotting species was achieved.

A. alces was definitely present in Britain at the end o f the last cold stage, and 

the species appears to have made up an important part o f the British ungulate 

community during the early Holocene. A. alces has traditionally been thought to have 

disappeared from Britain soon after this point, but recent radiocarbon dating evidence 

indicates that the species may have persisted throughout much o f the Mesolithic, 

particularly in Scotland where a specimen has been dated to 3,925+80 B.P. (Kitchener 

& BonsaU 1997). Extinction o f this species may have been associated with forest 

clearance.

A. alces is the largest Uving deer with recorded weights from 200-825 kg but 

more normaUy 320-400 kg (Lister 1981). Sexual dimorphism is relatively low for a 

cervid species, with the male/female weight ratio usuaUy around 1.2 (Geist 1999). The 

species can be found in both coniferous and deciduous forest areas with a seasonal snow 

cover o f up to 80 cm, as weU as forest steppe and shrub tundra from 40°N-72°N. The 

species varies in body size across its latitudinal range and appears to foUow the 

predictions o f Bergmann’s rule. In Sweden the largest animals occur at 65 °N and 

variation in body mass appears to be controUed by climatic conditions rather than 

population density or food availabiUty (Sand et al. 1995).

The teeth o f  Alces are highly characteristic with smooth enamel, low crowned 

molars and highly molarised premolars. These teeth are adapted for a concentrate 

feeding diet that includes herbaceous plants as weU as leaves and green shoots o f trees 

and shrubs. In summer A. alces feeds on a nutritious diet o f low toxin foliage and

42



browse in the early stages o f growth. The winter diet is o f much lower quality and is just 

sufficient to meet maintenance requirements.

Ransifer tarandus L.. reindeer/caribou

R. tarandus is the cervid most highly adapted to cold conditions and is the only 

species able to exist continuously in the arctic tundra. Cold adaptations include dense fur 

and specially modified hooves; these allow the weight to be spread when walking on 

snow and digging through snow to reach vegetation. It is therefore not surprising that all 

o f the evidence for R. tarandus fi*om the British Pleistocene comes fi*om cold periods. 

The species is first recorded in the Anglian cold stage e.g. Westbury-sub-Mendip, 

Somerset (Gentry 1999) and is present in Europe during all o f the foUo'sving cold climate 

episodes. Relatively few specimens are however known fi*om the British Isles until the 

Devensian, with large samples o f material fi*om the various divisions o f the cold stage 

indicating a year-round presence o f the species in Britain (Murray 1994). Reindeer in 

Britain appear to have persisted just into the Holocene, with populations possibly 

surviving later in Scotland (Murray et al. 1993).

Modem R. tarandus has a wide circum-polar distribution in coniferous forests 

and tundra fi’om 45°N-82°N. Large scale seasonal migrations between these two habitat 

types take place in response to food availability and the presence o f blood-sucking flies. 

Both male and female reindeer develop antlers and these are observed to vary between 

tundra and forest forms (Banfield 1961). The species shows a wide range o f body 

masses. On average in southern woodland forms males weigh around 250 kg and 

females 125 kg while for tundra animals males weigh 150 kg and females 90 kg. Sexual 

dimorphism increases with size (Geist 1999). High arctic populations are smaller still 

indicating that mass change in this species is opposite to the predictions o f Bergmann’s 

mle. Leg length is also variable between populations and decreases with latitude (Klein 

et al. 1987).

Like Alces, the teeth o f reindeer are low crowned with massively expanded 

premolars. Reindeer are adapted to a patchy and unpredictable distribution o f resources 

leading to a generalist foraging strategy. They are both browsers and grazers and include 

a wide range o f plant species in the diet. In summer a highly nutritious diet o f broad

leaved evergreen and deciduous shmbs, grasses and sedges is eaten. In winter the 

species utilizes its ability to metabolize lichen carbohydrates efficiently to survive on 

these and other low quality food resources. The main predators o f R. tarandus are
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wolves, with wolverine, lynx and brown bear o f secondary importance. Reindeer 

experience little competition from ungulates for their food resources that are often 

limited; A. alces and Ovibos moschatus only overlap small portions o f their range, the 

most serious competition is probably provided by lemmings.

Capreolus capreolus L. 1758. European roe deer

Roe deer are first recorded in the British Pleistocene at West Runton and are 

found in low numbers from virtually all o f the subsequent temperate episodes. C. 

capreolus is not recorded from any British Pleistocene cold periods but returned to 

Britain soon after the end o f the last cold stage, e.g. Star Carr, Yorkshire ca. 9500 B.P.

In modem C  capreolus males are slightly larger than females with body masses 

o f 23.7-32 kg and 18-30 kg respectively (Danilkin 1996). The European Roe deer 

displays a size variation across its geographic range, which generally corresponds to 

Bergmann’s rule. Body mass variations o f up to two fold occur in relation to both 

temperature and vegetation conditions; this compares to a variation in body mass o f up 

to five times in red deer (Geist 1999). The range o f C  capreolus extends over much of 

Europe up to approx 65°N (Danilkin 1996). These animals live within the Arctic Circle 

and further north than any red deer populations. The northem limit o f the species 

appears to be set by the line o f 20 - 40cm maximum annual snow depth. The duration o f 

the period when snow lies on the ground is also critical, and the species is absent where 

the snow period lasts for more than 140 - 150 days.

C  capreolus is generally found associated with forested habitats, especially open 

forests o f mixed age that include early successional areas. The species does not extend 

into dense coniferous forests because a diverse shmb understorey and abundant shoots 

and grasses are required for feeding. The environmental plasticity o f the species allows it 

to adapt to more open vegetation conditions, e.g. the appearance o f field roe associated 

with arable land (Holisova et al. 1986). This explains the presence o f the species in a 

range o f different interglacial vegetation contexts during the Pleistocene. The 

morphological adaptations o f the roe deer are also suitable for such environments 

(Danilkin 1996).

The small size o f C. capreolus indicates that they require plant food o f high 

nutritional value. In order to achieve this roe deer are highly selective feeders eating only 

certain plant parts that are rich in nutrients. This feeding mode can be best described as 

concentrate feeding rather than browsing as grasses and forbs will be eaten if they have a
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high nutritional value. Danilkin (1996) described the general diet o f the roe deer as 55% 

herbs and forbs, 25% trees and shrubs and 15% grasses. Roe deer are apparently 

granivorous or frugivorous when these foods are available; competition for food is 

probably strongest with wild boar (Tixier & Duncan 1996).

1.6.10 Bovidae Gray 1821

Bison schoetensacki Frendenberg 1910. extinct bison

B. schoetensacki is a small bison species with short dorso-ventrally flattened 

horn cores, recorded from the British early Middle Pleistocene at sites such as West 

Runton, Norfolk and Pakefield/Kessingland, Suffolk. The exact timing o f the transition 

from B. schoetensacki to B. priscus in Britain is unknown but is described as early in the 

Middle Pleistocene on mainland Europe (Sala 1987). The species identification o f bison 

material from sites at the end o f the early Middle Pleistocene e.g. Boxgrove, West 

Sussex and Westbury-sub-Mendip, Somerset, remains unclear (Bishop 1982; Parfitt 

1999; Gentry 1999).

Bison priscus Bojanus 1827. steppe bison (extinct)

The first definite British records o f this species occur just after the Anglian at 

Swanscombe, Kent and Clacton-on-Sea, Essex. B. priscus, however, appears to be a 

rare component o f these and other late Middle Pleistocene interglacial faunas which are 

dominated by Bos primigenius. The species may have been totally absent from the 

interglacial correlated with Oxygen Isotope Stage 9, but increased in numbers in 01 

Stage 7. In the last interglacial B. priscus becomes the dominant bovid species and 

continues to occur through much o f the Devensian. The species does not appear to have 

returned to Britain after the last glacial maximum, although bison were present in 

Denmark at this time (Aaris-Sorensen 1992).

B. priscus shows a large amount o f size variation during the British Pleistocene 

and the species also displays sexual dimorphism (Gee 1991). B. priscus is generally 

regarded as a grazing species o f open habitats but the question o f how Bos and Bison 

were ecologically separated when they coexisted during the Pleistocene requires further 

investigation. The fact that the two large bovid species never occur in equal proportions 

in British Pleistocene deposits may suggest that they were close competitors (Gee 

1991). Studies o f tooth wear, gut contents o f frozen carcasses and plant parts trapped in
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teeth all indicate a diet with a high proportion o f grass but some leaves o f dicot forbs 

and shrubs especially early in the growing season (Guthrie 1990b).

B. priscus had a wide Eurasian distribution in the Pleistocene from Britain to 

Alaska. However, it is not considered to be conspecific with either o f the modem 

species assigned to the Bison genus. Pleistocene B. priscus does not exhibit the extreme 

grazing adaptations that occur in modem B. bison, as can be seen in the stmcture o f the 

incisors (Guthrie 1990b). Likewise, it does not display features related to life on the 

woodland edge as shown in modem European bison {B. bonasus). Studies o f 

mummified and skeletal material as well as cave art have revealed that B. priscus had 

short hair on the legs and head, a generally brown body colouration with black edging 

and a unique hump shape associated with a relatively high head position and cursorial 

adaptations (Guthrie 1990b).

Bos primigenius Bojanus 1827. aurochs (extincf)

B. primigenius is first recorded in the British Pleistocene at the 01 Stage 11 

interglacial sites o f Swanscombe, Kent and Clacton, Essex. It is represented in aU o f the 

following late Middle and Late Pleistocene interglacial stages. The species appears not 

to have occurred in fully developed cold stage environments, although it is recorded 

from the Lateglacial Interstadial at Gough’s Cave, Somerset (Currant 1986, 1991). The 

species persisted in Britain into the Holocene but declined with human forest clearance 

and probably became extinct sometime during the Bronze Age with a latest British 

radiocarbon date o f 3,245±40 B.P. (Yalden 1999). The extinction o f B. primigenius in 

Europe is dated to the 17**’ Century in Poland (Rackham 1986). B. primigenius is usually 

regarded as being more associated with forest edge environments than B. priscus 

although the species is found in fairly open vegetation conditions e.g. during the Stage 7 

interglacial.

Ovibos moschatus Zimmerman, musk ox

O. moschatus is a rare British Pleistocene fossil, recorded from the penultimate 

(01 Stage 6) and the Devensian cold stages. Pleistocene forms recorded from Britain 

appear to be larger than modem animals, which weigh 200-410 kg (Nowak 1991). Musk 

oxen were widely distributed over much o f northem Eurasia in the Pleistocene, and 

succeeded in both cold and interglacial climates (Crégut-Bonnoure 1984). The species is

46



now restricted to Arctic Canada and Greenland, but this is certainly due to human 

intervention.

The present range is cold tundra with short cool summers, long cold winters and 

little precipitation or snow cover (Tener 1965). The average temperature in the warmest 

month is below 10°C with a growing season o f 40 - 100 days. At present the only 

exception to the rule o f musk oxen in tundra habitats occurs in the southernmost extent 

o f the species range in Arctic Canada, where musk oxen extend past the tree line into 

forested environments for 100 miles (Tener 1965). The current habitats o f O. moschatus 

probably do not accurately reflect the range o f adaptability o f this species. Modem 

populations can give us a good idea o f the maximum northem extent and cold tolerance 

o f the musk oxen, but it is the species’ ability to inhabit areas further south that remains 

unclear. The species consumes a wide variety o f plants including browse (willow), 

flowering plants, grasses and sedges with mosses and lichens making up only a small 

part o f the diet.

Saiga tatarica L. 1766. saiga antelope

S. tatarica is recorded from a few isolated specimens in the British Pleistocene, 

dating to the end o f the Devensian (Currant 1987). These records seem to represent 

short-term westward extensions o f the species range into Britain during periods o f open 

vegetation and continental type climate. Modem animals have recorded weights from 

26-69 kg (Nowak 1991). The limbs and hooves are adapted for open, unbroken habitats 

with few obstacles. In historical times the saiga was distributed throughout south central 

Asia (Heptner et al. 1988). The natural species distribution is determined by the 

availability o f food, which is limited by drought in the south and snow cover in the 

north.

Saiga tatarica shows almost no geographic variability (Heptner et al 1988). This 

is a general characteristic o f the steppe and desert hoofed animals o f Eurasia, explained 

by the lack o f significant geographic barriers and extensive migrations that result in 

constant population mixing. Saiga antelope occur almost exclusively in the steppes and 

semi deserts on dry grassy plains; they penetrate into forest steppe habitats only in 

summer and not every year. The most important foods are grasses, followed by summer 

cypress, various saltworts, forbs, ephemerals including iris and tulip, sagebmsh and 

steppe lichens (Heptner et al. 1988).
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CHAPTER 2: Stratigraphy and Palaeoenvironments

The present chapter contains a discussion o f the stratigraphie scheme applied to 

the British Pleistocene sites under consideration in this study. The British Quaternary 

stratigraphie scheme o f Mitchell et al. (1973) will be introduced (section 2.1.1). 

However, evidence from the Oxygen Isotope Record o f deep-sea sediments 

(Shackleton & Oppdyke 1973) and terrace deposits o f the River Thames (Bridgland 

1994) questions the applicability o f this system (sections 2.1.2 + 2.1.3).

A range o f recent biostratigraphic studies have suggested revised British 

Quaternary stratigraphies (section 2.1.4), covering the early Middle Pleistocene (Meyer 

& Preece 1996; Stuart & Lister 2001), late Middle Pleistocene (Schreve 1997), 

Ipswichian Interglacial (Stringer at al. 1986) and Devensian (Currant & Jacobi 1997, 

2001). Also, some sites excavated after the 1973 Geological Society report do not fit 

easily into this scheme e.g. Westbury-Sub-Mendip, Somerset (Bishop 1982) and 

Boxgrove, West Sussex (Roberts & Parfitt 1999). Body size evidence collected during 

the course o f this project can be used to help test these new theories.

Each o f the British Pleistocene sites from which large mammal remains have 

been studied will be described (sections 2.2-2.11). Information on the collections 

utihsed (Appendix 1), structure o f the deposits and possible dating and correlation will 

be provided. The available evidence relating to palaeoenvironmental conditions during 

the deposition o f the mammal assemblage will be summarised. Evidence from a range 

o f different sources such as pollen, plant macrofossils, MoUusca, Coleoptera and 

lithology will be included where possible. This information will allow a general 

description o f environmental conditions during various periods o f the British 

Pleistocene (section 2.12). As far as possible the use o f large mammal species as 

palaeoecological indicators will be avoided, as these species are often highly adaptable 

and able to tolerate a wide range o f environmental conditions (section 1.6). These 

problems are less severe for small mammals, which can act as important 

palaeoenvironmental indicators.

Some species provide indications o f palaeotemperatures e.g. Emys orbicularis 

(European pond tortoise), which is unable to reproduce successfully unless mean July 

temperatures exceed 17-18 °C (Stuart 1982). Some plant species give indications o f the 

level o f  oceanicity o f climate such as Ilex and Hedera, which are unable to withstand 

mean winter temperatures below -0.5 and -2  °C respectively (Zagwijn 1994).
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The vegetation communities o f Pleistocene interglacials are often described 

using pollen zones (Turner & West 1968; Stuart 1982), these zones represent the 

vegetation succession (table 2.1). Open herb dominated communities are present in 

cold stage environments and the early phases o f interglacials, which are then replaced 

via the establishment o f woodland. Deterioration o f soil and temperature conditions late 

in temperate cycles results in changes in woodland composition and a return to more 

open vegetation environments. It was initially thought that each interglacial supported a 

unique pattern o f vegetation development, and pollen zones characteristic o f each 

interglacial were defined (West 1970). This is no longer thought to be the case, but 

pollen zones can still provide important palaeoenvironmental information on the 

position o f the vegetation succession in relation to temperate climate conditions.

Table 2.1: General scheme o f vegetational development through a temperate period, divided into pollen 

zones (after Turner & West 1968).

Climate Zone Important pollen types General Vegetation

Cold Herb Open
Post-temperate IV Pinus, Betula, herb increase Open coniferous forest
Late-temperate III Carpinus, Abies increase Mixed-oak forest
Early-temperate II Mixed-oak forest Mixed-oak forest
Pre-temperate I Betula, Pinus Coniferous forest
Cold Herb Open

2.1 British Pleistocene Stratigraphy

2.1.1 Previous British Scheme

The position o f British Pleistocene Stratigraphy in the 1970s and 80s is typified 

by the scheme o f Mitchell et al. (1973) (fig.2.1) and its application to British 

Pleistocene vertebrates by Stuart (1982). Three interglacial periods were recognised in 

the Middle and Late Pleistocene: Cromerian, Hoxnian and Ipswichian. These were 

based on the type localities o f West Runton, Norfolk, Hoxne, Suffolk and Bobbitshole, 

near Ipswich, Suffolk, respectively. Differentiation between the mterglacials, and the 

sites assigned to them, was generally made on the basis o f evidence fi*om pollen 

analysis and the developmental history o f vegetation communities under temperate 

climatic conditions.

Three major glacial periods were incorporated into this system: Anglian, 

Wolstonian and Devensian. These were based on geological evidence for cold climate 

and glacial conditions from till deposits and landforms. Other lines o f evidence have
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suggested, however, that climatic fluctuation between cold glacial and temperate 

interglacial conditions was much more complex than accounted for in the scheme of 

Mitchell et al. (1973). Certain temperate stages may be indistinguishable in terms o f 

their vegetation development, leading to artificial groupings o f sites using this method. 

There may be a number o f climatic episodes unaccounted for in this system.

Flandrian/Holocene Temperate

Devensian Cold

Ipswichian Temperate

Wolstonian Cold

Hoxnian Temperate

Anglian Cold

Cromerian Temperate

Beestonian Cold

Pastonian Temperate

Fig 2.1: British Quaternary stratigraphie scheme after Mitchell et al. (1973). Chronostratigraphic units 

are defined as being either cold or temperate. A major depositional hiatus is proposed to occur between 

the Beestonian and Cromerian stages.

2.1.2 The Oxygen Isotope Record

Sediments on the deep-sea bed provide a continuous and undisturbed record of 

the Quaternary. Many o f these deposits consist o f the calcareous skeletons o f 

planktonic micro-organisms, which record the chemical conditions o f sea water at the 

time o f their formation. A very important chemical signal relating to past climates and 

global glaciation patterns is the ratio o f oxygen isotopes present in these biological 

sediments. Oxygen exists in three isotopic forms, but it is and ^*0 that provide 

information on palaeoglaciation.

Oxygen isotope analysis and its link to glaciation (Shackleton 1967) is based on 

the difference in weight between the two isotopic forms o f oxygen introduced. The 

isotope ^*0 contains two more neutrons than ^^O, and is therefore heavier. This 

difference results in the lighter Hz^^O evaporating preferentially into the atmosphere 

fi'om the surface o f the ocean, a process o f natural firactionation. The greater amount o f 

entering the atmosphere leads to a higher proportion o f this isotopic form falling 

over land as precipitation. In periods o f cold climatic conditions much o f this
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precipitation remains locked in the terrestrial environment as glacier ice. does not 

immediately return to the sea, resulting in the ocean waters becoming isotopically 

heavier.

The link between the oxygen isotope ratios recorded in ocean floor sediments 

and global climatic conditions has been confirmed by correlation with Milankovitch 

orbital cycles (Hays et al. 1976) and ice core data. Rapid transitions in isotopic ratios 

are considered to represent glacial terminations or the accumulation o f ice as 

interglacial climates suddenly deteriorate, and act as marker points. Isotopic profiles 

fi'om around the world are very similar in the number and amplitude o f climatic cycles 

identified by these markers (Patience & Kroon 1991). This has allowed the common 

peaks and troughs in isotope curves to be defined as Oxygen Isotope Stages (fig.2.2). 

Stage 1 is the current Holocene interglacial. Stage 2 the last glacial maximum and so on 

back in time through odd-numbered interglacials and even-numbered glacials. The 

stage boundaries are dated using evidence fi'om palaeomagnetism assuming a 

continuous rate o f sedimentation (Lowe & Walker 1997).

The Oxygen Isotope Record therefore provides a very important record o f past 

glacial-interglacial fluctuation, but in order to allow application to British Quaternary 

stratigraphy, correlation between the oceanic records and terrestrial sequences is 

required. The two main points o f correlation between the British terrestrial sequence 

and the Oxygen Isotope Record are the Anglian and the Ipswichian. The Anglian is 

recognised as a very extensive glaciation and is correlated with Oxygen Isotope Stage 

12, one o f the most severe cold episodes within the Middle Pleistocene deep-sea 

records (Bowen et al. 1986; Shackleton 1987). The hippo fauna o f the Ipswichian 

Interglacial has been dated to ca. 120 kyr B.P. by radiometric dating o f characteristic 

mammalian assemblages associated with speleothems at Victoria Cave, North 

Yorkshire (Gascoyne et al. 1981) and Kirkdale Cave, Yorkshire (McFarlane & Ford

1998). This supports a correlation with Sub-Stage 5e o f the Oxygen Isotope Record.

If  these two correlations o f stratigraphie divisions with Oxygen Isotope Stages 

are correct, this would suggest that three interglacial stages (11,9 and 7) lie between 

the Anglian and the Ipswichian rather than the single Hoxnian interglacial in the 

Mitchell et al. (1973) stratigraphie scheme (fig.2.2). There is good evidence at a 

number o f Hoxnian sites that interglacial deposits directly overlie those firom the 

Anglian. This would support a correlation o f the Hoxnian with Oxygen Isotope Stage 

11, leaving 01 Stages 9 and 7 as previously unrecognised interglacials.
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Oxygen Isotope Record Mitchell et al. 1973

Oxygen Oxygen isotopically  

isotope ^  heavy light »
stages ^  cold warm  ►

Devensian

Ipswichian

7

Hoxnian

Anglian

Cromerian
Complex

Fig.2.2: The Oxygen Isotope Record (Shackleton & Opdyke 1973) compared with the British 

stratigraphie scheme o f Mitchell et al. (1973). If the Anglian is correlated with 01 Stage 12 and the 

Ipswichian with 01 Stage 5e, then the existence o f  a number o f  unrecognised interglacials in the late 

Middle Pleistocene becomes apparent. The Devensian covers three Isotope Stages and the early Middle 

Pleistocene ‘Cromerian InterglaciaP is a period o f complex environmental change. In the record none o f  

the defined stages is uniformly cold or warm; a number o f sub-stages can be recognised.
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If  the Ipswichian is correlated with Sub-Stage 5e then the following Devensian 

glaciation must cover a long time period, including at least three Isotope Stages (4-2) 

(fig 2.2). The Oxygen Isotope Record reveals additional complexity during the 

Devensian, including major climatic variations between fiiU glacial (Stages 4 and 2) 

and slightly more temperate conditions (Stage 3). A large amount o f climatic variation 

is also recorded before the Anglian Stage 12 (Bassinot et al. 1994), paving the way for 

recognition o f more than a single ‘Cromerian’ Interglacial. The Oxygen Isotope Record 

also reveals significant climatic variability within Isotope Stages, defined as sub-stages 

(fig.2.2). Attempts have been made to determine whether these events can be 

recognised in terrestrial deposits (Stringer et al. 1986; Schreve 1997).

2.1.3 River Terraces

Support for additional unrecognised stratigraphie divisions in the British 

Quaternary sequence has also been provided fi'om studies o f river terrace deposits, 

particularly those o f the River Thames (Bridgland 1994). River terraces are formed by 

the downcutting and aggredation associated with each glacial-interglacial cycle. 

Deposits recording separate interglacials o f the British Quaternary should therefore be 

located in each terrace. Agreement has yet to be reached concerning the exact number 

o f Thames terraces and their correlation with the Oxygen Isotope Record (Bridgland 

1994; Gibbard 1994).

However, the model o f Bridgland (1994) (fig.2.3) is favoured as it is mainly 

constructed using geological evidence. The contrasting scheme o f Gibbard (1994) relies 

on bio stratigraphical correlation based on palynology and corresponds well with the 

previous British Quaternary scheme (Mitchell et al. 1973). This correspondence is 

hardly surprising as both used the same methodology. However, the proposal that 

different interglacials may be characterised by the same pattern o f vegetation 

development, and evidence fi'om a range o f other sources e.g. mammalian and 

moUuscan biostratigraphy and amino acid geochronology (section 2.1.4), argue against 

the findings o f this model.

A major event, which allows the identification o f the Anglian glaciation in the 

Thames deposits, is the southward diversion o f the course o f the river by the 

encroachment o f Anglian ice (Gibbard 1977). All deposits on the post-diversion course 

o f the Lower Thames can therefore be considered to post-date the Anglian glaciation. 

Four major post-Anglian gravel formations can be recognised, each containing
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interglacial deposits (fig.2.3). This supports the existence of four separate post-Anglian 

interglacials that can be considered to represent Oxygen Isotope Stages 11,9,7 and 5e.

Deposits of the Hoxnian Interglacial at Swanscombe are placed directly after 

the Anglian in Stage 11, due to their presence in the highest Boyn Hill/Orsett Heath 

Gravel (fig.2.3). The altitudinally lowest terrace contains evidence o f the ‘hippo fauna’ 

assigned to 01 Stage 5e e.g. Trafalgar Square. Once again this scheme results in the 

identification of two previously unrecognised interglacials assigned to Oxygen Isotope 

Stages 9 and 7 (fig.2.3). Support for the four post-Anglian interglacial model of 

Bridgland (1994) has been provided by studies o f other river systems such as the Avon 

(Maddy et al. 1991) and Severn (Maddy et al. 1995).
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Fig.2.3: River terraces o f the Lower Thames (Bridgland 1994). The proposed correlation o f  interglacial 

deposits with temperate (odd-numbered) Isotope Stages is indicated.

2.1.4 Revised Scheme

The following section contains a description o f the revised British Quaternary 

stratigraphie scheme applied during this project, which is based on evidence Ifom the 

Oxygen Isotope Record and Thames terrace system. Distinctions between site 

groupings assigned to different climatic stages are mainly based on bio stratigraphie 

evidence.

Earlv Middle Pleistocene

A much greater complexity is now recognised in British early Middle 

Pleistocene deposits in comparison to the single Cromerian Interglacial o f the previous
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scheme (Preece & Parfitt 2000). The potential for additional interglacial stages was first 

brought to light when attempts at correlation between the British and the Dutch 

sequences were made. In the Netherlands four separate interglacials have been 

recognised within the ‘Cromerian Complex’ (Zagwijn 1996). To which o f these 

interglacials does the Cromerian Interglacial relate or is the British Cromerian a 

composite grouping o f a number o f separate interglacial stages?

Interglacial I, the first o f the Dutch ‘Cromerian’ sequence displays reversed 

magnetic polarity. All British sites assigned to the Cromerian Interglacial have normal 

polarity, so correlation with Interglacial I is ruled out. However, this still leaves three 

temperate stages to account for in the British record. Initial ideas suggested that the 

Cromerian immediately preceded the Anglian and correlated with Dutch Interglacial IV 

(West 1980). The additional Dutch interglacials would therefore be placed in the major 

depositional hiatus in the British sequence between the Beestonian and the Cromerian 

(fig.2.1). However, evidence fi'om mammalian bio stratigraphy has thrown this 

interpretation into doubt.

A mammalian biostratigraphic event crucial to the interpretation o f early 

Middle Pleistocene deposits is the transition fi'om the water vole Mimomys savini to 

Arvicola terrestris cantiana (Koenigswald & Kolfschoten 1996). This is recognised by 

an evolutionary change fi'om rooted to un-rooted, permanently growing cheek teeth. 

The majority o f sites traditionally assigned to the Cromerian Interglacial are 

characterised by the early form Mimomys, while Arvicola is recorded fi'om Ostend, 

Norfolk in deposits assigned to the closing stages o f the Cromerian. The transition 

between the two forms was therefore initially thought to have occurred during the later 

part o f the Cromerian (Stuart & West 1976). However, the discovery o f two new 

British early Middle Pleistocene sites led to a reinterpretation o f this conclusion.

At Westbury-sub-Mendip, Somerset (Bishop 1982) and Boxgrove, West Sussex 

(Robert & Parfitt 1999), Arvicola is recorded in association with early Middle 

Pleistocene species, but in full interglacial conditions. This suggests the existence of 

separate early Middle Pleistocene interglacials, differentiated by the presence o f 

Mimomys or Arvicola. At the type-site o f Dutch Interglacial IV at Noordbergum, 

Arvicola is recorded (Koenigswald & Kolfschoten 1996), suggesting correlation o f the 

British Mimomys faunas with earlier ‘Cromerian Complex’ interglacials. The situation 

is however further complicated by additional biostratigraphic evidence, which suggests 

that both the Mimomys and Arvicola sites in the British Isles represent multiple 

temperate stages (Meijer & Preece 1996; Preece & Parfitt 2000; Stuart & Lister 2001).
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The Mimomys sites o f West Runton and Pakefield/Kessingland can be divided 

using bio stratigraphy and palaeoenvironmental evidence (Stuart & Lister 2001). The 

deposits at West Runton are characterised by an absence o f thermophilous plant taxa 

and molluscs indicating continental conditions. Thermophiles such as Salvinia natans 

are present at Pakefield/Kessingland, along with Palaeoloxodon antiquus. 

Hippopotamus sp. and Megaloceros dawkinsi not recorded fi'om West Runton. P. 

antiquus is a species generally associated with the late Middle Pleistocene and M. 

dawkinsi is recorded fi'om later early Middle Pleistocene sites e.g. Boxgrove, which 

would suggest a later date than West Runton. A separate temperate stage, slightly later 

than West Runton but still in the earlier part o f the Cromerian Complex is indicated.

Evidence is also emerging that at least two separate early Middle Pleistocene 

interglacials may contain Arvicola. This is based on sites fi'om Germany associated 

with the homblende-augite transition, Arvicola being recorded fi'om sites e.g. Karlich G 

and Miesenheim on both side o f the boundary (Koenigswald & Kolfschoten 1996; 

Kolfschoten & Turner 1996). This would indicate that Interglacials III and IV o f the 

Dutch sequence both belong in the Arvicola zone (Preece & Parfitt 2000). A second 

evolutionary transition in the narrow-skulled voles {Microtus gregaloides -  Microtus 

gregalis) can also be used to separate the two Arvicola temperate episodes 

(Koenigswald & Kolfschoten 1996; Kolfschoten & Turner 1996). The ancestral form 

M. gregaloides is recorded throughout the sequence at Westbury-sub-Mendip, while M. 

gregalis occurs at Boxgrove (Preece & Parfitt 2000). This is a strong indication that the 

Boxgrove fauna post-dates the entire Westbury sequence, and would tentatively suggest 

a correlation o f Westbury with Interglacial III and Boxgrove with Interglacial IV. 

Although, a correlation o f units 15/2+4 at Westbury with Boxgrove unit 4c has also 

been proposed (Schreve et al. 1999).

When all o f the evidence concerning the stratigraphie division o f the British 

early Middle Pleistocene is summarised a highly complex picture emerges (fig.2.4). 

There is sufficient climatic variability present in the Oxygen Isotope Record to account 

for this (Bassinot et al. 1994). Not aU o f the identified groups may represent separate 

01 Stages but perhaps some may be sub-stages o f the same numbered divisions (Stuart 

& Lister 2001). Divisions identified within the Westbury-sub-Mendip assemblage may 

relate to climatic variation at the interglacial sub-stage level (Schreve et al. 1999) 

Further evidence and testing is required to support the theories that have been set up 

(Preece & Parfitt 2000), but a reasonably clear stratigraphie picture emerges for the 

early Middle Pleistocene sites included in this study (section 2.2).
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Late Middle Pleistocene

A major turnover in the mammalian fauna o f the British Isles appears to have 

been associated with the Anglian glaciation. This results in late Middle Pleistocene 

faunas having a composition very different from the early Middle Pleistocene sites 

discussed. In terms of the large mammal species examined here; C. lycanoides, U. 

deningeri, H. latidens, E. altidens, S. hundsheimensis, M. verticornis, M. savini. M. 

dawkinsi and B. schoetensacki are restricted to the early Middle Pleistocene, while U. 

arctos, S. kirchbergensis, S. hemitoechus, M. giganteus and B. primigenius first appear 

in the British fauna after the Anglian. Important body size differences may also mark 

this transition (Bishop 1982; Parfitt 1999), and will be investigated further in this 

project.

As indicated by the Oxygen Isotope Record (section 2.1.2) and river terrace 

formations (section 2.1.3), three interglacial periods appear to have occurred during the 

late Middle Pleistocene. But only one interglacial dating to this period, the Hoxnian, 

has until recently been recognised in the British sequence. To which Isotope Stage does 

this interglacial relate (GI Stage 11, 9 or 7) or is it a composite o f multiple temperate 

periods? The type locality o f the Hoxnian at Hoxne, Suffolk is a kettle hole deposit in 

Anglian till (Gladfelter 1993), and no depositional break appears to occur between the 

tills and lake-fiU deposits. This would suggest that the Hoxnian represents the first 

post-Anglian interglacial in 01 Stage 11. The base o f the sequence at Swanscombe is 

also considered to represent the Anglian (Conway 1996). But more importantly the 

interglacial deposits from this site and Clacton are within the first post-diversion terrace 

o f the Thames-Medway (Bridgland 1994).

A correlation o f the Hoxnian with 01 Stage 11, the first post-Anglian 

interglacial would therefore seem secure, but evidence from the amino-acid 

geochronology dating method suggests an alternative interpretation (Bowen et al. 

1989). Amino-acid molecules can exist as two stereo-isomers: D and L forms. In living 

tissues all proteins contain the L-form, but after death racemization and épimérisation 

occur until equilibrium between the two forms is reached. The D/L ratio o f biological 

material, especially foraminiferal tests and mollusc shells, can therefore be used to 

indicate the relative ages o f deposits by representing the time elapsed since death. 

Problems exist with the interpretation o f results from this method as diagenesis is 

sensitive to temperature and pH and may vary in rate between species (Sykes 1991).

A range o f British Pleistocene sites have been analysed by this method, same- 

age groupings have been produced and related to the stages o f the Oxygen Isotope
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Record (Bowen et al. 1989). D-aUoisoleucine/L-isoleucine ratios indicate a division 

between Hoxnian sites. Swanscombe and Clacton correlate with 01 Stage 11, but lower 

ratios are produced from Hoxne indicating a correlation with the Stage 9 interglacial. 

This finding, if correct, has important consequences for a wide range o f stratigraphical 

interpretations, such as the unity o f the Hoxnian group o f sites and the positioning of 

the Anglian glaciation in relation to the Oxygen Isotope Record. However, there is no 

biostratigraphical (Schreve 1997) or body size (section 5.7.1) evidence to support a 

division between the Swanscombe, Clacton and Hoxne sites.

The conclusions from the Bowen et al. (1989) study are frirther questioned by 

the finding that the method has produced apparently inaccurate results for this time 

range (> 200 kyr B.P.) (Bridgland 1994). The dating o f the Boxgrove fauna by amino- 

acid geochronology is also problematic (Roberts & Parfitt 1999). Amino-acid ratios 

indicate a Stage 11 age for the interglacial deposits, the same as Swanscombe and 

Clacton, but the Boxgrove fauna is unquestionably pre-Anglian in character and very 

distinct from Swanscombe and Clacton.

I f  all Hoxnian sites can be assigned to Stage 11, is there any evidence o f the 

interglacials relating to 01 stages 9 and 7 in the British Isles? If  amino-acid analysis is 

unable to distinguish sites o f Stage 9 age accurately, then evidence from river terrace 

stratigraphy may provide evidence o f interglacial sites o f this age. In the Lower 

Thames system, the second post-diversion terrace (Corbets Tey (Taplow) Gravel 

Formation) can be considered to contain deposits o f the Stage 9 interglacial (Bridgland

1994). This would indicate that the mammalian fauna from Grays Thurrock, Essex is 

Stage 9 in age (Bridgland 1994). Biostratigraphical analysis has indicated that Stage 9 

faunas can be differentiated from the preceeding Stage 11 interglacial using small 

mammal species (Schreve 1997). Among the larger mammals U. arctos replaces U. 

spelaeus in Stage 9, while C. crocuta is recorded, which was absent from the Stage 11 

interglacial.

A much larger body o f evidence is available concerning the existence o f an 

interglacial relating to 01 Stage 7 in the British Isles. The suggestion o f an unidentified 

interglacial pre-dating the Ipswichian was first put forward by Sutcliffe (1975, 1985, 

1995a) on the basis o f mammalian biostratigraphic evidence. Two very different faunal 

groupings can be identified in post-Hoxnian temperate contexts and were initially 

placed into the Ipswichian Interglacial (Stuart 1982). The first grouping is the 

characteristic ‘hippo fauna’ which lacks evidence o f humans and E. ferus, and is 

assigned to 01 Stage 5e by radiometric dating techniques (section 2.1.2). A second very
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dififerent mammalian fauna, containing E. ferus and M  primigenius o f ‘Ilford type’ but 

with no records o f D. dama, was considered to represent the later stages o f the 

Ipswichian Interglacial.

This interpretation is however called into question by the fact that deposits 

containing the Mammuthus-Equus fauna have never been found directly overlying a 

hippo assemblage. Additionally the feasibility o f a major community turnover during 

an interglacial period has been questioned, a lowering o f sea level to allow immigration 

o f the mammoth fauna or Scottish réfugia having to be invoked. New evidence from 

river terrace stratigraphy (Bridgland 1994) and amino-acid dating techniques (Bowen et 

al. 1989) has resulted in a reassessment o f the age o f Ipswichian deposits.

Sites where the Mammuthus-Equus fauna is recorded, such as Ilford, Aveley, 

and West Thurrock, Essex, and Crayford and Northfleet, Kent are now interpreted to lie 

in a stratigraphically higher Thames terrace (Taplow/Mucking Gravel) than the hippo 

fauna o f Trafalgar Square (Bridgland 1994). Additionally, amino-acid ratios are 

consistently higher from sites containing a Mammuthus-Equus fauna e.g. Stanton 

Harcourt, Aveley, Stutton, Selsey, Crayford (mean D/L = 0.16), in comparison to hippo 

sites (mean D/L value 0.09) (Bowen et al. 1989). These ratios are correlated with Stage 

7 o f the Oxygen Isotope Record. Therefore, two separate interglacials appear to be 

present in the traditional concept o f the Ipswichian, the mammoth-horse faunas 

representing an earlier interglacial period, which can be considered to be GI Stage 7.

Final support for this reinterpretation o f Ipswichian faunas comes from the site 

o f Marsworth, Buckinghamshire (Green et al. 1984). Here the Lower Channel fauna is 

o f characteristic Mammuthus-Equus type and is below further interglacial deposits 

containing hippopotamus; the two interglacials are separated by deposits indicating 

periglacial conditions. Travertine clasts from the Marsworth Lower Channel, 

containing leaf impressions o f interglacial tree species, have been dated to 200-140 kyr 

B.P. using uranium-series methods (Green et al. 1984). This corresponds closely to the 

estimated dates for GI Stage 7 o f ca. 245-186 kyr B.P. (Martinson et al. 1987). A large 

number o f sites containing the characteristic Mammuthus-Equus fauna, from both open 

and cave depositional contexts, have now been correlated with GI Stage 7 on 

biostratigraphic grounds (Schreve 1997).

Good evidence therefore exists for three late Middle Pleistocene interglacials in 

the British Isles, relating to GI Stages 11,9 and 7. But what evidence is there for the 

corresponding glacial periods, GI Stages 10, 8 and 6? A single glaciation, the 

Wolstonian, is placed between the Anglian and Devensian in the British stratigraphie
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scheme o f Mitchell et al. (1973) (section 2.1.1). Reinterpretation o f the sites on which 

this glaciation was based now indicates that they may be Anglian in age (Rose 1987, 

1991). Very little evidence o f late Middle Pleistocene glaciation is preserved in Britain, 

as ice extents appear to have been less than occurred in the Devensian, resulting in the 

destruction o f the majority o f the deposits (Schreve 1997).

The most reliable evidence appears to relate to the Stage 6 glaciation. Signs o f 

climatic deterioration are recorded above interglacial deposits newly assigned to Stage 

7 e.g. Marsworth Lower Channel, Buckinghamshire (Green et al. 1984), Brighton- 

Norton raised beach (Keen 1995) and below Sub-Stage 5e raised beaches e.g. Bacon 

Hole, Gower (Stringer et al. 1986). A number o f mammalian biostratigraphic indicators 

o f 01 Stage 6 have been identified. These include small body size in E. ferus  (Parfitt et 

al. 1988; Bates et al. 2000) and a large form o f northern vole Microtus oeconomus 

(Sutcliffe et al. 1987; Schreve 1997; Bates et al. 2000). Stage 6 M. oeconomus also 

displays a distinct molar morphology (Green et al. 1984; Sutcliffe et al. 1987). By 01 

Stage 6, the normal M. primigenius tooth morphology o f the Late Pleistocene has 

replaced the Tfiord type’ form o f the Stage 7 interglacial (Lister & Sher 2001).

Late Pleistocene

Radiometric dating o f speleothem deposits associated with hippo faunas; which 

include H. amphibius and D. dama but lack evidence o f E. ferus, M. primigenius and 

the mollusc Corbicula fluminalis and the activity o f humans (Gascoyne et al. 1981; 

McFarlane & Ford 1998), has securely correlated sites originally assigned to the 

beginning o f the Ipswichian with 01 Stage 5e. However, faunas previously placed at 

the end o f the Ipswichian have now been moved to an earlier stratigraphie position in 

01 Stage 7. Can any deposits be assigned to the later sub-stages o f Stage 5? Good 

evidence for deposits relating to this time period comes fi'om the relatively long 

sequences recorded in the Gower Caves o f Bacon Hole and Minchin Hole.

Both o f these caves contain beach deposits that have been assigned to the high 

sea level stand o f Sub-Stage 5e (Sutcliffe et al. 1987). Above these ancient beaches 

interglacial faunas are recovered which can be considered to post-date 01 Stage 5e, but 

are overlain by speleothems dated to ca. 80 kyr B.P. (Stringer et al. 1986; Sutcliffe et al. 

1987; Proctor 1994). This places the deposits in the time range o f Sub-Stages 5c-a. The 

faunas from post-Stage 5e contexts appear to lack H. amphibius and contain evidence 

o f M. primigenius not present in Sub-Stage 5e (Stringer et al. 1986; Sutcliffe et al. 

1987). Other mammalian assemblages that may relate to this time period, as indicated
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by the presence o f D. dama and absence o f E. ferus associated with the additional 

absence o f H. amphibius are Brentford, Hoe Grange and the Hyaena Stratum at 

Tomewton Cave.

The Oxygen Isotope Record reveals additional complexity in the Devensian 

glaciation, which spans three Isotope Stages. Biostratigraphical studies o f faunas pre

dating the last glacial maximum (01 Stage 2) suggest the presence o f two groupings, 

which may relate to 01 Stages 4 and 3 (Currant & Jacobi 1997, 2001). The first fauna is 

low in diversity and is dominated by B. priscus and R. tarandus with a very large form 

o f U. arctos; no evidence o f human activity can be found in these deposits. The best 

example o f this type o f fauna can be found in the large collection o f material fi'om 

Banwell Cave, Somerset (Currant & Jacobi 1997, 2001).

This faunal grouping is considered to date to 01 Stage 4, an initial cold episode 

o f the Devensian, which included extensive glacial development (Lowe & Walker 

1997). Uranium-series studies fi’om Stump Cross Cave, North Yorkshire, date the 

Banwell-type fauna to 83 ± 6 kyr B.P. (Sutcliffe et al. 1985). This would appear to 

place the apparently cold-adapted fauna in the later part o f 01 Stage 5, but an early 

Stage 4 age is within the error range o f the date (Currant & Jacobi 1997).

The second Devensian fauna is more diverse and is based on Coygan Cave, 

Dyfed or the Pin Hole Lower Fauna (Currant & Jacobi 1997, 2001). However, it is 

possible that this diversity results fi'om the combination o f distinct faunas, that relate to 

extremely rapid climatic fluctuations (A. Currant pers. comm.) A mix o f temperate and 

cold climate elements occurs, and a number o f species, including humans, absent fi'om 

the Stage 4 grouping, are recorded at these sites (Currant & Jacobi 1997, 2001). The 

Coygan/Pin Hole-type faunas are considered to represent 01 Stage 3, a relatively 

temperate period o f the Devensian.

GI Stage 3 covers the time period fi'om ca. 59-24 kyr B.P. (Martinson et al. 

1987), so a large proportion o f faunas fi'om this time period would therefore be 

expected to be at the effective limits o f radiocarbon dating (five half-lives o f '"*C)

(Lowe & Walker 1997). A combination o f radiocarbon and uranium-series dating 

suggests that Coygan Cave was occupied as a hyaena den fi’om 40 (if not 60) until 24 

kyr B.P. (Aldhouse-Green et al. 1995), closely corresponding with 01 Stage 3. This 

finding is supported by dating o f the lower fauna fi’om Pin Hole, Derbyshire, which is 

also assigned to the Coygan/Pin Hole-type grouping (Currant & Jacobi 1997, 2001).

The fauna appears to have accumulated fi’om 50-38 kyr B.P. (Jacobi et al. 1998). All
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radiocarbon ages are quoted as ’"‘C years before present; a 10 kyr age is 

approximately equivalent to 11.5 ka (absolute age).

Unsurprisingly, very little mammalian evidence is present in the British Isles 

relating to the last glacial maximum from ca. 22-18 kyr B.P. (Eyles & McCabe 1989; 

Eyles et al. 1994). More evidence is however available for the Lateglacial period (ca. 

13-10 kyr B.P.) and the transition into the early Holocene. The Lateglacial period was a 

time o f major climatic variation. Substantial warming is first recorded in the British 

Isles around 15 kyr B.P., and relatively temperate conditions were maintained from 13- 

11 kyr B.P. during the period o f the Lateglacial Interstadial (Lowe & Walker 1997). A 

climatic deterioration then occurred during the Loch Lomond Stadial (ca. 11-10 kyr 

B.P.), with a glacier re-advance in Scotland and other upland areas (Gray & Coxon 

1991), before the final warming into the Holocene Interglacial.

Deposits from this time period are within the range o f radiocarbon dating, but 

suffer problems due to radiocarbon ‘plateaux’ around 12.7, 10 and 9.5 kyr B.P. 

(Ammann & Lotter 1989). These are caused by variations in atmospheric 

concentrations and result in specimens o f different age producing indistinguishable 

results. The main fauna from Gough’s Cave, Somerset has been dated to the Lateglacial 

Interstadial (12.8-11.9 kyr B.P.), while Chelm’s Coombe specimens (10.9 -10.2 kyr 

B.P.), and a small sample o f reindeer from Gough’s Cave are considered to represent 

the Loch Lomond Stadial (Currant 1991). Early Holocene sites, such as Star Carr and 

Thatcham, have been radiocarbon dated to the opening phase o f the Holocene at 9.6-9.2 

kyr B.P. (Coard & Chamberlain 1999).

Summarv

The revised British Quaternary stratigraphy outlined has been applied and tested 

during the course o f this project. The main site groups used, as determined by 

independent dating evidence and biostratigraphic correlation, are summarised in table 

2.2. The identified stratigraphie divisions have been related to the Oxygen Isotope 

Record as far as possible. Four faunas considered to represent separate temperate 

periods have been examined from the early Middle Pleistocene. These divisions are 

based on biostratigraphic evidence and correlations with the Oxygen Isotope Record 

are very tentative in this case.

In the late Middle Pleistocene the Hoxnian grouping o f sites is maintained, and 

correlated with OI Stage 11. Two new interglacial periods relating to 01 Stages 9 and 7 

have been recognised. The Stage 7 grouping mainly consists o f sites that had
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previously been placed at the end o f the Ipswichian Interglacial (Stuart 1976, 1982). 

The hippo faunas, which formed the remainder o f the Ipswichian, have been securely 

correlated with 01 Stage 5e by a range o f methods. Interglacial deposits, which overly 

Sub-Stage 5e deposits and lack H. amphibius, may represent later sub-stages o f the 

Stage 5 interglacial.

Evidence from cold periods is relatively poorly represented in the British 

Pleistocene fossil record. Some faunas from cold climate deposits stratigraphically 

related to the Stage 7 and 5 interglacials are available, and are considered to represent 

the Stage 6 cold stage. Good biostratigraphic markers are associated with 01 Stage 6 

and their appearance can be used to identify faunas late in 01 Stage 7. More 

mammalian material has been preserved from the Devensian, which is climatically 

complex. Two faunal groups can be recognised before the last glacial maximum, and 

these are assigned to 01 Stages 4 and 3 respectively. At the Lateglacial-Holocene 

transition (01 Stage 2-1) it is possible to identify separate faunas from the Lateglacial 

Interstadial, Loch Lomond Stadial and early Holocene.
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Table 2.2. Stratigraphie grouping of the British Pleistocene mammal sites examined during this study. 

Biostratigraphic divisions are related to the Oxygen Isotope Record as far as possible. * = placement in 

OI Stage 7 division uncertain, 01 Stage 6 may be represented. # = placement in OI Stage 5c-a uncertain, 

OI Stage 5e may be represented.

OI
Stage

Informal Biostratigraphic 
Division

Sites

1 Early Holocene Fauna Star Carr, Thatcham, Uxbridge Scatter C

2 Lateglacial Stadial Fauna Chelm’s Coombe, Uxbridge Scatter A

2 Lateglacial Interstadial Fauna Gough’s Cave

3 Coygan/Pin Hole-type Fauna

Coygan Cave,
Pin Hole (lower fauna), 

Cae Gwyn, Ffynnon Beuno, 
Kent’s Cavern, Sandford Hill

4 Banwell-type Fauna

BanweU Bone Cave, 
Isleworth, Stump Cross Cave, 

Windsor, Windy Knoll, Wretton

5c-a Late Stage 5 Fauna

Bacon Hole, Minchin Hole, 
Brentford#, Hoe Grange#, 

Tomewton Cave (HS)#

5e Ipswichian Hippo Fauna

Barrington, East Mersea,
Joint Mitnor Cave, Kirkdale Cave, 

Trafalgar Square, Water Hall Farm, 
Marsworth Upper Channel

6 Small Horse Fauna

Bacon Hole (Coarse Sand), 
Marsworth Lower Channel (layer 1), 
Balderton, Brighton Raised Beach, 

Portslade, Clevedon Cave

7 Mammoth-Horse Fauna

Aveley, Bielsbeck Farm, Bleadon Cave, 
Brundon, Harkstead, Ilford, 

Marsworth Lower Channel (layers 2+3), 
Northfleet, Selsey, Stoke Tunnel, Stutton, 

West Thurrock,
Crayford*, Hutton Cave*

9 Stage 9 Fauna Grays, Wolvercote Channel

11 Hoxnian Fauna Clacton, Hoxne, Swanscombe

13?

Cromerian Complex 
(See fig.2.4)

Boxgrove

15? Westbury-sub-Mendip

17? Pakefield/Kessingland

17? West Runton
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2.2 Earlv Middle Pleistocene Faunas

Many early Middle Pleistocene samples from the Cromer Forest Bed are 

contaminated with Early Pleistocene material (Lister 1993b; 1996b). Only sites with a 

clear early Middle Pleistocene signature and large sample sizes have been included in 

this study. West Runton and the Pakefield/Kessingland site group have been identified 

as producing largely early Middle Pleistocene specimens from the study o f elephant 

molars and antler remains (Lister 1993b; 1996b). Boxgrove and Westbury-sub-Mendip 

also fulfil the criteria. Early Pleistocene specimens from Westbury can be recognised 

by their stratigraphie position within the Siliceous Member at the base o f the sequence, 

and different preservation type (Bishop 1982).

2.2.1 West Runton, Norfolk

Collections: NCM, NHM.

Structure o f the deposits

Interglacial sediments are exposed at the base o f the cliff at West Runton. These 

form the type locality o f the Cromerian Interglacial. The whole unit has been termed 

the West Runton Freshwater Bed (WRFB) (West 1980). This occupies a broad shallow 

channel more than 400 m across, which is cut into sands and gravels o f Beestonian age. 

The channel fill consists o f basal marls with overlying organic sediments containing the 

mammalian fauna. The upper 70 cm o f the organic sediments are devoid o f molluscs 

and vertebrate remains.

Marine sediments overlie the WRFB. A few vertebrate specimens have been 

recovered from this layer, but they are likely to have been derived from the WRFB. 

Molluscs indicate a high boreal to low arctic subtidal environment and there is no 

transgressive sequence through a brackish phase (Preece & Parfitt 2000). There appears 

to be a depositional hiatus at the junction o f the WRFB and the marine sequence, but 

the duration o f the missing period is unknown. The sequence is topped by till, 

considered to represent the Anghan glaciation.

Palaeoenvironmental evidence

The WRFB appears to represent a slow-flowing river, surrounded by a mixed 

oak forest with a high proportion o f Tilia. Open vegetation types such as fen and heath 

were locally present on the floodplain. The organic deposits cover the opening stages o f 

a temperate period, with pollen zones I -  II represented (Stuart 1982). Evidence from 

the major groups o f palaeoenvironmental indicators, all suggests a lack o f
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thermophilous species. The majority o f extant plant and invertebrate species recorded 

inhabit similar habitats in East Anglia today (West 1980; Preece 1988; Coope 2000a). 

The presence o f two hamster species may indicate a slightly more continental climate 

(Preece & Parfitt 2000).

2.2.2 Fakefield/Kessingland/Corton, Suffolk

Museum Collections: BGS, NCM, NHM, UMZC, YM 

Structure o f the deposits

These three sites lie very close to each other on the Suffolk coast and similarity 

o f stratigraphie sequences, pollen evidence and mammalian faunas indicates that they 

can be correlated with each other (Stuart & Lister 2001). The stratigraphy o f the 

deposits exposed in the Pakefield/Kessingland cliffs was first described in the 19* 

Century (Blake 1877, 1890). These early findings have been confirmed by more recent 

studies on new exposures (West 1980; Stuart & Lister 2001). The oldest units are Early 

Pleistocene laminated marine silts and clays, but the majority o f deposits at the cliff- 

base and on the foreshore are early Middle Pleistocene (Stuart & Lister 2001).

Above the Early Pleistocene layers are red-brown sands and gravels o f river 

channel fills, containing mammalian remains. Overlying this unit is the ‘Rootlet Bed’, a 

much more extensive fossiliferous layer that may represent an overbank deposit (Stuart 

& Lister 2001). The ‘Rootlet Bed’ is overlain and cut by another channel feature. This 

has produced an important record o f Mimomys savini, foimd in situ in the deposits 

immediately overlying the ‘Rootlet Bed’ (Stuart & Lister 2001). The Corton sequence 

is very similar to Pakefield/Kessingland, with the ‘Rootlet Bed’ once again 

recognisable. The large mammals were collected fi’om this single horizon; there is not a 

lower unit o f fossil-bearing ferruginous gravels below the ‘Rootlet Bed’ as at 

Pakefield/Kessingland (Stuart & Lister 2001). At all the sites Anglian tills cap the 

sequence.

Palaeoenvironmental evidence

Pollen evidence fi'om these sites indicates the presence o f deposits covering 

zones II-III o f the vegetation development cycle. The majority o f mammalian 

specimens are associated with pollen zone II. The best pollen evidence for 

palaeoenvironmental reconstruction comes fi'om the ‘Rootlet Bed’ at Corton. This 

indicates regional temperate woodland with high levels o f Pinus and Alnus, fen and fen 

carr with a body o f shallow fi'eshwater (West 1980). 95% of pollen comes fi'om
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arboreal taxa, but the large-mammal fauna suggests that open grassy areas, as recorded 

by low levels o f Gramineae, Cyperaceae and Chenopodiaceae, must also have been 

present. In comparison to the WRFB more thermophilous species are recorded, 

particularly Salvinia natans (floating water fern) and Trapa natans (water chestnut), 

which indicate summer temperatures higher than today.

2.2.3 Westbury-sub-Mendip, Somerset.

Museum Collections: NHM 

Structure o f the deposits

The sequence recorded in the Westbury-sub-Mendip cave-fiU is extremely 

complex. The major structure o f a lower Siliceous Member representing the Early 

Pleistocene, and an upper early Middle Pleistocene Calcareous Member was recognised 

by Bishop (1982). However, the internal complexity o f the Calcareous Member had not 

been fully appreciated. During the excavations carried out by the Natural History 

Museum 19 stratigraphie units were identified (Andrews & Cook 1999). In all areas 

Unit 1 represents the Siliceous Member; Units 2-15 and Units 16-20 overly this layer in 

the western and eastern sequences respectively. These unit divisions were based on 

distinct lithologies and/or faunal assemblages. A number o f sub-units have also been 

identified. A link between the western and eastern sequences may occur in Units 15/8 

and 18 (Stringer et al. 1996) (table 2.3). Deposits and fossils appear to have 

accumulated by a range o f processes including cave bear hibernation, water transport 

and mud flows, accidental entry o f animals into the cave and the hunting behaviour o f a 

range o f raptorial predators (Andrews & Ghaleb 1999).

Palaeoenvironmental evidence

No pollen evidence is available fi'om Westbury Cave so palaeoenvrionmental 

reconstruction is based mainly on small mammal species using the taxonomic habitat 

index (Evans et al. 1981). The modem ecological preferences o f the species or genera 

recorded at Westbury have been used to produce a summary o f environmental 

conditions firom each unit (Stringer et al. 1996; Andrews & Stringer 1999). Lithology 

can also be used to provide palaeoenvironmental information and the results provided 

fi'om these two methods are summarised in table 2.3. A complex picture o f climatic 

variation emerges with two apparent episodes o f peak interglacial conditions (Units 11 

and 15/2+15/4) characterised by deciduous woodland, separated by cooler periods with 

tundra or boreal forest.
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Table 2.3; The stratigraphie sequence at Westbury-sub-Mendip, Somerset and palaeoenvironmental interpretation of each unit (after Stringer et al. 1996; Andrews 1999).

Western Sequence Eastern Sequence Taxonomic Habitat Index Climate indicated by 
mammals

Climate indicated by 
lithology

Unit 19
Yellow Breccia

T emperate/Boreal 
Southern Scandinavia

Cool Temperate Cyclical periglacial activity

Unit 15/8 
Rodent Earth

Unit 18 
Grey Breccia

Tundra
Northern Scandinavia

Cold
(coldest in sequence)

Unit 15/5 Cold

Unit 15/2 + 15/4 
Dark Silts

T emperate Woodland 
Southern Europe

Temperate
(warmest in sequence)

Speleothem formation 
15/2 Wet Temperate

Unit 15/1 + 15/3 
Lower Breccia

T emperate Woodland Cool Temperate 15/1 Periglacial

Unit 14
Grey Silty Breccia

Temperate/ Boreal 
Southern Scandinavia

Cold Periglacial conditions

Unit 13
Brown Breccia

Temperate/ Boreal 
Southern Scandinavia

Cool Temperate Freeze-thaw conditions

Unit 12
Dark Brown Breccia

T emperate Woodland Temperate

Unit 11 
Pink Breccia

Temperate Woodland 
South/Central Europe

Temperate Cold Temperate-Cold 
Speleothem formation

Unit 10
Yellow Silty Breccia

Temperate/ Boreal 
Southern Scandinavia

Cool Temperate CoUuvial mudflow/slurry 
(meltwater saturation?) 
modified under temperate 
conditions

U nits 
Red Silt

T emperate Woodland Temperate (water 
transported fauna)

Temperate

Units 2-5 Cave Bears No info Temperate (Unit 2)



At the top o f the sequence there is evidence o f a cold phase representing glacial 

conditions. Both o f the peak interglacial periods appear to have been characterised by 

climates as warm or warmer than southern Britain today (Andrews & Stringer 1999). 

The temperate periods indicated by mammalian evidence also coincide with periods o f 

speleothem formation (Andrews 1999; Preece & Parfitt 2000).

2.2.4 Amey’s Eartham Pit, Boxgrove, West Sussex

Museum Collections: NHM 

Structure o f the deposits

The Boxgrove sequence is part o f the Goodwood-Slindon raised beach and rests 

on a wave-cut platform at the base o f a high chalk sea-cliff. The sedimentary sequence 

records a progression fi'om the shallow marine conditions o f the Slindon Sands, to more 

terrestrial environments produced by regression in the Slindon Silts, through to the cold 

climate slope deposits o f the Eartham Gravels (table 2.4) (Roberts & Parfitt 1999). 

Above the Slindon Silts a thin palaeosol has developed (Unit 4c) indicating fully 

terrestrial conditions. This unit has produced a large proportion o f the mammalian 

remains.

Table 2.4: The stratigraphie sequence at Boxgrove, West Sussex (after Roberts & Parfitt 1999); the 

climatic interpretation assigned to each unit is shown.

Unit Description Member Climatic
Interpretation

Unit 10+11 Solifluction deposits

Eartham Upper 
Gravel Member

Cold
Units 5b,6,8 Upper Brickearth Beds Cold
6’3’Fe Dark Brown ferric 

stained horizon
Temperate

6 3 Calcareous silty clay Cold
Unit 7+8 Lower Cliff collapse Eartham Lower 

Gravel Member
Cool Temperate

Unit 5a Organic bed
Slindon Silt 
Member

Cool Temperate
Unit 4c Slindon soil bed Temperate
Units 4a+b Lagoonal/Intertidal

Beds
Temperate

Unit 3 Marine deposits Slindon Sand 
Member

Temperate

Units 1+2 Beach Gravel Slindon Gravel 
Member
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Palaeoenvironmental evidence

Only palaeoenvironments associated with the terrestrial part o f the sequence 

and their mammalian faunas will be discussed here. Pollen evidence is again lacking so 

environmental reconstructions have been based on mammalian taxa and lithology as for 

Westbury-sub-Mendip (section 2.2.3). The sedimentary sequence at Boxgrove reflects 

a complex pattern o f environmental change (table 2.4), covering part o f an interglacial 

cycle and the beginning o f a glaciation considered to be the Anglian (Parfitt 1999). The 

fauna o f the Unit 4c palaeosol indicates the presence o f a vegetational mosaic including 

grazed grassland, scrub and deciduous or mixed woodland. This fauna may however 

not represent peak interglacial conditions (Currant 1989); temperatures may have been 

cooler and climates more continental than Britain today (Preece & Parfitt 2000). Extant 

small mammal species recorded from the palaeosol co-occur in the western Ukraine 

and eastern Poland.

Above this unit climates fluctuate and gradually deteriorate; the fauna o f Units 

5a and 7-8 appear to suggest the presence o f woodland or scrub growing under cool 

temperate conditions. The first unit (6’3’) o f the Eartham Upper Gravel Member has a 

Taxonomic Habitat Index strongly indicating cold climate conditions, with a small 

mammal fauna dominated by boreal forest elements. A thin layer immediately 

overlying this bed (6’3’ Fe) is very similar to Unit 5a and indicates a return to more 

temperate deciduous woodland conditions. The uppermost layers recording mammalian 

evidence (Units 5b + 6) show a frirther shift towards cold open vegetation conditions 

with a loss o f woodland species and reduced species diversity.

2.3 01 Stage 11 Faunas

2.3.1 Hoxne, Suffolk

Museum Collections: BGS, IM, NHM 

Structure o f the deposits

The interglacial deposits represent an in-filled lake basin formed in a depression 

in Anglian till. A number o f strata can be recognised, and are divided into an upper and 

lower sequence, separated by an unconformity (table 2.5). There does not appear to be 

any break in deposition between the basal tills (Stratum G) and the interglacial deposits 

(West 1956). This would suggest that sedimentation began soon after the disappearance 

o f the ice and that the basin was not formed by later erosion o f the till. The first 

lacustrine unit is Stratum F and contains a red deer (C. elaphus) radius and metacarpal 

lying on top o f the Anglian till (West 1956). Directly overlying this layer are deposits
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considered to represent the onset o f interglacial conditions (Stratum E + D). These units 

are separated by an unconformity from the material o f the Upper Sequence. The 

majority o f the mammalian fauna is thought to have been present in the first level o f the 

Upper Sequence (Bed 1-4/Stratum C). Beds 5-9 are virtually devoid o f faunal remains, 

and record a deteriorating climate.

Table 2.5: The stratigraphie sequence at Hoxne, Sufiblk (after West 1956; Gladfelter 1993). The location 

of mammalian faunas and palaeoenvironmental information fi'om pollen and lithology are indicated. The 

position o f the depositional unconformity is shown.

Stratum (West 1956) 
Bed (Gladfelter 1975)

Description Palaeoenvironment Mammals

Bed 9 Gravelly sand Periglacial climate No Fauna

Bed 7+8 Laminated sands + 
silts

High NAP 
Ice wedge casts

No Fauna

Bed 6 Coarse gravel Similar to Bed 5 No Fauna
Bed 5 Brown silt 

(river)
Fluctuating AP and 
NAP

Scarce fauna - 
leaching

Stratum C /Beds 1-3 
(Bed 4 reworked 
from stratum C)
Stratum D

Lacustrine and 
fluvatile deposits

Peaty detrital mud

Zone IV (Illb-IVb) 

Zone III

Major faunal 
unit

Derived
Fauna

Stratum E Lacustrine clay-mud Zone I-II No Fauna
Stratum F Lacustrine clay-mud Cold climate C. elaphus 

radius + me
Stratum G Lowestoft Till Cold climate No Fauna

Palaeoenvironmental evidence

Evidence from a range o f different palaeoenvironmental indicators is available 

from Hoxne, including pollen (MuUenders 1993), Coleoptera (Coope 1993) and 

Mollusca (West 1956). Palaeoenvironmental evidence from Stratum F indicates a 

rapidly changing environment at the end o f the Anglian. Plant macrofossils from the 

base o f this unit are comparable to cold stage floras (Turner 1968) while pollen analysis 

covering more o f the deposit records cool rather than subarctic conditions. Arboreal 

pollen (AP) values are relatively high at 54%, but this largely consists o f Hippophaë 

and Betula. Coleoptera from this level are also indicative o f a rapidly changing climate 

with tundra and boreal as well as relatively southern species present. These faunas 

suggest mean July temperatures o f 10 °C, rising rapidly to 15 °C.

The remaining divisions o f the Lower Sequence record the opening phases of 

the temperate period and transition to optimum temperature conditions. This is marked
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by a rise in arboreal tree pollen and the development o f a mixed-oak forest. In Stratum 

C and Bed 4 at the base o f the Upper Sequence, locally open vegetation and a cool, 

humid climate are interpreted from the pollen assemblage. Open habitats are indicated 

by the presence o f Dryopteris and herbs as well as grassland voles e.g. Microtus and 

Pitymys sp. Stands o f temperate woodland were still present containing Alnus, Betula, 

Pinus and Abies. Thermophilous species o f the mixed-oak forest, including Hedera and 

Ilex are however poorly represented Limited numbers o f vertebrate specimens are 

recorded from above this level, which are again characterised by a mixture o f open and 

closed habitats. Beds 5 and 6 appear to be more temperate, with periods o f high non- 

arboreal pollen (NAP) associated with ice-wedge development in Beds 7 and 8.

2.3.2 Clacton-on-Sea, Essex

Museum Collections: CM, IM, NHM 

Structure o f the deposits

Samples from four sites in the area o f Clacton-on-Sea were combined for study. 

The sites included were: Channel I exposures at West Cliff, Lion Point, Butlin’s 

Holiday Camp and the Golf Course site at Jaywick. Although variation in the thickness 

o f the units occurs between the sites (Bridgland 1994), the generalised sequence 

outlined by Warren (1955) appears to be applicable in aU cases (table 2.6).

Table 2.6: The stratigraphie sequence at Clacton-on Sea, Essex (after Warren 1955).

Bed Description Definition Fauna + 
Palaeoenvironment

Surface soil and ‘trail’
Upper bedded gravel Cold climate

4 Estuarine sand with shells passing 
laterally into estuarine calcareous 
clay Estuarine Beds ‘Rhenish’ Mollusca 

Declining temperatures
3 Estuarine laminated clay
2 Loamy sands and clays Upper 

Freshwater Bed Mammalian fauna 
Optimum temperatures1 Clayey gravel and sand Lower 

Freshwater Bed
Lower Holland Gravel (northern 
edge channel)
London Clay

Cold climate
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Interglacial deposits are present in a complex river channel feature. The channel 

is generally cut into London Clay, but at its northern end it cuts through the Lower 

Holland Gravel o f the Thames-Medway. This bed is considered to be the downstream 

equivalent o f the Winter Hill Gravel, the last terrace formed before the diversion o f the 

River Thames (Bridgland 1994). Therefore the overlying interglacial deposits relate to 

the first post-Anglian interglacial stage. The interglacial units themselves record a 

marine transgression, with a transition fi'om fi'eshwater to estuarine beds up the 

sequence. The upper part o f the Lower Freshwater Bed has produced the largest 

collection o f vertebrate remains but some specimens have also been collected fi'om the 

Upper Freshwater Bed.

Palaeoenvironmental evidence

MoUuscan evidence indicates that the Clacton Channel contained a river with 

both fast and slow-flowing water and some marshy habitats. The gradual entry o f salt 

water into the river during the transgression is recorded in the proportions o f 

fi'eshwater, estuarine and marine moUuscan taxa present in the different beds. The 

‘Rhenish’ moUuscan fauna fi'om the Estuarine Beds is very simUar to those fi'om the 

Lower Middle Gravel at Swanscombe (section 2.3.3) (Kemey 1971).

PoUen analysis has been carried out through the use o f borehole samples (PUce 

& Godwin 1953; Turner & Kemey 1971). The Freshwater Bed has been assigned to 

poUen zone II-III (Turner & Kemey 1971), so the mammaUan fauna therefore appears 

to relate to the period o f peak interglacial conditions. The interpretation o f the 

vegetation is o f a river floodplain with marshland and occasional dry grassland habitats, 

along with fairly dense mixed oak woodland containing high levels o f Quercus and 

Alnus on higher ground. The poUen sequence fi'om the Estuarine Beds represents a 

period o f declining warmth, during which coniferous forests containing Abies became 

dominant (Pike & Godwin 1953).

2.3.3 Swanscombe, Kent

Museum CoUections: BGS, MAN, NHM 

Stmcture o f the deposits

The main Swanscombe sequence is described fi'om Bamfield Pit where a 

number o f systematic excavations have been carried out. Material coUected by A. T. 

Marston, A S. Kennard, B. and J. Wymer and J. Waechter, has been examined during 

this study. The relatively smaU sample o f large mammals firom Dierden’s Pit, Ingress
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Vale, Greenhithe, Kent, 430 m north west o f Bamfield Pit, was combined with these 

samples. These deposits have been correlated with the lower part o f the sequence at 

Swanscombe (Wymer 1968, Kemey 1971).

The stratigraphie sequence described at Bamfield Pit (Bridgland 1994; Conway

1996) appears to contain three phases o f deposition, with mammalian remains recorded 

from various levels in the first two phases (table 2.7). All deposits are interpreted as 

resulting from the activity o f the River Thames. The lowest unit o f the first phase o f 

deposition is the Basal Gravel (la). This bed is fluvial in origin, possibly representing 

the final part o f the periglacial episode that preceded the deposition o f the overlying 

interglacial units (Bridgland et al. 1985). It appears that no mammalian remains are 

present in this layer; museum specimens labelled ‘Basal Gravel’ probably were 

collected from the Lower Gravel unit above.

FuU interglacial conditions commence with the deposition o f the Lower Gravel 

(Ib), under relatively high-energy fluvial conditions. A localised bed above this layer 

consisting o f a concentration o f bones, pebbles, shells and artefacts is defined as the 

‘Midden Complex’ (Ic). The final unit o f the first depositional phase is the Lower 

Loam (Id). This also contains mammalian specimens and MoUusca indicative o f 

temperate conditions, but deposition appears to have occurred in a low-energy 

environment. The uppermost section o f the Lower Loam is weathered and decalcified. 

The land surface present on top o f this layer, as indicated by soil development (Kemp 

1985) and preservation o f mammalian footprints (Davies & Walker 1996), indicates a 

depositional hiatus. The break in fluvial deposition is thought to represent a cooling o f 

climate, associated with a drop in sea level.

The second phase o f fluvial deposition begins with the aggredation o f the 

Lower Middle Gravel (Ila). Sandy horizons within this layer have produced important 

collections o f MoUusca, which are very different in character from those recorded in 

the first depositional phase (Meyer & Preece 1995). The immigration o f the ‘Rhenish’ 

suite o f moUuscs may have been associated with the proposed drop in sea level 

involved in the break in deposition between phases 1 and 11 (Schreve 1997). A limited 

and poorly preserved mammalian fauna is also present in this level; specimens from 

earlier coUections are often only labeUed ‘Middle Gravel’, preventing a complete 

separation o f this material from the overlying Upper Middle Gravel (lib). MammaUan 

remains are considerably more abundant in this higher level.

Units above the Upper Middle Gravel have been assigned to a third phase o f 

deposition, although it is unclear whether there is a significant break in the sequence.
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Very few mammalian remains have been recorded from these levels. The Upper Sands 

contain evidence o f cold climatic conditions with ice-wedge casts and cryoturbation 

structures. The Upper Loam (IIIc) has been interpreted as representing temperate 

conditions, while the Upper Gravel (Hid) has been widely regarded as a solifluction 

deposit. Climatic deterioration at this point in the sequence is supported by evidence of 

periglacial disturbance o f the Upper Loam before deposition o f the Upper Gravel.

Table 2.7: The stratigraphie sequence at Swanscombe, Kent, with palaeoclimatic interpretation o f the 

various units (Conway 1996); the location of breaks between the different phases o f deposition are 

indicated. Correlation with the Oxygen Isotope Record is as proposed by Schreve (1997).

Depositional
Phase

Horizon Palaeoclimate OI sub-stage 
correlation

Illd Upper Gravel Cold 10?
IIIc Upper Loam Warm I la
Illb Channel deposits ‘Upper Sands’ Cold 11b
Ilia Soliflucted clay? Cold
Ilb Upper Middle Gravel Cool 11c
Ila Lower Middle Gravel Warm
le Weathered surface Lower Loam Cool l id
Id Lower Loam Warm
Ic ‘Midden Complex’ Warm l i e
Ib Lower Gravel Warm
la Basal Gravel Cold 12?

Thanet Sand

Palaeoenvironmental evidence

Molluscs and mammals from the Lower Gravel and Midden Complex suggest 

that fully temperate conditions have occurred by this point in the sequence (Schreve

1997). Conditions representing the early part o f a temperate phase (zone I/II?) have 

been proposed (Hubbard 1996). The presence o f Hedera confirms a mild oceanic 

climate. The terrestrial MoUusca from the Lower Loam are characteristic o f dry, warm 

grasslands but suggest the presence o f dry open woodland nearby (Kemey 1971). 

PoUen analysis confirms the presence o f mixed oak forest containing Alnus and 

Corylus (Hubbard 1996). A cooling o f climate is proposed to be associated with the 

break in deposition at the top o f the Lower Loam.

Conflicting evidence is provided by poUen and MoUusca from the Lower 

Middle Gravel. Terrestrial moUuscs indicate a more closed forest with subordinate 

open ground (Kemey 1971), while poUen records 75 % grass and herbs (Hubbard

1996). Suggestions o f pollen zone II and III have been made for these deposits (Kemey 

1971 ; Hubbard 1996). The poUen evidence from the Upper Middle Gravel is very
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similar to the Lower Middle Gravel, indicating relatively open conditions (Hubbard

1996). In this case the molluscs also indicate damp open grassland (Kemey 1971). 

Pollen evidence from the Upper Loam indicates the continuation o f temperate 

conditions (zone III) for a significant proportion o f this deposit, with the presence o f 

Hedera and Ilex (Hubbard 1996). Lithological evidence for cold climates can be found 

in the Upper Gravels.

Summarv

The sequence recorded at Bamfield Pit, Swanscombe is very complex and 

various interpretations have been put forward. A particularly difficult problem has been 

the number o f climatic episodes represented at the site. Conway (1996) suggests the 

presence o f both Stage 11 and Stage 9 interglacial deposits. However, this explanation 

is incompatible with the entire Swanscombe sequence being o f Thames origin, as 

downcutting occurred between these two interglacial periods (Bridgland 1994; Schreve

1997).

Using pollen analysis, Hubbard (1996) assigned all o f the deposits to a single 

temperate episode, but the simple sequence o f vegetational development associated 

with a temperate cycle is not observed. A more complex climatic picture including 

temperate and cool interglacial sub-stages can be proposed (table 2.7; Schreve 1997). 

The three phases o f deposition may relate to three temperate peaks in sub-stages l ie ,  

11c and 1 la. It is possible that cold sub-stages ( l i d  and 1 lb) are correlated with the 

evidence o f reduced temperatures from the top o f the Lower Loam and the Upper 

Sands respectively. Individual cycles o f vegetation development may have occurred in 

each o f the temperate sub-stages, explaining the presence o f possible pollen zone II-III 

communities in each o f these horizons.

Schreve (1997) has correlated the Lower Sequence at Hoxne with the first 

depositional phase at Swanscombe (l ie) ,  and the Upper Sequence with Swanscombe 

Phase II (11c). In both cases the sequence is divided by a depositional hiatus, thought to 

represent a period o f climatic cooling when sea level fell. Additional evidence in 

support o f this interpretation is the observation that at both sites the second temperate 

phase is characterised by more open vegetation types. The correlation o f the Clacton 

deposits with the Swanscombe sequence is less clear, although the Estuarine Beds may 

be related to the second temperate peak (1 Ic) on the basis o f the ‘Rhenish’ mollusc 

fauna.
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2.4 01 Stage 9 Faunas

2.4.1 Grays Thurrock, Essex 

Museum Collections: BGS, NHM, SMG, YM 

Structure o f the deposits

This sequence is once again associated with the post-diversion course o f the 

River Thames. The vast majority o f mammalian specimens from this site were 

recovered in the 19* Century. Very little remains o f the brickearths that contained the 

fossil assemblage, so only a small amount o f information on their structure is available. 

The majority o f mammals appear to have been collected from the shell beds (table 2.8), 

with specimens rarely found above these levels (Murchison 1868).

Table 2.8: The stratigraphie sequence at the Central Pit, Grays Thurrock, Essex (after Morris 1836)

Bed Description Fauna

8 Black mould
7 Burnt brickearth
6 Loam + red sand
5 Red/yellow/white sand
4 Brown sandy clay
3 Two beds o f shells MammaUa?
2 Blue clay (organic remains + MoUusca)
1 Gravel + sand

Palaeoenvironmental evidence

Due to the early date o f collection o f the mammalian specimens and the 

subsequent destruction o f the deposits by quarrying, very little palaeoenvironmental 

evidence is associated with this fauna. A shelly grey and brown sandy brickearth, 

which may be equivalent to the fossiliferous units from Grays Thurrock, has been 

described at the nearby Globe Pit, Little Thurrock (West 1969). Pollen analysis o f this 

deposit indicated temperate climates with a forest containing Pinus, Quercus and Alnus. 

The composition o f the fish community reveals that summer water temperatures must 

have been at least 18 °C (Schreve 1997). Small mammals indicate a range o f habitats 

from woodland to grassland.
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2.4.2 Wolvercote Brick Pit, Wolvercote, Oxfordshire

Museum collections: MAN, GUM 

Structure o f the deposits

The Wolvercote channel contains fluvial deposits o f the River Thames (table 

2.9). The Wolvercote Gravel at the base o f the sequence has been correlated with the 

Lynch Hill Gravel o f the Middle Thames (Bridgland 1994), which would suggest an OI 

Stage 9 age for overlying interglacial layers.

Table 2.9: Structure of the Wolvercote Channel deposits (after Sandford 1924, Bridgland 1994).

Bed Description Definition Fauna + Palaeoenvironment

6 Clayey-gravelly sand Periglacial activity
5 Laminated silt + clay

Wolvercote
Channel
Deposits

4 Peat (base o f Bed 5) Plant macrofossils, Coleoptera
3 Sandy gravel Shells
2 Calcareous gravel Bones + artefacts
1 Gravel Wolvercote

Gravel
Oxford Clay

Palaeoenvironmental evidence

The deposits appear to record the closing phase o f an interglacial, with 

periglacial conditions occurring at the top o f the sequence. Plant macro fossils and 

Coleoptera from Bed 4 indicate cool-temperate conditions (Blair 1923; Duigan 1956). 

Temperatures were probably not as cold as this during the deposition o f Bed 2 

containing mammal remains (Schreve 1997). Cooling climates have also been proposed 

from a small pollen sample near the top o f the sequence, which records a transition 

from pine-dominated forest to open conditions (Briggs et al. 1985).

2.5 01 Stage 7 Faunas

2.5.1 Sandy Lane Quarry and A13 sites, Purfleet Road, Aveley, Essex 

Museum Collections: NHM 

Structure o f the deposits

Specimens from excavations carried out at Sandy Lane Quarry by the Natural 

History Museum and J. Carreck in the 1960s, and recently at the A13 by D. Schreve 

have been included in this study. The interglacial sequence (table 2.10) accumulated in 

a channel o f the River Thames cut into London Clay (West 1969). Bed 1 o f the channel 

sequence is made up o f sandy and gravelly periglacial elements and is considered to

79



represent the pre-interglacial phase (Schreve 1997). These deposits represent the period 

o f main channel flow before the deposition o f the overlying interglacial Aveley Silt 

(Bed 2 + 4) in quiet water conditions. Variability in the presence o f small channels 

resulted in the occasional deposition o f organic/peaty layers e.g. Bed 3.

Two straight tusked elephant (P. antiquus) skeletons have been recovered fi*om 

Bed 2, along with small mammals and some other large mammal specimens e.g. E. 

ferus. This unit has been interpreted as an earlier phase (West 1969) or a separate sub

stage (Schreve 1997) o f the interglacial represented at Aveley. However, the majority 

o f remains examined in this study come fi*om the upper part o f the silty clay (Beds 3 + 

4) (Schreve 1997). The Upper Gravel (Bed 5) represents a return to cold climate 

conditions and contains evidence o f periglacial activity.

Table 2.10; The stratigraphie sequence at Aveley, Essex (after West 1969; Sutcliffe 1995b).

Bed Description Definition Fauna + Palaeoenvironment

6 Silt, sand, gravel Devensian deposits
5 Yellow sand + gravel Mucking Upper 

Gravel
Periglacial activity

4 Brickearth

Aveley Silt

MoUusca + Mammalia in basal 
calcareous part

3 Detritus mud (organic 
/peaty deposits)

M  primigenius skeleton 
Abundant plant remains

2 Shelly grey clays + 
silts

P. antiquus skeleton 
MoUusca

1 Basal gravel + sand Mucking Lower 
Gravel

Periglacial activity

London Clay

Palaeoenvironmental evidence

Pollen analysis fi’om Bed 2 indicates heavily wooded conditions during zone lib 

o f a temperate episode, with high levels o f Pinus, Quercus and Corylus (West 1969). 

The recorded fish community and southern European species such as the white-toothed 

shrew (Crocidura sp) indicate temperatures warmer than the present day (Schreve

1997). Bed 3 is characterised by much higher levels o f  non-arboreal pollen and is 

considered to represent pollen zone III, with open conditions on a river floodplain 

containing fen and marsh vegetation (West 1969). Pollen fi-om grasses, sedges and 

herbs dominates the assemblage, but woodland containing Pinus, Carpinus and Salix is 

also present. The thermophilous tree species Tilia, Quercus and Corylus decline during 

this period, and Hedera and Hex, recorded in low levels fl"om Bed 2, are also absent. 

Unfortunately no pollen has been recovered from Bed 4 in direct association with the
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major mammalian assemblage, but a continuation o f open vegetation with some 

woodland is assumed to occur (Schreve 1997).

2.5.2 Uphall Pit, Ilford, Essex

Museum collections: BGS, IM, MAN, NHM, YM

Structure o f the deposits

The deposits at Uphall Pit, Ilford are also a part o f the lower Thames system. 

The Ilford brickearths have a long history o f excavation, with the majority o f 

specimens being collected in the 19* Century for Sir Antonio Brady. Only temporary 

exposures o f the Uphall Pit sequence have been seen in recent years, so limited 

information about its structure is available (table 2.11). The basal gravels are 

considered to represent the Mucking formation, and moUuscan remains appear to have 

been obtained from sandy deposits interbedded with these layers (Schreve 1997). The 

mammalian assemblage seems to have been present in the brickearth overlying this 

shell gravel. A second gravel layer capped the sequence.

Table 2.11: The stratigraphie sequence in Uphall Pit, Ilford, Essex as described by Cotton (1847).

Bed Description Fauna

7 Vegetable soil with gravel
6 Coarse gravel + yellow sand
5 Brickearth (various shades o f brown) A few bones
4 Light brown brickearth Numerous bones
3 Irregular yellow + brown sand Abundant bones in upper part
2 Fine yellow 4- white sand Freshwater shells
1 Coarse gravel

Palaeoenvironmental evidence

Very little independent palaeoenvironmental evidence can be associated with 

the mammalian fauna from Ilford. No pollen evidence is available from the deposits, as 

it is unclear whether the pollen evidence from the Seven Kings site is related to the 

mammalian fauna from the Uphall Pit (Schreve 1997). The mammalian fauna itself 

contains a number o f species indicating open vegetation conditions, particularly the 

grazing mammoth and horse. Woodland habitats must have been present also as species 

such as Castor fiber  (European beaver) are recorded.
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2.5.3 Tunnel Cement Works Quarry, West Thurrock, Essex 

Museum collections: NHM 

Structure o f the deposits

The stratigraphie sequence o f the quarry (table 2.12), and the presence o f 

mammalian remains were first reported by Abbott (1890). Abbott's small collection o f 

large mammal specimens was rediscovered at the Wellcome Institute, London (Carreck 

1976). The sequence is very similar to the other Lower Thames sites o f this age at 

Aveley (section 2.5.1) and Ilford (section 2.5.2), with gravel units found both above 

and below the mammal-bearing deposits. Bones were mainly collected fi’om Beds 3 and 

3’.

Table 2.12: The stratigraphie sequence at West Thurrock, Essex (after Abbot 1890).

Bed Description Fauna +
Palaeoenvironment

7 Mixed stony clay + loam Periglacial activity
6 Coarse subangular gravel
5 Calcareous clay MammaUa + MoUusca
3’ Fine sand, no current bedding MammaUan remains
4 Clay lenticle
3 Light brownish-grey sand, current bedded in 

lower part, passing into clay or sUt
MammaUan remains

2 Sandy gravel
1 Buried chaUc cliff

Palaeoenvironmental evidence

MoUuscan species indicate the presence o f slow-moving fresh water with 

adjacent grassland and/or marshy habitats (Schreve 1997). This is supported by the 

nature o f the mammalian fauna, but a single record o f the wood mouse (Apodemus sp.), 

perhaps suggests the presence o f local woodland (Schreve 1997).

2.5.4 The Cray ford Brickearths, Cray ford and Erith, Kent

Museum coUections: BGS, MAN, NHM, SMG, YM 

Structure o f the deposits

A number o f brickearth pits were present in the Crayford area, but they aU 

appear to have contained the same stratigraphie sequence (Schreve 1997). The deposits 

are banked against a steep cliff cut into ChaUc/Thanet Sand. The lowest bed is proposed 

to be o f fluvial origin and contains a contemporary mammal community, as weU as 

some derived material. However, the upper units may represent slope deposits 

accumulated over a long time period (Kennard 1944). The lowest unit is the Crayford

82



Gravel (table 2.13). A depositional hiatus occurred after this unit had been laid down, 

allowing the development o f a land surface. Evidence o f animal butchery sites were 

preserved on top o f this layer (Spurrell 1880).

The gravels are overlain by the Lower Brickearth, which is described as having 

contained the majority o f organic remains (Kennard 1944). The top o f this unit includes 

the 'Corbicula Bed’, a river channel with abundant remains o f molluscs and small 

mammals. Mammal bones are also recorded from the Upper Brickearth (Kennard 

1944). Vertebrate remains are therefore present in a number o f horizons at Crayford, 

but very little information about the provenance o f individual specimens is available. 

The unavoidable inclusion o f material from the Lower Gravel and Upper Brickearth in 

the study is particularly problematic, as these samples may represent different time 

periods from the main Lower Brickearth accumulation. Parts o f the Crayford sequence 

are correlated with 01 Stage 7 on the basis o f mammalian bio stratigraphy and height 

relationships with other Thames sites such as Aveley and Ilford (Schreve 1997).

Table 2.13: The stratigraphie sequence at Crayford, Kent (after Kennard 1944).

Bed Description Fauna

3 Upper Brickearth Mammahan remains, Pisidium sp.

Corbicula Bed Molluscs and small mammals
2 Lower Brickearth 

Land surface

Major accumulation o f mammalian 
remains, molluscs uncommon
in situ artefacts and butchered mammals

1 Crayford Gravel Contemporary and derived mammalian 
remains

Palaeoenvironmental evidence

Molluscs from the Lower Brickearth indicate temperate climates and include 

two terrestrial species that inhabit open grassland (Kennard 1944). The only record o f a 

plant species from Crayford also relates to the Lower Brickearth. This is Castanea 

sativa (sweet chestnut), a species common in modem Mediterranean communities 

(Kennard 1944). Among the small mammal fauna a number o f species are represented 

that indicate steppe grassland habitats, e.g. Citellus citellus, Dicrostonyx torquatus, 

Lemmus lemmus (Schreve 1997). These records, combined with evidence from 

molluscs and plants, suggest an interglacial, continental climate with an open, steppe

like environment during the deposition o f the Lower Brickearth.
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2.5.5 Ebbsfleet Valley, North fleet, Kent

Museum collections; NHM 

Structure o f the deposits

This is a complex site covering a range o f climatic conditions and has produced 

one o f the largest assemblages o f Levallois artefacts from Britain. In comparison the 

large mammal fauna is relatively insignificant and was mainly found in a gravel 

channel fill (Schreve 1997). The sequence has been associated with the 

Taplow/Mucking Formation o f the Lower Thames, indicating an 01 Stage 7 correlation 

for the temperate beds (Bridgland 1994).

Palaeoenvironmental evidence

Evidence from MoUusca and smaU mammals indicates that the fluvatUe gravel, 

containing the majority o f the mammahan fauna, was deposited during temperate 

conditions (Wenban-Smith 1995). The smaU mammal assemblage is dominated by 

Microtus oeconomus and Microtus agrestis, supporting the presence o f an open 

grassland habitat, as indicated by the Mammuthus-Equus fauna.

2.5.6 Jordan’s Pit, Brundon, Suffolk

Museum coUections; CM, IM, NHM 

Structure o f the deposits

The interglacial sequence at this site has been interpreted as representing fluvial 

deposits o f the River Stour. Both above and below these units there is evidence o f 

glacial activity (Moir & Hopwood 1939). A large sample o f mammahan remains was 

recovered from the base o f the interglacial layers (Bed 3) associated with a palaeo-land 

surface (table 2.14). The fauna is correlated with 01 Stage 7 using mammahan 

biostratigraphy (Schreve 1997).

Table 2.14: The stratigraphie sequence at Brundon, Suffolk (after Moir & Hopwood 1939)

Bed Description Fauna + Palaeoenvironment

1 Surface humus
2 Unstratified sandy clay
2a Contorted, tumbled gravel Solifluction deposit
3 Yehowish Gravel, 

horizontahy stratified (fluvial)
Mammahan remains 
Freshwater + terrestrial MoUusca

4 Grey, compact, unstratified clay Temperate freshwater MoUusca
5 Coarse red gravel Melt water deposit
6 Chalky boulder clay Glacial deposit
7 Stratified chalky, sandy gravel /sand Glacial deposit
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Palaeoenvironmental evidence

The moUuscan assemblage indicates the presence o f open grassland with some 

scrub vegetation; woodland species are absent (Moir & Hopwood 1939). The moUuscs 

Corbicula fluminalis and Belgrandia marginata occur at the site, both o f which have 

modem distributions in southern Europe, and confirm the presence o f interglacial 

conditions. No poUen evidence or smaU mammals are avaUable, but the characteristics 

o f the Mammuthus-Equus assemblage support the occurrence o f open vegetation 

conditions.

2.5.7 Stoke Bone Bed, Stoke Tunnel, Ipswich, Suffolk

Museum coUections: IM 

Structure o f the deposits

The base o f the sequence at Stoke Tunnel appears to represent fluvial and 

glacial conditions (table 2.15). These layers are overlain by interglacial sediments, 

which represent the in-fiUing o f a fluvial channel, the majority o f bones originating 

fi’om the purple clays and ‘black bone bed’. The unit is capped by coUuvial or 

soliflucted deposits o f a cold stage (table 2.15), although it is unclear whether 

deposition from the interglacial levels is interrupted. The mammahan fauna is of 

Mammuthus-Equus type, suggesting in this setting a correlation with 01 Stage 7 

(Schreve 1997).

Table 2.15: The stratigraphie sequence at Stoke Tunnel, Suffolk (after Layard 1920).

Bed Description Fauna

9 Black humus
8 Coarse red gravel
7 Laminated loams + brickearth
6 Iron-stained sandy clay Poorly preserved mammahan bones
5 Clay, varying in colour White: no mammahan bones 

Purple: mammahan bones (fragUe)
Black: mammahan bones (good condition)

4 ‘ChaUcy boulder clay’
3 ‘Middle glacial sands’
2 Red gravels Reworked Red Crag sheUs
1 Red Crag sands
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Palaeoenvironmental evidence

Fully interglacial conditions, with summer temperatures slightly higher than 

today, can be proposed from the record o f Emys orbicularis (European pond tortoise) at 

this site. Pollen analysis indicates that the vegetation associated with the fossiliferous 

beds can be assigned to zone IV (West 1977) and was therefore relatively open. The 

presence o f large areas o f open grassland is supported by evidence o f grassland rodents 

{Microtus agrestis/arvalis, Microtus oeconomus), but some mixed/deciduous woodland 

must have been nearby as wood mouse {Apodemus sylvaticus) is also recorded.

2.5.8 Stutton, Suffolk

Museum collections: IM 

Structure o f the deposits

No large-scale excavations have been carried out at this site and no stratigraphie 

sequences have been published. The fauna appears to have been present in grey sands 

and loams overlying gravels (Wymer 1985) and deposited under fluvatile/estuarine 

conditions. An 01 Stage 7 correlation is again made on the basis o f biostratigraphic 

evidence (Schreve 1997).

Palaeoenvironmental evidence

The large moUuscan assemblage from Stutton includes seven species, absent 

from the modem British fauna, which today have southern or central European 

distributions (Sparks & West 1963). This indicates the presence o f temperate 

interglacial conditions but a rather continental climate. The MoUusca have also been 

interpreted as displaying evidence o f climatic deterioration up the sequence (Sparks & 

West 1963), which would suggest the deposits date from the end o f a temperate 

episode. A limited amount o f poUen evidence gives a late zone III age, with high 

frequencies o f Pinus and Carpinus among tree species (Sparks & West 1963). Open 

vegetation species are relatively poorly represented as poUen, but the present o f a range 

o f grassland voles indicates that such habitats must have been present (Schreve 1997). 

The presence o f the moUuscs Vallonia and Pupilla also indicates locaUy open and un

wooded conditions (Sparks & West 1963).
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2.5.9 Harkstead, Suffolk

Museum collections: IM 

Structure o f the deposits

The mammalian remains Jfrom Harkstead are thought to be from the same 

context as those from nearby Stutton (section 2.5.8). A similar lack o f information 

concerning the details o f the structure o f the deposits is available from this site. Some 

remains are though to have come from the ‘brickearth’ beds, while others were 

collected on the foreshore (Schreve 1997). The mammalian fauna indicates correlation 

with 01 Stage 7 (Schreve 1997).

Palaeoenvironmental evidence

E. orbicularis has been recovered from this site, indicating interglacial 

conditions and summer temperatures o f at least 17-18 °C (Stuart 1982). No moUuscan 

or poUen evidence is available, but the palaeoenvironmental interpretation is proposed 

to be similar to that for Stutton (section 2.5.8) (Schreve 1997).

2.5.10 Selsey, West Sussex

Museum coUections: BMB, NHM 

Structure o f the deposits

The interglacial beds He at or just below O.D. and record a channel fiU during 

conditions o f rising sea level. The sequence (table 2.16) consists o f freshwater organic 

muds, overlain by estuarine clays and raised beach deposits (West & Sparks 1960). The 

correlation with 01 Stage 7 is based on biostratigraphy (Schreve 1997).

Table 2.16: The stratigraphie sequence at Selsey, West Sussex (after West & Sparks 1960).

Bed Description Fauna + Palaeoenvironment

Brickearths
Raised beach

4 Brown-grey sUty estuarine clay 
(weathering product o f Bed 3?)

Hydrobia + Scrobicularia

3 Grey sUty clay Hydrobia immediately prior to marine 
transgression

2 Dark brown coarse detrital mud Skeletons o f P. antiquus + S. 
hemitoechus, MoUuscs

1 Variable green or brown freshwater 
sUt or clay
Eocene Bracklesham Beds
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Palaeoenvironmental evidence

Analysis o f pollen and plant macro fossils from the top o f Bed 1 indicates high 

levels o f non-arboreal pollen, with the major tree species Betula and Pinus (West & 

Sparks 1960). In Bed 2, associated with the mammalian fauna, a rise in arboreal pollen 

and decline in aquatic plants occurs, suggesting the development o f carr communities 

(West & Sparks 1960). Pinus and Betula maintain their dominance initially but are 

eventually replaced by Quercus. In the freshwater levels both Hedera and Ilex are 

recorded indicating mild oceanic conditions. A number o f aquatic marsh species that 

rarely fruit in Britain today are also present, suggesting relatively high summer 

temperatures (West & Sparks 1960). This interpretation is supported by the presence o f 

E. orbicularis at the nearby site o f West Wittering.

Non-arboreal pollen occurs in relatively low percentages, indicating fairly 

complete regional forest cover during the deposition o f Bed 2 (West & Sparks 1960). 

However, the presence o f grassland species such as Mammuthus primigenius and 

Microtus arvalis/agrestis would argue for the availability o f open vegetation habitats 

(Schreve 1997). The transition from freshwater to estuarine conditions is marked by 

changes in the marsh and aquatic flora as well as the appearance o f molluscs such as 

Hydrobia.

2.5.11 Bielsbeck Farm, East Yorkshire

Museum collections: YM 

Structure o f the deposits

A section from this site was described by Harcourt (1829). The mammalian 

remains were apparently present in Beds 1 and 2 (table 2.17). The composition o f the 

fauna indicates correlation with 01 Stage 7 (Schreve 1997).

Table 2.17: The stratigraphie sequence at Bielsbeck Farm, East Yorkshire (after Harcourt 1829).

Bed Description Fauna

5 Black sand
4 Yellow sand
3 White gravel
2 Blue marl C. elaphus, S. hemitoechus, elephant
1 Blacker marl B. primigenius, P. leo

MoUusca, Coleoptera + plant remains
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Palaeoenvironmental evidence

Little palaeoenvironmental evidence is available, as pollen and small mammals 

have never been collected. An interglacial environment can however be proposed. The 

molluscs from Bed 1 include terrestrial, marsh and freshwater species (Harcourt 1829). 

The large mammal community is very similar to other Stage 7 sites where a mosaic 

habitat o f open and woodland vegetation types has been proposed.

2.5.12 Bleadon Cave, Somerset

Museum collections: NHM, SCM 

Structure o f the deposits

The excavations at Bleadon Cave took place in the 19* Century and were 

directed by W. Beard. The large collections o f mammalian bones from the site were 

intensively studied during this period (Dawkins & Sandford 1866-1872). Little recent 

work has however been carried out on these collections, mainly due to their 

inaccessibility at the Somerset County Museum, Taunton (Currant 2000). Thankfully 

this situation has now been resolved and examination o f this important material was 

possible during the course o f the project. Little is known about the structure o f the 

deposits in Bleadon Cave. No information was published from the period of 

excavation, when the deposits were more complete. Recent re-examination o f the 

remaining material by A. Currant has indicated that the bones were deposited in an 

ochreous cave earth, which may represent a debris flow (Schreve 1997; Currant 2000). 

Correlation with 01 Stage 7 is based on biostratigraphy (Schreve 1997).

Palaeoenvironmental evidence

The mammalian fauna includes elements such as S. scrofa and P. antiquus that 

are restricted to British interglacial climates (Schreve 1997). The fauna includes a high 

proportion o f carnivore species, especially lions, which may have used the cave as a 

den. Small mammal species such as Citellus cf.citellus (ground squirrel) and M  

oeconomus indicate the presence o f open vegetation types (Schreve 1997), although the 

provenance o f this material may be suspect. The unusually high levels o f S. scrofa 

would argue for the presence o f some woodland in the area also.
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2.5.13 Hutton Cave, Somerset

Museum collections: NHM, SCM 

Structure o f the deposits

This fossil site was first described in the 18^ Century and was re-excavated in 

the 19* Century at a similar time to the nearby Bleadon Cave (section 2.5.12). The 

location o f the cave is unknown at present and therefore very little information is 

available relating to the structure o f the deposits. The bones were probably collected 

fi*om an ochreous deposit, which was formed by a debris flow (Schreve 1997; Currant 

2000). The bones have a distinctive and consistent preservation type. The restricted 

fauna has been tentatively correlated with 01 Stage 7 using biostratigraphic evidence 

(Schreve 1997).

Palaeoenvironmental evidence

A high proportion o f C. lupus and C  crocuta remains are present in the cave, 

which may indicate that it was used as a den by these species. The occupation by 

hyaenas may not have been contemporary with the accumulation o f the other faunal 

elements as specimens show little evidence o f gnawing. Allocricetus bursae (dwarf 

hamster) and Dicrostonyx torquatus (collared lemming) are recorded in the small 

mammal fauna, which suggest a continental, steppe environment and possibly cooling 

climatic conditions (Schreve 1997). However, once again the provenance o f this 

material in uncertain.

2.5.14 The Lower Channel, Pitstone Quarry, Marsworth, Buckinghamshire

Museum Collections: BCM 

Structure o f the deposits

This site contains a complex sequence o f deposits (table 2.18). These have been 

interpreted as representing multiple Isotope Stages (Green et al. 1984) and are therefore 

critical to the reinterpretation o f British Pleistocene stratigraphy in relation to the 

Oxygen Isotope Record (section 2.1.4). Two separate channel fills have been 

recognised; the Lower Channel is described here and the Upper Channel containing 

evidence o f a ‘hippo fauna’ (01 Stage 5e) will be discussed in section 2.7.6.

The Lower Channel is cut into chalk bedrock and is in-filled by the deposits o f a 

shallow stream (Green et al. 1984). The first two units are considered to represent 

sediment accumulation under temperate conditions in 01 Stage 7. Layer 3 consists o f 

sands and gravels and is overlain by an organic mud (Layer 2). Mammalian remains
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have been recovered from both o f these layers, but the organic mud has produced a 

range o f other materials including lumps o f travertine, molluscs, ostracods, beetles, 

pollen and plant macro fossils. Layer 1 represents the uppermost unit o f the Lower 

Channel sequence, and also extends beyond the limits o f the palaeo-channel itself. This 

is a chalky mud containing lenses o f sand and gravel and is interpreted as a coUuvial 

deposit, representing a transition to cold climates. MammaUan remains have also been 

coUected from Layer 1 and are considered to represent an 01 Stage 6 cold stage 

community. The Lower Channel units are covered by a coarse head o f chaUc and flint 

(Coombe Rock) that was produced by soUfluction and contains periglacial features.

Table 2.18: The stratigraphie sequence at Marsworth, Buckinghamshire (after Green et al. 1984). 

Climatic conditions during deposition of the various beds are indicated, along with the proposed 

correlation with the Oxygen Isotope Record.

Bed Description Fauna/Lithological features Climatic
conditions

OI
Stage

Top SoU
Upper Channel MammaUan remains Temperate 5e
Coombe Rock Periglacial activity Cold

6Layer 1
Chalk muds with 
waterlain sand 
and fine gravel

MammaUan remains Cold

Layer 2 Organic mud

MammaUan remains. 
Coleoptera, Ostracoda, 
MoUusca, plant macrofossUs, 
poUen, travertine.

Temperate 7

Layer 3 GraveUy Sand MammaUan remains Temperate
Lower ChaUc

Palaeoenvironmental evidence

The majority o f palaeoenvironmental information comes from Layer 2 (Green 

et al. 1984). PoUen and plant macrofossUs indicate plant communities dominated by 

Graminae with Cyperaceae and grassland herbs also represented. Arboreal and shrub 

poUen is recorded only in low levels and consists mainly o f Pinus. Terrestrial MoUusca 

and Coleoptera provide support for this picture o f an open vegetation community and 

are dominated by marshy grassland species. Indicators o f the presence o f woodland 

conditions are provided by MoUusca and leaf impressions on the travertines, but both 

o f these may be reworked from earUer sources. The Coleoptera from Layer 2 indicate 

fuUy temperate conditions with a high degree o f continentaUty, and late in the sequence 

may record a decUne in temperatures.
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AU of the mammal species recorded in Layer 2 are also present in Layer 3, 

which would suggest no significant difference in palaeoenvironments between the 

layers (Schreve 1997). However, a very different climate is proposed for Layer 1. 

These deposits are interpreted as the product o f coUuvial deposition under cold-cUmate 

conditions and are overlain by the Coombe Rock representing a fiiUy periglacial 

cUmate (Green et al. 1984).

2.6 01 Stage 6 Faunas

2.6.1 Balderton Sand and Gravel, Lincolnshire

Museum coUections: UMZC 

Structure o f the deposits

The mammaUan remains have been coUected fi*om a series o f six gravel pits in 

the Balderton Sand and Gravel (Brandon & Sumbler 1991 ; Lister & Brandon 1991). 

The deposits have been assigned to the Balderton Terrace o f the River Trent and 

represent the infiU o f a broad, shaUow channel (Brandon & Sumbler 1991). Studies of 

terrace stratigraphy (Brandon & Sumbler 1988, 1991) and amino-acid racémisation o f 

MoUusca (Bowen et al. 1989) indicate an 01 Stage 6 age for the aggredation o f the 

Balderton Sand and Gravel. This deposit comprises a poorly sorted gravel and a 

medium to coarse-grained sand matrix. A large number o f ice-wedge casts provide 

evidence o f periglacial activity, but these are absent fi-om the lowest 2 m o f the unit 

(Brandon & Sumbler 1991).

Channels infiUed with sUty deposits occur within the lowest 2m o f the 

Balderton Sand and Gravel. These contain plant macrofossUs and poUen, moUuscs, 

ostracods, beetles and occasional vertebrate remains, including M  primigenius molars 

o f ‘advanced type’ (Brandon & Sumbler 1991). Although the majority o f the 

mammaUan remains were not found in situ, they are thought to have been located in 

these lower deposits (Lister & Brandon 1991). The position o f these organic deposits 

below evidence o f periglacial activity indicates a position early in Stage 6 for the 

Mammalian fauna

Palaeoenvironmental evidence

A summary o f palaeoenvironmental evidence relating to the Balderton fauna 

fi-om various indicators is present in Brandon & Sumbler (1991). PoUen from the base 

o f the Balderton Sand and Gravel indicates open herbaceous vegetation, where grasses 

dominate over sedges and significant populations o f trees and shrubs are lacking. The

92



mollusc fauna from one o f the silty channels is low in diversity, but does not include 

specifically arctic or alpine elements. Ecologically tolerant species present in the 

modem British fauna are recorded. Coleoptera from the same channel deposits indicate 

open habitats and a cold continental climate, with mean July temperatures o f 10 °C and 

January temperatures reaching -20  °C.

The composition o f the mammal assemblage supports the placing o f the fauna 

in a period o f rapidly changing climate between interglacial and cold climate 

conditions, where rich, open herbaceous vegetation was available and temperatures 

varied from sub-arctic to relatively temperate (Schreve 1997). It includes generally 

interglacial species such as P. antiquus and S. hemitoechus, as well as R. tarandus and 

O. moschatus, species thought to be good indicators o f cold climatic conditions.

2.6.2 Black Rock Raised Beach, Brighton, East Sussex

Museum Collections: BGS, BMB, NHM 

Structure o f the deposits

The Brighton-Norton Raised Beach is the lowest o f a series o f raised beach 

deposits on the Sussex coastal plain, and has been securely dated to 01 Stage 7 (Keen 

1995). Chalky solifluction deposits o f a cold stage overhe the interglacial raised beach 

(table 2.19), and can be divided into two units according to their depositional dips 

(Parfitt et al. 1998). At the contact between the two horizons there is evidence for 

development o f a palaeosol, which has been assigned to OI Stage 5 (Keen 1995). The 

upper part o f the ‘Coombe Rock’ described by Mantell (1883), may therefore represent 

periglacial activity o f the Devensian. Mammalian remains appear to have been 

collected from both the solifiuction and the beach deposits. However, the majority o f 

specimens can be assigned to the lower part o f the ‘Coombe Rock’ on the basis of 

preservation type (Schreve 1997; Parfitt et al. 1988).

Table 2.19: The stratigraphie sequence at Black Rock, Brighton (after Parfitt et al. 1998).

Bed Description Fauna + features

5 Involuted layer
4 Fine head. Depositional dip -1 0 °
3 Coarse head.

Top of unit pedogenesis?
Depositional dip ~ 30° 
majority o f mammalian remains?

2 Blown sand
1 Raised Beach Temperate MoUusca
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Palaeoenvironmental evidence

Palaeoenvironmental data associated with the fauna are limited, as no evidence 

from plants or small mammals is available. The nature o f the solifluction deposits is 

evidence o f cold climatic conditions. This interpretation is supported by the 

mammalian fauna, which contains no elements restricted to temperate environments.

2.6.3 Portslade, East Sussex

Museum collections: BMB 

Structure o f the deposits

The deposits at Portslade are a westward continuation o f the raised beach at 

Black Rock Brighton (section 2.6.2). The majority o f mammalian remains from this site 

were collected at the end o f the 19^ Century and include the characteristic small horse 

form although their stratigraphie context is not recorded in detail (Parfitt 1998). 

However, it appears that the majority o f bones were found in brickearth layers 

overlying marine sands and the base o f the ‘Coombe Rock’ in a similar situation to that 

at Black Rock, Brighton.

Palaeoenvironmental evidence

No palaeoenvironmental indicators are directly associated with the Portslade 

mammal fauna. Recent palaeoenvironmental investigations have been carried out at 

Norton Farm, a site that forms part o f the same raised beach and also contains evidence 

o f small horses (Bates 1998; Bates et al. 2000). Pollen and moUuscan evidence suggests 

cool to cold climates and the presence o f grass and herb-dominated vegetation, with 

areas o f disturbed ground in association with the mammal community.

2.6.4 Clevedon Cave, Somerset

Museum coUections: BGS 

Structure o f the deposits

Clevedon Cave was excavated during the early part o f the 20* Century, and is 

though to have been completely fiUed with breccias and sands (table 2.20), that also 

extended outside the cave (Davies 1907). The mammaUan fauna appears to relate to the 

lower breccia (Schreve 1997). Correlation with 01 Stage 6 is based on the presence o f 

biostratigraphic markers, such as E. ferus o f smaU body size and large M. oeconomus 

with distinctive molar morphology (Schreve 1997).
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Table 2.20: The stratigraphie sequence in Clevedon Cave, Somerset (after Davies 1907; Palmer & 

Hinton 1929).

Bed Description Fauna

4 Recent humus + stony loam
3 Upper limestone breccia, lenticular 

seams o f sand
Some smaU mammals in sandy seams

2 AeoUan sand + loam No mammals, sheU fragments
1 Lower limestone breccia Majority o f mammaUan fauna

Palaeoenvironmental evidence

The nature o f the Clevedon Cave breccias and sands provides evidence o f cold 

and dry climatic conditions during their deposition. The moUuscan fauna from the site 

is characterised by species o f open ground (Greenly 1922). M  oeconomus has a 

modem distribution in the tundra and taiga zones o f continental Europe (Stuart 1982).

2.6.5 Layer 1, Lower Channel, Pitstone Quarry, Marsworth, Buckinghamshire

Museum coUections: BCM

MammaUan remains from Layer 1 o f the Lower Channel have been assigned to 

OI Stage 6 (Green et al. 1984; Schreve 1997). The structure o f the deposits, and 

evidence relating to the palaeoenvironment during the deposition o f Layer 1 and its 

correlation with Stage 6 are described in section 2.5.14.

2.6.6 Coarse Sands, Bacon Hole, Gower Peninsula, West Glamorgan

Museum coUections: NHM

The Coarse Sands form the base o f the sequence at Bacon Hole, and contain a 

smaU sample o f mammaUan remains (Stringer et al. 1986). This unit has been attributed 

to 01 Stage 6, as it contains evidence o f cold climate conditions and Ues below raised 

beach deposits that have been dated to the Sub-Stage 5e high sea level stand (Stringer 

et al. 1986; Sutcliffe et al. 1987). CriticaUy, E. ferus  specimens o f smaU body size have 

been recovered from this horizon. The structure o f the Bacon Hole deposits, 

palaeoenvironmental evidence and dating o f the sequence wiU be discussed more fiiUy 

in section 2.8.1.
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2.7 01 Stage 5e Faunas

2.7.1 Barrington, Cambridgeshire

Museum collections: BGS, IM, MAN, NHM, SMG, UMZC, YM 

Structure o f the deposits

The Barrington Beds occur in a terrace on the northern side o f the Ashwell 

River Cam and occupy a channel cutting through the underlying Anglian till (Gibbard 

& Stuart 1975). The channel fill consists o f an undififerentiated bed o f fluvial deposits, 

containing marl, loam, sand and gravel (Fisher 1879; Hughes 1911). The majority o f 

mammal bones appear to have been found in the ‘pebble bed’ at the base o f the 

Barrington Beds. The channel is overlain by glacial deposits. The mammalian remains 

constitute a classic ‘hippo fauna’ and so are correlated with 01 Stage 5e.

Palaeoenvironmental evidence

Pollen analysis had been carried out on sediment samples collected fi*om H. 

amphibius and S. hemitoechus specimens (Gibbard & Stuart 1975). A dominance o f 

non-arboreal pollen including grasses and herbs is found, indicating the presence o f 

short grass communities close to the river. There is evidence o f the trampling activities 

o f large mammals, with species characteristic o f disturbed ground represented. This 

open vegetation community may have been produced by the grazing activity o f 

megafauna, especially H. amphibius, close to the river. The degree o f grassland 

vegetation may also have been exaggerated by H. amphibius activity preferentially 

bringing pollen fi-om these plant types into the depositional environment. Mixed-oak 

forest habitats were certainly also present in the vicinity and were dominated by 

Quercus and Pinus. The composition o f the thermophilous tree community indicates 

full interglacial conditions, probably in zone II o f the vegetation development cycle.

2.7.2 Restaurant Site, East Mersea, Essex 

Museum collections: CM, IM, NHM 

Structure o f the deposits

The interglacial sequence fill a channel o f the River Blackwater cut into London 

Clay (Bridgland 1994). The majority o f mammalian bones collected fi-om this site 

appear to have come fi-om the gravel unit, although the sandy silt unit has also been 

observed to contain bones and shells (table 2.21). The presence o f H. amphibius 

indicates correlation with OI Stage 5e.
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Table 2.21 : The stratigraphie sequence at the East Mersea Restaurant Site, Essex (after Bridgland 1994)

Bed Description Fauna

3 Clayey sUt, weathered (Brown)
2 Sandy sUt Bones + sheUs
1 Gravel

(East Mersea Restaurant Gravel)
Mammal bones

London Clay

Palaeoenvironmental evidence

The mollusc and ostracod faunas collected from this site indicate a temperate 

environment and freshwater conditions, but provide little other palaeoenvironmental 

evidence (Bridgland et al. 1995). No direct evidence o f the make-up o f the surrounding 

vegetation communities is available.

2.7.3 Joint Mitnor Cave, Buckfastleigh, Devon

Museum Collections: NHM, TNH 

Structure o f the deposits

Joint Mitnor Cave contains a series o f deposits that have been interpreted as 

representing a talus cone, which rapidly accumulated beneath an open shaft (Sutcliffe 

1960). In this scenario it is envisaged that the cave acted as a pitfall trap, resulting in 

the collection o f mammalian bones. The trapped mammals include H. amphibius but 

lack E. ferus, suggesting a Sub-Stage 5e correlation for the fauna.

Palaeoecological evidence

No MoUusca, Coleoptera or plant remains have been coUected from Joint 

Mitnor Cave. The large mammal community is very simUar to other 01 Stage 5e sites 

and so corresponding palaeoenvironmental conditions can be proposed.

2.7.4 Kirkdale Cave, Yorkshire

Museum coUections: BGS, NHM, GUM, SMG, YM 

Structure o f the deposits

Buckland excavated at Kirkdale Cave in the early part o f the 19* Century. Little 

information is avaUable about the structure o f the deposits, but the fossU-bearing units 

are reported to have been homogeneous and less than one foot thick (Boylan 1981). 

The fossiliferous layers were overlain by water-bom deposits, which themselves were 

covered by a flowstone floor (Buckland 1822, 1823), which has provided important 

evidence o f the correlation o f the ‘hippo fauna’ with 01 Stage 5e by uranium-series
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dating (McFarlane & Ford 1998). The pattern o f breakage and gnawing o f the bone 

specimens indicates that they were accumulated by the activities o f spotted hyaenas, 

which used the cave as a den (Sutcliffe 1969).

Palaeoenvironmental evidence

The palaeoenvironment is assumed to have been similar to that recorded at 

other 01 Stage 5e sites. Climatic variation is expected to have been limited during this 

short-lived interglacial sub-stage.

2.7.5 Sites in the vicinity of Trafalgar Square, London

Museum collections: BGS, NHM 

Structure o f the deposits

Mammalian remains from the Trafalgar Square sites occur in the Trafalgar 

Square Sands and Silts, a fluvial deposit o f the River Thames. The majority o f bones 

appear to originate from the organic muds and silty clays at the base o f this unit (Stuart 

1976). The deposits fill a channel formed during the aggredation o f the Kempton Park/ 

East Tilbury Marshes Gravel (Bridgland 1994). These deposits are considered to 

represent the fourth and lowest post-Anglian terrace o f the Thames. This terrace hes 

below the modem floodplain but has been exposed by 19* and 20* Century building 

work at sites such as Pall Mall, Uganda House, St James’s Square and Trafalgar Square 

itself

Palaeoenvironmental evidence

Pollen analysis from the Trafalgar Square sites reveals a deciduous forest in 

which Quercus and Acer were dominant, but open vegetation types were also present 

(Franks 1960). The vegetation community has been assigned to zone II o f vegetation 

development. Warm interglacial climates o f oceanic character are indicated by the 

presence o f thermophilous species such as Ilex and Trapa natans (Franks 1960). The 

beetle fauna also includes a number o f southern species and is very similar to the one 

recorded from the Ipswichian type site o f Bobbitshole, Suffolk (Coope 1974).
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2.7.6 Upper Channel, College Farm, Marsworth, Buckinghamshire

Museum collections: NHM 

Structure o f the deposits

The Marsworth site has already been discussed in section 2.5.14; two channel 

fills are present. The Lower Channel has been assigned to 01 Stage 7 and the overlying 

cold climate deposits to 01 Stage 6. The Upper Channel is cut into the Coombe Rock 

and contains finely stratified sandy gravel and marl (Green et al. 1994). It records 

interglacial conditions and a mammal fauna that can be assigned to 01 Stage 5e due to 

the presence ofH.  amphibius.

Palaeoenvironmental evidence

No pollen, MoUusca or Coleoptera have been coUected fi-om the Upper 

Channel. The palaeoenvironment recorded at other Sub-Stage 5e sites is proposed to be 

associated with the upper Channel ‘hippo fauna’.

2.7.7 Water Hall Farm, Hertfordshire

Museum coUections: NHM 

Structure o f the deposits

The mammaUan remains fi-om Water HaU Farm were discovered in fluvatUe 

deposits o f the River Lea (Stuart 1976). The majority o f the fauna is described as being 

present in sand and gravel deposits. M. primigenius teeth are recorded jfrom the upper 

part o f the gravel but these may relate to later sub-stages o f OI Stage 5 or the 

Devensian glaciation (Stuart 1976). Evidence o f cold climate conditions is also present 

in the marls underlying the sequence, which may represent OI Stage 6, as indicated by 

records o f a large form o f Microtus oeconomus (Sutcliffe & Kowalski 1976). The 

presence o f a ‘hippo fauna’ indicates correlation with 01 Stage 5e.

Palaeoenvironmental evidence

No palaeoenvironmental evidence, additional to the existence o f a ‘hippo 

fauna’, is avaUable fi-om Water HaU Farm.
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2.8 01 Stage 5c-a Faunas

2.8.1 Bacon Hole, Gower Peninsula, West Glamorgan

Museum Collections: NHM, SM 

Structure o f the deposits

A complex series o f deposits (table 2.22) is present on the platform outside, and 

extending back into Bacon Hole (Sutcliffe et al. 1987). Mammalian remains have been 

discovered in a number o f different horizons, but the only significant large mammal 

samples come fi’om levels correlated with the later sub-stages o f Stage 5.

Table 2.22: Stratigraphy o f the Bacon Hole deposits (after Stringer et al. 1986; Sutcliffe et al. 1987). 

Information on the fauna and possible palaeoclimate associated with each bed is given. Dating and 

possible correlation of the deposits with the Oxygen Isotope Record is also shown.

Bed Description Fauna Palaeoclimate Dating + 
Correlation

J Cemented
Breccias

Mammalia Cold 01 Stage 4-2 
87 -IS k y rB F

I Upper Cave Earth Mammalia Temperate 
Cooler than D-F 
Drier than G

OI Stage 5c-aH Upper Sands Mollusca Dry
G Grey Clays, Silts 

+ Sands
Mammalia,
Aves

Temperate 
Cooler and more 
humid than D-F. 
Lower sea level

F Shelly Sand Mammalia, Aves, 
Mollusca

Warm Temperate 
High sea level 01 Stage 5e 

122±9kyrBP
E Sandy Cave Earth
D Sandy Breccio- 

Conglomerate
B/C Coarse Sands Mammalia (large 

M  oeconomus. 
Small E. ferus) 
Mollusca

Cool, dry

01 Stage 6

A Basal Pebbles

The basal unit consists o f pebbles, probably o f littoral origin, and is overlain by 

an aeolian coarse sand. At this point in the sequence there is a marine transgression, as 

recorded by the raised beach deposits o f the Sandy Breccio-Conglomerate, Sandy Cave 

Earth and Shelly Sand (Stringer et al. 1986; Sutcliffe et al. 1987). Evidence o f 

regression may begin in the Shelly Sand. Above the raised beach are the Grey Clays, 

Silts and Sands, which are believed to be local wind-derived sediments that 

experienced water-logging (Sutcliffe et al. 1987). The main collection o f mammalian 

remains was made fi"om this level, which may represent the bone accumulation
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activities o f hyaenas. The Upper Sand was deposited by aeolian activity during a period 

o f dry conditions. The final temperate unit is the Upper Cave Earth. Cemented 

Breccias, formed o f talus and stalagmite layers, represent the uppermost horizon o f the 

sequence.

Palaeoenvironmental evidence

Cool, dry climates and bare rock faces or screes are indicated by terrestrial 

Mollusca from the Coarse Sands (Stringer et al. 1986; Sutcliffe et al. 1987). Marine 

molluscs are present in the Sandy Breccio-Conglomerate and the Sandy Cave Earth, 

supporting the interpretation that these beds represent a raised beach deposited under 

conditions o f high sea level. The mammalian assemblage signifies the presence o f a 

temperate climate. Temperatures may have been higher than modem, as evidence o f 

nesting by Cory’s Shearwater (Calonectris hyemalis) is present in these units, a bird 

that nests in southern Europe today (Sutcliffe et al. 1987). A mix o f grassland and 

woodland elements occurs in the small mammal fauna.

A lack o f marine invertebrates from the Grey Clays, Silts and Sands confirms a 

fall in sea level before the accumulation o f this unit (Sutcliffe et al. 1987). Changes in 

the small mammal and avian communities suggest cooler and more humid conditions 

than recorded in the underlying units, though still temperate. A second temperate 

period with reduced sea level is recorded in the Upper Cave Earth. Again temperatures 

appear not to have been as high as during Sub-Stage 5e (Stringer et al. 1986). 

Conditions were not as wet as recorded in the Grey Clays, Silts and Sands.

2.8.2 Minchin Hole, Gower Peninsula, West Glamorgan

Museum collections: NHM, SM 

Structure o f the deposits

Minchin Hole lies 600m west o f Bacon Hole and contains a very similar 

sequence o f deposits (table 2.23), although a smaller collection o f mammalian remains 

is now available (Sutcliffe et al. 1987). Correlation between the horizons o f the two 

sites can be attempted (Sutcliffe et al. 1987; Proctor 1994). A difference between the 

sites is that two periods o f high sea level are recorded at Minchin Hole. The lowest unit 

at Minchin Hole is the Inner Beach and has no equivalent at Bacon Hole. It is the 

Patella Beach that is thought to represent the 01 Stage 5e high sea level episode at 

Bacon Hole (Sutcliffe et al. 1987). A speleothem overlying the Patella beach has been 

dated to 112±50 kyr B.P. suggesting a significant separation between Sub-Stage 5e and
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the overlying fauna (Proctor 1994). The majority o f the large-mammal fauna from 

recent excavations was found in the Earthy Breccia Series (Proctor 1994). P. antiquus 

and S. hemitoechus are definitely recorded from the Upper Red Cave Earth and a large 

proportion o f the early collections made by Col. Wood and held at Swansea Museum 

appear to have come from this layer (Sutcliffe et al. 1987).

Table 2.23 : Stratigraphy of the Minchin Hole deposits (after Sutcliffe et al, 1987), with information on 

the fauna and palaeoenvironment associated with each bed. A possible correlation of the Minchin Hole 

deposits with Bacon Hole and the 01 Record is given (Sutcliffe et al. 1987; Proctor 1994).

Minchin Hole Bacon Hole Dating + 
CorrelationBed Description Fauna + 

Palaeoenvironment

10-12 Upper Breccias Cemented
Breccias 01 Stage 4-2

9 Upper Red 
Cave Earth

P. antiquus + S. 
hemitoechus 
Wood’s collections

Upper Cave 
Earth

01 Stage 5c-a 
Max age 112 ± 

50 kyr B.P.

Blown Sands Upper Sand

8 Earthy Breccia 
Series

Mammalia- 
temperate but cooler. 
Greatly reduced 
marine influence

Grey Clays, 
Silts and 

Sands

7 'Neritoides
Beach’

Mammalia- temperate 
woodland 
Regressive marine 
phase

Shelly Sand, 
Sandy Cave 

Earth

5 ‘Patella Beach’ High Sea Level
Sandy

Breccio-
Conglomerate

01 Stage 5e

3 Lower Red 
Cave Earth Large M. oeconomus Coarse Sands 01 Stage 6

1 Inner Beach High Sea Level Basal Pebbles? 01 Stage 7?

Palaeoenvironmental evidence

Both raised beach deposits are characterised by the presence o f marine 

Mollusca. The small mammal fauna from the Neritoides Beach indicates temperate 

woodland conditions. However these elements are not present in the upper part o f the 

Earthy Breccia Series. This unit seems to have been deposited in an interglacial climate 

o f reduced temperature; palaeoenvironmental indicators o f marine influence are 

reduced also.
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2.8.3 Brentford, West London

Museum collections: NHM

This is an open site produced by fluvial activity o f the River Thames. No 

information is available concerning the structure o f the deposits, or their relation to the 

rest o f the Thames sequence. A fauna containing H. amphibius comes from a site 

nearby, but the Brentford fauna lacks this species and is tentatively correlated with the 

later part o f 01 Stage 5 on the basis o f this important absence and the composition o f 

the recorded community. Only large mammal specimens are available from the site and 

indicate interglacial conditions through the presence o f D. dama and B. primigenius.

2.8.4 Hoe Grange Quarry, Longliffe, Derbyshire

Museum collections: BGS, NHM 

Structure o f the deposits

This site was excavated by Amold-Bemrose and Newton (1905). The deposits 

containing Pleistocene mammal remains had accumulated in a limestone cavern, 

formed by solution, and broken into by quarrying. It appears that three groups o f 

deposits were present inside the cave. The lowest group consisted o f bedded clays and 

sands, which dipped at a different angle to the rest o f the sequence and contained no 

bones. These were overlain by clay and rubble, from which a sparse mammalian fauna 

was recorded.

The majority o f mammalian remains are described as deriving from the upper 

deposits, which were investigated in most detail. A number o f bone-bearing horizons 

were defined (Amold-Bemrose & Newton 1905), but the majority o f material is un- 

provenanced so all samples were combined together. No indication o f any variation in 

faunal composition between the beds has been given. It has been proposed that the 

majority o f the fauna entered through the swallow-hole, which acted as a pit-fall trap 

(Amold-Bemrose & Newton 1905). The mammalian assemblage can be correlated with 

OI Stage 5 on the basis o f the presence o f D. dama and lack o f E. ferus. A tentative 

assignment to the end o f the interglacial may be made due to the lack o f records o f H. 

amphibius.

Palaeoenvironmental evidence

The mammalian fauna is consistent with temperate climatic conditions.
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2.8.5 Tornewton Cave Hyaena Stratum, Torbryan, Devon

Museum collections: NHM 

Structure o f the deposits

The Torbryan limestone cave system includes Tornewton Cave, which appears 

to have experienced a very complex depositional history. At some time during the late 

Devensian a debris flow occurred within the deposits (Glutton Stratum), making 

interpretation o f the sequence very complex (Currant 1996a). However, a number o f 

separate horizons representing climatic periods o f the British Pleistocene from OI Stage 

7 onwards have been recognised. One o f the most clearly defined units, which 

produced a large proportion o f the mammalian remains is the Hyaena Stratum, 

representing a period when C  crocuta occupied the cave as a den. This horizon has 

been correlated with 01 Stage 5. K  amphibius specimens have been recorded from this 

site, but they are poorly stratified (Currant 1996a). The Hyaena Stratum was probably 

deposited over a considerable time period, suggesting that material is not restricted to 

the short-lived 01 Stage 5e. It appears likely that a considerable proportion o f the later 

sub-stages o f 01 Stage 5 are also recorded.

Palaeoenvironmental evidence

The mammalian fauna from the Hyaena Stratum is considered to represent 

temperate conditions. However, the unit contains high levels o f M  oeconomus, a 

species o f wet grasslands that is not normally associated with peak interglacial 

conditions (Currant 1996a). This species is generally absent from sites assigned to Sub- 

Stage 5e, but is common in the deposits from Bacon Hole (section 2.8.1) that overlie 

the Stage 5e raised beach (Sutcliffe et al. 1987).

2.9 01 Stage 4 Faunas

2.9.1 Banwell Bone Cave, Banwell, Somerset

Museum collections: NHM, SCM 

Structure o f the deposits

The faunal collections are from the highest chamber in the series o f 

carboniferous limestone caves in Banwell Hill. The site was excavated by W. Beard 

from 1824 onwards, and opened to the public as a show cave. It appears likely that 

hundreds o f thousands o f mammalian specimens were originally present, many o f 

which were stacked in piles around the sides o f the cave. There are no published 

accounts o f the structure o f the deposits from this major period o f investigation,
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although more recent 20* Century excavations indicate a homogeneous fauna despite 

some internal stratification (Currant 2000). The bones were contained in a mixture o f 

earth and stones proposed to derive fi*om outside the cave, and very few specimens 

were found in articulation. These two factors indicate that the deposits were 

sporadically moved into the cave by secondary processes (Currant 2000). The reason 

for accumulation o f carcasses outside the cave entrance remains unclear. Faunas of 

‘Banwell type’ may relate to 01 Stage 4 (Currant & Jacobi 1997, 2001).

Palaeoenvrionmental evidence

The restricted mammalian fauna from Banwell Bone Cave indicates a period of 

cold climate conditions. This is supported by the presence o f species such as R. 

tarandus and Alopex lagopus (arctic fox).

2.9.2 W illment’s Pit, Isleworth, Middlesex

Museum collections: NHM 

Structure o f the deposits

The site occurs within the lowest (Kempton Park) terrace o f the Thames. The 

sequence (table 2.24) consists o f approximately 5m o f gravels, sands and organic silt 

clays and has been described by Coope & Angus (1975). The organic sediments, fi"om 

which B. priscus and R. tarandus have been recorded in situ, are interpreted as 

representing a period o f quiet water conditions. Radiocarbon dating o f these deposits 

has been attempted, but results close to the limit o f the method were produced. The 

organic layers are overlain by high-energy fluvial deposits, which provide evidence of 

cold climatic conditions. A significant proportion o f the machine-collected fauna may 

have accumulated in these horizons (Stuart 1982). The fauna is correlated with Banwell 

Cave (section 2.9.1) using biostratigraphy (Currant & Jacobi 1997, 2001).

Table 2.24: The stratigraphie sequence at Wiiments Pit, Isleworth, Middlesex (after Coope & Angus 

1975; Kemey et al. 1982).

Bed Description Fauna + Palaeoenvironment

6 Brickearth + soil
5 Poorly-graded gravels Ice wedge casts
4 Stratified + current-bedded sands 

and gravels Mammalia?
3 Sands + gravels with clay partings
2 Organic silty clay Mammalia, Coleoptera
1 Basal red gravel
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Palaeoenvironmental evidence

Pollen collected from the organic deposits indicates treeless conditions and a 

herb-dominated community (Kemey et al. 1982). Species o f disturbed ground are also 

present. The beetle fauna supports the interpretation o f the vegetation provided by 

pollen evidence (Coope & Angus 1975). A vegetation o f recently exposed, poorly 

developed soils is indicated and no coleopteran taxa dependent on tree species are 

recorded. However, the beetle fauna suggests relatively temperate climatic conditions, 

with average July temperatures o f 17-18 °C and winter temperatures o f -2 -  1 °C 

(Coope & Angus 1975). Mollusca also support the existence o f a relatively temperate 

climate during the deposition o f the organic layers (Kemey et al. 1982).

The organic deposits may therefore record a short-lived interstadial period 

contained within a generally cold episode. The period o f warming may have been too 

short to allow immigration o f tree species from their southem réfugia. The existence o f 

such interstadial periods during 01 Stage 4 has been proposed from studies o f 

speleothem growth in Stump Cross Cave (section 2.9.3) (Baker et al. 1996). Some o f 

the mammalian fauna certainly relates to the interstadial layers but it is possible that 

significant proportions came from the gravels and sands also, which were probably laid 

down under much colder periglacial conditions. The mammalian fauna is certainly 

characteristic o f a cold climatic period; species diversity is low and R. tarandus^ a 

species only recorded from cold stages o f the British Pleistocene, is present.

2.9.3 Stump Cross Cave, Pateley Bridge, North Yorkshire

Museum collections: NHM 

Stmcture o f the deposits

The limited mammalian fauna from this limestone cave site was recorded from 

within laminated fiowstones, which consist o f alternating calcite and mud layers 

(Sutcliffe et al. 1985). These deposits were underlain by current-bedded sands and 

gravels, and covered by more massive fiowstones. The lower beds are considered to 

represent alluvial deposits and stream flow, with the muddy layers o f the laminated 

fiowstones produced by periodic flooding o f the cave. The cave is thought to have 

acted as a trap for animals that entered and could not escape, so the high proportions o f 

wolverine remains are not considered to represent a breeding lair (Sutcliffe et al. 1985). 

The Gulo gulo material has been dated to 83 ± 6 kyr B.P. by uranium-series methods 

placing it on the 01 Stage 5/4 boundary.
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Palaeoenvironmental evidence

The low-diversity mammalian fauna indicates cold climatic conditions. 

Wolverines are adapted for living in environments including snow and extreme cold 

and occupy a modem range very similar to R. tarandus in the boreal forest and tundra 

(Sutcliffe et al. 1985). Periods o f speleothem growth inside the cave provide evidence 

o f interstadial conditions at the beginning o f 01 Stage 4 (Baker et al. 1996), and may 

date the fauna to this period also (Currant & Jacobi 1997, 2001).

2.9.4 Windy Knoll, Castleton, Derbyshire

Museum collections: MAN, NHM, SMG, TNH, UMZC 

Stmcture o f the deposits

Dawkins excavated at this site in the 19* Century. The yellow clay deposits 

containing mammalian remains appear to be associated with a swallow-hole formed by 

solution o f limestone. The bones were found collected in a limestone depression and 

can be considered to represent animals that fell into the hole or were carried there by 

the river or lake associated with the drainage feature (Dawkins 1877). Articulated 

skeletons were recorded. The fauna is o f ‘Banwell type’, which may indicate an 01 

Stage 4 correlation.

Palaeoenvironmental evidence

The presence o f R. tarandus indicates a cold climatic period; no thermophilous 

or woodland indicators are present.

2.9.5 Windsor, Berkshire

Museum collections: BGS, MAN

Very little is known about this Pleistocene mammal site. It is mentioned by 

Dawkins (1875), who reports the discovery o f the fauna by Captain Luard in 1866 

during the digging o f foundations for the cavalry barracks at Windsor. The bones are 

described as deriving from fluvial deposits o f the River Thames. Dawkins considered 

the site to be the same age as Windy Knoll (section 2.9.4), on the basis o f the 

mammalian species recovered. This bio stratigraphie interpretation is still supported, 

with a characteristic bison-reindeer fauna represented.
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2.9.6 Wretton, Norfolk

Museum collections: UMZC 

Structure o f the deposits

A complex sequence o f Ipswichian and Devensian terrace deposits o f the River 

Wissey are recorded at this site (Sparks & West 1970; West et al. 1974). Ipswichian 

interglacial units occur at the base o f the sequence, overlain by fluvatile sands and 

gravels containing periglacial structures. Within the sands and gravels are organic 

horizons containing plant, moUuscan and mammalian remains. These horizons have 

been formed in small channels and depressions formed by the melting o f ice mounds 

(West et al. 1974). The organic sediments record a complex sequence o f environmental 

changes, but the majority o f the mammalian fauna appears to have been deposited 

during only one o f the identified vegetation sub-stages (see following discussion) 

(Stuart 1982). This interpretation is supported by the uniformity o f the fauna, despite 

the fact that very little o f the material was found in situ.

Palaeoenvironmental evidence

The mammalian fauna has been assigned to Wretton herb sub-stage I, the 

earliest o f the Devensian organic beds (Stuart 1982). Pollen and plant macro fossils 

indicate that this period was characterised by a tundra-like grassland habitat, with a few 

shrubs and no trees present (West et al. 1974). Beetle remains from zones A and B o f 

herb sub-stage I support the results from plant studies, suggesting a vegetation o f open, 

marshy grassland.

Coleoptera can also provide information on palaeotemperature conditions. 

During the deposition o f the mammal fauna the beetle community is interpreted as 

representing cool but not arctic climates. The moUuscan fauna from this sub-stage 

contains an unusual mix o f temperate and cold climate species (West et al. 1974), this 

may result from the ability o f MoUusca to survive cold winters if summers are warm. 

Both Coleoptera and MoUusca indicate the existence o f  a continental climate with 

strong seasonaUty. The palaeoenvironmental information from Wretton supports the 

hypothesis that mammaUan faunas from 01 Stage 4 accumulated in periods when 

summer temperatures were relatively high, but winter conditions remained extremely 

severe. Open vegetation habitats developed, supporting large grazing animals e.g. B. 

priscus but warming was too short-Uved to aUow the immigration o f tree species.
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2.10 01 Stage 3 Faunas

2.10.1 Coygan Cave, Laugharne, Dyfed

Museum collections: MAN, NHM, NMW, SMG 

Structure of the deposits

Coygan Cave was a limestone cave, now completely destroyed by quarrying. A 

series o f five excavations were carried out during the 19* and 20* Centuries. The 

described sequence varies between the excavations and between various areas o f the 

cave (Aldhouse-Green et al. 1995), although some general features emerge. A layer o f 

stalagmite capped the bone-bearing units; this covered a stony and sandy cave earth 

deposit, containing bones and additional stalagmite layers (Aldhouse-Green et al.

1995). Some excavations have reported water-lain bedded sands at the base o f the 

sequence that contain few bones.

No apparent differences in the fauna between different trenches and layers were 

found during the most recent University o f Cambridge excavations (Aldhouse-Green et 

al. 1995). It therefore appears justified to combine all o f the available samples. The 

faunal remains show the characteristic species representation and breakage o f a hyaena 

den assemblage, and these animals are proposed to have been the major agent o f bone 

accumulation while inhabiting the cave as a lair (Aldhouse-Green et al. 1995). The 

hyaena occupation has been radiocarbon dated to approximately 40 (if not 60) until 24 

kyr B.P. (Aldhouse-Green et al. 1995), closely corresponding with 01 Stage 3

Palaeoenvironmental evidence

The large mammal fauna contains R. tarandus and C. antiquitatis indicating 

cold climates and relatively continental conditions. The fauna is o f higher diversity than 

that assigned to 01 Stage 4 and also contains species such as C. elaphus that occur in 

temperate contexts (Currant & Jacobi 1997, 2001).

2.10.2 Cae Gwyn and Ffynnon Beuno Caves, St Asaph, Chvyd

Museum collections: BMB, NHM, NMW 

Structure o f the deposits

Hicks and Davies excavated these two nearby limestone caves in the later part 

o f the 19* Century. The recorded stratigraphie sequences are shown in table 2.25 

(Hicks 1886). In both cases the mammalian fauna appears to have been collected fi'om 

a discrete horizon, associated with a hyaena den occupation.
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Table 2.25: The Stratigraphie sequence in Ffynnon Beuno and Cae Gwyn Caves (after Hicks 1886).

Table 2.25a: Ffynnon Beuno, Clwyd Table 2.25b: Cae Gwyn, Clwyd

Bed Description Fauna

5 Surface Loam
4 Limestone breccia
3 Red cave earth Bones
2 Yellow band 

(compacted floor?)
1 Gravel

Bed Description Fauna

4 Surface loam
3 Laminated clay
2 Sandy clay with 

boulders
Bones

1 Gravel

Palaeoenvironmental evidence

The large mammal species recorded can be considered to represent a cold 

climate episode.

2.10.3 Kent’s Cavern, Torquay, Devon

Museum collections: BGS, NHM, TNH 

Structure o f the deposits

Excavations at this site began early in the 19* Century and continued for a 

considerable period o f time; however, some in situ deposits still remain in the cave 

(Proctor 1996) and are described in table 2.26. The basal units are the Breccias; the 

restricted fauna is dominated by the early Middle Pleistocene cave bear U. deningeri. 

Uranium-series dates (ca. 4-300 kyr B.P., Proctor 1996) confirm the much greater age 

o f the Breccia fauna, which has not been included in this study. These deposits are 

overlain by a layer o f stalagmite, indicating a major hiatus in deposition before 

accumulation o f the cave earth units, which began sometime in the period fi*om ca. 115- 

53 kyr B.P. (Proctor 1996). The lower part o f the Cave Earth has been interpreted as the 

deposits o f a stream and above this is the Loamy/Stony Cave Earth containing the 

majority o f the mammalian fauna. The accumulation o f bones represents a typical 

hyaena den assemblage. The uppermost layers are a stalagmite and the Black Mould; 

both considered to be Holocene in age.

Fauna fi'om the top o f the Cave Earth, in the Black Band containing evidence o f 

hearths, has been radiocarbon dated in the period 14,300-11,800 B.P. (Jacobi et al.

1986; Hedges et al. 1989). These dates indicate a correlation with the Lateglacial period 

(01 Stage 2), so material recorded from this layer was excluded. The majority o f the 

fauna from the Cave Earth is considered to represent earlier periods o f the Devensian. 

This is based on radiocarbon dates ranging from 34,000-23,000 B.P. (Campbell 1977;
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Hedges et al. 1996), and biostratigraphic evidence, which suggest an 01 Stage 3 age 

(Currant & Jacobi 1997, 2001).

Table 2.26: Stratigraphy of the Kent’s Cavern deposits (after Proctor 1996)

Bed Description Fauna

7 Black Mould
6 Granular Stalagmite
5 Stony Cave Earth Hyaena den 

assemblage4 Loamy Cave Earth
3 Wash facies o f Cave Earth
2 Crystalline Stalagmite
1 Breccia U. deningeri

Palaeoenvironmental evidence

The large mammal fauna is very similar to others from 01 Stage 3 contexts, 

implying equivalent palaeoenvironmental conditions. Pollen analysis has been 

attempted on the Kent’s Cavern Cave Earth deposits; records o f juniper, willow, 

grasses, sedges and other herbs haven been produced (Campbell 1977).

2.10.4 Pin Hole, Creswell Crags, Derbyshire

Museum collections: MAN 

Structure o f the deposits

The Creswell Crags cave system represents limestone solution features drained 

ca. 200-150 kyr B.P., which subsequently filled up with sediment. The majority o f 

excavations in Pin Hole were carried out at the end o f the 19^ Century and beginning 

o f the 20^ Century; only limited in situ deposits remain for study. The deposits in Pin 

Hole are thought to have built up via sediment in-washing and the bone accumulation 

activities o f hyaenas (Jacobi et al. 1998). Armstrong (1932) recognised two separate 

sediment bodies containing bones and artefacts, the upper Red Cave Earth and the 

lower Yellow Cave Earth. These overlaid a coarse water-lain red sand.

Armstrong did not record the provenance o f the specimens according to 

horizon, but many o f the specimens still contain his original find co-ordinates. Recent 

studies by Jacobi et al. (1998), using these co-ordinates, have allowed a reconstruction 

o f the original cave stratigraphy. The Middle Palaeolithic stone artefact assemblage 

clusters at the base o f the cave earth and is considered to represent the extent o f the 

Yellow Cave Earth. The Upper Palaeolithic assemblage lies above this distribution. The 

co-ordinates o f the mammal fauna, in relation to the artefact distribution, can be used to
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recognise material from the upper and lower cave earths. This is important as the 

divisions o f the cave earth are considered to be o f different ages.

Dating o f the lower fauna indicates that this material falls at the limits o f the 

radiocarbon method (ages > 30-40 kyr B.P.). Uranium-series dating suggests ages in 

the rage 50,000-38,000 B.P. (Jacobi et al. 1998). This would indicate an OI Stage 3 age 

for the lower fauna. The upper fauna, associated with the Upper Palaeolithic artefact 

assemblage gives radiocarbon dates o f 13,000-10,000 B.P., placing it in the Lateglacial 

period (01 Stage 2). Only specimens with co-ordinates relating them to the lower 

Yellow Cave Earth have been considered in this study.

Palaeoenvironmental evidence

The mammalian fauna is very similar to other 01 Stage 3 sites and can be 

considered to represent a well-developed period o f increased temperatures during the 

Devensian cold stage (Lowe & Walker 1997). Climates are likely to have been highly 

seasonal with relatively warm summers but cold winters.

2.10.5 Sandford Hill, Somerset

Museum collections: SCM 

Structure o f the deposits

This cave site appears to have been excavated by W. Beard from 1838 onwards, 

but the precise location o f the site remains unclear at present. An account o f the 

sequence in Sandford Hill Cave has never been produced. However, preservation o f the 

specimens indicates that collection from two distinct horizons or localities may have 

taken place (Currant 2000). One preservation type consists o f dense bone material, 

including C. crocuta and the gnawed remains o f other species. This presumably 

represents a hyaena den assemblage, and is correlated with 01 Stage 3 on 

biostratigraphic grounds (Currant & Jacobi 1997, 2001). Other remains, especially the 

large sample ofÆ  tarandus, are o f lower density and may relate to a separate 

depositional phase. These highly complete remains are unlikely to have survived intact 

during a period o f hyaena occupation.
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2.11 Lateglacial-Holocene Faunas 101 Stage 2-1)

2.11.1 Gough’s Cave, Cheddar, Somerset

Museum collections: NHM 

Structure o f the deposits

Faunal remains have been recovered from a wedge o f cave earth and breccia at 

the entrance to the cave. A large amount o f this sediment was removed in the early part 

o f  the 20*̂  Century, to allow access to the cave by the public. Much o f the collection of 

mammalian remains from these excavations appears to have been lost (Currant 1986). 

Only very small amounts o f in situ deposits remain in the cave, but all bones appear to 

have been present in the cave earth and breccia, with no material in the underlying 

conglomerate. Holocene faunal material is certainly present in the upper horizons and 

shows some in-mixing with the Late Pleistocene sample (Currant 1986). However, this 

material can be easily recognised and excluded on the basis o f its preservation, 

breakage and species composition. The majority o f the fauna has been radiocarbon 

dated to 12,800-11,900 B.P., placing it in the Lateglacial Interstadial (Currant 1991), 

although there may be a later phase o f deposition in the Loch Lomond Stadial, 

represented by R. tarandus dated to 10,450+110 B.P. (Currant 1991).

Palaeoenvironmental evidence

The Gough’s Cave mammal fauna contains an unusual mix o f cold (Alopex 

lagopus, arctic fox) and temperate elements such as B. primigenius. This may be 

related to the large amount o f short-term climatic variation in the Lateglacial, or the 

assemblage may represent a non-analogue fauna supported by the unusual 

palaeoenvironmental conditions. A number o f species indicate that climates may have 

been continental in character, with open steppe vegetation. These include S. tatarica 

and Ochotona pusilla (steppe pika), which rarely extended their range westwards into 

Britain during the Pleistocene.

2.11.2 Chelm’s Coombe Shelter, Cheddar, Somerset

Museum collections: NHM 

Structure o f the deposits

The Chelm’s Coombe rockshelter was excavated by Balch in the 1920s. A 

sequence o f Holocene beds, overlying a gradual build-up o f Late Pleistocene limestone 

screes o f thermoclastic origin, was recorded. Faunal remains were discovered in the 

Late Pleistocene units, and the accumulation is proposed to have resulted from animals
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falling over the cliff above. The C  elaphus specimens appear to have occurred at the 

base o f the sequence (Currant pers com), and have the earhest radiocarbon date of 

10,910±110 B.P. (Currant 1991). The E. ferus  and R. tarandus fauna relates to higher 

levels and is dated to 10,600-10,140 B.P. (Currant 1991).

Palaeoenvironmental evidence

The Late Pleistocene fauna indicates cold climatic conditions, including R. 

tarandus, A. lagopus and D. torquatus. Radiocarbon dating places it in the Lateglacial 

Stadial, the closing short-lived cold episode o f the Pleistocene

2.11.3 Uxbridge (Three Ways Wharf), Colne Valley, Middlesex

Museum collections: MOL 

Structure o f the deposits

This site consists o f fluvial deposits o f the River Colne, from which three 

scatters o f artefacts and fauna have been recovered, relating to human occupation 

horizons (Lewis 1991; Lewis et al. 1992). The dating o f the scatters remains unclear 

and further radiocarbon dates are being sought, although a number o f specimens have 

proved unsuitable for radiocarbon dating purposes (A. Pipe pers.com.). Both 

Lateglacial and early Holocene material appears to be present. Initial radiocarbon dates 

for Scatter A, which includes E. ferus and R. tarandus, place the mammalian remains in 

the closing warming phase o f the Lateglacial Stadial at 10,300-10,000 B.P. (Lewis

1991). The majority o f the rest o f the fauna comes from Scatter C, which has been 

suggested to be early Holocene. A thermoluminesence date o f 8,000 ± 800 B.P. has 

been obtained from a burnt flint in this scatter (Lewis 1991).

Palaeoenvironmental evidence

Analysis o f soil micromorphology relating to Lateglacial Scatter A indicates 

that the soil was probably damp but vegetated and biologically active (Lewis et al.

1992). This would favour a position in the warming phase o f the Lateglacial Stadial for 

Scatter A, as there is no evidence o f bare sediments or permanently frozen ground. In 

the early Holocene open swampy habitats with regional pine woodland are indicated by 

pollen analysis (Lewis et al. 1992). Charcoal layers imply that frequent and/or intense 

burning took place in this area. A succession from open habitats to pine woodland to 

temperate deciduous forest is recorded.

114



2.11.4 Star Carr, Vale of Pickering, Scarborough, Yorkshire

Museum collections: NHM 

Structure of the deposits

The mammalian fauna jfrom Star Carr (Flixton 4) represents the largest 

collection of early Holocene remains from the Flixton-Seamer area. The mammalian 

and plant remains were preserved in an organic mud that represents reedswamp and 

lake deposits, overlying solifiucted Devensian gravels (Clarke 1954). The majority o f 

mammalian remains were collected from the base o f the organic mud, associated with 

birch debris, which has been proposed to represent a platform constructed during the 

human occupation. The mammalian fauna represents the accumulation activities of 

human hunters and has been radiocarbon dated to 9,600-9,300 B.P. (Fraser & King 

1954).

Palaeoenvironmental evidence

Evidence from pollen analysis and plant remains indicates that during the 

Mesolithic occupation, areas o f dry land supported relatively closed forests o f Betula 

with increasing proportions o f Pinus and Corylus and relatively high levels o f Salix 

(Walker & Godwin 1954). The vegetation represents early successional communities 

after the return o f temperate climate conditions, and the immigration o f tree species. 

Small areas o f more open habitats persisted close to the lake edge. The temperate 

nature o f the climate is indicated by the presence o f Hedera. The mammalian fauna is 

also fully temperate in character.

2.11.5 Thatcham, Berkshire

Museum collections: NHM 

Structure o f the deposits

Five sites were excavated in the area o f Thatcham Village from 1958-1961 

(Wymer 1962). The fossil-bearing deposits consisted o f  black peats and marls, which 

may have contained an ancient land surface at the base. The fossMerous units rested 

on river gravels considered to be Lateglacial or earlier in age, which generally 

contained no fossils. As at Star Carr (section 2.11.4), the mammalian fauna represented 

the results o f human hunting activity. Radiocarbon dates are in the range 9,500-9,200 

B.P. (Wymer 1962).
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Palaeoenvironmental evidence

The mammalian fauna is fully temperate in character, including species such as 

B. primigenius and S. scrofa. Evidence from pollen analysis and plant macrofossils 

indicates the presence o f open woodland, including Pinus, Betula, Corylus and Salix 

shrubs with relatively high proportions o f open habitat taxa such as Graminae and 

Cyperaceae (Churchill 1962). Evidence for fully interglacial conditions and an oceanic 

climate by this point in the Holocene, is given by the presence of Hedera.

2.12 Palaeoenvironmental Summary

Evidence from a range of different sites and sources can be brought together to 

provide a general palaeoenvironmental picture associated with the mammalian 

communities o f each of the 01 Stages under consideration (table 2.27). A combination 

o f palaeoenvironmental evidence from the sites assigned to each time period allows a 

vegetation classification to be made. Indications of palaeotemperatures and climates 

can be provided from indirect sources and this can be supplemented by information 

from predicated levels o f solar insolation, calculated using Milankovitch cycles (Berger 

& Loutre 1991). The estimated solar insolation values for July at 65 °N over the last 

one million years are shown in figure 2.5.
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Fig.2.5: Estimated mid-month July insolation (Watts/m^) at 65°N over the last 1 million years, time 

shown in kyr B.P. (after Berger & Loutre 1991). The positions o f  Oxygen Isotope Stage boundaries 

(W illiams et al. 1988) are indicated on the record.
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Table 2.27: Palaeoenvironmental summary of each of the major British Pleistocene divisions from which mammalian faunas have been examined. Information on summer insolation 

values relates to figure 2.5; figures are for the temperate peaks of interglacials. Estimates are not attempted for cold stages. Estimated temperatures, climatic conditions (WT = Warm 

Temperate, CT = Cool Temperate) and vegetation types are based on evidence from a range of different sources discussed in sections 2.2-2.11. Vegetation types are also ranked on a 

4-point scale according to the proportion of forest habitats (0 = treeless).

0 1

Stage
Summer 

Insolation (W/m^)
Estimated Temperatures Climate Type Vegetation

17? 465-475 W Runton = modem 
P/K > modem

CT Continental 
WT Oceanic? Woodland 3

15? 470-485 > modem WT Woodland 3

13 460 < modem CT Continental Woodland + Grassland 2

1 1 455 July mean > 18 °C
WT Oceanic 

Low Seasonality
l i e  Woodland 

11c Woodland + Grassland
3
2

9 475 July mean > 18 °C WT Oceanic? Woodland 3

7 495 July mean > 18 °C
WT Continental 
High Seasonality Woodland Savannah 1

6 - ? Cold Continental 
(Interstadials?) Tundra 0

5e 485 July mean > 18 °C WT Oceanic Woodland 3
5c+a 465-475 July mean 14-17 °C CT Continental Open Woodland 2

4 - Interstadial: July mean 17- 18°C 
Stadial: July mean < 10 °C

Cold Continental Tundra 0

3 - ? Cold-CT Continental ‘Mammoth Steppe’ 0

2 - Interstadial: July mean 16-18 °C 
Stadial: July mean 8-11 °C

CT Continental 
Cold Continental

Grassland-Open Woodland 
Tundra

1

0

1 470 July mean ~18 °C WT Oceanic Woodland 3



2.12.1 Early Middle Pleistocene

Palaeoenvironmental conditions during the early Middle Pleistocene are 

relatively poorly known. During all o f the early Middle Pleistocene interglacials,

Britain probably remained connected to the continent by a land bridge. It has been 

suggested that the English Channel was formed by meltwater discharge during the 

Anglian glaciation (01 Stage 12) (Gibbard 1995). This theory may explain the 

increased mammalian species richness that occurred during these interglacials.

Although the dating o f faimas and their correlation with 01 Stages is tentative during 

the early Middle Pleistocene, information on proposed solar insolation (Berger & 

Loutre 1991) and global ice volumes (Bassinot et al. 1994) may provide some 

indication o f palaeocHmates.

The Oxygen Isotope Record reveals that shifts between glacial and interglacial 

conditions only became pronounced in the early Middle Pleistocene, although climatic 

fluctuations were even more severe in later periods o f the Pleistocene. The faunas from 

West Runton and Pakefield/Kessingland may relate to 01 Stage 17, where there appear 

to have been two insolation peaks, the second peak higher than the first (Fig.2.5; table 

2.27). This ties in with evidence suggesting that Pakefield/Kessingland represents a 

later sub-stage than West Runton, supporting more thermophilous taxa. At both sites a 

woodland vegetation type with some areas o f open habitat can be proposed on the basis 

o f pollen evidence.

The Calcareous Member at Westbury-sub-Mendip may represent 01 Stage 15. 

This appears to have been a period o f complex environmental change, with more than 

one peak o f low ice volume in the Oxygen Isotope Record (Bassinot et al. 1994), which 

certainly ties in with palaeoenvironmental evidence from the site (section 2.2.3). 

Summer temperatures, higher than or equivalent to modem British climates, and 

wooded vegetation conditions have been proposed from the small mammal species 

recorded in the temperate peaks. 01 Stage 13 appears to have been a period o f low 

summer insolation (fig.2.5). The fauna from Boxgrove is likely to relate to this episode; 

palaeobiological evidence from the site indicates a climate cooler and more continental 

than southem Britain today (Preece & Parfitt 2000). The vegetation appears to have 

consisted o f a mosaic habitat with open vegetation types and some areas o f woodland.

2.12.2 Late Middle Pleistocene

During 01 Stage 11 estimated summer insolation values were low (fig 2.5), and 

very close to Holocene levels. However winter insolation was high and this resulted in
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low apparent levels o f seasonality (table 2.28). This combination o f factors corresponds 

with evidence from sea surface temperatures and soil development, suggesting that 0 1  

Stage 11 was one o f the warmest and best developed interglacial periods o f the Middle 

and Late Pleistocene (Burckle 1993). Although maximum summer temperatures may 

not have been significantly higher than present, warm conditions were sustained for a 

greater period o f the year. This explains the low ice volumes and high sea levels 

proposed for this time period (table 2.28).

The occurrence o f mild oceanic winters in 01 Stage 11 is supported by records 

o f  Ilex and Hedera at sites such as Hoxne (section 2.3.1). Evidence from fish, 

amphibian, moUuscan and reptUe communities, suggest sUghtly higher than modem 

summer temperatures (Schreve 1997). Vegetation conditions appear to differ between 

temperate stages o f the interglacial, with mixed oak woodland ( lie ? )  giving way to 

more open habitats in a later phase (lie? ). OI Stage 9 has intermediate predicted 

insolation values and seasonaUty, very simUar in character to 01 Stage 5e (table 2.28). 

Sites correlated with OI Stage 9 (Schreve 1997) contain evidence o f a number of 

thermophUous taxa, indicating summer temperatures higher than today. The vegetation 

appears to have been mainly o f deciduous forest type.

The climate proposed for 01 Stage 7 is highly seasonal and continental, with 

high summer and low winter insolation values (table 2.28). This may explain the 

relatively high ice volumes and low sea levels maintained during this interglacial 

period. The existence o f high summer temperatures is supported by a number o f 

thermophUous indicators at Stage 7 sites, and continental cUmates are suggested by the 

presence o f species with modem ranges to the east o f Britain e.g. Citellus citellus, 

Dicrostonyx torquatus. High summer and low winter temperatures may explain the 

unusual mix o f large mammal species present in the Stage 7 interglacial, including 

some usuaUy restricted to cold stage faunas. A combination o f poUen analysis 

evidence, and indirect vegetation indicators such as terrestrial MoUusca support the 

existence o f open steppe-Uke ecosystems associated with the Stage 7 mammal faunas 

studied. EarUer sub-stages o f 01 Stage 7 may have been more wooded (Schreve 1997). 

Oceanic indicators such as Ilex and Hedera are only recorded from the base o f the 

interglacial sequences at Aveley (section 2.5.1) and Selsey (section 2.5.10).

The Oxygen Isotope Record indicates that OI Stage 6  was one o f the highest ice 

volume periods recorded in the Middle and Late Pleistocene (Bassinot et al. 1994). 

Periglacial features associated with mammal bearing deposits, and moUuscan and 

coleopteran faunas are indicative o f cold climate conditions. However, the mammaUan
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faunas may relate to the short-lived temperate interstadials o f OI Stage 6 , indicated by 

speleothem growth periods and insolation peaks (fig.2.6). The grassland conditions in 

which the Stage 6  mammal communities lived were probably treeless.

Table 2.28: Estimated solar insolation, seasonality, sea levels and ice volumes for the major late Middle 

and Late Pleistocene interglacial periods (modified fi'om Tzedakis & Bennet 1995).

0 1

Stage
Max July 
Insolation 
(cal cm^ day'*)

Max January 
Insolation 
(cal cm^ day'*)

Seasonality
(July-Jan
Insolation)

Estimated 
sea level 
(+/-modem)

Estimated 
Ice Volume 
(km^)

1 1 1027 355 672 +5m 29.5x10“
9 1062 338 724 -6 m 33x10"
7 1095 330 765 -29m 40x10"
5e 1073 338 735 +5m 31x10"

1 1034 347 687 31x10"

2.12.3 Late Pleistocene

Climatic conditions in 01 Stage 5e were mild and oceanic, with high sea levels 

that probably resulted in Britain being isolated fi'om the continent (Keen 1995; Stuart 

1995). Thermophilous species such as E. orbicularis are recorded along with Ilex and 

Hedera. The continental elements present in Stage 7 faunas are absent. The main 

vegetation type o f Sub-Stage 5e is mixed-oak forest, with cleared grassland areas 

produced by the activities o f large herbivores.

The later temperate sub-stages o f 01 Stage 5 (OI Stage 5c, 5a) are proposed to 

have experienced reduced insolation values (fig.2.6). Evidence for lower sea levels and 

cooler climates during these sub-stages in comparison to 5e are provided in the 

complex sequences fi'om the Gower Caves (sections 2.8.1 +2.8.2). Summer 

temperatures 1-4 °C below present have been proposed for various areas o f NW 

Europe; winter temperatures appear to have been further reduced suggesting a greater 

degree o f continentality (Lowe & Walker 1997). A wooded deciduous/coniferous 

vegetation type developed according to pollen and Coleoptera fi'om Grande Pile, NE 

France, which may have been slightly more open than that recorded in Sub-Stage 5e 

(Woillard 1978; Ponel 1995).

01 Stage 4 was a period o f high ice volume, and for the majority o f the episode 

a climate where July temperatures were <10°C and winter temperatures may have been 

as low as -25°C, has been proposed (Coope 2000b). Sites assigned to this time period 

containing mammalian evidence are often associated with periglacial features e.g. 

Wretton (section 2.9.6), suggesting winter temperatures in the order o f -10°C.
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However, the mammalian faimas may relate to short-lived interstadial periods where 

cold conditions were not fully developed. Such interstadial episodes at the beginning of 

01 Stage 4 are recorded in periods o f speleothem growth at Stump Cross Cave (fig.2.6). 

Evidence fi'om Coleoptera supports the occurrence o f relatively high summer 

temperatures in association with some mammalian faunas (West et al. 1974; Coope & 

Angus 1975), but winter conditions are likely to have remained severe, resulting in a 

highly seasonal climate. Vegetation was open with no evidence o f the presence o f trees, 

the herb biozones recorded at Wretton are considered to be analogous to present-day 

tundra (West et al. 1974).

01 Stage 3 was a period in the mid-Devensian with more prolonged 

development o f increased summer temperatures. This feature is picked up in the 

predicated insolation curves and more extended periods o f speleothem growth in 

Britain (fig.2.6); ice cover also seems to have been less extensive (Lowe & Walker 

1997). At Grande Pile approximately half the number o f cold-adapted beetle taxa 

recorded from the last glacial maximum are present (Ponel 1995). Relatively little 

palaeoenvironmental information is associated with the mammalian faunas assigned to 

this time period. It is unclear whether trees reached the British Isles, but vegetation is 

likely to have remained largely open in character, with a shrub component o f Salix and 

Juniperus. Stage 3 vegetation may have been relatively productive, especially in 

comparison to modem tundra (Guthrie 1990b). During this period the ‘Mammoth 

Steppe’ extended over much o f Eurasia, and appears to have supported a high density 

of large mammals. The climate remained highly seasonal, with warm summers but cold 

winters. Evidence for a number o f intense climatic fluctuations during this period is 

becoming apparent, with some severely cold episodes (Bond et al. 1993)

After the last glacial maximum, the first signs o f warming occurred around 

15,000 B.P. in Britain, with organic deposition in lakes and the replacement o f open- 

habitat herbaceous flora by dwarf shmb communities (Lowe & Walker 1997).

Evidence from Coleoptera suggests rapid warming at this time, up to 1 °C per decade 

and 7 °C per Century (Coope & Brophy 1972). During the thermal maximum o f the 

Lateglacial Interstadial (ca. 13,000-12,500 B.P.) summer temperatures reached 16-18 

°C (Lowe & Walker 1997). A delay in the response o f trees and shrubs such as Betula 

and Juniperus to climatic warming occurred (Pennington 1986), although eventually 

open Betula woodland developed over much o f lowland Europe. The end o f the 

Lateglacial Interstadial showed a decline in temperatures o f around 5 °C, from 11,800 

B.P. onwards (Coope & Lemdahl 1995).
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From 11,000-10,000 B.P. a return to cold climate conditions occurred during 

the Loch Lomond Stadial, with glacier re-advances in parts of upland Britain (Gray & 

Coxon 1991). Summer temperatures only reached 8-11 °C, and open tundra 

communities and plants o f disturbed ground replaced any woodland that had 

developed. Climatic amelioration, ending this short-lived cold episode, appears to have 

begun shortly after 10,500 B.P. In the early Holocene, coleopteran evidence indicates 

that present-day temperature conditions had been reached by 9,800-9,500 B.P. (Coope 

& Lemdahl 1995). The open steppe-tundra plant communities o f the Lateglacial Stadial 

appear to have been rapidly replaced by Betula-Pinus-Corylus woodland, which is 

recorded at Star Carr (section 2.11.4) and Thatcham (section 2.11.5).
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Fig.2.6: Palaeoclimate records for the Late Pleistocene (after Baker et al. 1996). From the top: timing of  

deposition o f the Stump Cross Flowstone, the speleothem cumulative growth frequency record (Baker et 

al. 1993), estimated summer insolation for 60°N (Berger & Loutre 1991) and the orbitally tuned Oxygen 

Isotope Record (Martinson et al. 1987). Vertical shading indicates the timing o f flowstone formation at 

Lancaster Hole, Yorkshire, during the three temperate peaks o f  the Stage 5 interglacial and the mid- 

Devensian temperate episode (01 Stage 3). Horizontal time scale is in kyr before present. Speleothems 

were formed in Stump Cross Cave during the early part o f the 01 Stage 6 glaciation (Phase S, 168.4 ± 3 .4  

ka); in the 01 Stage 4 glaciation (Phases U + T, 78.0 ± 2.9 ka + 71.6 ± 1.9 ka); and during 01 Stage 3 

(Phase X, 3 5 .1 ± 9.9 ka) and the Lateglacial interstadial (Phase Y, 9.9 ± 3.7 ka).
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CHAPTER 3: Methods for Studying Body Size

This chapter describes the methods used for species identification (section 3.1) 

and investigation o f the body size o f British Pleistocene ungulates and their mammalian 

predators. Size variation within species was sometimes determined by simple 

comparison o f linear dimensions, but in the majority o f cases measurement values were 

converted into estimates o f body mass (section 3.2); body mass represents a common 

currency, allowing body size comparison between different skeletal elements and 

species (section 1 . 1 .2 ).

Quantification o f body size was carried out, by taking standard measures o f the 

fossil material available (section 3.3). Methodological features common to all o f the 

study species are introduced first (section 3.3.1). The details o f the measures taken on 

bone and tooth remains are then described for each Family in turn (sections 3.3.2- 

3.3.11). The consistency o f the body mass estimates produced from the standard 

measures has been examined both within and between elements. This provides 

information on the success o f the mass estimation methods and the limits o f its 

application. The statistical methods used to determine variations in estimated species 

body masses between sites and Isotope Stages are also described (section 3.4). Methods 

for the analysis o f community body mass structure are discussed separately in Chapter 

8 .

3.1 Identification of Skeletal Material

In this section, the methods used to identify the bones and teeth o f the studied 

British Pleistocene mammal species will be described. As far as possible morphological 

characters were used for identification purposes, to avoid the introduction o f bias into 

the body size data set from the use o f size related characters. However, in some cases 

the use o f distinctive size differences in identification could not be avoided; examples 

where species identification was particularly problematic have been discussed in detail. 

All post-cranial and dental material examined during the study was assigned to the left 

or right hand side o f the skeleton. Another identification issue was the location o f 

isolated tooth elements to a position in the tooth row; this is necessary for the 

application o f many body mass-estimating equations.
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3.1.1 Bovidae

Separation o f the remains o f Bos and Bison is a major problem, and a lot of 

work has focused on locating characters in the post-cranial skeleton, which allow Bos 

primigenius and Bison priscus to be identified (Gee 1991, 1993). Despite this, 

identification remains a difficult procedure and only certain bones could be assigned to 

species level with confidence. Features o f the metapodials defined by Gee (1991, 1993) 

proved particularly useful for identification, likewise characters o f the distal tibia and 

astragalus. In some cases the radius could be assigned to either Bos or Bison but for all 

other bones a species determination was not attempted.

Although not included in the body size study, horn cores o f the two species are 

characteristic; Bison horns are angled upwards while those o f Bos are twisted in two 

planes. Sites where all identifiable bone elements and horn cores belonged to a single 

species were assumed to have only that species represented, allowing mass estimates 

from all large bovid bones to be included in the species mass estimate. For sites with a 

mix o f Bos and Bison, body size information was based on identifiable elements only. 

Some confusion exists concerning the species identification o f bison material from the 

end o f the early Middle Pleistocene at Westbury-sub-Mendip and Boxgrove. These 

specimens have been identified as the earliest representatives o f B. priscus in the 

British Isles (Bishop 1982, Parfitt 1999). However, Gentry (1999) considers the 

material from Westbury-sub-Mendip belongs to B. schoetensacki^ the bison species 

found at earlier sites such as West Runton and Pakefield/Kessingland.

Identification o f Bos and Bison specimens on the basis o f tooth morphology was 

not carried out in this study. Even after a comprehensive survey o f British Pleistocene 

bovids Gee (1991) was only able to find a few tentative features o f the lower m3 , which 

could separate the species. A combined Bos/Bison tooth grouping was therefore used. 

In samples where all identifiable post-crania and horn cores could be assigned to a 

single species, teeth were also assumed to derive from this species. Where a mix o f Bos 

and Bison occurred, teeth from the two species were assumed to be present in similar 

proportions to post-crania.

For isolated teeth identification to a position in the tooth row is required, 

especially for application o f the mass estimating equations. Lower premolars were 

identified on the basis o f their occlusal surface patterns. Molars mi and m2  could be 

separated by comparison with complete tooth rows from animals o f equivalent size. 

Also, in mi specimens the front and back edges converge in labial view, while in m2  the 

edges are more parallel (Gentry 1999). Separation o f pm^ and pm"̂  was achieved by

124



comparing the occlusal length with length at the cemento-enamel junction; has a 

much narrower crown base. Upper molars m' and m^ were separated in the same way 

as lowers, m  ̂was distinguished by the lack o f a wear facet on the posterior side; if 

roots are preserved these are deflected backwards.

An additional but rare large bovid recorded in the British Pleistocene is the 

musk ox O. moschatus. The limb bones can be easily separated fl-om Bos/Bison, and in 

particular are extremely short. The O. moschatus lower teeth from Crayford, Kent 

appear to be narrower than those o f other large Pleistocene bovids with a more rounded 

infimdibulum. The skull o f O. moschatus is very characteristic, especially the horns 

with greatly expanded bases. Smaller bovid species are uncommon in the British 

Pleistocene; these are generally recorded as tooth specimens, which have a very 

different morphology in comparison to cervid species o f equivalent size.

3.1.2 Cervidae

Identification o f late Middle Pleistocene and Late Pleistocene cervids to species 

level was successfully achieved using a combination o f morphological and body size 

characters. One possible problem area was the separation o f the small C  elaphus and 

large D. dama clactoniana material from the 01 Stage 11 and 9 interglacials, but 

characters defined by Lister (1996c) allowed the identification o f all major bone 

elements to species level. C. capreolus remains are significantly smaller than all other 

cervid forms. Post-cranial bones o f M. giganteus on the other hand, are distinct from 

the majority o f other cervid species because o f their large size. The only deer species of 

comparable size is A. alces; this species is rarely represented in the British Pleistocene 

but characters allowing these two large cervid species to be recognised have been 

described (Pfeiffer 1999). A more common problem is failing to recognize M. 

giganteus material grouped with large bovid specimens. This was achieved using 

general cervid characters (Heintz 1970; Lister 1981).

Identification o f early Middle Pleistocene cervids is more problematic, as the 

samples may contain three extinct Megaloceros species: M. verticornis, M. dawkinsi 

and M  savini. These species have all been described on the basis o f antler remains 

(Dawkins 1887). Little comparative material is available, as few examples o f antlers 

associated with post-crania or dentitions exist. Identification o f morphological 

distinctions between the three Megaloceros species would be expected to be 

problematic in any case, as they are all members o f the same genus.
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Separation o f the post-crania o f these species was therefore carried out 

tentatively on the basis o f size. M  verticornis is generally recognised as the largest of 

the three early Middle Pleistocene megacerines, but appears to have been smaller than 

the later M. giganteus (Azzaroli 1953). M  dawkinsi is considered to be 

morphologically very similar to M  verticornis, but much smaller in size. M. savini was 

probably intermediate in size between M. verticornis and M. dawkinsi. The distinction 

between the species is not sharp however, and at their extremes the species may 

overlap, especially M. verticornis and M  savini. The body mass estimates for these 

species are to be treated with caution as they may be based on artificial size groupings.

Isolated cervid teeth were assigned tooth row positions as described for bovids 

(section 3.1.1). All cervid teeth were identified to species level using size criteria and 

morphological features (Lister 1981, 1996c). The teeth o f  Alces and Rangifer are highly 

characteristic with low crowned molars and highly molarised premolars. Identifications 

o f  early Middle Pleistocene Megaloceros species were once again tentative. The largest 

megacerine teeth were considered to represent M. verticornis. Proposed M. dawkinsi 

teeth appear to be very similar to this grouping, but are smaller and more hypsodont 

with thicker enamel (Azzaroli 1953, 1994). Teeth o f M. savini may be relatively narrow 

in comparison to their length (Parfitt 1999).

3.1.3 Other Artiodactyla

Only one suid species {S. scrofd) is present in the British Pleistocene. 

Morphological differences between the teeth and the presence or absence o f wear facets 

allow a position in the tooth row to be assigned. Upper teeth are significantly wider 

than their counterparts in the lower tooth row. The only major diflSculty was separating 

mi/m 2  and mVm^ as in bovids and cervids. The occlusal surface o f the second molar 

contains a posterior extension not shown in the first molar, which allows these tooth 

pairs to be distinguished.

The Family Hippopotamidae is also represented in Britain during the Middle 

and Late Pleistocene by a single species, H. amphibius. The characteristic bones and 

teeth o f this group are easily recognizable. Only molar teeth were included in the study 

because o f the difficulties o f identifying premolars to a position in the tooth row and 

the large number o f eruption abnormalities in these teeth. Upper and lower molar teeth 

can be separated using their widths, with upper teeth wider than lowers. Position in the 

tooth row was determined by tooth morphology and size; m  ̂does not show a posterior 

wear facet unlike other upper molars.
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3.1.4 Equidae

In the vast majority o f cases one equid species, considered to be E. ferus, is 

represented at British Middle and Late Pleistocene sites. The only exceptions are the 

additional presence o f E. altidens in early Middle Pleistocene deposits, and when E. 

hydruntinus is recorded in the late Middle Pleistocene. At E. hydruntinus sites no post- 

cranial material is known. Separation o f the bones o f E cf. ferus and E. altidens at the 

early Middle Pleistocene sites o f West Runton and Pakefield/Kessingland was achieved 

on the basis o f the large size distinction between the species (section 4.4). The E. 

altidens material is also more gracile.

Identification of rare E. altidens and E. hydruntinus teeth was carried out using 

size and occlusal morphology features. Occlusal patterns o f the cheek teeth distinguish 

E. hydruntinus from E. ferus, as well as indicating that the species is distinct from 

modern animals such as E. assinus and E. hemionus (Turner 1990). Location of isolated 

teeth to their position in the tooth row is particularly difficult for equids. Only the 

second premolars and third molars have a distinctive morphology, but separation of 

premolars and molars can usually be achieved. Upper premolars can be recognised by 

their larger size and more rectangular occlusal surface in comparison to upper molars 

(fig.3.1a).
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Fig.3.1a: Occlusal surface o f the upper dentition in Equus ferus, illustrating the features that can be used 

to identify isolated teeth to a position in the tooth row.
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Lower premolars are again larger than molars, and have a wide and short 

hypoconulid, whereas in molars this is thinner, elongated and separated by a neck 

(Eisenmann et al. 1988). Additionally, postflexid length decreases along the tooth row 

and can be used to separate lower premolars and molars (see fig.3.1b). Classifying 

isolated teeth further than this was found to be extremely difficult, so pmg^, mi/2 , pm^^ 

and m'^  ̂classes were used, preventing the use o f mass estimating equations in the 

majority of cases.
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Fig.3.1b; Occlusal surface o f the mandibular tooth row in Equus ferus, illustrating the features that can 

be used to identify isolated teeth to a position in the tooth row.

3.1.5 Rhinocerotidae

A number of morphological features allowing the separation o f the bones of 

Pleistocene rhino species have been described (Kahlke 1975; Guerin 1980; Fortelius et 

al. 1993). In early Middle Pleistocene deposits all rhinoceros post-crania were assigned 

to S. hundsheimensis (Fortelius et al. 1993). No evidence o f post-cranial material from 

‘̂‘Stephanorhinus sp. A” was found; this poorly known species is tentatively identified 

on the basis of tooth remains from Boxgrove, West Sussex and Swanscombe, Kent 

(Currant 1996b; Parfitt 1999).

From the three late Middle Pleistocene interglacials two rhino species can be 

present in fossil samples, S. kirchbergensis and S. hemitoechus. Separation of these two 

species is relatively straightforward for metapodials and foot bones, although for limb 

bones it is more complicated. Small samples of comparative limb material are available 

so tentative identifications could be made only on the basis o f size, with S. 

kirchbergensis considered to be larger. The woolly rhino (C. antiquitatis) is distinct 

morphologically from the two species o f interglacial rhinoceros due to its graviportal 

build.

The position in the tooth row of lower teeth could be identified from the pattern 

of lophs on the occlusal surface and the presence o f wear facets. Features o f tooth
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enamel, cement and morphology allow identification o f British Pleistocene rhino teeth 

to species level. The teeth o f S. hundsheimensis are brachydont with moderately rough 

enamel and coronal cement sometimes preserved, but neither feature to the extent seen 

in S. hemitoechus. S. hemitoechus tooth specimens are more hypsodont than S. 

hundsheimensis and show rougher enamel and thicker dental cement as well as reduced 

cingula. Proportions o f the dentition also differ with enlarged posterior and reduced 

anterior teeth (Fortelius et al. 1993). Lower cheek teeth have deep vertical folds on the 

buccal side between the meta- and hypolophids.

S. kirchbergensis teeth are very characteristic with smooth enamel showing a 

fingerprint effect and no dental cement; folds in the teeth are only shallow. The molars 

o f this species are less hypsodont than the condition seen in S. hemitoechus and have a 

more concave occlusal surface. Teeth o f C  antiquitatis are even more distinct with 

thick, matt enamel showing a rough and pitted surface with layers o f dental cement. 

Occlusal surface patterns are also characteristic. Lower teeth display a v-shaped 

anterior lobe while the posterior lobe has a u shape.

3.1.6 Carnivora

Usually only one large carnivore from each Family is present in the British Isles 

at any one time during the Pleistocene, simplifying identification. Exceptions to this 

rule occur in the early Middle Pleistocene, when two large felids are often found 

together, e.g. P. leo and P. gombaszoegensis at Westbury-sub-Mendip. Two large 

canids also co-exist here, C. lupus mosbachensis and C. lycanoides. In these cases 

distinct size differences allow separation.

The identification o f ursid post-crania to species level can be problematic. 

Morphological features that can be used to distinguish the three British Pleistocene 

species have been described by Bishop (1982). U. spelaeus shows an increase in size 

and heaviness o f build relative to both the U. deningeri and U. arctos condition, with 

more robust limb bones and metapodials. However, application o f these techniques was 

rarely required, as it appears that only one ursid species was present in Britain at any 

one time during the Middle and Late Pleistocene. An exception is the sample from 

Kent’s Cavern, Devon, where two ursid species from distinct time periods are 

represented. Confident separation o f the species using the material available could not 

be achieved, so this ursid sample was excluded from the body size study.

The location o f isolated carnivore teeth to a position in the tooth row is 

straightforward as there is a large amount o f morphological differentiation between
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tooth positions. Pleistocene carnivore species can also be identified to species level 

easily fi’om their tooth remains, which show large differences in morphology between 

the Families reflecting dietary specialisations. The large and robust bone-cracking 

premolars of hyaenas, the reduced tooth set to produce a sharp slicing blade in felids 

and the relatively unspecialised teeth o f ursids, suitable for an omnivorous diet, can 

easily be recognised. Cases where two Family members co-exist at a site could usually 

be resolved by distinct size differences between the teeth o f the species concerned. 

Ursid teeth can be differentiated more easily than post-crania (Bishop 1982). Teeth o f 

U. arctos are generally higher crowned than U. deningeri and U. spelaeus. The loss of 

anterior premolars in cave bear species also provides an important character allowing 

separation from U. arctos.

3.2 Estimating the Body Masses of British Pleistocene Mammals

Scaling studies carried out on modem mammals show that for many 

mammalian Families skeletal dimensions are closely correlated with body weight. This 

is to be expected, especially for elements o f the post-cranial skeleton, as bones must be 

o f sufficient thickness to withstand the compressive and bending forces that are 

generated with increasing body weights. These relationships can therefore be used to 

estimate the body mass o f a species from its bones and teeth, allowing the method to be 

applied to fossil remains. A number o f studies on the scaling o f bone and tooth 

dimensions with body mass for large mammals are already present in the literature (e.g. 

Janis 1990; Scott 1990). The methods used in these investigations are described, and 

were applied in this project to the cases o f rhinoceros and carnivore scaling, where 

mass estimating equations were developed by the author.

3.2.1 Body Mass Estimation by Simple Comparison

For Pleistocene species which still have extant representatives, body mass 

estimates can be made by simple comparison o f Pleistocene skeletal dimensions with 

modem. If  isometric size change is assumed to occur within species, then the size ratio 

observed between fossil and modem skeletal elements can be used to convert modem 

body mass data into a Pleistocene mass estimate by use o f simple mles o f geometric 

similarity (Schmidt-Nielsen 1984). The volume o f an animal (closely related to its 

mass) will change in proportion to the third power o f linear dimensions. When 

calculating a Pleistocene body mass by simple comparison the following variables must
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be known: modem mass (Mass), average value o f the standard measure in a modem 

sample (MM), average value o f the standard measure in a Pleistocene sample (PM).

Pleistocene Mass = Mass (PM/MM)^

The assumption o f simple geometric isometry is likely to be flawed however, 

because if size change o f this type occurs bone cross sectional areas, that provide mass 

support, will not increase as rapidly as the load placed upon them (Schmidt-Nielsen 

1984). Different bone dimensions are likely to scale at different rates. However, simple 

isometric size change in individual dimensions between species o f similar body plans is 

also uncommon (Gould 1975). Regular inter-specific aUometry in skeletal dimensions, 

where body proportions alter with size, appears to be the mle (Scott 1985). This results 

from other factors that impact on the relationship between body mass and design o f the 

skeleton, such as the stresses placed on bones during locomotion that lead to theories o f 

scaling via elastic similarity (McMahon 1975), and the ability o f animals to alter their 

posture as size increases (Bertram & Biewener 1990).

But once again when case studies are examined size change does not appear to 

follow any simple theoretical physical or mechanical principle exactly; the pattern o f 

scaling varies between different taxonomic divisions and even regions o f the body 

(Scott 1985, 1987). Therefore, whenever possible it is best to apply a multi-species 

scaling study carried out on the Family concerned to describe the relationship between 

the skeleton and body mass. When size change occurs within a species, smaller and 

larger species with the same body plan, i.e. in the same mammalian Family, probably 

provide the best available model o f how changes in skeletal dimensions relate to 

changes in body mass.

Obviously, when extinct Pleistocene species are being considered the multi

species approach will be favoured as no modem material is available for comparison. 

However, a few extant species recorded in the British Pleistocene have a limited 

number o f Family representatives e.g. Hippopotamidae and Hyaenidae. This prevents 

the construction o f effective multi-species scaling studies, so body mass estimates for 

British Pleistocene H. amphibius (post-crania only) and C. crocuta will be made by 

comparison with modem material using geometric scaling, taking into account the 

possibility that this method may over-estimate body masses slightly.
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3.2.2 Body Mass Estimation Using Multi-Species Scaling Studies

The taxonomic composition o f multi-species studies can vary greatly from all 

ungulate and carnivore groupings down to single Family level. Total ungulate and 

carnivore scaling information can be useful for application to extinct species belonging 

to extinct Families, but where possible Family studies produce the most accurate mass 

estimates (Scott 1990; Van Valkenburgh 1990). All British Pleistocene mammals are 

members o f extant Families. The initial stage when carrying out a study on the pattern 

o f scaling between skeletal dimensions and body mass for a group o f animals is to 

select the set o f standard measures to be taken from the skeleton. Measures are usually 

concentrated in the post-cranial weight-bearing elements, as this is where scaling o f 

dimensions with body mass is most likely to occur. Bones from the axial skeleton are 

generally excluded. Teeth are often included in scaling studies, despite the fact that 

they are not directly related to mass support (section 1.3). This is especially true if the 

study is aimed at estimating mass from fossil material, as teeth are generally better 

represented in the fossil record than limb bones and can be more easily identified to 

species or genus level.

The standard measures selected must be easily locatable and repeatable, 

covering a range o f dimension types. This is necessary as length and width measures 

may show different relationships with body mass, certain groups o f measures allowing 

more accurate estimation o f body mass than others. If  the study is to be extended to 

fossil material then measures must be selected taking account o f the condition o f the 

fossil specimens available. Very few limb bones survive undamaged so it is rare to be 

able to take length measures o f fossil long bones. Isolated proximal or distal bone ends 

are much more common, so it is important to include measures which are restricted to 

this region. Fossil material is also often damaged at its edges, and projecting parts 

broken off by rolling and abrasion, so internal measures between articular surfaces are 

more likely to survive intact.

Once the standard measures have been determined, they must be taken on a 

sample o f individuals o f both sexes from a range o f modem species within the group 

under consideration. The average value o f the standard measure for each species is then 

determined. Averages from the two sexes may be kept separate, but identification o f 

sex in the fossil material to which the scaling equations will be applied is often not 

possible.

Body mass information is available in the literature for the majority o f modem 

mammalian species. It would be most suitable to concentrate only on skeletal
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specimens for which an individual live body mass is known. However, this is not 

possible in practice as only very limited amounts o f material with such documentation 

are available in museum collections. Seasonal mass variations o f up to 10% can occur 

in large mammals due to food and water availability. This means that the weights o f 

individuals at capture may not provide an accurate representation o f the usual mass 

condition in any case (Scott 1983). Instead, an average o f as many different individual 

mass determinations from both sexes as possible is used. This forms a suitably accurate 

and convenient measure o f species body mass, for association with mixed-sex skeletal 

material where body mass at capture is not available (Martin 1990).

For each o f the standard measures the scaling relationship with body mass 

shown by the entire size range o f the Family is determined by least squares regression 

o f average species measure against average species mass data (fig 3.2). Logio 

transformed data is used to produce a linear relationship between the measure and mass 

on which linear regression can be carried out, as the scaling relationships are usually 

allometric (Scott 1985). The equation o f the regression line given is o f the form:

log body mass = mlog measure + c m = slope o f line
c = y intercept

Substituting the value o f the standard measure for any individual o f a species (living or 

fossil) into the equation for the Family/group o f mammals concerned, will produce an 

estimate o f its body mass.

Certain skeletal elements or individual measures provide more accurate 

estimators o f mass than others. For example, the lengths o f distal limb elements are 

poorer predictors o f mass than the length o f the femur or humerus or dimensions o f 

articular surfaces for bovids, as these dimension are more greatly affected by locomotor 

specialisations (Scott 1983). This is illustrated in figure 3.2, where the observations 

fall more closely along the fitted regression line for measure R2 o f the proximal radius 

(fig.3.2a) than for the metacarpal length measure (fig 3.2b).

133



1000

5 0 0

00

JZ
O '5J

50

æ

0.9 l.O 2.0 3 0 5 0 9.0
R2 (cm)
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Fig.3.2b: Log-log plot o f metacarpal length (M cl) against body mass for bovids.

Fig.3.2: The relationship between body mass (kg) and two different skeletal measures in bovids 

(modified from Scott 1983).
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The accuracy o f the linear regression equations for estimating mass can be 

determined by calculating the values o f three different statistical parameters: r^, %PE 

and %SEE (Smith 1981,1984; Van Valkenburgh 1990).

1 ) r  ̂(coefficient o f determination).

This is a measure o f the proportion o f variability in the data set that is explained by the 

regression equation. Values close to one indicate a high proportion o f variation 

explained by the regression and suggest a close relationship between the standard 

measure and body mass. However, r  ̂can be a poor indicator o f the predictive power o f 

the independent variable. Therefore, two additional parameters that reflect residual 

variation are necessary.

2) %PE (percentage prediction error).

%PE = 100 X (Observed mass - Predicted mass)

Predicted mass

As discussed above, the species used to produce the equation all have an observed 

average mass. The regression produces a predicted mass for each o f these species 

according to the fitted equation. The percentage prediction error compares the values o f 

the observed and predicted masses for each species, and expresses the deviation 

between the two values (the error) as a percentage o f the predicted mass. The mean o f 

%PE values for all species included in a regression provides a comparative index o f 

predictive accuracy between the regressions based on different standard measurements.

3) %SEE (percentage standard error o f the estimate)

The %SEE provides a measure o f the overall ability o f the independent variable to 

predict the dependent variable.

%SEE = antilog (2+logioSEE)-100 

Standard error of the estimate (SEE) is given by the STATISTICA regression program

Assuming a normal distribution 6 8 % of the actual mass values would be expected to 

fall within ±%SEE o f the predicted mass. A %SEE o f 25 indicates that 6 8 % o f the 

observed masses fall within ±25% of the predicted mass. The smaller the %SEE, the 

more accurate the estimating equation.
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Scaling studies are available in the literature for a number o f mammalian 

Families represented in the British Pleistocene (table 3.1). No scaling studies are 

available for Hippopotamidae or Hyaenidae because o f the small numbers o f extant 

species representing these Families. The scaling o f teeth with body mass for the 

Hippopotamidae and Suidae is based on a taxonomically heterogeneous group of 

species (Damuth 1990). The grouping used is a fimctional one, including species with 

bunodont and lophodont teeth. Teeth o f these two forms scale similarly with body 

mass, as opposed to the selenodont grouping (Fortelius 1985). Using a mixed non- 

selenodont group increases the number o f species and the size range o f the regression. 

A grouping higher than Family level is also used for scaling o f teeth in equids and 

rhinos, with all perissodactyls and hyracoids included.

Table 3.1: Summary of previous scaling studies carried out on mammalian Families or functional 

groupings.

Family Post-crania Teeth

Bovidae Scott 1983,1985,1990 Janis 1990

Cervidae Scott 1987,1990 Janis 1990

Hippopotamidae
Damuth 1990

Suidae Scott 1990

Equidae Scott 1990 
Alberdi et al. 1995 Janis 1990

Rhinocerotidae

Canidae Anyonge 1993 Van Valkenburgh 1990

Ursidae Anyonge 1993 Van Valkenburgh 1990

Hyaenidae

Felidae Anyonge 1993 Van Valkenburgh 1990

For the majority o f the Families shown above, the standard measures and mass 

estimating equations that had already been developed by previous authors were used in 

this project. The listed studies have all demonstrated that the methods o f mass 

estimation described operate with sufiQcient accuracy, using both statistical indicators 

and testing against the masses o f modem species o f known body weight. Scott (1983) 

estimates from her approach that mass estimates within 15% of actual should be 

possible for most fossil Bovidae. The equations have even been applied to extinct 

species that do not belong to modem Families.
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There were two areas where it was considered that fiirther scaling studies o f the 

type described should be carried out for application to the Pleistocene body size 

project. No scaling study on the post-cranial bones o f the Rhinocerotidae is available in 

the literature. Guerin (1980) lists the average values for a set o f standard measurements 

taken on all five extant species o f rhino. By combining this data with information on 

the average mass o f each species via the regression methods described, mass estimating 

equations were produced by the author (Appendix 3.1.5).

The only bone scaling relationships available for carnivore Families were 

produced by Anyonge (1993). All o f the mass-estimating equations are based on the 

femur and humerus. Also a number o f the standard measurements are cross sectional 

areas and cortical thicknesses requiring X-ray techniques. It was decided that it would 

not be possible to take biplanar radiographs o f all o f the Pleistocene carnivore material 

fi*om widely dispersed museums all over the country, so new carnivore Family scaling 

studies were carried out. A set o f more suitable measures, as equivalent as possible to 

those taken on the ungulate material, and covering a wider range o f bone elements, was 

devised for this project (section 3.3.8).

The scaling o f the standard measures with body mass was determined for the 

Canidae, Ursidae and Felidae. This was achieved by taking the standard measures on 

all suitable skeletal specimens o f members o f these Families present in the collections 

o f the Zoology Department o f the Natural History Museum, London. For each Family 

the widest possible size range o f species was used. Specimens bred in captivity were 

generally avoided, but if no other material was available they were included if the 

skeleton did not appear too aberrant. Because o f the small sample sizes for most 

species, zoo specimens captured in the wild as adults had to be included. Any skeleton 

displaying major deformities in the limbs was excluded, whether it was a wild or zoo 

animal. Only bones with fused epiphyses were measured; no juvenile material was 

included in the samples.

Species belonging to the three carnivore Families could only be used in the 

scaling studies if a suitable amount o f mass information was available jfrom the 

literature. As many recorded weight measurements as possible were combined together 

to give an average body mass for each species. A scaling study could not be carried out 

on the Hyaenidae as only three species, very similar in size, are available. The aardwolf 

{Proteles cristatus) also belongs to this Family but no suitable skeletal material could 

be found. In any case this species is a highly modified and unusual member o f the 

Family. Body masses o f Pleistocene spotted hyaenas (C. crocuta) were therefore
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determined by simple comparison with the sample o f modem skeletons o f this species 

in the Natural History Museum’s collection.

3.3 Body Size Measurement

3.3.1 Standard methods

The methodological features described below are common to all o f the Families 

under consideration. Details relevant to measurement and mass estimation for each 

Family are discussed in turn in the following sections (3.3.2-3.3.11). Measurements 

under 15 cm were made with Mitutoyo digital calipers and were taken to the nearest 

0.1mm. For measures over 15 cm a set o f 50 cm sliding calipers were used with 

accuracy to the nearest 0.5mm. Measurements were taken between the points indicated 

on the relevant diagram with the calipers held parallel to the long axis o f the bone. 

Where measurement definitions/numbers differ from those used in this study, the 

original terminology is shown along with the numbering applied by the author e.g.O.

When applying the standard measures to Pleistocene fossil material only adult 

limb bones, showing epiphyseal fusion, and erupted adult molars and premolars 

displaying wear, were included in the study. This avoids the problems which might be 

caused by estimating mass from juvenile bone elements, which will provide mass 

values lower than the normal average adult body mass. Unworn teeth produce 

artificially high body mass estimates from measurements o f the occlusal surface (see 

below). Also as isolated teeth their position on the tooth row is hard to identify, which 

is required for the application o f mass estimating equations. Study o f a mixed age 

sample o f modem C. elaphus mandibles from Sutherland, Scotland has shown that 

occlusal length remains relatively constant for much o f the life history, but individuals 

in the youngest and oldest age classes show deviation away from the standard (fig.3.3). 

Mass estimation was therefore not carried out on unworn or heavily worn tooth 

specimens.
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Fig.3.3: Variation in occlusal length of m, across the age categories of a sample of modem Scottish C. 

elaphus. Points represent the average occlusal length; the 95% confidence interval and sample size 

associated with each mean is displayed. Lines indicate the range of occlusal lengths observed during 

much of the life history. Individuals in the youngest (0+1) and Oldest (10+) age classes fall above and 

below this range respectively. Mandibles were aged on the basis o f a combination of tooth eruption and 

wear characteristics (Lowe 1967; Chaplin & White 1969; Brown & Chapman 1991).

The requirement for fused limb bones resulted in the exclusion o f elephants and 

mammoths fi*om the study. These species do not show determinate growth and their 

bones increase in size throughout much o f the life history until epiphyseal fiision finally 

takes place, completing longitudinal growth (Roth 1984; Lister 1999). Although 

mammal species show variation in the timing o f fusion between bones (Todd & Todd 

1938), all o f the study species display epiphyseal fusion o f the limb bones early in 

development, meaning that large samples o f full-size skeletal material are available. 

Bison bonasus, probably equivalent in size and growth parameters to large Pleistocene 

bovids, some o f the largest and longest-lived animals in the study, shows fusion o f the 

limb bones between 4-6 years o f age (Koch 1935).

No attempt was made to assign a sex to the fossil material on initial 

examination in museum collections. This cannot easily be achieved due to size overlap 

between the sexes, and the size variation that occurs in many species through the 

Pleistocene. Small specimens can generally be considered to derive fi*om females and 

those at the top o f the size range fi*om males, but large amounts o f intermediate 

indeterminable material often remain. This reduces sample sizes considerably and 

results in male and female means being biased to higher and lower values respectively
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(Kelley 1993). Levels o f sexual dimorphism are known in modem populations of 

Pleistocene species surviving to the present day (section 1.6). However, sexual 

dimorphism may have varied during the Pleistocene due to the effects o f environmental 

change on social systems.

In many cases information on sexual dimorphism has not been included in the 

scaling studies. Scott (1983, 1990) only separated the sex data for species with greater 

than 15% dimorphism and Alberdi et al. (1995) state than sexual dimorphism in horses 

is insignificant in relation to intra-specific variation in Equus. Considering the seasonal 

variation in mass that occurs Avithin individuals, which is often equivalent to sexual 

dimorphism, estimating an overall species average mass is all that appears to be 

possible.

Identification o f mass variation in Pleistocene species with high sexual 

dimorphism e.g. U. arctos, P. leo, C. elaphus relies on similar sex ratios being present 

in compared samples. Problems caused by skewed sex ratios are more likely when 

sample size is small, so care has been taken in the interpretation o f mass results in these 

cases. Some behavioural features o f modem mammals suggest that possible sex biases 

may occur even when sample size is large. Red deer herds often separate into single sex 

groups during the winter (Staines et al. 1982; Clutton-Brock et al. 1987) and the 

hibernation activity o f bears may result in an uneven sex ratio produced by death in 

caves. Depending on the nature o f the winter food supply male bears may not undergo 

winter hibernation (Steiner et al. 1998). Sex biases may also reslilt from males and 

females hibernating in different cave areas or entirely separate caves. Where possible, 

additional indicators o f sample sex ratio, e.g. antlers and sample variability have been 

included to confirm a mix o f sexes in these problematic species.

Scott (1983) considers that combination o f mass estimates from as many 

different standard measures as possible provides the most reliable indication o f body 

mass, but that obviously aberrant values should be excluded. In order to identify 

inconsistent values, the mass results produced for a species at a particular site have 

been compared within bones. In theory, no variation should occur between the mass 

estimates produced from the same specimens. Mass results from measures that 

produced divergent estimates and had high error statistics (%PE and %SEE) associated 

with their regressions were excluded.

Other measures that proved to be unreliable had not previously been identified 

statistically as possible problem areas. These were a small group o f measurements that 

were hard to take accurately on the fossil material, such as proximal anterior-posterior
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diameter o f the tibia (measure 3). A test o f the repeatability o f a set o f commonly used 

measurements was carried out on the sample o f cervid material from Grays, Essex 

(Appendix 2). The bones were measured on three occasions; at the start o f the project, 

midway through the measurement programme, and after the majority o f material had 

been examined. This not only tested repeatability but also checked the consistency o f 

measurement as more experience was gained. Values o f the repeated measurements 

were generally very similar, with variation o f less than 0.5 mm in most cases 

(Appendix 2). Mass results from the measurements with low repeatability were 

excluded.

After the exclusion o f obviously aberrant mass values, the consistency o f mass 

estimation between bone and tooth elements was checked. An average body mass 

estimate was then produced for each species at each site (Appendix 4). However, in all 

cases body mass estimates from measurements o f limb bones and teeth were initially 

kept separate. This was to allow comparison o f the results from the two skeletal regions 

(section 1.3).

3.3.2 Bovidae

Post-crania

The mass estimating measures for bovid bones are taken from Scott (1983, 

1990). The bone elements used to estimate mass are the humerus, femur, radius, tibia 

and metapodials, and were measured as shown in fig.3.4. Scott included measurements 

o f transverse and antero-posterior diameter at mid-shaft for each o f the bones, but these 

were excluded from this study because o f the difficulties o f locating mid-shaft 

accurately and repeatably. The measurements o f the ulna were also not used because 

suitable fossil material was rarely available. The mass estimating equations and their 

associated r^, %PE and %SEE values are shown in Appendix 3.1.1.

Major post-cranial elements, not included in scaling studies, were also 

measured in this project to provide information on body size variation (scapula, 

astragalus, calcaneum, phalanx 1, phalanx 2). The standard measures for these bones 

are shown in fig.3.5 and are based on von den Driesch (1976). Investigations into size 

change in the linear dimensions o f these bones were carried out; they were not used to 

produce mass estimates. It is important to include this material as some body parts 

which are extremely well represented in the Pleistocene fossil record, e.g. astragalus, 

are in this group.
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Fig.3.4: Standard post-cranial measures taken on artiodactyl material. All bones illustrated are left; H  ̂

Humerus, F = Femur, R = Radius, T = Tibia, Me = Metacarpal, Mt = Metatarsal (modified from Scott 

1983, 1985). Associated mass-estimating equations are displayed in Appendix 3.1.1, 3.1.2 and 3.1.3.
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Fig.3.5: Standard measures o f artiodactyl post-cranial elements not used in mass estimation (scapula, 

calcaneum, astragalus and phalanx 1 and 2) (modified from von den Driesch 1976).
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The mass estimation consistency that was achieved between measures taken on 

the same bone element is illustrated in fig.3.7. The large sample of B. priscus from the 

Mid-Devensian site of Isleworth, West London was used for this study. In theory, no 

variation in mass estimates should occur between the measures, which are generally 

based on the same set o f individuals. The measures, Mcl and Mc5 (fig. 3.7a), Mtl and 

Mt5 (fig.3.7b), R1 (fig.3.7c), T1 (fig.3.7d) and HI (fig.3.7e) produce lower mass 

estimates than other measures taken on the same bones, and generally have high %PE 

and %SEE values associated with their regressions (Appendix 3.1.1). These measures 

can therefore be proposed to be inaccurate estimators o f mass. Four o f the measures are 

lengths of distal limb elements, which have repeatedly been shown to be problematic 

(Scott 1983,1985,1990).

Mass estimates from the measures identified as inaccurate by the consistency 

study and their regression statistics, and measures that could not be taken consistently 

e.g. T3 (section 3.3.1), were excluded from the bovid species averages. Once these 

measures had been excluded a consistent pattern o f mass estimation between bones was 

achieved (fig.3.6). Considering that mass comparison between bones need not represent 

material from the same individuals, the small difference in averages observed is 

interpreted as insignificant.
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Fig.3.6: Comparison o f body masses estimated for Isleworth B. priscus from different post-cranial 

elements. Points represent the average estimated mass; error bars the sample standard deviation. The 

sample size o f mass estimates from each bone is displayed. Me = Metacarpal, Mt == Metatarsal, R = 

Radius, T = Tibia, H = Humerus, F = Femur.
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Teeth

Measurements were taken on all erupted and worn molars and premolars from 

both the upper and lower tooth rows. Incisors and deciduous teeth were not included in 

the study. The same basic measurements were taken on all tooth types (fig.3.8). For 

lower teeth, measures O © and O were taken on the lingual side while the buccal side 

o f the tooth was used for the corresponding measures in upper teeth. Premolar crown 

height was measured on the centre on the lingual/buccal face to give the maximum 

reading. The crown height o f lower molars was measured along the metaconid, and for 

upper teeth the metacone was used.

The measure used to estimate mass was occlusal length (© , fig.3.8), which has 

been shown to fimction more accurately than either occlusal width or occlusal area 

(Janis 1990). Equations have been developed for most o f the lower tooth row but only 

for m^ from the maxillary row. The mass estimating equations relating to each tooth 

type, and their associated r^, %PE and %SEE are shown in Appendix 3.2.1. Lower 

molar row lengths may provide better mass estimates (Janis 1990), but the majority o f 

Pleistocene samples consist mainly o f isolated tooth remains.

%SEE and %PE values (Appendix 3.2.1) indicate that the equations are less 

precise estimators o f mass than those developed from scaling studies o f limb bones.

The large sample o f bovid teeth from the Stage 5e site o f Barrington, Cambridgeshire 

shows that mass estimates from lower premolars are lower than those produced from 

the molars included in the scaling study (fig.3.9). The %PE and %SEE values 

associated with the premolar equations are high (Appendix 3.2.1), so mass estimates 

from these teeth were excluded from averages; consistent mass estimates are produced 

by the molar teeth (fig.3.9).
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Fig.3.9: Body masses estimated from different tooth elements in the Barrington bovid sample. Points 

represent the average estimated mass; error bars the sample standard deviation. L prefix denotes lower 

teeth, U = upper teeth. The sample size of each tooth is indicated.
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3.3.3 Cervidae

Post-crania

The mass estimating measures for cervid bones are taken from Scott (1990). 

Again bone diameters at midshafr and measurements o f the ulna are excluded. The 

standard measures are exactly the same as those taken on bovids (section 3.3.2, 

fig.3.4+3.5). Mass estimating equations and their associated %PE and %SEE values are 

displayed in Appendix 3.1.2. A study o f mass estimation consistency within cervid 

bones was carried out on D. dama from the Stage 11 site o f Swanscombe, Kent 

(fig.3.10). When measures whose mass results were excluded from bovid averages 

(section 3.3.2) are examined, lengths o f metapodials (M cl and M tl) again seem to 

produce inconsistent results (fig.3.10a+b). Both measures are associated with high %PE 

and %SEE values (Appendix 3.1.2). Measure T3 with low repeatability (section 3.3.1), 

was again problematic (fig.3.1 Od).

Other measures excluded from the bovid study e.g. Mc5, Mt5, appear to provide 

consistent mass estimates in cervids. Lengths o f the radius and tibia (R l, T l), although 

based on small sample sizes, do not produce low mass estimates and have reduced %PE 

and %SEE values. Scott (1990) also indicates that estimating masses from lengths o f 

distal limb elements is not as problematic in cervids. Therefore only mass results from 

M cl, M tl and T3 were excluded from mass averages for cervids. Excluding only the 

mass results from these three measures, consistent mass estimates from different bone 

elements were produced for Swanscombe D. dama (fig.3.11).

In the special case o f the reindeer {R. tarandus) all estimates from measures 

taken on the distal ends o f metapodials (Me 4+5, Mt 4+5) were excluded. The 

morphology o f this bone region displays locomotor specialisations and is highly 

modified, with wide fiat distal ends. This results in high body mass estimates from 

distal widths (Mc4, Mt 4) and low estimates from distal depths (Mc5, Mt5). An 

illustration o f the problem is provided by the sample o f R. tarandus from the Devensian 

site o f Kent’s Cavern, Torquay (fig.3.12). Measures o f the proximal ends o f 

metapodials (Mc2+3, Mt2+3) produce mass estimates close to those from other R. 

tarandus bone elements in the Kent’s Cavern sample. However, Mc/Mt4 produce mass 

estimates above this level, while Mc/Mt5 averages are below the mass range from other 

bone types.
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T eeth

Tooth measures for cervids were the same as previously described for bovids 

(section 3.3.2, fig.3.8). Once again mass estimates were made using occlusal length 

measures (Janis 1990) (Appendix 3.2.2). Statistical parameters indicate that the cervid 

regression equations are more accurate estimators o f mass than the equivalent equations 

for bovids (Appendix 3.2.1). Acceptably consistent mass estimation between elements 

was achieved for all teeth except pmi, whose mass estimates were excluded. This is 

illustrated using the large sample o f C. elaphus mandibles and isolated upper molars 

from the early Holocene site o f Star Carr, Yorkshire (fig.3.13). Comparisons between 

lower teeth certainly use the same individuals.
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3.3.4 Suidae

Post-crania

The mass estimating measures for suid bones are taken from Scott (1990). The 

measures taken on the proximal limb bones are the same as those described for bovids 

(section 3.3.2, fig. 3.4), with once again mid-shaft diameters and measures o f the ulna 

excluded. The measure R4 o f the radius was not taken, as in suids it is the same as R3. 

Because o f the very different morphology o f the metapodials in comparison to bovids 

and cervids, a different set o f measures was used for these elements (fig.3.14a). The 

mass estimating equations used and their associated %PE and %SEE values are shown 

in Appendix 3.1.3. The non-mass estimating measurements carried out on bovids 

(section 3.3.2, fig.3.5), were repeated for the remaining post-cranial bones o f suids. 

Because o f the different form of the astragalus, measures 1 and 2 were taken in a 

slightly different way for suids, as illustrated (fig.3.14b).

Sample sizes o f S. scrofa are not large enough at any site to allow a 

comprehensive study o f variation in mass estimates within bone elements. The largest 

samples available are from the early Holocene site o f Thatcham, Berkshire, and the 

Stage 7 interglacial site o f Bleadon Cave, Somerset, but only a restricted number o f 

measures could be compared and mass estimates are based on a low number of 

specimens (fig.3.15). Due to the sampling problems discussed only highly aberrant 

results can be highlighted with confidence.

Clearly imprecise measures to be excluded from the body mass averages are 

Mc3 (for both McIII and McIV) (fig.3.15a) and R5 (fig.3.15d), which both provide 

very high mass estimates. However, these measures do not have high %PE and %SEE 

values associated with their regressions (Appendix 3.1.3). Problems were experienced 

in interpreting and applying the suid metapodial measures o f Scott (1990), and the 

inconsistent results from Mc3 could well be due to these factors. The reasons for the 

high mass estimate from R5 are unclear but may be caused by an error in the published 

regression equation, as little morphological modification is apparent in the distal radius 

in comparison to bovids and cervids, for which this measure performed consistently as 

a mass estimator. When masses estimated from the measurements discussed above are 

removed, consistent mass estimates from the different bone types are produced, as 

shown by the sample o f S. scrofa from Thatcham (fig.3.16).
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Fig.3.14a: Standard measurements taken on suid metapodials (modified from Scott 1990). Associated

mass-estimating equations are displayed in Appendix 3.1.3. Mc/Mt applies to 3rd and 4th metapodials 

from both the fore and hind foot.
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Fig.3.14b: Measurements applied to the suid astragalus (modified from von den Driesch 1976). 

Measurements © -©  are the same as described for cervids and bovids in fig.3.5.
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Fig.3.15: Comparison of body mass estimates within suid bones, using the Bleadon Cave and Thatcham 5. scrofa samples. Small points indicate individual mass estimates, when 

sample size is too small to allow calculation o f an average; mass estimates from the same specimen are connected by lines. For the humerus the number o f mass estimates (n=6) is 

sufficient to allow calculation of an average mass and standard deviation for each measure.
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F ig.3.16: Comparison o f body masses estimated for Thatcham S. scrofa from different post-cranial 

elements. Points represent the average estimated mass; error bars the sample standard deviation. The 

sample size o f mass estimates from each bone type is indicated.
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Fig.3.17: Body masses estimated from different tooth elements in the sample o f S. scrofa teeth from 

Thatcham. Points represent the average estimated mass; error bars the sample standard deviation. The 

sample size o f each tooth type available is indicated. Small points (LPM3, UPM2 + UM3) indicate 

individual mass estimates, when sample size is too small to allow calculation o f an average. An L prefix 

denotes lower teeth, U = upper teeth.
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Teeth

The tooth measures carried out on suids were basically the same as those 

previously described for bovids, despite differences in tooth morphology (section 3.3.2, 

fig.3.8 ). A measure o f maximum tooth length was also included, and was the measure 

used to estimate mass fi*om the non-selenodont scaling study (Damuth 1990). The mass 

estimating equations and their associated %SEE and %PE values are shown in 

Appendix 3.2.3. The values o f the regression inaccuracy statistics are all fairly high, 

which might be expected fi*om a mixed taxon scaling study o f this type. Consistency o f 

mass estimates between teeth is poor, as shown by the Thatcham tooth sample 

(fig.3.17). Estimates fi*om both m3  and m  ̂are much higher than the other teeth and 

their regression equations have the highest %PE and %SEE values, so these results 

were excluded fi"om mass averages. Mass estimates using premolars are lower than first 

and second molars (fig.3.17), but it is unclear which set is providing under or over

estimates. Results fi*om all o f these teeth were therefore combined, but the accuracy o f 

the mass values produced may be questionable.

3.3.5 Hippopotamidae

Post-crania

Measurements taken on hippopotamus post-cranial bones were the same as 

those described for bovids (section 3.3.2, fig.3.4+3.5). Metapodial bones and phalanges 

were not included in the measured sample. Astragalus measures were slightly modified 

due to the morphology o f this group, as illustrated (fig.3.18). No mass estimating 

equations were applied to the bones o f this Family because scaling studies are not 

possible due to the low number o f extant representatives. Total ungulate regression 

equations were avoided as these can be highly inaccurate, and have been designed for 

application to extinct Families. Simple geometric comparison with a modem sample 

(section 3.2.1) was considered to provide the best possible estimates o f mass.

Teeth

Only molar teeth were included in the study (section 3.1.3). The measure used 

to estimate mass was maximum tooth length, using estimating equations produced fi*om 

the taxonomically mixed non-selenodont group (Damuth 1990; Appendix 3.2.3). 

Consistency o f mass estimation between teeth was examined using the hippo sample 

fi*om the Stage 5e site o f Barrington (fig.3.19). Mass results fi"om mi and m  ̂were 

excluded, as these provide high and low estimates in comparison to other elements.

156



Fig.3.18: Standard measurement o f the astragalus unique to Hippopotamidae. Measurements © and O 

were taken as for cervids and bovids (fig.3.5).
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Fig.3.19: Body masses estimated from different tooth elements in the sample o f H. amphibius teeth from 

Barrington. Points represent the average estimated mass; error bars the sample standard deviation. The 

sample size o f each tooth type is displayed. Small points (U M l) indicate individual mass estimates, 

when sample size is too small to allow calculation o f an average. An L prefix denotes lower teeth, U = 

upper teeth.
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3.3.6 Equidae

Post-crania

Mass estimating measures for equid bones have been described by Scott (1990). 

These measurements are very similar to those taken on bovids and cervids (section 

3.3.2), but with a few modifications due to features unique to the Equidae (fig.3.21a). 

Again, measures of the ulna and mid-shaft diameters were not used in this study. The 

mass estimating equations and their associated %PE and %SEE values are shown in 

Appendix 3.1.4a. An initial comparison of mass estimates among bone types produced 

using the equations of Scott (1990), was carried out on the large sample o f E.ferus 

post-crania Ifom the Stage 7 locality o f Brundon, Suffolk. Mass estimates from the 

majority of the bones correspond well with each other, but there appears to be a 

problem with low estimates from the metatarsal; these estimates also show a higher 

variance than the other bone types (fig.3.20).
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^  400

m 350

® 300

Bone

Fig.3.20; Comparison o f body masses estimated for Brundon E.ferus from different post-cranial bone 

elements, using the measures o f Scott (1990). Points represent the average estimated mass; error bars the 

sample standard deviation. The sample size o f mass estimates from each bone type is displayed. Small 

points (F) indicate individual mass estimates, when sample size is too small to allow calculation o f  an 

average.
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Fig.3.21a: Standard measures o f  the humerus, radius, femur and tibia for equids; measurements not illustrated 

are the same as those described for artiodactyls; there is no measure F3 (modified from Scott 1990). 

Associated mass-estimating equations are displayed in Appendix 3.1.4a.
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Fig.3.21b: Standard measurements taken on equid metapodials (modified from Eisenmann et al. 1988). 

The original measurement numbers are shown as well as the definitions used in this study (e.g. McO ). 

Associated mass-estimating equations are displayed in Appendix 3.1.4b.
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Fig.3.22a: Calcaneum

-  8

Fig.3.22b: Astragalus

Fig.3.22c: Phalanx

Fig.3.22d: Phalanx 2

Fig.3.22: Standard measurements taken on equid footbones (modified from von den Driesch 1976; 

Eisenmann et al. 1988). Phalanx 1 measurements marked * are used in mass estimation (Appendix 

3.1.4b). Measurement o f the equid scapula was carried out in the same way as for artiodactyls (fig.3.5).
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There is another equid scaling study available in the literature (Alberdi et a l 

1995), using measures based on the methodology for studying fossil horses set up at the 

international Hipparion conference 1981 (Eisenmann et al. 1988). This may represent a 

system o f measurement more suitable for equids than the modified method o f Scott 

(1990). Mass estimating equations based on these measures (fig.3.2 lb) have however 

only been produced for the metapodials and phalanx 1 (Alberdi et al. 1995; Appendix 

3.1.4b). These mass estimating equations were used where possible, and for the 

remaining bones (humerus, femur, radius, tibia) the measures and equations o f Scott 

(1990) were employed. Standard measures not associated with mass estimation were 

based on the measurement systems o f von den Driesch (1976) and Eisenmann et al. 

(1988) (fig.3.22).

A study o f mass estimate consistency within bones, using the methods o f 

Alberdi et al. (1995) for metacarpal, metatarsal and phalanx 1 and Scott (1990) for 

humerus, femur, radius and tibia, was carried out on the sample o f E. ferus  fi*om 

Brundon (fig.3.23). No measures with obviously erroneous mass estimates could be 

identified; even metapodial lengths appear to be suitable for the production o f mass 

estimates. %PE and %SEE values for the equid equations are generally low, indicating 

good estimating power (Appendix 3.1.4a+b). Mass results fi’om the measure M tO are 

slightly low (fig.3.23b) and this measure was hard to take accurately so these values 

were excluded from averages; likewise for tibia measure T3 (fig.3.23e). Humerus and 

femur specimens o f E. ferus  are very poorly represented in the British Pleistocene 

record so testing o f the mass estimates from measurements o f these elements could not 

be carried out.

Comparison o f body mass estimates among the bones from the Brundon sample 

shows a reasonable level o f consistency (fig.3.24). The estimates produced from the 

equations o f Alberdi et al. (1995) are slightly higher than from the bones for which the 

Scott (1990) study was applied.
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Fig.3.23: Comparison o f body mass estimates within equid bones, using the Brundon E.ferus sample. Points represent the average mass estimated using each measure and error bars 

the standard deviation of the sample. The sample size o f mass estimates given by each standard measure is shown. Small points (R1 + R5) indicate individual mass estimates, when 

sample size is too small to allow calculation o f an average.
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Fig.3.24: Comparison o f body masses estimated for Brundon E. ferus from different post-cranial bone 

elements. Points represent the average estimated mass; error bars the sample standard deviation. The 

sample size o f mass estimates from each bone type is displayed. Small points (F) indicate individual 

mass estimates, when sample size is too small to allow calculation o f an average.

Teeth

Measurements were taken on all erupted and worn molars and premolars from 

both the upper and lower tooth rows. Incisors and deciduous teeth were not included in 

the study. The same basic measures were taken on all tooth types (fig.3.25). These 

measures are based on Eisenmann et al. (1988) and von den Driesch (1976). Measures 

O and ® are included because measurements at the occlusal surface may be over

estimates of tooth length and width dimensions until the mid-wear stage is reached. 

Measurements must be taken at a standardised level above the roots (Eisenmann et al. 

1988) and 2cm was chosen. Measures were taken on the lingual surface for lower teeth 

and on the buccal side for uppers.
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I

Fig.3.25a: Lower tooth.

Fig.3.25b: Upper tooth.

Fig.3.25: Standard measurements carried out on equid cheek teeth (modified from Eisenmann 1988). 

Measure © (occlusal length) is used for mass estimation purposes (Janis 1990); the mass-estimating 

equations for different tooth types are presented in Appendix 3.2.4. Measures O and © are not 

illustrated; they are length and width measures respectively, taken perpendicular to the long axis o f the 

tooth 2cm above the cemento-enamel junction.

The measure used to estimate mass was occlusal length (© , fig.3.25). The 

equations were based on scaling in perissodactyls and hyracoids (Janis 1990) and are 

shown in Appendix 3.2.4. Only measures from teeth in mid wear were used, as teeth 

from young individuals will give over-estimates o f mass (section 3.3.1). Equations are 

available for all lower cheek teeth and for m .̂ However, application of the equations 

depends on being able to identify teeth to their position in the tooth row, which is very 

difficult for the majority o f specimens (section 3.1.4). Mass estimation from equid teeth 

could generally only be carried out when associated tooth row specimens were 

available.
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Tests of mass estimates between teeth are difficult due to the limited amount of 

tooth row material. The E. ferus sample from the Stage 11 site o f Hoxne, Suffolk 

includes suitable tooth specimens. A 50% decline in mass estimates occurs along the 

tooth row, and the mass estimate from the single upper tooth included (m^) is lower 

than the majority of lower tooth row estimates (fig.3.26). The teeth that have the lowest 

%PE and %SEE values associated with their regression equations are pm^-mg 

(Appendix 3.2.4), so these probably provide the most suitable mass estimators.

Due to the problems associated with mass estimation from equid teeth, this 

method was used only when no post-crania were available to provide a more reliable 

estimate of mass. Instead of using body mass, simple comparisons o f occlusal lengths 

were made between samples to determine British Pleistocene size variation. Combined 

tooth groupings of pmg^, mi/2 , pm̂ "̂*, m*̂  ̂were used to avoid the problems of 

separating these elements (section 3.1.4).
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Fig.3.26: Mass estimates produced using the sample o f Hoxne E.ferus teeth identifiable to tooth 

position. Points represent individual mass estimates; the line o f connected points represents an associated 

tooth row. An L prefix denotes a lower tooth, U = upper tooth.
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3.3.7 Rhinocerotidae

Post-crania

The standard measures taken on rhino post-cranial remains were defined by 

Guerin (1980) and are illustrated in fig.3.27. As discussed in section 3.2.2, biometric 

data pubhshed by Guerin (1980) for the five modem rhino species has been combined 

with body mass information, to produce mass estimating equations for use in this study 

(Appendix 3.1.5). From the total Guerin set, measures were selected that have been 

shown to estimate mass accurately in other groups e.g. cervids and bovids. Some bone 

shaft diameters, which could be more easily located than for the previously discussed 

measures o f this type, were included. Humems, radius, femur and tibia were used for 

mass estimation as in other groups, but metapodials II, III and IV and carpal and tarsal 

bones also acted as mass estimators here. The extra bone elements, which possibly 

show a weaker relationship with body mass, were included because they could be 

identified more easily to species level.

Due to the high number o f mass estimating equations produced during this 

study (n = 122), it was decided to cut down on the equations to be applied before the 

process o f conversion o f measurements into mass was carried out. The equations 

indicated to be most inaccurate by their %PE and %SEE values were omitted. Criteria 

for exclusion o f %SEE > 25 and %PE > 15 were used to reduce the number of 

equations roughly by half (Appendix 3.1.5). The S. hemitoechus individual fi*om the 

Stage 7 site o f Selsey, West Sussex was used as a measure o f the consistency o f the 

mass estimating equations selected. The majority proved to be successful although 

some did not function properly such as cuneiform measure 2 (Cum©) and were not 

used for calculating species averages. Once the results o f obviously unsuccessfiil mass 

estimating equations had been excluded, consistent mass estimation between bones was 

achieved (fig.3.28)
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Fig.3.27: Standard post-cranial measures taken on rhinoceros material (modified from Guerin 1980). 

Scd = Scaphoid; Lun = Lunar; Cum = Cuneiform; Mag = Magnum; Une = Unciform; Cub = Cuboid; 

Nav = Navicular; Ecto = Ectocuneiform; Endo = Endocuneiform. Associated mass-estimating equations 

are displayed in Appendix 3.1.5. The measure F© (depth o f the femur head) is not illustrated. For the 

metapodials, measures O and 0 - 0  are the same for all elements and are illustrated above on Mcll; 

details o f  measurements o f the proximal ends are shown individually.
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Fig.3.28: Comparison o f body masses estimated for Selsey S. hemitoechus from different post-cranial 

bone elements. Points represent the average estimated mass; error bars the sample standard deviation. 

The sample size of mass estimates from each bone type is indicated.

Teeth

Only lower teeth were included in the body size study, as upper teeth have a 

very complex morphology, which may be controlled largely by dietary specialisations 

(Fortelius 1982). Once again deciduous and un-worn teeth were excluded from the 

study. The standard measures taken on all lower molars and premolars are illustrated in 

fig.3.29. The measure used to estimate mass is occlusal length (©, fig.3.29) (Janis 

1990). The regression equations are based on a perissodactyl grouping and are the same 

as those applied to equids (Appendix 3.2.4).

Fig.3.29: Standard measurements taken on rhino lower teeth; lingual and occlusal views of m2 are 

illustrated here. Measure ©  is used for mass estimation purposes (Janis 1990); the mass-estimating 

equations relating to this dimension can be found in Appendix 3.2.4.
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Comparison of the masses estimated by the different tooth types in the sample 

o f S. hemitoechus teeth from the last interglacial site o f Barrington, Cambridgeshire 

show that premolars produce lower mass estimates than molars (fîg.3.30). The 

premolars have higher %PE and %SEE values associated with their regressions 

(Appendix 3.2.4) so the mass results from these teeth were not included in the 

calculation of average masses.
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Fig.3.30: Body masses estimated from different lower tooth elements in the sample of S. hemitoechus 

teeth from Barrington. Small points (PM2, PM3) represent individual mass estimates. Large points 

indicate the average estimated mass; error bars the sample standard deviation. The sample size associated 

with each average is displayed.

3.3.8 Canidae

Post-crania

The post-cranial remains of carnivores are very conservative, with only small 

morphological differences between the Families. Standard measures taken on all 

carnivore Families under consideration (Canidae, Ursidae, Hyaenidae and Felidae) are 

equivalent to the basic canid pattern shown in fig.3.31. The standard measures were 

selected to be similar to those used on ungulate species. In particular measures that had 

proved to be closely related to mass in these groups were included. Mass estimating 

equations relating to each of the standard measures (excluding phalanges) were 

produced during the course o f this study as described in section 3.2.2 (Appendix 

3.1.6a).
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Fig.3.31: Standard measurements taken on carnivore post-cranial material. Illustrations are made using 

canid (C. lupus) bones. The same measurement procedure was used for the other carnivore Families 

studied (Ursidae, Hyaenidae, Felidae). Mass-estimating equations related to these measurements are 

listed in Appendix 3.1.6a-c.
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Fig.3.32a: Metacarpal II, Hutton Cave. Fig.3.32b: Metatarsal III, Hutton Cave.
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Fig.3.32c: Astragalus + Calcaneum, JMC.
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Fig.3.32d: Radius, JMC. Fig.3.32e: Tibia, JMC. Fig.3.32f: Humerus, JMC.

Fig.3.32: Comparison o f body mass estimates within canid bones, using the C. lupus samples from Hutton Cave and Joint Mitnor Cave (JMC). Small points (TI-4 + Humerus) 

indicate individual mass estimates, when sample size is too small to allow calculation o f an average; mass estimates from the same specimen are connected by lines. When sample 

size is large enough mass averages with associated standard deviation bars are shown.
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Fig.3 .33a: Comparison o f body masses estimated for Joint Mitnor Cave C. lupus from different post- 

cranial bone elements. Small points (S = scapula) indicate individual mass estimates. Large points 

represent the average estimated mass; error bars the sample standard deviation. The sample size relating 

to each average is displayed.
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Fig.3.33b: Comparison o f body masses estimated for Hutton Cave C. lupus from different metapodials. 

Points represent the average estimated mass; error bars the sample standard deviation. The category 

‘‘Other Bones” refers to the average body mass estimated from all other post-cranial bone elements. The 

sample size o f mass estimates from each bone type is displayed.
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When mass estimates are compared within bones for canids, good consistency 

among estimates is observed in the majority o f cases (fig.3.32). The metapodial sample 

comes fi*om the late Middle Pleistocene site o f Hutton Cave, Somerset, with all other 

bones fi*om the Stage 5e site o f Joint Mitnor Cave, Devon. The main exceptions to the 

rule o f consistency are estimates fi*om lengths o f distal limb elements, such as the tibia, 

TO and TO (fig.3.32e) and metapodials, M cll O and M tlll O (fig.3.32a+b), which 

produce low mass values. Estimates fi*om these types o f measures have previously been 

identified as inaccurate for bovids and cervids (section 3.3.2, 3.3.3). These measures, 

along with HO (fig.3.32Q and R@ (fig.3.32d), all have high %PE and %SEE values 

associated with their regressions (Appendix 3.1.6a); these results were excluded from 

mass averages. All estimating equations for metatarsals II and V have high %PE and 

%SEE values, so mass estimates from these elements were discarded. The remaining 

equations estimate mass consistently between bone types (fig.3.33a+b).

Teeth
The standard measurements, taken on all erupted and worn canid premolar and 

molar teeth, derive from Van Valkenburgh (1989, 1990) and are illustrated in fig.3.34. 

Measures were taken on the lingual side for lower teeth and the buccal side for uppers. 

Once again incisors and deciduous teeth were excluded from the study. The measure 

used to estimate mass was maximum length o f mi (© , fig.3.34) (Van Valkenburgh 

1990). The scaling equation for this tooth element and associated %PE and %SEE data 

is given in Appendix 3.2.5. Mass estimates using carnivore teeth were made only from 

mi because the other cheek teeth and canines vary greatly in function and development 

between species. Size o f these teeth is more closely related to diet and behaviour rather 

than body mass (Van Valkenburgh 1989), making them unsuitable for scaling studies, 

mi on the other hand is part o f the camassial complex, the major meat-slicing tool o f 

the tooth row. Its functional importance means that it is more likely to show a close 

relationship with body mass (Van Valkenburgh 1990).

As only a single tooth was used, no comparison o f mass estimates between 

elements could be carried out. The only test o f consistency can be made against post- 

cranial mass estimates. For Joint Mitnor Cave C  lupus there is a close correspondence 

between mass estimates from these two skeletal regions; mi specimens give an average 

mass estimate o f 25 kg, close to the mass estimates from bones described above 

(fig.3.37).
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Fig.3.34: Standard measurements taken on carnivore teeth. These are illustrated on the lingual and

occlusal surface o f a canid m,. The measure © is used for mass estimation purposes (Van Valkenburgh 

1990); equations relating this measurement to body mass for various carnivore Families are displayed in 

Appendix 3.2.5.

3.3.9 Ursidae

Post-crania

Standard measures are the same as those described for canids (section 3.3.8; 

fig.3.31 ). The mass estimating equations produced and their associated %PE and %SEE 

values are given in Appendix 3.1.6b. Comparison of mass estimates within bones was 

carried out on the large sample of ursid remains from the early Middle Pleistocene site 

o f Westbury-Sub-Mendip, Somerset (fig.3.35). Measures o f the distal radius (R© and 

R@) produce low mass estimates and are associated with high %PE and %SEE values 

(Appendix 3.1.6b). Mass results from these measures were excluded from the mass 

averages, along with measures o f the scapula (SO-S©), the femur (F©, F©, F©) and 

the radius (R©), which produced high and very variable estimates (fig.3.35).

Very few complete limb bones are present in the West bury Ur sus deningeri 

sample, so testing o f the hypothesis that lengths of distal limb bones produce inaccurate 

mass estimates could not be carried out. Length measures o f metapodials (Mcll O) did 

however produce lower mass estimates than other dimensions o f the same element 

(fig.3.35). This finding, along with the relatively high %PE and %SEE data o f the 

metapodial length regressions (measure O , Appendix 3.1.6b), led to the exclusion of 

the results from these measures from the mass average. When body mass estimates 

from the remaining measures are compared among the bone elements, a good 

consistency between the averages is achieved (fig.3.36). Estimates from some of the 

bones e.g. metatarsal III are very variable, but this may reflect the large amount o f body 

size variation recorded within species in the genus Ursus (section 1.6.2).

182



00w

900

O) 800

%  700 
(/)
g  600

■S' 500 
O
Cû 400

«  300 
re
E 200

UJ 1 0 0

o  6 n 7
6 o  6

C N  f O  ■>4- i n  C Do

Measure
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Teeth

Tooth measures for ursids are exactly as described for canids (section 3.3.8; 

fig.3.34). Again, only a mass estimating equation developed for the mi by Van 

Valkenburgh (1990) is used (Appendix 3.2.5). As indicated by the high %SEE, %PE 

and low r  ̂values, m% length provides poor estimates o f mass for ursids. This is easily 

recognised when mass estimation is attempted, with very low values produced fi*om 

this tooth measure when compared to bones (fig.3.37). For canids and felids suitably 

accurate and consistent estimates o f mass can be produced fi*om teeth.

3.3.10 Hyaenidae

Post-crania

Standard measures are the same as those described for canids (section 3.38; 

fig.3.31). As discussed in section 3.2.1, a multi-species study could not be carried out 

for the Family Hyaenidae and so mass estimates for British Pleistocene C. crocuta were 

made by simple comparison with modem skeletons, assuming geometric scaling. 

Metapodials were excluded firom the analysis as these elements are proportionally 

reduced in comparison to modem spotted hyaenas (Tumer 1981).

Teeth

Tooth measurements for hyaenids were exactly as described for canids (section 

3.3.8; fig.3.34). Mass estimates were produced by geometric comparison o f mi measure 

© with the average length o f mi fi*om modem populations.

3.3.11 Felidae

Post-crania

Standard measures are the same as those described for canids (section 3.38; 

fig.3.31). The mass estimating equations developed for this Family are given in 

Appendix 3.1.6c. For elements with sufficient sample sizes to allow comparison e.g. 

astragalus, consistent estimation between measures was demonstrated (fig.3.38). Due to 

the findings o f other scaling studies, mass estimates fi"om length measures o f the radius, 

tibia and metapodials were excluded fi*om mass averages. Consistent estimation o f 

mass among the majority o f bones was achieved. This is demonstrated using the largest 

British Pleistocene felid assemblage available, P. leo fi*om the Stage 7 site o f Bleadon 

Cave, Somerset (fig.3.39). The only problem area is the high mass estimate produced 

fi*om the scapula, so these mass estimates were discarded.
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deviation. The sample size o f mass estimates from each bone type is indicated.
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Teeth

Tooth measures for felids are exactly as described for canids (section 3.3.8; 

fig.3.34). Once again, mass estimates were only produced fi-om the mi (Van 

Valkenburgh 1990; Appendix 3.2.5). Length o f mi may be the most accurate estimator 

o f body mass in felids (Van Valkenburgh 1990). The close relationship between tooth 

size and body size is proposed to derive fi'om the extreme dental specializations o f 

felids. The mi equation worked well in estimating the body masses o f British 

Pleistocene cats, producing mass values very close to the post-cranial estimate using 

the Bleadon cave sample (fig.3.37).

3.3.12 Summary

As many estimates o f mass as possible should be pooled to produce an average 

body mass result for a species from its skeletal remains. Comparison o f mass estimates 

produced jfrom measurements within the same bone element reveal aberrant results that 

need to be excluded fi-om the combined body mass averages. There are generally length 

measures o f distal limb elements but measurements that are difficult to take repeatably, 

or locomotor specialisations unique to individual species can also introduce problems. 

Once such data had been removed consistent mass estimates were produced for all o f 

the Families across bone types. This indicates that the mass estimating equations are 

operating successfully.

The regression statistics for the dental mass estimating equations generally 

indicate a weaker relationship between dimensions and mass than for post-crania. 

Different elements generally do not produce consistent mass estimates, especially when 

combined taxon or functional groupings are used to build up scaling equations. In most 

cases the mass estimates fi*om molars have been used, with the results fi-om pre-molars 

discarded. The mass results fi-om post-cranial and dental material are to be analysed 

separately due to several factors implying the lower reliability o f estimates produced 

using teeth.

No indication o f the accuracy o f the mass estimates produced firom Pleistocene 

fossil material can be given as the true body masses o f these forms is not known. 

Analysis o f modem material o f known mass using these methods has suggested that 

estimates within 15% o f actual can be produced in the majority o f cases using the post

crania o f bovids, cervids, equids and suids (Scott 1990). The body masses o f modem 

animals are very difiScult to measure accurately due to seasonal fluctuations in fat 

levels and gut contents. Published mass data ofien only provide a generalised species
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average, and it likely that an equivalent accuracy can be achieved from Pleistocene 

fossil material Such data can be used to provide a large amount o f palaeobiological 

information on mass trends through time (Chapters 4-6), the relationship between body 

size and environment (Chapter 7) and body size distributions within Pleistocene 

communities (Chapter 8).

3.4 Statistical Analysis of Body Mass Data

Samples o f body mass estimates were produced for each o f the study species 

from the various British Pleistocene fossil sites under consideration. Tests o f the 

statistical characteristics o f these mass estimate samples indicate that the data is 

normally distributed. Normal-probability plots and the Kolmogorov-Smimov test for 

normality were used. This allows parametric statistical methods (based on the normal 

distribution) to be applied to questions o f intra-specific variation in body mass between 

fossil sites and time divisions. For each o f the mass estimate samples the mean 

estimated mass was calculated; along with the mean, the size o f the mass estimate 

sample (n) and the 95% confidence interval o f the mean have been quoted (if n > 5).

In order to determine any significant difference between the mean species body 

mass estimates from a pair o f samples, two-sided Student’s t-tests were carried out. 

Significant probability values have been indicated as follows: p<0.05*, p<0.01**, 

p<0.001 ***. The variances o f the two samples compared were not always equal, as 

indicated by the F test based on a simple ratio between the variances o f the two groups. 

In these cases t values were calculated using separate variance estimates. When looking 

at body mass change through the British Pleistocene (Chapter 7), t-tests were also used. 

These tests were applied to determine where significant body mass differences fall 

between samples from successive climatic divisions. Significant mass changes can 

therefore be compared with environmental changes between 01 Stages. ANOVA (see 

below) was not applied, as the aim was not to make all possible comparisons.

However, the use o f repeated t-tests can lead to problems o f statistical 

interpretation and an increased probability o f type 1 errors (rejecting the null 

hypothesis in favour o f the alternative hypothesis when the null hypothesis is correct). 

To avoid these, the Dunn-Sidak correction method (Sokal & Rohlf 1995) was used. 

This alters the critical probability level for identification o f a significant difference 

between means, according to the number o f t-tests carried out. The lowest probability is 

compared to the critical value given by the formula shown below, the second lowest
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probability to the value given by substituting k-1 and so on. The critical probabilities 

produced for different values o f k are shown in table 3.2.

a ' = 1 - (1 - a ) l/k

a' = Dunn-Sidak critical probability 
a  = Critical probability level (0,05) 
k = Number of significance tests

Table 3.2: Critical probability levels for rejection of the null hypothesis for various numbers of repeated 

T tests (k), using the Dunn-Sidak method.

k a '
1 0.0500
2 0.0253
3 0.0170
4 0.0127
5 0.0102
6 0.0085
7 0.0073
8 0.0064
9 0.0057
10 0.0051
11 0.0047
12 0.0043

The means o f greater than two body mass samples were compared using 

ANOVA. This method was used when analysing body mass data from sites assigned to 

the same stratigraphie division to determine any significant differences. In this case all 

possible comparisons are o f interest. In some instances the assumption o f homogeneity 

o f variances was violated, as shown by Levene’s test. However, violation o f this 

assumption is not considered to be too serious (Lindman 1974), and no more suitable 

test could be applied. In cases where significant variation between sample means was 

identified, post-hoc comparisons were carried out to determine where the differences 

lie. This method has been applied in other studies where body size data has been 

compared between multiple fossil sites or modem sub-species (Purdue 1989; Hadly 

1997).

A large number o f post-hoc analysis methods are available (Sokal & Rholf 

1995); the Tukey HSD test for unequal sample sizes was considered to be most suitable 

for the type o f data set to be analysed. The test is also very conservative so any 

significant results identified can be strongly supported. This test identifies 

homogeneous groupings o f mass results, which are usually displayed diagrammatically

189



by the use o f range bars placed alongside the ordered set of samples (fig.3.40). Each 

range bar indicates a homogeneous grouping of samples that do not differ significantly 

in their average body mass estimates.
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Fig.3.40: Example of the results display from the Tukey HSD test. The arrowed range bars under the x- 

axis indicate that the Brundon, Marsworth and Stutton sample form a homogeneous mass grouping. A 

second larger homogeneous grouping comprises all o f the samples except Brundon and Marsworth. The 

Stutton sample is indistinguishable in terms o f mass from all o f the other sites, while the other samples 

form two significantly different mass groupings.
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CHAPTER 4: Body Size in the early Middle Pleistocene

The body size o f large mammal species from Britain during the early Middle 

Pleistocene will be discussed in this chapter (sections 4.1-4.6), where possible 

estimates o f body mass have been produced (Appendix 4.1). Four early Middle 

Pleistocene sites have been studied: West Runton, Pakefield/Kessingland, Westbury- 

sub-Mendip and Boxgrove. Bio stratigraphie studies indicate that all the sites represent 

separate early Middle Pleistocene temperate stages (section 2.1.4). Comparisons of 

body mass results between the sites will therefore be carried out to determine if each 

has a unique body mass pattern (section 4.7). These tests will provide information on 

the sequence o f body size change during the early Middle Pleistocene. The ecological 

and community structure information that can be extracted from this data is limited due 

to poor sampling and short species records. Generalised ecological interpretations of 

extinct forms are presented here (and discussed further in Chapters 7+8). In addition 

the body size data may indicate whether the stratigraphie scheme put forward for these 

sites is correct (section 4.8).

4.1 Bovidae

The West Runton and Pakefield/Kessingland faunas contain only one bovid 

species; this is early Middle Pleistocene bison B. schoetensacki. Bison are also 

recorded at Westbury-sub-Mendip and Boxgrove, although their species level 

identification is unclear (section 3.1.1). They may also represent B. schoetensacki, or 

this could be the first appearance o f B. priscus in the British Pleistocene. The precise 

identification o f the material is not critical to a body size study o f this type. At 

Westbury-sub-Mendip additional bovid species have been recorded in low numbers. 

These are the ovibovine Soergelia elizabethae and the caprine Hemitragus sp. 

Undiagnostic caprine material is also present at Westbury-sub-Mendip, as well as in the 

upper cold climate deposits from Boxgrove.

4.1.1 Bison schoetensacki (+ Bison priscus ?)

B. schoetensacki material from West Runton provides evidence o f a bison form 

of small body size. A single post-cranial specimen produces a body mass estimate of 

700 kg. Mass estimates from a larger sample o f teeth (n = 5) indicate a slightly lower 

body mass for the species, averaging at 610 kg. B. schoetensacki remains from 

Pakefield/Kessingland display the same small body size as West Runton, with a post-
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cranial mass estimate o f 720 kg (n = 15, 95% Cl = 123). The average mass estimate 

produced from the sample o f bovid teeth is 545 kg (n = 14, 95% Cl = 47.4), once again 

lower than for bones.

The average body mass estimate based on the Bison post-crania from Westbury- 

sub-Mendip is 975 kg (n = 31, 95% Cl = 86.5). Whatever the species-level 

identification o f the bison, these animals were significantly larger than those described 

from West Runton and Pakefield/Kessingland (t-test: t = 3.40, d f = 45, p = 0.0014**). 

Dental remains estimate a lower average body mass o f 710 kg (n = 34, 95% Cl = 57.5) 

for the Westbury bison, but this is still significantly higher than the 

Pakefield/Kessingland result (t-test: t = 3.93, df = 51, p = 0.0003***). The bison 

material present in the Boxgrove sample produces mass estimates close to those for the 

Westbury-sub-Mendip animals. Measurements taken on post-crania lead to calculation 

o f an average body mass o f 905 kg (n = 14, 95% Cl = 112.7), which does not differ 

significantly from the Westbury estimate (t-test: t = 0.90, df = 43, p = 0.3741). Once 

again the mass estimate from teeth o f 670 kg is relatively low, although this is based on 

a single specimen.

4.1.2 Soergelia elizabethae

The only British Pleistocene record o f this species is from Westbury-sub- 

Mendip, discovered during Bishop’s excavations. The single tooth (m^) produces a 

body mass estimate o f 810 kg. This ovibovine therefore seems to have been similar in 

size to early Middle Pleistocene bison. This interpretation must however be treated with 

caution as teeth o f Ovibos moschatus from the late Middle Pleistocene (01 Stage 7-6) 

appear to produce unusually high mass estimates (section 5.1.3). Teeth o f these forms 

indicate masses o f 800 kg, while post-crania, which may be more reliable as mass 

estimators, suggest figures o f 300-400 kg.

4.1.3 Caprines

A small number o f caprine teeth (n = 5) are also present in the collections from 

Westbury-sub-Mendip. Gentry (1999) referred all the material to a single species o f 

either Ovis or Capra. This grouping o f the material indicates an average body mass o f 

140 kg for the species. These mass estimates are slightly higher than figures for the 

largest modem forms o f both Ovis and Capra, which display body masses o f around 

100 kg. Bishop (1982) considers that one o f the teeth (m2 ; m33785) can be identified as 

Hemitragus (which may be closely related to Capra; Gentry 1999). The body mass
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estimate from this tooth is approximately 95 kg; it is unelear whether this slightly 

smaller body size indicates the presence o f two species. Some post-erania may also be 

present at Westbury-sub-Mendip but identification is tentative and no mass estimates 

were possible. No mass estimates were possible for the caprine remains from 

Boxgrove.

4.2 Cervidae

Up to seven cervid species are recorded from British early Middle Pleistocene 

deposits. A number o f these species are extinct and restricted to the early Middle 

Pleistocene e.g. A. latifrons. Identification to species level is problematic, especially for 

the three Megaloceros species (section 3.1.2), so all material belonging to this genus is 

discussed together (section 4.2.5). As much body size information as possible was 

extracted from the available material, although species identifications were sometimes 

based on size criteria.

4.2.1 Cervus elaphus

The sample o f C. elaphus post-cranial remains from West Runton provides an 

average body mass estimate of 210 kg (n = 7, 95% Cl = 16.4). This finding is backed 

up by the average mass estimate of 220 kg (n = 20, 95% Cl = 15.6) based on teeth. 

These animals were of relatively large size considering the British Pleistocene size 

range o f C. elaphus. This can be illustrated by comparing the dimensions of astragalus 

specimens with the total British Pleistocene sample (fig.4.1).
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Fig.4.1 : West Runton C. elaphus astragali (WR O) compared with the total British Pleistocene C. 

elaphus ( • ) sample.
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Although C  elaphus has been recorded from Pakefield/Kessingland, no 

material suitable for mass estimation is available. Red deer are the most common 

cervids in the Westbury-sub-Mendip sample, with the majority o f specimens relating to 

the first temperate peak (section 2.2.3). The species is known from teeth and post- 

cranial remains, which both record an average body mass o f 200 kg (Bones: n = 7, 95% 

Cl = 41.4; Teeth: n = 34, 95% Cl = 11.9). These figures are not significantly different 

from the results for West Runton C. elaphus (t-test: t = 1.51, d f = 66, p = 0.1352). This 

also the case for the Boxgrove bone sample, that produces an average body mass 

estimate o f 210 kg (n = 28, 95% Cl = 8.09) (t-test: t = 0.05, df = 32, p = 0.9643). 

Relatively constant body sizes can therefore be proposed for early Middle Pleistocene 

red deer from studies o f post-crania.

However, the mass estimates produced from Boxgrove teeth indicate a different 

body size picture. The average dental mass estimate o f 170 kg (n = 32, 95% Cl = 12.3) 

is significantly lower than the Boxgrove post-cranial figure (t-test: t = 4.63, df = 57, 

p< 0.0001***), as well as the other early Middle Pleistocene results. The small size o f 

the Boxgrove teeth has also been recognised by Parfitt (1999). At this point in the early 

Middle Pleistocene C. elaphus teeth became smaller without a corresponding size 

reduction in post-crania. Boxgrove red deer may therefore provide an example of 

variation in size change patterns between skeletal regions (Chapter 7).

4.2.2 Duma dama

Early Middle Pleistocene fallow deer were generally large in size. Average 

body mass estimates o f 105 kg (n = 7, 95% Cl = 10.5) from post-crania and 90 kg (n = 

22, 95% Cl = 11.3) from teeth are produced for West Runton fallow deer. An exception 

to the rule o f large body size appears to occur at Westbury-sub-Mendip, where a tooth 

sample from the first temperate peak indicates significantly smaller fallow deer at this 

site (t-test: t = 2.54, d f = 30, p = 0.0165*), with an average body mass o f 70 kg (n = 10, 

95% Cl = 8.74). Gentry (1999) also recognises that this form was smaller than D. dama 

recorded from West Runton and the late Middle Pleistocene.

At Boxgrove there is a return to fallow deer o f large body size. This 

interpretation is based on tooth remains only, which produce an average mass estimate 

o f 115 kg (n = 7, 95% Cl = 12.9). Other studies have indicated a small size for the 

Boxgrove teeth, similar to the Westbury sample and within the range o f modem fallow 

deer (Parfitt 1999). However, the high body mass estimated using Boxgrove D. dama 

teeth in this study does not correspond with Parfitt’s finding.
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4.2.3 Capreolus capreolus

No C  capreolus remains are known from Pakefield/Kessingland, but this may 

simply be due to problems o f sampling. The species is also rare at the more extensively 

investigated site o f Westbury-sub-Mendip. C. capreolus is identified on the basis o f a 

single tooth that provides a body mass estimate o f 25 kg. Larger samples o f roe deer 

occur at the other early Middle Pleistocene sites. Post-crania are still poorly represented 

at West Runton with a single C. capreolus bone providing an estimated body mass o f 

30 kg. This is supported by the average mass estimate o f 32 kg (n = 22, 95% Cl = 2.62) 

from the relatively large tooth sample. Examination o f the Boxgrove roe deer 

assemblage produces an average mass estimate o f 37 kg from both teeth and bones 

(Bones: n = 4; Teeth: n = 25 95% Cl = 3.03). These animals appear to be slightly but 

significantly larger than those from West Runton, by comparison o f tooth remains (t- 

test: t = 2.35, df = 45, p = 0.0235*).

4.2.4 Alces latifrons

The only record o f this species from the early Middle Pleistocene sites studied 

occurs at West Runton. An average body mass o f 580 kg (n = 3) is estimated from 

dental remains only. This may be an under-estimate o f the true body mass o f this very 

large cervid species, but no post-cranial remains have been recovered from this site.

4.2.5 Megaloceros spp.

On the basis o f antler remains both M  verticornis and M. savini have been 

identified from West Runton, although M. verticornis appears to have been the 

dominant species (Lister 1993b, 1996b). Both o f these species may therefore be 

represented in the samples o f Megaloceros dental and post-cranial remains. Separation 

o f tooth remains was mainly achieved on the basis o f a size division in the Megaloceros 

tooth samples from this site and the Pakefield/Kessingland assemblage, which also 

contains these two species (fig.4.2). The division o f tooth specimens on this basis 

corresponds well with the relative proportions o f antlers o f the two species at West 

Runton (Lister 1993b, 1996b). M. savini antlers are more commonly recorded at 

Pakefield/Kessingland, although M. verticornis is still the dominant species.

This division o f the tooth specimens indicates an average body mass o f 350 kg (n = 13, 

95% Cl = 23.5) for the larger species, which is considered to be M. verticornis, and a 

mass o f 220 kg (n = 5) for the smaller, M. savini.
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specimen groups with the M. giganteus sample, the other specimens fall at the top o f the C. elaphus 

distribution. It is these three specimens that are identified SiS M  ci.savini.
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Identification o f the post-cranial remains o f these two species poses the same 

problems experienced with teeth. The mass estimates based on megacerine bones jfrom 

West Runton all fall within the mass range indicated for M  verticornis from dental 

specimens, so all were assigned to this species. Post-cranial material therefore estimates 

an average mass o f 390 kg (n = 17, 95% Cl = 45.6) for M  verticornis, slightly higher 

than the estimate based on teeth. The West Runton mass estimates for M. verticornis 

suggest animals slightly larger than the North American C. elaphus canadensis. The 

body mass estimates produced overlap with the male end o f the C. e. canadensis mass 

distribution (300-450 kg).

Cervid post-cranial elements not involved in mass estimation were also 

examined. This was carried out to determine if any M  savini material is present that 

can provide information on the relative size o f the bones o f this species. When 

Megaloceros astragali are superimposed on the astragalus size distributions o f C. 

elaphus and M. giganteus from the British Pleistocene (fig.4.3), one megacerine 

specimen falls just outside the M. giganteus group. This specimen can be assigned to 

M  verticornis, which has been estimated to have a body mass intermediate between 

that o f C  elaphus and M. giganteus. The three other astragali are positioned at the top 

o f the size distribution for C. elaphus. These specimens may represent M  savini, 

although they fall within the range o f size variation possible in a single species. The 

largest red deer astragali come from Kent’s Cavern; these animals have an estimated 

mass o f 250 kg (section 6.2.1). Size comparison o f the Megaloceros astragali with the 

Kent’s Cavern C  elaphus specimens produces a provisional average body mass 

estimate o f 280 kg for M  savini.

Both M. verticornis and M  savini have been recorded at Pakefield/Kessingland 

from antler remains, with M  verticornis dominant (Lister 1996b). However, a third 

Megaloceros species is also present, the small M. dawkinsi (Stuart & Lister 2001). It is 

unclear whether this species is represented by skeletal elements, as the number o f antler 

specimens is very low. As for West Runton, teeth and post-crania were assigned to M  

verticornis and M  savini mainly on the basis o f a distinct size division in the material 

(fig.4.2). Very similar estimates o f mass to those produced for these species from West 

Runton were achieved: M  verticornis 370 kg (Bones: n = 25, 95% Cl = 34.2; Teeth: n 

= 22, 95% Cl = 31.2), M  savini 250 kg (Bones: n = 9, 95% Cl = 18.7; Teeth: n = 28, 

95% Cl = 13.4). For both species mass estimates from post-crania and teeth resulted in 

the same averages.
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A small number o f bone and tooth remains from Pakefield/Kessingland appear 

to fall below the size distribution o f M  savini (fig.4.4) and do not display the 

characteristic morphological features o f C. elaphus; these may represent records o f M  

dawkinsi. Average body mass estimates of 180 kg (Bones n = 7, 95% Cl = 25.1; Teeth 

n = 3) are produced from these specimens. This mass estimate is higher than proposed 

by Geist ( 1999), who describes M dawkinsi as similar in size to a fallow deer.
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Fig.4.4: Dimensions o f the smaller Megaloceros m  ̂ specimens from Pakefield/Kessingland. Two teeth 

appear to be distinctly smaller than the main M ci.sew ini grouping ( ♦ )  and are identified as M 

ci.dawkinsi (A).

No Megaloceros material has been found in Westbury Cave, but two species of 

Megaloceros have been identified from Boxgrove. The rare species M. dawkinsi is 

known only from an antler base so mass estimates are not possible. The other species is 

recognised on the basis of tooth remains, mainly from the maxillary row. Parfitt (1999) 

tentatively assigned the specimens to M  ctverticornis on the basis o f comparison with 

the West Runton Megaloceros tooth sample that appears to be largely composed of M. 

verticornis, and this interpretation is supported here. The estimated body mass of 

Boxgrove M  ctverticornis from dental specimens is 300kg (n = 2). This is slightly 

lower than estimates from other early Middle Pleistocene sites.
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4.3 Other Artiodactyla

Other artiodactyls that occur in British early Middle Pleistocene faunas are S. 

scrofa and a form of hippopotamus. The record o f H. amphibius at 

Pakefield/Kessingland provides important biostratigraphic information, as this species 

only appears to have extended its range into Britain during two brief periods o f the 

Pleistocene. Both o f these species are poorly sampled at the sites studied.

4.3.1 Hippopotamus amphibius

Hippopotamus remains are only recorded firom the Pakefield/Kessingland site 

group in the early Middle Pleistocene. Using two tooth specimens a body mass estimate 

o f 2345 kg is produced.

4.3.2 Sus scrofa

Limited amounts o f S. scrofa material occur at West Runton. Post-cranial 

remains indicate an average mass o f 150 kg (n = 4) for the species. Tooth material 

however places the average mass closer to 100 kg (n = 6, 95% Cl = 55.6). Because o f 

the difficulties in estimating suid masses fi'om their teeth (section 3.3.4) the estimate 

fi’om post-cranial limb bones is probably more accurate. Wild boar {S. scrofa) is known 

only firom tooth remains at Pakefield/Kessingland; these provide a body mass estimate 

o f 120 kg (n = 3). No records o f S. scrofa occur at Westbury Cave and although S. 

scrofa material is present at Boxgrove no mass estimates were possible.

4.4 Equidae

Two species o f equid have been recorded from the early Middle Pleistocene 

sites studied. These two forms are separated by a very large size difference. The large 

caballine horse is usually referred to E. cf. ferus  or E. ferus mosbachensis, and is 

considered to be directly related to E. ferus o f the late Middle and Late Pleistocene. The 

small species E. altidens is estimated to have achieved approximately half the body 

weight o f early Middle Pleistocene E. cf. ferus, and is much more restricted in its time 

range.
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4.4.1 Equus cf. férus

The average mass estimate produced for this species from West Runton post

crania is 565 kg (n = 6, 95% Cl = 75.4). This result suggests that the animals were o f 

large body size. Equid teeth have not been used for mass estimation purposes (section 

3.3.6). However, occlusal lengths are used to compare the size o f E. cf. ferus  teeth from 

West Runton with other Pleistocene samples (fig.4.5 c+d). The two specimens from 

this site are larger than any o f the late Middle or Late Pleistocene E. ferus  forms.

An average body mass o f 450 kg (n = 21, 95% Cl = 23.8) is estimated for the 

large horse form represented by post-crania in the Pakefield/Kessingland assemblage. 

This material is more robust than the gracile material assigned to E. altidens, but its 

species attribution is unknown (Owen & Lister in prep.). The average mass estimate for 

this form is significantly lower than the one produced for the large horse species at 

West Runton (t-test: t = 4.74, d f = 25, p = 0.0001***). This may indicate the presence 

o f a different equid species, or the existence o f a small form o f E. cf. ferus  at this site.

The family Equidae is represented by a single species at Westbury-sub-Mendip, 

which is identified as E. ferus mosbachensis (Bishop 1982). This species appears to be 

equivalent to the large horse species found at West Runton and also displays large teeth 

(fig.4.5). Post-cranial remains provide a body mass estimate o f 570 kg (n = 8, 95% Cl = 

17.2), indicating a horse o f very large size.

The horse species {E. ferus) represented at Boxgrove is o f very large size, 

similar to the other early Middle Pleistocene sites o f West Runton and Westbury-sub- 

Mendip that have already been discussed. An astragalus specimen falls right at the top 

o f the size distribution for this element in British Pleistocene E. ferus  and close to a 

West Runton specimen (fig.4.6), confirming the large size o f the early Middle 

Pleistocene animals. This specimen and an associated calcaneum were used to produce 

a mass estimate for the species at Boxgrove, by size comparison with other large E. 

ferus samples from later periods o f the Pleistocene. A body mass estimate o f 565 kg 

results. The occlusal lengths o f tooth specimens confirm the high mass estimates 

produced from post-crania (fig.4.5 a,b+c).
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4.4.2 Equus altidens

A mass estimate o f 305 kg is produced for E. altidens based on two post-cranial 

specimens from the West Runton fauna. A second phalanx o f E. altidens is also 

preserved and falls right at the bottom of the size distribution for British Middle and 

Late Pleistocene horses (fig.4.7). E. ferus  phalanx 2 specimens o f similar size have 

been recorded in deposits o f 01 Stage 6 age. Horses from this time period are estimated 

to have an average mass o f 350 kg (section 5.4.2). This corresponds well with the mass 

estimate from post-crania. Teeth o f this species have also been identified in the West 

Runton equid sample but mass estimation was not carried out from these elements 

(section 3.3.6).

At Pakefield/Kessingland a body mass o f 260 kg (n = 18, 95% Cl = 39.4) is 

estimated for E. altidens from its post-cranial remains. This is not significantly 

different from the West Runton result (t-test: t = 1.83, d f = 23.8, p = 0.0801). A second 

phalanx and an astragalus are also considered to belong to this species. The second 

phalanx plots at the bottom o f the size distribution for British Middle and Late 

Pleistocene horses alongside the specimen o f E. altidens from West Runton (fig.4.7). 

The astragalus specimen falls below the E. ferus  size distribution in a similar scatter 

plot for this element (fig.4.6). These two results confirm the low mass estimates 

produced for this species, which are below any for forms o f Pleistocene E. ferus.

Although the majority o f equid teeth from Pakefield/Kessingland are 

undiagnostic in terms o f morphology (Owen & Lister in prep.), all appear to represent 

E. altidens on the basis o f size (fig. 4.5). Comparison o f the occlusal lengths o f these 

elements reveals the size difference between this species and the larger early Middle 

Pleistocene equid. Teeth are most similar in size to the small animals from the Stage 6 

cold climate episode and the Late Pleistocene (Stage 3). This sample appears to 

represent the final record o f E. altidens in the British Pleistocene; the species is not 

recorded at Westbury-sub-Mendip or Boxgrove.

4.5 Rhinocerotidae

Only one rhinoceros species has been identified with certainty from the early 

Middle Pleistocene sites studied. This is S. hundsheimensis, which is now recognised as 

an early Middle Pleistocene division separate from S. etruscus (Fortelius et al. 1993). 

The existence o f an additional rhinoceros species Stephanorhinus sp. A, has also 

tentatively been proposed on the basis o f material from Boxgrove (Parfitt 1998; Preece 

& Parfitt 2000). The majority o f this material relates to upper tooth specimens, which
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have not been included in the body size study. Production o f a body mass estimate for 

this form was therefore not attempted.

Mass estimates from the West Runton assemblage indicate that S. 

hundsheimensis was a rhinoceros species o f medium size. Standard measurements o f 

bone elements result in an average mass o f 1600 kg (n = 20, 95% Cl = 205), while the 

estimate from teeth is slightly lower at 1300 kg (n = 14, 95% Cl = 145).

S. hundsheimensis tooth remains from Pakefield/Kessingland produce an average body 

mass estimate o f 1400 kg (n = 27, 95% Cl = 127). The limited sample (n = 4) o f post- 

cranial bones provides a similar figure o f 1500 kg. These results are close to those 

calculated for the West Runton rhino and statistical testing o f the dental figures reveals 

no significant difference between the two S. hundsheimensis samples (t-test: t = 0.67, d f 

= 39, p = 0.5051).

S. hundsheimensis is recorded at Westbury-sub-Mendip, but an accurate 

representation o f the body mass o f the species from this time period cannot be given 

due to insufficient sampling and poor preservation. All mass estimating rhinoceros 

specimens from Boxgrove were considered to belong to the species S. hundsheimensis. 

A high average mass estimate o f 2000 kg (n = 21, 95% Cl = 227) is indicated by post- 

cranial material. Mass estimates from teeth are once again lower than post-cranial 

figures, and produce an average value o f 1575 kg (n = 8, 95% Cl = 241). The Boxgrove 

animals appear to have been larger post-cranially than the forms o f S. hundsheimensis 

recorded at West Runton and Pakefield/Kessingland (t-test: t = 2.40, d f = 43, p = 

0.0210*).

4.6 Carnivora

A high diversity o f large carnivore species is recorded from the early Middle 

Pleistocene. This is especially true at Westbury-sub-Mendip where a community 

consisting o f seven species is recorded. Unfortunately, at other sites, carnivores are 

generally only represented by small samples o f fossil material. This means that in many 

cases only tentative body mass results could be produced.

4.6.1 Canis lupus mosbachensis

No mass estimates were possible from the wolf material present in the West 

Runton sample. Comparisons o f the dimensions o f tooth elements were carried out in 

order to determine the size o f this form relative to other Pleistocene samples (fig.4.8).
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The upper teeth o f the wolf from West Runton group with other material from the early 

Middle Pleistocene; the teeth are smaller than samples from the late Middle and Late 

Pleistocene (fig.4.8a+b). This confirms the West Runton wolf as the small sub species 

C. lupus mosbachensis. The picture from three lower m2  specimens is slightly different; 

the West Runton teeth appear to be smaller than the other early Middle Pleistocene 

samples (fig.4.8c), but a larger sample would be necessary to determine statistical 

significance.

Measurements o f C. lupus mosbachensis post-cranial bones from the 

Pakefield/Kessingland fauna result in an average body mass estimate o f 14 kg (n = 13, 

95% Cl = 1.86). No tooth remains o f this species are present at the sites. The small 

early Middle Pleistocene wolf is also represented at Westbury-sub-Mendip. The 

average body mass estimate produced from post-crania is 16 kg (n = 60, 95% Cl = 

0.73); a slight but significant mass increase over the figure from Pakefield/Kessingland 

has taken place (t-test: t = 2.10, df = 74, p = 0.0391*). A higher mass estimate o f 19 kg 

(n = 9, 95% Cl = 1.29) results from measurements o f mi specimens.

The Boxgrove wolf is again identified as C. lupus mosbachensis. Bone remains 

indicate that this form had an average mass o f 13 kg (n = 21, 95% Cl = 1.16). These 

animals were significantly smaller than those from Westbury-sub-Mendip (t-test: t = 

3.93, d f = 79, p = 0.0002***) and more similar to the Pakefield/Kessingland condition 

(t-test: t = 0.87, df = 32, p = 0.3926). There seems to be no difference in tooth size 

between Boxgrove and Westbury-sub-Mendip, with mass estimates from mi o f 18 and 

19 kg respectively. In both cases mass estimates from teeth are higher than for bones. 

No difference between the size distributions o f teeth from Westbury-sub-Mendip and 

Boxgrove can be seen on British Pleistocene wolf scatterplots (fig.4.8).

4.6.2 Canis (Xenocyon) lycanoides

The only record o f this species in the British Pleistocene occurs at Westbury- 

sub-Mendip. This is a larger species than the sympatric canid C. lupus mosbachensis. 

The average body mass estimate based on post-crania is 35 kg (n = 19, 95% Cl = 2.52). 

A slightly lower figure o f 27 kg (n = 2) is produced from teeth. Bishop (1982) 

suggested that this species was large enough to hunt alone rather than relying on a pack 

existence like C  lupus. However it is no larger than British Late Pleistocene wolves 

(section 6.6.1). It appears quite likely that the extinction o f this species was associated 

with the size increase from C  lupus mosbachensis-C. lupus lupus. Extinction resulted 

either from niche competition with a larger wolf, or size increase occurred in C. lupus
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to take advantage o f a niche opening left following the disappearance o f Canis 

(Xenocyon) lycanoides.

4.6.3 Ursm deningeri

Post-cranial remains o f Ur sus deningeri fi*om West Runton provide an average 

mass estimate o f 400 kg (n = 23, 95% Cl = 46.1). Accurate estimation o f body mass 

fi*om ursid teeth does not seem to be possible (section 3.3.9), but comparison o f tooth 

dimensions with other early Middle Pleistocene material was carried out (fig.4.9). The 

teeth fi*om West Runton all fall within the middle o f the size range o f the large U. 

deningeri sample from Westbury (fig.4.9b+d), apart from the upper camassial pm'  ̂

(fig.4.9c). A small U. deningeri sample (n = 2) from Pakefield/Kessingland provides a 

mass estimate o f 290 kg. Comparison o f tooth elements with the large sample o f U. 

deningeri teeth from Westbury-sub-Mendip shows Pakefield/Kessingland specimens 

falling in the middle-upper end o f the distribution as for West Runton (fig.4.9a+b).

The Westbury assemblage is dominated by U. deningeri, the species probably 

utilising the cave for hibernation (Bishop 1982, Andrews & Turner 1992). Over 900 

estimates o f body mass were possible from the post-cranial remains o f this species, 

with an average o f 280 kg (95% Cl = 6.12). Sexual dimorphism appears to have been 

high in this population with individual mass estimates ranging from 150-500 kg. The 

significant mass difference observed between West Runton and Westbury-sub-Mendip 

(t-test: t = 5.09, df = 945, p< 0.0001***) may reflect a true body size variation between 

these periods or a different sex ratio in the two samples, the large specimens from West 

Runton representing male individuals. As has already been discussed the Westbury 

teeth are similar in size to other early Middle Pleistocene samples. Mass estimates 

produced from Boxgrove U. deningeri bones average at 290 kg (n = 31, 95% Cl =

21.2). The means o f the Boxgrove and Westbury-sub-Mendip post-cranial mass 

estimate samples are statistically indistinguishable (t-test: t = 0.65, d f = 948, p =

0.5158). The Boxgrove teeth also group with the Westbury sample (fig.4.9a+b).
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4.6.4 Crocuta crocuta

C. crocuta is recorded from West Runton but no mass estimates were possible 

from the material available; some body size information can be provided by a pms 

specimen. The tooth falls at the smaller end o f the distribution o f British Pleistocene 

spotted hyaenas, but is within the range o f both last interglacial and Devensian C  

crocuta (fig.4.10a). C. crocuta is represented at the Corton site (part o f the 

Pakefield/Kessingland early Middle Pleistocene complex) by a small number o f tooth 

specimens, none o f which can provide mass estimates. In general the teeth cannot be 

distinguished from spotted hyaenas from the Late Pleistocene, falling right in the 

middle o f the size distribution (fig.4.10). The only possible exception is the upper third 

premolar that appears to be slightly narrower than the other samples (fig.4. lOd). The 

pms is larger than the equivalent specimen from West Runton (fig.4.10a).

The spotted hyaena is a rare component o f the Westbury-sub-Mendip carnivore 

fauna. A body mass o f 67 kg was estimated from two calcanea by comparison with 

modem material (section 3.2.1). Two pms specimens from Westbury are larger than 

other early Middle Pleistocene specimens, but still fall within the Late Pleistocene 

distribution (fig.4.10a). C. crocuta was a member o f the Boxgrove fauna, but no body 

mass estimates or size comparisons were possible from the material available.

4.6.5 Homotherium latidens

Two species o f large felid are represented at West Runton by post-cranial 

remains only. The majority o f the material can be assigned to the larger o f the two 

species, which is a sabre-toothed cat (probably Homotherium latidens) and is estimated 

to have had a body mass o f around 240 kg (n = 7; 95% Cl = 16.6). H. latidens is also 

recorded from Pakefield/Kessingland but no mass estimates were possible. The sabre 

tooth is only known from dental remains at Westbury-sub-Mendip, which indicate a 

body mass o f 185 kg (n = 2). The mass result corresponds relatively well with the post- 

cranial mass estimate from West Runton. This appears to be the final record o f this 

species in the British Pleistocene.

4.6.6 Panthera gombaszoegensis

The smaller felid species recorded from West Runton is known from a second 

metatarsal and possibly also a first phalanx. The average body mass estimated from this 

material is 95 kg. The species is considered to be a pantherine, either the extinct early 

Middle Pleistocene felid P. gombaszoegensis or the leopard P. pardus (Turner 1999).
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The metatarsal specimen is similar morphologically to P. gombaszoegensis from 

Westbury, although it is o f slightly smaller size (table 4.1). It may therefore represent a 

smaller earlier form o f this species and is identified as P  cf. gombaszoegensis (Turner 

1999).

There are no records o f P. gombaszoegensis from Pakefield/Kessingland.

The mammalian fauna from Westbury-sub-Mendip on the other hand contains the 

largest British Pleistocene sample o f P. gombaszoegensis. This is the smallest and most 

common o f the felid species recorded at the site. The sample o f post-cranial remains 

estimates an average body mass o f 140 kg (n = 121, 95% Cl = 4.28) for the species. A 

slightly lower mass estimate o f 125 kg (n = 6, 95% Cl = 20.3) is produced from mi 

specimens. P. gombaszoegensis has also been tentatively identified in the Boxgrove 

fauna (Preece & Parfitt 2000). However, no body mass estimates or body size 

comparisons were possible at this site.

Table 4.1 : Comparison o f the dimensions of the small pantherine Mtll specimen from West Runton with 

P.gombaszoegensis Mtll from Westbury-sub-Mendip.

Measure (mm)
1 2 3 4 5 6

Pctgombaszoegensis 
W Runton (m42602) 95.6 13.4 22.5 17.2 15.5 17.2

P. gombaszoegensis 
WSM (m47304) 100.7 15.2 26.0 19.5 18.1 -

P. gombaszoegensis 
WSM (m33981) - 15.1 26.7 - - -

4.6.7 Panthera lea

No evidence o f P. leo occurs at West Runton, which may record a period before 

this species entered the British Isles. A P. leo mandible with broken teeth from 

Pakefield/Kessingland probably represents the first record o f this species in the British 

Pleistocene; unfortunately no mass estimates were possible. The P. leo material from 

Westbury-sub-Mendip represents an animal o f very large body size. Post-cranial 

remains produce a body mass estimate o f 295 kg (n = 15, 95% Cl = 28.3). This mass 

average is higher than for U. deningeri at this site, suggesting that the lion may have 

been specialised for hunting megaherbivore species. A slightly lower mass estimate o f 

260 kg (n = 4) results from length measurements o f mi specimens.

The only measureable P. leo specimen from Boxgrove is a lower m% that 

provides a mass estimate o f 245 kg. The large body size o f this animal is confirmed by 

the position o f the tooth near the top o f the British Pleistocene mi size distribution
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(fig.4.11). The dimensions of this tooth fit in well with other early Middle Pleistocene 

specimens from Westbury-sub-Mendip. The early Middle Pleistocene teeth appear to 

be wider than those from the late Middle and Late Pleistocene; this may have been a 

response to the presence of P. gombaszoegensis in the earlier carnivore communities.
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Fig. 4.11 : Size distribution o f P. leo m, specimens from the British Pleistocene. Tooth length (measure 

2) is plotted against tooth width (measure 3). Specimens from the early Middle Pleistocene sites of 

Westbury-sub-Mendip (WSM, A )  and Boxgrove (Box, □ )  are highlighted.
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4.7 Body Mass Variation in the early Middle Pleistocene

A number o f the species studied have been recorded from more than one o f the 

early Middle Pleistocene sites. It is therefore possible to test statistically whether the 

body mass estimates produced show any variation between the faunas. Species present 

at three or more o f the sites have been examined using ANOVA (table 4.2). If  

significant mass variation is indicated, then post-hoc comparison o f means has been 

carried out (Tukey HSD test) to determine the homogeneous mass groupings (fig.4.12).

Table 4.2: Results o f ANOVA comparing the average species body masses estimated from early Middle 

Pleistocene sites (Appendix 4.1a+b). In most cases body mass estimates are not available from all four 

sites for comparison. The samples included in each test are indicated: WR = West Runton, PK = 

Pakefield/Kessingland, WSM = Westbury-sub-Mendip, Box = Boxgrove. The column Homogeneity of 

Variance refers to testing o f the assumptions of the ANOVA. A significant result (!) indicates unequal 

variances in the samples, but violation o f this assumption is not too serious (Lindman 1974). * = 

significant variation among means at 5% level, ** = significant at 1% level, *** = significant at 0.1% 

level.

Test Homogeneity 
o f Variance

df F P

C. lupus mosbachensis F = 0.7992 2,91 8.2220 0.0005
Bones PK, WSM, Box p = 0.4528 ***
U. deningeri F = 3.6892 2,317 19.2745 <0.0001
Bones WR, WSM, Box p = 0.0261(!) ***
E. cf. ferus F =  1.2118 3,36 19.4216 <0.0001
Bones WR, PK,WSM, Box p = 0.3194 ***

S. hundsheimensis F = 5.1442 2,40 5.4576 0.0080
Bones WR, PK, Box p = 0.0103(!) **
S. hundsheimensis F = 0.4289 2,46 1.8194 0.1736
Teeth WR, PK, Box p = 0.6540
D. dama F = 1.2125 2,35 11.5397 0.0001
Teeth WR, WSM, Box p = 0.3097 ***
C. elaphus F = 5.7389 2,38 0.0095 0.9905
Bones WR, WSM, Box p = 0.0066(!)
C. elaphus F = 0.3987 2,83 12.3526 <0.0001
Teeth WR, WSM, Box p = 0.6725 ***
Bison sp. F = 2.9348 2,55 11.1575 0.0001
Bones PK, WSM, Box p = 0.0615 ***
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Significant variation occurs among early Middle Pleistocene sites in body mass 

estimates produced from Bison sp. post-crania (table.4.2). Animals o f smaller body size 

occur at Pakefield/Kessingland in comparison to bison from Westbury-sub-Mendip and 

Boxgrove (fig.4.12e). Mass estimates based on the Pakefield/Kessingland tooth sample 

are also significantly lower than recorded at Westbury-sub-Mendip (t-test: t = 3.93, df 

= 51, p = 0.0003***). Although sample sizes are too small to allow statistical testing it 

appears to be the small bison form that is present in the West Runton fauna. The 

recorded mass change may be related to the species transition from B. schoetensacki to

B. priscus. This would indicate that B. priscus first appears in the British Pleistocene 

before the Anglian cold stage at Boxgrove and Westbury.

No variation during the early Middle Pleistocene could be identified in mass 

estimates from C. elaphus post-crania, but significant variation does occur in the dental 

estimates (table 4.2). A significant reduction in mass estimates from C  elaphus teeth 

occurs at Boxgrove, with no corresponding indication o f size reduction in post-crania 

(fig.4.12g). The other cervid species for which body mass data can be compared across 

a range o f sites is D. dama. Only mass estimates from teeth have been considered and a 

significant mass variation between the sites is observed (table 4.2). The Boxgrove and 

West Runton samples produce significantly higher body mass estimates than Westbury- 

sub-Mendip (fig.4.12c). C. capreolus also appears to undergo size variation during the 

early Middle Pleistocene. Teeth from Boxgrove estimate significantly higher body 

masses than the West Runton sample (t-test: t = 2.3455, df = 45, p = 0.0235*).

Body mass estimates from the post-crania o f the large equid species at early 

Middle Pleistocene sites show a significant variation across the period (table 4.2). The 

identified variation is due to the reduced body masses that occur in the 

Pakefield/Kessingland sample, which are significantly lower than all other early Middle 

Pleistocene E. cf. ferus forms (fig.4.12d). This may indicate a size reduction in & cf. 

ferus at this site, or the presence o f an additional equid species. E. altidens shows no 

significant mass change between the sites o f West Runton and Pakefield/Kessingland 

(t-test: t = 1.8285, d f = 23.77, p = 0.0801). A significant variation occurs between early 

Middle Pleistocene sites in mass estimates from S. hundsheimensis post-crania (table

4.2). Post-hoc comparison o f means reveals that this is due to an increase in body mass 

at Boxgrove relative to West Runton and Pakefield/Kessingland (fig.4.121). This body 

mass variation recorded from post-crania is not reflected in a significant size change in 

teeth.
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Sample sizes o f carnivore material are generally too small to allow statistical 

comparisons between body mass estimates from early Middle Pleistocene sites. One 

species that can be examined is C. lupus mosbachensis. Mass estimates from post

crania display a significant variation between the sites (table 4.2). This is due to the 

higher mass estimate for this species at Westbury-sub-Mendip (fig.4.12a). The mass 

difference observed is mathematically significant, but it is unclear whether the 

difference between the average masses o f the early Middle Pleistocene samples o f 

approximately 2 kg is biologically significant. Mass variation in U. deningeri can also 

be studied, and again a significant variation is revealed by ANOVA (table 4.2). In this 

case it is the post-cranial mass estimate from West Runton that is significantly higher 

than Westbury-sub-Mendip and Boxgrove (fig.4.12b). However, the West Runton 

sample is relatively small and as has already been discussed the high mass observed 

could be due to a male bias rather than to a change o f body size.

4.8 Stratigraphie Implications

Body mass variation during the early Middle Pleistocene has been identified in 

the vast majority o f species examined. Even in cases where no mass variation is 

observed e.g. C  elaphus post-crania, significant size variation often takes place in other 

skeletal elements. Does the body mass evidence support the theory that each site 

represents a separate temperate period o f the early Middle Pleistocene? In the records 

o f C. elaphus, C. capreolus and S. hundsheimensis, mass estimates from Boxgrove 

have been identified as distinct from other early Middle Pleistocene sites. However, 

once the Boxgrove fauna has been removed the remaining three sites still do not form a 

coherent mass grouping. Important body mass evidence separating these sites occurs in 

Bison sp. A major size increase, and possibly also a species transition, divides 

Westbury-sub-Mendip from West Runton and Pakefield/Kessingland.

As discussed in section 2.1.4, on the basis o f species composition it has been 

suggested that the faunas from Pakefield/Kessingland may represent a separate 

temperate stage from that recorded at West Runton (Stuart & Lister 2001). Are there 

any body size differences in large mammals from the two sites to support this division? 

Possible mass differences between these two sites have been examined in detail using t- 

tests (table 4.3). The majority o f comparisons indicate no significant difference 

between mean estimated body masses.

A significant difference between means was observed for M  savini bones from 

the two sites (table 4.3), with the material from West Runton indicating a higher
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average mass. However, because o f the difficulty o f identifying the post-crania o f this 

species not too much weight should be put on this result. A more important significant 

result was produced fi’om comparison o f mass estimates fi*om the bones o f the large 

horse species {E. cf. ferusT). The animals fi*om Pakefield/Kessingland have a 

significantly lower average body mass than those from West Runton (table 4.3). The 

mass records fi"om these two sites are therefore only marginally difierent but this 

information combined with differences in community composition between the faunas 

suggest that the temperate episodes represented are not the same.

Table 4,3: Results o f two-sided t-tests comparing the average species body masses estimated from West 

Runton and Pakefield/Kessingland material (Appendix 4. la+b). The column Homogeneity of Variance 

refers to testing of the assumptions of the t-test. A significant result (!) indicates unequal variances in the 

two samples and a t-test with separate variance estimates is carried out. * = significant difference 

between means at 5% level, ** = significant at 1% level, *** = significant at 0.1%level.

Test
W Runton vs P/K

Homogeneity 
o f Variance

t df P

E. altidens 
Bones

F = 6.8610 
p = 0.0151 (!)

1.8285 23.7700 0.0801

E. cf. ferus 
Bones

F = 1.84471 
p = 0.5155

4.7380 25 0.0001
***

S. hundsheimensis 
Teeth

F = 1.4873 
p = 0.4582

-0.6727 39 0.5051

M  verticornis 
Bones

F = 1.2107 
p = 0.6551

0.7740 40 0.4432

M  verticornis 
Teeth

F = 2.9637 
p = 0.0563

-0.9440 33 0.3521

M  savini 
Bones

F = 13.4065
p = 0.0001(!)

2.9286 8.7221 0.0174
*

B. schoetensacki 
Teeth

F = 1.9305 
p = 0.3305

1.2290 17 0.2355

A large amount o f biostratigraphic evidence indicates that the West Runton and 

Pakefield/Kessingland sites represent earlier developments o f temperate climate 

conditions than Westbury-sub-Mendip and Boxgrove (section 2.1.4). A less well- 

supported stratigraphie interpretation is that the Boxgrove fauna post-dates the 

Westbury-sub-Mendip sample (Preece & Parfitt 2000). This is based on the 

evolutionary transition fi-om Microtus gregaloides to M  gregalis. Does the body mass 

evidence support this stratigraphie arrangement o f the sites? One piece o f evidence that 

may add support to this theory comes from analysis o f C. elaphus body mass estimates. 

The disproportionately small size o f C. elaphus teeth at Boxgrove is very different from 

all other early Middle Pleistocene samples (fig. 4.12g). This unusual bone-tooth size
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relationship is also found only in the very small C. elaphus forms from the Stage 11 

interglacial (section 7.3.1). This may imply a relatively close relationship between the 

two faunas, suggesting that Boxgrove represents the latest pre-Anglian fauna examined.

4.9 Summary

In the early Middle Pleistocene study, the body sizes o f a range o f extinct 

species have been examined in detail for the first time (table 4.4). In a number o f these 

cases taxonomy and identification o f the material remains tentative and sample sizes o f 

material are small so the body mass interpretations must be treated with caution. In the 

diverse carnivore communities o f this period the early Middle Pleistocene wolf sub

species C. lupus mosbachensis displayed an average body mass o f 13-16 kg, 

approximately half that o f Late Pleistocene and modem forms. It may not have 

regularly hunted large ungulates, although this would certainly have been possible if a 

group strategy similar to modem dholes had been employed. C  (X) lycanoides 

probably filled the usual predatory niche o f C  lupus with a body mass o f 35 kg.

P. gombaszoegensis with an average body mass o f 140 kg was approximately 

half the size o f the large early Middle Pleistocene lion. The sabre-toothed cat H. 

latidens had a body mass intermediate between P. gombaszoegensis and P. leo, but 

does not appear to have persisted for long after the entry o f lions into British 

Pleistocene communities. The three felid species recorded at Westbury-sub-Mendip 

were therefore relatively well spaced in terms o f their body masses which may have 

reduced competition between them over prey species (Chapter 8).

In the context o f British Pleistocene ursids, U. deningeri can be interpreted as a 

relatively small species, with an average body mass o f 280-290 kg. Higher body masses 

are recorded for U. deningeri at West Runton, but sample size is small so a sex ratio 

biased towards males may be responsible. Body masses o f P. leo and U. deningeri are 

often very similar but the lion is likely to be have been hyper-camivorous, 

concentrating on large prey species while the more omnivorous diet o f the bear reduced 

competitive interactions between them. The sparse records o f early Middle Pleistocene

C. crocuta indicate that no major size difference existed between this and late Middle 

and Late Pleistocene forms o f the species (Chapters 5+6).

Horses belonging to the E. ferus  lineage displayed very large body sizes in the 

early Middle Pleistocene. The only exception to this occurs in the 

Pakefield/Kessingland assemblage where a possible E. ferus  form o f reduced body
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mass is recorded. E. altidens is confirmed as a species o f small body size with average 

masses o f approximately 300 kg. The early Middle Pleistocene rhino S. hundsheimensis 

appears to have been a medium sized form, very similar in size to the later S. 

hemitoechus. A trend o f size increase may have occurred in this species during its time 

range. Fallow deer are relatively poorly recorded from the early Middle Pleistocene but 

generally large body sizes are indicated, apart from a possible reduced size population 

from Westbury-sub-Mendip. Both C  elaphus and C  capreolus maintained relatively 

constant and high body masses through the study period. Roe deer appear to have been 

slightly larger at Boxgrove and the teeth o f C. elaphus are very characteristic at this 

site.

Mass estimation has been attempted for the three Megaloceros species recorded 

at the study sites. The largest species, considered to be M. verticornis, appears to have 

had an average body mass o f 370-390 kg. The species therefore did not reach the large 

body sizes recorded for M  giganteus. I f  M  dawkinsi is a dwarfed species derived from 

M  verticornis then size reduction in the order o f 50% must have taken place to produce 

animals with a body mass o f 180 kg. M  savini has been interpreted as a giant deer 

species o f intermediate size with a body mass average o f 260-280 kg, suggesting that it 

was slightly larger than a red deer. Large numbers o f cervid species occurred in some 

early Middle Pleistocene communities and the body size relationships between them 

will be explored further in Chapter 8.

Evidence from bio stratigraphy points to each o f the early Middle Pleistocene 

sites included in this study representing a separate development o f temperate climatic 

conditions. This interpretation is supported by body size differences in mammal species 

recorded from the four sites (table 4.4). When comparisons between the body mass 

records are made. West Runton and Pakefield/Kessingland are more similar to each 

other than the other early Middle Pleistocene sites. Both contain the small bison form 

B. schoetensacki (av. mass 700 kg) as opposed to the larger member o f this genus 

recorded from Westbury-sub-Mendip and Boxgrove (av. mass 900-1000 kg). A smaller 

form o f S', hundsheimensis also occurred at West Runton and Pakefield/Kessingland. In 

addition E. altidens and M  savini o f very similar body size are restricted to these two 

sites.

The Boxgrove and Westbury-sub-Mendip faunas have been placed in later early 

Middle Pleistocene temperate episodes and are characterised by a different community 

composition and body size pattern. The size o f C. elaphus and D. dama teeth 

distinguish the two communities from each other. Evidence from C. elaphus may point
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to the Boxgrove fauna post-dating at least the first temperate peak at Westbury, fi*om 

which the majority o f cervid remains are recorded.

Table 4.4: Summary of important early Middle Pleistocene body mass results. WR = West Runton, P/K 

= Pakefield/Kessingland, WSM = Westbury-sub-Mendip, Box = Boxgrove. The body mass figures 

displayed are averages based on post-cranial remains only; cases where dental estimates were used are 

indicated (+). For species that show a greater than 30% mass variation during their British Pleistocene 

range, body size forms are classified as either small (S), medium (M) or large (L) according to a division 

of the observed variation into three equal sections. * = species recorded but no mass estimates possible.

Species WR P/K WSM Box

C. lupus * 15 kg 15 kg 15 kg
S S S

C. (X) lycanoides 35 kg

U. deningeri 390 kg 290 kg 280 kg 290 kg
L S S S

C. crocuta * * 70 kg *

H. latidens + 240 kg * 190 kg

P. gombaszoegensis 100 kg 140 kg *

P. leo * 290 kg 250 kg +
L L

E. of. ferus 560 kg 450 kg 570 kg 570 kg
L M L L

E. altidens 310 kg 260 kg

S. hundsheimensis 1600 kg 1500 kg * 1900 kg
S S L

M. verticornis + 370 kg 370 kg 300 kg

M. dawkinsi + 180 kg *

M  savini + 270 kg 250 kg

D. dama + 100 kg * 70 kg 110 kg
L S L

C. elaphus 210 kg * 210 kg 210 kg
M M M

C. capreolus + 30 kg 30 kg 40 kg

Bison sp. 700 kg 720 kg 970 kg 900 kg
S S L L
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CHAPTER 5: Body Size in the late Middle Pleistocene

Re-assessment o f British Pleistocene stratigraphy has led to the recognition o f 

three separate Late Middle Pleistocene interglacials relating to Oxygen Isotope Stages 

11,9 and 7 (Chapter 2). The following chapter will discuss body mass results from sites 

considered to represent each o f these interglacials (Appendix 4.2). Three vertebrate 

sites assigned to 01 Stage 11 have been included in this study. These are: the type-site 

o f the Hoxnian interglacial at Hoxne, plus Swanscombe and Clacton. At both Hoxne 

and Swanscombe fossil specimens representing separate sub-stages o f the Stage 11 

interglacial may be present (section 2.3). Fossil-bearing deposits assigned to the newly 

recognised 01 Stage 9 interglacial remain limited, and only the faunas from Grays and 

the Wolvercote Channel have been studied here.

The largest stratigraphie grouping o f sites relates to the 01 Stage 7 interglacial 

and includes material from: Aveley, Ilford, West Thurrock, Northfleet, Brundon, Stoke 

Tunnel, Stutton, Harkstead, Layers 2+3 o f the Marsworth Lower Channel, Selsey, 

Bielsbeck Farm and Bleadon Cave. These assemblages are characterised by the 

presence o f an unusual interglacial mammal community, containing mammoth with a 

small Mammuthus trogontherii type tooth morphology (Lister 1993a). D. dama appears 

to have been absent from this community. The Stage 7 sites also record unusual 

palaeoenvironmental conditions, with open vegetation communities dominating and a 

diverse mix o f vertebrates, including both characteristically temperate and cold climate, 

and forest and open vegetation elements (section 2.5). The large mammalian fauna 

from the problematic site o f Crayford has been assigned to 01 Stage 7 but the Stage 6 

cold stage could easily also be represented. The same applies to the enigmatic site of 

Hutton Cave.

Three cold episodes relating to Oxygen Isotope Stages 10, 8 and 6 are also 

placed into the Late Middle Pleistocene, but sufiQcient material for the body size study 

is available only from Stage 6 (Appendix 4.2). Mammalian faunas considered to be o f 

01 Stage 6 age have been studied from: Balderton; the Brighton-Norton raised beach at 

Black Rock, Brighton and Portslade; Clevedon Cave; Layer 1 o f the Marsworth Lower 

Channel; and the Coarse Sands at Bacon Hole. These faunas are species-poor and are 

generally dominated by small-bodied E. ferus (Parfitt et al. 1998; Bates et al. 2000), 

although carnivores are also well represented.

Unlike the situation described in Chapter 4 for the early Middle Pleistocene, 

multiple localities have been proposed to represent the same time period, so statistical
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testing o f the consistency o f the body mass signal between sites is required (section 

5.7). This is especially important for the large group o f OI Stage 7 sites as the Oxygen 

Isotope Record shows that this interglacial had a long duration o f 65,000 years 

(Martinson et al. 1987; Williams et al. 1988). Therefore a large potential exists for body 

size variation during this period. I f  a coherent body size pattern is produced from the 

group o f sites assigned to an Isotope Stage, the results will be combined to increase 

sample sizes and ensure all species are represented. This will produce a body mass 

record for each o f the Isotope Stages studied (Appendix 5.1-5.4).

Comparisons will then be made between the species body masses that 

characterise each o f the late Middle Pleistocene stages (section 5.8.1). Does body mass 

evidence provide support for the three interglacial pattern? Possible body mass changes 

across the early-late Middle Pleistocene boundary will also be investigated (section

5.8.2). The Anglian is a major period o f turnover in large mammal species, with many 

species making their first appearance in the British Isles during 01 Stage 11. Early and 

late Middle Pleistocene communities are therefore distinct in terms o f species 

composition, but do species that persist across the boundary also show changes in body 

size? This transition has been proposed as an important size change point for the E. 

ferus  and C. lupus lineages (Bishop 1982) so the body size data for these species will 

be examined particularly closely. Investigations will also be carried out into size 

differences between the Stage 6 cold stage and the preceding Stage 7 interglacial 

(section 5.8.3). Finally, any additional stratigraphie information that can be derived 

from the body mass data set will be considered (section 5.9).

5.1 Bovidae

At Stage 11 interglacial sites two large bovid species Bos primigenius and Bison 

priscus have been recorded. This represents the first British Pleistocene appearance of 

B. primigenius and may also form the fiirst record o f B. priscus, as the status o f this 

species at sites dating to the end o f the early Middle Pleistocene remains uncertain. At 

Swanscombe and Clacton there is evidence that the two large bovid species co-existed, 

although B. primigenius appears to have been numerically dominant. As discussed in 

section 3.1.1, large bovid teeth cannot be identified to species level easily. A combined 

Bos/Bison tooth grouping that may contain specimens from both species was therefore 

used. A mean body mass o f 805 kg (n = 50; 95% Cl = 47.4) was estimated using large 

bovid teeth from Swanscombe, with a figure o f 765 kg (n = 29; 95% Cl = 59.0) from 

Clacton.
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The only bovid species positively identified fi'om Stage 9 sites is B. 

primigenius. The sample o f bovid teeth fi'om Grays produces an average body mass 

estimate o f 800 kg (n = 58; 95% Cl = 54.9). A return to the coexistence o f B. 

primigenius and B. priscus occurred during the Stage 7 interglacial. Bovid tooth 

samples result in mass estimates that range fi'om an average o f 675 kg (n = 11; 95% Cl 

= 58.8) at Bleadon Cave to 835 kg (n = 80; 95% Cl = 53.4) at Ilford (Appendix 4.2b). 

At Crayford a third large bovid species Ovibos moschatus is additionally represented. 

Records o f this species also occur in 01 Stage 6 faunas.

5.1.1 Bos primigenius

01 Stage 11

Body mass estimates based on identifiable B. primigenius post-crania fi'om 

Stage 11 sites suggest a form o f relatively small body size. The post-cranial mass 

information for B. primigenius can be divided between the lower and upper parts o f the 

Swanscombe sequence (Appendix 4.2a), but no significant difference can be identified 

in the mass estimates (section 5.7.1). Combining all o f the Swanscombe data produces 

an average mass estimate fiom post-crania o f 830 kg (n = 152; 95% Cl = 34.3). An 

average body mass o f 866 kg (n = 28; 95% Cl = 61.43) is estimated for B. primigenius 

using the Clacton post-crania. This is not significantly different fiom the Swanscombe 

result (t-test: t = 1.62, d f = 155, p = 0.1064).

Because B. primigenius dominates the post-cranial samples, the majority o f 

dental specimens can also be proposed to relate to this species. The mass estimates 

fiom teeth are lower than those fiom post-crania. A low body mass estimate fiom bovid 

teeth is a feature commonly observed in the British Pleistocene (Chapter 7). There is no 

significant difference between the mass estimates produced fiom Swanscombe and 

Clacton bovid dental remains (t-test: t = 1.08, d f = 77, p = 0.2839).

OI Stage 9

The only bovid present at Grays is B. primigenius', no post-cranial specimens 

displaying the features o f B. priscus could be identified. The B. primigenius post- 

cranial material fiom Grays suggests an animal o f very large body size with an average 

mass o f 1200 kg (n = 19, 95% Cl = 83.1). The bovid tooth sample is assumed to 

include only B. primigenius specimens, and produces an average mass estimate o f 800 

kg (n = 58; 95% Cl = 54.9). A large discrepancy in estimates therefore exists between 

the two measurement types. Bone remains indicate an increase in the body size o f B.
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phmigenius relative to the Stage 11 interglacial (section 5.8.1). However, this size 

change is not reflected in teeth. This suggests a differential pattern o f size change in 

these two body regions, an increase in the size o f the post-cranial skeleton and overall 

body mass, but no change in the size o f teeth (Chapter 7).

The sample o f bovid post-crania from the Wolvercote Channel contains one 

large metacarpal that can be identified as B. primigenius. This specimen produces a 

mass estimate o f 1185 kg, close to the mass estimate o f 1200 kg for the large animals 

from Grays. However, other bovid material that could not be identified to species level 

produced much lower mass estimates with an average o f only 655 kg (n = 11; 95% Cl 

= 177). Bovids o f this size do not occur at Grays.

01 Stage 7

B. primigenius post-crania occur in numerous Stage 7 interglacial assemblages. 

In the majority o f cases B. primigenius is the only large bovid species recorded or 

dominates over B. priscus in terms o f numbers o f specimens, although the bias is not as 

extreme as observed in Stage 11. The animals from these contexts were o f large body 

size, with post-cranial body mass estimates ranging from 1000-1300 kg (fig.5.1; 

Appendix 4.2a). At these sites the mass estimates produced from bones are much 

higher than those from bovid tooth samples (675-835 kg; Appendix 4.2b). At Brundon 

a lower post-cranial body mass average o f 820 kg (n = 16; 95% Cl = 80.1) is recorded 

for B. primigenius.

Significant variation occurs among the Stage 7 sites in the masses estimated 

from B. primigenius post-cranial material (ANOVA: F6 ,i9 9  = 9.38, p<0.0001***). Post- 

hoc comparison o f means confirms that this is largely due to the low Brundon mass 

estimate. Brundon groups separately from other Stage 7 sites apart from Ilford (fig.5.1). 

An average body mass o f 890 kg (n = 46; 95% Cl = 71) is estimated from the Crayford 

B. primigenius post-crania. This suggests the presence o f a small-bodied form, as 

recorded at Brundon, a question that will be investigated further in section 5.7.3. At 

both Brundon and Crayford the two large bovid species occur in similar proportions. 

This is an unusual occurrence in the British Pleistocene, as in the majority o f cases one 

bovid species appears to have been dominant over the other in terms o f numbers (Gee 

1991).
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5.1.2 Bison priscus

01 Stage 11

During 01 Stage 115. priscus was the rarer o f the two large bovid species and 

appears also to have displayed a smaller body size than B. primigenius (section 5.1.1). 

A few B. priscus post-crania have been identified in the Clacton assemblage, and 

estimate an average mass o f 700 kg (n = 9; 95% Cl = 82.5). Another small sample o f 

post-crania from Swanscombe produces an average mass estimate o f 840 kg (n = 9; 

95% Cl = 104). The mass estimates from the two sites are not significantly different (t- 

test: t = 2.06, df = 16, p = 0.0556).

01 Stage 9

No material that could be positively identified as B. priscus was encountered in 

the Grays or Wolvercote Channel assemblages.

01 Stage 7

In Stage 7 faunas where B. priscus and B. primigenius co-exist there is little 

mass differentiation between the two large bovid species, making their co-existence 

hard to explain (Chapter 8). I f  any mass difference occurs B. priscus is the smaller 

species. Average mass estimates based on post-crania indicate the occurrence o f large 

bison individuals in some instances e.g. Aveley 1200 kg (n = 8; 95% Cl = 163),

Bleadon 1120 kg (n = 7; 95% Cl = 136). For other Stage 7 B. priscus assemblages 

lower average body masses o f 850-895 kg have been estimated (fig.5.2; Appendix 

4.2a). As expected a significant variation in mass estimates can be identified among the 

Stage 7 sites (ANOVA: p 4 , 8 8  = 7.23, p < 0.0001***), and post-hoc comparison o f 

means highlights the presence o f two body size forms (fig.5.2). The average body mass 

estimate o f 880 kg (n = 66; 95% Cl = 56.1) produced from the Crayford B. priscus 

post-crania indicates that the smaller o f the two bison forms was present (section 5.7.3).

OI Stage 6

A small sample o f limb bones, tentatively assigned to B. priscus, occurs in the 

Balderton Stage 6 fauna. An average body mass o f 1000 kg (n = 5; 95 % Cl = 140.69) 

is estimated from these specimens.
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5.1.3 Ovibos moschatus

A single musk ox post-cranial specimen from Crayford estimates a body mass 

o f 435 kg. O. moschatus therefore appears to have been approximately half the size o f

B. primigenius and B. priscus at this point in the Pleistocene. The average mass 

estimate from teeth o f 770 kg (n = 4) is however much closer to the other bovids; this 

higher estimate from teeth than bones is a reversal o f the situation usually observed for 

Bos and Bison. These specimens may relate to the end o f 01 Stage 7 when open steppic 

vegetation types occurred due to continental climatic conditions. However, other 

records o f this species from 01 Stage 6 may indicate that the Crayford specimens 

represent a continuation o f deposition into cold conditions.

An O. moschatus metatarsal from the Stage 6 site o f Balderton gives a body 

mass estimate o f 320 kg. O. moschatus is also recorded from this time period at 

Portslade. In this case measurements o f a metacarpal produce a body mass estimate o f 

420 kg. A relatively consistent picture o f O. moschatus post-cranial body mass in the 

period surrounding the 01 Stage 7-6 transition emerges. This British Pleistocene form 

was larger than modem individuals o f the species that persist in relict populations in the 

North American Arctic.

5.2 Cervidae

Five cervid species are recorded from the British Isles during the late Middle 

Pleistocene. Problems o f identification are much reduced as species such as M. 

verticornis and M  savini do not persist beyond the Anglian. Cervids with unusual body 

size characteristics have been recorded from the Stage 11 interglacial. C. elaphus o f 

small body size, along with the large fallow deer sub-species D. dama clactoniana have 

been recognised at these sites (Lister 1981, 1986; Stuart et al. 1993; Schreve 1997). 

Attempts will be made to identify the size reduction trend that produced the small red 

deer observed in Stage 11. Similarly the timing o f the subsequent increase in body size 

during the late Middle Pleistocene will be examined. At present it is unclear whether 

the fallow deer from Stage 9 also represent the sub-species D. dama clactoniana. 

Hopefully body size studies will be able to clarify this problem. The other deer species 

M. giganteus, C. capreolus and Alces sp. are not as well recorded from the late Middle 

Pleistocene.

228



5.2.1 Cervus elaphus

01 Stage 11

Mass estimates produced from Stage 11 C. elaphus post-crania confirm the 

small body size proposed for the species during this period. The small size o f this red 

deer form can be illustrated using astragalus specimens, that fall at the bottom of the 

British Pleistocene size distribution for this element (fig.5.3). An average body mass o f 

160 kg (n = 65, 95% Cl = 9.61) has been estimated for Clacton C. elaphus using post

crania. This estimate is significantly lower than average body mass figures o f 207-210 

kg (Appendix 4.1a) recorded in the early Middle Pleistocene (section 5.8.2).

C. elaphus bones from the Hoxne Upper Sequence produce an average mass 

estimate o f 165 kg (n = 27, 95% Cl = 12.6). However, material from Hoxne Stratum F 

records the presence o f even smaller individuals, with average body masses o f 140 kg 

(n = 9; 95 % Cl = 11.6). This average is significantly lower than the estimate from the 

Upper Sequence (t-test: t = 3.05, df = 33, p = 0.0045**). The C. elaphus body mass 

record from Hoxne is closely paralleled in the Swanscombe sequence. Post-cranial 

specimens from the Upper Middle Gravel give an average body mass estimate o f 170 

kg (n = 15; 95% Cl = 21.0); while specimens from the earlier phase o f deposition 

represented by the Lower Loam and Lower Gravel are significantly smaller; estimating 

an average body mass o f 139 kg (n = 33; 95% Cl = 8.29) (t-test: t = 3.52, d f = 46, p = 

0.0010**).

The very small specimens from Hoxne Stratum F and the Lower Loam and 

Lower Gravel at Swanscombe can be considered to relate to the early development o f 

temperate conditions during Stage 11 (section 2.3). The specimens from the two sites 

are indistinguishable in terms o f their mass estimates (t-test: t = 0.0895, d f = 40, p = 

0.9292). When C. elaphus post-cranial mass estimates from the later part o f Stage 11 

are compared (Swanscombe Upper Middle Gravel, Hoxne Upper Sequence, Clacton), 

no significant variation between the sites is observed (ANOVA: F2 J 0 3  = 0.48, p = 

0.6183). Two distinct C. elaphus post-cranial mass groupings can therefore be 

identified in Stage 11 (fig.5.4). The observed body mass pattern could be the result o f a 

mass reduction in C. elaphus due to the impact o f Anglian climate changes. If  dwarfed 

red deer returned to Britain from réfugia in the opening phases o f the Stage 11 

interglacial, but subsequently increased in mass as temperate conditions developed, this 

would explain the body mass figures produced.
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Body masses estimated from C. elaphus teeth show no variation between the 

three Stage 11 sites studied (ANOVA: df = p 2 , 3 4  = 1.54, p = 0.2300). At Clacton (160 

kg; n = 5, 95% Cl = 24.39) and Hoxne (165 kg; n = 10, 95% Cl = 16.5) the average 

mass estimates produced are the same as the figures based on post-crania. The average 

mass estimate from Swanscombe C. elaphus teeth (145 kg; n = 22, 95% Cl = 13.3) is 

intermediate between the two post-cranial averages. This may be due to the fact that 

specimens from both depositional phases are present in the Swanscombe tooth sample. 

Unlike the situation observed at Boxgrove, where teeth indicate a lower mass than post

crania (section 4.2.1), both skeletal regions record the same small body size at Stage 11 

sites.

01 Stage 9

Red deer from the Stage 9 interglacial displayed a relatively small body size, 

like those from the later part o f Stage 11 (section 5.8.1). The similarity and small size 

o f the Stage 9 and 11 post-cranial samples can be illustrated using astragali (fig.5.3). 

Mass estimates based on the Grays C. elaphus post-crania average at 180 kg (n = 19; 

95% Cl = 13.4), while dental specimens produce a figure o f 190 kg (n = 56; 95% Cl = 

9.33). A slightly higher average body mass o f 205 kg (n = 6; 95% Cl = 24.2) is 

estimated for C. elaphus from a limited number o f post-cranial remains in the 

Wolvercote Channel assemblage; although this does not represent a significant body 

mass increase over the Grays condition (t-test: t = 1.88, df = 23, p = 0.0734).

Astragalus specimens from Wolvercote group with those from Stages 11 and 9 but fall 

within the upper end o f this distribution, confirming that these animals were of 

relatively large size (fig.5.3).

OI Stage 7

Red deer are recorded from the majority o f Stage 7 interglacial sites examined. 

These animals displayed an intermediate body size in the context o f the Pleistocene size 

range o f the species, and were generally larger than those already described from the 

late Middle Pleistocene (section 5.8.1). Stage 7 C. elaphus astragali group together in 

the middle o f the size distribution for this element, and can be distinguished from the 

smaller Stage 9 and 11 astragali on the basis o f distal width (measure 5) (fig.5.3). 

Average body mass estimates based on post-crania range from 180-200 kg (fig.5.5; 

Appendix 4.2a). This represents a significant mass variation among Stage 7 sites 

(ANOVA: p 5 , 2 0 2  = 3.33, p = 0.0065**). Post-hoc comparison o f means however,
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indicates two largely overlapping homogeneous site groupings (fig.5.5). Only the mass 

results fi*om Bleadon Cave and Ilford are significantly different.

At Stage 7 sites where the C. elaphus dentition is well-recorded, average mass 

estimates produced fi*om teeth are higher than for bones e.g. Bleadon Cave 225 kg (n = 

31, 95% Cl = 12.5) vs 180 kg (post-crania). Have teeth undergone a proportional size 

increase in comparison to bones in Stage 7 red deer? This question will be addressed in 

Chapter 7. A similar discrepancy between mass estimates based on dental and post- 

cranial remains has been found in the Crayford C  elaphus sample. An average mass 

estimate o f 235 kg (n = 9; 95% Cl = 9.49) has been produced firom teeth and a lower 

value o f 180 kg (n = 43; 95% Cl = 10.9) fi*om post-crania. However, in this case the 

reduced mass estimate fi*om post-crania appears to result fi*om the presence o f material 

fi*om smaller individuals in this sample.

When the average mass estimates fi'om individual bone specimens are 

compared some indicate relatively large animals with body masses around 2 0 0 kg, 

while others produce mass estimates o f 130-170 kg. A large size range is also observed 

in C. elaphus astragali. Some specimens group with Stage 7 but others are smaller in 

size and fall with animals fi’om Stage 9 and 11 (fig.5.6 ). Two possible interpretations 

can be made o f this evidence. Firstly, the Crayford sample could include material from 

Stage 7 and another late Middle Pleistocene interglacial, but certainly none o f the tooth 

specimens are fi'om animals o f Stage 9 or 11 age as their mass estimates are too high. 

Alternatively, the material could record a size reduction in C. elaphus associated with 

the Stage 6  cold stage (Lister 1981). This interpretation is favoured, size reduction 

taking place initially in bones but not dental remains (Chapter 7).
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5.2.2 Dama dama

01 Stage 11

Antler specimens from Clacton and Swanscombe record the presence of the 

fallow deer sub-species D. dama clactoniana (Leonardo & Petronio 1976). Post-cranial 

remains from these two sites produce average body mass estimates o f 100 kg (n = 127; 

95% Cl = 4.07) and 95 kg (n = 283; 95% Cl = 2.16); indicating a large body size for 

this sub-species. D. dama post-cranial remains from Hoxne estimate an average body 

mass o f 110 kg (n = 6 ; 95% Cl = 28.9). No variation occurs among the Stage 11 sites in 

the mass estimates from D. dama post-crania (ANOVA: p 2 ,4 i2  = 2.07, p = 0.1275). This 

suggests that they all belong to the large subspecies D. dama clactoniana, although no 

conclusive antler remains are available at Hoxne. Astragalus specimens from all three 

sites confirm the large body size o f these animals in comparison to British Late 

Pleistocene D. dama samples (fig.5.7).

The largest sample of Stage 11 D. dama dental remains is from Swanscombe 

and produces an average body mass estimate o f 1 10 kg (n = 49; 95% Cl = 6.25). This 

exceeds the mass estimate based on post-crania from the site. Smaller tooth samples 

from Clacton and Hoxne estimate body masses of 105 kg (n = 4) and 90 kg (n = 4) 

respectively.
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OI Stage 9

Fallow deer specimens from Grays produce average mass estimates o f 100 kg 

(n = 47; 95% Cl = 4.63) from bones and 110 kg (n = 133; 95% Cl = 4.61) from teeth. 

These figures are not significantly different from those given for Stage \ \ D. dama 

(section 5.8.1). Although no suitable antler evidence is available, this suggests that the 

Stage 9 interglacial animals from Grays still belong to the large sub-species D. dama 

clactoniana. The large size o f these fallow deer relative to Late Pleistocene individuals 

can be seen in astragalus specimens, which display the same size range as 

representatives from the Stage 11 interglacial (fig.5.7). This interpretation o f the body 

size o f Grays D. dama is contra the opinion o f Schreve (1997), who states that the size 

o f the Grays bones indicates that the animals are referable to the modem D. dama 

dama, rather than the large sub-species recorded in Stage 11 deposits.

OI Stage 7

No D. dama material was identified from any o f the Stage 7 sites studied. The 

species may however be present in sites assigned to the earlier part o f the interglacial 

(Schreve 1997).

5.2.3 Megaloceros giganteus

OI Stage 11

The first British interglacial appearance o f M  giganteus occurs in Stage 11. An 

initial mass estimate o f 440 kg is provided by a single post-cranial specimen from 

Swanscombe. These early forms appear to have been smaller than the better-recorded 

populations from the Devensian (Lister 1981, 1994) with average body masses o f 550- 

600 kg (section 6.2.4). Cranial material o f M  giganteus is present in the mammalian 

sample from Hoxne but no mass estimates or size comparisons are possible.

01 Stage 9

Dental remains o f M. giganteus are recorded at Grays. These specimens provide 

an average body mass estimate o f 380 kg (n = 9; 95% Cl = 70.9), close to the post- 

cranial figure from Stage 11. No post-cranial material from which mass estimates can 

be produced is available for comparison.
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01 Stage 7

M giganteus is better recorded from the Stage 7 interglacial. Most o f  the body 

mass evidence is provided by tooth specimens, which produce average mass estimates 

o f 350-430 kg (Appendix 4.2b). A sample o f M. giganteus post-crania comes from the 

Northfleet site, which may represent Stage 7 or the following Stage 6 cold stage. An 

average mass o f  540 kg (n = 6; 95% Cl = 52.0) is estimated from these remains. This 

result may indicate an increased body size in the Northfleet animals or alternatively that 

post-crania estimate higher body masses than teeth in this species. The second 

interpretation is favoured as this feature is also found in better-sampled populations 

from the Late Pleistocene (sections 6.2.4 + 7.5).

Although post-eranial body mass estimates are only possible from the 

Northfleet fauna, a number o f other Stage 7 samples include post-cranial remains not 

used to produce mass estimates. An element that is particularly well sampled is the 

astragalus, and these specimens can be compared with M giganteus material from the 

Late Pleistocene (fig.5.8). The Stage 7 astragali appear to be larger, which may suggest 

the occurrence o f  high body masses in these forms that have not been fully revealed 

due to a lack o f  limb bone specimens.
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5.2.4 Capreolus capreolus

OI Stage 11

A small number o f roe deer specimens have been recovered from sites o f 01 

Stage 11 interglacial age. C  capreolus is recorded at Hoxne by tooth remains, 

providing an average body mass estimate o f 38 kg (n = 4). A similar mass estimate o f 

32 kg is indicated by a single C  capreolus tibia from Sv^anscombe.

01 Stage 9

C. capreolus teeth from Grays estimate an average mass o f 31 kg (n = 4) for the 

species, consistent with all other sites examined so far.

OI Stage 7

At most Stage 7 sites where C. capreolus is recorded sample sizes are low, as in 

other late Middle Pleistocene interglacials. Single post-cranial specimens estimate the 

following masses: Bielsbeck Farm 32 kg, Ilford 32 kg, Selsey 30 kg (Appendix 4.2a). 

The mammahan fauna from Bleadon Cave provides an exception to the rule o f low 

sample sizes for C. capreolus. The post-cranial mass average o f 34 kg (n = 43; 95% Cl 

= 1.61) and dental result o f 27 kg (n = 25; 95% Cl = 2.64) correspond closely to the 

mass figures produced from isolated specimens and confirm the accuracy o f estimates 

based on small sample sizes.

5.2.5 Alces sp.

The only British record o f the genus Alces during the late Middle Pleistocene 

comes from the Stage 9 interglacial at Grays. This lone record is a single upper tooth, 

which produces a body mass estimate o f 300 kg. Although the morphological features 

o f this specimen do not allow a species-level identification to be made, the body size 

indicated from this tooth is much lower than that calculated for early Middle 

Pleistocene A. latifrons (section 4.2.4). The estimated body mass is close to figures for 

early Holocene and modem vf. alces (section 6.2.5).
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5.3 Suidae

The only suid species from the late Middle Pleistocene is the wild boar S. 

scrofa. The species is recorded from interglacial contexts and generally by low 

numbers o f specimens. As for C. capreolus, the fauna from Bleadon Cave is 

exceptional, containing an important large sample o f S. scrofa.

OI Stage 11

The only Stage 11 site containing S. scrofa specimens that can produce body 

size information is Swanscombe. The species is recorded from both bone and tooth 

remains, giving average mass estimates o f 90 kg (n = 18; 95% Cl = 12.3) and 75 kg (n 

= 7; 95% Cl = 31.8) respectively. These results indicate a wild boar o f relatively small 

body size.

OI Stage 9

Remains o f S. scrofa from Grays give average mass estimates o f 115 kg (n = 

14; 95% Cl = 21.2) from bones and 90 kg (n = 13; 95% Cl = 14.0) from teeth. 

Although these average mass estimates are higher than those recorded at Swanscombe 

these pigs were not significantly larger than the animals from the Stage 11 interglacial 

(section 5.8.1).

OI Stage 7

Mass estimates for S. scrofa from Stage 7 sites are significantly higher than for 

the Stage 9 and 11 interglacial forms already described (section 5.8.1). A single post- 

cranial specimen from Aveley provides a mass estimate o f 165 kg. A high average 

mass estimate o f 135 kg (n = 4) is also produced from S. scrofa post-crania from 

Stutton. The large size o f S. scrofa in the Stage 7 interglacial is confirmed by the 

substantial Bleadon Cave sample. Average body masses o f 165 kg (n = 34; 95% Cl =

16.0) and 145 kg (n = 31; 95% Cl = 25.0) are estimated from bones and teeth 

respectively.

238



5.4 Equidae

The vast majority o f equid remains from late Middle Pleistocene contexts can 

be assigned to E. ferus. However, a small sample o f E. hydruntinus teeth is present at 

the Stage 11 site o f Swanscombe, and the species is also recorded from Oreston Cave. 

The good record available for E. ferus  allows detailed studies o f size change during this 

period to be carried out. An important question is when size reduction relative to the 

large horses o f the early Middle Pleistocene took place.

5.4.1 Equus hydruntinus

Swanscombe is one o f only two British Pleistocene sites to record evidence o f 

the small stenoid horse species E. hydruntinus. On the basis o f four isolated tooth 

specimens an average mass o f 250 kg is tentatively assigned to this species. A body 

mass o f 150 kg is estimated from a single tooth from Oreston Cave. The dating o f this 

site is unclear, but can be considered to be late Middle Pleistocene in age.

5.4.2 Equus ferus

01 Stage 11

E. ferus  post-cranial specimens from Clacton indicate an average body mass o f 

570 kg (n = 9; 95% Cl = 24.5). These animals are essentially similar in size to the large 

individuals recorded from the early Middle Pleistocene sites o f West Runton, 

Westbury-sub-Mendip and Boxgrove (565-570 kg; Appendix 4.1a). Bones o f E. ferus  

from Hoxne support this interpretation, indicating an average mass o f 550 kg (n = 15; 

95% Cl = 54.3). The post-cranial mass record o f E. ferus  from Swanscombe can be 

divided between the upper and lower parts o f the sequence. A significantly lower 

average body mass o f 450 kg (n = 7; 95% Cl = 46.9) is estimated from the first phase 

of deposition in comparison to a figure o f 510 kg (n = 15; 95% Cl = 28.2) from the 

Upper Middle Gravel (t-test: t = 2.42, df = 20, p = 0.0250*). This is the same as the 

situation observed for C  elaphus (section 5.2.1), and again may be related to body 

mass reduction that took place during the Anglian.

Comparison o f E. ferus  body mass estimates from the three sites, excluding the 

smaller material from the opening phase o f Stage 11 at Swanscombe, reveals no 

significant variation (ANOVA: F2 3 6  = 2.06, p = 0.1420). Due to the problems with 

estimating body masses from equid teeth (section 3.3.5), size comparisons were made 

using occlusal lengths. The pm̂ "̂̂  tooth group was used as this has the largest sample 

sizes. Teeth from Swanscombe, Hoxne and Clacton display no variation in occlusal
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lengths (ANOVA: ¥2,24 = 1.67, p = 0.2086), but appear to be smaller than those from 

early Middle Pleistocene sites (fig.5.9). Size reduction may therefore occur in E. ferus 

teeth prior to post-crania (section 5.8.2).

01 Stage 9

An average mass estimate o f 560 kg (n = 10; 95% Cl = 71.6) is produced from 

the Grays E. ferus post-crania. This estimate is close to those for Stage 11 E. ferus, and 

consistent with the theory o f no major size reduction in interglacial horses up to this 

point in the Middle Pleistocene (section 5.8.1-2). The large size o f these animals and 

their similarity to Stage 11 and early Middle Pleistocene E. ferus  is confirmed by the 

position o f astragali in the British Pleistocene distribution for this species (fig.5.10). 

Investigations o f tooth occlusal lengths indicate no size difference relative to specimens 

from the Stage 11 interglacial; teeth from both time periods are smaller than early 

Middle Pleistocene teeth (fig.5.9).

E. ferus is by far the most dominant species recorded from Wolvercote. Post- 

cranial measures produce an average mass estimate o f 440 kg (n = 43; 95% Cl = 28.2); 

significantly lower than the figure for Grays specimens (t-test: t = 3.39, d f= 5 1 ,p  = 

0.0013**). The small size o f Wolvercote E. ferus  relative to other Middle Pleistocene 

samples can also be illustrated using linear dimensions o f the astragalus (fig.5.10). In 

addition, teeth record a significant size reduction in the Wolvercote horses relative to 

the Grays sample (fig.5.9), as shown by occlusal lengths o f pm̂ "̂̂  (t-test: t = 3.38, d f= 

13, p = 0.0050**).
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Fig.5.9: Occlusal length o f from various Middle Pleistocene E. ferus samples (Appendix 6.1). 

Points represent the mean occlusal length; the 95% confidence interval and sample size associated with 

each mean are shown. For the early Middle Pleistocene (EMP) sample individual measurement values 

are displayed. Teeth from Stage 11 sites (Swanscombe, Clacton, Hoxne), the Stage 9 site o f Grays and 

the Stage 7 interglacial (Aveley, Bleadon) are smaller than the early Middle Pleistocene condition. The 

Stage 7 sites with small E. ferus post-crania (Brundon and Marsworth Lower Channel Layers 2+3) do 

not display a corresponding size reduction in teeth. Small teeth relative to other late Middle Pleistocene 

samples are recorded at Wolvercote (Stage 9?) and during the Stage 6  cold stage, as illustrated by the 

Brighton sample.
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Fig.5.10: Size distribution o f  E. ferus astragali from the British Middle Pleistocene. The specimens from 

Grays ( x )  group with the horses o f large size from the early Middle Pleistocene (EMP, -), Stage 11 (A )  

and Stage 7 (O ). The Wolvercote ( ♦ )  and Stage 6  (□ ) astragali are reduced in size relative to this 

sample.
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01 Stage 7

At the majority of Stage 7 sites post-crania record the presence of a large E. 

ferus form (545-580 kg; fig.5.10, Appendix 4.2a). Exceptions to this rule occur in the 

Brundon and Marsworth Lower Channel (Layers 2+3) assemblages, where post-cranial 

remains produce much lower average body mass estimates for E. ferus: Brundon 470 

kg (n = 251 ; 95% Cl =11.5), Marsworth (Layers 2+3) 480 kg (n = 111 ; 95% Cl = 

19.7). A significant variation in E. ferus mass estimates is recorded among the Stage 7 

sites (ANOVA: F7 ,6 7 i = 17.95, p < 0.0001***), and post-hoc comparison of means 

produces two distinct site groupings (fig.5.11). Mass estimates from Brundon and 

Marsworth (Layers 2+3) are significantly lower than all other Stage 7 sites, apart from 

Stutton, where E. ferus post-crania produce an intermediate average body mass 

estimate o f 500 kg (n = 27; 95% Cl = 31.89). The small size o f the Brundon and 

Marsworth horses relative to other Stage 7 samples can be seen by comparison of the 

dimensions o f astragalus and phalanx 1 specimens (fig.5.12).

As observed in other late Middle Pleistocene interglacials. Stage 7 E. ferus  teeth 

are smaller than those from the early Middle Pleistocene (fig.5.9). There is no 

significant variation among Stage 7 sites in the occlusal length of pn^^ (ANOVA: F3  3 4  

= 1.41, p = 0.2568); a reduction in size relative to other Stage 7 sites, as recorded in 

post-crania, does not occur in the Brundon or Marsworth (Layers 2+3) teeth (fig.5.9).
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Fig.5.11 : Average body mass estimates produced from Stage 7 E. ferus post-crania (Appendix 4.2a). Points 

represent the sample mean; the 95% confidence interval and sample size associated with each mean is also 

displayed. Arrowed bars under the x-axis indicate homogeneous mass groupings as determined by post-hoc 

comparison o f means.
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Fig.5 .12: Size comparison o f E. ferus astragali and phalanx 1 specimens from Brundon ( O )  and 

Marsworth Lower Channel, Layers 2+ 3 ( A )  with the main Stage 7 sample (+).
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Fig.5.13: E. ferus astragalus specimens from Crayford (A ) compared with the Stage 7 size groupings. 

The majority o f Crayford astragali group with the smaller E. ferus specimens from Brundon and 

Marsworth Lower Channel Layers 2+3 (Br&Maw 2+3; □), but some appear to be larger in size and are 

comparable to the main Stage 7 sample (+).
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A large sample of E. ferus is available from Crayford. The average body mass 

estimate produced is 500 kg (n = 295; 95% Cl = 12.0), indicating an intermediate body 

size between the large and reduced body size forms of horse from Stage 7. This 

intermediate body mass result however appears to be a product o f a mixture o f body 

sizes in the Crayford individuals, both body size forms being represented at the site. 

When elements such as the astragalus are compared with Stage 7 samples the majority 

of Crayford specimens can be seen to group with the animals o f reduced body size from 

Brundon and Marsworth (Layers 2+3), but a few are larger than this and fall with the 

main Stage 7 grouping (fig.5.13).

Another assemblage that contains horses smaller than the main Stage 7 

grouping comes from Hutton Cave. This sample is dominated by E. ferus, and post- 

cranial measures result in an average body mass o f 440 kg (n = 133; 95% Cl = 13.6). 

These horses were not only smaller than those from most Middle Pleistocene sites, but 

the average mass estimate produced is significantly lower than for horses from 

Brundon and Marsworth (Layers 2+3) (t-test: t = 3.81, d f=  284, p = 0.0002***). In 

addition E. ferus teeth record a reduction in occlusal length relative to Stage 7 (section 

5.7.3). Astragalus specimens fall between the Stage 7 and Stage 6 size distributions 

(fig.5.14), indicating that the Hutton Cave population is intermediate in size between 

these two states.
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Fig.5.14: Size distribution o f E. ferus astragali from Stage 7 and Stage 6  sites. The specimens from Stage 

6  (O; Brighton, Portslade, Clevedon Cave, Coarse Sands Bacon Hole, Marsworth Lower Channel Layer 

1) are smaller than both the main Stage 7 (+) grouping and astragali from Brundon and Marsworth 

Lower Channel Layers 2+3 (Br+Maw 2+3 □). Astragali from Hutton Cave (♦ )  and Balderton (A ) fall 

between the Stage 6  and the Brundon + Marsworth Layer 2+3 distributions.
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01 Stage 6

Mammalian faunas correlated with the Stage 6 cold stage are characterised by 

horses o f small body size (Schreve 1997; Parfitt et al. 1998; Bates et al. 2000). Average 

body mass estimates produced from the post-crania o f this small form range from 340- 

410 kg (Appendix 4.2a). The small body size o f these horses relative to the preceding 

Stage 7 interglacial, including the smaller animals from Brundon and Marsworth 

(Layers 2+3), can be illustrated using the dimensions o f astragalus specimens 

(fig.5.14). The reduction in body size observed in post-crania is also reflected in teeth, 

as indicated by the sample from Brighton (fig.5.9).

A significant variation in post-cranial mass estimates is identified when the 

Stage 6 and Hutton Cave samples are compared (ANOVA: F4 J 5 6  ^  3.9817, p = 

0.0042**). However, when post-hoc comparison of means is carried out most of this 

variation can be explained by the higher mass estimates from Hutton Cave and 

Balderton (fig.5.15). Hutton Cave E. ferus therefore seem to be significantly different 

from both Stage 7 and Stage 6 populations. The relatively high mass estimate from 

Balderton may be due to the presence of some larger Stage 7 interglacial material.

When astragalus specimens are examined, one clearly falls with the small Stage 6 

sample while the other groups with material from Brundon and Marsworth (Layers 

2+3) (fig.5.14). This indicates that specimens from two body size forms may be 

recorded at Balderton.
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Fig.5.15: Average body mass estimates produced from Stage 6  E. ferus post-crania (Appendix 4.2a) 

(Maw 1 = Marsworth Lower Channel Layer 1). Points represent the sample mean; the 95% confidence 

interval and sample size associated with each mean is also displayed. Arrowed bars under the x-axis 

indicate homogeneous site groupings as determined by post-hoc comparison o f means.
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5.5 Rhinocerotidae

The late Middle Pleistocene marks the first appearance o f the interglacial 

rhinoceros species Stephanorhinus hemitoechus and Stephanorhinus kirchbergensis in 

the British Isles. These two species co-exist in all three o f the late Middle Pleistocene 

interglacials. A third rhinoceros species Coelodonta antiquitatis is recorded fi'om the 

Stage 6 cold stage and possibly also the closing stages o f the preceding Stage 7 

interglacial, with its continental climate and open vegetation habitats.

5.5.1 Stephanorhinus hemitoechus

01 Stage 11

S. hemitoechus appears to have been relatively uncommon during the Stage 11 

interglacial, and displayed a small body size. Clacton S. hemitoechus post-crania 

estimate an average body mass o f 1250 kg (n = 12; 95% Cl = 133). Mass estimates 

fi'om teeth are higher and average at 1700 kg (n = 10; 95% Cl = 325). A higher mass 

estimate fi'om teeth than post-crania is a reversal o f the situation seen in the early 

Middle Pleistocene species S. hundsheimensis (section 4.5). The average mass estimate 

o f 1110 kg (n = 12; 95% Cl = 149) fi'om Swanscombe S. hemitoechus post-crania is not 

significantly different fi'om the Clacton result (t-test: t = 1.43, df = 22, p = 0.1667).

01 Stage 9

An important rhinoceros sample has been collected from the Stage 9 interglacial 

site o f Grays. S. hemitoechus is the less common o f the two rhinoceros species in terms 

o f numbers o f specimens. Body mass estimates made fi'om S. hemitoechus bones are 

much higher than fi'om the Stage 11 interglacial, with an average value o f 1800 kg (n = 

28; 95% Cl = 166). An increase in the body size o f this species between the two 

interglacials is therefore indicated (section 5.8.1). S. hemitoechus teeth are poorly 

represented at Grays and produce an average body mass estimate o f 1660 kg (n = 5; 

95% Cl = 547).

01 Stage 7

S. hemitoechus is the most commonly recorded rhinoceros species in the Stage 7 

interglacial, and at many o f the sites is the only rhino species encountered. Mass 

estimates produced fi'om post-crania are intermediate between the large animals fi'om 

Stage 9 and the small individuals o f the Stage 11 interglacial (section 5,8.1). A 

substantial collection o f S. hemitoechus has been found at the Selsey site, including an
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almost complete skeleton. The large number o f estimates from post-cranial material 

provides a very clear picture o f the body mass of the animals, averaging at 1625 kg (n = 

155; 95% Cl = 66.2). Average mass estimates from other Stage 7 sites range from 

1445-1620 kg (Appendix 4.2a). Significant variation does occur among the Stage 7 

sites in mass estimates from S. hemitoechus post-crania (ANOVA: F3 J 9 7  = 6 .8 6 , p = 

0.0002***). Post-hoc analysis however, reveals a situation similar to that observed for 

C. elaphus (section 5.2.1) with large overlap between the two identified mass groupings 

(fig.5.16); no sites substantially different in terms of mass emerge.

Mass estimates from Stage 7 S. hemitoechus teeth are higher than the post- 

cranial results (Appendix 4.2b). The average mass estimate from the Selsey tooth 

sample is 1945 kg (n = 7; 95% Cl = 271) in comparison to the post-cranial result of 

1625 kg. The average mass estimates for Crayford S. hemitoechus from bones and teeth 

of 1465 kg (n = 34; 955 Cl = 115) and 1925 kg (n = 9; 95% Cl = 315) respectively, are 

very similar to other Stage 7 samples (section 5.7.3).

2000o>

1800

•o 1151600 -

■o
1400 -

1200
Ilford W  Thurrock Northfleet Selsey

Fig.5.16: Average body mass estimates produced from Stage 7 S. hemitoechus post-crania (Appendix 

4.2a). Points represent the sample mean; the 95% confidence interval and sample size associated with 

each mean is also displayed. Arrowed bars under the x-axis indicate homogeneous site groupings as 

determined by post-hoc comparison o f means.

01 Stage 6

The lone record o f S. hemitoechus in Stage 6  occurs at Balderton, although this 

must be treated with caution as other material of possible Stage 7 age has been 

identified at this site (section 5.4.2). The mass estimate from the radius specimen of
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1250 kg is lower than other Stage 7 estimates. This may indicate size reduction relative 

to the Stage 7 interglacial, although the small sample size must be taken into account.

5.5.2 Stephanorhinus kirchbergensis

01 Stage 11

S. kirchbergensis was a rhinoceros o f larger body size than S. hemitoechus. 

Mass estimates from the Clacton post-cranial sample indicate an average body mass o f 

2215 kg (n = 11; 95% Cl = 258). The figure o f 2185 kg (n = 11; 95% Cl = 253) based 

on the Swanscombe post-crania is not significantly different from the Clacton estimate 

(t-test: t = 1.55, d f = 20, p = 0.8784). The mass estimates produced from Stage 11 5'. 

kirchbergensis teeth are higher than their post-cranial equivalents. Average masses of 

2415 kg (n = 6; 95% Cl = 325) and 2916 kg (n = 3) are estimated from the Clacton and 

Swanscombe dental samples (Appendix 4.2b).

OI Stage 9

The large body size recorded for this species at Stage 11 sites was continued 

into the Stage 9 interglacial (section 5.8.1). S. kirchbergensis shows no size change 

relative to Stage 11 in average mass estimates from either post-cranial (2245 kg; n =

44; 95% Cl = 206) or dental remains (2330 kg; n = 25; 95% Cl = 214) (section 5.8.1).

OI Stage 7

By the onset o f the Stage 7 interglacial S. kirchbergensis appears to have 

become a relatively rare species. The body size recorded for these animals is consistent 

with the picture given by the large Stage 11 and 9 samples. At Ilford S. kirchbergensis 

is again interpreted as a large rhino species, with bones indicating an average body 

mass o f 2350 kg (n = 11; 95% Cl = 376) and a slightly higher mass average from teeth 

o f 2535 kg (n = 11; 95% Cl = 321). An additional sample o f teeth from West Thurrock 

provides an average mass estimate o f 2640 kg (n = 5; 95% Cl = 610). S. kirchbergensis 

teeth are also recorded from Crayford; the average estimated body mass from this 

sample is 2355 kg (n = 7; 95% Cl = 221). Very little size change therefore seems to 

occur in this species during its late Middle Pleistocene range (section 5.8.1).
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5.5.3 Coelodonta antiquitatis

Records o f C. antiquitatis are available from some sites o f Stage 7 age such as 

Ilford and Northfleet, but no body mass estimates were possible. A larger sample o f 

material occurs in the Crayford large mammal assemblage, relating to either the Stage 7 

interglacial or the following Stage 6 cold episode. Average body mass estimates o f 

1800 kg (n = 36; 95% Cl = 146) based on post-crania and 1930 kg (n = 23; 95% Cl = 

173) using dental remains are produced. These mass estimates from Crayford are very 

similar to body mass estimates for S. hemitoechus, also recorded at the site. It is unclear 

whether two rhino species o f such similar size could have co-existed. The presence of 

both species at Crayford may correspond to a long period o f deposition covering 

different climatic conditions suitable for one or other species.

These two rhino species are also recorded at the Stage 6 site o f Balderton. C. 

antiquitatis is the more dominant rhino species and is estimated to have had an average 

body mass o f 2180 kg (n = 10; 95% Cl = 488) based on post-crania. One measurable 

tooth gives a similar mass estimate o f 2250 kg. Stage 6 C. antiquitatis teeth from 

Black Rock, Brighton estimate an average body mass o f 1880 kg (n = 4) for the 

species. Woolly rhinos from the cold climates o f Stage 6, and possibly also the closing 

phases o f the Stage 7 interglacial, therefore appear to have displayed a consistent and 

relatively large body size (section 5.8.3).

5.6 Carnivora

A lower diversity o f carnivore species is recorded in the late Middle Pleistocene 

in comparison to the faunas from the early Middle Pleistocene. Generally only one 

large species o f canid and felid, an ursid and a hyaenid co-exist. Records o f carnivores 

from the late Middle Pleistocene are relatively sparse because o f the lack o f cave sites. 

The existence o f proposed body size trends during this period for C  lupus and P. lea 

will be examined (section 5.8.2). An increase in the size o f wolves from the small early 

Middle Pleistocene C. lupus mosbachensis occurs at some point in the late Middle 

Pleistocene (Bishop 1982; Parfitt 1999). Size reduction in P. lea relative to the large 

animals that existed in the early Middle Pleistocene has also been put forward (Parfitt

1996).
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5.6.1 Canis lupus

01 Stage 11

The only Stage 11 C. lupus material is a small sample o f post-cranial remains 

from Swanscombe. These samples produce an average body mass estimate o f 20 kg (n 

= 20; 95% Cl = 1.98). This mass is significantly higher than the estimates for the early 

Middle Pleistocene wolves (13-16 kg; Appendix 4.1a), supporting the interpretation 

that Stage 11 interglacial animals no longer represent the small sub-species C. lupus 

mosbachensis (section 5.8.2). However, masses do not yet approach the high values 

recorded for Late Pleistocene and modem C. lupus o f 30-40 kg.

01 Stage 9

At Grays C  lupus is recorded by a single mandibular tooth row. A mass 

estimate o f 21 kg is produced from measurement o f the m,. This mass value is close to 

the dental estimates for C  lupus mosbachensis from the early Middle Pleistocene (18- 

19 kg; Appendix 4.1 b). A plot o f dimensions o f all wolf mTs from the British 

Pleistocene indicates that this specimen is closer in size to the early Middle Pleistocene 

samples than specimens o f C  lupus from the Late Pleistocene (fig.5.17).

01 Stage 7

Post-cranial remains o f C. lupus from Stage 7 sites produce average body mass 

estimates o f 19-27 kg (fig.5.18; Appendix 4.2a). These values are intermediate between 

C. lupus mosbachensis and Late Pleistocene C. lupus^ as was observed in Stage 11. A 

significant variation does occur in the C. lupus mass estimates from Stage 7 post- 

cranial assemblages (ANOVA: p 3 , 4 5  = 7.88, p = 0.0002***), but post-hoc comparison 

o f means produces two large homogeneous mass groupings, each containing three o f 

the examined sites (fig.5.18). Only the mass estimates from Bleadon Cave and layers 

2+3 o f the Marsworth Lower Channel are significantly different.

In the assemblages from Bleadon Cave and the Marsworth Lower Channel 

(Layers 2+3) dental remains o f C  lupus are also recorded. At both sites average body 

masses o f 27 kg (Appendix 4.2b) are indicated from mi specimens. The Stage 7 mass 

estimates from teeth are higher than from the single Stage 9 specimen. A plot o f the 

relative size o f mTs indicates that the Stage 7 distribution overlaps with Late 

Pleistocene C. lupus rather than the small early Middle Pleistocene sub-species C. 

lupus mosbachensis (fig.5.17).
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Fig.5.17: Dimensions of C. lupus m, specimens from the British Pleistocene, comparing late Middle 

Pleistocene sites with early Middle and Late Pleistocene material. The single tooth from Grays (■) is 

more similar in size to C. lupus mosbachensis specimens from the early Middle Pleistocene (BMP, A ) 

than to the Late Pleistocene C. lupus sample (LP, •). The m, specimens from the Stage 7 sites o f Bleadon 

Cave (□) and Marsworth Lower Channel, Layers 2+3 (Maw 2+3; x ) group with the Late Pleistocene 

rather than the early Middle Pleistocene tooth sample in terms o f size. This is also the case for the Stage 

6 C. lupus teeth from Marsworth Lower Channel, Layer 1 (Maw 1; * ), Hutton Cave (O) and Clevedon 

Cave (O ) .  Two canid teeth from the possible Stage 7 site o f Crayford (+) are unusual. One specimen is 

very similar in size to the tooth from Grays, while the other is even smaller than the early Middle 

Pleistocene sample and may represent a separate canid species.

O)

(0
(0ra

>»■oo
■DO

(0LU

33
31
29
27
25
23
21
19
17
15

O 7

Stoke Tu Bielsbeck Fm BleadonMaw 2+3

F ig.5 .18: Average body mass estimates produced from Stage 7 C. lupus post-crania (Appendix 4.2a) 

(Maw 2+3 = Marsworth Lower Channel layers 2+3). Points represent the sample mean; the 95% 

confidence interval and sample size associated with each mean is also displayed. Arrowed bars under the 

x-axis indicate homogeneous site groupings as determined by post-hoc comparison o f means.
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Post-cranial specimens o f C  lupus from Crayford estimate an average body 

mass o f 22 kg (n = 9; 95% Cl = 2.71). This average corresponds well with the other 

Stage 7 estimates (section 5.7.3). There is no evidence o f the larger individuals 

recorded in Stage 6. However, tooth specimens from Crayford indicate a different 

picture and do not group with other Stage 7 and Late Pleistocene material (fig.5.17). 

One mi specimen falls below the Stage 7 distribution, close to the specimen from Grays 

(Stage 9) while a second canid mi is very small in size and either represents C  lupus 

mosbachensis or a separate species.

A large number o f C  lupus bones are present in the fauna from Hutton Cave, 

which has been proposed to be Stage 7 in age. The average mass estimate o f 30 kg (n = 

216; 95% Cl = 0.93) from these specimens is significantly higher than recorded at other 

Stage 7 sites (t-test: t = 9.99, d f = 99, p <0.0001***). This finding may indicate a close 

association with the Stage 6 cold episode, which also gains support from studies o f E. 

ferus  remains (section 5.4.2). A single C  lupus tooth with a mass estimate o f 27 kg 

indicates no size difference relative to the Stage 7 sample (fig.5.17), unlike the situation 

observed for post-crania.

01 Stage 6

An average body mass estimate o f 30 kg (n = 6; 95% Cl = 5.57) is produced 

from Clevedon Cave C  lupus post-crania. This indicates a significant increase in body 

mass relative to the Stage 7 samples (section 5.8.3). This mass record is similar to the 

one from Hutton Cave, supporting the closer association o f this site with Stage 6 than 

faunas from Stage 7. The single mi specimen from Clevedon Cave estimates a mass o f 

23 kg and plots with other Stage 7 and late Pleistocene teeth (fig.5.17). As at Hutton 

Cave, the size increase in post-crania is not reflected in teeth. No major size difference 

is apparent in C  lupus teeth from the Layer 2+3 and Layer 1 (01 Stage 6) deposits o f 

the Marsworth Lower Channel, although one larger specimen is recorded from the 

upper cold climate horizon (fig.5.17).

252



5.6.2 Ursus spelaeus

U. spelaeus is limited to the Stage 11 interglacial in the British Pleistocene. The 

Swanscombe sample contains the only specimens of the cave bear included in this 

study. The material consists o f two skulls with associated upper dentitions, so no mass 

estimates were possible. Comparison of tooth dimensions with other ursid species 

indicates that m  ̂is very large in size while m* falls much closer to U. arctos from the 

late Middle Pleistocene (fig.5.19). Studies o f European material have indicated that this 

species was probably larger in size than U. deniugeri or U. arctos (Kurtén 1957).
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Fig.5 .19; Size comparison o f Swanscombe U. spelaeus tooth specimens with other British Pleistocene 

ursid species. x =  deniugeri, ♦  = f/. spelaeus, □ = (/. arctos.

5.6.3 Ursus arctos

01 Stage 9

This species makes its first appearance in the British Pleistocene at Grays. As 

experienced with early Middle Pleistocene U. deningeri (section 4.6.3), teeth are 

unsuitable for mass estimation, producing artificially low values (Appendix 4.2b). Post

crania indicate an average mass of 275 kg (n = 108; 95% Cl = 14.2) for this species. 

The mass o f U. arctos is very similar to U. deningeri (280-295 kg; Appendix 4.1a), 

which it has replaced in the carnivore community. Levels of sexual dimorphism are 

also very close to Westbury U. deningeri with individual mass estimates again ranging 

from 150-500 kg.

01 Stage 7

Mass results for Stage 7 U. arctos are very similar to the first records of this 

species in the Stage 9 interglacial, with average estimates ranging from 270-310 kg
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(Appendix 4.2a). There is no significant variation in the U. arctos mass estimates 

produced from the Stage 7 faunas in which this species is recorded (ANOVA: F3 ,6 s = 

2.26, p = 0.0899).

01 Stage 6

U. arctos is recorded at Clevedon Cave by both bone and tooth remains. Only 

mass estimates from post-crania are considered and average at 355 kg (n = 33; 95% Cl 

= 11.5). This represents a significant increase in body mass relative to the situation 

observed in Stage 7 (section 5.8.3).

5.6.4 Crocuta crocuta

OI Stage 9

C. crocuta appears to have been absent from Britain during Stage 11 and returns 

during the Stage 9 interglacial, where it is recorded at Grays. Bones estimate an 

average body mass o f 62 kg (n = 6; 95% Cl = 7.56), which is closely comparable to 

forms from the early Middle Pleistocene e.g. Westbury-sub-Mendip (67 kg). A single 

mi specimen gives a mass estimate o f 68 kg.

01 Stage 7

Sparse records o f C. crocuta are available from the Stage 7 interglacial, and in 

some cases the presence o f the species is only inferred from gnaw marks and coprolites 

(Schreve 1997). Mass estimates for the species were only possible from the Hutton 

Cave post-cranial sample, the correlation o f which 'with 01 Stage 7 may be problematic 

(section 2.5.13). These specimens give an average mass estimate o f 69 kg (n = 48; 95% 

Cl = 1.16). This estimate is close to the other late Middle Pleistocene sample from 

Grays, suggesting little variation in the mass o f this species during the late Middle 

Pleistocene.

5.6.5 Panthera leo

01 Stage 11

Stage I I P .  leo appears to display a large body size similar to that recorded in 

the early Middle Pleistocene (section 5.8.2). Only small samples o f post-cranial 

remains are available but produce average body mass estimates o f 265-375 kg 

(Appendix 4.2a).
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OI Stage 9

P. leo appears to have been an extremely rare component o f the Stage 9 

carnivore community, and no mass estimates were possible for this species during this 

time period.

01 Stage 7

The large body size recorded for P. leo in the early Middle Pleistocene and 01 

Stage 11 was maintained into the Stage 7 interglacial (section 5.8.1). Average mass 

estimates produced from Stage 7 post-crania cover a large range from 210-340 kg 

(fig.5.20; Appendix 4.2a). A significant variation in these mass estimates occurs among 

the sites (ANOVA: p 6 ,2 i6  = 9.75, p < 0.0001***) and post-hoc analysis produces a 

complex pattern o f homogeneous site groupings (fig.5.20). This variation in mass 

estimates may be due to differences in the representation o f the sexes in the samples o f 

this species with high sexual dimorphism. Mass estimates at the extremes o f the range 

are based on small samples, which may represent single male or female individuals.

This information should therefore not be used to identify distinctions between Stage 7 

sites.

The largest Stage 7 P. leo dental sample comes from Bleadon Cave, which 

produces an average body mass estimate o f 270 kg (n = 8, 95% Cl = 27.4), identical to 

the post-cranial figure. The Bleadon mi specimens plot close to early Middle 

Pleistocene P. leo teeth, confirming their large size, but appear to be relatively 

narrower (fig.5.21). Some evidence o f sexual dimorphism occurs in the Bleadon Cave 

P. leo tooth sample, with a difference o f approximately 10% between the average mi 

lengths o f the proposed sex groupings, similar to that observed in modem felids 

(Gittleman & Van Valkenburgh 1997). The other Stage 7 teeth also seem to follow this 

distribution (fig.5.21).

The Bleadon Cave sample therefore appears to contain a relatively even mix o f 

material from the two sexes. The mass estimate o f 270 kg probably provides the best 

estimate o f the overall mass o f the species as a whole during Stage 7. P. leo from 

Crayford is estimated to have had an average body mass o f 250 kg (n = 25; 95% Cl =

27.1) from post-crania and 230 kg (n = 4) using mi specimens; this indicates a body 

size consistent with Stage 7 P. leo (section 5.7.3).
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5.6.6 Panthera gombaszoegensis

P. gombaszoegensis is tentatively identified fi-om the Stage 11 site o f 

Swanscombe on the basis o f a single distal humerus (Turner 1999). The specimen does 

not approach the size o f P. leo recorded fi*om the Stage 11 interglacial and compares 

closely with the large sample o f P. gombaszoegensis fi*om Westbury-sub-Mendip 

(section 4.6.6). A body mass o f 180 kg is estimated fi*om this specimen. I f  the 

identification o f the specimen is correct then this would extend the range o f this species 

just beyond the Anglian cold stage in the British Isles.

5.6.7 Panthera pardus

The only records o f this species in the British Pleistocene come fi*om 01 Stage 

7. A single mi specimen fi-om Bleadon Cave produces a mass estimate o f 75 kg for the 

species. This suggests a body size close to the upper limit o f the modem leopard size 

distribution.
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5.7 Body Mass Variation Within Isotope Stages

5.7.1 OI Stage 11

Variation Within Sites

The Stage 11 sites o f Swanscombe and Hoxne represent an unusual situation in 

the British Pleistocene, in that fossil-bearing deposits cover a relatively long stretch o f 

interglacial time. These sites appear to provide evidence o f mass variation within 

stages, possibly relating to separate sub-stages o f the interglacial. At Hoxne mass 

estimates for C. elaphus from Stratum F, are significantly lower than those recorded in 

the Upper Sequence (t-test: t = -3.0492, df = 33, p = 0.0045**). The Stratum F deposits 

have been interpreted as representing the period o f rapid climate change between the 

end o f the Anglian cold stage (Stage 12) and the onset o f interglacial conditions in 

Stage 11.

A significant break in the Swanscombe sequence has been recognised between 

the Lower Gravel and Loam on the one hand, which directly overlie Anglian deposits, 

and the Middle Gravels on the other (Conway et al. 1996). Mass estimates from these 

two phases o f deposition, which possibly relate to sub-stages l i e  and 11c (Schreve

1997), have been compared statistically using t-tests (table 5.1). Sample sizes allowed 

this to be achieved for E. ferus, D. dama, C. elaphus and B. primigenius post-cranial 

estimates (Appendix 4.1a). No significant difference in the mean body masses 

estimated from the two phases o f deposition occurs for D. dama and B. primigenius. 

However, t-tests do indicate a significant difference between samples for C. elaphus 

and E. ferus. In both cases average mass estimates are lower from the Lower Gravel 

and Loam (Phase 1). This is the same as the situation observed in Hoxne C. elaphus, 

and is evidence o f smaller body sizes early in the interglacial. These findings may 

indicate that size reduction occurred in some large mammal species in association with 

the Anglian cold stage.
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Table 5.1: Results o f two-sided t-tests comparing the average species body masses estimated from the 

two phases o f deposition in the Swanscombe sequence using post-crania (Appendix 4.2a). Estimates 

from the Lower Gravel and Loam and the Upper Middle Gravel are examined. The column Homogeneity 

of Variance refers to testing of the assumptions o f the t-test. A significant result (!) indicates unequal 

variances in the two samples and a t-test with separate variance estimates is carried out. * = significant 

difference between means at 5% level, ** = significant at 1% level, *** = significant at 0.1% level.

Test
Lower Gravel + Loam 
vs
Upper Middle Gravel

Homogeneity o f 
Variance

t df P

E. ferus F = 1.2881 -2.4227 20 0.0250
Bones p = 0.6483 *

D.dama F = 1.4792 -0.3642 219 0.7161
Bones p = 0.2678
C. elaphus F = 1.7768 -3.5182 46 0.0010
Bones p = 0.1759 **
B. primigenius F = 1.0006 1.2339 127 0.2195
Bones p = 0.9903

Variation Between Sites

Apart fi'om the reduced body sizes recorded in C. elaphus and E. ferus at the 

start o f the Stage 11 interglacial, does body mass evidence fi-om the material assigned 

to the main body o f Stage 11 indicate that Swanscombe, Clacton and Hoxne form a 

coherent grouping? For species represented at two o f the sites t-tests have been 

employed to determine any difiference in the body mass estimates (table 5.2). In order 

to identify any variation between three mass groups ANOVA with post-hoc comparison 

o f means (Tukey HSD test for unequal sample sizes) was carried out (table 5.3).

Significant differences in mass estimates between the Stage 11 sites have not 

been found for any o f the study species (table 5.2+5.3). Once the small C. elaphus 

forms that characterise the opening phase o f the interglacial are removed fi'om the 

analysis, no significant variation occurs across the sites in red deer mass estimates.

There is little evidence for the distinction between Hoxne and Swanscombe and 

Clacton identified by amino stratigraphy o f non-marine Mollusca (Bowen et al. 1989). 

The close correspondence in mass values between the sites suggests that it is valid to 

combine the Stage 11 data to increase sample sizes and facilitate comparison with other 

Isotope Stages. The low body mass forms o f C. elaphus and E. ferus  from early in the 

interglacial are excluded from the combined Stage 11 sample (Appendix 5.1).
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Table 5.2: Results o f two-sided t-tests comparing the average species body masses estimated from 

Swanscombe and Clacton specimens (Appendix 4.2), for species with insufficient sample sizes at Hoxne. 

The column Homogeneity of Variance refers to testing of the assumptions of the t-test. A significant 

result (!) indicates unequal variances in the two samples and a t-test with separate variance estimates is 

carried out. * = significant difference between means at 5% level, ** = significant at 1% level, *** = 

significant at 0.1% level.

Test
Swanscombe vs 
Clacton

Homogeneity of 
Variance

t df P

S. hemitoechus 
Bones

F = 1.2451 
p -  0.7226

-1.4304 22 0.1667

S. kirchbergensis 
Bones

F = 1.0362 
p = 0.9562

-1.5498 20 0.8784

B. primigenius 
Bones

F = 1.5001 
p = 0.2209

-1.6243 155 0.1064

B. priscus 
Bones

F = 1.5912 
p = 0.5621

2.0640 16 0.0556

Bos/Bison
Teeth

F =  1.1139 
p = 0.7737

1.0791 77 0.2839

Table 5.3:Results o f one-way ANOVA comparing the average species body masses (Appendix 4.2) and 

E. ferus tooth sizes (Appendix 6.1) estimated from Stage 11 sites. Mass data from the significantly 

smaller C. elaphus and E. ferus individuals from the early part o f the Swanscombe and Hoxne sequences 

is excluded. The column Homogeneity of Variance refers to testing of the assumptions of the ANOVA. 

A significant result (!) indicates unequal variances in the samples, but violation of this assumption is not 

too serious (Lindman 1974). * = significant variation between means at 5 % level, ** = significant at 1% 

level, *** = significant at 0.1% level.

Test
Swanscombe, Clacton, 
Hoxne

Homogeneity o f 
Variance

df F P

E. ferus  
Bones

F = 7.8939 
p = 0.0014(1)

2,36 2.0614 0.1420

E. ferus
Occlusal length pm̂ '̂̂

F = 2.2905 
p = 0.1229

2,24 1.6745 0.2086

D. dama 
Bones

F = 4.4382 
p = 0.0124(!)

2,412 2.0701 0.1275

C. elaphus 
Bones

F = 0.4791 
p = 0.6207

2,103 0.4831 0.6183

C. elaphus 
Teeth

F = 0.2571 
p = 0.7748

2,34 1.5351 0.2300
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5.7.2 O I Stage 9

The only Stage 9 sites to be examined in terms o f their body mass patterns are 

Grays and the Wolvercote Channel. The mass estimates from the limited number of 

species present at both sites have been compared using t-tests (table 5.4). Occlusal 

lengths o f E. ferus teeth have also been examined in the analysis. No difference occurs 

between the two sites in C. elaphus mass estimates (table 5.4). However, features o f 

bovids and E. ferus  combine to suggest that the Grays and Wolvercote samples are 

distinct, and may be o f somewhat different ages. Statistical testing o f the bovid masses 

was not possible, but individuals o f small body size not encountered at Grays occur in 

the Wolvercote Channel deposits. E. ferus from the two sites are significantly different 

in terms o f post-cranial mass estimates as well as tooth sizes (table 5.4). This confirms 

the body size reduction in this species identified at Wolvercote. The mass distinction 

between the two sites indicates that the Stage 9 mass results should not be combined. 

The diverse Grays fauna alone will be used to represent Stage 9 in comparisons with 

other Isotope Stages (Appendix 5.2).

Table 5.4; Results o f two-sided t-tests comparing the average species body masses (Appendix 4.2a) and 

E. ferus tooth sizes (Appendix 6.1) estimated from the Stage 9 sites of Grays and Wolvercote. The 

column Homogeneity of Variance refers to testing of the assumptions of the t-test. A significant result (!) 

indicates unequal variances in the two samples and a t-test with separate variance estimates is carried out. 

* = significant difference between means at 5 % level, ** = significant at 1% level, *** = significant at 

0.1% level.

Test
Grays vs Wolvercote

Homogeneity of 
Variance

t df P

E. ferus F = 1.4984 3.3929 51 0.0013
Bones p = 0.3604 **
E. ferus F = 1.8510 3.3773 13 0.0050
Occlusal length pm̂ "̂̂ p = 0.4390 **
E. ferus F = 3.1459 7.8615 1 0 < 0 . 0 0 0 1

Occlusal length mi/ 2 p = 0.2341 ***
C. elaphus F = 1.0332 -1.8760 23 0.0734
Bones p = 0.8572
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5.7.3 OI Stage 7

A number o f species are recorded across a range o f sites assigned to the Stage 7 

interglaeial. Comparison o f the mass estimates produced using ANOVA (table 5.5) and 

post-hoc comparison o f means provides information on whether the sites form a 

coherent body mass grouping. Significant variation across Stage 7 sites has been 

identified in the majority o f species, suggesting that the studied deposits may cover a 

substantial time range in this long interglaeial.

Significant variation occurs among the sites in masses estimated from B. 

primigenius post-crania (table.5.5). Post-hoc comparison o f means shows that Brundon

B. primigenius had a distinctly lower average body mass than all other Stage 7 forms, 

except those from Ilford (section 5.1.1). priscus also shows significant mass 

variation at Stage 7 sites (table 5.5). Once again a low body mass form is recorded at 

Brundon; bison o f equivalent size occur at Ilford and in Layers 2+3 o f the Marsworth 

Lower Channel (section 5.1.2).

Mass estimates from E. ferus  bones provide important evidence relating to the 

division o f Stage 7 sites. Significant mass variation occurs in this species (table 5.5) 

and post-hoe comparison o f means produces two distinct groupings o f sites (section 

5.4.2). Mass estimates from Brundon and Marsworth (Layers 2+3) are lower than the 

majority o f other Stage 7 sites. The Brundon and Marsworth (Layers 2+3) assemblages 

are once again identified as distinct from the rest o f Stage 7. E. ferus  teeth show no size 

variation throughout Stage 7 according to occlusal lengths e.g. pm̂ "̂̂  (table 5.5). Teeth 

therefore do not reflect the reduction in bone size identified at Brundon and Marsworth 

(Layers 2+3).

In species such as C  elaphus (section 5.2.1), S. hemitoechus (section 5.5.1) and

C. lupus (section 5.6.1) significant mass variation has been identified among Stage 7 

sites (table 5.5), but post-hoc comparison o f means indicates two largely overlapping 

groupings o f the sites on the basis o f mass estimates. No sites are isolated in terms o f 

their mass estimates as was found for E. ferus and the large bovids; variation is not 

sufficient to justily construction o f separate mass groupings on the basis o f these 

species. The variation in P. leo mass estimates between sites is very complex (section 

5.6.5). It probably should not be used to divide sites due to the high sexual dimorphism 

identified in the remains o f this species. Differences in mass averages between sites 

could simply be explained by a bias in representation o f the sexes.

The major conclusion from this analysis is that the body mass evidence 

provided by mammalian remains from Brundon and the Marsworth Lower Channel

262



(Layers 2+3) is distinct from the other Stage 7 sites studied. E. ferus and large bovids 

from these two sites have lower body masses than observed in the rest o f the 

interglaeial. The other site sometimes found to fall outside the main Stage 7 grouping is 

Ilford. Importantly, E. ferus  mass estimates from Ilford definitely indicate the presence 

o f the large body size form, so the site is included in the Stage 7 grouping. Estimates 

from all o f the studied sites, excluding Brundon and Marsworth, are combined to give a 

total Stage 7 interglaeial mass record for comparison with other Isotope Stages 

(Appendix 5.3a). A separate Stage 7 sample, consisting o f equid and bovid mass 

evidence from Brundon and Marsworth (Layers 2+3), has also been constructed 

(Appendix 5.3b). This may represent a later period o f the interglaeial than the main 

Stage 7 grouping (section 5.8.3).

Table 5.5: Results of one-way ANOVA comparing the average species body masses (Appendix 4.2a) and 

E. ferus tooth sizes (Appendix 6.1) estimated from Stage 7 sites. Where a significant difference has been 

identified in mass estimates within sites, only values from full interglaeial conditions are used. The 

colunrn Homogeneity of Variance refers to testing o f the assumptions of the ANOVA. A significant 

result (!) indicates unequal variances in the samples, but violation of this assumption is not too serious 

(Lindman 1974). * = significant variation between means at 5 % level, ** = significant at 1% level, *** 

= significant at 0.1% level.

Test
Stage 7 sites

Homogeneity of 
Variance

df F P

C. lupus F = 2.2681 3,45 7.8766 0 . 0 0 0 2

Bones p = 0.0935 ***
U. arctos F = 0.4388 3,63 2.2619 0.0899
Bones p = 0.7260
P.leo F = 1.2327 6,216 9.7520 <0 . 0 0 0 1

Bones p = 0.2906 ***
E. ferus F = 1.8649 7,671 17.9464 <0 . 0 0 0 1

Bones p = 0.0727 ***
E. ferus F = 0.5591 3,34 1.4099 0.2568
Occlusal length pm̂ "̂̂ p = 0.6456
S. hemitoechus F = 0.5338 3,197 6.8557 0 . 0 0 0 2

Bones p = 0.6596 ***
C. elaphus F = 5.7623 5,202 3.3349 0.0065
Bones p = 0 .0 0 0 1 (!) **
B. primigenius F = 1.1790 6,199 9.3792 <0 . 0 0 0 1

Bones p = 0.3189 ***
B. priscus F = 1.3433 4,88 7.6286 <0 . 0 0 0 1

Bones p = 0.2603 ***
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Crayford

For species such as C  lupus, P. leo and S. hemitoechus, the Crayford body mass 

results based on post-crania are not statistically distinguishable from the results 

produced from Stage 7 sites (table 5.6). The mass estimate from Crayford M. giganteus 

teeth is also not significantly different from the Ilford sample (t-test: t = 1.0718, d f=

20, p = 0.2966). However, in the case o f species whose body mass results produce 

important information on the division o f Stage 7 sites e.g. B. primigenius (fig.5.22a), B. 

priscus (fig.5.22b) and E. ferus  (fig.5.22c), Crayford groups with Brundon and 

Marsworth, away from the main Stage 7 sites. It therefore seems most likely that the 

majority o f the Crayford assemblage relates to a late period o f Stage 7 like Brundon 

and Marsworth (Layers 2+3) (section 5.9). Body mass information from Crayford was 

therefore not included in the combined Stage 7 sample for comparison with other 

interglacials, except in the case o f poorly sampled species such as M  giganteus and S. 

kirchbergensis (Appendix 5.3a).

Table 5.6: Results o f two-sided t-tests comparing the average species body masses estimated from 

Crayford post-crania (Appendix 4.2a) with the combined Stage 7 sample (Appendix 5.3a). The column 

Homogeneity of Variance refers to testing of the assumptions o f the t-test. A significant result (!) 

indicates unequal variances in the two samples and a t-test with separate variance estimates is carried out. 

* = significant difference between means at 5 % level, ** = significant at 1% level, ♦♦♦ = significant at 

0.1% level.

Test
Stage 7 vs Crayford

Homogeneity of 
Variance

t df P

C. lupus F = 1.3852 -0.5971 56 0.5529
Bones p = 0.6575
P. leo F = 1.0006 1.5969 246 0.1116
Bones p = 0.9334
S. hemitoechus F = 1.2207 0.1641 236 0.8698
Bones p = 0.3930

Hutton Cave

Body mass results from Hutton Cave indicate that this site does not belong to 

the Stage 7 interglaeial grouping. The E. ferus  material from Hutton Cave represents 

animals o f smaller body size than recorded at Stage 7 sites (section 5.4.2). The average 

post-cranial mass estimate from Hutton Cave is even significantly lower than the 

Brundon and Marsworth (Layers 2+3) sample (t-test: t = 3.81, d f = 284, p = 

0.0002***), made up o f horses reduced in size in comparison to the main group of

265



Stage 7 animals. Occlusal lengths o f E. ferus  teeth that are consistent across all o f the 

Stage 7 sites are significantly reduced in the Hutton Cave sample (table 5.7). The post- 

cranial mass estimate for C. lupus also distinguishes Hutton Cave from Stage 7 sites, 

the animals fi'om Hutton Cave being significantly larger (t-test: t = 9.99, d f = 99, p < 

0.0001***). The site appears to show more body mass similarities to the Stage 6 cold 

climate episode, so Hutton Cave data was also included in the Stage 6 analysis.

Table 5.7: Results o f two-sided t-tests comparing the occlusal lengths o f E. ferus teeth from the 

combined sample o f Stage 7 sites (Appendix 6.2) and Hutton Cave (Appendix 6.1). The column 

Homogeneity of Variance refers to testing of the assumptions of the t-test. A significant result (!) 

indicates unequal variances in the two samples and a t-test with separate variance estimates is carried out. 

* = significant difference between means at 5% level, ** = significant at 1% level, *** = significant at 

0.1% level.

Test E .ferus 
Stage 7 V Hutton Cave

Homogeneity o f 
Variance

t df P

pm3/4 F = 1.0317 4.0478 50 0.0002
Occlusal length p - 0.8213 ***

IÏH/ 2 F = 2.5771 3.3525 45 0.0016
Occlusal length p = 0.2356 **

F = 4.6025 2.3907 50 0.0206
Occlusal length p = 0.0933 *

F =  1.1886 2.3166 57 0.0241
Occlusal length p = 0.6529 *

5.7.4 OI Stage 6

The only species that can be compared across a large number o f Stage 6 sites is 

E. ferus. A significant variation in post-cranial mass estimates is identified (ANOVA: 

dfj,i5 6 , F = 3.9817, p = 0.0042**). However, when post-hoc comparison o f means is 

carried out most o f this variation can be explained by the higher mass estimates fi'om 

Hutton Cave and Balderton (section 5.4.2). All other sites form a homogeneous 

grouping, so their mass estimates are combined together for comparison with other 

Isotope Stages (Appendix 5.4). E. ferus  body size data fi'om Hutton Cave is used as a 

separate grouping for analysis. The relatively high mass estimate fi'om Balderton may 

be due to the presence o f some larger Stage 7 interglaeial material (section 5.4.2). No 

significant difference occurs in C. lupus post-cranial mass estimates fi'om Hutton and 

Clevedon Caves (t-test: t = 0.0652, df = 220 p = 0.9481), so the results are combined to 

form a Stage 6 sample for comparison (Appendix 5.4).
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5.8 Body Mass Variation in the late Middle Pleistocene

5.8.1 Comparison of late Middle Pleistocene Interglacials

Using the compiled body mass data for Stage 11 (Appendix 5.1), Stage 7 

(Appendix 5.3a) and the single Stage 9 interglaeial site o f Grays (Appendix 5.2), it is 

possible to determine where significant body mass differences between these 

interglaeial communities lie (tables 5.8-10; fig.5.23+5.24). Are there particular body 

size features unique to each interglaeial?

Table 5.8: Results o f one-way ANOVA comparing the average species body masses estimated from the 

three late Middle Pleistocene interglacials (01 Stages 11,9  and 7; Appendix 5.1-5.3a). Where a 

significant difference has been identified in mass estimates within climatic stages, only values from full 

interglaeial conditions are used. The bovid tooth samples are considered to consist mainly of B. 

primigenius material. The column Homogeneity o f Variance refers to testing o f the assumptions o f the 

ANOVA. A significant result (!) indicates unequal variances in the samples, but violation of this 

assumption is not too serious (Lindman 1974). * = significant variation between means at 5 % level, ** = 

significant at 1% level, *** = significant at 0.1% level.

Test
Stage 11, Stage 9, 
Stage 7

Homogeneity o f 
Variance

df F P

E. ferus F = 1.4898 2,340 0.1618 0.8485
Bones p = 0.2269
S. hemitoechus F = 5.4973 2,263 17.4716 < 0 . 0 0 0 1

Bones p = 0.0046(1) ***
S. hemitoechus F = 0.1249 2,57 1.7526 0.1825
Teeth p = 0.8828
S. kirchbergensis F = 0.9871 2,92 0.0640 0.9380
Bones p = 0.3766
S. kirchbergensis F = 0.6333 2,52 1.0381 0.3613
Teeth p = 0.5349
S. scrofa F = 2.3224 2,65 21.9547 < 0 . 0 0 0 1

Bones p = 0.1061 ***
S. scrofa F = 3.5809 2,48 6.8280 0.0025
Teeth p = 0.0355(1) **
C. elaphus F = 1.1807 2,274 13.6295 < 0 . 0 0 0 1

Bones p = 0.3086 ***
C. elaphus F = 1.3098 2,132 36.8546 <0 . 0 0 0 1

Teeth p = 0.2734 ***
B. primigenius F = 1.0267 2,367 47.9785 <0 . 0 0 0 1

Bones p = 0.3592 ***
Bovid {B. primigenius) F = 1.2367 2,267 0.2685 0.7947
Teeth p = 0.2920
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Table 5.9: Results o f two-sided t-tests comparing the average species body masses estimated from late 

Middle Pleistocene interglacials (Appendix 5.1-5.3a), for species recorded in two out of the three Isotope 

Stages. The column Homogeneity of Variance refers to testing o f the assumptions of the t-test. A 

significant result (!) indicates unequal variances in the two samples and a t-test with separate variance 

estimates is carried out. * = significant difference between means at 5 % level, ** = significant at 1% 

level, *** = significant at 0.1% level.

Test
Stage 11, Stage 9, 
Stage 7

Homogeneity of 
Variance

t df P

C. lupus Bones 
11 v 7

F = 2.0242 
p = 0.3300

-0.8556 64 0.3954

U. arctos Bones 
9 v 7

F = 2.1707
p = 0.0060(!)

-0.4021 109.53 0.6884

P. leo Bones 
11 v 7

F = 1.2128 
p = 0.8119

1.2478 256 0.2133

D. dama Bones 
11 v 9

F = 1.5823 
p = 0.0572

-0.5048 458 0.6140

D. dama Teeth 
11 v 9

F = 1.4308 
p = 0.1362

-0.6842 186 0.4947

B. priscus Bones 
11 v 7

F = 3.4282 
p = 0.0077(!)

-3.4282 55.48 0 . 0 0 0 1

***

Bovidae

Masses o f B. primigenius estimated fi'om post-crania can be compared between 

all three late Middle Pleistocene interglacials. A significant variation in mass between 

the Stages occurs (table 5.8). Stage 115. primigenius were significantly smaller than 

Stage 9 and 7 aurochs (fig.5.23a). Despite possible differences in species composition 

between the interglaeial samples, no significant variation occurs in mass estimates fi-om 

bovid teeth (table 5.8). These samples are expected to be dominated by B. primigenius^ 

teeth therefore display a different size change record than bones in this species 

(fig.5.23a). B. priscus occurs only in Stages 11 and 7, but masses in these two periods 

are significantly different with Stage 11 animals again smaller (table 5.9, fig.5.23b).

Cervidae

The only cervid recorded in sufficient sample sizes for statistical testing fi-om 

all three interglacials is C. elaphus. Significant variation is observed to occur in both 

bone and tooth mass estimates (table 5.8). Post-hoc analysis o f means calculated fi-om 

bone estimates indicates that masses are significantly different for this species in Stages 

7 and 11 (fig.5.23c), with Stage 11 animals significantly smaller. The Stage 9 estimate 

is intermediate between the other two interglacials and cannot be statistically 

distinguished from either o f them. C. elaphus teeth on the other hand produce distinct
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masses in each o f the interglacials (fig.5.23c). D. dama is recorded only from the Stage 

9 and 11 interglacials. No significant body mass difference occurs between the animals 

from these two periods, as indicated by both bones and teeth (table 5.9, fig.5.23d). This 

would suggest that the large bodied sub-species D. dama clactoniana is present in both 

o f the interglacials.

Other Artiodactvla

S. scrofa displays significant mass variation between late Middle Pleistocene 

interglacials (table 5.8). Mass estimates based on both bone and tooth remains indicate 

that Stage 7 animals were significantly larger than those from Stages 9 and 11 

(fig.5.23e).

Equidae

Full interglaeial conditions o f all three late Middle Pleistocene interglacials 

support horses o f large body size, not significantly smaller than those seen in the early 

Middle Pleistocene (section 5.8.2). Mass estimates from bone remains show no 

variation among the interglacials (table 5.8, fig.5.24a). Occlusal length o f pm̂ "̂* also 

shows no variation among the interglacials (table 5.10, fig.5.24d). However, other E. 

ferus  teeth do vary in size during this time period (table 5.10), specimens from Stage 7 

being generally smaller than at least one o f the earlier interglacials o f the late Middle 

Pleistocene (fig.5.24b,c,e).

Table 5.10: Results o f one-way ANOVA comparing the occlusal lengths of E. ferus teeth from late 

Middle Pleistocene interglacials (Appendix 6.2). The column Homogeneity of Variance refers to testing 

o f the assumptions of the ANOVA. A significant result (!) indicates unequal variances in the samples, 

but violation of this assumption is not too serious (Lindman 1974). * = significant variation between 

means at 5% level, ** = significant at 1% level, *** = significant at 0.1% level.

Test
Stage 11, Stage 9, 
Stage 7

Homogeneity of 
Variance

df F P

E. ferus F = 1.7506 2,42 3.3307 0.0454
Occlusal length pmg^ p = 0.1861 *
E. ferus F = 3.2902 2,38 4.5386 0.0171
Occlusal length mi / 2 p = 0.0481(1) *
E. ferus F = 1.7747 2,61 1.7549 0.1816
Occlusal length pm̂ '̂̂ p = 0.8378
E. ferus F = 1.7820 2,44 6.7926 0.0027
Occlusal length p = 0.8374 **
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Rhinocerotidae

S. kirchbergensis occurs only in the late Middle Pleistocene in the British Isles; 

this species shows no mass variation during this period (table 5.8, fig.5.23g). Mass 

estimates from S. hemitoechus teeth also show no variation (table 5.8, frg.5.23f). Post- 

cranial mass estimates do differ among the interglacials for this species (table 5.8) and 

in each Isotope Stage S. hemitoechus has a distinct mass (fig.5.23f). Stage 11 animals 

are the smallest and Stage 9 the largest, with Stage 7 representing an intermediate body 

size.

Carnivora

No carnivore species studied can be compared in mass between all three 

interglacials. Stages 9 and 7 represent the early appearance o f U. arctos and masses are 

not significantly different for these two periods (table 5.9, fig.5.23h). The Stage 11 and 

7 C. lupus samples do not differ significantly from each other in masses estimated from 

bones (table 5.9, fig.5.23i). However, size change does seem to occur in C. lupus teeth 

during the late Middle Pleistocene. The mi specimen from Stage 9 is small in size like 

teeth from the early Middle Pleistocene. A size increase occurs between this point and 

the Stage 7 specimens which group with larger Late Pleistocene material (section 

5.6.1). No mass difference can be estabhshed between P. leo from Stages 11 and 7 

(table 5.9, fig.5.23j); animals o f large size are indicated in both cases. Parfitt (1996) 

suggests there may be some size decrease between Stage 11 and Stage 7 P. leo. 

Although some Stage 7 samples display a slightly reduced mass, this may be due to a 

female bias in small samples.

Summarv

A number o f species display a small body size in Stage 11 ; these include B. 

primigenius^ C. elaphus., S. scrofa and S. hemitoechus. The reasons for this 

phenomenon will be discussed in Chapter 7. A characteristic feature o f both this and 

the Stage 9 interglaeial is the presence o f a large form o f fallow deer. However, in the 

Stage 9 fauna this species is associated with very large B. primigenius and S. 

hemitoechus. The species composition o f the Stage 7 large mammal fauna is unique. 

Body size features that also separate material o f this age from other late Middle 

Pleistocene interglacials include the large body size o f S. scrofa^ increased body size o f

C. elaphus especially apparent in teeth, and the large tooth size in C. lupus.
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5.8.2 Body Size Change at the early-late Middle Pleistocene Transition

As has previously been discussed, this transition has been identified as an 

important period for size change in a number o f British Pleistocene species. Biometric 

changes in E. ferus  and C. lupus at this point in the Pleistocene have been used as 

biostratigraphic indicators by Bishop (1982). However, size changes in a number o f the 

species have yet to be properly characterised or tested (Parfitt 1999). Previously 

identified size variations and some possibly important trends identified fi'om this work 

will be examined here. Early Middle Pleistocene and Stage 11 body mass samples will 

be compared using t-tests (table 5.11). Combined early Middle Pleistocene mass 

groupings, identified as homogeneous by comparison o f mass results between sites 

(section 4.7) have been used in the tests along with the total 01 Stage 11 sample 

(section 5.7.1).

Table 5.11: Results o f two-sided t-tests comparing average body mass estimates for species from early 

Middle Pleistocene (EMP; Appendix 4.1a+b) and Stage 11 (Appendix 5.1) contexts. The sites used to 

make up the EMP sample are indicated: WR = West Runton, PK = Pakefield/Kessingland, WSM 

Westbury-sub-Mcndip, Box = Boxgrove. Stage 11 body masses are always represented by the combined 

01 Stage 11 sample (Appendix 5.1). The column Homogeneity o f Variance refers to testing of the 

assumptions of the t-test. A significant result (!) indicates unequal variances in the two samples and a t- 

test with separate variance estimates is carried out. * = significant difference between means at 5% level, 

** = significant at 1% level, *** = significant at 0.1% level.

Test
EMP vs 01 Stage 11

Homogeneity o f 
Variance

t df P

C. lupus Bones F = 1.5479 -5.1334 107 <0 . 0 0 0 1

PK+WSM+Box V 11 p = 0.2192 ***
P. leo Bones F = 1.7794 -0.4298 23 0.6713
WSM V 11 p = 0.3219
E.ferus  Bones F = 6.1568 1.2483 59.72 0.2168
WR+WSM+Box V 11 p = 0 .0 0 0 1 ( 1)
D. dama Bones F = 2.0767 1.3811 418 0.1679
W R v l l p = 0.3557
D. dama Teeth F = 1.4077 -1.7855 82 0.0779
WR+Box V 11 p = 0.2788
C  elaphus F = 1.6681 6.9599 145 < 0 . 0 0 0 1

WR+WSM+Box V 11 p = 0.0685 ***
C. elaphus Teeth F = 1.4631 2.8123 63 0.0066
Box V Stage 11 p = 0.2895 **

B. priscus Bones F = 2.2724 2.9879 61 0.0040
WSM+Box V 11 p = 0.0684 **
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Bovidae

Mass estimates can be compared between Stage \ \ B. priscus and the form of 

bison thought to be equivalent to this species at the early Middle Pleistocene sites o f 

Westbury-sub-Mendip and Boxgrove. A significant difference between estimated 

masses is observed (table 5.11). A reduction in body size has occurred during the 

transition form the early-late Middle Pleistocene (fig.5.25a).

Cervidae

There is no variation among early Middle Pleistocene sites in masses estimated 

fi-om C  elaphus bones (section 4.7). When these animals are compared with those 

recorded fi*om Stage 11 sites a significant mass difference is observed (table 5.11).

Stage 11 red deer were significantly smaller than their early Middle Pleistocene 

counterparts in terms o f bone remains (fig. 5.25b). The start o f this size reduction is 

recorded earlier in C  elaphus teeth, with smaller specimens from the latest early 

Middle Pleistocene fauna at Boxgrove (section 4.7-8). Stage 11 teeth indicate a further 

size reduction relative to the Boxgrove condition (table 5.11).

The large sub-species D. dama clactoniana is present in Stage 11 and tooth 

remains indicate that animals o f equivalent size occur at Boxgrove and West Runton 

(table 5.11). Teeth fi-om Westbury-sub-Mendip estimate significantly lower masses 

than the other early Middle Pleistocene samples and the presence o f a smaller fallow 

deer form is proposed (section 4.7). Relatively few D. dama post-cranial remains are 

present in early Middle Pleistocene deposits, but the small sample fi*om West Runton 

again does not indicate any mass difference in comparison to Stage 11 (table 5.11, 

fig.5.25c). Fallow deer o f small body size, similar to modem D. dama, may therefore 

be restricted to Westbury-sub-Mendip in the Middle Pleistocene.

Equidae

No significant difference occurs in body mass estimates fi’om E. ferus  bones 

across the early-late Middle Pleistocene transition (table 5.11, fig.5.25d). There is 

therefore no evidence o f the body size reduction at this point described by Bishop 

(1982). The evidence presented here supports the conclusions drawn in other studies, 

that horses o f large size occur in Britain throughout the Middle Pleistocene (Stuart et al. 

1993; Parfitt 1999). Some populations o f reduced body size have been described e.g. 

Wolvercote, Brundon and Marsworth (Layer 2+3), but these seem to be associated with 

the terminal phases o f interglacials (sections 5.8.3 + 5.9).
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Despite the lack o f evidence from post-crania for a size change at this point in 

the Pleistocene, E. ferus teeth from the Stage 11 samples all appear smaller than early 

Middle Pleistocene horses based on occlusal length (section 5.4.2). Size reduction has 

taken place in these elements independently of post-crania. The biometric difference 

identified by Bishop (1982) between early Middle Pleistocene and Swanscombe E. 

ferus was probably based on dental specimens, as these are much better represented at 

Westbury-sub-Mendip than post-crania.

Carnivora

The proposed size increase in C. lupus at the early-late Middle Pleistocene 

transition (Bishop 1982) is observed to occur in bone remains. Post-cranial specimens 

from Stage 11 estimate significantly higher masses than early Middle Pleistocene C. 

lupus moshachensis (table 5.11, fig.5.25e). Size change in C. lupus at this point in the 

Pleistocene has been challenged (Parfitt 1999). However, the data presented in support 

of this theory also appears to indicate a size increase at the early-late Middle 

Pleistocene transition (fig.5.26). Confusion has arisen because of the combination of 

size information from dental and post-cranial remains. C. lupus moshachensis teeth 

from the early Middle Pleistocene are relatively large in comparison to bones. Early 

Middle Pleistocene teeth therefore show a smaller percentage deviation from the 

standard modem sample than post-crania. The Stage 11 C. lupus sample consists of 

post-crania only, and when compared with equivalent estimators o f size, a size increase 

relative to the early Middle Pleistocene is recorded (fig.5.26).

Swanscombe

Westbury-sub-Mendip

Boxgrove

W est Runton

30 %2040

Fig.5.26: Relative size o f bone (o )  and tooth ( • )  elements o f C. lupus from the early-late Middle

Pleistocene transition compared with a standard modern sample (modified from Parfitt 1999). When 

post-crania only are considered a size increase between the early Middle Pleistocene sites o f Boxgrove 

and Westbury and the Stage 11 interglacial at Swanscombe takes place.
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No significant difiference in body mass estimates occurs between Stage 11 and 

early Middle Pleistocene P. leo (table 5.11, fig.5.25f); a continuation o f the large body 

size observed in the early Middle Pleistocene into Stage 11 has also been proposed by 

Parfitt (1996). Stage 7 lions do not have significantly different mass estimates fi*om the 

Stage 11 animals, so large lions appear to characterise the whole o f the Middle 

Pleistocene.

5.8.3 Body Size Change at the Stage 7-6 Transition.

Equidae

A trend o f decreasing size in the post-cranial skeleton o f E. ferus  can be 

identified fi"om the main grouping o f Stage 7 sites, through two transitional populations 

showing reduced body size, to the very small body size recorded in the main part o f the 

Stage 6  cold phase e.g. Marsworth Layer 1 (fig.5.27a). The transitional populations are

(i) the distinct mass groupings identified at Brundon and Marsworth (Layers 2+3) and

(ii) the Hutton Cave E. ferus  sample (section 5.7.3-4). These sites appear to span the 

period from the end o f the Stage 7 interglacial to early in the Stage 6  cold stage.

Geological evidence at the Marsworth Channel site supports the placing o f the 

Stage 7 faunas (Layers 2+3) close to the end o f the interglacial as a cooling trend and 

the transition to cold conditions are recorded (Green et al. 1984). This stratigraphie 

proposal is also supported by mammoth tooth morphology (Lister & Sher 2001). In the 

Stage 6  cold stage M. primigenius teeth o f ‘advanced type’ first appear. At both 

Brundon and Marsworth a mixture o f ‘Ilford’ and ‘Advanced’ type teeth are recorded, 

suggesting the close association o f these sites with Stage 6 . Additional evidence 

suggesting a close relationship between Marsworth and Stage 6  is provided by the size 

o f M. oeconomus teeth. These specimens display a size increase from Stage 7 to Stage 

6  and material from Marsworth exceeds other Stage 7 samples in size (Schreve 1997).

The lower E, ferus  post-cranial body masses and bone sizes at Hutton Cave in 

comparison to Brundon and Marsworth (Layers 2+3) indicate that this transitional 

grouping falls closer to the Stage 6  cold climate episode. This interpretation is also 

supported by evidence from dental remains. In the initial stages o f body size reduction 

at the end o f Stage 7 (Brundon and Marsworth 2+3), no corresponding response in the 

size o f teeth is observed (section 5.7.3). A reduction in tooth size is first observed at the 

transitional site o f Hutton Cave and this continues into the main part o f Stage 6  

(fig.5.27b-e).
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Evidence from the Marsworth Lower Channel confirms that the size change 

identified between Stage 7 and 6  E. ferus is not due to geographic variation, as the size 

decrease between Stage 7 interglacial and Stage 6  animals can be observed within the 

sequence (fig.5.28). Small Stage 6  horses with an average body mass o f 390 kg are 

recorded from Layer 1. This represents a signifieant mass reduction compared to E. 

ferus from Stage 7 (Layers 2+3), with an average body mass o f 480 kg (t-test: t = 

4.0746, d f=  139, p = 0.0001***) (fig.5.28a). Significant reduction in the oeclusal 

length o f vol'̂  (fig.5.28b) is also observed to occur (t-test: t = 3.3732, df = 24, p = 

0.0025**).
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Fig.5.28: Comparison o f E. ferus body size data between the Stage 7 (Layers 2+3) and Stage 6  

assemblages (Layer 1) from the Marsworth Lower Channel. Points represent the sample mean; the 95% 

confidence interval and sample size associated with each mean is also displayed. A significant difference 

( * ) as indicated by t-tests, occurs for both the post-cranial mass and the tooth size comparisons.

Rhinocerotidae

No significant difference occurs in C. antiquitatis post-cranial mass estimates 

from Crayford and Balderton (table 5.12). It is not clear whether this comparison is 

between two different climatic episodes i.e. Stage 7 and Stage 6 , as the two C. 

antiquitatis assemblages may represent the same time period.

Carnivora

U. arctos post-crania show a significant increase in mass in the cold conditions 

o f Stage 6  (table 5.12, fig.5.29a). An increase in mass estimates from C. lupus post

crania is also seen at this point (table 5.12, fig.5.29b), but no increase in the size of mi 

occurs from Stage 7 to Stage 6  (section 5.6.1).

280



Table 5.12: Results o f  two-sided t-tests comparing body size data from the Stage 7 interglacial 

(Appendix 5.3a) and the Stage 6  cold stage (Appendix 5.4). The column Homogeneity o f Variance refers 

to testing o f the assumptions o f the t-test. A significant result (!) indicates unequal variances in the two 

samples and a t-test with separate variance estimates is carried out. * = significant difference between 

means at 5% level, ** = significant at 1% level, *** = significant at 0.1% level.

Test
Stage? V Stage 6

Homogeneity of 
Variance

t df P

C. lupus F = 2.1272 10.7911 127.78 <0 . 0 0 0 1

Bones p = 0 .0 0 1 1 ( 1) + **
U. arctos F = 1.8550 4.7912 77 0 . 0 0 0 1

Bones p = 0.0567  ̂̂  ̂
C. antiquitatis F = 3.0816 1.4615 10.67 0.1727
Bones P = 0.0158(1)
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Fig.5.29: Comparison o f body mass estimates across the Stage 7-6 transition for carnivore species. Points 

represent the average estimated mass; the 95% confidence interval and sample size associated with each 

mean is also displayed. The samples are compared using t-tests (table 5.12) and significant mass 

differences are indicated ( * ).

5.9 Stratigraphie Implications

• Support for the three interglacial pattern proposed for the late Middle 

Pleistocene.

Body mass data supports the three interglaeial pattern for the late Middle 

Pleistoeene, with relatively high body mass consistency within the proposed site 

groupings (section 5.7). The information from body mass confirms the distinction 

between the site groupings, as determined by species presence/absence data (Schreve 

1997). Mass estimates from C. elaphus teeth and S. hemitoechus bones are significantly 

different for all three groupings. Other mass differences separate one group of sites
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from the other two, such as larger S. scrofa in the Stage 7 interglaeial and small B. 

primigenius in Stage 11. The Stage 9 mass record does not resemble one o f the late 

Middle Pleistocene interglacials more closely than the other.

• Identification of sites transitional between the main Stage 7 and Stage 6 faunas.

Body mass evidence may provide information on the positioning o f sites 

relative to the end o f the Stage 7 interglaeial, assuming that gradual unidirectional size 

trends take place across this transition. The size increase recorded in M. oeconomus 

teeth between Stages 7 and 6  has already been used for this purpose (Schreve 1997). 

Another useful species in this respect is E. ferus, which underwent a major size 

reduction between the Stage 7 interglaeial and the Stage 6  cold stage. I f  the position o f 

sites along this trend can be determined then their location relative to the Stage 7-6 

transition can be evaluated.

The group o f horses o f large size from Stage 7 represents the situation before 

size reduction began. The separate Stage 7 body mass grouping o f Marsworth (Layers 

2+3) and Brundon, containing small bovids and E. ferus, can be considered to represent 

a later phase or sub-stage o f the interglaeial than the main group o f sites, as indicated 

by geological evidence and studies o f mammoth tooth morphology (section 5.8.3). The 

low body masses observed for E. ferus  and bovid species may therefore be associated 

with climatic deterioration into cold conditions (Chapter 7). The E. ferus  body size 

signal from Hutton Cave is intermediate between the faunas from the end o f Stage 7 

and the very small horses from Stage 6 , as shown by mass estimates and astragalus 

dimensions (sections 5.4.2 + 5.8.3). A reduction in tooth size relative to the main Stage 

7 grouping is also first identified at this site. Hutton Cave may therefore represent a 

transitional period between late Stage 7 and the main Stage 6  faunas. The close 

association o f this site with Stage 6  is also supported by body size data from C. lupus 

(section 5.7.4).

• Body mass and the stratigraphie position of Crayford.

Using evidence provided by species body sizes, the stratigraphie positioning 

and pattern o f deposition at Crayford remains complex. One definite conclusion is that 

the majority o f the large mammal material accumulated during the period o f climatic 

deterioration at the end o f the Stage 7 interglaeial. This conclusion relates to 

similarities identified in the body mass results for B. primigenius, B. priscus and E. 

ferus between Crayford and the Brundon and Marsworth (Layers 2+3) grouping. The
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records o f species such as C  antiquitatis and O. moschatus also support a close 

association with the Stage 6  cold stage. But there is no evidence for the body size 

pattern o f fully developed cold stage conditions in E. ferus  and C  lupus (sections 5.4.2 

+ 5.6.1), again indicating a stratigraphie position between the main Stage 7 and 6  

faunas. M  oeconomus teeth from Crayford are intermediate in size between Stage 7 

and Stage 6  specimens (Schreve 1997).

In general the variability o f body mass estimates produced from Crayford is not 

higher than the other sites examined, suggesting that the fossil material represents a 

cohesive community. Exception to this rule occur in the E. ferus  (section 5.4.2) and C. 

elaphus (section 5.2.1) samples where two body size forms appear to be recorded, 

suggesting deposition under a range o f palaeoenvironmental conditions. The 

coincidence o f both temperate and cold adapted species e.g. S. kirchbergensis and C. 

antiquitatis also suggests that more than one climatic interval is represented, but this 

could be explained by an unusual combination o f palaeoenvironmental conditions.

• A possible late Stage 9 fauna?

The Wolvercote Channel fauna has been assigned to the Stage 9 interglaeial on 

the basis o f stratigraphie evidence and mammalian community composition (Schreve 

1997). Body mass results however indicate that this assemblage is distinct from the 

important 01 Stage 9 community recorded at Grays (section 5.7.2). The Wolvercote 

fauna appears to represent a later period o f the interglaeial than that recorded at Grays, 

as palaeoenvironmental evidence from the site suggests temperate but cooling 

conditions towards the end o f an interglaeial (Schreve 1997). The small body size o f E. 

ferus  and bovids may therefore be explained by climatic deterioration (Chapter 7). A 

very similar decrease in the body size o f horses occurred at the Stage 7-6 transition 

(section 5.8.3). However, the size reduction observed in Wolvercote E. ferus bones 

appears to follow a different trend from that recorded at the end o f Stage 7, as 

illustrated using phalanx 1 (fig.5.30). Small body size in E. ferus  during the late Middle 

Pleistocene may therefore represent an important indicator o f the closing (or opening?) 

phases o f temperate periods.
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Fig.5.30; Size distribution o f late Middle Pleistocene E. ferus phalanx 1 specimens. The Wolvercote 

sample is reduced in size relative to Stage 9 and 11. This size reduction appears to follow a different 

trend than the Stage 7 -  Late 7 -  Stage 6 transition, as indicated by the lines.

5.10 Sum m ary

Detailed study of the body size information produced from late Middle 

Pleistocene material allows the discrepancies and gaps in the species body size records 

identified by Parfitt (1996; 1999) to be filled (table 5.13). An aim was to determine the 

pattern o f body size change through the Middle Pleistocene for E. ferus, C. lupus and P. 

leo. No major post-cranial size changes are recorded between early Middle Pleistocene 

temperate periods and the Stage 11,9 and 7 interglacials for E. ferus. However, teeth 

from the late Middle Pleistocene are smaller than early Middle Pleistocene samples.

The conflict over whether a size reduction occurs in E. ferus at the early-late Middle 

Pleistocene transition (Bishop 1982; Parfitt 1999) can therefore be explained by 

differential patterns o f size change in the two skeletal regions (Chapter 7).

The Middle Pleistocene record of C. lupus provides another example of 

confusion that has resulted from a failure to recognise that post-crania and dentitions 

can display different size change features. When post-crania only are examined, which 

probably relate more closely to true body size than teeth, late Middle Pleistocene 

wolves from both Of Stage 11 and 7 are larger than early Middle Pleistocene 

populations. A period o f significant size change associated with the early-late Middle 

Pleistocene transition is therefore indicated. Size increase over the early Middle 

Pleistocene condition probably occurs later in teeth than bones, with certain records o f 

this phenomenon first encountered in the Stage 7 interglaeial. However, dental records
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o f c  lupus from earlier periods o f the late Middle Pleistocene are sparse. A second 

period o f significant size increase occurs between Stage 7 and the Stage 6  cold stage in 

the post-cranial skeleton although the size o f teeth remains stable across this transition.

There is no doubt that lions from the early Middle Pleistocene were o f large 

body size (Bishop 1982; Parfitt 1996). However, the question that remains to be 

answered is how long into the late Middle Pleistocene this large size was maintained.

No significant size difference is apparent between post-crania from Westbury-sub- 

Mendip and samples assigned to the 01 Stage 11 interglaeial. Large body size also 

seems to have been maintained into 01 Stage 7. Although body mass estimates from 

some o f the Stage 7 sites are slightly reduced relative to the early Middle Pleistocene 

and Stage 11, at others equivalent masses are recorded. It appears to be more likely that 

this body size pattern results from variation in sex ratio between the Stage 7 samples 

rather than size reduction in P. leo during this period. Stage 7 and early Middle 

Pleistocene teeth are o f similar length but can be distinguished on the basis o f width, 

with the late Middle Pleistocene teeth clearly narrower. Tooth length appears to 

correspond to body size while width is more closely related to dietary adaptations 

(Fortelius 1990; Janis 1990). P. leo may therefore have displayed a difference in 

feeding behaviour between these two periods o f the Pleistocene.

Constant body sizes can therefore be proposed for E. ferus  and P. leo during 

Middle Pleistocene interglacials and a significantly larger size for C. lupus in the late 

Middle Pleistocene, from the post-cranial part o f this study. Teeth that may not 

accurately reflect overall body size provide different size change information (Chapter 

7). Body size trends through the British Middle Pleistocene have also been identified in 

other species. When first recorded in the late Middle Pleistocene red deer are 

significantly smaller than their early Middle Pleistocene counterparts and display a 

recovering trend o f size increase through the late Middle Pleistocene interglacials. S. 

scrofa and B. priscus also increase in size during the course o f the late Middle 

Pleistocene. S. hemitoechus and B. primigenius are small in Stage 11, peak in size 

during Stage 9 and have begun to decrease in size once again by the Stage 7 

interglaeial. S. kirchbergensis and C. capreolus maintain relatively constant body 

masses throughout.

In addition to these body size variations between interglaeial periods, body size 

changes below the level o f the 01 Stage have also been recorded. These take place in 

species such as C. elaphus, B. primigenius, B. priscus and especially E. ferus  during the 

opening and closing phases o f interglacials and may be associated with the climatic
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conditions at these points o f the Pleistocene (Chapter 7). Despite the occurrence o f 

these phenomena the applied stratigraphie groupings o f late Middle Pleistocene sites 

(01 Stage 11,9,7,6) are relatively homogeneous in terms o f body mass. A unique 

combination o f body size features that characterises each o f these Isotope Stages can 

therefore be put forward and may be used as a bio stratigraphie marker (table 5.13).

•  The Stage 11 interglaeial can be recognised on the basis o f very small C. elaphus 

combined with small B. primigenius, S. hemitoechus and 6 ". scrofa along with the large 

fallow deer sub-species D. dama clactoniana.

•  Stage 9 faunas also contain D. dama clactoniana but in this case the species is 

associated with large forms o f B. primigenius and S. hemitoechus instead o f the small 

forms o f the species recorded in 01 Stage 11.

• The large size o f S. scrofa in the Stage 7 interglaeial is characteristic but this species 

is relatively rarely recorded. None o f the species from the main part o f the Stage 7 

interglaeial are small in the context o f their British Pleistocene record.

• A later or possibly the closing phase o f the Stage 7 interglaeial appears to be 

characterised by horses and bovids o f reduced body size.

• The Stage 6  cold stage can easily be recognised by the distinctive dwarfed form of 

E. ferus  that occurs in this period. C. lupus and U. arctos are also larger than other late 

Middle Pleistocene forms.

Attempts have been made to resolve the stratigraphie position o f some 

problematic late Middle Pleistocene sites using these identified body size features. The 

Crayford fauna appears to have been deposited mainly during the closing phases o f the 

Stage 7 interglaeial, although material from earlier periods o f the interglaeial and the 

following Stage 6  cold climate episode may also be represented. The enigmatic site o f 

Hutton Cave falls between the end o f Stage 7 and the Stage 6  cold stage in its body 

mass record. The fauna may therefore relate to a transitional period between these two 

phases.
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Table 5.13: Summary of important late Middle Pleistocene body mass results. The body mass figures 

displayed are averages based on post-cranial remains only; species for which dental estimates were 

included are indicated (+). For species that show a greater than 30% variation in body mass during their 

British Pleistocene range, body size forms are classified as either small (S), medium (M) or large (L) 

according to a division of the observed variation into three equal sections. Q = constant body sizes 

maintained during the study period. * = species is recorded but no mass estimates were possible.

Species 01 Stage 01 Stage 01 Stage Late 01 Stage
1 1 9 7 Stage 7 6

C. lupus 2 0  kg *
2 0  kg 2 0  kg 30 kg

M M M L
U. arctos 270 kg 270 kg 270 kg 340 kg

S S S M
P. leo 300 kg * 270 kg 300 kg

L L L
E. ferus 540 kg 560 kg 560 kg 470 kg 360 kg

L L L M S
S. hemitoechus 1180 kg 1800 kg 1400 kg *

S L M
S. kirchbergensis 2 2 0 0  kg 2 2 0 0  kg 2300 kg

0 0 0

S. scrofa + 90 kg 1 0 0  kg 160 kg
S S L

M  giganteus + 440 kg 380 kg 420 kg # 430 kg
0 0 0 0

D. dama 1 0 0  kg 1 0 0  kg
L L

C. elaphus 150 kg 180 kg 190 kg 190 kg
S S M M

C. capreolus + 40 kg 30 kg 30 kg
0 0 0

B. primigenius 850 kg 1 2 0 0  kg 1 1 0 0  kg 820 kg
S L L S

B. priscus 770 kg 1 0 0 0  kg 890 kg
M L L

# There is some evidence from post-crania that M. gigantens displayed a large body size in OI Stage 7.
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CHAPTER 6: Body Size in the Late Pleistocene

The Late Pleistocene is the best-known division o f the British Pleistocene, and 

in particular a large amount o f information is available concerning climatic changes 

during this period. The Late Pleistocene includes the last (Stage 5) interglaeial and the 

Devensian cold stage (01 Stages 4-2), a complex period o f generally cold climate 

conditions with some interstadial episodes recorded. Body size evidence from the early 

Holocene (01 Stage 1, ca.10-9 kyr B.P.) v\dll also be discussed in this chapter. A 

number o f body size studies have been carried out on Late Pleistocene material, and the 

range o f body size characteristics proposed for these species will be tested.

Late Pleistocene D. dama, E. ferus and P. leo have all been described as 

displaying small body sizes in comparison to British Middle Pleistocene forms (Lister 

1981; Eisenmann 1988; Parfitt 1996; Parfitt 1999). Late Pleistocene wolves on the 

other hand appear to have been larger than their Middle Pleistocene equivalents (Turner 

1981 ; Parfitt 1999). Body size variation within the Late Pleistocene has been recorded 

in B. priscus (Gee 1991) and in the teeth o f M  giganteus (Lister 1994). In C. cracuta 

an apparent size variation between the last interglaeial and the Devensian has been 

interpreted using Bergmann’s rule (Klein & Scott 1989). The existence o f unusually 

large body size forms in the Devensian has been proposed; these include C  elaphus in 

01 Stage 3 (Lister 1981, 1987) and U. arctos in OI Stage 4 (Currant & Jacobi 1997).

Body mass results from sites recording the characteristic Ipswichian ‘hippo 

fauna’ will be discussed in this chapter (Appendix 4.3): Barrington, East Mersea, Joint 

Mitnor Cave, Kirkdale Cave, The Marsworth Upper Channel, Trafalgar Square and 

Waterhall Farm. These sites are assigned to Stage 5e o f the Oxygen Isotope Record 

(Gascoyne et al. 1981). H. amphibius has long been recognised as an important 

biostratigraphic marker in the British Pleistocene (Sutcliffe 1995a). The range o f this 

species apparently extended into Britain only once during the late Middle and Late 

Pleistocene. This range expansion is proposed to relate to a short period o f very rapid 

warming following the Stage 6  cold climate episode, and the Late Pleistocene sites 

containing remains o f hippo are considered to represent a restricted time period. The 

grouping o f these sites is also supported by the absence o f E. ferus, an almost 

ubiquitous species in the British Middle and Late Pleistocene.

A group o f sites that lack specimens oïE . ferus  but also contain no evidence o f 

H. amphibius have been included in the body mass study (Appendix 4.3): Bacon Hole, 

Minchin Hole, Brentford, Hoe Grange and Tomewton Cave Hyaena Stratum.
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Geological evidence provides strong support for correlation o f these deposits in the 

Gower Caves o f Bacon Hole and Minchin Hole with 01 Stage 5c-a, as they lie above 

raised beaches considered to represent the 01 Stage 5e high sea level episode (section 

2.8). Brentford, Hoe Grange and the Tomewton Cave Hyaena Stratum can be 

tentatively related to this period on the basis o f the composition o f their mammal 

assemblages. The absence o f hippo at these sites could however be explained by 

geographical or taphonomic factors. What additional information can body mass 

evidence bring to this problem?

Two distinct faunas can be recognised in Devensian deposits pre-dating the last 

glacial maximum, and the body size composition o f each o f these communities will be 

considered separately (Appendix 4.3). One o f the site sets is dominated by bison and 

reindeer and includes faunal samples from: Banwell Bone Cave, Isleworth, Stump 

Cross Cave, Windsor, Windy Knoll and Wretton. These sites have been assigned to 01 

Stage 4 (Currant & Jacobi 1997), an early cold phase o f the complex last glacial 

episode. The mammalian faunas are species-poor, in accordance with the proposed 

harsh environmental conditions.

A number o f Devensian faunas deposited before the maximum extent o f glacier 

development are much more diverse and contain mammoth and horse. Body mass 

estimates have also been produced from this material (Appendix 4.3): Coygan Cave, 

Cae Gwyn, Ffynnon Beuno, Kent’s Cavern, Pin Hole and Sandford Hill. These diverse 

faunas are considered to relate to 01 Stage 3 (Currant & Jacobi 1997), a relatively 

prolonged period o f increased summer temperatures. The community includes more 

characteristically interglaeial elements such as C. elaphus, as well as a number o f cold 

adapted species like R. tarandus and C  antiquitatis. Species known to persist from 

interglaeial to cold stage conditions in other stages o f the Pleistocene such as B. 

priscus, C. lupus and U. arctos are also present. These sites represent the first re

appearance o f E. ferus  in Britain since the Stage 6  cold climate episode.

Unsurprisingly, very little mammalian evidence is available from the period o f 

the last glacial maximum (ca. 22-18 kyr B.P.) in Britain. More material is known from 

the closing periods o f Stage 2 (Lateglacial), but these sites have often not been 

excavated with a high enough degree o f precision in relation to this period o f rapidly 

changing climate. Radiocarbon dating evidence indicates that the main fauna from 

Gough’s Cave (Appendix 4.3) was deposited during the Lateglacial Interstadial, while 

Chelm’s Coombe (Appendix 4.3) may represent the Loch Lomond Stadial (Currant 

1991). A number o f sites falling close to the Pleistocene-Holocene transition will also
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be examined in terms o f body mass (Appendix 4.3): Uxbridge, Star Carr and Thatcham. 

These sites record the initial stages o f the re-colonisation o f Britain after the final cold 

stadial o f the Pleistocene, and provide important evidence on the timing o f post- 

Pleistocene size reduction. The body mass record o f these sites is also interesting 

because o f the unusual composition and low species diversity o f the Holocene 

communities.

As was the case in the late Middle Pleistocene (Chapter 5) the majority o f the 

Pleistocene time divisions discussed here are represented by multiple sites. Statistical 

testing o f the same type will therefore be carried out to determine if the sites form 

coherent body size groupings (section 6.7); in particular does the body mass signal 

from the Stage 5e sites support the theory that they represent a very restricted time 

period? Once combined body mass records representing each o f the study periods have 

been set up (Appendix 5.5-5.9), these will be used to carry out body mass comparisons 

between Isotope Stages (section 6 .8 ).Does body mass evidence support a separation of 

Stage 5e sites fi*om those that have been assigned to Stage 5c-a? Evidence fi’om species 

body size will be applied to the question o f Devensian faunas pre-dating the last glacial 

maximum. Does the body mass data support the division between the two types o f site 

identified by species composition? During the short climatic fluctuations at the end of 

the Pleistocene can any body mass differences be identified between the limited faunas 

assigned to the Lateglacial Interstadial and Stadial? Body mass records from sites 

surrounding the Pleistocene-Holocene transition will be examined in detail in order to 

determine the timing o f the size reduction observed in a number o f species that survive 

into the Holocene.
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6.1 Bovidae

The two major bovid species o f the British Late Pleistocene are the large-bodied 

species B. priscus and B. primigenius. Unlike the situation in the late Middle 

Pleistocene B. priscus appears to have been the dominant species in terms o f numbers. 

Bison are recorded almost continuously during this period but do not seem to have 

returned to Britain after the last glacial maximum. B. primigenius is recorded at low 

levels in Stage 5e and is also a native member o f the British Holocene mammal 

community. The species is recorded at the possible Stage 5c-a sites o f Hoe Grange and 

Brentford. During the Lateglacial the only records o f Saiga tatarica in the British 

Pleistocene occur.

The samples o f large bovid teeth fi-om Stage 5 sites are assumed to contain 

material o f both B. priscus and B. primigenius, although the mass estimates probably 

relate most closely to the numerically dominant species B. priscus. In Stage 5e, average 

bovid tooth mass estimates range from 630-790 kg (Appendix 4.3b). Very similar 

results are produced from sites that may represent later sub-stages (5c-a).

6.1.1 Bos primigenius

01 Stage 5e

Both B. priscus and B. primigenius are recorded at Barrington, but B. 

primigenius is the rarer o f the two species. Analysis o f post-crania results in an average 

body mass estimate o f 1000 kg (n = 82; 95% Cl = 12.6) for this form. B. primigenius 

was therefore the larger o f the two bovid species in this community (section 6 .1.2). A 

few B. primigenius post-cranial elements from Joint Mitnor Cave provide additional 

evidence that the species attained large body sizes during 01 Stage 5e, estimating an 

average body mass o f 1140 kg (n = 12; 95% Cl = 160.5). A lower average body mass 

o f 885 kg (n = 84; 95% Cl = 40.0) is estimated for Trafalgar Square B. primigenius.

Statistical comparison o f the mass estimates produced for B. primigenius from 

the three assemblages indicates significant variation among the sites (ANOVA; F2 J 7 5  =

11.11, p < 0.0001***). Post-hoc comparison o f means (fig.6.1) confirms that this 

variation is caused by the lower body mass estimate from the Trafalgar Square sample. 

The Trafalgar Square site is also unusual in that B. primigenius appears to have been 

the dominant bovid species. The accumulation o f this assemblage may therefore cover 

a different period from that recorded at Barrington and Joint Mitnor Cave.
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01 Stage 5c-a

Mass estimates for B. primigenius have been produced from the Brentford and 

Hoe Grange assemblages which may relate to the later temperate sub-stages 01 Stage 

5c-a rather than 01 Stage 5e (section 2.8). An average body mass o f 810 kg (n = 100; 

95% Cl = 37.5) is estimated from the Brentford post-crania, with a figure o f 755 kg (n 

= 25; 95% Cl = 60.8) from Hoe Grange. These averages are not significantly different 

(t-test: t = 1.29, d f = 123, p = 0.1999). At both sites B. primigenius appears to have 

been smaller than B. priscus (section 6.1.2), but relatively equal numbers o f remains 

suggest that neither species dominated in the community. The record from these sites is 

therefore unusual on two counts; in all other cases where the two large species co-occur 

B. primigenius is larger than B. priscus and one form appears to have been numerically 

dominant. The Brentford and Hoe Grange samples record the occurrence o f smaller 

animals than those from the Stage 5e assemblages o f Barrington and Joint Mitnor Cave 

(section 6.8.1). Perhaps the B. primigenius material from Trafalgar Square was also 

deposited during this time period.

Lateglacial-Holocene

B. primigenius is not recorded in Britain for the majority o f the last cold stage; 

the species only makes a reappearance after the last glacial maximum in the Lateglacial 

Interstadial at Gough’s Cave. No mass estimates are possible for this Lateglacial form 

as the species is represented by a single astragalus, but comparison o f the size o f this 

element with other British Pleistocene samples indicates that it is o f large size (fig.6.2). 

This specimen falls in the middle o f the size distribution for Stage 9, 7 and 5e aurochs.

B. primigenius is also recorded in the early Holocene at Star Carr and Thatcham. The 

average body mass estimates based on post-crania o f 810 kg (Star Carr: n = 52; 95% Cl 

= 41.6) and 850 kg (Thatcham: n = 6; 95% Cl = 83.9) are not significantly different (t- 

test: t = 0.59, df = 56, p = 0.5585) and represent a small body size form. This is 

confirmed by the position o f the Star Carr astragali at the bottom o f the British 

Pleistocene size distribution, alongside small specimens from Stage 11 (fig.6.2).
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6.1.2 Bison priscus

Stage 5e

No significant variation occurs in B. priscus body mass estimates produced 

from Stage 5e sites (ANOVA: F6 ,si9  = 1.76, p = 0.1042), where bison is one o f the best- 

recorded species. The Stage 5e form appears to have been o f medium size with average 

mass estimates ranging from 750-850 kg (Appendix 4.3a). Mass estimates based on 

bovid teeth (630-790 kg) relate relatively closely to the post-cranial figures, although in 

all cases the dental mass averages are slightly lower (Appendix 4.3a+b).

01 Stage 5c-a

At Bacon Hole B. priscus is recorded above the Stage 5e raised beach in a 

certain Stage 5c-a context. Post-crania estimate an average body mass o f 900 kg (n =

51 ; 95% Cl = 59.4), indicating a large B. priscus form. Large B. priscus also occur in 

the Brentford assemblage. The average mass estimate o f 935 kg (n = 31; 95% Cl =

69.4) based on post-crania is not significantly different from the Bacon Hole result (t- 

test: t = 0.71, d f = 80, p = 0.4809). Bison post-cranial remains from Hoe Grange 

estimate an average body mass o f 815 kg (n = 31; 95% Cl = 67.9), which falls within 

the 01 Stage 5e size range.

OI Stage 4

B. priscus is one o f only two ungulate species encountered in faunas assigned to 01 

Stage 4, but some very large samples o f B. priscus material are recorded from this time 

period, allowing body mass to be particularly well characterised.. Fossil remains at 

these sites represent a bison o f very small body size; average mass estimates from post

crania range from 580-720 kg (fig.6.3; Appendix 4.3a), with similar figures o f 520-730 

kg based on teeth (fig.6.3; Appendix 4.3b). Significant variation does occur across the 

01 Stage 4 sites in these B. priscus mass estimates (ANOVA Post-crania: F4 J 0 5 9  = 

16.52, p < 0.0001***; Teeth: F3 J 2 4  = 13.80, P < 0.0001***). Post-hoc comparison of 

means reveals that this variation is mainly due to significantly higher mass estimates 

from Banwell Bone Cave and Windy Knoll (fig.6.3).
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01 Stage 3

Bison o f large body size are once again recorded during Stage 3. Average mass 

estimates based on post-crania range from 860-960 kg (fig.6.4; Appendix 4.3a), but 

unlike the situation encountered in 01 Stage 4 no significant mass variation occurs 

across the sites (ANOVA: F3 J 3 3  = 1.00, p = 0.3970). Dental elements appear to under

estimate the body mass o f this form; averages o f 780 kg (Kent’s Cavern: n = 33; 95% 

Cl = 53.0) and 690 kg (Sandford Hill: n = 11; 95% Cl = 101) are produced from tooth 

samples.

6.1.3 Saiga tatarica

The Lateglacial Interstadial site o f Gough’s Cave contains one o f the very few 

records o f S. tatarica in the British Pleistocene, and the only material o f the species 

included in this study. No mass estimates are possible from the single post-cranial 

specimen, a calcaneum. An m3  allows a mass estimate o f 75 kg to be produced for this 

form. This body mass is high in comparison to modem saiga antelope (av. mass 26-69 

kg) but may be unreliable as it is based on a tooth specimen.

6.2 Cervidae

In the last interglaeial D. dama made a re-appearance in the British Isles; this 

form is considered to be equivalent to modem D. dama dama rather than the late 

Middle Pleistocene sub-species D. dama clactoniana. Other components o f the Stage 

5e cervid community were C  elaphus and M  giganteus, with C. capreolus recorded at 

very low levels. Cervids are generally poorly sampled at Stage 5e sites, except in the 

Joint Mitnor Cave assemblage. A similar cervid community appears to have occurred in 

Stages 5c-a.

Devensian sites record substantial quantities o f R. tarandus for the first time in 

the British Pleistocene. The species was an important member o f both Stage 4 and 

Stage 3 communities and is also recorded from the Lateglacial. M  giganteus specimens 

commonly occur at Stage 3 sites, where the species is often accompanied by an 

unusually large form o f C. elaphus also found in the Lateglacial. Early Holocene sites 

appear relatively unusual in terms o f cervids, with C. capreolus and A. alces making up 

a high proportion o f the fossils, though they are rarely encountered in the British 

Pleistocene. This may be due to the fact that these early Holocene sites represent the 

hunting refuse o f humans rather than natural accumulations.
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6.2.1 Cervus elaphus

01 Stage 5e

The majority o f  mass estimates produced from Stage 5e C. elaphus post-crania 

exceed 200 kg (fig.6.5; Appendix 4.3a), and are generally higher than those calculated 

for late Middle Pleistocene forms o f this species (section 5.2.1). Stage 5e C. elaphus 

astragali fall in the upper end o f the Stage 7 size range and are larger than the Stage 11 

and 9 specimens (fig.6 .6 ). Although significant mass variation can be identified among 

the Stage 5e sites (ANOVA: F4 J 3 = 2.72, p = 0.0358*), post-hoc comparison o f means 

is unable to identify any significantly different mass groupings (fig.6.5). The only large 

tooth sample comes from Joint Mitnor Cave and estimates an average mass o f 240 kg 

(n = 38; 95% Cl = 13.7). This is 35 kg higher than the post-cranial figure and may 

indicate that proportionately large teeth occurred in this red deer form (Chapter 7).
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01 Stage 5c-a

The most important Stage 5c-a C. elaphus sample comes from Bacon Hole, 

where C. elaphus is recorded in the deposits post-dating the Stage 5e high sea level 

period. Bone remains estimate an average mass o f 165 kg (n = 23; 95% Cl = 10.8), 

indicating the occurrence o f  smaller red deer than recorded in Stage 5e (section 6.8.1).
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A small sample o f post-crania from Hoe Grange estimates a body mass o f 203 kg (n = 

4), implying that the small body size form is not represented at this site although there 

is insufficient material to draw definite conclusions. Mass estimates from C  elaphus 

dental remains are higher than the Bacon Hole post-cranial average: Bacon Hole 238 kg 

(n = 3), Minchin Hole 185 kg (n = 2), Tomewton Cave Hyaena Stratum 195 kg (n = 9; 

95% Cl = 24.2). The mass estimate produced from the Tomewton Cave tooth sample is 

however significantly lower than that from Stage 5e sites (t-test: t = 3.00, d f = 48, p = 

0.0042**).

01 Stage 3

Body mass estimates indicate that a very large C  elaphus form occurred during 

OI Stage 3. The large red deer are best recorded in the Kent’s Cavem assemblage; here 

an average mass estimate o f 260 kg (n = 26; 95% Cl = 15.0) is produced from bone 

elements, with an even higher figure based on teeth o f 345 kg (n = 29; 95% Cl = 25.2). 

These results are confirmed by smaller secondary samples e.g. an average mass o f 270 

kg (n = 10; 95% Cl = 35.2) from Ffynnon Beuno post-crania and 360 kg (n = 5; 95%

Cl = 28.2) from the Coygan Cave tooth sample. The large size o f Stage 3 C  elaphus, 

relative to other Pleistocene samples, can be illustrated using astragalus specimens 

(fig.6.6). The substantially higher mass estimates based on dental remains indicate the 

occurrence o f massively expanded teeth relative to post-crania in this form (Chapter 7).

Lateglacial-Holocene

A large C  elaphus form is indicated by bone remains from the Lateglacial 

Interstadial site o f Gough’s Cave. Astragalus specimens are very similar in size to the 

Stage 3 sample (fig.6.7), although the average body mass estimate o f 225 kg (n = 20; 

95% Cl = 15.3) is significantly lower than the extreme figures recorded from Stage 3 

assemblages (section 6.8.2). Once again the average mass estimate from dental 

elements o f 310 kg (n = 19; 95% Cl = 17.9) is higher than the post-cranial result, 

suggesting proportionately large teeth in the Gough’s Cave animals.
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A small sample o f C  elaphus is recorded from Chelm’s Coombe; radiocarbon 

dating o f the mandible specimen indicates that it relates to the opening phase o f the 

Lateglacial Stadial (10,910 ±110 B.P.; Currant 1991). The single post-cranial specimen 

estimates a body mass o f 217 kg, suggesting a similar body size to that recorded at 

Gough’s Cave although statistical testing is not possible. The four tooth specimens 

estimate an almost identical mass average o f 216 kg. Although any interpretation must 

be considered tentative due to the small sample size, a reduction in tooth size relative to 

Gough’s Cave is apparent.

C. elaphus is recorded in large numbers from the early Holocene sites o f Star 

Carr and Thatcham. The average mass estimates produced from post-crania o f 185 kg 

(Star Carr: n = 249; 95% Cl = 4.26) and 180 kg (Thatcham: n = 84; 95% Cl = 7.86) 

indicate animals reduced in size relative to Stage 3 and Lateglacial populations (section 

6.8.2). This is confirmed by the size o f astragalus specimens that fall below the Stage 3 

and Gough’s Cave distributions (fig.6.7). Higher mass estimates based on the dentition 

occur at Star Carr (255 kg: n = 82; 95% Cl = 10.3) and to a lesser extent at Thatcham 

(220 kg: n = 34; 95% Cl = 13.3). An average body mass o f 180 kg (n = 31 ; 95% Cl = 

12.1) is estimated from the post-crania o f Uxbridge C. elaphus. These specimens have 

been tentatively dated to the early Holocene and produce the same body mass results as 

other sites from this period (section 6.8.2). Astragalus specimens also follow the same 

distribution as the Star Carr and Thatcham material (fig.6.7).

6.2.2 Dama dama

01 Stage 5e

The following average body mass estimates have been produced for Stage 5e D. 

dama using post-crania: Barrington 70 kg (n = 16; 95% Cl = 4.50); Joint Mitnor Cave 

70 kg (n = 82; 95% Cl = 3.18); Trafalgar Square 79 kg (n = 9; 95% Cl = 13.8). No 

significant mass variation occurs among these sites (ANOVA: F2 ,io4  = 1.45, p =

0.2386). The post-cranial results indicate the existence o f smaller animals than the D. 

dama clactoniana form recorded in the Stage 9 and 11 interglacials (95-110 kg; 

Appendix 4.2a). The size reduction o f Stage 5e fallow deer relative to D. dama 

clactoniana can clearly be seen in the dimensions o f the astragalus (fig.6.8). The only 

substantial dental sample comes from Joint Mitnor Cave and produces an average mass 

estimate o f 90 kg (n = 19; 95% Cl = 5.65). As in the late Middle Pleistocene, teeth 

produce higher mass estimates than post-crania in this species.
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01 Stage 5c-a

D. dama specimens from possible Stage 5c-a contexts occur in the Hoe Grange, 

Brentford and Tomewton Cave samples. The mass record from these sites is the same 

as Stage 5e (section 6.8.1). Average mass estimates based on post-crania range from 

70-75 kg (Appendix 4.3a), and teeth from Hoe Grange produce a higher average mass 

estimate o f 90 kg (n = 25; 95% Cl = 7.50). D. dama astragali confirm that no size 

difference exists between the possible Stage 5c-a material and that from Stage 5e sites 

(fig.6.8). The Stage 5 faunas represent the last natural British occurrence of D. dama. 

The species did not return in the Holocene interglacial and its current presence is the 

result of human introduction.
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6.2.3 Capreolus capreolus

01 Stage 5

A single C. capreolus metatarsal from Joint Mitnor Cave (GI Stage 5e) gives a 

mass estimate o f 35 kg. This value is close to all other British Pleistocene masses 

previously described for this species. A C. capreolus radius present in the Hoe Grange 

assemblage produces an average mass estimate o f 25 kg. The specimen may have been 

deposited during 01 Stage 5c-a.

01 Stage 3

A tibia specimen from Ffynnon Beuno may be assigned to C. capreolus, a 

species generally confined to interglacial conditions in the British Pleistocene.

However, it is possible that this specimen represents an intrusion o f later material. The 

body mass estimate o f 33 kg for this species is close to all other average mass values 

produced.

Lateglacial-Holocene

By measurement o f C. capreolus material in the Uxbridge sample average body 

masses o f 34 kg (n = 5) are estimated from post-crania and 30 kg (n = 3) from teeth. C. 

capreolus is very commonly recorded from sites dating to the opening period o f the 

Holocene. The body mass results from Star Carr fit in well with the Pleistocene record; 

post-crania estimate an average body mass o f 33 kg (n = 76; 95% Cl = 0.65) and teeth 

34 kg (n = 39; 95% Cl = 2.40). Thatcham C. capreolus post-crania produce an average 

mass estimate o f 32 kg (n = 29; 95% Cl = 2.07), with a figure o f 26 kg (n = 24; 95% Cl 

= 1.77) based on teeth.

6.2.4 Megaloceros giganteus

OI Stage 5

Average mass estimates for Stage 5e M. giganteus based on dental remains 

range from 385-415 kg (Appendix 4.3b). Post-crania from Kirkdale Cave produce an 

average mass estimate o f 495 kg (n = 10; 95% Cl = 66.9); as in the last cold stage M  

giganteus samples, higher mass estimates are indicated by post-crania than teeth. At a 

number o f Stage 5e sites, including Joint Mitnor Cave and Trafalgar Square, M  

giganteus astragali are recorded. As discussed in section 5.2.3 these specimens, which 

group with others from the Late Pleistocene, are distinctly smaller than Stage 7 

astragali. The Hoe Grange sample contains some M  giganteus post-cranial material
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that allows mass estimation; an average mass o f 445 kg (n = 6; 95% Cl = 57.7) is 

indicated.

01 Stage 3

M. giganteus specimens recorded from Stage 3 faunas indicate a significant size 

increase relative to Stage 5 animals (section 6.8.1). Astragalus specimens are however 

smaller than those from the Stage 7 interglacial (section 5.2.3) The largest sample 

comes from Kent’s Cavern where the average mass estimates are 575 kg (n = 31 ; 95% 

Cl = 33.4) from bones and 455 kg (n = 59; 95% Cl = 24.0) from teeth; higher mass 

estimates from post-crania than dental remains is once again a feature o f this species.

The same pattern o f mass results is given by the Coygan Cave material; post-cranial 

remains estimate an average body mass o f 555 kg (n = 4), with the tooth average 

estimate falling below this at 495 kg (n = 14; 95% Cl = 50.4).

Lateglacial-Holocene

M  giganteus is recorded from Britain during this time period, where it is 

thought to have persisted just into the Holocene. The large sample from Irish peat bogs 

relates to the end o f 01 Stage 2, and produces body size information very similar to the 

Stage 3 records (section 6.8.2). Mass estimates from teeth average at 490 kg (n = 16; 

95% Cl = 20.7), with a higher figure o f 605 kg (n = 207; 95% Cl = 17.1) based on post

crania.

6.2.5 Alces alces

A. alces is recorded from Stage 3 at Kent’s Cavern and at some Lateglacial sites 

e.g. High Furlong, Blackpool. However, the only material included in this study that 

allows the production o f mass estimates dates from the early Holocene. A large sample 

o f A. alces is present at Star Carr. Post-crania provide an average body mass estimate o f 

365 kg (n = 90; 95% Cl = 13.7), while teeth estimate higher mass values with an 

average o f 440 kg (n = 27; 95% Cl = 35.7). The Thatcham average mass estimate based 

on post-crania is 360 kg (n = 5; 95% Cl = 95.9). These animals appear to have been 

similar in size to modem European moose where masses range from 250-600 kg.
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6.2.6 Rangifer tarandus

OI Stage 4

Large samples o f R. tarandus occur along with small-bodied B. priscus at Stage 

4 sites. This represents the first opportunity in the British Pleistocene record to provide 

mass estimates for the species. Post-cranial remains produce average mass estimates 

that range fi*om 105-130 kg (Appendix 4.3a). These animals therefore appear to have 

displayed a body size similar to that o f modem barren ground caribou. The mass 

estimates show significant variation among Stage 4 sites (ANOVA: = 5.34, p =

0.0015**). This variation appears to be due to the significantly higher mass estimate 

produced by the Wretton animals (fig.6.9). Stage 4 R. tarandus produce lower mass 

estimates fi-om their dental remains, as indicated by mass averages covering the range 

fi*om 87-107 kg (fig.6.9; Appendix 4.3b). Unlike the situation observed for post-cranial 

estimates there is no significant variation across Stage 4 sites in the mass data based on 

teeth (ANOVA: p 2 , 5 5  = 0.68, p = 0.5093).

01 Stage 3

Average mass estimates based on post-crania range fi-om 90-117 kg (fig.6.10; 

Appendix 4.3a) for R. tarandus fi-om 01 Stage 3. Once again there is a significant 

variation in estimate averages across the sites (ANOVA: p 4 ,2 7 i = 3.94, p = 0.0040**), 

but post-hoc comparison o f means reveals no significantly different mass groupings 

(fig.6.10). A number o f the Stage 3 post-cranial samples produce mass estimates that 

are lower than those recorded in Stage 4. Examination o f the size o f astragalus 

specimens shows that material from Stage 4 falls only in the upper end o f the Stage 3 

distribution (fig.6.11). Reindeer were more variable in Stage 3 due to the presence o f 

individuals o f smaller body size.

Unlike the situation observed in Stage 4 R. tarandus mass estimates produced 

fi-om teeth are generally higher than for bones, with averages fi-om 100-130 kg 

(fig.6.10; Appendix 4.3b), which may indicate that a change in bone-tooth proportions 

has taken place between the two periods (Chapter 7). No significant variation among 

the sites with sufficient tooth sample sizes can be determined for these estimates 

(ANOVA: F3 J 2 1  = 0.53, p = 0.6636).
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astragali from Lateglacial sites (filled symbols). The single specimen from Chelm’s Coombe (■ ) is very 

large, while the Uxbridge astragali (♦ )  overlap only with the Stage 3 distribution.

Lateglacial-Holocene

R. tarandus specimens from both Gough’s Cave and Chelm’s Coombe have 

been radiocarbon dated to the Lateglacial Stadial from 10,600-10,190 B.P. (Currant 

1991). The two mandibles from Gough’s Cave produce an average mass estimate of 

120 kg. R. tarandus is the most numerous large mammal species recorded from 

Chelm’s Coombe. The average mass estimates of 124 kg (n = 35; 95% Cl = 7.06) from 

post-crania and 120 kg (n = 19; 95% Cl = 12.0) from teeth indicate an animal of 

relatively large body size. The large size of these reindeer is confirmed by an astragalus 

specimen, which falls at the top o f the British Pleistocene distribution for this element 

(% .6.1l).

R. tarandus post-crania from the Lateglacial levels at Uxbridge (10,300-10,000

B.P.), produce an average body mass estimate of 95 kg (n = 9, 95% Cl = 9.65). These 

animals appear to be significantly smaller than those recorded from the earlier 

Lateglacial Stadial site o f Chelm’s Coombe (section 6.8.2). Small body size in the 

Uxbridge reindeer is confirmed by study of astragali, which fall at the bottom of the 

size distribution with the small specimens otherwise found only in Stage 3 (fig.6.11).

The average mass estimate from Uxbridge R. tarandus teeth o f 130 kg (n = 3) is much 

higher than the post-cranial average.
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6.3 Other Artiodactyla

As has previously been discussed H. amphihius occurs in OI Stage 5e, where it 

represents an important stratigraphie marker. S. scrofa is also recorded from the Late 

Pleistocene, where it is restricted to interglacial conditions. Sample sizes o f this species 

are very low in Stage 5, but more mass estimates are possible from the early part o f the 

Holocene.

6.3.1 Hippopotamus amphibius

Mass estimates from the post-crania o f this species have been produced by size 

comparison with modem specimens. The average mass estimates produced using this 

method range from 1910-2250 kg (Appendix 4.3a) and there is no significant difference 

in mass results among the sites (ANOVA: F4 , 4 0 3  ^  2.18, p = 0.0703). The British 

Pleistocene astragali are larger than those from modern H. amphibius (fig.6.12), 

although this distinction is not always observed to the same extent in long bones.

Mass estimates from tooth elements used non-selenodont scaling equations. The 

dental average mass estimate from Joint Mitnor Cave of 2190 kg (n = 19; 95% Cl =

193) corresponds very closely to the figure based on post-crania (2250 kg). The 

Barrington teeth produce a significantly higher average mass estimate of 2860 kg (n = 

52; 95% Cl = 216) (t-test: t = 4.54, d f=  59, p < 0.0001*). A relatively large variation in 

mass estimates occurs for this species according to tooth position (section 3.3.5). The 

mass difference between the two sites could relate to the different proportions o f tooth 

elements in the samples.
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Fig.6.12: H. amphihius astragali from British Stage 5e sites compared with modern African material. No 

differences in dimensions are apparent between the Stage 5e samples.
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6.3.2 Sus scrofa

01 Stage 5e

The only S. scrofa material from the studied Stage 5e sites is a small sample o f 

teeth (n = 5) from Joint Mitnor Cave. These estimate an average body mass o f 110 kg.

Lateglacial-Holocene

The species does not reappear in Britain after the last glacial maximum until the 

early Holocene. Like C  capreolus and A. alces, rarely recorded in the Pleistocene but 

common at Star Carr, a large sample o f S. scrofa post-crania is present at this site. An 

average mass estimate o f 110 kg (n = 23; 95% Cl = 21.4) has been produced from these 

specimens. Wild boar o f the same body size are recorded at Thatcham (t-test; t = 0.96, 

d f = 28, p = 0.3466); an average mass o f 100 kg (n = 51; 95% Cl = 7.61) is indicated by 

the post-cranial sample. A large sample o f teeth is also available in this case, and 

provides an average mass o f 90 kg (n = 28; 95% Cl = 14.9) for the species.

6.4 Equidae

The only equid species that occurs in the British Late Pleistocene is E. ferus. A  

characteristic feature o f Stage 5 faunas is the absence o f this species, which is almost 

ever-present during the Middle and Late Pleistocene. E. ferus  has also not been 

recorded from any o f the Stage 4 bison-reindeer faunas. The first record o f E. ferus in 

Britain following the small animals encountered in Stage 6  therefore occurs in Stage 3. 

Horses are commonly recorded during the Lateglacial, but appear to have become 

extinct in Britain soon after the transition to the Holocene, and are not recorded at Star 

Carr or Thatcham.

01 Stage 3

Post-cranial bones o f E ferus  from Stage 3 produce average body mass 

estimates o f 390-440 kg (Appendix 4.3a). A significant variation occurs among the 

mass averages (ANOVA: F3 3 1 5  = 3.64, p = 0.0131*), but post-hoc comparison of 

means is unable to reveal any significantly different mass groupings (fig.6.13). The 

mass estimates suggest that Stage 3 horses were smaller than those recorded from 

Middle Pleistocene temperate periods (550-600 kg; Appendix 4.2a), but not as small as 

the Stage 6  animals (335-390 kg; Appendix 4.2a). E. ferus  astragalus and phalanx 2 

specimens from Stage 3 fall at the smaller end o f the late Middle Pleistocene 

interglacial distribution rather than with the small horses from Stage 6  (fig.6.14+15).
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Comparison of occlusal lengths o f E. ferus teeth with other Pleistocene samples shows 

that Stage 3 teeth were similar in size to the Stage 6 specimens (fig.6.16).
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Fig.6.13; Average body mass estimates produced from Stage 3 E. ferus post-crania (Appendix 4.3a). 

Points represent the sample mean; the 95% confidence interval and sample size associated with each 

mean is also displayed. Arrowed bars under the x-axis indicate homogeneous mass groupings as 

determined by post-hoc comparison o f means.

Lateglacial-Holocene

A small form of E. ferus, similar to Stage 6 and 3 animals is indicated by the 

Gough’s Cave material. An average body mass estimate o f 415 kg (n = 76; 95% Cl = 

14.6) is produced from post-cranial bones. Astragalus specimens group more closely 

with the Stage 6 sample, rather than the slightly larger material from Stage 3 sites 

(fig.6.14). Phalanx 2 samples from Stage 6 and Gough’s Cave are o f similar width, but 

the Stage 6 specimens are distinctly shorter (fig.6.15). Occlusal lengths o f teeth 

correspond closely with the Stage 6 and 3 samples (fig.6.16).

Post-eranial material of E. ferus from Chelm’s Coombe estimates an average 

body mass o f 415 kg (n = 8; 95% Cl = 44.5), which is the same as the Gough’s Cave 

figure. Upper teeth from a single tooth row however indicate that a size reduction in 

tooth elements may have occurred in the Lateglacial Stadial relative to other Devensian 

samples (fig.6.16).
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6.5 Rhinocerotidae

Both S. hemitoechus and C  antiquitatis are recorded from the British Late 

Pleistocene, but never in sympatry. S. hemitoechus occurs in both Stage 5e and Stage 

5c-a deposits, where it makes its final appearance in the British Pleistocene record. C  

antiquitatis was a common element o f the hyaena den faunas assigned to Stage 3, but 

did not return to the British Isles after the last glacial maximum.

6.5.1 Stephanorhinus hemitoechus

01 Stage 5e

Average mass estimates produced from S. hemitoechus post-crania at Stage 5e 

sites range from 1415-1785 kg (Appendix 4.3a), which represents animals o f medium 

size in the context o f the Pleistocene mass variation recorded in this species. No 

significant variation in mass averages occurs among the sites (ANOVA: F3 J 6 6  = 1.57, p 

= 0.1985). Higher mass estimates are produced from dental remains, with site averages 

covering the range 1880-1980 kg (Appendix 4.3b). No significant variation is present 

across the Stage 5e sites in this case (ANOVA: ^ 2,15 = 0.27, p = 0.7676).

01 Stage 5c-a

Large S. hemitoechus individuals are recorded from the Stage 5c-a deposits in 

the Gower caves. An average mass estimate o f 1900 kg (n = 7; 95% Cl = 197) is 

produced from S. hemitoechus bones from levels above the Stage 5e raised beach at 

Bacon Hole. S. hemitoechus remains also occur in a similar depositional situation in 

Minchin Hole, where the average mass estimate from post-crania is 1935 kg (n = 41; 

955 Cl = 154). There is no significant difference in the body mass estimates produced 

from these two Gower cave samples (t-test: t = 0.17, d f = 46, p = 0.8660).

Other possible Stage 5c-a samples also record a large size in S. hemitoechus 

post-crania. A small bone sample from Brentford estimates an average body mass of 

1825 kg. The average mass estimate o f 1815 kg (n = 37; 95% Cl = 144) produced from 

Hoe Grange post-crania is not significantly different from the Gower Cave estimates (t- 

test: t = 1.11, d f = 83, p = 0.2718). The mass estimate is however significantly higher 

than those produced from Stage 5e sites (t-test: t = 2.53, df = 218, p = 0.0122*). Mass 

estimates from Stage 5c-a teeth are similar to the post-cranial results, with site averages 

ranging from 1832-2140 kg (Appendix 4.3b).
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6.5.2 Coelodonia antiquitatis

In the British Late Pleistocene this species is recorded only from faunas 

assigned to Stage 3. Post-crania produce average mass estimates that range from 1810- 

2435 kg (Appendix 4.3a). Significant variation in average masses occurs among the 

sites (ANOVA: F5 . 2 8 7  = 4.99, p = 0.0002***), but post-hoc comparison of means 

produces two largely overlapping site groupings (fig.6.17). Mass estimates based on 

woolly rhino teeth from Stage 3 sites are lower than the post-cranial figures (1655-1882 

kg; fig.6.17, Appendix 4.3b), and no significant mass variation among the sites is 

apparent (ANOVA: p 2 ,9 i = 0.7210, p = 0.4890).
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6.6 Carnivora

Carnivore species are well recorded in the Late Pleistocene. This is due to the 

fact that a high proportion o f the studied faunas accumulated in caves, which were 

often occupied by carnivores, especially hyaenas. Despite the increased number o f 

carnivore specimens the diversity o f large carnivore species is lower than in the Middle 

Pleistocene. The usual community contains four species, with one representative from 

each o f the major families: C. lupus, U. arctos, C. crocuta and P. leo. Diversity is 

further reduced in the cold climates o f 01 Stage 4, where lions appear to have been 

absent, and after the last glacial maximum. P. leo and C. crocuta both failed to return to 

the British Isles following the retreat o f the ice sheets. The Lateglacial and early 

Holocene sites included in this study contain little evidence o f carnivores, although L. 

lynx appears to have become an important species for the first time during this period.

6.6.1 Canis lupus

01 Stage 5e

The main indication o f C. lupus body size during Stage 5e comes from the Joint 

Mitnor Cave fauna. A large number o f post-cranial remains estimate an average mass 

o f 33 kg (n = 120; 95% Cl = 0.87), higher than any body mass estimates from the 

Middle Pleistocene (sections 4.6.1 + 5.6.1). Wolf teeth from this site estimate a lower 

average body mass o f 25 kg (n = 5; 95% Cl = 1.51). The tooth specimens are 

indistinguishable in terms o f their dimensions from the Stage 7 and 6 samples 

(fig.6.18). It appears that body size increase has occurred in the post-cranial skeleton, 

which is not reflected in teeth (Chapter 7). A single C. lupus mi from Barrington 

estimates a body mass o f 26 kg. This specimen falls in the middle o f the Late 

Pleistocene size distribution and once again is similar in size to teeth from the end o f 

the late Middle Pleistocene (fig.6.18).

01 Stage 5c-a

Gaining an accurate picture o f the body size o f C. lupus in OI Stages 5c-a is 

hampered by the relatively small sample sizes o f material available. On examination o f 

the Bacon Hole sample, C. lupus bones from the post-5e horizons result in an average 

mass estimate o f 31 kg (n = 5; 95% Cl = 2.72). The same body size form is indicated 

by an average mass estimate o f 30 kg (n = 14; 95% Cl = 1.93), produced for Minchin 

Hole C. lupus. The body mass estimates from mi specimens at these two Gower Cave 

sites are 28 kg (n = 2) and 26 kg (n = 1) respectively. These specimens group with
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those from Stage 5e and the terminal phases o f the late Middle Pleistocene in Stages 7 

and 6 (fig.6.18).

The body size results for C. lupus specimens from the Tomewton Cave Hyaena 

Stratum are more complicated. The average mass estimate produced from post-crania is 

27 kg (n = 41; 95% Cl = 1.44). However, the average mass estimate from teeth o f 29 

kg (n = 9; 95% Cl = 2.03) is higher than the bone estimate. This feature has not been 

observed in other Stage 5 samples or the late Middle Pleistocene; in all cases where 

mass estimates can be compared between the two regions a lower mass estimate from 

teeth occurs. The increased size o f some C. lupus teeth from Tomewton Cave is 

confirmed by the position o f mi specimens on the British Pleistocene distribution for 

this element (fig.6.18). For the first time in the analysis, specimens fall in the upper 

region o f the distribution, although some material does group with the Stage 5e and 

Stage7/6 sample.

01 Stage 4

Wolves with heavily wom teeth make up an important component o f the 

restricted Stage 4 faunas. Mass estimates for C. lupus from Banwell Bone Cave average 

29 kg for both bones (n = 127; 95% Cl = 0.95) and teeth (n = 15; 95% Cl = 1.28). A 

group o f mi specimens from Banwell Bone Cave falls at the top o f the British 

Pleistocene size distribution and indicates a size increase in dental elements relative to 

Stage 5, 6 and 7 sites (fig.6.19). However, approximately half o f the specimens still 

retain a distinctly smaller size. Two explanations for this phenomenon can be proposed; 

that size increase occurs during the time period recorded at Banwell, or that the smaller 

specimens represent female individuals. The difference in length between the size 

divisions is approximately 2 mm, close to the degree o f sexual dimorphism reported in 

modem C  lupus (Van Valkenburgh 1990).
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c. lupus bones from Stump Cross Cave confirm the body size interpretation 

made from the Banwell Cave material, with an average mass estimate o f 30 kg (n = 8; 

95% Cl = 7.30). A single mi specimen estimates a mass of 31 kg, and follows the 

pattern o f increased tooth size in Stage 4 (fig.6.19). The average mass estimate based 

on Windy Knoll post-crania is also 30 kg (n =16; 95% Cl = 2.43). A single mi 

estimates a mass of 24 kg, and groups with the smaller tooth specimens from Banwell 

(fig.6.19). A wolf o f large body size occurs at Wretton. The average mass estimate 

from post-erania is 34 kg (n = 11 ; 95% Cl = 2.83) and probably represents a single 

large (male) individual. The associated mi specimen estimates a mass o f 31 kg and 

groups with other teeth o f large size from Stage 4 (fig.6.19). Significant variation does 

take place among the Stage 4 sites in C. lupus mass estimates based on post-crania 

(ANOVA: p 3 ,i5 8  = 3.03, p = 0.0312*), but no significantly different site grouping are 

indicated by post-hoc comparison of means (fig.6.20).
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Fig.6.20: Average body mass estimates produced from Stage 4 C. lupus post-crania (Appendix 4.3a). 
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mean is also displayed. Arrowed bars under the x-axis indicate homogeneous mass groupings as 

determined by post-hoc comparison o f means.

01 Stage 3

Teeth of C. lupus from Stage 3 sites are o f large size and follow the same 

pattern of two size groupings observed in Stage 4 (fig.6.19). This is especially clear for 

the Kent’s Cavern sample, and supports the hypothesis that the size division is 

produced by a similar degree of sexual dimorphism in Stages 3 and 4. Post-cranial
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remains o f C. lupus from Stage 3 sites are limited, but suggest the occurrence o f a large 

body size form. All o f the samples produce average body mass estimates o f 35 kg 

(Appendix 4.3a).

Lateglacial-Holocene

Limited samples o f C. lupus material are available from this time period. A low 

average body mass o f 25 kg (n = 3), in the context o f Late Pleistocene C. lupus, is 

estimated from Gough’s Cave post-crania. A single mi is also small in size, producing 

a mass estimate o f 22 kg. The small size o f this tooth specimen is confirmed on a plot 

o f the British Pleistocene size distribution for this element, falling below all other last 

cold stage specimens (fig.6.19). Early Holocene C. lupus post-crania occur in the Star 

Carr sample. An average mass estimate o f 28 kg (n = 9; 95% Cl = 4.74) results from 

measurements o f these specimens. The species is also recorded from Thatcham where 

two m] specimens estimate a relatively low body mass o f 26 kg, and are smaller than 

the majority o f last cold stage teeth (fig.6.19).

6.6.2 Ursus arctos

01 Stage 5e

Remains o f U. arctos occur at only two o f the studied Stage 5e sites, but 

produce different body size information. The average mass estimate from Barrington U. 

arctos bones is 325 kg (n = 17; 95% Cl = 48.6), but a significantly higher average mass 

o f 420 kg (n = 27; 95% Cl = 49.6) is indicated for this species from the Joint Mitnor 

Cave sample (t-test: t = 2.46, d f = 42, p = 0.0183*). However, both o f these U. arctos 

assemblages indicate the presence o f individuals larger than those recorded from late 

Middle Pleistocene interglacials (265-285 kg; Appendix 4.2a). The difference in mass 

estimates between the two sites could be accounted for by a variation in the sex ratio o f 

the samples.

01 Stage 5c-a

U. arctos specimens are present in the post-5e deposits at Minchin Hole and 

record an average mass o f 425 kg (n = 24; 95% Cl = 55.8). A significantly lower 

average mass estimate o f 290 kg (n = 18; 95% Cl = 23.4) is produced from the Hoe 

Grange sample (t-test: t = 4.46, df = 31, p < 0.0001*** ). It is unclear whether this 

result indicates that the Hoe Grange material does not represent the same time period as 

Minchin Hole, or if apparent size variation within a climatic division due to sex ratio
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dififerences is taking place, as proposed for the Barrington and Joint Mitnor Cave 

samples. The second interpretation is favoured due to the large difference in the 

variability o f the two samples.

01 Stage 4

A characteristic o f the Stage 4 bison-reindeer faunas is the presence o f a very 

large form o f U. arctos (Currant & Jacobi 1997). This situation reaches its most 

extreme extent at Banwell Bone Cave, where an average body mass o f 510 kg (n = 186; 

95% Cl = 27.6) is estimated for this large bear form. Mass estimates from some o f the 

specimens approach 1000 kg, but estimates cover a very large range and imply the 

occurrence o f unusually high sexual dimorphism in this animal. A single humerus 

specimen from Wretton is also large in size and produces a mass estimate o f 440 kg.

The substantial sample o f U. arctos from Windy Knoll argues against the presence o f 

the large bear form at this site. The average mass estimate o f 330 kg (n = 204; 95% Cl 

= 10.62) is significantly lower than the result from Banwell Bone cave (t-test: t = 10.75, 

d f = 328, p < 0.0001***). However, this low average may be the result o f a female bias 

in the sample. The variation displayed in the mass estimates from Windy Knoll is much 

smaller than at Banwell Bone Cave, which could relate to the presence o f only the 

smaller sex.

01 Stage 3

Ursid material from Kent’s Cavern was not studied due to problems o f 

separating U. arctos from the early Middle Pleistocene U. deningeri (section 3.1.6).

The average mass estimates produced from other Stage 3 sites range from 340-375 kg 

(Appendix 4.3a), with no significant variation identified among the samples (ANOVA: 

p 3 ,i2 2  = 0.81, p = 0.4910). These represent smaller body size populations than the one 

recorded from the Stage 4 site o f Banwell Bone Cave (section 6.8.1).

Lateglacial-Holocene

A small sample o f U. arctos post-crania from Gough’s Cave is the only material 

studied that relates to this period. An average body mass estimate o f 430 kg (n = 6;

95% Cl = 62.7) suggests a large body size.
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6.6.3 Crocuta crocuta

01 Stage 5e

C. crocuta is very well recorded at Stage 5e sites and the animals appear to be 

very similar to the limited samples o f this species from the Middle Pleistocene.

Average mass estimates based on post-crania cover a very small range from 65-71 kg 

(Appendix 4.3a). However this does represent a marginally statistically significant 

variation among sites (ANOVA: p 2 , 7 3  = 3.24, p = 0.0448*). As would be expected post- 

hoc comparison o f means is unable to identify any significantly different site groupings 

on the basis o f the mass estimates produced in this case (fig.6.21).

The average mass estimates from C. crocuta teeth are all higher than for post

crania (79-84 kg; Appendix 4.3b). Again, despite the fact that the mass estimates cover 

a very small range a statistically significant variation among the sites can be identified 

(ANOVA: p 2 , 6 4  = 4.56, p = 0.0141*). Mass differences like this that are only in the 

order o f a few kilograms are unlikely to be biologically significant, and cannot be used 

to suggest differences in the timing o f deposition in the Stage 5e samples (fig.6.21).

01 Stage 5c-a

An average mass estimate o f 70 kg (n = 25; 95% Cl = 1.98) from the Minchin 

Hole post-cranial sample suggests that there is no size difference between Stage 5e and 

Stage 5c-a hyaenas (section 5.8.1). The body size o f C. crocuta individuals can 

therefore not be used to differentiate these temperate periods. The possible Stage 5c-a 

sample from Hoe Grange produces an average mass estimate o f 67 kg (n = 45; 95% Cl 

= 1.20) from post-crania. C  crocuta specimens from the Tomewton Cave Hyaena 

Stratum, the deposition o f which probably continued into Stages 5c-a, produce average 

mass estimates o f 69 kg (n = 39; 95% Cl = 1.29) from bones and 80 kg (n = 56; 95% Cl 

= 0.75) using teeth. As in Stage 5e, dental specimens appear to be more greatly 

enlarged relative to modem individuals than post-crania.

01 Stage 3

Mass estimates for Stage 3 C. crocuta fall in the same range as those from Stage 

5 (section 6.8.1). The mass estimates based on dental remains (79-82 kg: Appendix 

4.3b) are once again higher than those produced from comparison o f post-crania with 

modem specimens (65-71 kg; Appendix 4.3a). No significant variation occurs among 

Stage 3 sites in the dental mass estimates (ANOVA: F 3 , 4 2  = 1.86, p = 0.1512).

Significant variation does occur in the averages based on post-crania (ANOVA: F 3 ,g7  =
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5.51, p = 0.0016**), but once again the difference in mass estimates between sites is 

small and no significantly different site groupings can be identified (fig.6.22).
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Fig.6.21: Average body mass estimates produced from Stage 5e C. crocuta post-crania (•) and teeth (O )  

(Appendix 4.3a+b) (JMC = Joint Mitnor Cave). Points represent the sample mean; the 95% confidence 

interval and sample size associated with each mean are also shown. Arrowed bars under the x-axis 

indicate homogeneous mass groupings as determined by post-hoc comparison o f means.
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Fig.6.22: Average body mass estimates produced from Stage 3 C. crocuta post-crania (•) and teeth (O) 

(Appendix 4.3a+b). Points represent the sample mean; the 95% confidence interval and sample size 

associated with each mean are also shown. Arrowed bars under the x-axis indicate homogeneous mass 

groupings as determined by post-hoc comparison o f means.
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6.6.4 Panthera leo

01 Stage 5e

Lions from Stage 5e are reduced in size compared to those recorded from the 

British Middle Pleistocene (225-300 kg; Appendix 4.2a). Mass estimates based on post

crania range from 185-205 kg (Appendix 4.3a). No significant mass variation is 

apparent among Stage 5e sites (ANOVA; Fî gi = 0.52, p = 0.5972). Teeth estimate 

average masses o f 225 kg (Joint Mitnor Cave: n = 4) and 160 kg (Barrington: n =1). 

Plots o f tooth dimensions illustrate their small size relative to the early Middle 

Pleistocene and Stage 7 samples (fig.6.23). Two size groupings can once again be 

identified in the Late Pleistocene m% material, which are interpreted as evidence of 

sexual dimorphism. The larger male division from the Late Pleistocene falls between 

the sex groupings from Stage 7 (fig.6.23).

01 Stage 5c-a

P. leo specimens from possible 01 Stage 5c-a contexts indicate the presence o f 

small lions like those recorded in 01 Stage 5e (section 6.8.1). Hoe Grange provides the 

major P. leo post-cranial sample, which produces an average body mass estimate of 

190 kg (n = 13; 95% Cl = 36.3). Lion teeth occur in the Tomewton Cave Jjyaena 

Stratum and estimate an average body mass o f 185 kg (n = 6; 95% Cl = 32.1). These 

specimens follow the same size distribution as those from 01 Stage 5e (fig.6.23).

01 Stage 3

P. leo teeth from Stage 3 sites produce average mass estimates o f 143-255 kg 

(Appendix 4.3b) and group with Stage 5 specimens in terms o f size (fig.6.23).

However, post-cranial material provides evidence o f significantly larger animals in this 

period (section 6.8.1). A size increase may therefore have occurred in post-crania that 

is not recorded in teeth (Chapter 7). The average body mass estimate produced from 

Kent’s Cavern post-crania is 250 kg (n = 6; 95% Cl = 35.7). A significantly higher 

average mass estimate o f 295 kg (n = 69; 95% Cl = 11.8) is indicated by the Sandford 

Hill post-cranial sample (t-test: t = 2.14, df = 73, p = 0.0357*). The mass estimate from 

a single mi is also high (255 kg), and this sample appears to represent the remains o f a 

single large male individual.
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Fig.6.23: P. leo m, specimens from Late Pleistocene sites compared with Middle Pleistocene samples. 

Teeth from Stage 5 contexts (filled symbols) and Stage 3 (open symbols) group together at the bottom of  

the size distribution. Two distinct size groups can be recognised and are indicated on the graph. These 

are interpreted to represent sexual dimorphism.

6.6.5 Lynx lynx

The only material of L. lynx from the sites included in this study occurs in the 

Gough’s Cave sample. Using dental specimens a mass estimate o f 30 kg is assigned to 

the species.

6.7 Body Mass Variation Within Isotope Stages

6.7.1 OI Stage 5e

The body mass estimates produced for Stage 5e species have been compared 

across the sites using ANOVA to determine if any significant variation occurs (table 

6.1). O f all the stratigraphie site groupings examined so far, Stage 5e shows the least 

internal variation. Mass estimates produced from P. leo post-crania, S. hemitoechus 

post-crania and teeth, H. amphibius post-crania, D. dama post-crania and B. priscus 

post-crania do not vary among the Stage 5e sites. The body mass variation across sites 

for C. crocuta is only in the order of 2-3 kg, and post-hoc analysis o f the C. elaphus 

post-cranial results reveals no significantly different mass groupings (section 6.2.1).

Body mass evidence therefore supports the theory that all Late Pleistocene sites 

containing hippo represent a restricted time period. The only important body size 

difference identified among the sites is the small size o f B. primigenius at Trafalgar 

Square (section 6.1.1). If B. primigenius of smaller body size occurred in Stages 5c-a,
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then this reduced average could be explained by a continuation o f deposition into this 

period. Combination o f the mass information from all o f the sites (Appendix 5.5) was 

carried out to allow easier comparison with other OI Stages.

Table 6.1: Results o f ANOVA comparing the average species body masses estimated from Stage 5e sites 

(Appendix 4.3a+b). The column Homogeneity of Variance refers to testing of the assumptions of the 

ANOVA. A significant result (!) indicates unequal variances in the samples, but violation of this 

assumption is not too serious (Lindman 1974). * = significant variation between means at 5% level, ** = 

significant at 1% level, *** = significant at 0.1% level.

Test
Stage 5e sites

Homogeneity of 
Variance

df F P

C. crocuta F = 1.5928 2,73 3.2419 0.0448
Bones p = 0.2104 *
C. crocuta F -  2.2693 2,64 4.5561 0.0141
Teeth p -  0.1116 *
P. leo F = 2.8102 2,81 0.5187 0.5972
Bones p = 0.0661
S. hemitoechus F = 1.2780 3,166 1.5704 0.1985
Bones p = 0.2837
S. hemitoechus F = 4.1277 2,75 0.2658 0.7676
Teeth p = 0.0199(1)
H. amphibius F = 2.8965 4,403 2.1824 0.0703
Bones p = 0.0219(1)
D. dama F = 3.2268 2,104 1.4527 0.2386
Bones p = 0.0440(1)
C. elaphus F = 0.5626 4,73 2.7240 0.0358
Bones p = 0.6905 *
B. primigenius F = 1.0544 2,175 11.1148 <0.0001
Bones p = 0.3506 ***
B. priscus F = 1.9629 6,519 1.7655 0.1042
Bones p = 0.0692

6.7.2 OI Stage 5c-a

If  the mammalian material from above the OI Stage 5e raised beaches in Bacon 

Hole and Minchin Hole can be considered to represent 01 Stages 5c-a, does the body 

size evidence from Brentford, Hoe Grange and the Tomewton Cave Hyaena Stratum 

indicate that they also represent this time period? A large form o f B. priscus is recorded 

at Bacon Hole (section 6.1.2). Post-cranial evidence indicates that this body size form 

is also represented at Brentford. But the results from Hoe Grange are inconclusive as 

the B. priscus mass estimates produced are statistically indistinguishable from both the 

Bacon Hole and Stage 5e samples.
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A large form o f S. hemitoechus is also recorded from both o f the Gower Cave 

sites (section 6.5.1). Post-cranial material from Brentford and Hoe Grange appears to 

represent this body size type, rather than the smaller animals represented at 01 Stage 5e 

sites. B. phmigenius does not occur in the Bacon Hole or Minchin Hole Stage 5c-a 

assemblages, but a distinctive small body size form has been recognised at Hoe Grange 

and Brentford (section 6.1.1). The difference identified between these sites and Stage 

5e in this species supports their deposition in a separate time period, which may 

represent Stage 5c-a.

Species such as C. crocuta, P. leo and D. dama do not appear to have 

undergone any size variation between Stage 5e and Stage 5c-a (section 6.8.1), and 

therefore cannot provide any information on the possible division o f Stage 5 sites.

Body mass evidence from B. primigenius, B. priscus and S. hemitoechus however 

suggests that the Hoe Grange and Brentford assemblages are more closely related to the 

Stage 5c-a material from Bacon Hole and Minchin Hole than Stage 5e sites. Body mass 

evidence from these sites was therefore combined together for further analysis 

(Appendix 5.6).

Specimens from the Tomewton Cave Hyaena stratum are dominated by 

carnivores. These species provide little assistance in differentiating Stage 5e and Stage 

5c-a material due to a lack o f size variation, or high sexual dimorphism that masks any 

possible size differences. But evidence from C. elaphus (section 6.2.1) and C  lupus 

(section 6.6.1) teeth does indicate the presence o f some material with size 

characteristics different from those recorded in Stage 5e. These results, combined with 

other evidence such as the high levels o f M. oeconomus in the Hyaena Stratum (section 

2.8), has led to material from the Tomewton Cave Hyaena Stratum also being included 

in the Stage 5c-a sample (Appendix 5.6).

6.7.3 O I Stage 4

Does the body mass evidence produced during this study support the grouping 

o f the bison-reindeer faunas? Significant mass variation among sites has been identified 

in all four species present at Stage 4 sites (table 6.2). Does this mean that mass results 

from the sites should not be grouped together? Evidence from carnivores is not 

sufficient to split the sites. No significantly different site groupings can be identified by 

post-hoc comparison o f means for C. lupus. The average mass estimates produced for 

U. arctos from Banwell Bone Cave and Windy Knoll are clearly different (section

6.6.2). However, the major difference in variance between the samples, as indicated by
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serious violation o f the assumption o f homogeneity o f variances (table 6.2), supports 

the view that this discrepancy in mass is a result o f differential representation o f the 

sexes at the two sites.

Post-hoc analysis o f the B. priscus data distinguishes Banwell Bone Cave and 

Windy Knoll from the other sites due to the presence o f a larger bison form (section

6.1.2). B. priscus from Banwell Bone Cave and Windy Knoll are however smaller than 

in other Late Pleistocene samples (section 6.8.1) so cannot be linked to another 

stratigraphie grouping. The variation recorded in mass estimates based on R. tarandus 

post-crania is due to a larger body size form at Wretton (section 6.2.6). However, 

reindeer from other pre-glacial maximum contexts were smaller than the Stage 4 

animals (section 6.8.1).

The characteristic species-poor composition o f these assemblages supports their 

grouping in a Late Pleistocene cold stage. Body mass evidence is consistent with their 

falling within the same cold episode, but spanning a relatively long time-period, 

recording internal climatic variation. Perhaps the larger bison at Banwell and Windy 

Knoll and reindeer from Wretton can be explained by deposition in different 

interstadials. Body mass data from all o f the sites was combined to produce a Stage 4 

sample for comparison with other divisions o f the Pleistocene (Appendix 5.7).

Table 6.2: Results o f ANOVA comparing the average species body masses estimated from Stage 4 sites 

(Appendix 4.3a+b). The column Homogeneity of Variance refers to testing of the assumptions of the 

ANOVA. A significant result (!) indicates unequal variances in the samples, but violation of this 

assumption is not too serious (Lindman 1974). * = significant variation between means at 5%level, **  ̂

significant at 1% level, *** = significant at 0.1%level.

Test
Stage 4 sites

Homogeneity o f 
Variance

df F P

C. lupus F = 0.5254 3,158 3.0272 0.0312
Bones p = 0.6655 *
U. arctos F = 18.6889 2,393 60.3226 <0.0001
Bones p <  0.0001(1) ***
R. tarandus F = 1.4669 3,207 5.3360 0.0015
Bones p = 0.2246 **
R. tarandus F = 0.0734 2,55 0.6830 0.5093
Teeth p = 0.9294
B. priscus F = 2.6577 4,1059 16.5204 <0.0001
Bones p = 0.0316(1) ***
B. priscus F -  0.8547 3,124 13.7996 <0.0001
Teeth p - 0.4666 ***
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6.7.4 O I Stage 3

Body mass data supports the grouping o f these sites. Mass estimates made from

B. priscus and U. arctos post-crania and C. crocuta, C. antiquitatis and R. tarandus 

teeth display no significant variation among sites (table 6.3). Although significant mass 

variation occurs in some cases, either no significantly different mass groupings were 

identified in post-hoc analysis e.g. R. tarandus post-crania (section 6.2.6) or two largely 

overlapping site groups were indicated e.g. C. antiquitatis post-crania (section 6.5.2). 

Mass information from all o f the sites was therefore combined for comparison vsdth 

other stages o f the British Pleistocene (Appendix 5.8).

Table 6.3: Results o f ANOVA comparing the average species body masses estimated from Stage 3 sites 

(Appendix 4.3a+b). The column Homogeneity of Variance refers to testing of the assumptions of the 

ANOVA. A significant result (!) indicates unequal variances in the samples, but violation of this 

assumption is not too serious (Lindman 1974). * = significant variation between means at 5%level, =

significant at 1% level, *** = significant at 0.1%level.

Test
Stage 3 sites

Homogeneity o f 
Variance

df F P

U. arctos F = 4.7092 3,122 0.8110 0.4901
Bones p = 0.0038(1)
C. crocuta F = 7.9046 3,87 5.5090 0.0016
Bones p = 0.0001(1) **
C. crocuta F = 1.4367 3,42 1.8591 0.1512
Teeth p = 0.2456
E. ferus F = 1.1055 3,315 3.6432 0.0131
Bones p = 0.3471 *
C  antiquitatis F = 1.2985 5,278 4.9857 0.0002
Bones p = 0.2647 ***
C. antiquitatis F =1.1803 2,91 0.7210 0.4890
Teeth p = 0.3118
R. tarandus F = 0.6058 4,271 3.9446 0.0040
Bones p = 0.6588 **
R. tarandus F = 1.2375 3,121 0.5284 0.6636
Teeth p = 0.2992
B. priscus F = 15.3248 3,133 0.9959 0.3970
Bones p = 0.0000(1)
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6.7.5 Lateglacial-Holocene

The only division o f the Lateglacial-Holocene transition that is represented by 

more than one site in this study is the early Holocene. T-tests comparing mass estimates 

from Star Carr and Thatcham indicate no significant difference between the samples in 

all cases for mass estimates produced from post-crania (table 6.4). However, significant 

differences were found in the two cases where comparisons between mass estimates 

based on teeth could be made. For both C. elaphus and C. capreolus, Thatcham teeth 

estimated significantly lower masses than Star Carr (table 6.4). Post-cranial mass data 

from the two sites was therefore combined for use in the analysis o f Pleistocene- 

Holocene size change (Appendix 5.9), while tooth estimates were kept separate.

Radiocarbon dating evidence suggests that the R. tarandus sample from 

Gough’s Cave represents a separate phase o f deposition in the Lateglacial Stadial, as 

opposed to the main Lateglacial Interstadial fauna (Currant 1991). No significant 

difference occurs in the body mass estimates made from R. tarandus teeth at Chelm’s 

Coombe and Gough’s Cave (t-test: t = 0.6913, df = 24, p = 0.4960), so they were 

grouped to form a Lateglacial Stadial sample.

Table 6.4: Results o f two-sided t-tests comparing the average species body masses estimated from the 

Starr Carr and Thatcham samples (Appendix 4.3a+b). The column Homogeneity of Variance refers to 

testing of the assumptions of the t-test. A significant result (!) indicates unequal variances in the two 

samples and a t-test with separate variance estimates is carried out. * = significant difference between 

means at 5%level, ** = significant at 1% level, *** = significant at 0.1%level.

Test
Star Carr v Thatcham

Homogeneity o f 
Variance

t df P

S. scrofa F = 3.5752 0.9574 27.71 0.3466
Bones p = 0.0002(!)
C. elaphus F = 1.0258 1.2174 327 0.2243
Bones p = 0.9145
C. elaphus F = 1.4474 3.6965 114 0.0003
Teeth p = 0.2362 ***
A. alces F = 2.7325 0.2064 93 0.8370
Bones p = 0.0677
C. capreolus F = 1.0070 0.9057 103 0.3672
Bones p = 1.0000
C. capreolus F = 2.9965 5.5420 60.83 <0.0001
Teeth p = 0.0069(!) ***
B. primigenius F = 2.1293 -0.5886 56 0.5585
Bones p = 0.4058
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6.8 Body Mass Variation in the Late Pleistocene

The combined body mass groupings set up in section 6.7 will be used to test for 

size variation during the Late Pleistocene in the study species. Examination o f the main 

portion o f the Late Pleistocene including the two Stage 5 faunas (Stage 5e, Stage 5c-a) 

and Stages 4 and 3 will be carried out initially (section 6.8.1). The Lateglacial- 

Holocene transition has been analysed separately and in more detail, using a finer time 

scale below the level o f Isotope Stages and Sub-Stages (section 6.8.2). It is hoped that 

this will reveal the timing and pattern o f size change in species that persist across this 

important transition.

6.8.1 Stage 5e to the Last Glacial Maximum

Some species with wide environmental tolerances are recorded throughout this 

time period e.g. B. priscus. A group o f others occurred in both divisions o f the Stage 5 

as well as the high diversity cold stage communities thought to represent 01 Stage 3. 

Where more than two Late Pleistocene divisions need to be simultaneously compared 

in terms o f their body mass estimates, ANOVA (table 6.5) with post-hoc comparison of 

means (fig.6.24) has been carried out. Other species, e.g. D. dama and R. tarandus, are 

restricted to only two o f the faunas; in these cases t-tests are used to determine any 

difference between mean mass estimates (table 6.6).

Bovidae

Examination o f body mass estimates based on post-crania for B. priscus fi-om 

the Late Pleistocene reveals a large mass variation (table 6.5). Post-hoc comparison o f 

means shows that Stage 3 animals group with the large bison fi*om Stage 5c-a 

(fig.6.24a). Stage 5e and Stage 4 B. priscus each represent distinctly smaller 

populations. The explanation for this body size variation will be explored in Chapter 7. 

Comparison o f mass estimates fi*om dental specimens is not possible for the whole time 

period due to the probable presence o f B. primigenius in the bovid tooth samples from 

Stage 5. The Stage 4 and 3 tooth samples are presumed to contain only B. priscus and 

the mass estimates that they produce also record the significantly smaller size o f the 

Stage 4 animals (table 6.6; fig.6.24b).

Records o f B. primigenius fi"om the Late Pleistocene are restricted to Stage 5. 

Where B. priscus and B. primigenius co-exist at Stage 5e sites the body mass evidence 

indicates that Bos was larger than Bison. The opposite situation is recorded in possible 

Stage 5c-a contexts where B. priscus appears to have been the larger species, an
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unusual occurrence in the British Pleistocene. This situation was produced by size 

changes in both species between the two divisions o f Stage 5. As discussed above B. 

priscus underwent a significant increase in body mass between Stage 5e and Stage 5c-

a. B. primigenius on the other hand displays a significant reduction in average mass 

estimates from Hoe Grange and Brentford in comparison to the situation in Stage 5e 

(table 6.6, fig.6.24c).

Table 6.5: Results o f ANOVA comparing the average species body masses estimated from the divisions 

of the Late Pleistocene prior to the last glacial maximum (Appendix 5.5-5.8): Stage 5e, Stages 5c-a, 

Stage 4 and Stage 3. The column Homogeneity o f Variance refers to testing of the assumptions of the 

ANOVA. A significant result (!) indicates unequal variances in the samples, but violation of this 

assumption is not too serious (Lindman 1974). * = significant variation between means at 5% level, ** = 

significant at 1% level, *** = significant at 0.1% level.

Test Homogeneity o f 
Variance

df F P

C. lupus Bones F = 0.7726 3,355 14.6431 <0.0001
Stage 5e, 5c-a, 4, 3 p = 0.5099 ***
C. lupus Teeth F = 5.1958 2,33 5.9057 0.0064
Stage 5e, 4, 3 P = 0.0109(1) **

U. arctos Bones F = 14.0606 3,605 7.3804 0.0001
Stage 5e, 5c-a, 4, 3 p = 0.0001(1) ***

C. crocuta Bones F = 3.5231 2,517 5.3836 0.0049
Stage 5e, 5c-a, 3 p = 0.0302(1) **

C. crocuta Teeth F = 0.2704 2,173 1.6691 0.1914
Stage 5e, 5c-a, 3 p = 0.7634
P. leo Bones F = 0.0668 2,171 70.8968 <0.0001
Stage 5e, 5c-a, 3 p = 0.9354 ***

P. leo Teeth F = 0.7168 2,15 0.3545 0.7072
Stage 5e, 5c-a, 3 p = 0.5043
C. elaphus Bones F = 1.8621 2,145 52.9142 <0.0001
Stage 5e, 5c-a, 3 p = 0.1591 ***
C. elaphus Teeth F = 3.2322 2,85 60.3669 <0.0001
Stage 5e, 5c-a, 3 p = 0.0444(1) ***
B. priscus Bones F = 11.0288 3,1811 243.840 <0.0001
Stage 5e, 5c-a, 4, 3 p = 0.0001(1) ***
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Table 6.6: Results o f two-sided t-tests comparing the average species body masses estimated from Late 

Pleistocene sites (Appendix 5.5-5.8). The column Homogeneity of Variance refers to testing o f the 

assumptions o f the t-test. A significant result (!) indicates unequal variances in the two samples and a t- 

test with separate variance estimates is carried out. * = significant difference between means at 5% level, 

** = significant at 1% level, *** = significant at 0.1% level.

Test Homogeneity o f 
Variance

t df P

S. hemitoechus Bones 
Stage 5e v Stage 5c-a

F =1.0447 
p = 0.7957

-4.5408 269 <0.0001
***

S. hemitoechus Teeth 
Stage 5e v Stage 5c-a

F = 0.3668 
p = 0.0809

0.3668 103 0.7145

M  giganteus Bones 
Stage 5e v Stage 3

F = 1.2914 
p = 0.5459

-2.6736 45 0.0104
*

M  giganteus Teeth 
Stage 5e v Stage 3

F = 1.3791 
p = 0.3142

-3.6075 107 0.0005
***

D. dama Bones 
Stage 5e v Stage 5c-a

F = 1.2288 
p = 0.2930

-1.9839 209 0.8430

D. dama Teeth 
Stage 5e v Stage 5c-a

F = 4.7008 
p = 0.0005(1)

-1.9746 37.82 0.0556

R. tarandus Bones 
Stage 4 V Stage 3

F = 1.7399
p = 0.0012(1)

5.6099 290.78 <0.0001
***

R. tarandus Teeth 
Stage 4 V Stage 3

F = 1.6426 
p = 0.0384(1)

-1.5378 136.68 0.0942

B. primigenius Bones 
Stage 5e v Stage 5c-a

F = 1.4653 
p = 0.0233(1)

6.7217 294.32 <0.0001
***

B. priscus Teeth 
Stage 4 V Stage 3

F =  1.1019 
p = 0.7530

-5.9856 167 <0.0001
***

Cervidae

No cervid species is recorded fi*om all four o f the Late Pleistocene divisions 

under consideration. However, both C. elaphus and M  giganteus were present in Stage 

5 and occurred in Stage 3 faunas. C. elaphus bones and teeth both indicate significant 

mass variation between these time periods (table 6.5); each division was characterised 

by red deer o f different body size (fig.6.24d). The smallest animals occurred in Stage 

5c-a, and are best-recorded at Bacon Hole. Both post-crania and dental remains indicate 

that these animals were significantly smaller than those from Stage 5e. The Stage 3 red 

deer were o f very large body size and exceed both forms o f Stage 5 C. elaphus in terms 

o f body mass estimates. A significant mass change is recorded in both post-crania and 

teeth between Stage 5e and Stage 3 M. giganteus (table 6.6, fig.6.24e). As observed in 

C. elaphus, animals fi-om Stage 3 were larger than last interglacial giant deer.

Other cervid species are more restricted in their abilities to persist in different 

environments and are recorded fiom either Stage 5 or Stage 3 and 4 faunas. No 

significant difference in mass estimates is observed between D. dama fiom Stage 5e
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and possible Stage 5c-a contexts using either bone or tooth remains (table 6.6). These 

are the small fallow deer o f the Late Pleistocene that are thought to be equivalent to 

modem animals. Mass estimates from R. tarandus bones indicate a significantly lower 

body mass in Stage 3 than the average observed for this species at the bison-reindeer 

sites o f Stage 4 (table 6.6, fig.6.24f). Body mass estimates produced using dental 

remains do not vary significantly between these two stages (table 6.6, fig.6.24f).

Rhinocerotidae

S. hemitoechus from Stage 5c-a were significantly larger than those from Stage 

5e according to post-crania (table 6.6, fig.6.24g). No mass difference is indicated by 

tooth remains, but this is unsurprising considering the lack o f variation in these 

elements during the British Pleistocene record o f S. hemitoechus (section 5.8.1).

Carnivora

C. lupus appears to have maintained a presence in Britain through all o f the 

climatic changes from Stage 5e to the last glacial maximum. Mass estimates produced 

from post-cranial elements undergo significant variation during this time period (table 

6.5). The average mass estimates from each o f the samples are relatively similar, with 

two overlapping homogeneous mass groupings (fig.6.24h). However, there is some 

suggestion that the wolves from Stage 5e and Stage 3 were larger than the Stage 5c-a 

and Stage 4 animals. The mass estimates based on teeth also show significant variation 

(table 6.5), and in this case record an increase in C. lupus tooth dimensions between 

Stage 5e and the Stage 3 and 4 specimens (fig.6.24i). In the Tomewton Cave Hyaena 

Stratum there is some suggestion that the increase in C. lupus tooth sizes began during 

01 Stages 5c-a (section 6.6.1), but this material was not included in the analysis as its 

dating remains tentative.

U. arctos is another species present in all o f the Late Pleistocene time divisions 

under consideration, and once again significant variation has been identified in the 

mass estimates (table 6.5). When post-hoc comparison o f the mean body mass 

estimates produced from post-crania is carried out, little distinction among the samples 

is apparent, with two largely overlapping homogeneous mass groupings (fig.6.241). 

Body mass differences across periods o f the Late Pleistocene may be obscured due to 

variation in the sex ratio o f the assemblages. The compared samples certainly differ in 

their body mass variances (table 6.5). When the Windy Knoll mass estimates are
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removed from the Stage 4 sample the other Stage 4 bears are identified as significantly 

larger than the other Late Middle Pleistocene examples (fig.6.24m).

C. crocuta is recorded from Stage 5e, Stage 5c-a and Stage 3. Body mass 

estimates produced from C. crocuta m% specimens do not show significant variation 

during this time period (table 6.5; fig6.24j). Comparison o f the dimensions o f tooth 

specimens from Stage 5e and Stage 5c-a reveals no major differences (fig.6.25). 

However, some shape differences may have occurred in association with a change in 

the proportion o f predatory and scavenging behaviour between the last interglacial 

(Stage 5) and the Devensian (Stage 3). As suggested by the study o f Turner (1981), 

fourth premolar specimens from Stage 3 are significantly wider than those from the two 

divisions o f Stage 5 (table 6.7; fig.6.25c), but the corresponding shape change that has 

also been suggested for mi is not so apparent (table 6.7; fig.6.25d). The pms sample 

from Stage 3 has a significantly greater tooth length than the one from Stage 5 sites 

(table 6.7; fig.6.25b), while pmi is longer in Stage 5 (table 6.7; fig.6.25a).

There is a small amount o f evidence for a size increase in the mean length o f 

Stage 3 hyaena mi specimens relative to the last interglacial (table 6.7; fig.6.25d). But 

the size difference recorded between the cold stage and interglacial samples is only 

approximately 0.5 mm. The use o f this factor as an indicator o f body size increase in 

British Pleistocene C. crocuta in accordance with Bergmann’s rule (Klein & Scott 

1989) is therefore open to question. Mass estimates based on post-cranial material do 

undergo a significant variation in the Late Pleistocene (table 6.5). The average mass 

estimate for Stage 3 animals is the highest, but is not significantly different from Stage 

5c-a C. crocuta and only 2 kg higher than the Stage 5e average (fig.6.24j).

P. leo occurs in the same faunas as C. crocuta. A significant mass variation is 

identified in post-cranial mass estimates (table 6.5); Last cold stage animals were 

significantly larger than those from Stage 5 (fig.6.24k). The size change recorded 

between Stage 5 and Stage 3 in post-crania is not apparent in teeth (table 6.5, 

fig.6.24k).
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Table 6.7: Results o f two-sided t-tests comparing the dimensions of C. crocuta teeth from the last 

interglacial (Stage 5e+ Stage 5c-a) and cold stage (Stage 3). Length = measure © , Width = measure ©. 

The column Homogeneity of Variance refers to testing of the assumptions of the t-test. A significant 

result (!) indicates unequal variances in the two samples and a t-test with separate variance estimates is 

carried out. * = significant difference between means at 5% level, ** = significant at 1% level, *** = 

significant at 0.1% level.

Test
Stage 5 V Stage 3

Homogeneity of 
Variance

t df P

pni2  Length F = 1.3323 
p = 0.2407

4.8522 93 <0.0001
***

pni2 Width F = 1.3454 
p = 0.2178

1.3454 93 0.1818

pni3  Length F = 1.5129 
p = 0.1269

-5.1315 122 <0.0001
***

pni3 Width F =  1.5191 
p = 0.1232

-0.7771 122 0.4386

pni4  Length F = 1.3446 
p = 0.2417

-0.0478 126 0.9619

pni4 Width F =1.1127 
p = 0.6656

-5.6890 126 <0.0001
***

mi Length F = 1.0239 
p = 0.9589

-2.1079 165 0.0366
*

mi Width F = 7.7698
p = 0.0001(1)

-1.9574 44.57 0.0566

pm^ Length F = 1.1764 
p = 0.8078

-0.2575 35 0.7984

pm^ Width F = 1.7437 
p = 0.2465

-0.4745 35 0.6380

pm^ Length F = 1.0231 
p = 0.9846

-0.6935 80 0.4900

pm^ Width F = 1.4516 
p = 0.2529

1.5797 80 0.1181

pm"* Length F = 1.4326 
p = 0.3297

0.8792 71 0.3823

pm"̂  Width F = 3.8646
p = 0.0001(1)

-2.1303 33.72 0.0405
*
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Summary

A large amount o f body size variation occurred in British large mammal species 

during the Late Pleistocene; this may be related to climatic changes, which will be 

discussed in the following chapter. The body size changes identified also support the 

distinctions drawn between the various phases o f the Late Pleistocene on the basis o f 

mammal community composition. Significant body size differences in B. priscus, B. 

primigenius, C. elaphus, and S. hemitoechus confirm the distinction between faunas 

assigned to Stage 5e and Stage 5c-a, and imply that they are o f different ages. B. 

priscus and S. hemitoechus increase in mass fi*om Stage 5e to Stage 5c-a, while B. 

primigenius and C. elaphus become smaller. The interpretation o f these size changes in 

relation to environmental conditions is therefore complex, and will be discussed for 

each species individually (Chapter 7).

The major difference between the Stage 4 and Stage 3 faunas does appear to be 

one o f species diversity. However, the highly distinctive body size difference observed 

in B. priscus between the two communities rules out the possibility that the difference 

between these assemblages has been created by taphonomic factors. Size differences in 

R. tarandus and U. arctos have also been identified between Stages 4 and 3, but the 

variability and/or high sexual dimorphism of these species make it hard to classify sites 

according to these factors.

6.8.2 Lateglacial-Holocene Body Mass Change

Studies covering a wide geographic area have revealed that a range o f Holocene 

mammal species are smaller than their Pleistocene representatives (Davis 1981; Guthrie 

1984). This can clearly be seen when British early Holocene samples are compared 

with Pleistocene material. Examination o f the sparse faunas that can be accurately 

associated with the short-term climatic variations o f the terminal Pleistocene should 

provide information on the timing and pattern o f size reduction in the species 

concerned. These assemblages cover the time period between the records o f large and 

small species forms. Was the trend o f size reduction completed by approximately 9,000

B.P., or are processes throughout the Holocene also involved in producing the 

characteristically small sizes o f some modem mammals?

Bovidae

A size reduction in B. primigenius appears to occur between the Lateglacial 

Interstadial site o f Gough’s Cave and the early Holocene site at Star Carr. This is based

339



on a single astragalus specimen at Gough’s Cave directly dated to 11,900±140 B.P, 

which is substantially larger than astragali from the early Holocene (section 6.1.1). The 

average body mass o f 800 kg recorded from B. primigenius post-crania in the early 

Holocene suggests the presence o f a small body size form, similar to the one recorded 

from the Stage 11 interglacial. More research is needed into possible further size 

decreases in B. primigenius during the Holocene, in association with climatic change 

and human interaction, before the extinction o f the species in historical times.

Cervidae

Mass estimates based on R. tarandus post-crania provide evidence that a 

significant size increase took place between Stage 3 and the Lateglacial Stadial (t-test: t 

= -5.2092, d f = 149, p < 0.0001***). Teeth however record no mass variation between 

these time periods (t-test: t = -0.4600, df = 147, p = 0.6462). The post-cranial remains 

o f reindeer in the Uxbridge Scatter A sample, which possibly relate to the end o f the 

Lateglacial Stadial (10,300-10,000 B.P.), indicate significantly smaller animals than 

those recorded during the main part o f the stadial at Chelm’s Coombe (10,600-10,190 

B.P.) (t-test: t = 3.9956, d f = 42, p = 0.0003***).

It is interesting that reindeer o f small body size are also recorded from Stage 3 

(section 6.8.1), a prolonged period o f increased summer temperatures in the last cold 

stage. Perhaps the reduction in body size observed at Uxbridge is associated with 

climatic warming at the Pleistocene-Holocene transition, resulting in relatively rapid 

removal o f R. tarandus from the British fauna (Coard & Chamberlain 1999). If  small 

body size in R. tarandus is associated with higher temperatures, this would indicate that 

the Uxbridge fauna post-dates the Chelm’s Coombe sample, as indicated by the small 

amount o f radiocarbon dating evidence from the site (Lewis 1991).

C. elaphus is well recorded at sites surrounding the Pleistocene-Holocene 

transition. The timing o f size decrease from the largest recorded specimens in Stage 3 

can therefore be studied in detail. Analysis o f the body masses estimated from the post- 

cranial samples reveals that a significant reduction in mass occurred between Stage 3 

and the Lateglacial Interstadial (fig.6.26). Although mass evidence for Chelm’s 

Coombe C  elaphus is based on small sample sizes, no size change in the post-cranial 

skeleton relative to Gough’s Cave is indicated during the climatic deterioration at the 

end o f the Lateglacial Interstadial. A second significant reduction in mass occurred 

between the interstadial conditions o f Gough’s Cave and early Holocene faunas from 

Uxbridge, Star Carr and Thatcham.
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Although post-crania indicate that early Holocene C. elaphus had undergone a 

30% mass reduction relative to Stage 3 animals, they were not smaller than the majority 

of British Pleistocene populations and exceeded the small Stage 11 red deer in terms of 

mass estimates. The red deer o f very small body size (75-150 kg; Corbet & Harris 

1991) that survive in Britain today are probably the result o f forest clearance in the later 

part of the Holocene, but this question requires further research.

There is no significant difference between the body mass estimates produced for 

Stage 3 and Irish Lateglacial M. giganteus (t-test bones; t = 1.89, df = 61.04, p = 

0.0644; teeth: t = 1.90, df = 52.72, p = 0.0623). Sample sizes o f C. capreolus from the 

Late Pleistocene are very small, so possible size reduction across the Pleistocene- 

Holocene transition cannot be examined. The average mass o f modem C. capreolus 

from south and east England is only 23 kg (Corbet & Harris 1991), while the 

Pleistocene and early Holocene mass averages were generally > 30 kg, indicating the 

larger body size o f these forms and the occurrence o f a trend of size reduction during 

later periods of the Holocene.
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Suidae

The lack o f S. scrofa material from the Late Pleistocene means that size change 

from this period to the early Holocene cannot be analysed. Early Holocene animals 

displayed similar body masses to those from the Stage 9 and 11 interglacials. This 

species may have undergone body size reduction later in the Holocene, before its 

historical extinction in the British Isles.

Equidae

No E. ferus material o f early Holocene origin is included in this study. Body 

size reduction in E. ferus occurred well before the Pleistocene-Holocene transition, 

with Stage 6 and 3 animals o f small body size relative to Middle Pleistocene 

interglaeials (sections 5.4.2 + 6.4). A marginally significant reduction in mass estimates 

occurs between Stage 3 and the Lateglacial site o f Gough’s Cave (table 6.8). A size 

decrease in horses at this point in the Pleistocene is supported by evidence from 

astragalus and phalanx 2 specimens (section 6.4). There is no evidence o f a 

corresponding size reduction in E. ferus teeth between Stage 3 and the Lateglacial 

Interstadial (table 6.8). No significant body mass change takes place between the 

Interstadial and Stadial phases o f the terminal Pleistocene at Gough’s Cave and 

Chelm’s Coombe (table 6.8). However, a single upper tooth row from Chelm’s 

Coombe may indicate a major reduction in tooth size in the Lateglacial Stadial (section

6.4), but this proposition could not be statistically tested.

Summarv

Two phases o f body mass change can be identified at the Pleistocene-Holocene 

transition. The first occurs between Stage 3 and the Lateglacial Interstadial and is 

recorded in C. elaphus and E. ferus. A second body size reduction is recorded in C. 

elaphus between the Lateglacial Interstadial and early Holocene sites. It is unclear 

whether E. ferus shows this pattern also, but an indication o f such a size reduction trend 

occurs in B. primigenius. Both o f these periods o f size reduction are associated with 

stadial periods o f 01 Stage 2. It is interesting that the cold adapted R. tarandus shows 

the opposite trend with an increase in body size between Stage 3 and the Lateglacial 

Stadial, and a possible reduction in mass with warming into the Holocene. The effects 

of climate change on body size will be discussed further in Chapter 7.

Despite the body size reductions that occur at the Pleistocene-Holocene 

transition, the majority o f early Holocene species in Britain are not smaller than
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Pleistocene forms. Size reduction during later periods o f the Holocene must be 

responsible for the small size o f modem European ungulates.

Table 6.8: Results o f two-sided t-tests comparing the average species body masses (Appendix 4.3a +5.8) 

and tooth sizes (Appendix 6.1+6.2) o f E. ferus from Stage 3 and various phases of the Lateglacial. GC = 

Gough’s Cave Lateglacial Interstadial, CC = Chelm’s Coombe Lateglacial Stadial. The column 

Homogeneity of Variance refers to testing of the assumptions of the t-test. A significant result (!) 

indicates unequal variances in the two samples and a t-test with separate variance estimates is carried out. 

* = significant difference between means at 5%level, ** = significant 1%, *** = significant 0.1%.

Test E. ferus Homogeneity o f 
Variance

t df P

Mass
Stage 3 V GC

F = 1.6174 
p = 0.0142(1)

2.0919 147.65 0.0382
*

Mass
G C v C C

F = 1.0218
p = 1.0000

-0.0940 82 0.9253

Occlusal length pmg^ 
Stage 3 V GC

F -  4.7728
p = 0.0001(1)

0.5460 20.45 0.5909

Occlusal length mm  
Stage 3 V GC

F = 1.0623 
P = 0.8325

0.3130 36 0.7561

Occlusal length pm̂ "̂̂  
Stage 3 V GC

F = 1.9883 
p = 0.1791

-1.9605 47 0.0559

Occlusal Length m̂ ^̂  
Stage 3 V GC

F = 1.8866 
P = 0.3858

0.7754 52 0.4416

6.9 Stratigraphie Implications

The stratigraphie implications o f the body size study are relatively 

straightforward in the Late Pleistocene. In all cases, the stratigraphie groupings applied 

here are cohesive in terms o f their body mass records. The highly consistent body size 

evidence fi-om Stage 5e sites supports the hypothesis that they all represent a rapid 

deposition covering a short time period. The Gower Cave mammal faunas that can be 

confidently assigned to Stage 5c-a are distinct from Stage 5e communities in terms o f 

body mass as well as species composition. The recognition o f other Stage 5c-a faunas 

e.g. Brentford and Hoe Grange remains tentative but may be further supported by body 

mass evidence from large bovids and S. hemitoechus.

Quite a lot o f body mass variation has been recorded among the sites assigned 

to 01 Stage 4, suggesting that they may cover a relatively long time period. This could 

relate to accumulation o f specimens during separate interstadials o f this generally cold 

period at the different sites. I f  the characteristic small B. priscus form is a result o f cold 

climatic conditions (Chapter 7), then the slightly larger animals recorded from Banwell
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Bone Cave and Windy Knoll may have been deposited during warmer episodes.

Despite this mass variation, all o f the bison-reindeer faunas still group together relative 

to other Late Pleistocene material.

Most importantly the body sizes o f large mammals from the two types o f pre

glacial maximum fauna are distinct. Body size evidence from B. priscus provides 

important support to the line that has been drawn between these two communities on 

the basis o f species composition. Animals from the bison-reindeer faunas are the 

smallest in the British Pleistocene (av. mass 600 kg), while the largest British 

Pleistocene B. priscus (av. mass 950 kg) are members o f the more diverse Stage 3 

communities. The presence o f both Lateglacial and early Holocene material at Three 

Ways Wharf, Uxbridge is confirmed. Scatter A containing R. tarandus appears to relate 

to the very end o f the Loch Lomond Stadial, while material from Scatter C groups very 

closely with the Star Carr and Thatcham faunas in terms o f body size.

6.10 Summarv

A number o f characteristic body size features can be identified in the Late 

Pleistocene (table 6.9). Some o f these have been recognised previously and are 

quantified and further reinforced as a result o f the work carried out in this project.

Other patterns o f body size variation that have been suggested in the past do not receive 

support here. Size change events during the Late Pleistocene have been identified for 

the first time in some o f the study species.

It has long been recognised that forms o f D. dama and E. ferus from the British 

Late Pleistocene were smaller than their Middle Pleistocene counterparts. Late 

Pleistocene D. dama displayed average body masses that were approximately 30 kg 

lower than D. dama clactoniana. Horses from sites assigned to OI Stage 3 were 

reduced in average mass by at least 100 kg in comparison to animals from Middle 

Pleistocene peak interglacial conditions. Stage 3 E. ferus  was however slightly larger 

than the very small form o f this species that characterises the Stage 6 cold stage.

Very large forms o f U. arctos do occur at some Stage 4 sites e.g. Banwell Bone 

Cave, but this body size feature can sometimes be hard to recognise due to variations in 

the sex composition o f samples. During the Late Pleistocene, C. lupus populations 

maintained relatively constant large body sizes. Wolf teeth became larger in the last 

cold stage and marked sexual dimorphism is clearly identifiable for the first time. Stage 

5 hons were smaller than all preceding British Pleistocene forms, with a body mass 

reduction o f approximately one third between the largest Middle Pleistocene samples
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and last interglacial populations. It has generally been considered that all Late 

Pleistocene P. leo displayed this small body size. However, evidence from post-crania 

at Stage 3 sites suggests that a return to larger individuals occurred during this period.

British C. crocuta specimens from the Late Pleistocene have been used as an 

example o f body size change that relates to temperature conditions in the pattern 

predicted by Bergmann’s rule (Chapter 7). These results were however not replicated 

during the course o f the current project. The length differences in m% specimens 

described by Klein & Scott (1989) and found here are marginal in any case (0.5 mm), 

and if linked to post-cranial size would relate to only a 2 kg difference in body mass. 

The mass estimates produced from post-crania display no variation during the Late 

Pleistocene.

Stage 3 M. giganteus teeth are larger than those from Stage 5e, as indicated by 

higher mass estimates from the cold stage sample. A body size increase between Stage 

5e and Stage 3 is also recorded in post-crania, which has not been recognised 

previously. C. elaphus from Stage 3 are certainly the largest recorded in the British 

Pleistocene but the body mass estimates produced from this material are not as high as 

those suggested by other authors (200-450 kg Lister 1987; up to 650 kg Geist 1999). 

Teeth were unusually large in this red deer form (Chapter 7), which may explain the 

extravagantly high body mass estimates that have sometimes been produced for these 

animals. Antlers have also been used for size comparison, which may only loosely be 

linked to actual body size. Post-crania that relate more closely to the true body size, 

estimate an average body mass o f 260 kg, approximately 100 kg lower than the 

disproportionately large teeth.

Possible body size differences between Stage 5e and Stages 5c-a have not been 

investigated previously. The post-5e faunas contained smaller C  elaphus and larger S. 

hemitoechus and B. priscus than recorded in Stage 5e. A smaller B. primigenius form is 

also recorded at the possible Stage 5c-a sites o f Hoe Grange and Brentford. B. priscus 

underwent a large amount o f body size variation during the Late Pleistocene. Apart 

from the size difference between Stage 5e and Stage 5c-a animals, the Stage 4 and 

Stage 3 populations are separated by a very large body size difference.

The stratigraphie divisions o f the Late Pleistocene all contain very little internal 

body mass variation, supporting the site groupings that have been set up. The splitting 

o f sites assigned to Stage 5 and the period before the last glacial maximum into two 

groupings (Stage 5e v Stage 5c-a and Stage 4 v Stage 3) is supported by body size
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differences between the sites. Each o f the stratigraphie divisions o f the British Late 

Pleistocene is characterised by a unique combination o f species body sizes (table 6.9).

• No distinctively small or large body size forms occurred during Stage 5e. The period 

is however characterised by the presence o f the small fallow deer sub-species in 

association with C. elaphus o f larger body size than co-exists with D. dama during the 

late Middle Pleistocene. I f  carnivores are recorded then small P. leo occur along with 

large C. lupus at Stage 5e sites.

• In sub-stages 5c-a C. elaphus was smaller and S. hemitoechus larger than the 

condition in Stage 5e, but more importantly this appears to be the only period o f the 

British Pleistocene where B. priscus is larger than B. primigenius.

• The species composition o f Stage 4 communities is very distinctive but the small 

body size o f B. priscus is also characteristic. Very large forms o f U. arctos may be 

encountered.

• During Stage 3 a number o f large species forms co-existed; these include C. 

elaphus, M. giganteus and B. priscus.

The Pleistocene-Holocene transition has received a large amount o f study 

relating to mammalian body sizes. The work carried out here, examining the sequence 

o f events in Britain through the last cold stage, Lateglacial and early Holocene, reveals 

that two periods o f body size change can be identified. These are associated with cold 

stadial phases o f 01 Stage 2; the first during the last glacial maximum and the second 

centred on the Lateglacial Stadial. The majority o f species that persist across the 

Pleistocene-Holocene transition underwent size reduction at these two points e.g. C. 

elaphus, E. ferus  and B. primigenius. However, the cold-adapted R. tarandus displayed 

opposite body size trends. Although early Holocene species are reduced in size relative 

to their counterparts fi-om the last cold stage they are no smaller than forms fi-om other 

interglacials. Body size reduction to produce the very small mammals that persist in 

NW Europe at the present day must have taken place during later phases o f the 

Holocene in association with increasing human impacts on habitats.
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Table 6.9: Summary o f important Late Pleistocene body mass results. The body mass figures displayed 

are averages based on post-cranial remains only. For species that show a greater than 30% variation in 

body mass during their British Pleistocene range, body size forms are classified as either small (S), 

medium (M) or large (L) according to a division o f the observed variation into three equal sections. 

Some U. arctos populations from 01 Stage 4 were o f unusually large size (XL). S) = constant body sizes. 

* = species is recorded but no mass estimates were possible.

Species 01 Stage 01 Stage 01 Stage 01 Stage
5e 5c-a 4 3

C. lupus 35 kg 30 kg 30 kg 35 kg
L L L L

U. arctos 380 kg 370 kg 420 kg 340 kg
L L L-XL M

C. crocuta 70 kg 70 kg 70 kg
0 0 0

P. leo 200 kg 190 kg 290 kg
S S L

E. ferus 430 kg
M

S. hemitoechus 1600 kg 1900 kg
M L

M. giganteus 460 kg * 570 kg
S L

D. dama 70 kg 70 kg
S S

C. elaphus 210 kg 170 kg 260 kg
M S L

R. tarandus 120 kg 100 kg
0 0

B. primigenius 950 kg 800 kg
M S

B. priscus 810 kg 890 kg 610 kg 950 kg
M L S L
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CHAPTER 7: British Pleistocene Body Size Records

This chapter examines the pattern o f body mass variation for species that are 

well known throughout the Middle and Late Pleistocene (sections 7.1-7.14). For each 

o f the species under consideration graphs are presented displaying the recorded British 

Pleistocene mass variation described in Chapters 4-6. In all cases the average mass 

estimates, sample sizes and 95% confidence intervals are shown. Statistical 

comparisons between adjacent mass groupings were made using t-tests, to identify 

where significant mass changes take place. These tests were corrected for multiple 

comparisons using the Dunn-Sidak method (section 3.4). Points o f significant mass 

change are recorded on the body mass graphs by vertical lines. The tests usually relate 

to adjacent temperate periods, although body mass across some interglacial-glacial 

transitions can also be examined. In the special cases where significant body mass 

variation has been found within Isotope Stages (Stage 11, Stage 7, Stage 5e v Stage 5c- 

a) these more detailed time divisions have been included in the mass records.

The mass sequences based on dental and post-cranial elements have been 

compared and analysed separately for significant mass changes. Comparisons between 

the mass results based on bones and teeth will reveal if post-crania and dental remains 

act equally well as mass estimators. In addition, any discrepancies in the pattern or rate 

o f mass change indicated by dental and post-cranial remains will become apparent.

This may provide important information relating to the underlying causes o f size 

variations recorded. Cases where post-crania undergo size variation while teeth remain 

stable are likely to be driven by ecophenotypic processes (section 1.3). The 

development o f the dentition appears to be under tighter genetic control than the post- 

cranial skeleton (Kieser 1990; Dempsey et al. 1995; Manfredi et al. 1997). Post-crania 

may therefore undergo size variation in relation to environmental conditions 

independently o f teeth.

Once the pattern o f mass change through time has been identified, attempts Avill 

be made to determine which British Pleistocene divisions are characterised by common 

body size forms. Where the pattern o f mass change through time is complex, this will 

be achieved by carrying out post-hoc analysis on the body mass samples to determine 

homogeneous mass groupings. It may then be possible to explain the body size forms 

revealed in terms o f palaeoenvironmental conditions (section 2.12). A simple 

examination o f the association between various palaeoenvironment types and the 

recorded body size forms will only be attempted. At present it is not possible to carry
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out rigorous statistical testing o f body size-palaeoenvironment relationships, as the 

majority o f the environmental factors involved cannot be quantified or even ranked 

with any degree o f certainty.

The two major palaeoenvironmental variables that will be considered in relation 

to body mass are temperature and vegetation type. The different Pleistocene divisions 

have been classified only at a very general level in relation to these factors (section 

2.12), as greater resolution o f environmental types is not possible at present. The 

vegetation type is classified according to the proportion o f forest vs open grassland 

habitats present; a four point scale is used where 0 = a treeless landscape and 3 = 

extensive forest development. In terms o f temperature conditions Pleistocene periods 

are described as being either Warm Temperate, Cool Temperate, or Cold (possibly with 

relatively warm summers).

Attempts have been made to quantify the primary productivity o f temperate 

periods by use o f estimated solar insolation values (Berger & Loutre 1991); these have 

also been compared with the body mass records. The insolation values used must be 

considered to be approximate figures only. They relate to summer conditions (at 65°N) 

and the timing o f the deposition o f the studied assemblages relative to the insolation 

predictions is only loosely known. This variable has not been examined for proposed 

cold climate episodes, where conditions appear to have fluctuated greatly between 

Stadial and Interstadial conditions. A large potential exists for fiirther analysis o f the 

body mass data set in relation to more complex insolation variables e.g. summed annual 

insolation, a proxy for length o f growing season.

In section 7.15, fiirther analysis o f the body mass records will be carried out. 

Comparison o f the mass records produced from dental remains and post-crania in 

different species, will provide evidence relating to the mass-estimating abilities o f the 

dentition, and its susceptibility to short-term size variation (section 7.15.1). From the 

relative pattern o f size variation recorded in the two skeletal areas, it may be possible to 

determine the nature o f the size change recorded i.e. genetic vs phenotypic, and the 

relative importance o f these two factors in Pleistocene size variation.

The information produced relating body size to temperature (section 7.15.2) and 

vegetation (section 7.15.3) variables will be summarised in order to determine if any 

common patterns o f response emerge. In particular, can the studied Pleistocene species 

provide evidence on the validity o f Bergmann’s rule? Finally, the patterns o f mass 

change recorded will be compared across species (section 7.15.4). Do the patterns 

relate to each other in a regular way suggesting similar responses to selection pressures
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in the different species? Are the body sizes o f carnivores and their prey closely linked, 

and what does this imply about the relationships between British Pleistocene mammal 

species and how their communities were organised?

7.1 B o s  p r im ig e n iu s

7.1.1 The B, primigenius Mass Record

The British Pleistocene mass record for B. primigenius is shown in fig.7.1. 

According to post-crania the species underwent a major mass increase between 01 

Stages 11 and 9 (fig.7.1 a). Interestingly, significant mass reductions occurred in the 

later part o f Stage 7 and Sub-Stages 5c-a relative to the condition recorded in earlier 

periods o f these temperate phases (fig.7.1 a). The general picture is o f small body size at 

the beginning and end o f the species’ range in 01 Stage 11 and the early Holocene, with 

large animals in the intervening period. The majority o f these size variations have not 

been previously identified; Gee (1991) suggested that British Pleistocene B. 

primigenius populations showed relatively little size differentiation.

B. primigenius dominates the bovid samples from the Stage 11 and 7 temperate 

episodes and is the only species recorded from Stage 9 and the early Holocene; mass 

estimates based on bovid teeth therefore provide body size information relevant to B. 

primigenius in these cases (fig.7.1b). Mass estimates from the tooth samples are 

generally lower than the post-cranial figures, and there can be a very large discrepancy 

between the two estimates (fig.7.1 c). No significant mass changes occur in the record 

based on the dental samples (fig.7.1b).

A clear difference is therefore apparent in the body mass records for B. 

primigenius produced from post-cranial and dental elements (fig.7.1 c). Three periods o f 

significant size change can be identified in bones, while teeth maintain a constant size 

throughout. This finding suggests that the size changes recorded in B. primigenius post

crania are ecophenotypic in nature, rather than genetically based (section 7.15.1). 

Investigation o f the dimensions o f B. primigenius bone and tooth elements confirm that 

the discrepancies in the mass records are not simply an artefact o f a difference in the 

operation or sensitivity o f the two sets o f scaling equations as body size increases. 

Exactly the same patterns are observed in the size o f astragalus and m 3  specimens 

(fig.7.2), supporting the assumption that the mass estimates provide an accurate 

indicator o f the relative sizes o f teeth and post-crania.
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7.1.2 Relationship Between B, primigenius Body Mass and Palaeoenvironment

If  the size variation recorded in B. primigenius post-crania is controlled by the 

influence o f the environment on the development o f the phenotype, how do the 

different body size forms recorded relate to what is known o f palaeoenvironmental 

conditions? Three clear body size divisions are apparent in British Pleistocene B. 

primigenius (fig.7.3). Body size in this species does not appear to be closely related to 

vegetation type in terms o f the proportions o f forest and open grassland habitats (table

7.1). The large body size form is recorded from the forested Stage 9 interglacial as well 

as Stage 7, where a high proportion o f open vegetation habitats were maintained.

In two cases small B. primigenius is associated with reduced temperature 

conditions, but records o f this form also occur in warm temperate environments (table

7.1). Environmental temperatures do not appear to be impacting directly on body size, 

which instead may be responding to the related insolation variable. The small forms of

B. primigenius are aU encountered in periods where estimated insolation levels are low 

(table 7.1). Although there is not a statistically significant linear correlation between 

summer insolation and estimated body mass in B. primigenius (r = 0.6058, p = 0.149), 

factors linked to annual insolation such as primary productivity may be the most 

important determinants o f size. In modem ungulate populations, animals on marginal 

summer range, due to a short growing season or high competition, display small body 

sizes (Geist 1971). The body size reduction observed in a number o f large-mammal 

species at the end o f the Pleistocene has also been interpreted in terms o f productivity 

and food availability (Guthrie 1984). The lack o f B. primigenius records from fully- 

developed cold episodes supports an intolerance o f these climates in this species.

Table 7.1 : Relationship between B. primigenius body size and palaeoenvironmental conditions in terms 

of temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65°N (watts/m^); Berger & Loutre 1991) and vegetation type. Vegetation is classified 

according to the proportion o f forest vs open habitats present: 3 = extensive forest development, 0 = open 

grassland. Body size divisions (L = Large, M = Medium, S = Small) are based on fig.7.3.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 9 L WT 475 3
Stage 7 L WT 495 1
Stage 5e M WT 485 3
Stage 11 S WT 455 2
late Stage 7 s CT 465 1
Stage 1 s WT 470 3
Stage 5c-a s CT 470 2
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1 .2  B is o n  p r i s c u s

7.2.1 The B. priscus M ass Record

Due to the uncertain species status o f the bison recorded at Westbury-sub- 

Mendip and Boxgrove (section 4.1.2) the British Pleistocene mass record is displayed 

from Stage 11 onwards (fig.7.4). B. priscus appears to have been the sub-dominant 

large bovid species in the late Middle Pleistocene. The species however became much 

more important in sub-Stage 5e and is the only bovid species recorded in Stages 4 and 

3, so tooth samples from these periods are assumed to be largely composed o f B. 

priscus.

A large amount o f variation occurs in the mass record produced from analysis 

o f B. priscus post-crania (fig.7.4a). Significant mass change takes place at virtually all 

o f the transitions examined. B. priscus is particularly well recorded from the Late 

Pleistocene, where three distinct body size forms can be identified (fig.7.4a). The body 

size findings described here - small size in Stage 4 bison, intermediate Sub-Stage 5e 

animals, and Stage 3 B. priscus that were significantly larger again - agree with the 

body size patterns described by Gee (1991). However, the body size differentiation 

between Sub-Stage 5e and 5c-a populations has not been recognised previously.

Although the number o f tooth samples assigned to B. priscus is relatively small, 

significant mass differences are recorded from these elements, unlike the situation 

observed in B. primigenius (fig.7.4b). There is a short section o f the mass record from 

the Late Pleistocene where the results produced by bones and teeth can be compared; in 

this case both skeletal regions record the very small size o f Stage 4 bison (fig.7.4c). 

However, a greater size response is recorded in post-cranial remains than elements o f 

the dentition. This implies that the size variation recorded in Late Pleistocene bison is 

due to a combination o f genetic and ecophenotypic effects. The response recorded in 

teeth may indicate a period o f more prolonged and intense selection for size change in 

this case.
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7.2.2 Relationship Between B. priscus Body Mass and Palaeoenvironment

Three distinct B. priscus body size forms can be identified in the British 

Pleistocene on the basis of post-crania (fig.7.5). All of the occurrences of the large 

body size form are associated with vegetation types containing a high proportion of 

open habitats (table 7.2). These vegetation environments would have provided high 

food availability for this grazing species. It is interesting that B. priscus appears to have 

been completely absent from Stage 9 and relatively small in Sub-Stage 5e, where forest 

ecosystems were more highly developed, and the vegetation supply suitable for bison 

reduced.

However, not all open vegetation periods supported large bison (table 7.2); the 

very small Stage 4 form occurred in a tree-less landscape (West et al. 1974; Kerney et 

al. 1982). Extremely cold winter conditions during Stage 4 may have restricted the 

growing season, resulting in open vegetation types o f reduced productivity. The 

vegetation may also have been of tundra type with a low turnover o f above-ground 

production. In Stage 3 when more prolonged development o f temperate climates is 

recorded (Baker et al. 1996), productivity may not have been so seriously effected. The 

grasslands o f the ‘Mammoth Steppe’ (Guthrie 1990b) may have provided better food 

sources for herbivorous mammals than occurred in Stage 4. Large body size in British 

Pleistocene B. priscus is therefore recorded in high-productivity high-graze 

environments.
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Fig.7.5: Homogeneous mass groupings identified in the B. priscus post-cranial samples by ANOVA with 

post-hoc comparison o f means. Points represent the average estimated mass with the 95% confidence 

interval o f the mean indicated.
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Table 7.2: Relationship between B. priscus body size and palaeoenvironmental conditions in terms of  

temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65°N (watts/m^); Berger & Loutre 1991) and vegetation type. Vegetation is classified 

according to the proportion of forest vs open habitats present: 3 = extensive forest development, 0 = open 

grassland. Body size divisions (L = Large, M  = Medium, S = Small) are based on fig.7.5.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 7 L WT 495 1
Stage 3 L Cold - 0
late Stage 7 L CT 465 1
Stage 5c-a L CT 470 2
Stage 5e M WT 485 3
Stage 11 M WT 455 2
Stage 4 S Cold - 0

7.3 C e r v u s  e la p h u s

7.3.1 The C. elaphus Mass Record

A very detailed record o f body size in Pleistocene C. elaphus can be produced; 

large amounts o f mass variation are recorded, with significant mass differences at 

virtually every transition examined (fig.7.6a+b). Large red deer were present in Britain 

during the early Middle Pleistocene but a major body size reduction occurred in 

association with the Anglian cold stage. The small body size o f the Stage 11 red deer 

has been noted in other studies (Lister 1981,1986; Stuart et al. 1993), and the 

occurrence o f a population o f  very small body size early in the interglacial is further 

supported by the body mass data. Body size increased gradually throughout the late 

Middle and Late Pleistocene until the very large forms o f Stage 3 were reached 

(7.6a+b). These were the largest red deer fi-om the British Pleistocene (see also Lister 

1987) but this condition was not maintained for an extended period. A trend o f body 

size reduction is recorded through the Lateglacial and early Holocene (fig.7.6a+b), and 

is presumed to continue throughout the Holocene to produce the very small modem 

animals.

The patterns o f body mass recorded fi*om teeth and post-crania generally follow 

each other very closely, but three C  elaphus forms with very different bone-tooth 

proportions can be identified (fig.7.6c); early Middle Pleistocene C. elaphus with small 

teeth relative to bones; Stage 11-5 forms where dental and post-cranial mass estimates 

correspond relatively closely, or estimates fi-om teeth slightly exceed post-crania; and 

Stage 3-1 red deer with greatly enlarged teeth relative to post-crania. These three 

groups may represent the presence o f  distinct C. elaphus genotypes in the British Isles.
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7.3.2 Relationship Between C. elaphus Body Mass and Palaeoenvironment

Palaeoenvironmental conditions during the early Middle Pleistocene are poorly 

known, so the red deer populations from these periods are not included in the analysis. 

Five body size groupings can be identified in the remaining material (fig.7.7). The 

composition of the vegetation community does not relate in any simple way to the body 

masses recorded (table 7.3). The largest red deer are associated with the generally 

treeless conditions o f Stage 3 and the Lateglacial Interstadial. Dietary composition in

C. elaphus corresponds closely to the available vegetation (Mitchell et al 1977), so 

these forms are likely to have been among the most highly grazing o f the British 

Pleistocene. This may provide evidence o f a large body size in grazing forms o f the 

species. However, the animals from the continental climate Stage 7 interglacial where 

grasslands also developed are o f medium size and exceeded by those from the more 

forested Sub-Stage 5e (fig.7.7).

Both small and large C. elaphus forms are recorded from reduced temperature 

episodes (table 7.3), so environmental temperatures do not appear to have a direct 

effect on body size. Estimated levels o f productivity provide the best explanation o f the 

body size patterns. In Stage 11-5 C. elaphus the body mass pattern recorded is closely 

related to insolation levels, with small body sizes recorded in low insolation 

interglacials (table 7.3). A significant correlation is observed between estimated C. 

elaphus body masses and summer insolation during this period o f the Pleistocene (r = 

0.8643, p = 0.026*). Other possible evidence supporting a small body size for C. 

elaphus in conditions o f reduced food supply comes from Crayford, where small post- 

cranial specimens may relate to the onset o f the Stage 6 cold episode (section 5.2.1).

The largest C  elaphus occur during 01 Stage 3 and the Lateglacial Interstadial 

(Stage 2), which were periods o f cold-cool temperate climate (table 7.3). Despite the 

fact that these animals may represent the immigration o f a new sub-species (Lister 

1981), body size should still be related to the prevailing palaeoenvironmental 

conditions. Although temperatures did not reach peak interglacial levels during Stage 3 

and the Lateglacial Stadial, a combination o f environmental factors are proposed to 

have resulted in extremely productive open vegetation communities (Guthrie 1990b). 

These grassland environments would have provided a high rate o f turnover o f above 

ground forage, containing low levels o f defensive compounds. This may explain the 

large body sizes achieved in the Stage 3 and 2 red deer forms, once again linking large 

size in red deer with high food availabihty.
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Table 7.3: Relationship between C. elaphus body size and palaeoenvironmental conditions in terms of 

temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65°N (watts/m^); Berger & Loutre 1991) and vegetation type. Vegetation is classified 

according to the proportion o f forest vs open habitats present: 3 = extensive forest development, 0 = open 

grassland. Body size divisions (XS-XS; L = Large, M = Medium, S = Small) are based on fig.7.7.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 3 XL Cold - 0
Stage 2 Interstadial L CT - 0
Stage 5e L WT 485 3
Stage 7 M WT 495 1
Stage 1 M WT 470 3
Stage 9 S WT 475 3
Stage 5c-a s CT 470 2
Stage 1 Ic s WT 455 2
Stage 1 le xs CT 450 3
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7.4 D am a dam a

7.4.1 The D. dama Mass Record

Two major body size forms are recorded in British Pleistocene D. dama, the 

large late Middle Pleistocene D. dama clactoniana and the smaller D. dama dama of 

the last interglacial (Leonardi & Petronio 1976; Lister 1981, 1986). These are 

distinguished by a significant mass difference (hg.7.9a+b). In addition, dental remains 

(fig. 7.9b) indicate the occurrence o f a small fallow deer form at Westbury-sub-Mendip. 

Where the series of mass estimates from bones and teeth can be compared the two 

indicators agree very closely (fig.7.9c). This may indicate that the size distinction 

between late Middle and Late Pleistocene D. dama has a genetic rather than an 

ecophenotypic basis. The division o f these fallow deer into separate sub-species on the 

basis of antler morphology (Leonardi & Petronio 1976) supports this interpretation.

Teeth generally produce higher mass estimates than post-crania (fig.7.9c). This 

indicates that in these D. dama forms teeth are proportionately larger than the general 

cervid relationship between the dimensions o f bones and teeth would predict. The large 

size o f D. dama teeth relative to bones can be illustrated by the ratio between m3  and 

astragalus dimensions (fig.7.8 ). In the early Middle Pleistocene at West Runton the 

relationship between bone and teeth mass estimates is reversed (fig.7.9c). It is unclear 

where the transition in bone and tooth proportions takes place, as limited post-cranial 

material is recorded from the other early Middle Pleistocene sites.

1
0.95

CO 0.9 
3

to 0.85O)
2 0.8 

<  0.75  

E 0.7 

0.65  

0.6

♦  C. elaphus
•  D.dama
A M. giganteus 
□ R. tarandus 
X A.alces 
o C.capreoius

T— O)
0)(U O)O) (0

(D

I
If)
0)

I
-4-
0)

I
CO
0)

I
CM
Q)

I
0)D)

Fig. 7.8; Relative dental to post-cranial proportions for various British Pleistocene cervid species. 

Proportions are indicated by the size ratio between astragalus (measure 5) and m 3 (measure 1). D. dama 

and C. elaphus have relatively large teeth in comparison to bones (filled symbols), while species such as 

M giganteus and R. tarandus (open symbols) have proportionately smaller teeth.
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7.4.2 Relationship Between Z). dama Body Mass and Palaeoenvironm ent

Because fallow deer and the palaeoenvironmental conditions in which they 

occurred are relatively poorly known from the early Middle Pleistocene, this analysis 

will be restrieted to late Middle and Late Pleistocene populations. The major distinction 

in body size between D. dama clactoniana and D. dama o f the Late Pleistocene does 

not appear to be associated with any consistent temperature, insolation or vegetation 

type difference (table 7.4). The body mass record appears to be dominated by a 

taxonomic difference between the forms, which obscures any short-term 

palaeoenvironmental influences.

D. dama is restricted to interglacial conditions so the effects on body mass o f 

the major environmental differences between interglacial and cold climates cannot be 

examined. Fallow deer are however recorded from the opening phase o f Stage 11 and 

Sub-Stages 5c-a, where decreased body masses associated with reduced productivity 

occur in C. elaphus (section 7.3.2). No such effects on body mass are found in

D. dama.

Table 7.4: Relationship between D. dama body size and palaeoenvironmental conditions in terms of 

temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65°N (watts/m^); Berger & Loutre 1991) and vegetation type. Vegetation is classified 

according to the proportion of forest vs open habitats present: 3 = extensive forest development, 0 = open 

grassland. Body size divisions (L = Large, S = Small) are based on fig.7.9a.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 11 L WT 455 2
Stage 9 L WT 475 3
Stage 5e S WT 485 3
Stage 5c-a S CT 470 2
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7.5 M e s a lo c e r o s  2i2a n te u s

7.5.1 The M, giganteus Mass Record

M  giganteus is restricted to the late Middle and Late Pleistocene, but is 

relatively poorly recorded from the beginning o f this period. Body mass analysis 

reveals only one transition that is marked by a significant mass change (fig.7.1 Oa+b). 

Animals from Stage 3 and the Lateglacial Interstadial were larger than those recorded 

in Stage 5 (see also Lister 1994). This size change is reeorded in both bones and teeth, 

and is o f the same magnitude in both regions, suggesting that a genetically based 

evolutionary change may have taken place (fig.7.1 Oc).

A small sample o f post-eranial mass estimates from Stage 7 suggests the 

occurrence o f a large body size form, equivalent to that reeorded in the Devensian 

(fig.7.10a); (see also Lister 1994). This is supported by evidence from astragalus 

specimens, which equal or exceed Late Pleistocene material in size (section 5.2.3). As 

this increased body size iu Stage 7 M  giganteus is not recorded in the dentition 

(fig.7.10b), it may be the result o f ecophenotypic processes. In all samples teeth 

produce lower mass estimates than bones (fig.7.10c) indicating that the teeth are 

proportionately smaller than would be predicted for a cervid with post-crania o f this 

size (fig.7.8).

7.5.2 Relationship Between M. giganteus Body Mass and Palaeoenvironment

Large body size in British Pleistocene M. giganteus oceurs in association with 

a high proportion o f open vegetation habitats (table 7.5). These provide the most 

suitable environment for this large cursorial deer, but must also be o f high productivity 

to support the development o f large body sizes and antlers.

Table 7.5: Relationship between M. giganteus body size and palaeoenvironmental conditions in terms of 

temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65°N (watts/m^); Berger & Loutre 1991) and vegetation type. Vegetation is classified 

according to the proportion o f forest vs open habitats present: 3 = extensive forest development, 0 = open 

grassland. Body size divisions (L = Large, S = Small) are based on fig.7.10a

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 2 Interstadial L CT - 0
Stage 3 L Cold - 0
Stage 7 L WT 495 1
Stage 5 S WT 485 3
Stage 11 S WT 455 2-3
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Fig.7.10b: British Pleistocene M. giganteus mass record based on teeth.
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7.6 C apreo lus capreo lus

7.6.1 The C  capreolus Mass Record

Due to the small samples o f  C. capreolus material available from most o f  the 

site groups, mass estimates from bones and teeth have been combined (fig.7.11). Only 

one significant mass change takes place in the sequence, between the West Runton and 

Boxgrove samples. C. capreolus from Boxgrove are relatively large in size, but in 

general very constant masses are maintained throughout the study period; a similar 

interpretation o f the British Pleistocene C. capreolus size record has been put forward 

by Parfitt(1999).
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F ig.7 .11 : British Pleistocene mass record for C. capreolus based on both bone and tooth remains.

7.6.2 Relationship Between C. capreolus Body Mass and Palaeoenvironment

The small amount o f size variation recorded in British Pleistocene C. capreolus 

indicates that body size was relatively insensitive to environmental changes. This is 

unexpected as modern C. capreolus display a two-fold mass variation in relation to 

temperature and vegetation conditions (Geist 1999). However, the poor record o f C. 

capreolus from a number o f Pleistocene divisions may prevent cases o f  significant size 

variation being revealed. The large C. capreolus individuals from Boxgrove occurred in 

a continental climate episode with relatively open vegetation types. But this was not 

repeated in the Stage 7 interglacial where similar palaeoenvironmental conditions are 

proposed to have developed.
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7.7 Rangifer tarandus

7.7.1 The R, tarandus Mass Record

R. tarandus is recorded by large numbers o f specimens only during the 

Devensian. Significant mass changes are however identified between the phases o f this 

cold stage (fig.7.12a). The pattern o f mass change recorded in Devensian R. tarandus 

differs between bones and teeth (fig.7.12c). Post-crania indicate that Stage 3 animals 

were significantly smaller than both Stage 4 and Lateglacial Stadial (Stage 2) 

populations (fig.7.12a), while teeth show no significant size variation during this period 

(fig.7.12b). This is another example o f teeth not recording size changes that are 

apparent in post-crania, possibly indicating that the body size changes are 

ecophenotypic in nature.

7.7.2 Relationship Between R. tarandus Body Mass and Palaeoenvironm ent

Stage 4 and the Lateglacial Stadial (Stage 2) are considered to be colder, lower 

insolation periods o f the Devensian than Stage 3 (section 2.12.3). British Pleistocene R. 

tarandus displayed larger body sizes in these conditions (table 7.6), and therefore 

follow the predictions o f Bergmann’s rule (section 7.15.2). Geographic variation in late 

Devensian R. tarandus follows the same pattern, with large animals in northern Europe 

and smaller-bodied populations in the south (Weinstock 1997). Reindeer have a 

digestive strategy specially designed to cope with survival on very low food 

abundances (section 1.6.9), which may explain why they did not undergo size reduction 

in low productivity environments like other British Pleistocene ungulate species e.g. C. 

elaphus (section 7.3.2) and B. priscus (section 7.2.2). Competition for food resources 

was also likely to have been lower in the depleted ungulate communities o f 01 Stage 4 

and the Lateglacial Stadial. All o f the examined R. tarandus populations occurred in 

open vegetation habitats. In modem R. tarandus woodland forms are larger than tundra 

populations, but this effect cannot be investigated in the British Pleistocene.

Table 7.6: Relationship between K  tarandus body size and proposed palaeoenvironmental conditions in 

terms of temperature (* Stage 3 probably not as cold as Stage 4 or Lateglacial Stadial) and vegetation 

type. Vegetation is classified according to the proportion of forest vs open habitats present: 3 = extensive 

forest development, 0 = open grassland. Body size divisions (L = Large, S = Small) based on fig.7.12a

Body Size Temperature Vegetation
Type

Stage 4 L Cold 0
Stage 2 Stadial L Cold 0
Stage 3 S Cold* 0
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7.8 Sus scrofa

7.8.1 The S. scrofa Mass Record

As for C  capreolus, body mass evidence from bones and teeth was combined 

due to the poor sampling o f  this speeies from the British Pleistocene. During the late 

Middle and Late Pleistocene relatively eonstant body masses were maintained, apart 

from the large animals recorded from the Stage 7 interglacial (fig.7.13).
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Fig.7.13: British Pleistocene mass record for S. scrofa based on bones and teeth.

7.8.2 Relationship Between S. scrofa Body Mass and Palaeoenvironment

Large body size oceurs in British Pleistocene S. scrofa in Stage 7 where a high 

proportion o f open vegetation habitats developed (table 7.7). This seems an unlikely 

combination as S. scrofa is generally considered to be a woodland browser/rooter, but 

the species probably remained in the forest patehes available. Stage 7 was also an 

episode o f  high summer insolation, so large body size may have been a result o f  

increased productivity. S. scrofa body mass and insolation do show a significant linear 

correlation (r = 0.8643, p = 0.026*).

Table 7.7: Relationship between S. scrofa body size and palaeoenvironmental conditions in terms o f  

temperature (WT = Warm Temperate), summer insolation (relative mid-month July insolation at 65°N  

(watts/m^); Berger & Loutre 1991) and vegetation type, classified according to the proportion o f forest vs 

open habitats present: 0 = open grassland. Body size divisions (L = Large, S = Small) based on fig.7.13.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 7 L WT 495 1
Stage 9 S WT 475 3
Stage 1 S WT 470 3
Stage 11 s WT 455 2
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7.9 Equus férus

7.9.1 The E. férus Mass Record

E. férus  mass estimates have been made only from post-cranial material 

(fig.7.14a). Horses from the major Middle Pleistocene temperate episodes all appear to 

have achieved similar body masses, as suggested by Parfitt (1999). Populations o f 

reduced size are recorded in the late Middle Pleistocene from the opening phase of 

Stage 11 and in declining temperate conditions at the end o f Stages 9 and 7. Horses 

from the Stage 6 cold episode were o f very small body size (see also Bates et al. 2000). 

Although not as small as those from Stage 6, Devensian E. ferus  (Stages 3 and 2) 

displayed significantly lower body masses than late Middle Pleistocene interglacial 

forms (see also Eisenmann 1991).

Occlusal lengths o f E. ferus  teeth generally display the same pattern o f size 

variation indicated by the mass estimates (fig.7.14b). An exception to this is the 

significant size reduction recorded between early Middle Pleistocene and late Middle 

Pleistocene teeth. The size reduction proposed by Bishop (1982) between early Middle 

Pleistocene and Stage 11 E. ferus  may have been based on these measurements. Across 

the trend o f size reduction recorded from Stage 7-6, E. ferus teeth respond more slowly 

than post-crania (fig.7.14b) and with a smaller percentage size decrease than bones 

(mi/ 2  occlusal length, 8%; astragalus measure 3, 19%). A greater response in post

crania than teeth during periods o f size reduction is consistently recorded (fig.7.14c), 

indicating that these may represent largely ecophenotypic size changes.

7.9.2 Relationship Between E, ferus Body Mass and Palaeoenvironment

Three body size groupings can be recognised in British Pleistocene E. ferus 

(fig.7.15). The largest animals all come from frilly developed Middle Pleistocene 

interglacial conditions (table 7.8). E. ferus populations o f reduced body size are 

recorded in the opening or closing phases o f interglacials (Stage l ie ,  late Stage 9, late 

Stage 7), where temperatures were reduced relative to frill interglacial climates, and 

from the last cold period (Stages 3 and 2) (fig.7.15). The smallest E. ferus  body size 

forms occurred in the cold climates o f Stage 6. There is repeated evidence for a body 

mass reduction in British Pleistocene E. ferus  when a temperature decline takes place 

(fig.7.14a, table 7.8). These observations are opposite to the predictions o f Bergmann’s 

rule, and may be once again be associated with reduced productivity in these 

environments (section 7.15.2).
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Although E. ferus is considered to favour open habitat types, vegetation type 

appears to have no major effect on body mass (table 7.8). Horses o f equivalent large 

body size occur in the Stage 7 interglacial, where a high proportion of open habitats 

were present, and the more extensively forested Stage 9 and 11 interglacials. Despite 

the fact that E. ferus is an almost exclusive grazer, the smallest Pleistocene body sizes 

are recorded in some of the most open vegetation environments (table 7.8), cautioning 

against simplistic body size interpretations.
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Fig.7.15: Homogeneous mass groupings identified in the E. ferus post-cranial samples by ANOVA with 

post-hoc comparison o f means. Points represent the average estimated mass with the 95% confidence 

interval o f the mean indicated.

Table 7.8: Relationship between E. ferus body size and palaeoenvironmental conditions in terms of  

temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65°N (watts/m^); Berger & Loutre 1991) and vegetation type (classified according to 

the proportion o f forest vs open habitats present: 3 = extensive forest development, 0 = open grassland). 

Body size divisions (L = Large, M = Medium, S = Small) are based on fig .7 .15.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 7 L WT 495 I
Stage 9 L WT 475 3
Stage 1 Ic L WT 455 2
late Stage 7 M CT 465 I
Stage 1 le M CT 450 3
late Stage 9 M CT <475 2
Stage 3 M Cold - 0
Stage 2 Interstadial M CT - 0
Stage 6 S Cold - 0
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7.10 Stephanorhinus hemitoechus

7.10.1 The S, hemitoechus Body Mass Record

S. hemitoechus is recorded from all o f the late Middle and Late Pleistocene 

interglacials (01 Stages 11-5). According to body mass estimates produced from post- 

crania, small body size occurred during the Stage 11 interglacial (fig.7.16a). A 

significant body mass increase took place between this form and S. hemitoechus 

recorded from the Stage 9 interglacial. Relatively constant body masses were 

maintained through the remainder o f the late Middle Pleistocene and into Sub-Stage 5e, 

but a significant mass increase took place between Sub-Stages 5e and 5c-a (fig.7.16a).

The body mass changes recorded in post-crania do not take place in teeth 

(fig.7.16b), suggesting that they are due to the effects o f the environment on the 

phenotype. In most cases the mass estimates based on teeth are higher than for bones 

(fig.7.16c), indicating a relatively large tooth size in this rhinoceros species.

7.10.2 Relationship Between S. hemitoechus Body Mass and Palaeoenvironment

No clear relationship between body size and vegetation type emerges (table

7.9); no size change occurred in S. hemitoechus between Stage 7 with a high proportion 

o f grassland habitats and the more forested Stage 5e. The largest animals apparently 

occurred in the coolest climate (table 7.9). A Bergmannian body size response to 

temperature change may have occurred in British Pleistocene S. hemitoechus, but only 

tentative conclusions can be based on this single sample. Body size information from 

further reduced temperature samples is required for confirmation. Productivity o f the 

environment may not have been as important in this case; very different body sizes are 

recorded from the two lowest insolation periods (table.7.9).

Table 7.9: Relationship between S. hemitoechus body size and palaeoenvironmental conditions in terms 

of temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65 °N (watts/m^); Berger & Loutre 1991) and vegetation type, classified according to 

the proportion of forest vs open habitats present: 3 = extensive forest development, 0 = open grassland. 

Body size divisions (L = Large, M  = Medium, S = Small) are based on fig.7.16a.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 5c-a L CT 470 2
Stage 9 M/L WT 475 3
Stage 5e M WT 485 3
Stage 7 M WT 495 1
Stage 11 S WT 455 2
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7.11 Canis lupus

7.11.1 The C. lupus Body Mass Record

Wolves are almost ever-present in Britain from the early Middle Pleistocene 

onwards. The major size distinction in mass records produced from post-crania is 

between the small early Middle Pleistocene C  lupus mosbachensis and the large Late 

Pleistocene C  lupus forms (fig.7 .17a). Late Middle Pleistocene wolves were 

intermediate between these two states. From the mass estimates produced during this 

study, size increase over the early Middle Pleistocene condition is proposed to have 

taken place by Stage 11 (fig.7.17a), as suggested by Bishop (1982). This interpretation 

differs from Parfitt (1999), where size increase in the C  lupus lineage does not begin 

until Stages 9/7. Further significant size increases are recorded at the Stage 7-6 and 

Stage 6-5e transitions (fig.7.17a). A relatively constant high body mass is maintained 

by C  lupus throughout the Late Pleistocene.

Dental remains record the size increase from early Middle Pleistocene to Late 

Pleistocene forms, but differences in the pattern and rate o f change are apparent 

(fig.7 .17b). Both teeth and post-crania indicate that late Middle Pleistocene wolves 

were o f larger size than C  lupus mosbachensis. However, a size increase over early 

Middle Pleistocene forms may not occur until Stage 7 in teeth, although this feature is 

recorded in Stage 11 in post-crania. Unfortunately sampling o f C. lupus teeth from the 

start o f the late Middle Pleistocene is poor. A size increase occurs in C. lupus teeth 

between the last interglacial and the Devensian (fig.7.17b), which is not reflected in 

post-crania.

In the early Middle Pleistocene teeth were proportionately larger than those at 

the end o f the period o f size increase (fig.7.17c). Post-crania increased in size at a faster 

rate than teeth, to reverse the situation o f higher dental mass estimates observed in C. 

lupus mosbachensis. Between Stages 7 and 6 (fig.7.17c) a significant mass increase is 

indicated in bones with no corresponding effect in teeth. This phenomenon o f post

crania increasing in size while teeth remain static was continued into Sub-Stage 5e, 

where the largest discrepancy in mass estimates from these two skeletal regions occurs. 

These body size changes can be proposed to result from ecophenotypic processes.
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7.11.2 Relationship Between C. lupus Body Mass and Palaeoenvironment

Three homogeneous body mass groupings can be identified in the C. lupus post- 

cranial samples: the early Middle Pleistocene, Stage 11 and 7, and Stage 6-3 forms 

(fig.7.18). A continuous trend o f size increase through time can therefore be observed, 

which is unlikely to be due to the direct influence o f  short-term palaeoenvironmental 

variations, and is more likely to represent an evolutionary sequence. A very wide range 

o f palaeoenvironmental conditions are recorded within the largest size grouping (table

7.10), but only a small amount o f  mass variation appears to have taken place (fig.7.18). 

The discrepancy in bone-tooth proportions in Stage 5e C. lupus may be a response to 

the hunting o f  large ungulates through social co-operation, where large body size would 

have been advantageous. Turner (1981) also recognised the large size o f last 

interglacial wolves and suggested that the species was able to take advantage o f its 

social system most effectively in this environment.

It is possible that the tooth enlargement recorded in Devensian C. lupus, 

independent o f an overall body size increase (fig. 7.17b) was influenced by a change in 

feeding behaviour. Increased dental size is associated with high tooth wear in Stage 4

C. lupus (Currant & Jacobi 1997), evidence that increased scavenging behaviour and 

bone cracking was taking place. A change in diet may therefore have selected for larger 

and more robust teeth. Scavenging activities could have been more easily carried out in 

open vegetation environments o f the Devensian, where carcasses could be located 

rapidly.
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Fig.7 .18: Homogeneous mass groupings identified in the C. lupus post-cranial samples by ANOVA with 

post-hoc comparison o f means. Points represent the average estimated mass with the 95% confidence 

interval o f the mean indicated.
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Table 7.10: Relationship between C. lupus body size and palaeoenvironmental conditions in terms of 

temperature (WT = Warm Temperate; CT = Cool Temperate), summer insolation (relative mid-month 

July insolation at 65°N (watts/m^); Berger & Loutre 1991) and vegetation type, classified according to 

the proportion o f forest vs open habitats present: 3 = extensive forest development, 0 == open grassland. 

Body size divisions (L = Large, M = Medium, S = Small) are based on fig .7 .18.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 5e L WT 485 3
Stage 3 L Cold - 0
Stage 6 L Cold - 0
Stage 4 L Cold - 0
Stage 5c-a L CT 470 2
Stage 7 M WT 495 1
Stage 11 M WT 455 2
EMP S - - -

7.12 Ur SUS arctos

7.12.1 The U. arctos Mass Record

The body size information presented is based on post-crania only, due to the 

problems experienced with mass estimation from teeth. The general trend recorded is 

one o f size increase during the British Pleistocene (fig.7.19). No body mass differences 

are apparent between the initial records o f U. arctos in late Middle Pleistocene 

interglacials. Bears from Stage 6 and the last interglacial were significantly larger than 

the Stage 9 and 7 animals. A further significant size increase is recorded in Stage 4, 

where some very large bodied populations are encountered e.g. Banwell Bone Cave 

(see also Currant & Jacobi 1997). These were the largest bears recorded from the 

British Pleistocene. A return to smaller U. arctos individuals occurred in Stage 3.
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Fig. 7.19: The British Pleistocene mass record for Ü. arctos based on post-cranial specimens.
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7.12.2 Relationship Between U, arctos Body Mass and Palaeoenvironment

Once again, three distinct body size forms can be recognised in British 

Pleistocene U. arctos. Vegetation type does not appear to determine body size as both 

large and small forms are recorded in environments dominated by open vegetation 

habitats. Three out o f the four records o f large-medium sized forms occur in cold or 

cool temperate conditions (table 7.11). This may indicate that this species is following 

the predictions o f Bergmann’s rule (section 7.15.2).

How can this relationship between body size and temperature be explained? 

Although a thermoregulation is a possibility, theoretical examination o f Bergmann’s 

rule has indicated that any thermoregulatory advantages gained by size increases in 

cold climate conditions are likely to be small (Geist 1987; Steudel et al. 1994). For 

brown bears, a plausible explanation for the body size pattern recorded comes from the 

observation that highly carnivorous bear populations are larger in size (Hilderbrand et 

al. 1999). During cold or cool temperate periods the vegetative component o f the U. 

arctos diet is likely to have become scarce and a switch to a more carnivorous mode o f 

life probably took place. Increased camivory in cold stage forms may also explain the 

high levels o f sexual dimorphism in 01 Stage 4 populations. Males may not have 

undergone a major winter hibernation period, with seasonal food resources o f low 

importance in the diet. Feeding on high energy meat resources year-round would have 

resulted in a size increase over the females that maintained hibernation for reproductive 

reasons.

Table 7.11: Relationship between U. arctos body size and palaeoenvironmental conditions in terms of 

temperature (WT = Warm Temperate), summer insolation (relative mid-month July insolation at 65°N  

(watts/m^); Berger & Loutre 1991) and vegetation type, classified according to the proportion of forest vs 

open habitats present: 3 = extensive forest development, 0 = open grassland. Body size divisions 

(L = Large, M  = Medium, S = Small) are based on fig. 7.19.

Body Size Temperature Summer
Insolation

Vegetation
Type

Stage 4 L Cold - 0
Stage 5 M WT 485-470 3
Stage 3 M Cold - 0
Stage 6 M Cold - 0
Stage 7 S WT 495 1
Stage 9 s WT 475 3
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7.13 Crocuta crocuta

7.13.1 The C. crocuta Mass Record

No periods o f significant body mass change have been identified in the British 

Pleistocene record o f C  crocuta (fig.7.20). It is possible that the animals from the 

Stage 9 interglacial were o f shghtly smaller body size than the other British Pleistocene 

populations, but sample sizes are too small to allow rigorous statistical testing. Teeth 

estimate higher mass values than bones, but the ratio between dental and post-cranial 

sizes remains constant (fig.7.20c). The higher mass estimates produced from British 

Pleistocene dental specimens indicate that teeth display a larger size increase relative to 

modem African animals than bones. In Late Pleistocene samples m% specimens are on 

average 25-27% longer than modem teeth, while the dimensions o f bones exceed 

modem material by only 5-8%.

7.13.2 Relationship Between C. crocuta Body Size and Palaeoenvironment

The constant mass record o f this species throughout its British Pleistocene range 

provides evidence that environmental variations in terms o f temperature and vegetation 

had little effect on the body size o f this species. Hyaenas are the same size in the 

temperate forested Stage 5 as in the cooler open conditions o f Stage 3. Tumer (1981) 

has suggested that British Pleistocene spotted hyaenas may have displayed behavioural 

differences between these two periods, but if this is the case these have had no major 

effect on body size. Indeed, behavioural changes may have allowed the species to 

maintain a constant food intake and hence body size (Lister 1997). It has been proposed 

that C  crocuta follows the predications o f Bergmann’s mle during Pleistocene 

temperature variations (Klein & Scott 1989), but there is little evidence o f that here.
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Fig.7.20a: British Pleistocene C. crocuta mass record based on post-cranial specimens
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Fig.7.20b: British Pleistocene C. crocuta mass record based on teeth.
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Fig.7.20c: Comparison o f  dental and post-cranial mass records for C. crocuta
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7.14 P a n th e r a  le o

7.14.1 The P. leo Body M ass Record

The British Pleistocene mass record for P. leo is shown in fig.7.21. No 

significant body mass changes are recorded in Middle Pleistocene P. leo, so the size 

reduction suggested in Stage 7 lions (Parfitt 1996) is not supported. Animals fi*om 

Stage 5 were however significantly smaller than the Middle Pleistocene forms. An 

equivalent size reduction in both teeth and post-crania is recorded across this transition 

(fig.7.21 c), suggesting that it may be genetically based. On the other hand, the 

significant size increase recorded in post-crania but not dental remains between Stage 5 

and Stage 3 (fig.7.21 c) may be due to ecophenotypic effects.

7.14.2 Relationship Between P. leo Body Mass and Palaeoenvironm ent

The lions from the highly forested environment o f Sub-Stage 5e were smaller 

than other British Pleistocene populations (table 7.12). It is interesting that P. leo was 

virtually absent from the Stage 9 interglacial, which apparently also included extensive 

forest development. All late Middle and Late Pleistocene records o f the large-bodied P. 

leo are associated with more open vegetation conditions. This may be related to the 

hunting o f larger prey in open environments (section 7.15.3).

Table 7.12: Relationship between P. leo body size and palaeoenvironmental conditions in terms of 

temperature (WT = Warm Temperate), summer insolation (relative mid-month July insolation at 65°N 

(watts/m^); Berger & Loutre 1991) and vegetation type. Vegetation is classified according to the 

proportion of forest vs open habitats present: 3 = extensive forest development, 0 = open grassland. 

Body size divisions (L = Large, S = Small) are based on fig.7.21 a.

Body Size Temperature Summer
Insolation

Vegetation
Type

EMP L - -

Stage 11 L WT 455 2
Stage 7 L WT 495 1
Stage 3 L Cold - 0
Stage 5 S WT 485-470 3
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Fig.7.21 a: British Pleistocene/*, leo mass record based on post-cranial specimens
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Fig.7.21b: British Pleistocene P. leo mass record based on teeth.
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Fig.7.21 c: Comparison o f dental and post-cranial mass records for P. leo
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7.15 Mass Record Analysis

7.15.1 Comparison of Body Size Records Based on Bones and Teeth

A difference in the average mass figures produced fi'om dental remains and 

post-crania is commonly encountered in British Pleistocene species. Some species are 

consistently characterised by high or low mass estimates fi'om teeth relative to bones.

In Late Middle and Late Pleistocene D. dama (section 7.4) and C. crocuta (section

7.13) mass estimates from teeth always exceed post-cranial values. Teeth are therefore 

larger than expected considering the size o f post-crania. M  giganteus (section 7.5), on 

the other hand, with lower mass estimates based on the dentition, has smaller teeth than 

would be predicted for a cervid o f this size. I f  post-crania are considered to provide the 

best reflection o f the true body mass then in these cases estimates based on dental 

remains will not provide equivalent results.

Despite the problems with the estimation o f accurate mass figures using dental 

remains, do they provide a suitable record o f relative size change through time? In 

species such as D. dama (section 7.4) and C. crocuta (section 7.13) the size change 

patterns indicated by bones and teeth are very similar, with constant proportions 

maintained between the skeletal regions. However, a number o f cases where 

differences occur in the pattern and rate o f mass change between bones and teeth have 

been identified from the British Pleistocene. In some examples, best illustrated by B. 

primigenius (section 7.1) and S. hemitoechus (section 7.10), bones record a sequence o f 

mass variation that is not apparent if dental remains only are examined. There are also 

instances where size change occurs to a greater extent in post-crania than teeth e.g. the 

Late Pleistocene record o f B. priscus (section 7.2). Independent or higher magnitude 

size changes in teeth are also recorded in a few cases e.g. C. elaphus (section 7.3), C. 

lupus (section 7.11).

Dental remains may therefore not always provide a suitable record o f relative 

size change through time. However, they should still be included in body size studies, 

as examination o f the patterns o f relative size change in bones and teeth provides an 

opportunity to determine the factors driving size change. Post-crania are more sensitive 

to environmentally induced phenotypic variation than teeth (Barnett 1977; Fortelius 

1985), as the development o f the dentition is under tighter genetic control (Kieser 1990; 

Dempsey et al. 1995; Manfredi et al. 1997). Cases where post-crania record size 

variation independently o f teeth can therefore be proposed to result from ecophenotypic 

effects. Ecophenotypic processes are also likely to contribute to size change when a 

greater size response takes place in post-crania than teeth. When a significant size
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change takes place in the dentition this is likely to be genetically controlled and is often 

reflected in post-crania, although size change may be recorded in teeth alone if 

selection pressures are related to feeding behaviour.

A summary o f the processes proposed to drive significant size changes recorded 

in the British Pleistocene is given in table 7.13. Using the above model, ecophenotypic 

effects appear to have been the cause o f a high proportion o f the body size variations 

identified. However, major body size distinctions that have resulted in sub-species 

differentiations between British Pleistocene forms e.g. D. dama clactoniana vs D. 

dama and C. lupus mosbachensis vs C. lupus, were very likely genetically based.

Interpretation o f the body size changes recorded in C. elaphus and E. ferus  is 

complex. In C  elaphus (section 7.3) virtually every transition between Pleistocene 

divisions is marked by significant size change in the dentition. This may indicate that a 

continuous evolutionary trend took place, especially across Stages 11-5. The major 

change in bone-tooth proportions that occurs between last interglacial and Devensian 

red deer populations (section 7.3) may record the immigration o f a new sub-species 

(Lister 1981, 1984). Comparison o f the body size records from E. ferus  (section 7.9) 

bones and teeth is difficult, as mass estimates were not produced from the dental 

remains. Significant changes in tooth size separate the early Middle, late Middle and 

Late Pleistocene E. ferus  forms, so these distinctions are likely to be genetically based. 

The size reductions recorded in late Middle Pleistocene horses from cool temperate and 

cold climate conditions are generally reflected in both bones and teeth, but to a greater 

extent in post-crania, suggesting some ecophenotypic effects.

Evidence produced during the course o f this study confirms that fossil post

crania provide a more detailed and accurate reflection o f mass variation in Pleistocene 

species than teeth. Post-crania appear to relate more closely to the true body size and 

record the frill extent o f size variation. This is as predicted, considering the mass 

bearing function o f post-crania and the proposition that they are under weaker genetic 

size control and more likely to reflect environmental influences. Attention should 

therefore be concentrated on results from this skeletal region. However, the evidence 

that dental remains can provide should not be ignored. In some species they do reflect 

the relative size variations recorded in post-crania, and will provide relatively reliable 

mass estimates if no other material is available. More importantly, comparison of 

dental and post-cranial records reveals important information on the processes driving 

size change.
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Table 7.13: Classification of the type of size change (E = Ecophenotypic; G = Genetic) proposed to have 

taken place at various significant size transitions recorded in the British Pleistocene. Ecophenotypic 

change is proposed when size variation is recorded in bones only (B), or when the size change recorded 

in bones is greater than in teeth (B > T). When bones and teeth record similar levels o f size change (B + 

T) or size variation takes place in teeth alone (T), a genetic change is proposed to have occurred. EMP = 

early Middle Pleistocene, LMP = late Middle Pleistocene, LP = Late Pleistocene.

Species Size Transition Bones vs Teeth Proposed Size 
Change Type

B. primigenius 11 9 B E
B. primigenius 7 4- 1 B E

B. priscus 5 ^ 4 B > T E(G)
B. priscus 4 ^ 3 B > T E(G)
D. dama LMP 4- LP B + T G
M. giganteus 7 ^ 5 B E
M. giganteus 5 ^ 3 B + T G
R. tarandus 4 ^ 3 B E
R. tarandus 3 2 B E
S. hemitoechus 11 9 B E
S. hemitoechus 5e #  5c-a B E
C. lupus EMP ^  LMP B + T G
C. lupus 7 ^ 6 B E
C. lupus 6 - ^ 5 B E
C. lupus 5 4 T G
P. leo 7 ^ 5 B + T G
P. leo 5 3 B E

7.15.2 Body Size and Tem perature

Can the mass records produced for mammal species throughout the varying 

environments o f the British Pleistocene provide information relevant to the validity o f 

Bergmann’s rule? The body size trends recorded across transitions where temperature 

change is thought to have taken place have been examined. All o f the size comparisons 

relate closely in time - interglacial vs late interglacial or interglacial vs following 

glacial - to reduce the problems o f intervening size changes in response to other 

environmental factors.

In ungulate species, body masses are fi*equently (12 out o f 19 examined cases) 

reduced in conditions o f decreased temperature (table 7.14a). This size change is 

opposite to the predictions o f Bergmann’s rule. In C. elaphus (section 7.3) and E. ferus  

(section 7.9), reduced masses occurred in the opening and closing phases of 

interglacials, when temperature conditions were either developing or declining fi'om
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peak interglacial levels. In the few cases where ungulate species are recorded from cold 

climate episodes, e.g. E. ferus in 01 Stage 6 and B. priscus in 01 Stage 4, body mass 

reductions o f up to 50% are observed to have taken place.

There is no model to explain why a reduction in environmental temperatures 

should in itself result in smaller mammalian body sizes. The body size reductions 

recorded in ungulates from cool temperate-cold environments are likely to be directly 

related to other factors, which are themselves influenced by temperature variations. 

Small-bodied ungulates have also been recorded in warm temperate periods where 

productivity (insolation) was low or the vegetation type unsuitable e.g. B. primigenius 

(section 7.1), B. priscus (section 7.2), C. elaphus (section 7.3). The reduced body sizes 

recorded in cooler episodes may therefore also be due to reduced food availability. This 

interpretation is supported by records o f very large C. elaphus and M  giganteus from 

the relatively low temperature Stage 3 episode; despite the cool conditions, highly 

productive open grassland environments developed (Guthrie 1990b).

It is interesting that it is species such as C. elaphus and E. ferus^ which are 

among the ungulates best-able to persist in both interglacial and cold stage 

environments, that show a body size response to temperature reductions at the 

beginning and end o f interglacials. This may be evidence o f selection for an adaptive 

response to changing environmental conditions that allows the species to be successful 

in a range o f Pleistocene situations (Lister 1997). Species such as D. dama that show no 

body size effect in the same early/late interglacial circumstances (table 7.14a) are not 

recorded from any cold environments. An early and genetically programmed response 

to climatic change may therefore be crucial to the maintenance o f ungulate populations.

In only four cases do ungulate species show a mass response that follows the 

predictions o f Bergmann’s rule (table 7.14a). Two o f these occur in R. tarandus during 

the phases o f the Devensian (section 7.7). Perhaps this response results from the fact 

that R. tarandus is one o f the very few herbivore species that is highly adapted to cold 

climatic conditions with associated low food availability. The species was probably 

under greater stress in the 01 Stage 3 temperate phase o f the Devensian, where more 

intense competition for food would have taken place due to the presence o f a wider 

range o f herbivorous species. B. priscus and S. hemitoechus both underwent size 

increases from Sub-Stage 5e to 5c-a. In B. priscus this size change has been interpreted 

in relation to food supply rather than climatic cooling (section 7.2). The factors driving 

size increase in Sub-Stages 5c-a S. hemitoechus remain unclear (section 7.10); but a 

size increase in response to low temperatures cannot be ruled out.
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Table 7.14a: Ungulate species recorded across transitions marked by temperature changes; some show 

associated significant body mass trends. Mass changes are compared with the predictions of Bergmann’s 

rule: ©  = follows Bergmann’s rule, IHl = does not follow Bergmann’s rule, * = no mass trend. The rule 

predicts either a mass increase as temperatures cool or a mass decrease across a warming trend.

Transition Species Temperature
trend

Mass
trend

Bergmann’s
Rule?

Early 11"^ Stage 11 E. ferus Warming Increase |xl

Early 11 ^  Stage 11 C. elaphus Warming Increase

Early 11*^ Stage 11 D. dama Warming None *

Early 11 Stage 11 B. primigenius Warming None *

Stage 9 ^  Late 9 E. ferus Cooling Decrease

Stage 7 Late 7/6? C. elaphus Cooling Decrease m

Stage 7 Late 7 B. primigenius Cooling Decrease IE]

Stage 7 ^  Late 7 B. priscus Cooling Decrease lEl

Stage 7 ^  Late 7 E. ferus Cooling Decrease (El

Late 7 ^  Stage 6 E. ferus Cooling Decrease (El

Stage 5e ^  Stage 5c-a S. hemitoechus Cooling Increase ©

Stage 5e ^  Stage 5c-a C. elaphus Cooling Decrease IE]

Stage 5e ^  Stage 5c-a D. dama Cooling None *

Stage 5e ^  Stage 5c-a B. primigenius Cooling Decrease lEI

Stage 5e #  Stage 5c-a B. priscus Cooling Increase ©

Stage 5c-a #  Stage 4 B. priscus Cooling Decrease El

Stage 4 Stage 3 R. tarandus Warming Decrease ©

Stage 4 ^  Stage 3 B. priscus Warming Increase lEI

Stage 3 #  Stage 2 R. tarandus Cooling Increase ©

In the carnivore mass records, more transitions where size change follows the 

predictions o f Bergmann’s rule are recorded (table 7.14b). However, the only species 

that repeatedly shows this result is U. arctos; at four temperature transitions, three cases 

in agreement with the rule and one case o f no size response are recorded. Unlike British 

Pleistocene ungulates a lack o f body size response to temperature change is more 

commonly recorded than a size reduction effect (table 7.14b). Throughout the climatic 

phases o f the Devensian no major body size variation took place in C. lupus and C. 

crocuta. The spotted hyaena has been used as an example o f size change following 

Bergmann’s rule (Klein & Scott 1989), but no evidence o f any significant size increase 

in post-crania from Stage 5 to Stage 3 animals has been identified in this study (section
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7.13). Small but significant changes in tooth size and proportions are recorded (section 

6.8.1), but these may have resulted from selection for different feeding modes.

Why should carnivore species show a different pattern o f size change to 

ungulates, and why is U. arctos the only example o f a species that follows the 

predictions o f Bergmann’s rule? Once again the answer appears to be food supply, 

which is not reduced to such an extent in low temperature/insolation conditions for 

carnivores, explaining the maintenance o f relatively stable body sizes. A switch in prey 

composition e.g. from D. dama to R. tarandus, will have little effect as long as 

sufiScient prey population densities persist. Cold conditions may however lead to a 

reduction in available vegetation for the omnivorous U. arctos. A svdtch to 

concentration on animal food sources is proposed to have taken place, which results in 

larger body sizes in modem populations (Hilderbrand et al. 1999). The pattern o f size 

change in British Pleistocene U. arctos is therefore also interpreted in the context o f 

food availability, rather than as a direct effect o f temperature on body size.

Table 7.14b: Carnivore species recorded across transitions marked by temperature changes; some show 

associated significant body mass trends. Mass changes are compared with the predictions of Bergmann’s 

rule: ©  = follows Bergmann’s rule, lEl -  does not follow Bergmann’s rule, * ^ no mass trend. The rule 

predicts either a mass increase as temperatures cool or a mass decrease across a warming trend.

Transition Species Temperature
trend

Mass
trend

Bergmann’s
Rule?

Stage 7 ^  Stage 6 C. lupus Cooling Increase ©

Stage 7 ■►Stage 6 U. arctos Cooling Increase ©

Stage 6 #  Stage 5 C. lupus Warming Increase m

Stage 6 #  Stage 5 U. arctos Warming None *

Stage 5e ^Stage5c-a C. crocuta Cooling None *

Stage 5 ^  Stage 4 C. lupus Cooling Decrease

Stage 5 ^  Stage 4 U. arctos Cooling Increase ©

Stage 5 #  Stage 3 C. crocuta Cooling None *

Stage 5 #  Stage 3 P. leo Cooling Increase ©

Stage 4 ^  Stage 3 C. lupus Warming None *

Stage 4 #  Stage 3 U. arctos Warming Decrease ©
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7.15.3 Body Size and Vegetation

Interpretation o f the relationship between body mass and vegetation is complex; 

two different vegetation-related factors, vegetation type and primary productivity, may 

be effecting body size but are inter-related. The apparently important relationship 

between productivity and body size has already been discussed in section 7.15.2. Are 

any consistent patterns relating body size to vegetation type present in the British 

Pleistocene record?

British Pleistocene ungulates do not display a consistent mass response when 

forested and more open vegetation episodes are compared (table 7.15a). Grazers are not 

consistently larger in more open vegetation interglacials, and browsers do not show 

increased body sizes in more suitable highly forested episodes. Studies o f modem 

species indicate that Pleistocene ungulates were probably able to modify their 

behaviour relatively easily in order to maintain sufficient diets at the level o f vegetation 

variation that takes place in the British Pleistocene (section 1.6). This is illustrated by 

the fact that the majority o f species are recorded from a high proportion o f Middle and 

Late Pleistocene interglacials despite seemingly large vegetational differences. 

Vegetation productivity rather than type appears to have been a more important 

influence on ungulate body size.

Table.7.15a: Effects of changes in vegetation type on the body 

Species are classified according to feeding type; G = grazer, M

size of British Pleistocene ungulates. 

= mixed feeder, B = browser.

Species Feeding Type Transition Vegetation
Type

Mass Trend

B. primigenius G 9 ^ 1 Forest ^  Open None
E. ferus G 9 ^ 7 Forest ^  Open None
S. hemitoechus G/M 9 7 Forest ^  Open None
C. elaphus M 9 ^ 1 Forest ^  Open Increase
S. kirchbergensis B 9 7 Forest if  Open None
C. capreolus B 9 if  7 Forest i f  Open None
S. scrofa B 9 ^ 7 Forest ^  Open Increase

B. primigenius G 7 ^  5e Open ^  Forest Decrease
B. priscus G 7 5e Open #  Forest Decrease
S. hemitoechus G/M 7 if  5e Open "f Forest None
M. giganteus G/M 7 "f 5e Open ^  Forest Decrease
C. elaphus M 7 if  5e Open if  Forest Increase
B. priscus G 5e ^  3 Forest ^  Open Increase
M. giganteus G/M 5e # 3 Forest ^  Open Increase
C. elaphus M 5e ^ 3 Forest i f  Open Increase
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In mixed-feeding ungulates, e.g. C. elaphus (section 7.3) and M  giganteus 

(section 7.5), the largest recorded Pleistocene body sizes are often associated with high 

proportions o f open grassland environments in continental climate divisions such as 01 

Stages 7 and 3. This evidence would appear to support the theory that an increase in the 

dietary proportion o f high fibre foods such as grass, selects for higher body masses for 

reasons o f digestive physiology (Demment & Van Soest 1985). However, browsing 

species such as S. scrofa (section 7.8) display the same body size pattern. Increased 

body sizes may therefore be related to higher levels o f primary productivity in these 

open vegetation episodes, rather than an increase in the proportion o f fibre in the diet.

As long as sufficient prey densities are maintained, changes in vegetation 

communities would be expected to have little effect on carnivore species. However, 

vegetation will influence the body size o f carnivores if hunting behaviours are affected. 

Some Pleistocene transitions marked by a change in vegetation type are associated with 

body mass trends in carnivore species (table 7.15b). Large carnivores will struggle as 

both active predators and scavengers in highly forested environments, due to the 

difficulties o f locating food sources successfully. Open vegetation habitats with some 

cover are considered to be most suitable for species such as P. leo (Nowak 1991). Body 

mass reduction occurs in this species in the relatively forested Sub-Stage 5e (table 

7.15b) and very sparse records occur in the similar vegetation conditions o f 01 Stage 9 

(section 7.14). In the Gir Forest, India, lion prides are reduced in size compared to open 

habitat populations (Tumer & Anton 1997). I f  a similar effect occurred in British 

Pleistocene forests then the opportunities for hunting very large ungulates would have 

been reduced, resulting in the declining importance o f  very large body size.

However, changes in behaviour related to the vegetation type may be reflected 

in tooth design and proportions rather than post-cranial body sizes. Despite vegetational 

differences between the last interglacial and the Devensian possibly leading to a 

variation in the proportion o f predatory and scavenging behaviour in C  crocuta 

populations (Tumer 1981), no effects on body size are seen (table 7.15b). More 

responses have been recorded in the design o f the dentition than in overall body size 

(section 6.8.1). An alteration in the pattem o f behaviour to include more bone cracking, 

induced by a change in vegetation type and prey availability, may also be the cause o f 

the increase in tooth size that occurred in Devensian C  lupus (section 7.10). This is one 

example where studies o f tooth remains may reveal information not apparent from 

post-crania. A more important determinant o f carnivore body size than vegetation type
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may be the body size composition o f the prey community; this question will be 

examined in the following section.

Table.7.15b; Effects of changes in vegetation type on the body size of British Pleistocene carnivores.

Species Transition Vegetation
Type

Mass Trend

C  crocuta 9 ^ 1 Forest Open None
U. arctos 9 ^ 1 Forest ^  Open None

C. lupus 7 ^  5e Open #  Forest Increase
C. crocuta 7 ^  5e Open Forest None
U. arctos 7 5e Open Forest Increase
P. leo 7 #  5e Open ^  Forest Decrease
C. lupus 5 e -^ 3 Forest Open None
C. crocuta 5 e if  3 Forest Open None
U. arctos 5 e i^ 3 Forest Open None
P. leo 5 e i^ 3 Forest Open Increase

7.15.4 Comparison of Body Size Records Across Species

Do the patterns o f body size change identified for individual species correlate 

with each other? This is to be expected if common responses to palaeoenvironmental 

influences have taken place. Carnivores and ungulates with differing life history and 

dietary strategies, e.g. artiodactyls vs perissodactyls, may however respond to 

environmental problems in different ways. Are body size shifts recorded across species 

such as to maintain a constant level o f size separation between them? The body mass 

records based on post-cranial remains only have been studied, as these have been found 

to record a more detailed pattem o f size change and are proposed to provide a more 

accurate reflection o f overall body size. In the analysis o f size change across species, 

body masses are represented as a percentage o f the highest body mass recorded for a 

species during the British Pleistocene. This allows the relative sizes o f both large and 

small species to easily be compared.

In the analysis o f all ungulate species showing body mass variation during the 

late Middle and Late Pleistocene a very complex picture emerges (fig.7.22). Two 

groups o f species are apparent. The first o f these includes C. elaphus, M. giganteus, S. 

scrofa, B. priscus, B. primigenius and S. hemitoechus, which all display small body 

sizes in the Stage 11 interglacial. These species achieve their peak body mass in 01 

Stage 7, 9 or 3. The second group o f species, consisting o f D. dama and E. ferus, were 

at their largest in the late Middle Pleistocene and displayed reduced sizes relative to
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this condition in the Late Pleistocene. These groupings cross taxonomic divisions and 

include species with very different modes o f life. The reasons behind their common 

body size responses therefore remain unclear. It is however possible that D. dama and 

E. ferus were finding it increasingly more difficult to maintain British populations as 

the Pleistocene progressed. Both species are absent from one o f the final interglacial 

periods and failed to establish successfully in the Holocene.

Species vary greatly in their percentage body size relative to other community 

members (fig.7.22). Constant body size relationships between species pairs are not 

maintained. It seems, therefore, that environmental effects and evolutionary processes 

affect each species in a different way. Other aspects o f community organisation in 

terms o f body size will be discussed in Chapter 8.

Some common body size features emerge when the climatic divisions are 

compared, which may be related to the prevailing palaeoenvironmental conditions 

during these periods. The Stage 11 interglacial is mainly characterised by small body 

size forms, while in Stage 7 all o f the examined ungulate species apart from C. elaphus 

are at least 85% of their maximum Pleistocene size (fig.7.22). A climatic feature that 

clearly differentiates these two periods is seasonality (section 2.12.2), which may relate 

to the body size patterns. Stage 11 appears to have been a low seasonality interglacial, 

while Stage 7 was the interglacial with the most pronounced seasonality during the late 

Middle and Late Pleistocene (Tzedakis & Bennet 1995).

The ungulate species recorded from Sub-Stage 5e with intermediate seasonality 

(Tzedakis & Bennet 1995) all display body sizes that are 75-90% o f maximum levels 

(fig.7.22). In the early Holocene the remaining ungulate species were aU relatively 

small. This has been interpreted in relation to stresses from climatic change and the 

advent o f human impacts associated with the end-Pleistocene extinctions. However, the 

small body sizes o f these species may relate to the low seasonality o f this period. 

Relative body sizes and seasonality levels are very similar to those from the Stage 11 

interglacial.
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Fig. 7.22: Relative body sizes o f ungulate species during the Middle and Late Pleistocene. Average body 
mass estimates from post-crania are represented as a percentage o f the maximum body mass recorded. 
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Large body size is therefore associated with highly seasonal environments in the 

British Pleistocene. A plot o f relative body sizes against seasonality shows species 

generally getting larger as seasonality increases (fig.7.23). For the species group 

including C. elaphus, M. giganteus, S. scrofa, B. priscus, B. primigenius and S. 

hemitoechus there is a significant positive correlation between estimated seasonality 

and relative body size (r = 0.6791, p = 0.000***). There are a number o f theoretical 

reasons why larger body sizes are predicted in more seasonal environments, including 

an increased ability to survive periods o f food shortage for large animals, and reduced 

competition for food resources as a result o f high winter mortality (Lindstedt & Boyce 

1985; Millar & Hickling 1990).

Two major types o f size change record are also apparent in British Pleistocene 

carnivore species. C  lupus and U. arctos both show very similar patterns o f increasing 

mass throughout the British Pleistocene, while P. leo and C. crocuta maintain relatively 

stable body sizes (fig.7.24). Unlike ungulate species, no relationship between body size 

and seasonality is apparent.

The size o f British Pleistocene lions and hyaenas does not appear to have been 

influenced by variation in the body sizes o f their prey species during this period. These 

two species could probably prey on the majority o f Pleistocene ungulates successfully, 

especially if hunting co-operatively. It is therefore unsurprising that intra-specific size 

variations recorded in individual prey species had little effect. The size increases 

recorded in C. lupus and U. arctos may be related to the increased body sizes recorded 

in a number o f ungulate species as the Pleistocene progressed. From the Stage 11 

interglacial onwards the relative body size o f C. lupus tracks the size increase recorded 

in C. elaphus closely (fig.7.25). This may indicate that as in modem European habitats

C. elaphus was the major prey species o f C. lupus (Jedrzejewski et al. 2000).

7.15.5 Summ ary

This study has produced detailed information on the pattem o f body size change 

through time for a range o f British Pleistocene species. However, a large amount o f 

work remains to be done to explain the body size variations revealed. The large number 

o f cases o f apparent ecophenotypic size change uncovered imply an important role for 

the environment in determining the body sizes o f British Pleistocene mammals. 

However, body size development is influenced by a number o f complex interacting 

factors, and interpretation o f these from fossil assemblages remains speculative.
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With the limited amount o f palaeoenvironmental data that can be associated 

with the body size records at present, levels o f primary productivity appear to be one of 

the most important determinants o f body size across a range o f species. Hopefully more 

accurate insolation data will be applied to this data set in the fiiture. However, no 

matter how good estimates o f Pleistocene environmental conditions become, it is hard 

to link mammalian communities with sufiBcient chronological accuracy to independent 

climatic records. The potential does exist for direct measurement o f 

palaeoenvironmental variables from mammalian assemblages, through the application 

o f stable isotope techniques. The relationship uncovered between ungulate body size 

and seasonality is one question that would benefit from an investigation o f this type.

Traditional ideas associating body size variation with environmental 

temperatures and vegetation types are generally not supported by this study. In 

particular, little evidence has been found in support o f Bergmann’s rule as a 

thermoregulatory response to temperature conditions. Food availability appears to have 

been far more important in determining the body sizes o f British Pleistocene mammals.
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CHAPTER 8: Pleistocene Community Ecology

The body mass data from all species assigned to a specified period o f the British 

Pleistocene can be combined to provide information on community body mass 

structure. As introduced in Chapter 1, a controversial subject in community ecology has 

been the question o f the strength o f interactions between the members o f a community. 

One view suggests that communities are stable co-evolved entities, structured in order 

to minimise competition between species and allow their coexistence (Clements 1916). 

Alternatively, communities may simply be random associations o f species acting 

individualistically, which inhabit the same area o f time and space due to common 

environmental tolerances (Gleason 1926). I f  communities are structured by competition 

then a number o f predictions concerning their expected structure can be put forward. 

Examination o f communities in search o f these structures provides a test o f the 

competition model.

Much o f the study o f animal community structure has been based on observed 

size ratios between species. Initially it was suggested that a ratio o f 1.3 between the 

linear dimensions o f species’ trophic apparatus, produced by competitive character 

displacement, would be sufficient to allow their coexistence (Hutchinson 1959).

Species that differed by less than this factor would be unable to occur sympatrically 

and syntopically. This model can be extended mathematically to a ratio o f 2.0 between 

body masses. Hutchinson’s theory would therefore predict ratios o f 2.0 or greater 

between the body masses o f community members. The search for communities that 

displayed such ratios then began and a number o f examples fitting the Hutchinsonian 

model were put forward (Schoener 1970; McNab 1971b; Brown 1975).

However, Simberloff & Boeklen (1981) criticised the methods used to identify 

Hutchinsonian ratios in communities and reanalysed a number o f data sets, finding 

them not to be supportive o f Hutchinson’s theories after all. Wiens (1982) was also 

critical o f the methodology o f size ratio studies, focusing particularly on the species 

chosen for comparison, the morphological features measured and the exclusion of 

information on intra-specific variation, sexual dimorphism and size variation through 

ontogeny. He emphasised the importance o f comparing species that were at least 

generally similar in ecology and put forward the concept o f the guild, defined by 

resource use independent o f species taxonomy, as the most appropriate framework for 

comparison.
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Other criticisms o f Hutchinson’s theory have used examples o f groups of 

inanimate objects that approximate Hutchinsonian size ratios (Horn & May 1977). This 

suggests that Hutchinson’s constants may be an artefact o f the size distribution o f 

animate as well as inanimate objects in nature, rather than a product o f competition or 

any other biological factor. Eadie at al. (1987) point out that size ratios close to 

Hutchinson’s critical limits (covering the range 1.1-2.2), will invariably result, as long 

as the arrangement o f species body sizes within animal communities follows a log

normal distribution. The log-normal distribution is a frequency distribution o f a 

variable, the logarithm o f which is normally distributed. Mass ratio values 

approximating Hutchinson’s theory may therefore not be a result o f competitive 

interactions, but a result o f the underlying distribution.

The two models o f mass ratios can be distinguished. Hutchinson’s theory 

predicts mass ratio values greater than the critical level o f 2.0 in communities 

structured by inter-specific competition, while if a log-normal distribution is operating, 

ratio values covering the 1.1-2.2 range are to be expected. The British Pleistocene 

ungulate communities containing >10 species will also be statistically tested to 

determine if they follow a log-normal pattem o f the type predicted (Eadie et al 1987; 

MacFadden & Hulbert 1990).

If  a log-normal distribution is indicated, what does this imply about the nature 

o f community organisation? A log-normal distribution o f species body masses does not 

mean that body sizes are randomly distributed, but this form o f distribution can be 

produced in a variety o f ways. They generally result from the cumulative effects o f 

large numbers o f small independent sources o f variation, o f which inter-specific 

competition may be a part, but not the sole determining factor (Eadie et al. 1987). This 

indicates that ratio values o f this type can tell you little about the processes structuring 

animal communities.

Recent years have seen a resurgence o f size ratio studies and testing o f the 

competition model using more complex statistical techniques (Simberloff & Boeklen 

1981; Kiltie 1984; Dayan, Simberloff & Tchemov 1993; Dayan & Simberloff 1996). 

There has been a move away from searching for ‘magic’ ratio values, such as 1.3 or 

2.0, towards emphasizing the equality o f size ratios between guild members, forming a 

non-random series (Simberloff & Boeklen 1981). Tests have also been developed 

allowing identification o f minimum mass ratios between species larger than predicted 

by chance. This indicates some level o f limiting similarity; body masses must be 

differentiated to a certain degree to allow species to co-exist. Interestingly, evidence
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from the fossil record has been included in these studies, showing the contribution that 

past communities can make to the study o f community ecology.

Tests o f size ratio values, the constancy o f ratios and the relative size o f the 

minimum mass ratio between adjacent species observed in a community, all depend on 

species average body size data. However, in real community situations species display 

a size range around this mean value. It can be argued that the limits o f intra-specific 

variability are the most important to consider in terms o f competition, as this is where 

interaction with adjacent species is most likely to occur and where competition is 

expected to be strongest (Parra et al. 1999). In order to reduce competition and promote 

coexistence, communities should be structured in order to minimise the amount of 

niche/body size overlap that occurs between species. Tests have been developed in 

order to examine the existence o f this phenomenon in modem communities (Loreau 

1989; Parra et al. 1999), and can be applied to the body mass data from Pleistocene 

communities examined here.

The various theories o f community structure described will be tested on British 

Pleistocene communities, using body mass as a measure o f body size. It will be 

interesting to determine if Pleistocene communities display the same features as 

modem examples. However as discussed in Chapter 1, Pleistocene communities may 

be more suitable for testing theories o f stmcture as they have not been effected by 

human interference.

British Pleistocene ungulate communities are considered to represent the large 

herbivore guild, whose members compete with each other for access to plant food. The 

large mammalian carnivores compete to prey on these ungulate species. The criticism 

made by Wiens (1982), that many studies compare the size o f morphological features 

that have no ecological relevance in terms o f competition, is not applicable here. The 

body mass o f herbivorous and carnivorous mammals can be considered as an important 

factor relating to competition for plant food and prey items. In carnivorous mammals 

prey size increases with body size (Gittleman 1985), indicating that size differences 

will lead to dietary differentiation. Separation in the body mass o f mammalian 

herbivores is also proposed to lead to dietary separation, this time along a resource axis 

relating to the fibre composition o f plant material (Demment & Van Soest 1985). The 

amount o f plant fibre in the diet o f mammalian herbivores increases with body mass, so 

herbivores o f different body mass should not compete for the same plant food.

Because o f their large gut capacity but relatively low basal metabolism, 

mammalian herbivores o f large body mass are able to retain food in their gut for longer
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periods o f time (Demment & Van Soest 1985). This allows the more complete 

digestion o f fibrous plant material, and energy requirements can therefore be met from 

a diet with high fibre content. Herbivorous mammals o f small body mass are unable to 

exist on such diets because o f their inability to extract energy quickly enough fi*om the 

plant fibre to satisfy their high specific metabolic rates, so they must instead 

concentrate on rapidly digestible low fibre plant material. Large herbivores are 

excluded fi*om relying on these high-energy foods because they occur at low abundance 

in the environment and cannot meet the large total energy requirements o f these 

animals.

A possible complicating factor in this neat relationship between the body mass 

o f a mammalian herbivore and its diet is the different digestive strategies used by 

herbivorous mammals e.g. ruminants vs hindgut fermenters. Illius & Gordon (1992) 

propose that species o f similar size but with different digestive systems are unlikely to 

compete in similar food-quality niches. For example a 200 kg plains zebra with hind 

gut fermentation probably competes directly with a 600 kg ruminant such as the buffalo 

for the same feeding niche, to a greater extent than it competes with a similarly sized 

ruminant such as the wildebeest. As the theory would predict, dietary studies indicate 

that the composition o f plains zebra and buffalo diets are very similar (McNaughton 

1985). This effect will be taken into consideration in the analysis, with artiodactyl- and 

cervid-only groupings examined along with the total ungulate data, in order to 

determine any difference in results.

Due to these complicating factors described for ungulates, it has been proposed 

that carnivore communities are more suitable for the study o f competitive community 

structures. Food sources are also more likely to be limiting for carnivores, so division 

o f resources via inter-specific competition may occur more readily (Dayan &

Simberloff 1996). The amount o f evidence for competitive structure will therefore be 

compared between ungulate and large-camivore communities fi*om the British 

Pleistocene.

8.1 Analysing Body Mass Structure

In studies o f ungulate and large-camivore communities, mass estimates fi’om 

bones and teeth were combined together. This allowed species represented by bones or 

teeth only to be included in all comparisons. Exceptions to this rule were made for E. 

ferus  and the large bovids B. phmigenius and B. priscus, with only mass estimates fi’om 

post-crania considered. This was due to problems with estimating masses fi*om dental
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elements in these species (section 3.3). Community body mass studies were carried out 

on the following divisions o f the British Pleistocene: West Runton, 

Pakefield/Kessingland, Westbury-sub-Mendip, Boxgrove, OI Stage 11, 01 Stage 9, 01 

Stage 7, 01 Stage 5e, 01 Stage 3, early Holocene. Body mass evidence from the 

cohesive 01 Stage groupings was combined (Chapters 5+6; Appendix 5). For the Stage 

11 and 7 communities only faunas considered to represent the main temperate period o f 

the interglacial were used. InsufiScient species are recorded to allow examination o f 

community structures in fully developed British Pleistocene cold stages.

In some cases a species is known to have been a member o f the British mammal 

community, but no body mass estimates were possible from the fossil material 

available. This situation is generally encountered in the early Middle Pleistocene where 

temperate divisions are represented by single faunas. In these cases the best possible 

approximation o f mass was used to provide a true reflection o f community structure 

(Appendix 4.1c + Appendix 5). Body mass approximation was based on mass estimates 

from adjacent temperate periods.

8.1.1 Community Body Mass Distribution

Community body mass distribution curves for ungulates and large carnivores 

were produced for each o f the episodes under consideration. In these graphical 

illustrations o f community structure the species are ranked in terms o f their average 

body mass, with rank 1 the smallest species. The average estimated body mass for each 

species is then plotted against its rank. The species composition o f the community is 

not considered, only the body mass divisions represented. The form o f the distribution 

was determined and the different Pleistocene communities mathematically compared.

The frequency distribution o f average species body mass estimates was also 

examined for the larger ungulate communities to determine if they follow a log-normal 

distribution, as predicted by Eadie et al. (1987). Only communities with greater than 10 

members were tested, as this sample size is considered to be sufficient to allow the 

form o f the distribution to be characterised accurately (Eadie et al. 1987). Kolmogorov- 

Smimoff tests (Sokal & Rohlf 1995) were used to compare the fit o f each mass 

distribution to a normal and a log-normal distribution.

8.1.2 Ratio Values

Testing o f Hutchinson’s theory o f body mass ratios exceeding 2.0 was carried 

out on British Pleistocene ungulate and large-camivore communities. Are the majority
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of ratio values >2.0, or do they range from 1.1-2.2, implying that they result from a log

normal distribution? This was achieved by calculating the value o f ratios between 

adjacent species body masses in each of the community body mass distributions. The 

total ungulate community was examined as well as restricted groups containing species 

with similar digestive systems e.g. artiodactyls and cervids. It was also hoped to 

statistically compare the observed ratio values with the expected ratios produced from a 

log-normal distribution (Eadie et al. 1987; MacFadden & Hulbert 1990). However, this 

method could not be applied due to the high variance in body mass in the examined 

communities. The information provided in Eadie et al. (1987) for extrapolation o f ratio 

values (standard deviation 0.25-0.75) is generally based on groups of relatively 

similarly sized organisms e.g. sandpipers, tropical forest insectivores, rather than the 

communities covering a large size range examined in this study.

8.1.3 Minimum Ratio Test

Statistical testing of the minimum mass ratio between adjacent species in a 

community i.e. the most similar species pair, can determine if the observed ratio value 

is larger than would be predicted by chance (Simberloff & Boecklen 1981). The test of 

the minimum ratio is based on considering the community body mass distribution to be 

represented by a line whose end points are defined by the smallest and largest animals 

in the community (fig.8.1). The intermediate species are placed along the line, 

according to the values of their log average body masses. This divides the line up into 

segments, which are defined gi-g,,. with gi the shortest segment and g„ the longest 

(fig. 8.1 ). The length o f each segment is expressed as a fraction o f the total length o f the 

line and is equivalent to the ratio between species as log(a/b) = log a - log b.

spl sp2 sp4
log body mass

Fig 8.1 : Illustration o f the theoretical lines used in the Minimum Ratio and Barton & David Tests. The 

blocks represent species, placed along the line according to the values o f their log average body masses. 

This divides the line up into segments (gn-i).
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It is then possible to ask o f the set o f n segments whether the observed value (a) 

o f the minimum (gi) is larger than chance alone would predict. This probability is 

produced by the equation (Irwin 1955):

P(gi > a) = (1-na)""' for a < 1/n.

A minimum ratio larger than chance would predict (p < 0.05), indicates that the species 

have not been randomly placed along the line between its maximum and minimum.

This is evidence o f some form o f community structure in terms o f body mass, which 

may result from competitive character displacement.

8.1.4 Barton & David Test

The statistical test for constant spacing o f size ratios was again introduced into 

community ecology by Simberloff & Boecklen (1981), but was initially devised by 

Barton & David (1956). The test shows many similar features in its basic structure to 

the minimum ratio test (section 8.1.3). Again the community is represented by a line 

divided into segments by the log average masses o f the species, with the smallest and 

largest species defining the end points (fig.8.1). The test then asks whether the lengths 

o f the line segments (equivalent to the mass ratios between species) are equal. This is 

achieved by calculating the values o f ratios between the lengths o f segments.

Three ratios were used as test statistics to avoid the problems that might be 

caused by one unusually small or large ratio.

Gi,n ratio o f the shortest to the longest segment.

Gi, n-i ratio o f the shortest to the second longest segment.

Gi n ratio o f the second shortest to the longest segment.

If  the species are constantly spaced then there should not be a large difference in length 

between the shortest and longest segments, resulting in ratio values close to 1. The 

probability o f encountering a ratio value as extreme as the one observed was calculated 

using a Fortran program, supplied by D. Simberloff. Ho the null hypothesis that the 

ratios o f masses are random can be rejected in favour o f the alternative hypothesis Hi 

that the ratios are regularly spaced (constant) if the calculated probability is below the 

significance level o f 0.05.

404



8.1.5 Overlap Test

A test for minimisation o f niche overlap developed by Loreau (1989) and 

applied to mammalian body size data by Parra et al. (1999) was carried out on the 

British Pleistocene communities. The Overlap program, provided for this study by V. 

Parra, allows the species mass ranges to shift randomly within the total size distribution 

and produces the probability o f finding a value o f overlap smaller than the observed 

degree o f overlap in the community concerned. I f  the probability lies under the 5% 

significance level, the null hypothesis that the degree o f overlap has been produced by 

chance is rejected in favour o f a community structure that reduces the amount o f mass 

overlap between species.

The program simulates all possible arrangements o f species unless the number 

o f shifted size distributions exceeds 4000 in which case only 2000 arrangements are 

produced at random. Overlap was calculated as the mean pairwise overlap between 

species using Levins Niche Overlap Index (Levins 1968). In order to enter data into the 

program, the total mass range observed in each community was divided into a specified 

number o f equal-sized classes. The number o f mass estimates falling into each class 

was then determined for every species. An example o f entry data is given in table 8.1.

The scale chosen to examine the data i.e. the number o f classes dividing the 

mass range can have a large effect on the results. Various scale divisions were run on 

the program initially (5, 10, 15, 20, 25, 30) to determine how this affected the 

probability values produced. A division o f the mass range into 25 classes was chosen, 

as probability values stabilised around this point (table 8.2); this was also the case in 

the study o f Parra et al. (1999). Using smaller numbers o f classes the power o f the test 

is too low. When more than 25 classes are used the extra time required to prepare the 

results before input does not lead to significant differences in the results produced.
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Table 8.1 : Example of entry data for the Overlap program; the results for the Stage 7 total ungulate community are used. The mass range is divided into 25 equal classes, and the 

number of mass estimates falling into each class for each species is determined.
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Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Total
C. capreolus 71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 71
S. scrofa 39 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 67
C. elaphus 33 222 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 256
M. giganteus 0 2 17 8 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30
E. ferus 0 2 141 308 192 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 666
B. priscus 0 0 0 0 9 20 28 16 10 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 88
B. primigenius 0 0 0 0 0 13 17 34 47 45 25 12 4 0 0 0 0 0 0 0 0 0 0 0 0 197
S. hemitoechus 0 0 0 0 0 0 6 9 14 38 38 38 28 28 13 9 14 6 4 1 0 0 0 0 0 246
S. kirchbergensis 0 0 0 0 0 0 0 0 0 0 0 4 6 4 5 4 5 4 3 5 3 3 0 2 2 50



Table 8.2: Probability values produced by the Overlap Test carried out on the 01 Stage 1 ungulate 

community using different numbers of body mass classes. Significant probabilities are indicated 

(* p < 0.05; ** p < 0.01). Probability values stop decreasing around 25 classes.

No. Classes Probability

5 0.584
10 0.150
15 0.160
20 0.034*
25 0.004**
30 0.003**

Overlap tests were run using total ungulate and large-camivore communities, as 

well as the artiodactyl- and cervid-only studies carried out using the other methods. An 

additional type o f community used in testing for minimisation o f body mass overlap, 

was one excluding megaherbivore species (average body mass > 1200kg). Species like 

H. amphibius and Pleistocene rhinos have significantly larger masses than the other 

ungulate species represented, and a mass range covering up to 3/4 o f the total. This 

makes the maximum mass value for each community very high and forces the majority 

o f the other species into the first few classes o f the division. This may obscure any 

mass separation between the smaller species o f the community.

8.2 The Community Body Mass Distribution

8.2.1 Body M ass D istribution Curves

The body mass distributions for all the examined Pleistocene ungulate 

communities show a relatively constant exponential increase o f average body mass 

with species rank (fig.8.2). A more easily interpretable linear relationship is produced 

when In body mass data is used (fig.8.3). Least squares regression provides the 

equation that describes this relationship for each body mass distribution. The gradient 

(slope) o f the line is directly related to the exponent o f the exponential relationship, and 

varies among the ungulate communities examined (table 8.3). The variation in 

exponent values is inversely related to the number o f species in each community (r = - 

0.9661, p = 0.000***). The body mass range remains relatively constant 

(approximately 30-2000 kg) but this is divided up between 5-11 species, leading to 

differences in the rate o f increase in mass between species ranks.
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Fig.8.2b: Pakefield/Kessingland ungulates.Fig.8.2a: West Runton ungulates.
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Fig.8.2c: Westbury-sub-Mendip ungulates.
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Fig.8.2d: Boxgrove ungulates.
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Fig.8.2e: 01 Stage 11 ungulates. Fig.8.2f: 01 Stage 9 ungulates.

Fig.8.2: Body Mass Distribution curves for British Pleistocene ungulate communities. Species are ranked 

along the x-axis by body mass, with species I having the lowest estimated body mass. The average 

estimated body mass (kg) is indicated by the y-axis, with all graphs drawn at the same scale. Error bars 

represent the 95% confidence interval o f the average mass estimate. For points with no visible error bar 

the error range was smaller than the size o f the point.

408



stage 7
2500

2000

1500 -

1000

500

Stage 5e

0 1  2 3 4 5 6 7 8 9  10 11 12

Fig.8.2g: 01 Stage 7 ungulates. Fig.8.2h: 01 Stage 5e ungulates.
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Fig.8.2i: 01 Stage 3 ungulates. Fig.8.2j: early Holocene (01 Stage 1) ungulates.
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Fig.8.3: Linear relationship between species rank and In average body mass for the West Runton 

ungulate community. The equation o f the least-squares regression equation and the r value indicating the 

degree o f  linear correlation between the two variables are shown. The dashed lines indicate the 95% 

confidence interval o f  the regression.
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In carnivore guilds, although it can be less clearly seen due to the lower number 

o f species, the body mass distributions follow a similar exponential pattern to that 

recorded in ungulates (fig.8.4). A maximum size threshold appears to be reached in 

some cases. Details o f least squares regression carried out on In carnivore body mass 

data is provided in table 8.4. The carnivore equations have higher slopes than those for 

ungulates, indicating a larger increase in mass between species ranks. This may be due 

to the reduced number o f species that can exist at higher trophic levels. Although there 

is little variation in the number o f species making up the large-camivore grouping, the 

example from Westbury-sub-Mendip with 7 members, the largest number in this study, 

has a distinctly lower slope than the other relationships (table 8.4). The pattern seen in 

ungulates o f a relatively constant mass range (approximately 20-350 kg) divided up 

according to the number o f species present may also be occurring here.

Table 8.3: Characteristics of the body mass distribution for various British Pleistocene ungulate 

communities. The gradient (exponent) and r̂  values given by least squares regression of In body mass 

against species rank are shown. The number of species in each community varies from 5-11.

Ungulate
Community

No. Species Gradient r '

WR 11 0.305 0.92
P/K 11 0.281 0.93
WSM 8 0.554 0.95
Box 9 0.432 0.97
Stage 11 11 0.383 0.98
Stage 9 10 0.456 0.97
Stage 7 9 0.469 0.92
Stage 5e 9 0.526 0.98
Stage 3 7 0.616 0.94
Stage 1 5 0.776 0.99

Table 8.4: Characteristics of the body mass distribution for various British Pleistocene large-camivore 

communities. The number of species in each community varies from 4-7.

Carnivore
Community

No. Species Gradient r '

WR 5 0.786 0.94
P/K 5 0.750 0.84
WSM 7 0.492 0.94
Box 5 0.737 0.89
Stage 11 5 0.808 0.90
Stage 7 5 0.643 0.91
Stage 5e 4 0.844 0.99
Stage 3 4 0.862 0.94
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Fig.8.4; Body Mass Distribution curves for British Pleistocene large-carnivore communities. Species are ranked 

along the x-axis by body mass. The average estimated body mass (kg) is indicated on the y-axis, with the 95% 

confidence interval o f the mean shown. For points with no visible error bar the error range was either smaller 

than the size o f the point, or these are best-estimate figures.
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8.2.2 The Log-normal Distribution

Attempts were made to determine whether the frequency distribution of 

estimated species body masses in Pleistocene communities follows a log-normal 

pattern, as predicted by Eadie et a l (1987). The only communities with greater than 10 

members, sufficient for statistical distribution fitting, are the ungulate communities 

from West Runton, Pakefield/Kessingland, 01 Stage 11 and 01 Stage 9. Statistical 

testing shows that in all cases the frequency distribution o f average body masses is not 

significantly different from a log-normal pattern, but that a normal distribution cannot 

be ruled out either (table 8.5). However, the D statistic is always lower for the log

normal distribution indicating a closer fit, as found by Eadie et al. (1987) and 

MacFadden & Hulbert (1990). In the communities examined by Eadie et al. (1987) 

variance was generally low (standard deviation 0.25-0.75). However in the Pleistocene 

communities studied here the standard deviation o f In average body mass data is 

generally > 1.

Table 8.5: Results o f distribution fitting for ungulate communities with > 10 species, using the 

Kolmogorov-Smimoff test. The D statistics associated with log-normal and normal distributions are 

shown. All results show no significant difference (n.s) from the fitted distribution.

Community Log-normal D Normal D

WR
P/K
Stage 11 
Stage 9

0.1264 n.s 
0.0919 n.s 
0.0919 n.s 
0.0994 n.s

0.1613 n.s 
0.2363 n.s 
0.1819 n.s 
0.2456 n.s

8.3 Mass Ratio Values

The body mass ratios between adjacent species in each o f the examined 

ungulate communities were calculated (table 8.6). This allows testing o f Hutchinson’s 

theory that body mass ratios o f 2.0 or greater occur in animal communities. The only 

ungulate community that appears to follow the predictions o f Hutchinson closely is that 

from the early Holocene (01 Stage 1). When the individual ratios for each ungulate 

community are studied, a large variation in values can be observed (table 8.6). The first 

ratio is generally large, and although some values are close to the expected 2.0, the 

majority fall below this level (fig.8.5). The fit o f the observed ratios to the 

Hutchinsonian pattern seems to improve from the early Middle Pleistocene through to 

the Late Pleistocene (fig.8.5).
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Table 8.6: Hutchinson’s Ratios between species body masses for the Pleistocene communities studied 

(ungulates, artiodactyl-only, cervid-only, large-camivore); WR = West Runton, P/K = 

Pakefield/Kessingland, wsm = Westbury-sub-Mendip, Box = Boxgrove. The ratio ‘2:1’ is between the 

average masses of the 1st and 2nd ranked species in terms of mass, and so on.

Ratio W R P/K w sm B ox 11 9 7 5e 3 1

Ungulate
2:1 3.06 1.09 2.86 2.69 2.41 3.73 5.00 2.15 3.34 3.14
3:2 1.29 1.53 1.95 1.14 1.12 1.07 1.25 1.44 2.75 2.00
4:3 1.73 1.17 1.42 1.57 1.58 1.75 2.14 2.03 1.43 1.90
5:4 1.24 1.20 2.81 1.16 1.64 1.60 1.34 1.89 1.15 2.09
6:5 1.15 1.05 1.42 1.42 1.74 1.26 1.70 1.94 1.91
7:6 1.21 1.40 1.20 1.92 1.22 1.45 1.12 1.18 2.20
8:7 1.52 1.23 1.30 1.60 1.44 2.13 1.46 1.79
9:8 1.03 1.41 2.04 1.10 1.49 1.43 1.28
10:9 1.08 2.18 1.56 1.28
11:10 2.39 1.69 1.74
Artiodactyl
2:1 3.06 1.09 2.86 2.69 2.41 3.73 5.00 2.15 3.34 3.14
3:2 1.29 1.53 1.95 1.14 1.12 1.07 1.25 1.44 2.75 2.00
4:3 1.73 1.67 1.42 1.57 1.58 1.75 2.14 2.03 1.64 1.90
5:4 1.24 1.20 4.00 1.16 2.84 1.60 2.28 1.89 1.91 2.09
6:5 1.39 1.47 1.20 1.14 1.76 1.26 1.12 1.94
7:6 1.56 1.73 3.07 1.10 3.10 1.18
8:7 1.08 3.68 2.28
Cervid
2:1 3.06 1.66 2.86 3.08 2.70 3.98 6.23 2.15 3.34 6.29
3:2 2.24 1.17 2.76 1.57 1.58 1.75 2.14 2.93 2.75 1.90
4:3 1.24 1.20 1.16 2.84 1.60 1.89 1.65
5:4 1.39 1.47 1.42 1.26
6:5 1.56
Carnivore
2:1 5.00 5.04 2.18 5.08 1.53 3.13 2.12 2.42
3:2 1.35 2.86 1.89 1.86 5.97 1.09 2.87 3.83
4:3 2.51 1.43 2.09 1.89 1.68 3.64 1.94 1.22
5:4 1.63 1.03 1.33 1.19 1.16 1.00
6:5 1.54
7:6 1.01
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Fig.8.5; Values o f mass ratios between adjacent species in ungulate communities from various stages of 

the British Pleistocene. A line indicating Hutchinson’s predicted ratio o f 2.0 is shown. WR = West 

Runton, P/K = Pakefield/Kessingland, WSM = Westbury-sub-Mendip, Box = Boxgrove.
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The range of ratio values observed, between 1.1 and 2.2 (table 8.6, fig.8.5), 

supports the operation of the log-normal theory. Although the observed and expected 

ratio values from a log-normal distribution could not be compared (section 8.1.2), the 

log-normal distribution predicts that the ratios between the smallest (2:1) and largest 

species (n:n-l) pairs in the community should be higher than between the intermediate 

pairs (Eadie et al. 1987). A higher value for the ratio between ranks 2:1 is certainly 

apparent in the British Pleistocene ungulate communities (table 8.6; fig.8.5). The final 

ratio in the ungulate community has not been examined due to the exclusion of 

proboscideans from the body mass analysis (section 3.3). However, Palaeoloxodon 

antiquus (straight-tusked elephant) and mammoth species were at least twice the size of 

the largest rhino, indicating a high value for the final ratio. The Pleistocene ungulate 

communities therefore seem to follow the predictions of the log-normal distribution 

more closely than the Hutchinson theory.

It is generally the Late Pleistocene communities with low species richness that 

follow most closely the predictions o f a ratio o f 2.0 between species (fig.8.5). An 

increase in the average ratio value occurs as the number of species in the community 

decreases (fig.8.6), which was also found by Parra et al. (1999). This is related to the 

significant inverse correlation found between species number and the exponent of the 

community body mass distribution (section 8.2).

2.4

2.2

No. Species

Fig.8 .6 : The relationship between average mass ratio and the number o f community members in the 

British Pleistocene ungulate communities examined.
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The low ratio values observed in the high diversity communities could be due to 

the inclusion o f species that do not interact competitively. As discussed in the 

introduction to this chapter, the ungulate species are considered to compete over food 

resources and divide up the resource spectrum according to body mass. However, this 

relationship may vary according to digestive system. In order to avoid this problem the 

mass ratios between artiodactyls only and the even more restricted cervid grouping 

were examined (table 8.6). In the artiodactyl-only analysis a slight increase in ratio 

values occurs compared to all ungulates, but a significant proportion o f the 

observations fall below 2.0. The cervid study is harder to analyse due to the low 

numbers o f species in some cases. However, ratio values below 2.0 are still observed 

(table 8.6). Mass ratios greater than 2.0 do not appear to be a consistent feature o f 

communities made up o f British Pleistocene ungulates.

When British Pleistocene large-camivore communities are examined in the 

same way, more ratios above 2.0 are observed (table 8.6). However, despite the 

presence o f some ratio values approaching 6.0, in the majority o f the communities 

approximately half o f the observed ratios are below 2.0. This is especially true for the 

two largest species, which are usually a large felid such as P. leo, and a bear estimated 

to be very similar in mass. These two species may however not compete strongly for 

food resources, with ursid species including more vegetable material in their diets. In 

conclusion, the best explanation for the pattern o f ratio values observed appears to be 

the log-normal distribution, despite the fact that the observed and expected ratio values 

fi*om this model could not be compared. However, the processes underlying the 

production o f a body mass distribution o f this type remain unclear. There is little 

evidence for a pattern o f ratios limited by a critical mass similarity level o f 2.0.

8.4  T esting the M inim um  M ass Ratio

Statistical testing to determine whether the minimum mass ratio occurring in 

communities is larger than chance would predict (section 8.1.3) was carried out on the 

ungulate, artiodactyl, cervid and carnivore groupings fi"om the British Pleistocene (table

8.7). A significant probability value given by the test (p< 0.05) indicates that some 

factor other than random association o f the species is responsible for the body mass 

structure observed.

In the majority o f cases, the minimum ratio cannot be distinguished fi*om the 

ungulate body mass pattern expected if the species are arranged randomly. The only 

significant result occurs in Stage 1, implying an apparently high level o f limiting
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similarity. There are borderline probability values given by the test on the Stage 5e and 

Westbury-sub-Mendip communities. Testing o f artiodactyl- and cervid-only 

communities has little effect on the results, so the lack o f positive findings in the 

ungulate communities does not appear to be due to the inclusion o f species with 

different digestive strategies. When the body mass distributions o f the various 

communities are plotted on a log scale, simulating the theoretical lines used in the test, 

in most cases at least one species pair o f very similar size is present (fig.8.7). This 

explains why only the early Holocene community in Stage 1 displays a significantly 

large minimum ratio.

When the minimum ratio test is carried out on British Pleistocene large- 

camivore communities a significant result only occurs for the Stage 5e community 

(table 8.7). Little evidence o f the existence o f limiting similarity can therefore be 

found, as was the case for ungulate communities. Plotting o f the theoretical lines used 

in the test again reveals pairs o f species very similar in size (fig.8.7d), which would not 

be expected if competition for resources results in character displacement to promote 

coexistence.

Table 8.7: Probability values produced by the minimum ratio test on ungulate and large-camivore 

communities from the British Pleistocene. Significant probability values are indicated (* p < 0.05; ** p < 

0.01). Missing values in the cervid and carnivore columns are due to insufficient species to carry out the 

test (n < 4).

Community Minimum Ratio Probability
Ungulate Artiodactyl Cervid Carnivore

W Runton 0.5268 0.3141 0.1636 0.2565
P/K 0.1895 0.2872 0.1228 0.8955
WSM 0.0884 0.3076 - 0.8740
Boxgrove 0.1046 0.2329 0.3760 0.4551
Stage 11 0.1142 0.3541 0.2014 0.5013
Stage 9 0.3282 0.5854 0.2705 -

Stage 7 0.1861 0.4952 - 0.9853
Stage 5e 0.0662 0.1378 0.0522 0.0382*
Stage 3 0.3256 0.0679 0.2027 0.5724
Stage 1 0.0082** 0.0082** - -
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8.5 Testing for Constant Mass Ratios

To test further the structure o f the Pleistocene mammal communities examined 

the Barton & David test (section 8.1.4) was used, to determine whether species are 

constantly spaced in terms o f body mass. Constant mass ratios between species can be 

considered as another form of community structure, which could reduce competition 

between adjacent species and promote coexistence. By simple examination o f the 

relative positioning o f species in figure 8.7 it would appear that constant spacing o f 

body masses is not a feature o f the ungulate communities fi*om the British Pleistocene, 

although the early Holocene (Stage 1) community may show this structure. More 

constant spacing may occur in the artiodactyl- and cervid-only communities (fig.8.7), 

so Barton & David tests were also carried out on these restricted communities. In most 

cases the average body masses in the large-camivore communities are well spaced, 

although some species pairs with very similar body masses do occur (fig.8.7).

Little evidence for constant spacing o f body masses in British Pleistocene 

ungulate communities is indicated by the Barton & David test, with very few 

significant results (table 8.8). The only communities that can be considered to display 

this structure, with two out o f three significantly large test statistics, are fi*om Stage 5e 

and the early Holocene (Stage 1). All o f the other ungulate communities contain 

irregular body mass arrangements. Removing perissodactyls fi-om the analysis has very 

little effect on the results (table 8.8). And none o f the cervid-only communities with 

sufficient species for analysis shows evidence for non-random spacing o f body masses 

(table 8.8). The inclusion o f ungulates with different digestive strategies therefore does 

not mask any constant mass ratio patterns. Statistical testing o f the mass relationships 

between carnivore species using the Barton & David test was also carried out (table

8.8). None o f the communities appear to display a stmcture o f constantly spaced body 

masses, with only a single isolated significant result in Stage 5e.
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Table 8.8; Results o f the Barton & David test, carried out on British Pleistocene mammal communities 

(ungulate, artiodactyl-only, cervid-only, large-camivore). Insufficient species (n<4) are present in the 

WSM, Stage 7 and 1 cervid communities and the Stage 9 and 1 carnivore communities to allow the test 

to be carried out. The values of the three ratios between the lengths o f segments used as test statistics, 

and their associated probability values are shown. Significant probabilities are indicated (* p < 0.05;

**p<0 . 0 1 ) .

G ( i ,n ) P G ( i ,n - 1 ) P G (2 ,n ) P

Ungulate
WR 0.0237 0.524 0.0304 0.578 0.0670 0.489
P/K 0.0665 0.178 0.0991 0.174 0.1057 0.267
WSM 0.1765 0.068 0.1796 0.165 0.2576 0.122
Box 0.1360 0.081 0.1893 0.095 0.1457 0.270
Stage 11 0.1121 0.061 0.1783 0.045* 0.1281 0.185
Stage 9 0.0485 0.327 0.0843 0.281 0.1773 0.124
Stage 7 0.0706 0.256 0.1496 0.156 0.1365 0.300
Stage 5e 0.2174 0.021* 0.2344 0.054 0.3210 0.030*
Stage 3 0.1153 0.232 0.1374 0.348 0.2974 0.153
Stage 1 0.5600 0.017* 0.8722 0.007** 0.6048 0.113
Artiodactyl
WR 0.0670 0.340 0.1364 0.255 0.1895 0.242
P/K 0.0632 0.359 0.1507 0.221 0.1181 0.471
WSM 0.1342 0.270 0.1765 0.378 0.2525 0.359
Box 0.1200 0.219 0.1360 0.352 0.1285 0.547
Stage 11 0.0947 0.297 0.1121 0.423 0.1081 0.625
Stage 9 0.0485 0.527 0.0564 0.649 0.1773 0.389
Stage 7 0.0706 0.494 0.1379 0.470 0.1365 0.389
Stage 5e 0.2012 0.048* 0.2174 0.113 0.4450 0.015*
Stage 3 0.4127 0.056 0.4919 0.149 0.5369 0.166
Stage 1 0.5600 0.017* 0.8722 0.007** 0.6048 0.113
Cervid
WR 0.1895 0.162 0.2631 0.229 0.2954 0.280
P/K 0.3045 0.122 0.3990 0.228 0.3534 0.383
WSM - - -

Box 0.1282 0.407 0.3179 0.319 0.3118 0.450
Stage 11 0.4395 0.137 0.4615 0.438 0.9524 0.040*
Stage 9 0.1691 0.308 0.4177 0.210 0.3402 0.403
Stage 7 - - -

Stage 5e 0.5922 0.059 0.8339 0.117 0.7102 0.269
Stage 3 0.4127 0.157 0.4919 0.408 0.8390 0.142
Stage 1 - - -

Carnivore
WR 0.1880 0.271 0.3290 0.305 0.3034 0.464
P/K 0.0170 0.883 0.0262 0.916 0.2189 0.624
WSM 0.0163 0.802 0.0172 0.876 0.3646 0.086
Box 0.1085 0.465 0.2774 0.374 0.3809 0.342
Stage 11 0.0830 0.555 0.2843 0.364 0.3966 0.582
Stage 9 - - -

Stage 7 0.0024 0.983 0.0027 0.991 0.0687 0.930
Stage 5e 0.6277 0.047* 0.8808 0.083 0.7126 0.266
Stage 3 0.1464 0.525 0.2226 0.700 0.6576 0.324
Stage 1 - - -
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8.6 M inim isation o f  N iche Overlap

The Overlap Test to determine the existence o f a rniiiimisation o f niche overlap 

was applied to Pleistocene communities o f various types (table 8.9). When examining 

total ungulate communities the only significant result occurs in the early Holocene, 01 

Stage 1 (table 8.9). In this case the low degree o f overlap between the species’ mass 

ranges cannot easily be explained by random arrangement. The Stage 7 community has 

a borderline significance level, but in all other cases there is no evidence o f a 

community structure to minimise levels o f niche overlap.

The reason behind the lack o f significant results fi"om the tests on ungulate 

communities might be the inclusion o f megaherbivore species in the study. As 

discussed in section 8.1.5, the presence o f these species with high average masses and 

large mass ranges forces the other species into the first few classes o f the division. This 

may obscure any mass separation between the smaller species o f the community. In all 

cases removing megaherbivores fi*om the Overlap Test leads to reduced probabilities 

that the observed body mass structures are random (table 8.9). But in only three 

additional cases (West Runton, Stage 7 and Stage 3) do these new probabilities fall 

below the critical probability level o f 0.05.

Table 8.9: Results o f the Overlap Test, carried out on ungulate and large-camivore communities from the 

British Pleistocene, Restricted ungulate communities excluding megaherbivores or containing 

artiodactyls or cervids only were also tested. Carnivore communities from some of the time divisions 

were of insufficient completeness to allow testing. The probability values given by the test on each 

community are shown, with significant probabilities indicated (* p < 0.05; ** p < 0.01; *** p < 0.001). 

The probabilities relate to the likelihood of the observed degree of body mass overlap being produced by 

random arrangement of the species.

Community Ungulate -Megaherbs Artiodactyl Cervid Carnivore

WR 0.762 0.023* 0.002** 0.018* 0.163
P/K 0.998 0.199 0.174 0.216 -

WSM 0.793 0.373 0.567 0.132 0.019*
Box 0.940 0.620 0.842 0.096 -

Stage 11 0.743 0.299 0.679 0.294 -
Stage 9 0.388 0.218 0.370 0.130 -

Stage 7 0.058 0.002** 0.010** 0.018* 0.292
Stage 5e 0.643 0.290 0.290 0.003** 0.001***
Stage 3 0.389 0.024* 0.000*** 0.002** 0.169
Stage 1 0.004** 0.004** 0.004** 0.006** -
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As mentioned in the introduction to this chapter, it is possible that mammalian 

herbivores with a similar body size but different digestive systems do not compete with 

each other. For example, minimisation o f niche overlap between E. ferus  and M. 

giganteus would not be expected. What happens when all perissodactyls, which use 

hindgut digestion, are removed from the tests and communities o f artiodactyls only are 

examined? The removal o f hindgut digesters from the tests had little effect on the level 

o f niche overlap (table 8.9). The inclusion o f these species therefore does not obscure a 

community structure among ruminants.

Variations in digestive strategy are displayed even among artiodactyls. The 

community to be tested was finally narrowed down to only the cervid species, which 

would be expected to be very similar in terms o f digestion. Minimisation o f niche 

overlap was found in half o f the cases (table 8.9), but only one extra significant result 

(Stage 5e) occurs in comparison to the analysis lacking megaherbivores. The Stage 11 

and 5e cervid communities contain the same species but do not both display a 

community structure to minimise niche overlap. The non-significant result in Stage 11 

is probably due to the small size o f C  elaphus in this community, showing that the 

variations in body size recorded in individual species during the British Pleistocene can 

have important effects on community structure. In this case body size change results in 

a loss o f minimisation o f niche overlap; other community members do not respond with 

equivalent size change to maintain a constant pattern.

In general the cases o f minimisation o f niche overlap are concentrated in the 

communities o f reduced diversity in the later part o f the Pleistocene (Stage 7 onwards) 

and early Holocene. The positive results for the West Runton community must be 

treated with caution due to the use o f size as the major criterion for separating cervid 

species at this site (section 3.1.2). The distinct size classes observed in the cervids with 

little overlap between them may therefore be artificial.

The large-camivore communities examined provided very similar results to 

those observed for cervids. Evidence for minimisation o f body mass overlaps was 

found in the communities from Westbury-sub-Mendip and Stage 5e (table 8.9). 

However, the Stage 3 community, which is made up o f exactly the same species as 

Stage 5e, has a non-significant result in the overlap test. The large-camivore 

communities do not appear to display more evidence o f competitive stmcture than 

communities o f herbivorous mammals.
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8.7 Summary

This study shows that community analysis can be carried out successfully in the 

fossil record, especially in the Pleistocene where sampling is relatively complete. 

Analysis o f the body mass structure o f British Pleistocene mammal communities has 

revealed a number o f interesting features. In both the ungulate and large-camivore 

communities, body mass shows a relatively constant exponential increase between 

species. This is confirmed by plotting In body mass data, which approximates a linear 

relationship. The slope o f this linear relationship (exponent) varies between the 

communities. For communities o f ungulates a significant inverse correlation between 

the number o f species in the community and this variable exists. The total mass range 

o f all the communities is relatively similar, but this is divided up between different 

numbers o f species. Body mass therefore increases more slowly between species ranks 

the higher the number o f species present, resulting in a lower slope (exponent).

The frequency distribution o f body masses in communities with >10 species 

was found to be indistinguishable from both a log-normal and a normal distribution, 

although the data may fit a log-normal pattern more closely. Mass ratios between the 

species o f these communities would therefore be expected to fall between 1.1 and 2.2, 

and this was generally found to be the case. It is possible to predict the exact pattern of 

ratios expected from a log-normal distribution, as long as the variance and the number 

o f species is known. However, the standard deviations o f In body mass estimates for 

the examined Pleistocene communities were too high to allow this to be carried out. 

The log-normal distribution does lead to high values for the first and last ratios in the 

community and this phenomenon was encountered. The examined communities 

therefore correspond to the log-normal model, although the underlying causes o f this 

size distribution remain unclear.

Ratio values approximating Hutchinson’s critical values 1.3 and 2.0 

(Hutchinson 1959) have in the past been used in support o f the inter-specific 

competition model. However, as discussed above, values in this range will inevitably 

result from a log-normal distribution o f species body sizes. Hutchinson’s model of 

competitive structure should be restricted to a prediction that mass ratios should lie at 

or above 2.0 in order to allow species coexistence. However, the usefiilness o f this 

critical value as an indicator o f community structure may be limited. When the 

procedure by which Hutchinson arrived at the figure o f 1.3 is examined, it becomes 

clear that this was simply the average o f a range o f size ratio observations.
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The Hutchinsonian pattern o f community structure certainly does not seem to be 

displayed in any o f the British Pleistocene ungulate or large-camivore communities, 

although it may appear in the early Holocene. Despite the fact that some adjacent 

species are separated by relatively large mass differences, other pairs o f species are 

much more similar in size than Hutchinson would predict. In some cases arguments for 

niche differentiation via feeding specializations can be put forward for these similar

sized species e.g. S. scrofa and D. dama, P. lea and U. arctos. But other species pairs 

that approach each other closely in mass are proposed to have had very similar diets 

and life-history characteristics e.g. B. primigenius and B. priscus. This explains why 

more consistently high mass ratios are not revealed when the restricted artiodactyl and 

cervid communities are examined.

Species pairs with mass ratios considerably lower than 2.0 are also responsible 

for the lack o f a significantly large minimum ratio and o f constant mass ratios in the 

majority o f Pleistocene communities examined. Testing o f the minimum mass ratio is 

straightforward, but can be greatly influenced by one species pair. The Barton & David 

Test for constant mass ratios and the Overlap Test are complex, but are probably more 

instructive as they include information from the entire community. The use o f mass 

range data, rather than species averages, may be considered to be more realistic in an 

analysis o f inter-specific interactions. But in this study the Overlap Test provided very 

similar results to the average mass methods, and was no more successful in the 

identification o f competitive structures.

For the majority o f tests applied, a body mass structure indistinguishable from 

random arrangements o f the community members was indicated. Removing 

megaherbivores from the Overlap analysis did reveal more cases o f minimisation o f 

niche overlap towards the end o f the Pleistocene. However, as in all the other methods 

o f analysis, examining artiodactyl- or cervid-only communities had very little effect on 

the results. The varied digestive strategies employed by ungulates therefore do not 

obscure structures produced by inter-specific competition in more specific functional 

groupings. Also, no evidence o f clearer competitive structure in large-camivore rather 

than herbivore communities could be found.

An interesting feature to emerge from all o f the different types o f analysis, is the 

fact that the ungulate community from the early Holocene (Stage 1) consistently 

produces positive results, indicating a non-random community stmcture in terms of 

body mass. Other scattered positive findings are also concentrated around the later part 

o f the Pleistocene. It would be very easy to propose the appearance and evolution o f
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communities o f modem form during the Late Pleistocene from this pattern o f results. 

However, an alternative explanation based on species richness can be put forward.

Due to the gradual loss o f large mammal species from the Anglian (01 Stage 

12) onwards, a decline in species richness occurred though the late Middle and Late 

Pleistocene. A sudden sharp drop in large mammal numbers also oceurred at the 

Pleistocene-Holocene transition. The lower number o f species in the later Pleistocene 

and particularly the early Holocene communities may explain their wider and more 

even spacing. The relationship between species richness and community stmcture is 

illustrated by the increase in the average mass ratio between species as species numbers 

decline.

Evidence from the British Pleistocene would therefore argue for large mammal 

communities being random associations o f species acting independently from one 

another. The occurrence o f non-analogue speeies associations in unusual Pleistocene 

climates (Graham et al. 1996) provides support for this point o f view. This finding is 

not particularly surprising considering the amount o f disruption caused by Pleistocene 

climatic changes, which would provide little opportunity for co-evolution to produce 

the predicted community structures or for communities to reach equilibrium.

Modem Eurasian ecosystems are highly unusual in comparison to those o f the 

recent past. Perhaps communities have not always behaved in the same way through 

time and communities stmctured by inter-specific competition are peculiar to the 

modem world. However, the existence o f such communities at present remains much 

debated. Modem communities have had no longer for co-evolution o f their members 

than those from the Pleistocene. The British early Holocene ungulate community, 

which displays the stmcture predicted by competition theory, comes from within 1000 

years o f the end o f the last glacial period. It seems more likely that both Pleistocene and 

modem large mammal communities operate via independent species dynamics, with 

relatively weak links between species. Furthermore, the wide spacing in species sizes 

observed in some modem communities could easily be an artefact o f their low number 

o f members.
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CHAPTER 9: Discussion & Conclusions

During the course o f this study a large morphometric database o f British large 

mammal species covering the time period from the early Middle Pleistocene to the 

early Holocene has been built up. This resource has allowed detailed patterns o f size 

change through time to be produced for each of the study species, and a number o f 

contentious body-size issues to be resolved. The majority o f the measurement data has 

been converted into estimates o f body mass by the use o f  scaling equations. For the 

first time, body mass estimates have been produced for a wide range o f species over a 

long period o f Quaternary time. The use o f body mass as a common indicator o f body 

size has reduced problems o f sampling, allowed size comparisons to be made across 

skeletal regions and species boundaries, and made possible studies o f intra-specific size 

variation in relation to palaeoenvironmental variables.

9.1 The Body Mass Estimation Methods

9.1.1 Post-cranial remains

In the majority o f cases, the post-cranial mass estimation methods applied here 

have been shown to fimction well in producing reliable indications o f body mass for 

British Pleistocene mammal species. This is especially true for the scaling studies based 

on large numbers o f modem species e.g. Bovidae and Cervidae, or families with very 

consistent body plans e.g. Equidae. Scaling equations relating simple post-cranial 

dimensions to body mass for rhinos and carnivore families were successfully developed 

as a part o f this project. The difficulties experienced in associating skeletal specimens 

from museum collections with suitable body mass data highlights the need for 

improvements in this area.

Comparison o f mass estimates produced from the same bone element has 

revealed groups o f measures that do not fimction well in mass estimation. Identification 

o f these aberrant estimates is critical to the production o f  accurate mass predictions. 

These problem measures are very similar to those identified in previous investigations 

o f the relationship between skeletal dimensions and body mass (Scott 1983, 1990). In 

general it is the lengths o f distal limb elements that should not be used for mass 

estimation purposes, as these bone regions appear to be strongly modified in response 

to locomotor considerations as opposed to body mass. The breakdown in the body mass 

to bone length relationship is most severe in species o f large body size e.g. B. priscus. 

Non-length dimensions and proximal limb elements provide the best mass estimates.
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Inconsistent mass results can also result if bones display a specialized 

morphology or if measures are hard to take repeatedly. When applying mass estimating 

equations care must be taken to identify such phenomena before combining mass 

results to produce species averages. Once problem measures had been identified and 

their results discarded consistent mass estimates fi*om different bone types were 

produced. This is a clear indication that the scaling equations are operating effectively. 

The accuracy o f the mass estimation methods cannot be determined, as the true body 

masses o f these Pleistocene species are not known. However, Pleistocene mass 

estimates are unlikely to be significantly worse than the modem body mass data 

currently available, as methods for recording mammalian body mass are in great need 

o f standardisation. The mass estimates possible for Pleistocene mammal species must 

be considered as generalised average figures, but can still be used for investigation o f a 

range o f palaeobiological questions.

9.1.2 Dental remains

Mass estimation from Pleistocene tooth samples was not as successful. For 

bovids and cervids different tooth elements produce relatively consistent mass 

estimates; however, the results from pre-molars were sometimes discarded. More 

serious problems were apparent in the application o f perissodactyl and non-selenodont 

mass estimating equations, with major variation in estimates along the tooth row. There 

appears be too great a diversity o f tooth form within the Perissodactyla to allow 

successfiil scaling equations to be produced from combined Family material.

Even more variation in mass estimates between tooth types was observed for 

suids and hippos based on non-selenodont scaling equations. This functional grouping 

may be the best option for application to archaic ungulates, but when modem material 

is available taxonomic studies based on own-family comparisons are probably more 

appropriate. The lower camassial (mi) operated effectively as an estimator o f body 

mass in carnivores. The only exception was encountered in ursids, where extremely 

low mass results were produced from measurements o f this tooth. Maybe this is due to 

the general loss o f the camassial function as a meat-slicing tool in this family.

9.1.3 Bones and teeth as estimators of body mass

Comparison o f the mass estimates produced for Pleistocene species from dental 

and post-cranial specimens identifies where discrepancies between the two methods 

occur. I f  limb bones are considered to provide a more accurate reflection o f body mass,
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due to the integral role played by the post-cranial skeleton in supporting the body, can 

dental remains provide equivalent results? In the majority o f cases the mass estimates 

produced from teeth and post-crania do not correspond very closely (sections 7.1-14). 

In British Pleistocene cervids some species, e.g. D. dama, can be identified as having 

large teeth in relation to post-crania, which produce over-estimates o f mass, while 

others, e.g. M  giganteus, have proportionately small teeth. In the absence o f suitable 

post-cranial material, this study indicates that approximate species body mass 

estimates, which may deviate from post-cranial figures by up to 25%, can be produced 

from tooth remains.

In addition to the problems with the estimation o f accurate mass figures using 

dental remains, this material often does not provide a suitable record o f relative size 

change through time for the studied Pleistocene forms. This factor must be taken into 

account when examining only samples o f teeth. A number o f instances o f size 

variations being recorded in post-crania but not in teeth have been identified in the 

British Pleistocene. This phenomenon is clearly illustrated by the Pleistocene body 

mass record o f B. primigenius (fig.7.1). In this case the mass estimates produced from 

teeth show no variation from the Stage 11 interglacial to the early Holocene, while 

mass variations o f up to 400 kg are indicated by post-crania. Teeth may also indicate 

the pattern o f size change but not record the frill extent o f mass variation. In the British 

Pleistocene, teeth generally display smaller percentage size changes than bones during 

events o f both increasing and decreasing body mass, e.g. in Late Pleistocene B. priscus 

and the trend o f mass increase in C. lupus.

In order to reveal the detailed pattern and total extent o f mass variation post- 

cranial material must be examined. However, teeth should also be included in size 

change studies, as this will reveal periods o f dental change that do not relate to 

variations in overall body size. Such events have been recorded in British Pleistocene 

carnivores such as C. lupus and C. crocuta, and may relate to changes in feeding 

behaviour. More importantly, comparison o f the mass records produced from the two 

skeletal regions provides insights into the processes responsible for the body size 

changes recorded.
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9.2 Characterising Pleistocene Body Size Changes

The size changes recorded in British Pleistocene mammals could be a result o f 

ecophenotypic processes or genetic changes. Due to différences in genetic control on 

the size o f dental and post-cranial elements (Kieser 1990; Dempsey et al. 1995; 

Manfredi et al. 1997), teeth appear to be less likely to undergo short-term 

ecophenotypic size change events. This effect has been interpreted to derive from 

stabilizing selection acting on the size o f teeth that reduces or eliminates the phenotypic 

response to environmental conditions. Cases where Pleistocene size changes have been 

recorded in post-crania independently o f teeth, or to a greater extent in post-crania, can 

therefore be proposed to result from the effects o f the environment on the development 

o f the phenotype. Ecophenotypic processes appear to have been the cause o f a high 

proportion o f the body size variations identified m the British Pleistocene.

When size change is recorded in the dentition, this is likely to have a genetic 

basis. Such size variation may also be closely reflected in post-crania, resulting in 

proportions between the two skeletal regions being maintained. Major body size 

distinctions that have sometimes resulted in sub-species differentiations between 

British Pleistocene forms appear to derive from genotypic differences e.g. large D. 

dama clactoniana vs small D. dama. Selection imposed by the environment may have 

been more prolonged or intense in these cases, resulting in a more permanent body size 

modification. Dental size changes, associated with a major alteration o f bone-tooth 

proportions, may indicate the immigration o f novel sub-species into the British 

Pleistocene mammal community. Such an event may explain the sudden appearance o f 

a large red deer form with massively expanded teeth in OI Stage 3.

9.3 Body Size in the Middle and Late Pleistocene

9.3.1 The Body Size Records

As discussed above, a clear conclusion to emerge from this project is that post

crania provide a more detailed and accurate reflection o f the body size o f Pleistocene 

mammal species than teeth. The final summary o f Pleistocene body size in the study 

species is therefore based on post-cranial mass estimates as far as possible (table 9.1). 

Evidence from teeth has been included only when bone sample sizes are insuflBcient. 

Many different patterns o f size change have been recorded, including both increasing 

and decreasing mass trends, and body size peaks in particular Pleistocene stages. Some 

species mamtained relatively constant body sizes throughout.
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Table 9.1: Summary o f body mass results for important British Middle and Late Pleistocene species. The body mass figures are averages based on post-cranial remains only; cases where 

dental estimates were included are indicated (+). Species with greater than 30% mass variation during their British Pleistocene range are classified as either small (S), medium (M ) or large 

(L) according to a division o f  the observed variation into three equal sections. Q = constant body sizes. In the 01 Stage 7 column body mass changes identified from the main site grouping 

to later stages o f the period are indicated. The size records for U. deningeri + U. arctos and S. hundsheimensis + S. hemitoechus are combined; this is no indication o f evolutionary 

relationships, simply a reflection o f the similar body size roles o f these species. * = species recorded but insufiQcient mass estimates were possible.

Species WR P/K WSM Box 01 Stage 
1 1

01 Stage 
9

01 Stage 7 -  
late Stage 7

01 Stage 
6

01 Stage 
5e

01 Stage 
5c-a

01  Stage 
4

01 Stage 
3

01 Stage 
1

C. lupus * 15 kg 15 kg 15 kg 2 0  kg *
2 0  kg 30 kg 35 kg 30 kg 30 kg 35 kg *

S S S M M L L L L L
U deningeri - 390 kg 290 kg 280 kg 290 kg 270 kg 270 kg 340 kg 380 kg 370 kg 420 kg 340 kg *

U. arctos L S S S S S M L L L-XL M
C. crocuta * * 70 kg * 60 kg 70 kg 70 kg 70 kg 70 kg

0 0 0 0 0 0

P. leo * 290 kg 250 kg + 300 kg * 270 kg 2 0 0  kg 190 kg 290 kg
L L L L S S L

E. ferus 560 kg 450 kg 570 kg 570 kg 540 kg 560 kg 560 kg - 470 kg 360 kg 430 kg
L M L L L L L M S M

S. hundsheimensis 1600 kg 1500 kg * 1900 kg 1180 kg 1800 kg 1400 kg 1600 kg 1900 kg
- S .  hemitoechus M M L S L M M L
S. kirchbergensis 2 2 0 0  kg 2 2 0 0  kg 2300 kg

0 0 0
S. scrofa + 1 2 0  kg * * 90 kg 1 0 0  kg 160 kg 1 1 0  kg 1 0 0  kg

M S S L S S
M. giganteus 440 kg 380 kg + 540 kg 460 kg * 570 kg

S S L S L
D. dama 1 0 0  kg + * 70 kg 4- 1 1 0 kg + 1 0 0  kg 1 0 0  kg 70 kg 70 kg

L S L L L S S
C. elaphus 2 1 0  kg 2 1 0  kg 2 1 0  kg 150 kg 180 kg 190 kg 2 1 0  kg 170 kg 260 kg 190 kg

M M M S S M M S L M
C. capreolus + 30 kg 30 kg 40 kg 40 kg 30 kg 30 kg 30 kg 30 kg 30 kg

Q 0 0 0 0 0 0 0 0

B. primigenius 830 kg 1 2 0 0  kg 1 1 0 0  k g - 8 2 0  kg 950 kg 800 kg 800 kg
S L L S M S S

Bison sp. 700 kg 720 kg 970 kg 900 kg 770 kg 970 kg -  890 kg 810 kg 890 kg 610 kg 950 kg
S S L L M L L M L S L

U)
o



•  Canis lupus

British Pleistocene wolves display the largest body size variation recorded during the 

study period. Average mass estimates range from 15-35 kg, Avith animals more than 

doubling in size through the Middle and Late Pleistocene. Two major periods o f body 

size change have been identified in the post-cranial skeleton, at the early-late Middle 

Pleistocene and Middle-Late Pleistocene transitions. The small early Middle 

Pleistocene C. lupus mosbachensis is estimated to have had an average body mass o f 15 

kg. This form had relatively large teeth in comparison to post-crania. Populations o f 

intermediate body size (20 kg) are recorded from the late Middle Pleistocene, followed 

by the large C. lupus o f the Late Pleistocene (30-35 kg). Dental remains increase in size 

during this period at a much lower rate than post-crania. A significant increase in the 

size o f C  lupus teeth is recorded in the Devensian, independent o f overall body size. 

This may relate to a change in feeding behaviour.

• Canis (Xenocyon) lycanoides

This was a large canid with an average body mass o f 35 kg.

• Ursus deningeri

The very large sample o f the early Middle Pleistocene bear U. deningeri from 

Westbury-sub-Mendip indicates a relatively small body size for the species in the 

context o f British Pleistocene ursids. An average body mass o f 280-290 kg has been 

calculated; however, a high degree o f sexual dimorphism is apparent as individual 

estimates range from 150-500 kg. A larger form o f U. deningeri may have occurred at 

West Runton, as indicated by the average mass estimate o f  390 kg, although this is 

within the range o f sexual dimorphism.

•  Ursus arctos

On its first appearance in the British Pleistocene carnivore community in 01 Stages 9 

and 7 the brown bear was very similar in size to the earlier U. deningeri. Late Middle 

Pleistocene mass estimates average 270 kg. Larger forms (340-380 kg) appeared 

around the Middle-Late Pleistocene transition in the Stage 6 cold climate episode and 

Stage 5 interglacial, and also occurred in the mid-Devensian (01 Stage 3). The largest 

U. arctos individuals are recorded from the start o f the Devensian in OI Stage 4 (420 

kg) where at sites such as Banwell Bone Cave large individuals approached body 

masses o f 800-1000 kg.
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• Crocuta crocuta

Throughout its British Pleistocene range the spotted hyaena underwent remarkably 

little body size variation. From all examined samples average body masses o f 60-70 kg 

have been estimated. There is some evidence o f changes in tooth shape and tooth row 

proportions during the Late Pleistocene, which may be related to dietary variation.

•  Panthera gombaszoegensis

This poorly known felid appears to have had an average body mass o f 100-140 kg. It 

was therefore similar in size to the modem jaguar.

•  Panthera leo

Lions from the Middle Pleistocene were large in size with average body masses o f 270- 

300 kg. Body size was reduced during the Stage 5 interglacial when animals only 

attained average body masses o f 200 kg. A return to large individuals occurred in the 

Devensian during 01 Stage 3.

• Panthera pardus

A leopard with a body mass o f 75 kg has been recorded from the Stage 7 interglacial.

•  Homotherium latidens

The body size o f H. latidens has been investigated from the final part o f its time range 

just prior to extinction. In the early Middle Pleistocene average body masses appear to 

have been in the 190-240 kg range.

•  Lynx lynx

The lynx appears to have become an important member o f the British carnivore fauna 

only during the Lateglacial and Holocene. Remains from Gough’s Cave estimate a 

body mass o f 30 kg for the late Devensian form o f the species.
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•  Equus ferus

The E. ferus  lineage is recorded throughout the study period, apart from an absence in 

01 Stages 5-4. Large body size forms dominate the Middle Pleistocene, with average 

body masses o f 540-570 kg. Smaller-bodied populations with average masses around 

450 kg occur in reduced temperature conditions at the beginning and end o f late Middle 

Pleistocene interglacials. Horses from the Stage 6 cold climate episode were o f 

characteristically small body size, with average body masses reaching only 360 kg.

Late Pleistocene horses are restricted to the Devensian cold stage. The Stage 3 animals 

(430 kg) were smaller than their Middle Pleistocene interglacial counterparts but larger 

than Stage 6 E. ferus. A size reduction is recorded between these forms and Lateglacial 

horses.

•  Equus altidens

In the early Middle Pleistocene E. altidens was a small horse species with an average 

body mass o f 270-300 kg.

•  Equus hydruntinus

Tooth remains indicate an average body mass o f 250 kg for E. hydruntinus. This was 

the small horse species o f the late Middle and Late Pleistocene, but is only recorded 

with certainty from the British Isles during the Stage 11 interglacial at Swanscombe.

• Stephanorhinus hundsheimensis

The early Middle Pleistocene S. hundsheimenesis was a medium-sized rhino species. At 

the beginning o f the study period the average body mass o f this species was 1500-1600 

kg. A size increase appears to have taken place between these records and the 

deposition o f the Boxgrove fauna, where the average body mass had reached 1900 kg.

•  Stephanorhinus hemitoechus

This rhinoceros species was very similar in size to S. hundsheimensis. Average body 

mass estimates for individual interglacial populations range from 1200-1900 kg. The 

species displayed its smallest body size on its first British Pleistocene appearance in the 

Stage 11 interglacial (1200 kg). Intermediate body size forms (1400-1600 kg) occurred 

in the Stage 7 and Stage 5e interglacial periods. The largest S. hemitoechus (1800-1900 

kg) existed during the Stage 9 and in the later sub-stages o f Stage 5.
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•  Stephanorhinus kirchbergensis

S. kirchbergensis was a large-bodied rhinocéros with an average mass o f 2200-2300 kg. 

Very little body size variation appears to have taken place during its presence in the 

British Pleistocene mammal community.

• Coelodonta antiquitatis

The woolly rhino is recorded from two major periods o f the British Pleistocene, during 

Stage 7-6 and in the mid-Devensian climatic amelioration (01 Stage 3). The species 

was slightly larger than either S. hundsheimensis or S. hemitoechus. This is especially 

true in the Devensian where average body masses o f 2200 kg were achieved. The 

species was slightly smaller in the penultimate cold stage; from sites surrounding the 

Stage 7-6 transition an average body mass o f 1800 kg has been estimated.

•  Hippopotamus amphibius

Hippos enter the British Pleistocene fauna on two occasions; in both cases average 

body masses o f 2000-2500 kg are indicated. Pleistocene forms were larger than modem 

African H. amphibius, and displayed different proportions e.g. the expansion o f foot- 

bone elements such as the astragalus.

•  Sus scrofa

For much o f their Pleistocene record relatively constant body sizes appear to have been 

maintained in S. scrofa, with average mass estimates o f between 100-120 kg. An 

unusually large form o f the species occurred in the Stage 7 interglacial with an average 

mass o f 160 kg. Like many other ungulates the smallest recorded forms o f S. scrofa (90 

kg) are encountered in the Stage 11 interglacial.

•  Megaloceros verticornis

This large, early Middle Pleistocene Megaloceros species can be assigned an average 

body mass o f 350-400 kg. M. verticornis therefore appears to have been smaller than 

Devensian M. giganteus.

•  Megaloceros dawkinsi

M. dawkinsi is tentatively interpreted as a small megacerine species, having a body 

mass o f around 180 kg.

434



•  Megaloceros savini

This species appears to have been intermediate in size between the other early Middle 

Pleistocene giant deer species. Average body masses o f 220-280 kg are estimated from 

possible M. savini teeth and post-crania, suggesting that the deer was slightly larger 

than C. elaphus.

•  Megaloceros giganteus

This species is relatively poorly-recorded from the late Middle Pleistocene. Stage 9 and 

11 animals appear to have been small in size (380-440 kg), but substantially larger 

forms are indicated from Stage 7 post-crania. A short period o f reduced body size is 

recorded in the Stage 5 interglacial, before the large M. giganteus o f the Devensian 

appeared. Populations from the mid-Devensian and Lateglacial displayed similar large 

body sizes with average mass estimates o f 570-600 kg.

• Dama dama

A major body size distinction is observed in British Pleistocene fallow deer. This falls 

between Middle Pleistocene forms with average body masses o f 100 kg and smaller 

Late Pleistocene fallow deer, where estimated body masses average 70 kg. The only 

exception to this is the small-bodied D. dama population tentatively identified from the 

Westbury-sub-Mendip sample. The Stage 11 interglacial fallow deer has been assigned 

to the sub-species D. dama clactoniana^ which displays a distinctive antler form and a 

large body size. No size differences are observed between this form and fallow deer 

from Grays (01 Stage 9), suggesting that these may also belong to this sub-species.

•  Cervus elaphus

British Pleistocene red deer were very variable in body size with average mass 

estimates ranging from 140-260 kg. Early Middle Pleistocene forms o f the species all 

displayed the same moderately large body size (210 kg). A major period o f size 

reduction took place at the early-late Middle Pleistocene transition. This produced the 

characteristically small animals o f the Stage 11 interglacial (140-160 kg). The smallest 

red deer occurred in the opening phase o f this period. A recovery trend o f increasing 

body size is then recorded throughout the late Middle and Late Pleistocene, although a 

body size equivalent to early Middle Pleistocene C. elaphus is not reached until 01 

Stage 5e. The largest British Pleistocene C  elaphus occurred in the mid-Devensian (01 

Stage 3). These animals had average body masses o f 260 kg and disproportionately
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large teeth. Two periods o f size reduction are recorded across the last glacial maximum 

and the Lateglacial Stadial to produce the relatively small forms o f the early Holocene 

(190 kg), although these animals were significantly larger than modem British 

C  elaphus.

•  Alces latifrons

A body mass estimate o f 580 kg has been produced fi’om dental remains o f^ . latifrons, 

described as the largest cervid that ever existed. The tooth remains probably under

estimate the true body mass, as the genus Alces appears to be characterised by small 

teeth relative to post-crania.

•  Alces alces

Pea Alces tooth, undiagnotic to species, from Grays can probably be assigned to this 

species on the basis o f the mass estimate o f 300 kg produced. A significantly smaller 

animal thanv4. latifrons is indicated. A. alces became an important member o f the 

British ungulate community only in the early Holocene, During this period average 

body masses ranged from 360-440 kg.

•  Rangifer tarandus

Body size information for British Pleistocene reindeer is restricted to the Devensian, 

although the species is known to have extended over a longer time period. A low level 

o f body size variation is recorded between the climatic phases o f the Devensian. The 

largest forms o f the species with average body masses o f 120 kg occurred in the cold 

climates o f  01 Stage 4 and the Lateglacial Stadial. Slightly smaller R. tarandus forms 

appear to have persisted during the more prolonged development o f  warmer conditions 

in the mid-Devensian (01 Stage 3). These reindeer had average body masses o f 100 kg; 

the largest animals reaching the same size as Stage 4 forms while significantly smaller 

individuals were also present.

•  Capreolus capreolus

Very little body mass variation took place in C. capreolus during the British 

Pleistocene. An average body mass o f 30 kg is recorded in the majority o f Middle and 

Late Pleistocene interglacial periods. Slightly larger roe deer with average body masses 

o f 40 kg were present in the British ungulate community during the deposition o f the 

Boxgrove fauna.
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•  Bison schoetensacki

At the beginning o f the early Middle Pleistocene, B. schoetensacki was a small bison 

species with an average body mass o f 700 kg.

•  Bison priscus

B. priscus was a slightly smaller bovid than B. primigenius. Despite the relatively 

similar body masses o f these two species they co-existed in some interglacial 

communities (OI Stage 11,7, 5), although one form generally seems to have been 

numerically dominant. Average B. priscus body masses ranged from 600-970 kg, 

indicating that this was one o f the more variable Pleistocene ungulates. The first 

appearance o f this species in the British Pleistocene remains debated. The large bison 

from Westbury-sub-Mendip (970 kg) and Boxgrove (900 kg) may belong to this 

species, or alternatively may represent a large body size form of B. schoetensacki. Like 

many other ungulates B. priscus displayed a small body size in the Stage 11 interglacial 

(770 kg). Slightly larger forms (810 kg) occurred in OI Stage 5e, but the largest 

recorded body sizes that can be assigned with certainty to this species occur in OI Stage 

5c-a (890 kg) and OI Stage 3 (950 kg). Body size was variable during OI Stage 7, and 

may relate to separate climatic phases o f the interglacial. The most distinctive B. 

priscus body size form occurred in the early Devensian (OI Stage 4), where very small 

bison (600 kg) are recorded.

•  Bos primigenius

Aurochs were the largest bovid species present in British Middle and Late Pleistocene 

mammal communities. Average body masses ranged from 800-1200 kg between the 

divisions o f the late Middle and Late Pleistocene. The earliest B. primigenius from the 

Stage 11 interglacial were small in size (830 kg). A maximum size was reached in OI 

Stage 9 (1200 kg), while large but slightly reduced body sizes were maintained in the 

following interglacial periods (OI Stage 7, 1100kg and 5e, 950 kg), before a return to 

small sized individuals (800 kg) in Sub-Stages 5c-a and the early Holocene. There is 

some indication that a population o f moderately large body size was present in Britain 

during the Lateglacial Interstadial.
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•  Ovibos moschatus

The only samples that have produced body mass estimates for this species come from 

the Stage 7-6 transition. O. moschatus was half the size o f B. primigenius and B. 

priscus with an average body mass o f 400 kg.

•  Saiga tatarica

Records o f the saiga antelope in Britain are restricted to the Lateglacial period. A body 

mass o f 75 kg is estimated for this form using a single Gough’s Cave tooth specimen.

9.3.2 Body Size and Biostratigraphy

This study has revealed a general agreement between body size data and the 

stratigraphie scheme applied to British Pleistocene fossil sites (Schreve 1997; Currant 

& Jacobi 1997, 2001 ; Preece & Parfitt 2000). This includes four separate temperate 

episodes in the early Middle Pleistocene, three late Middle Pleistocene faunal groups 

that may represent separate interglacial periods, sites representing sub-stages 5e and 5c- 

a and a distinction among Devensian sites pre-dating the last glacial maximum. The site 

groupings recognised on the basis o f litho- and biostratigraphy are largely cohesive in 

terms o f body size, and the distinctions between stratigraphie divisions found in 

mammal community composition are reflected in the body size records. It is interesting 

that the current ordering o f  site groups produces continuous body size trends in species 

such as C  lupus and C. elaphus.

Body size variation below the level o f the Isotope Stage has been recorded in 

the Stage 11,7 and 5 interglacials. This appears to relate to climatic events on the scale 

o f isotopic sub-stages and illustrates the speed at which significant body size changes 

can occur. Consistent body size groupings therefore probably relate to assemblages 

deposited during limited periods o f Pleistocene time. The body size differences 

recorded between the four early Middle Pleistocene sites could certainly relate to 

deposition in different tenq>erate sub-stages and need not inç>ly the existence o f four 

separate interglacial periods. The main Stage 7 body size grouping identified here 

probably relates to a relatively restricted period o f this long interglacial.

Each stratigraphie grouping contains a unique combination o f body size features 

(table 9.1). This information can be used as a biostratigraphic tool in assigning a 

position in the current stratigraphie scheme to relatively complete mammalian feunas. 

Some body size forms o f individual species are highly characteristic o f limited periods
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o f Pleistocene time and can act alone as biostratigraphic markers e.g. the small size o f 

E. ferus  in 01 Stage 6 and B. priscus in OI Stage 4.

A small number o f new biostratigraphic interpretations have been made based 

on the results o f this project. In particular the body size o f E. ferus  in the late Middle 

Pleistocene has been used to assist the dating o f certain assemblages to the early or late 

temperate phases o f interglacials. The positioning o f E. ferus  body size forms along the 

trend o f size reduction from Stage 7-Stage 6 suggests that Brundon and Layers 2+3 o f 

the Marsworth Lower Channel represent a later phase or sub-stage o f the Stage 7 

interglacial than the main Stage 7 site grouping. This is supported by body size 

evidence from the large bovid species. Hutton Cave has been interpreted as transitional 

between the Brundon and Marsworth condition and the main Stage 6 faunas. The body 

size structure o f  the problematic Crayford fauna is most reminiscent o f the late Stage 7 

period, although some earlier and later material may also be represented. Sites 

tentatively assigned to the Stage 5c-a period have been confirmed as having a body size 

signal distinct from Stage 5e. In the early Middle Pleistocene, body size data 

distinguishes West Runton and Pakefield/Kessingland from the Westbury-sub-Mendip 

and Boxgrove faunas and supports an earlier age for these deposits. Evidence from 

cervid teeth may indicate that the Boxgrove community post-dates the first temperate 

peak at Westbury.

9.4 Body Size and Palaeoenvironment

Can the patterns o f  body size variation determined for British Pleistocene 

mammal species be explained in the context o f the environmental conditions proposed 

for each o f the studied faunas? A high proportion o f the body size fluctuations recorded 

appear to be related to the effects o f the environment on development. However, the 

species that maintained constant body sizes throughout the study period indicate that 

the changing Pleistocene environment did not always have a body size effect.

9.4.1 Body Size and Temperature

Theories suggesting a link between tenq^erature conditions and the body size o f 

endotherms have a long history, derived from the relationship observed between body 

size and latitude. These ecogeographic relationships take their best-known form in 

Bergmann’s rule, relating large body sizes to cold environments via a thermoregulatory 

advantage. Such theories have come under attack in recent years (McNab 1971a; Geist
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1987); what can evidence from the fluctuating interglacial-glacial climates o f the 

British Pleistocene add to this argument?

When ungulate species experienced conditions o f reduced temperature during 

the Pleistocene, in the vast majority o f cases body sizes were reduced. The two best 

examples o f this occur when ungulate species persisted from interglacial into cold stage 

environments. A major body size reduction (from 950 to 600 kg) took place in B. 

priscus between the end o f the last interglacial and the early cold phase o f the 

Devensian (01 Stage 4). An even more impressive size reduction in reduced 

temperature environments has been revealed in E. ferus, where a sequence o f reduced 

size forms is recorded across the Stage 7-6 transition (560 to 470 to 360 kg). Clear 

body size reduction in horses from the same geographic location can be found between 

the horizons o f the Marsworth Lower Channel sequence.

British Pleistocene ungulates therefore underwent size changes opposite to the 

predictions o f Bergmann’s rule. Why should these species have become smaller in size 

as temperatures were reduced? For these herbivores, cold stage or declining interglacial 

environments probably resulted in a reduction in food supply due to the shortening o f 

the growing season. Under conditions o f food limitation many large mammal species 

show a reduction in body size, as observed when species are isolated on islands (Lister 

1996a). The influence o f temperature on productivity, rather than a direct effect of 

temperature itself, appears to be a more important factor in determining the body sizes 

of ungulates. This interpretation is supported by evidence for large body size forms in 

relatively cold episodes o f the British Pleistocene, where productive vegetation 

communities developed, such as 01 Stage 3. Modem latitudinal body size trends have 

also been interpreted on the basis o f productivity (Rosenzweig 1968 a+b, Geist 1987, 

Langvatan & Albon 1986).

British Pleistocene carnivore species did not display the same body size 

response to temperature variation as ungulates. U. arctos underwent a consistent pattern 

o f size increase as temperatures fell, but other carnivore species showed little body size 

response. Across the climatic phases o f the Late Pleistocene, C. lupus and C. crocuta 

maintained relatively stable body sizes. This finding is especially important in the 

spotted hyaena as it argues against one o f the most famous examples o f size change in 

accordance with Bergmann’s mle from the fossil record (Klein & Scott 1989). The 

discrepancy in the body size responses o f ungulates and carnivores can be put down to 

the fact that food supplies were probably less affected in cold stage environments for 

predatory species.
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Recent studies o f the physics o f thermoregulation (Steudel et al. 1994) indicate 

that for large endotherms increases in body size o f the magnitude observed are unlikely 

to provide any significant selective advantage in low temperature environments. Why 

then did brown bears become larger during British Pleistocene cold stages? Once again 

the answer appears to be food supply. For this omnivorous species, unlike the other 

carnivores, temperature reduction will greatly affect a portion o f the diet. If  during cold 

stages the plant-based foods o f this species became scarce, a switch to a more predatory 

mode is likely to have taken place. This change in diet may have affected body size, 

producing larger U. arctos forms (Hilderbrand et al. 1999).

The body size variations recorded between different temperature phases o f the 

British Pleistocene can therefore largely be explained on the basis o f the effects o f 

temperature on food supply. The question o f what lies behind the body size differences 

observed between interglacial periods, where very similar temperature conditions 

developed, remains to be explained.

9.4.2 Body Size and Vegetation

Vegetation conditions are proposed to have varied in two major ways during the 

British Pleistocene; this relates to the type o f vegetation habitats that developed and 

their productivity. As discussed in section 9.4.1 vegetation productivity appears to have 

had a major effect on ungulate species as temperatures were reduced. Estimated 

insolation levels (Berger & Loutre 1991) indicate that productivity may also have 

varied between interglacials where very similar temperature conditions are recorded 

(July mean > 18°C). Small body sizes are associated with low insolation episodes in 

species such as C. elaphus and B. primigenius.

The major distinction in vegetation type falls between forested environments 

and episodes where a higher proportion o f open savannah-like habitats developed. Does 

this factor relate to the pattern o f body size variation? In Pleistocene C. elaphus and M  

giganteus large body size forms are associated with the more open vegetation types e.g. 

in OI Stage 7 and 3. I f  intra-specific dietary variation took place in relation to the 

vegetational environment, increased body sizes in grassland habitat types may have 

occurred to assist in the successful digestion o f the high fibre foods that dominate these 

ecosystems. However, these episodes were also o f high productivity, which may be 

driving the body size response observed. Many ungulate species maintain constant 

body sizes or continuous size trends across variable conditions o f vegetation type, 

suggesting that this is not an important influence on body size patterns.
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Differences in vegetational habitats can affect British Pleistocene carnivore 

species. This factor may explain the body size variation observed in British Pleistocene 

P. leo. The smallest body sizes are recorded during the Stage 5 interglacial, one o f the 

most highly forested episodes. Modem lions favour open habitats with some cover for 

hunting. In forest environments prey becomes difGcuh to locate and pride size is 

reduced. This may have resulted in a concentration on smaller prey and therefore a 

reduced importance o f large body size for last interglacial P. leo. Vegetation-influenced 

differences in feeding behaviour have also been proposed for C. lupus and C. crocuta 

between the last interglacial and the Devensian. However, possible variations in the 

proportion o f predatory and scavenging behaviour appear to be more evident in the 

structure o f teeth than over-all body size.

9.4.3 Body Size and Seasonality

When the relative body sizes o f ungulate species in each o f the late Middle and 

Late Pleistocene interglacials are compared, an interesting feature to emerge is the 

small size o f the majority o f forms during the Stage 11 interglacial. The Stage 7 

interglacial is dominated by ungulates close to their maximum Pleistocene body size, 

while those from Stage 5e are generally intermediate. A palaeoenvironmental factor 

that links very closely to these body size findings is seasonality. Stage 7 was the most 

highly seasonal interglacial o f the late Middle and Late Pleistocene, while the 

differentiation between summer and winter insolation levels was at its lowest during 01 

Stage 11 (Tzedakis & Bennett 1995). High seasonality may select for large body size in 

ungulates due to the increased ability o f large forms to survive periods o f food scarcity. 

Large body sizes may also result from reduced competition for resources after the 

major period o f winter mortality, increasing food availability for the survivors.

9.4.4 Summary

Determining the reasons behind body size variation is a very complex process, 

as a large number o f interrelating factors influence this particular characteristic at the 

species level. This point is illustrated by the fact that explaining body size clines in 

modem situations remains a diflScult proposition. Evidence from the British Pleistocene 

suggests that environment has its greatest impact on the body sizes o f large mammals 

through its effects on food availability. Variables that may provide a proxy for 

nutritional supply, such as insolation and seasonahty are most closely linked to the 

patterns o f body mass variation revealed, although some variation remains to be
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explained. Periods o f unexpectedly high productivity due to a unique combination o f 

environmental factors e.g. OI Stage 3 also supported individuals o f large size. Theories 

suggesting a direct effect o f environmental temperatures on body size do not receive 

support from this study. Vegetation type may have a minor influence, but simplistic 

interpretations suggesting reduced body sizes in apparently unsuitable habitats should 

be avoided.

Some Pleistocene species display increasing body size trends across fluctuating 

palaeoenvironmental conditions, while others decrease in size or remain stable. This 

indicates that ecophenotypic or genetically based body size changes in response to the 

environments o f individual Isotope Stages may not always have taken place. In these 

cases selection may be operating on longer time-scales. It is possible that such body 

size trends may have resulted from the effects o f  passing through repeated climatic 

cycles, and shifts to glacial réfugia where different selection pressures operated.

9.5 Community Structure

Studies o f Pleistocene community ecology have been successfully carried out 

during the course o f this project. Investigation o f the body size structure o f British 

Pleistocene mammal communities has revealed very weak relationships between 

species body sizes. When size changes take place in ungulates, other community 

members do not show an equivalent or regular response, inq)lying that competitive 

interactions are unlikely to be responsible for the patterns o f body size variation 

revealed. The same is also true for a number o f carnivores, although the body sizes of 

C. lupus and U. arctos are closely linked and may be responding to body size variation 

in their prey. In general, constant mass ratios are not maintained between species pairs 

in the British Pleistocene.

Analysis o f community body-size structure, independent o f species 

conposition, suggests very little influence o f  inter-specific conçetition on community- 

wide body size patterns. Community features predicted to reduce competition and 

promote co-existence are rarely encountered in the British Pleistocene. The community 

structures recorded are not significantly different from random arrangements o f species 

body sizes. This argues for Pleistocene ungulate and carnivore communities as 

associations o f species that act independently but display common environmental 

tolerances, rather than communities as integrated stable co-evolved entities.

A major change in ecosystem organisation took place at the Pleistocene- 

Holocene transition, which may have been reflected in a change in the structuring o f
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mammal communities. Early Holocene ungulate communities do display more 

evidence o f the competitive structures that have sometimes been revealed from modem 

ecological studies. However, these features may be an artefact o f low species diversity 

in the current interglacial, the extinction o f a large number o f forms leaving the 

remainder with a wider and more even body size spacing. A reliable picture of 

community organisation prior to the onset o f critical human impacts is provided by the 

well-sampled fossil communities o f the Pleistocene.

9.6 Future Work

Valuable extensions to the current project could be achieved in a number of 

areas. The potential exists for further analysis o f the body size data set in relation to 

palaeoenvironment. This may involve the use o f more accurate estimated insolation and 

productivity data, or palaeoenvironmental variables calculated directly from fossil 

assemblages via isotope analysis. Analysis o f Pleistocene community body size 

structure could also be carried out for small mammals. The competitive relationships in 

modem communities o f this type have been more extensively studied, and the end- 

Pleistocene extinction is a less important factor.

Most importantly the body size analysis could be extended both temporally and 

geographically. It is hoped that the project will be continued further into the Holocene 

to resolve patterns o f body size reduction during this period. The British Holocene 

record provides an excellent opportunity for examining in detail the effects o f 

environmental change and human impacts on mammalian body sizes. In addition, 

extending the analysis into continental Europe will reveal if the same body size patterns 

can be identified there, and the extent o f geographic body size variation.

Possibly the most interesting aspect to arise from the current study is the 

discrepancy in body size information provided by teeth and post-crania. This 

phenomenon has regularly been implied in previous studies but never fully 

investigated. More work is needed on the relationship between bone and tooth size and 

the genetic control mechanisms involved. The interplay o f genetic and environmental 

effects on tooth size is “incompletely understood” (Keiser 1990). Studies o f modem 

mammal species may provide important additional information on the extent to which 

dental and post-cranial size can become disassociated, and the factors responsible for 

variation in bone-tooth proportions. It is hoped that the present study has provided 

baseline data from which to explore these intriguing questions.
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APPENDIX 1: Museum Collections

BCM  Buckinghamshire County Museum, Aylesbury.

BGS British Geological Survey Museum, Keyworth, Nottingham

BMB Booth Museum, Brighton.

CM Colchester Museum.

IM  Ipswich Museum.

MAN Manchester Museum.

M OL Museum o f London.

NCM Norwich Castle Museum.

NHM Natural History Museum, London.

NMW National Museums o f Wales, Cardiff.

GUM Oxford University Museum.

SCM Somerset County Museum, Taunton.

SM Swansea Museum.

SMG Sedgwick Museum of Geology, Cambridge.

TNH Museum o f the Torquay Natural History Society, Torquay.

UMZC University Museum o f Zoology, Cambridge.

YM Yorkshire Museum, York.
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APPENDIX 2: Measurement Repeatability

Appendix 2.1 Metacarpal

Repeated measurements of cervid metacarpal bones from Grays, Essex; measures illustrated in fig.3.4. 

1 = measured at start of data collection, 2 = measured in the middle of data collection, 3 = measured at 

the end of data collection.

Specimen Me 1 
(mm)

Me 2 
(mm)

Me 3 
(mm)

Me 4 
(mm)

Me 5 
(mm)

C. elaphus 1 250.5 39.5 25.3 42.6 22.3
m21674 2 250.5 39.6 25.8 42.6 22.1

3 250.5 38.2 25.6 42.7 22.2
D. dama 1 220.5 31.8 22.1 31.6 17.3
m21296 2 220.5 31.9 21.4 31.9 17.1

3 221.0 31.9 22.1 32.1 17.1

Appendix 2.2 Metatarsal

Repeated measurements of cervid metatarsal bones from Grays, Essex; measures illustrated in fig.3.4.

1 = measured at start of data collection, 2 = measured in the middle of data collection, 3 = measured at 

the end of data collection.

Specimen Mt 1 
(mm)

M t2
(mm)

M t3
(mm)

M t4
(mm)

M t5
(mm)

C. elaphus 1 252.0 29.7 31.0 36.0 18.6
ml 9843 2 253.0 29.8 30.8 36.3 18.6

3 253.0 30.4 31.2 36.5 18.6
C  elaphus 1 - 36.4 36.2 - -

m24964 2 - 35.8 36.7 - -

3 - 35.5 36.4 - -

D. dama 1 237.5 28.8 28.1 32.6 17.1
m23127 2 238.5 27.3 28.6 32.8 16.9

3 238.5 27.5 28.8 32.7 16.9
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Appendix 2.3 Radius

Repeated measurements of cervid radius bones from Grays, Essex; measures illustrated in fig.3.4.

1 = measured at start of data collection, 2 = measured in the middle o f data collection, 3 = measured at 

the end o f data collection.

Specimen R1
(mm)

R2
(mm)

R3
(mm)

R4
(mm)

R5
(mm)

C. elaphus 1 273.5 55.8 28.0 61.1 54.3
m23741e 2 273.0 56.5 28.3 61.7 54.8

3 273.0 55.9 28.5 61.3 55.0
D. dama 1 242.0 41.8 24.3 46.9 40.3
m20262 2 242.0 42.6 24.5 47.2 40.6

3 242.0 42.5 24.6 47.1 40.7
D. dama 1 238.5 44.9 22.9 46.7 40.8
m23763g 2 237.5 44.2 23.3 46.5 40.1

3 237.5 44.2 23.6 46.6 40.5
D. dama 1 - - - - 38.9
m20256 2 - - - - 39.6

3 - - - - 38.9
D. dama 1 - 41.9 25.3 46.6 -

ml 8840 2 - 42.0 25.5 46.7 -

3 - 41.4 25.3 46.5 -

Appendix 2.4 Tibia

Repeated measurements of cervid tibia bones from Grays, Essex; measures illustrated in fig.3.4.

1 = measured at start o f data collection, 2 = measured in the middle o f data collection, 3 = measured at 

the end o f data collection.

T1
(mm)

T2
(mm)

T3
(mm)

T4
(mm)

T5
(mm)

D. dama 1 311.0 68.0 39.2 40.1 29.0
m20263 2 311.0 66.8 40.2 39.7 29.9

3 310.5 67.2 38.1 39.8 30.2
D. dama 1 281.0 60.4 37.8 35.8 28.1
m l9843 2 281.0 60.1 35.6 35.3 28.0

3 280.0 60.4 34.8 35.9 27.7
D. dama 1 - - - 39.6 28.9
m l 8839 2 - - - 39.0 29.1

3 - - - 38.6 29.1
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Appendix 2.5 Humerus

Repeated measurements of cervid humerus bones from Grays, Essex; measures illustrated in fig.3.4.

1 = measured at start of data collection, 2 = measured in the middle of data collection, 3 = measured at 

the end of data collection.

Specimen HI
(mm)

H2
(mm)

H3
(mm)

H4
(mm)

H5
(mm)

C. elaphus 1 249.5 62.5 53.5 59.9 -

IÏ1202563 2 251.0 60.1 53.3 59.1 -

3 251.0 58.9 52.9 52.9 -

D. dama 1 - - 42.5 45.1 17.3
ml 8833 2 - - 41.2 45.7 17.7

3 - - 42.0 46.4 16.9

Appendix 2.6 Femur

Repeated measurements of cervid femur bones from Grays, Essex; measures illustrated in fig.3.4.

1 = measured at start of data collection, 2 = measured in the middle of data collection, 3 = measured at 

the end of data collection.

Specimen FI
(mm)

F2
(mm)

F3
(mm)

F4
(mm)

F5
(mm)

C. elaphus 1 - - - 27.3 55.7
m21635 2 - - - 28.1 55.7

3 - - - 27.7 55.5
C. elaphus 1 - - - - -
m24969 2 - 89.6 74.7 - -

3 - 89.7 74.4 - -
D. dama 1 - - - 24.6 47.9
m20251 2 - - - - -

3 - - - 23.6 47.8
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APPENDIX 3: Mass Estimating Equations

A ppendix 3.1 : Equations B ased on Post-crania  

log Mass = m(log Measure) + c 

Appendix 3.1.1 Bovidae

Modified from Scott (1990), values in cm and kg. Details o f  measurements are displayed in fig.3.4.

Measure (x) Slope (m) Intercept (c) %SEE %PE

H I 3.4591 -2.9190 0.9286 40 25

H2 3.3633 -2.4637 0.9317 39 24

H 3 2.7311 0.2334 0.9434 35 23

H 4 2.5499 0.4078 0.9590 29 18

H 5 2.6246 0.2756 0.9604 28 18

H 6 2.7630 1.3617 0.9274 40 27

R1 3.2052 -2.3202 0.8487 63 43

R2 2.5069 0.4311 0.9629 28 17

R3 2.5472 1.0525 0.9279 39 23

R4 2.4305 0.3736 0.9543 31 19

R5 2.4824 0.4635 0.9596 29 18

M e 1 2.5109 -1.2773 0.4703 149 109

M e 2 2.6495 0.6016 0.9529 31 20
M e 3 2.8291 1.0620 0.9402 36 22

M e 4 2.3765 0.7443 0.9203 43 25

M e 5 2.6469 1.2458 0.9127 45 29

FI 3.5526 -2.9997 0.9326 39 26

F2 2.6934 -0.2555 0.9529 31 20
F3 2.9531 -0.0808 0.9420 35 24

F4 2.9573 0.7271 0.9415 35 24

F5 2.9053 -0.0768 0.9530 31 20
T1 3.9842 -3.8078 0.8453 64 46

T2 2.8850 -0.2758 0.9567 30 19

T3 3.2248 0.0753 0.9231 42 28

T4 2.8409 0.3222 0.9545 31 20
T5 2.9720 0.6222 0.9464 34 22
M t l 3.0701 -2.0622 0.5434 134 96

M t2 2.9220 0.6162 0.9405 36 24

M t3 3.0306 0.5755 0.9307 39 26

M t 4 2.7421 0.5614 0.9418 35 22
M t5 2.9763 1.1416 0.9239 41 28
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Appendix 3.1.2 Cervidae

Modified from Scott (1990), values in cm and kg. Details o f measurements are shown in fig.3.4.

Measure (x) Slope (m) Intercept (c) r̂ %SEE %PE

HI 3.4337 -2.4141 0.9183 40 27

H2 3.3580 -2.4788 0.9260 37 24

H3 2.7080 0.2432 0.9463 27 17

H4 2.5568 0.4084 0.9590 27 20
H5 2.6389 0.2582 0.9596 27 19

H6 2.7230 1.3730 0.9241 39 31

R1 3.0795 -2.1515 0.8549 45 36

R2 2.5150 0.4304 0.9630 25 18

R3 2.5588 1.0498 0.9606 33 24

R4 2.4301 0.3842 0.9560 23 19

R5 2.4956 0.4581 0.9600 26 20
Me 1 2.5036 -1.2742 0.5404 57 37

Me 2 2.6568 0.6070 0.9500 32 26

Me 3 2.8040 1.0687 0.9393 35 24

Me 4 2.3300 0.7466 0.8664 98 28

Me 5 2.6352 1.2473 0.9184 34 23

FI 3.5335 -2.9926 0.9299 34 24

F2 2.6928 -0.2670 0.9526 27 17

F3 2.9500 -0.1030 0.9348 33 23

F4 2.9714 0.7268 0.9433 30 21
F5 2.9100 -0.0883 0.9509 32 22
T1 3.8551 -3.6352 0.8513 46 21
T2 2.8861 -0.2841 0.9548 30 29

T3 3.1432 0.1174 0.9193 42 23

T4 2.8486 0.3000 0.9494 31 23

T5 2.9628 0.6159 0.9429 36 18

M tl 3.0039 -2.0105 0.5936 55 24

M t2 2.9334 0.6132 0.9398 36 24

M t3 2.8848 0.6369 0.8879 82 27

M t4 2.7521 0.5397 0.9356 38 25

MtS 2.9391 1.1375 0.9232 36 24
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Appendix 3.1.3 Suidae

Modified from Scott (1990), values in cm and kg. Details o f measurements are displayed in fig.3.4+3.14.

M easure (x) Slope (m ) Intercept (c) %SEE %PE

H I 3.4122 -2.3639 0.9524 22 17

H 2 3.3910 -2.5183 0.9458 23 18

H 3 3.0904 0.2716 0.9138 30 21

H 4 2.7528 0.4996 0.8741 38 27

H 5 3.0861 0.0216 0.9150 30 21

H 6 2.2222 1.3837 0.7766 53 33

R1 2.6673 -1.2336 0.8883 35 22

R2 2.8435 0.5580 0.9243 28 20

R3 2.5962 1.1392 0.9405 25 18

R5 2.4855 1.1374 0.9718 19 16

M e 1 2.7639 -0.4650 0.8236 46 30

M e 2 2.9534 1.0052 0.9577 20 16

M e 3 2.9362 1.1772 0.9463 23 16

M e 4 2.6377 1.3056 0.9160 31 21

M e 5 2.6955 1.5010 0.8525 42 22

FI 3.5007 -2.7428 0.9585 20 14

F2 2.6845 -0.0411 0.9150 30 20

F3 3.0588 -0.0858 0.9443 24 14

F4 2.9139 07925 0.8865 36 22

F5 3.0451 -0.0643 0.9398 25 16

T1 3.3916 -2.4421 0.8668 39 24

T2 2.9746 -0.1783 0.9215 29 19

T3 2.9538 0.4142 0.9165 30 20

T4 3.0297 0.5102 0.8976 34 21

T5 3.0289 0.6660 0.9351 26 19

M t l 3.2270 -0.9333 0.7976 53 34

M t2 2.9934 1.2300 0.9173 31 19

M t3 2.8820 1.6360 0.7335 63 36

M t 4 2.6821 1.3219 0.9542 25 18

M t 5 3.2878 1.5054 0.9202 31 20
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Appendix 3.1.4a Equidae (humerus, radius, femur tibia)

Modified from Scott (1990), values in cm and kg. Details o f measurements displayed in fig.3.4 + 3.20a.

Measure (x) Slope (m) Intercept (c) r̂  ........ %SEE %PE

HI 2.8794 -1.5178 0.8804 24 16

H2 2.7142 -1.3571 0.6912 41 27

H3 2.6562 0.3506 0.8841 23 16

H4 2.8535 0.0471 0.8612 26 16

H5 2.5392 0.2196 0.8761 24 15

R1 3.0770 -2.0373 0.7940 32 24

R2 2.7991 0.0890 0.8570 26 16

R3 2.5513 1.0488 0.8488 27 19

R4 2.7703 -0.0067 0.8385 28 18

R5 2.5996 0.2520 0.8828 23 16

FI 3.1274 -2.2619 0.8615 26 18

F2 2.9812 -2.1543 0.8773 24 17

F4 2.8685 0.8680 0.7936 32 20
F5 2.5856 0.0445 0.8690 25 27

T1 2.2592 -0.8241 0.4825 55 37

T2 2.6798 -0.0915 0.8889 23 14

T3 2.5490 0.6566 0.8703 25 17

T4 2.5026 0.3548 0.8497 27 18

T5 2.5712 0.7648 0.8374 28 18
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Appendix 3.1.4b Equidae (metapodials and phalanx 1)

Modified from Alberdi et al. 1995, values in mm and kg. Regressions were carried out on In transformed 

values, and %PE values have not been quoted. Details o f  measurements displayed in fig.3.20b + 3.21.

M easure (x) S lope (m) Intercept (c) ■■'r^ %SEE

Me 1 3.713 -14.209 0.884 17.33

Me 2 3.269 -11.700 0.835 20.66

Me 3 2.817 -5.204 0.872 18.14

Me 4 3.356 -5.685 0.922 14.15

Me 5 2.818 -4.963 0.891 16.71

Me 6 2.738 -4.672 0.922 14.28

Me 7 2.916 -4.490 0.945 11.83

Me 8 3.056 -4.313 0.964 9.39

Me 9 3.103 -4.695 0.951 11.18

M tl 3.521 -13.688 0.869 18.49

M t2 3.489 -13.409 0.824 21.34

M t3 2.617 -4.336 0.874 18.05

Mt 4 2.712 -4.226 0.878 17.72

Mt5 2.485 -3.702 0.912 15.06

M t6 2.468 -3.626 0.904 15.74

MtT 2.768 -4.061 0.947 11.58

M t8 2.830 -3.521 0.920 14.37

M t9 2.804 -3.721 0.929 13.49

Pxl3 2.491 -3.936 0.872 16.83

Pxl 5 3.476 -6.548 0.982 6.24

Pxl 6 2.693 -4.285 0.889 15.63
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Appendix 3.1.5 Rhinocerotidae

Regression o f  log,o (Average Mass) on logio (Skeletal Measure) based on the published results o f  Guerin 

(1980), measures in mm and kg. Details o f  measurements displayed in fig.3.27.

M easure (x) S lope (m ) Intercept (c) r' %SEE %PE

SI 2.092 -1.225 0.82 23 13
82 1.985 -0.539 0.83 22 12
S3 3.635 -3.852 0.83 23 12
HI 4.105 -7.515 0.67 32 19
H2 2.756 -2.816 0.88 19 10
H3 2.178 -1.504 0.78 26 13
H4 3.611 -4.159 0.93 14 8
H5 4.105 -3.178 0.97 9 6
R1 3.4777 -5.649 0.73 29 14
R2 2.4701 -1.623 0.85 21 11
R3 2.747 -1.749 0.86 21 12
R4 2.545 -1.868 0.95 12 8
R5 2.494 -1.609 0.92 15 9
R6 3.642 -2.841 0.91 16 9
Scd 1 3.265 -2.640 0.70 31 18
Scd2 2.466 -1.413 0.29 51 27
Scd 3 2.837 -1.707 0.84 22 11
Scd 4 3.354 -2.500 0.97 9 6
Scd 5 2.776 -1.520 0.90 17 10
Scd 6 3.554 -3.261 0.80 25 15
Lun 1 2.600 -1.525 0.80 25 12
Lun 2 2.351 -0.762 0.92 15 9
Lun 3 3.633 -2.970 0.94 13 8
Cum 1 2.662 -1.356 0.74 29 18
Cum 2 3.113 -2.222 0.93 14 8
Mag 1 3.489 -2.995 0.72 29 17
Mag 2 2.283 -0.659 0.91 16 10
Mag 3 3.039 -2.158 0.60 37 20
Mag 4 2.965 -2.521 0.68 32 19
U nci 5.297 -5.840 0.62 35 19
Une 2 3.378 -2.957 0.83 23 12
Une 3 2.635 -1.892 0.84 22 13
Une 4 2.468 -1.272 0.86 20 12
Me H 1 3.946 -5.432 0.77 27 15
Me n  2a 2.106 -0.236 0.60 37 22
Me n  2 2.434 -0.704 0.69 31 19
Me H 3 3.359 -2.305 0.84 22 13
Me n  4 2.863 -1.572 0.50 42 24
Me n  5 2.728 -1.164 0.63 35 20
Me n  6 4.813 -4.538 0.89 18 12
Me n  7 3.003 -1.502 0.48 42 24
M e n s 3.091 -0.939 0.95 11 7

(cont...)
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Measure (x) Slope (m) Intercept (c) r' %SEE %PE

Me m i 3.891 -5.567 0.63 35 21
Me m 2 3.477 -3.041 0.90 17 10
Me m 3 4.089 -3.737 0.77 27 17

Me m 4 3.173 -2.547 0.86 20 12
Me III 5 2.809 -1.641 0.84 22 12
M e m  6 3.630 -2.763 0.82 23 16

M e m ? 2.655 -1.354 0.65 34 18

Me m s 1.841 0.751 0.81 24 16

M cIV l 3.952 -5.318 0.71 31 19

Me IV 2 2.977 -1.785 0.96 11 7

Me IV 3 3.929 -3.209 0.54 39 23

Me IV 4 3.084 -1.965 0.81 24 16

Me IV 5 3.111 -1.862 0.75 28 18

Me IV 6 5.244 -5.151 0.88 19 13

Me IV 7 2.332 -0.393 0.67 32 20
Me IV 8 3.490 -1.431 0.93 14 8
FI 3.594 -6.394 0.80 25 16

F2 2.601 -2.732 0.87 19 11
F3 2.906 -2.506 0.93 14 9

F4 2.773 -2.179 0.90 17 11
F5 3.150 -3.537 0.72 30 17

F6 3.170 -3.825 0.92 15 10
F7 2.988 -2.281 0.93 14 9

T1 3.577 -5.877 0.76 27 19

T2 4.098 -5.381 0.87 19 12
T3 2.867 -2.800 0.90 17 9

T4 2.863 -2.509 0.64 34 20
T5 2.784 -1.947 0.84 22 11
T6 2.369 -1.250 0.70 31 17
T7 2.575 -1.364 0.57 38 22
T8 2.616 -1.400 0.82 23 15

Ast 1 3.426 -3.300 0.75 28 18

Ast2 2.997 -2.643 0.75 28 16

Ast 3 3.421 -2.812 0.59 37 21
Ast 4 2.711 -1.845 0.83 23 14

Ast 5 3.195 -2.087 0.76 27 15

Ast 6 2.739 -1.985 0.87 20 11
Ast 7 3.004 -2.178 0.62 35 23

C alel 2.875 -2.777 0.73 29 17

Cale 2 3.033 -2.341 0.94 13 8
Cale 3 2.549 -1.472 0.80 25 13

Cale 4 2.359 -0.806 0.71 30 19

Cale 5 3.399 -3.148 0.67 32 17

Cale 6 1.913 0.279 0.86 20 13

(cont...)
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M easure (x) Slope (m ) Intercept (c) r' %SEE %PE

Cub 1 1.908 0.159 0.29 51 29
Cub 2 2.633 -1.451 0.76 27 18
Cub 3 2.155 -0.720 0.56 38 22
Cub 4 2.745 -1.292 0.60 37 22
Cub 5 2.258 -0.518 0.80 25 13
Cub 6 2.579 -1.041 0.46 44 24
Nav 1 2.758 -1.734 0.82 24 14
Nav 2 3.349 -2.474 0.80 25 14
Ecto 1 3.515 -2.790 0.89 18 11
Ecto 2 3.346 -2.381 0.94 13 9
Endo 1 2.046 -0.376 0.57 38 23
Endo 2 1.201 1.400 0.31 51 25
M t n i 3.729 -4.807 0.73 29 17
M tH 2 1.870 0.414 0.47 43 24
M tn a 3.172 -1.917 0.90 17 9
Mt n  4 1.731 0.445 0.29 51 28
M tn s 1.950 0.188 0.36 48 26
M tn 6 5.276 -5.132 0.72 29 18
M tn ? 1.134 1.562 0.11 59 30
M tn s 4.048 -2.266 0.90 16 9
M t r a i 3.313 -4.106 0.59 37 23
M tn i2 3.240 -2.380 0.69 32 20
M tn i3 2.512 -0.967 0.69 31 18
M tm 4 2.817 -1.803 0.76 27 16
M tn is 2.835 -1.599 0.77 27 15
M tm 6 3.943 -3.159 0.82 23 16
M tm ? 2.259 -0.542 0.51 41 22
M tr a s 2.256 0.204 0.85 21 15
M tr v i 3.888 -5.103 0.67 32 21
M tIV 2 3.327 -2.290 0.72 29 19
M tIV 3 4.894 -4.713 0.82 23 13
M tIV 4 2.388 -0.592 0.58 38 23
M tIV S 2.930 -1.381 0.52 41 23
M tIV 6 5.049 -4.771 0.60 37 20
M tIV 7 1.793 0.587 0.42 46 25
M tIV S 4.630 -3.220 0.98 8 5
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Appendix 3.1.6a Carnivora (Canidae)

Values in mm and kg. Details o f measurements displayed in fig.3.31.

Measure (x) Slope (m) Intercept (c) ............................r' ■■■■ %SEE %PE

SI 2.0746 -1.7998 0.9039 29 21
S2 2.0703 -1.6900 0.9159 27 15

S3 2.0328 -1.3031 0.9064 29 17

HI 2.0214 -3.3301 0.7790 45 30

H2 1.9935 -3.2196 0.7711 48 31

H3 2.0832 -1.9008 0.8820 31 19

H4 2.1808 -1.7916 0.8770 33 19

H5 1.6720 -0.7450 0.7147 53 29

H6 2.2360 -1.8165 0.8827 31 19

H7 2.1426 -2.0373 0.8785 32 19

H8 2.1862 -1.0651 0.7788 45 27

R1 1.5870 -2.3474 0.6930 53 34

R2 2.2639 -1.6033 0.8777 31 16

R3 2.2212 -1.0903 0.8814 30 16

R4 2.1485 -1.7299 0.8696 32 19

R5 1.9573 -1.3466 0.8860 30 18

R6 1.7294 -0.7644 0.6289 60 24

Me H I 2.2681 -2.9050 0.8289 47 28

Me n  2 2.6914 -1.0701 0.9118 32 21
Me H3 2.3039 -1.1960 0.9246 29 18

M en  4 2.7185 -1.4527 0.8914 36 19

Me n 5 2.5292 -1.2117 0.8823 38 19

Me n 6 2.4829 -1.1312 0.9144 31 19

Me nil 2.2584 -3.0305 0.8232 48 28
Me in 2 2.1566 -0.8075 0.9313 28 17
Me m 3 2.2229 -1.1186 0.9396 26 16

Me III 4 2.4811 -1.1656 0.9262 29 15

Me m  5 2.3370 -0.9328 0.9039 33 18
Me m  6 2.1647 -0.9161 0.9127 32 17

M cIV l 2.2269 -2.9619 0.8165 49 29
Me IV 2 2.7472 -1.1889 0.8599 42 22
M cIV3 2.2488 -1.1111 0.9425 25 15

Me IV 4 2.4454 -1.0977 0.9154 31 16
Me IV 5 2.3353 -0.9382 0.8858 37 19
Me IV 6 2.1522 -0.9023 0.9213 30 16

Me V I 1.9960 -2.4030 0.7541 59 36
M cV2 2.5551 -1.3680 0.8496 43 21
Me V3 2.4425 -1.2659 0.9239 29 18

Me V 4 2.8925 -1.6077 0.8959 35 19
Me V 5 2.7314 -1.3950 0.8774 39 17

Me V 6 2.3208 -1.0088 0.9159 31 18

FI 1.9747 -3.2956 0.7625 47 32

F2 2.2440 -2.3696 0.8634 34 21
F3 2.2482 -2.2229 0.8960 29 18
F4 2.4258 -2.4919 0.9117 27 17
F5 2.4409 -2.4678 0.8615 34 23

(cont...)
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M easure (x) Slope (m) Intercept (c) 1̂ %SEE %PE

F6 2.0646 -1.1596 0.8187 40 27
F7 2.3385 -2.2255 0.8587 35 29
F8 2.3674 -1.7758 0.9081 27 17
F9 2.2698 -1.6705 0.8835 31 19
FIO 2.2256 -2.2048 0.8359 37 23
F il 2.1468 -1.7235 0.8307 39 24
T1 1.9013 -3.1778 0.7027 54 37
T2 1.9614 -3.2802 0.7130 53 36
T3 2.3356 -2.3582 0.8638 34 22
T4 2.0779 -1.4301 0.7674 47 27
T5 2.4290 -2.1042 0.8723 33 20
T6 2.1642 -1.3691 0.8520 36 23
T7 2.1816 -1.4447 0.8391 37 28
Ast 1 2.2940 -1.6016 0.8648 37 22
Ast 2 2.2869 -2.0534 0.8162 44 28
Ast 3 2.1992 -1.0554 0.8312 42 26
Ast 4 2.1823 -1.3013 0.8822 34 21
Ast 5 2.1683 -1.2569 0.8273 43 27
Ast 6 2.3714 -1.0549 0.8158 44 27
Ast 7 2.1658 -1.1518 0.8951 32 20
C alcl 2.2052 -2.4281 0.8504 39 24
Calc 2 2.3517 -1.7689 0.8544 39 23
M t n i 2.2936 -3.0974 0.6399 67 36
M tn  2 2.2526 -0.7206 0.7268 56 27
M tn  3 2.6310 -1.7153 0.8006 47 26
Mt n  4 2.5838 -1.2568 0.8000 47 23
M tn s 2.6562 -1.2392 0.7729 50 27
M tn  6 2.5027 -1.1177 0.8366 41 19
M t m i 2.2304 -3.0821 0.6505 66 36
M tn i 2 2.1124 -0.8621 0.8733 36 21
M tn i 3 2.5292 -1.6942 0.7957 47 26
M tm 4 2.4711 -1.1467 0.8372 42 20
M tr a s 2.4772 -1.0417 0.8533 39 19
M tn i 6 2.2668 -1.0054 0.8507 39 20
M tlV l 2.3018 -3.2324 0.6592 65 36
M tIV 2 2.9016 -1.4065 0.7612 52 23
M tIV 3 2.4618 -1.4895 0.8196 44 21
M tIV 4 2.4704 -1.0801 0.8591 38 19
M tIV S 2.4655 -0.9811 0.8430 39 21
M tIV 6 2.2902 -1.0031 0.8789 35 17
M tV l 2.2744 -3.0804 0.6023 71 40
M tV 2 2.3519 -0.7665 0.6013 72 31
M tV 3 2.1808 -0.6814 0.5454 78 42
M tV 4 2.2254 -0.0978 0.7450 54 28
M tV S 2.7501 -1.2382 0.7414 55 26
M tV 6 2.5447 -1.1339 0.8716 36 18
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Appendix 3.1.6b Carnivora (Ursidae)

Values in mm and kg. Details o f measurements displayed in fig.3.31.

M easure (x) S lope (m ) Intercept (c) ? .... . %SEE %PE

SI 2.5400 -2.2792 0.7873 26 17
S2 2.3283 -1.7069 0.8292 23 15
S3 3.1989 -2.6536 0.6854 33 20
HI 3.6522 -6.7318 0.8837 19 11
H2 3.5523 -6.4506 0.8970 17 10
H3 3.4991 -4.0486 0.8778 19 12
H4 3.0552 -2.8826 0.8428 22 15
H5 2.3010 -0.8130 0.8498 22 13
H6 2.4264 -2.0095 0.9591 11 8
H7 2.9239 -3.4351 0.9321 14 9
H8 1.5661 -0.2814 0.8027 25 15
R1 3.5852 -6.2556 0.7511 29 17
R2 2.4494 -1.6007 0.9005 17 11
R3 2.0670 -0.6734 0.6326 36 18
R4 2.5255 -2.1100 0.7896 26 17
R5 1.4906 -0.1432 0.4341 46 24
R6 1.3164 0.4044 0.1219 60 29
Me H 1 2.0242 -1.4560 0.8514 21 13
Me n  2 2.5230 -0.6120 0.8444 22 14
Me n  3 2.5761 -1.0850 0.8131 24 12
M en  4 2.2042 -0.4613 0.8709 20 13
Me n  5 2.3767 -0.4923 0.9821 7 4
M en  6 1.9869 -0.0934 0.7854 26 16
Me m i 1.6188 -0.7731 0.7742 27 18
Me m 2 2.0322 -0.1979 0.5868 38 24
Me m 3 1.8626 -0.2103 0.8169 24 16
Me III 4 1.9774 -0.2427 0.8895 18 12
Me m s 2.0269 -0.1138 0.9283 14 9
M e m  6 1.7659 0.0946 0.7697 27 19
M cIV l 1.7775 -1.0768 0.7904 26 17
Me IV 2 1.8898 0.0022 0.7454 29 18
Me IV 3 2.1293 -0.5561 0.8834 19 13
Me IV 4 1.9629 -0.2396 0.9078 16 11
Me IV 5 2.0780 -0.2297 0.9623 10 7
Me IV 6 1.7650 0.0889 0.7926 26 18
Me V I 1.5788 -0.7212 0.7014 32 21
Me V2 1.6366 0.0524 0.6912 32 16
M cV 3 1.9810 -0.4239 0.8019 25 13
Me V 4 1.5495 0.2203 0.7062 31 17
Me V 5 1.8409 -0.0971 0.8101 24 13
Me V 6 1.8701 -0.0314 0.7477 29 19
FI 3.3384 -6.1875 0.9238 15 9
F2 2.7863 -3.1344 0.7722 27 16
F3 2.1920 -1.8136 0.8912 18 12
F4 2.440 -2.4538 0.8623 21 13
F5 2.9332 -3.1437 0.9725 9 6

(cont...)
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M easure (x) Slope (m) Intercept (c) r' %SEE %PE

F6 2.3039 -1.4260 0.8452 22 12
F7 2.6336 -2.4816 0.9800 7 4
F8 2.7155 -2.1253 0.7467 29 16
F9 3.2383 -2.9711 0.8076 25 13
FIO 2.7968 -2.6029 0.9568 11 7
F il 3.1415 -2.7613 0.9541 11 7
T1 3.1256 -5.2914 0.9561 11 7
T2 2.7922 -4.4535 0.8013 25 13
T3 2.5574 -2.4573 0.9707 9 6
T4 2.2602 -1.3806 0.9497 12 7
T5 2.2345 -1.6764 0.9616 10 7
T6 2.1417 -1.1325 0.9354 14 9
T7 2.2258 -1.0164 0.8650 20 13
Ast 1 2.4340 -1.4122 0.9481 12 8
Ast 2 2.0747 -1.0557 0.7714 27 16
Ast 3 1.7781 -0.0743 0.9417 13 9
Ast 4 2.3699 -1.1747 0.7067 31 20
Ast 5 1.8772 -0.4932 0.8973 17 12
Ast 6 1.5516 0.2707 0.8484 22 13
Ast 7 2.0800 -0.7702 0.7412 29 17
Calc 1 2.0155 -1.5083 0.8122 24 14
Calc 2 2.0480 -1.1793 0.9387 13 9
M t n i 1.4938 -0.4659 0.8027 25 17
M tn  2 1.8605 0.2536 0.9920 5 3
M tn  3 1.8892 -0.1951 0.8363 23 14
M tn  4 1.6431 0.2380 0.9473 13 7
M tn s 1.6921 0.2843 0.9671 10 7
M tn  6 1.7438 0.2418 0.8863 18 12
M t m i 1.6453 -0.8055 0.7898 26 18
M tn i 2 2.4875 -0.7097 0.6982 32 19
M tn i 3 1.7655 -0.1316 0.6726 33 22
M tn i 4 1.9151 -0.0935 0.9783 8 4
M tr a s 1.7612 0.2115 0.9885 5 4
M tn i 6 1.6561 0.2904 0.8618 21 14
M tlV l 1.6701 -0.8895 0.8213 28 17
M tIV 2 1.9165 -0.1944 0.9154 18 11
M tIV 3 1.6478 0.1077 0.7525 33 20
M tIV 4 2.0804 -0.3375 0.9921 5 4
M tIV S 1.8715 0.1323 0.9773 9 5
M tIV 6 1.7690 0.1628 0.8702 23 15
M tV l 1.5198 -0.6637 0.7365 35 21
M tV 2 1.6712 0.0179 0.4832 52 24
M tV 3 2.0708 -0.5590 0.8992 20 10
Mt V 4 1.9358 -0.2031 0.8476 25 12
M tV S 1.9070 -0.1292 0.9570 13 7
M tV 6 1.8628 0.0513 0.8962 21 12
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Appendix 3.1.6c Carnivora (Felidae)

Values in mm and kg. Details o f measurements displayed in fig.3.31.

M easure (x) S lope (m) Intercept (c) r̂ %SEE %PE

SI 2.6824 -2.5155 0.9516 31 21
S2 2.6853 -2.3850 0.9475 32 21
S3 2.6331 -1.9733 0.9578 28 18
HI 3.2586 -5.9428 0.9475 31 22
H2 3.2740 -5.9067 0.9433 33 23
H3 2.5831 -2.5695 0.9622 26 16
H4 2.5800 -2.3043 0.9523 30 19
H5 2.5804 -1.4004 0.9580 27 18
H6 2.6264 -2.3347 0.9327 36 23
H7 2.5040 -2.5798 0.9304 37 23
H8 2.5227 -1.7009 0.9463 32 22
R1 3.3872 -6.0441 0.8497 60 40
R2 2.4789 -1.7174 0.9391 35 24
R3 2.835 -1.3321 0.9422 34 23
R4 2.4817 -2.1631 0.9443 33 21
R5 2.5274 -1.9438 0.9547 30 20
R6 2.6357 -1.6129 0.9410 34 24
Me I I 1 2.7887 -3.5014 0.7715 78 42
Me n  2 2.1190 -0.6774 0.8569 58 32
Me n  3 2.5590 -1.4745 0.9487 32 20
Me n  4 2.5801 -1.2225 0.9396 35 21
Me n  5 2.6132 -1.1601 0.9561 29 15
Me n  6 2.4551 -1.0660 0.9444 33 21
Me in  1 2.9924 -3.9661 0.8844 56 27
Me m 2 2.41.04 -1.1966 0.9477 35 22
Me m  3 2.6646 -1.3930 0.9615 29 17
Me m  4 2.5121 -1.1819 0.9634 28 19
Me m s 2.5010 -1.0224 0.9848 17 11
M e m  6 2.5116 -1.1091 0.9699 25 17
M cIV l 2.9482 -3.8125 0.9122 47 26
Me IV 2 2.5031 -1.0270 0.9579 31 20
Me IV 3 2.5096 -1.1701 0.9536 32 19
Me IV 4 2.5039 -1.0571 0.9638 28 17
Me IV 5 2.5069 -0.9785 0.9823 19 11
Me IV 6 2.5023 -1.0895 0.9674 27 15
Me V I 2.8635 -3.3996 0.1947 57 31
Me V 2 2.3935 -1.0304 0.1571 44 23
Me V 3 2.2955 -0.9475 0.1914 55 31
Me V4 2.6139 -1.1719 0.1328 36 20
Me VS 2.6301 -1.1245 0.1202 32 19
Me V 6 2.4335 -0.9911 0.1350 36 20
FI 3.3557 -6.3481 0.9655 25 16
F2 2.8215 -3.1539 0.9494 31 19
F3 2.6812 -2.7957 0.9409 33 22
F4 2.8757 -3.1410 0.9262 38 26
FS 2.8012 -2.9799 0.9590 27 18

(cont...)
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M easure (x) Slope (m ) Intercept (c) r' %SEE %PE

F6 2.4432 -1.7646 0.9266 38 26
F7 2.6874 -2.6968 0.9621 26 17
F8 2.7609 -2.1183 0.9610 26 17
F9 2.6950 -2.0649 0.9631 26 17
FIO 2.8525 -2.9697 0.9617 26 18
F il 2.8781 -2.5967 0.9680 24 16
T1 3.6181 -6.8781 0.8976 46 32
T2 3.7046 -7.0013 0.8897 48 33
T3 2.7792 -2.9453 0.9574 28 19
T4 2.5839 -2.1041 0.9346 35 24
T5 2.7936 -2.6701 0.9660 24 16
T6 2.6556 -1.9576 0.9634 25 18
T7 2.8204 -2.1215 0.9365 35 21
Ast 1 2.6971 -2.1576 0.9499 32 18
Ast 2 2.9917 -2.9959 0.9609 28 18
Ast 3 2.7232 -1.5759 0.9305 38 24
Ast 4 2.6907 -1.9711 0.9424 34 23
Ast 5 2.6836 -1.8781 0.9234 41 21
Ast 6 2.5728 -1.3438 0.9749 21 16
Ast 7 2.7737 -2.1151 0.9533 30 20
Calc 1 2.8017 -3.4258 0.9191 41 27
Calc 2 2.8653 -2.5764 0.9111 44 28
M t n i 3.8288 -5.7095 0.8582 59 34
M t n  2 2.5915 -0.9934 0.9470 33 21
M t n  3 2.5272 -1.4773 0.9487 32 18
M t n  4 2.8156 -1.5145 0.9647 26 14
M t n s 2.6970 -1.2777 0.9674 25 15
M t n  6 2.7043 -1.3764 0.9570 29 18
M t m i 3.6468 -5.5391 0.8726 56 33
M t m 2 2.8423 -1.7268 0.9730 23 13
M t m 3 2.6624 -1.8362 0.9452 34 19
M t m 4 2.6913 -1.4705 0.9570 29 19
M t m s 2.5266 -1.1435 0.9531 31 20
M t m 6 2.7090 -1.4500 0.9483 30 21
M t l V l 3.8867 -5.9909 0.8756 55 32
MtIV2 2.5983 -1.4204 0.9456 33 21
MtIV3 2.6794 -1.6288 0.9083 46 26
MtIV4 2.7805 -1.4436 0.9618 27 17
MtIVS 2.6472 -1.1986 0.9536 31 18
MtIV6 2.7031 -1.4179 0.9504 32 20
M t V l 4.0385 -6.0786 0.8483 66 31
MtV2 3.5871 -2.0377 0.9271 42 27
Mt V3 2.9129 -1.5954 0.9405 37 24
Mt V4 2.9106 -1.4200 0.9919 12 8
MtVS 3.0085 -1.4451 0.9853 17 12
Mt V6 2.8281 4.4094 0.9596 20 18
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Appendix 3.2: Equations Based on Teeth 

log  M ass =  m (log M easure) +  c 

Appendix 3.2.1 Bovidae

M odified fi’om Janis (1990), values in cm and kg. A ll based on occlusal length measurements (fig.3.8)

M easure (x) Slope (m) Intercept (c) r' % SEE %PE

pni2 2.720 2 . 2 0 0 0.662 130 79.7

pm3 2.988 1.797 0.751 105 67.3

pni4 3.434 1.606 0.865 49.4 43.9

mi 3.520 1.372 0.931 45.5 34.0

m2 3.375 1.119 0.928 47.2 33.6

m3 3.236 0.745 0.929 46.9 33.3

m̂ 3.395 1.061 0.912 53.1 36.5

Appendix 3.2.2 Cervidae

Modified from Janis (1990), values in cm and kg. A ll based on occlusal length measurements (fig.3.8)

M easure (x) Slope (m ) Intercept (c) r" % SEE %PE

pmz 3.619 1.885 0.873 51.4 33

pm3 3.399 1.556 0.905 43.2 40.5

pm4 3.130 1.471 0.938 33.7 27.2

mi 3.334 1.270 0.934 34.9 23.9

m2 3.106 1.119 0.951 29.1 20.4

m3 3.143 0.799 0.957 27.4 19.1

m̂ 3.218 1.073 0.959 26.8 18.3

Appendix 3.2.3 Non-selenodont Teeth (Suidae + Hippopotamidae)

Modified from Damuth (1990), values in mm and g. A ll based on maximum length measurements.

M easure (x) Slope (m) Intercept (c) ........■ ? ............ % SEE %PE

pm2 2.71 1.89 0.90 113 71

pm3 2.94 1.47 0.98 43 28

pm4 3.11 1.15 0.97 50 32

mi 3.17 1.04 0.98 40 27

m2 2.98 1 . 1 1 0.97 50 31

m3 2.81 1.18 0.89 114 61

pm̂ 2.75 1.72 0.92 96 52

pm̂ 2.93 1.43 0.98 37 23

pm'* 3.13 1.16 0.94 74 53

m* 3.11 1 . 1 1 0.97 51 35

m̂ 2.96 1.09 0.95 65 42

m̂ 2.63 1.49 0 . 8 8 119 64
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Appendix 3.2.4 Perissodactyla (Equidae + Rhinocerotidae)

Modified from Janis (1990), values in cm and kg. All based on occlusal length measurements (fig. 3.25 +

3.29).

M easure (x) S lope (m) Intercept (c) r̂ % SEE %PE

pmi 2.637 1.527 0.839 128 8 8 . 6

pm3 2.965 1.383 0.957 52.8 37.6

pni4 3.090 1.290 0.986 27.9 2 1 . 0

mi 3.187 1.264 0.985 28.5 16.5

m2 3.010 1.216 0.986 27.4 16.9

m3 2.999 1.162 0.987 26.2 18

m̂ 2.900 1.209 0.964 47.6 30.5

Appendix 3.2.5 Carnivora

Modified from Van Valkenburgh (1990), values in mm and kg. All based on measurements o f  maximum 

m , length (fig. 3.36).

M easure (x) Slope (m) Intercept (c) r' % SEE %PE

Canidae 1.82 - 1 . 2 2 0.7569 44 27

Ursidae 0.49 1.26 0.1849 78 46

Felidae 3.05 -2.15 0.9025 41 28
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APPENDIX 4: Body Mass Estimates

Appendix 4.1a Early Middle Pleistocene (Post-crania)

Average species body mass estimates based on post-crania from early Middle Pleistocene sites. The 

standard deviation and the size (n) o f  each mass estimate sample are indicated. * = species recorded 

no m ass estimates possible.

but

i j i f H 1
C. lupus * 14 ± 3 .4 3  

(n = 13)
16 ± 2 .8 9  
(n =  60)

13 ± 2 .7 1  
(n = 2 1 )

C. (X) lycanoides 36 ± 5 .61  
(n = 19)

U. deningeri 3 8 7 ± 113
(n = 23)

293 
(n = 2 )

282 ±  94.7  
( n - 9 1 9 )

293 ±  60.4  
( n - 3 1 )

C. crocuta * * 67
(n = 2 )

*

H. latidens 238 ± 2 2 .3  
(n = 7)

* *

P. gombaszoegensis 95 ±  12.0 
(n = 7)

140 ±  24.0  
( n -  1 2 1 )

*

P. leo * 292 ± 47 .1  
( n = 1 5 )

*

E cf.ferus 565 ± 44 .1  
(n = 6)

453 ± 5 5 .8  
(n = 2 1 )

570 ±  24.8
(n = 8)

567 ±  36.9 
(n = 5)

E. altidens 307 ±  32.6 
(n = 8 )

264 ±  85.4 
(n = 18)

S. hundsheimensis 1626 ± 4 6 8  
(n = 2 0 )

1487 
(n = 4)

1119
(n = 4)

1947 ±531  
(n = 2 1 )

H. amphibius *

S. scrofa 158 
(n = 4)

* *

Mcf .  verticornis 391 ± 9 5 .9  
(n = 17)

368 ± 87 .1  
(n = 25)

*

Mcf.  dawkinsi 180 ± 3 3 .9  
(n = 7)

*

Mcf.  savini 284 ±  7.84  
( n -  15)

256 ± 2 8 .7  
(n = 9)

D. dama 107 ±  14.2 
(n = 7)

109
(n = 2 )

8 8  

(n =  2)
*

C. elaphus 207 ± 22 .1  
(n = 7)

* 210 ± 5 5 .8  
(n = 7)

208 ± 2 1 .5  
(n = 28)

A. latifrons *

C. capreolus 28
( n - 2 )

* 39 
(n = 4)

B. schoetensacki 702 
(n =  1 )

723 ± 242  
(n = 15)

B cf.prLSCM5 975 ± 246  
(n = 31)

906 ± 2 1 5  
( n - 1 4 )

S. elizabethae *

Ovi s/Capra * *
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Appendix 4.1b: Early Middle Pleistocene (Teeth)

Average species body mass estimates based on teeth from early Middle Pleistocene sites. The standard 

deviation and the size (n) o f  each mass estimate sample are indicated. * =  species recorded but no mass 

estimates possible.

11 ii li 1
C. lupus * * 19 ± 1 .9 8  

( n - 9 )
18 

(n = 4)
C. (X) lycanoides 27  

(n = 2 )
U. deningeri * 91 

( n =  1 )
93 ±  2.69  
(n - 30)

*

C. crocuta * * * *

H  latidens * * 186
(n = 2 )

P. gombaszoegensis * 127 ± 2 5 .3  
( n - 6 )

*

P. leo * 259
(n = 4 )

246
( n = l )

E cf.ferus * * * *

E. altidens * *

S. hundsheimensis 1304 ± 2 7 6  
(n - 14)

1374 ± 3 3 7  
(n = 27)

2191 
(n =  1 )

1573 ± 3 4 8  
(n =  8 )

H. amphibius 2342  
(n = 2 )

S. scrofa 103 ± 6 9 .5  
(n = 6 )

118
(n = 3)

*

Mcf .  verticornis 348 ± 4 3 .3  
(n = 13)

370 ±  74.6
(n = 2 2 )

295 
(n = 2 )

Mcf .  dawkinsi 180
(n = 3)

*

M  cf. savini 217 ±  10.5
(n = 5)

250 ±  36.2  
(n  = 28)

D. dama 94 ± 2 7 .1  
(n  = 2 2 )

* 71 ± 14 .1  
(n -  1 0 )

114 ±  17.4 
(n = 7)

C. elaphus 220 ±  35.5 
(n  = 2 0 )

* 201 ± 3 5 .4  
(n -  34)

172 ± 3 5 .6  
(n = 32)

A. latifrons 580
(n = 3)

C. capreolus 32 ±  6.26  
(n = 2 2 )

26  
( n =  1 )

37 ±  7.73 
(n -  25)

B. schoetensacki 610 ± 126 
(n = 5)

546 ±  90.6  
(n = 14)

B cf.priscw5 710 ± 171 
(n = 34)

670
( n = l )

S. elizabethae 809
( n -  1 )

Ovis/Capra 143 ± 4 0 .5  
(n = 5)

*
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Appendix 4.1c: Early Middle Pleistocene (Post-crania & Teeth)

Average species body mass estimates based on both post-crania and teeth from the early Middle 

Pleistocene sites. The standard deviation and the size (n) o f  each mass estimate sample are indicated. 

This data set was used for the analysis o f  community structure (Chapter 8 ). N o mass estimates were 

possible for some species in climatic divisions where their presence is recorded, in these cases a best 

approximation o f  mass is indicated in bold. For B. prisciis and U. deningeri post-cranial mass estimates 

only were used due to major problems identified in results from the dentition.

11 ii I! 1
C. lupus 14 14 ±  3.43  

( n =  13)
16 ± 3 .0 1  
(n =  69)

14 ± 3 .1 4  
(n =  25)

C. (X) lycanoides 35 ± 6 .0 1  
(n =  21 )

U. deningeri 3 8 7 ±  113 
(n -  23 )

293  
(n = 2)

282  ±  94 .7  
(n =  919)

293 ±  60 .4  
(n  =  31)

C. crocuta 70 70 67
(n =  2)

70

H  latidens 238  ± 2 2 .3  
(n = 7)

200 185
(n =  2)

P. gombaszoegensis 95 ±  12.0  
(n =  7)

140 ± 2 4 .1  
( n = 1 2 7 )

130

P. leo 285 285 ± 4 5 .0  
(n = 19)

246
( n = l )

E cf.ferus 565 ± 4 4 .1  
(n = 6)

453 ± 5 5 .8  
(n =  21)

570 ±  24 .8  
(n = 8 )

567 ± 3 6 .9  
(n = 5)

E. altidens 307  ±  32 .6  
(n = 8 )

264  ±  85.4  
(n = 18)

S. hundsheimensis 1493 ±  426  
(n = 34)

1389 ± 3 1 9  
(n = 31)

1278 ± 5 1 7  
(n = 5)

1844 ± 5 1 0  
(n = 29)

H  amphibius 2343  
(n = 2)

S. scrofa 125 ± 5 9 .5  
(n = 10)

118
(n  = 3)

100

M  cf. verticornis 372 ± 170 
(n  30)

369 ±  80.6  
(n = 4 7 )

295  
(n = 2)

M  cf. dawkinsi 180 ± 2 8 .1  
(n  = 10)

180

M  cf. savini 268  ± 30 .9  
(n =" 20 )

251 ± 3 4 .3  
(n  = 37)

D. dama 97  ± 2 5 .0  
(n =  29)

109 
(n  = 2)

73 ±  14.9  
( n = 1 2 )

114 ±  17.4  
(n =  7)

C. elaphus 217  ± 3 2 .6  
( n - 2 7 )

210 203 ±  38 .9  
(n  = 4 1 )

188 ± 3 4 .9  
(n = 59)

A. latifrons 580
(n = 3)

C. capreolus 32 ± 6 .1 2  
(n = 24)

26
( n = l )

37 ±  7.43  
(n = 29)

B. schoetensacki 625 ± 1 1 9  
(n  = 6)

637  ±  203  
(n = 29)

B cf.pnscus 975 ±  246  
(n =  31)

906  ± 2 1 5  
(n =  14)

S. elizabethae 809
( n = l )

Ovis/Capra 143 ± 4 0 .5  
(n =  5)
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Appendix 4.2 Late Middle Pleistocene (Post-crania)

Average species body mass estimates based on post-crania from 01 Stage 11 and 9 sites. The standard 

deviation and the size (n) o f  each mass estimate sample are indicated. * = species recorded but no mass 

estimates possible.

01 Stage 11 01 Stage 9

c/3

I I S
c/3

| 2
c/3 ; 1

U
1 1

C. lupus 20 ±3.92  
( n = 1 5 )

*

U  spelaeus *

U. arctos 275 ±75.4  
(n = 108)

C. crocuta 61 ± 9 .4 5  
(n = 6 )

Lynx sp. *

f  cf.
gombaszoegensis

179 
(n = 3)

P. pardus

P. leo 302 
(n = 1 )

374 
(n = 3)

267 ±45.5  
(n = 6 )

E. ferus 548+108  
(n = 15)

447+63.3 
(n = 7)

511 ±55.7  
(n =  15)

570 ±45.1 
(n = 9)

5 5 7 ±  115 
(n = 1 0 )

440±94.4  
(n = 43)

E. hydruntinus *

S. hemitoechus 1028 
(n =  1 )

1112±262 
(n = 1 2 )

1257±235 
(n = 1 2 )

1790±557 
(n = 28)

*

S. kirchbergensis 2185±428  
(n =  1 1 )

2214±436  
(n =  1 1 )

2243±561 
(n = 44)

C. antiquitatis

S. scrofa 92 ±26.6  
(n = 1 8 )

* 116 ±40.4  
(n =  14)

M. giganteus * 438
(n = 2 )

*

D. dama 110+33.0 
(n  =  6)

95+17.6  
(n =208)

97 ±21.4  
(n  =  13)

98 ±23.4  
(n =  127)

97 ±  16.2 
(n  =  47)

C. elaphus 138±17.8 
(n =  9)

167+33.3 
(n =  27)

139+27.4 
(n =  33)

173 ±36.6  
( n = 1 5 )

159 ±39.2  
(n = 64)

179 ±29.7  
( n = 1 9 )

205±30.2  
(n =  6 )

Alces sp. *

C. capreolus * 32 
(n =  2 )

* 2 0  

(n =  2 )
B. primigenius 739  

( n =  1 )
845+203 
(n =  57)

801 ± 2 0 3  
(n =  72)

8 8 7 ± 166 
(n =  28)

1188±172
(n = 1 9 )

798±299
( n = l l )

B. priscus 8 4 2 ± 159 
(n =  9)

702 ± 126 
(n =  9)

O. moschatus
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A ppendix 4.2a: Late M iddle P le istocene (Post-crania)

Average species body mass estimates based on post-crania from OI Stage 7 and 6

* =  species recorded but no mass estimates possible. (*) =  species identification tdi
sites. The standard deviation and the size (n) o f  each mass estimate sample are indicated,
ntative.

O I S ta g e  7 O I S ta g e  7 -S ta g e  6 O I S ta g e  6

f 111
I
i 1 1 f 1Î 1 1i ii 1 i i i

s

1 1i j IjÎS J1 1
J III

s

C . lupus 23 ± 2 .8 1  

(n  =  9)

2 7 ± 5 .1 5  

(n =  7)
* *

(Q = I 1)
•

(n  =  9) ( n - 2 1 6 )
*

(n =  6)
*

U. spelaeus

U. arctos *
( a  = 7 )

310 

(n =  4)

2 68  ±62.7 

( n “ 25)
* • * •

(n =  33)

C. crocuta * ♦
69  ± 4 .0 9

Lynx sp.

P c f .
gombaszoegensis
P. pardus •

P. leo *
338 ±58.4 

( n =  13)

270  ±63.3 2 27  ±68.2 

( n =  16)
*

239 ±44.1 

<n =  7 )

300±70.5 210 ±26.6 

( n = 7 ) ( n =  18)
* *

E. ferus 580 ±79.1 

( n =  14)

549  ±70.4 564 ±99.3 555 ± 9 3 3  

(n  =  38)
• ♦ *

499 ±84.5 

(11=27)
•

46 9  ±92 .0 

(n = 2 5 1 )

4 8 0 ±  106 

C n = l l l )

501 ±95.0 

(n =  295)

4 39  ±79.8 

( n =  133)

412  ±94.5 

(n =  12)

334 ±60.5 

(n =  59)

390  ± 1 0 9

E. hydruntinus

S. hemitoechus U 6 0 ± 446

( n - 5 )
( • ) *

1389±300 1600±346 1625±361 

( n -  115)
•

( n =  3)
*

( n -  12)
•

1465±342 

(n =  34) ( 1 = 2 )

S. kirchbergensis 2348±636 

(n =  11)
* *

C. antiquitatis * •
1800±448 

(n  =  36)

2179±787 

( 1 -  10)
* •

S. scrofa
< n = 2 )

M. giganteus * * *
534 ±63.0 

( n - 6 )
• * • • •

D. dama

C. elaphus 191

( n - 3 )

ISO 
(n  = 4)

178 ±30.9 

(n  = 78)

202  ± 49  2 

( n = 5 9 )
•

178 ±23.7 

C n -  14)

192 ±29.5 

(n = 8>
•

193 ±27.9
•

179 ±36.4 

(n = 43)
• •

Alces sp .

C. capreolus
C n = l)

34 ± 5 .3 8  

( n - 4 3 ) (n  = 2)

30

Cn“ 3)
•

B. primigenius 1277±265

( n = 2 3 )

1 144±277 

( n =  12)

I302±184

( n » 8 )

1008±214

( n » 1 2 l )
(♦)

1I76±217
(•) <•) (-)

1 103±130

( n -  16) (n  = 46 )

B. priscus
( n -  8)

l t l8 ± 1 8 3  

( n -  7)

850  ± 2 4 6  

(n  -  26)

8 9 4 ± 2 i l  

( n -  18) (n =  34)

875 ± 2 3 2  

(n  *  66)

1003±161 

(n =  5)
<*) (*)

O. moschatus
(n=“ 3) (n  = 2)

4ÎÔ ■■■■■
(1  =  2)



Appendix 4.2b: Late Middle Pleistocene (Teeth)

Average species body mass estimates based on teeth from OI Stage 11 and 9 sites. The standard 

deviation and the size (n) o f  each mass estimate sample are indicated. * = species recorded but no mass 

estimates possible.

01  Stage 11 01  Stage 9

ht 1 i f i
C. lupus * 2 1  

(n = 1 )
U. spelaeus *

U  arctos 90 ±  0.76 
(n = 6 )

C. crocuta 67 
( n =  1 )

Lynx sp. *

f  cf.
gombaszoegensis

*

P. pardus

P. leo * * *

E. ferus * * * * *

E. hydruntinus 252 
(n = 4)

S. hemitoechus * * 1699 ± 5 2 4  
(n -  1 0 )

1662 ± 6 2 5  
(n =  5)

*

S. kirchbergensis 2916  
(n = 3)

2413 ± 4 0 6  
(n = 6 )

2331 ± 5 4 5  
(n = 25)

C. antiquitatis

S. scrofa 73 ± 4 3 .0  
(n =  7)

* 87 ± 2 5 .8  
(n = 13)

M. giganteus * * 383 ± 109 
(n =  9)

D. dama 8 8  

(n =  4)
112 ± 2 2 .3  

(n =  49)
106 

(n = 4)
112 ± 2 7 .1  
(n = 1 3 3 )

C. elaphus 163 ±  26.6  
(n - 1 0 )

145 ± 3 1 .9  
(n =  2 2 )

160 ± 2 7 .8  
(n = 5)

193 ± 3 5 .6  
(n = 56)

*

Alces sp. 303 
( n =  1 )

C. capreolus 38 
(n =  4)

* * 31 
(n = 4)

BoslBison * 805 ±  171 
(n =  50)

763 ± 162 
(n = 29)

809 ± 2 1 3  
(n = 58)

*

O. moschatus
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A p p en d ix  4 .2b: L a te  M id d le  P le is to cen e  (T eeth )

Average species body m ass estim ates based on teeth from OI Stage 7  and 6 site

* =  species recorded but no m ass estim ates possible. (*) =  species identification
. The standard deviation and the size (n) o f  each m ass estim ate sample are indicated,

tentative.

O I  S t a g e  7 O I  S t a g e  7 -S ta g e  6 O I  S ta g s  6

f 1
IS
«

I
i 1 1

1
&I I i

^0

1 1
Î ! l l îI - }

a
i ! |t Î

1
Î

! -3  -

p i
C . lupus • *

(n  =  2 )
♦ • * •

27 

(n  =  3)

1 4 + 2 1 #  

(n  =  1)

27 

( n =  1)
« (n  =■ 1)

55
( n =  3)

U. spelaeus

U. arctos « * • • *
( n =  2 ) * •

( n =  1)

C. crocuta • • *

Lynx sp .

P c f .
gom baszoegensis j
P. pardu s

, — - --

( n =  1) !
P. leo • •

( n =  8 )
• • ♦ * •

317 

( n “  1)

229

( n “ 4 )
* *

E. feru s * • * * * * * * * * • * • • * * * *

E. hydruntinus

S. hemitoechus * (*) *
2 0 4 2 ± 5 0 9  

(n  =  3 1 )
*

1946±366

( n - 7 )
• •

1906 

( n =  I)
•

(n  = 2)

1925±482

(n  = 9)
•

S. kirchbergensis 2 5 3 5 ± 5 4 4 2639± 697  

(n  = 5)

2353± 299

(n= ?7)

C. antiquitatis * *
1928±424

Cn =  23 ) ( n =  1)

18:0
( n - 4 ) C n = l)

S. scrofa *
145 ± 71 .0  

(n  -  31 )
*

;

M. giganteus * •
3 9 6 ± 1 1 I  

( n *  15)
* • * (n  =  4)

347 ±65.6 

(n= ^7)
*

D. dam a

C. elaphus •
(n  =  4 ) •

234

( n = 3 ) *
2 15  ± 2 8  

(n  =  6 )
♦ •

( n =  1)

235  ±14.5 

(n  = 9 )
* *

Alces  sp .

C . capreolus *
27 ±6.73 
(n= 25) * ♦ *

Bos/Bison *
6 7 4  ± 99 .5  

Cn -  11)
8 3 4 ± 2 4 3

C*) * * • * *
(n = 6)

7 6 1 ± 2 2 0  

(n  =  13)

8 2 1 ± 175 

(n  =  4 7 )
• (•) (*)

O. moschatus 772

( n « 4 ) * •

#  M a s s  e s t im a te s  f r o m  th e  tw o  C r a y fo r d  c a n id  m , s p e c im e n s  a r e  s h o w n  s e p a r a te ly



A p p e n d i x  4 . 3 a  L a t e  P l e i s t o c e n e  ( P o s t - c r a n i a )

A v e r a g e  s p e c i e s  b o d y  m a s s  e s t im a t e s  b a s e d  o n  p o s t - c r a n ia  f r o m  O I  S t a g e  5  s i t e s .  T h e  s ta n d a r d  d e v ia t i o n  a n d  t h e  s i z e  ( n )  o f  e a c h  m a s s  e s t im a t e  s a m p le  a r e  in d ic a te d .  

* =  s p e c i e s  r e c o r d e d  b u t  n o  m a s s  e s t im a t e s  p o s s ib l e .  ( * )  =  s p e c i e s  id e n t i f i c a t io n  t e n t a t iv e .

O I  S t a g e  5 e O I  S t a g e  5 c - a

I
CQ

1J
S

Ï

j

1

1

i
Î

1

Î

5  -3

V I! ! l

1

1
1

l l

l l

C . lupu s *
31 ± 3.1 1 

<n « 5) Cn= 14) -
27 ±4.70

U. a rc to s 327 ± 102 

(n = 17)
419 ± 131 

Cn = 27) ! 427 ± 139 

Cn = 24) (n= 18)
*

C. cro cu ta 68 ±5.40 65 ±6.74 
Cn = 37)

69 ±3.88 

(n= 19) 1 "1 (n = 2)
*

70 ±5.05 

Cn= 25) ( .  = 39)

L. lynx
1

P. leo 203 ± 56.5 
(n= 19)

198 ± 42.1 186 ±62.5 

Cn= 13)
204 

(n = 2)
191 ±66.8 

(n= 13)
*

E. fe ru s

S. hem itoech us 1639±422

(n=83)
1519±439 1783±217 

Cn = 8) (*)
15S5±440

Cn=9) (n = 2)
1416 

Cn = 2)
1899 ±266 

(n = 7)

1933 ±503 1816 ±445 

(n=37)

1827 
Cn* 3)

•

C. an tiqu ita tis

H. am phib iu s 2044±632 

(n = 227)
2249±624 *

1913±482 

Cn= 19)
2129*481 

(n = 75)

2161*178
*

S. scro fa *

M. g ig a n teu s * •
494 ± 105 

(n =10)
* • ♦ Cn = 1)

D. dam a
(ii= 1) (n=9)

72 ± 16.4 
(n= 74) Cn*27)

*

C. e laph u s 226 ±31.8 
(n -* 11)

195 
(n= 3)

21 1 ±28.1 
(n = 5)

•
(n “  5)

235 ±20.1 
Cn= 5) (n=23) ♦ *

A. a lce s

R. ta r  a n d  us

C. ca p reo lu s 35
Cn=2) Cn* 1)

B. p rim ig en iu s 1001 ±58.1 
(n = 82)

114l±284 883 ± 187
(n = 3)

755 ± 155 

(n= 25)

808 ± 191 

Cn* 100)
(*)

B. p r isc u s 799 ± 191 853 ±290 
Cn=93)

760± 194 

Cn=32) ( . - 40) ( n -  19)

860 ± 169 900 ±217 

Cn = 5 ! )
*

(n=31)
(*)

S. ta ta r ica



A p p e n d ix  4 .3 a :  L a t e  P l e i s t o c e n e  ( P o s t - c r a n i a )

A v e r a g e  s p e c ie s  b o d y  m a s s  e s t im a te s  b a s e d  o n  p o s t -c r a n ia  fr o m  D e v e n s ia n  a n d  e a r ly  H o lo c e n e  (O I  S ta g e  4 - 1 )  s ite s . T h e  s ta n d a r d  d e v ia t io n  a n d  th e  s iz e  (n )  o f  e a c h  m a s s  e s t im a te  s a m p le  a r e  in d ic a te d .  

* =  s p e c ie s  r e c o r d e d  b u t  n o  m a s s  e s t im a t e s  p o s s ib le .  ( * )  =  s p e c ie s  id e n t if ic a t io n  te n ta t iv e .

O I  S t a g e  4 O I  S ta g e  3 O I  S ta g e  2 - 1

11
1

1f 1 J 1 Ii
*

1
1 ll

'S a 1
1

1
1

u  CQ 

»!
• I  ®  1 ° g g
s | l l

ÏIf î
g

i!
s :

C . lupus
( n = 1 2 7 ) C n«  16)

34 ± 4 .7 8  

(n  =  1 1) (n

:5 .3 0  

=  8 )

35 

( n “  3 )

35 ± 2 .7 7  

( n =  5 )
*

35 

(n  =  2) ( n -  3) < n = 9 )
•

U. arctos 50 9  ± 1 9 2 3 27  ± 76 .6  

(n  =  2 0 4 )

4 4 2  ± 40 .8 37 4  ± 128 

( n =  18)
*

3 4 5  ± 1 0 5  

(n  =  21 )

3 6 0  ±60 .4  

( n = 7 )
*

43 0  ±78 .4  

( n =  6 )

C. crocuta 7 0 ± 2 . 1 6  

Cn =  7 )

71 ± 4 .0 9  

( n = 3 8 )

65  ±  10.3 

(n  =  11)
• *

68  ± 4 .3 1  

(n  =  35 )

L. lynx •

P. leo *
2 4 8  ± 4 4 .6  

Cn= 6 )

293  ± 49 .9

E. feru s *
4 4 2  ± 79 .9  

( n = 2 0 5 )

413  ±74.3 

( n “ 2 7 )

38 8  ±62 .3  

( n = 2 2 )

4 1 9  ± 108
*

4 1 4 + 6 4 .8

( n - 7 6 )

4 1 6 ± 6 4 .1  

( n =  8 )
*

S. hemitoechus

C. antiquitatis 20B 8±578 2 3 0 5± 558 1990±536 1808± 360

( n = 9 )

2 4 3 3± 537  

(n  =  2 8 )

1830±765 

( n =  14)

H. amphibius

S. scrofa (*)
111 ±52 .5  

( n =  2 3 )

100 ± 27 .7  

(n  ~  5 1 )

M. giganteus
(n  =  4 ) Cn =  3 I )

60 6  

( n =  1)
*

D. dam a

C. elaphus
( n =  2 )

2 5 9  ± 38 .9 2 6 8  ± 56 .8  

( n =  10) C n = 4 )

179 ± 34 .4  

(n  -  3 1 )

187 ±34 .3 182 ± 36 .8

A. alces *
3 6 6  ±66 .2  

(n  =  90 )

3 6 0  ± 1 0 9  

( n =  5 )

R. tarandus 120 ±24 .0  

Cn =  7 9 )
*

105 ± 32.4  

(n  =  3 2 )
*

90 ±  14.5 

(n  =  7 )

104 ± 23 .6  

Cn =  8 9 )

93 ±18 .3 I 17 

(n  =  3)

1 10 

(n  =  2 )

94 ± 2 3 .4  

( n = 1 5 7 )
*

124 ±21.3

( n = 9 )

C. capreolus
( n =  3 )

33 

(n  =  4 ) (n  =  5 ) ( n =  7 6 )

32 ± 5 .6 8  

(n  =  2 9 )

B. prim igenius *
(n  =  5 2 )

8 5 0 ± 1 0 5  

(n  =  6 )

B. priscus
( n =  123)

7 2 2  ± 1 7 0  

( n = 8 2 ) (n  =  2 5 0 )

5 8 4 ± 1 3 9  

(n  =  3 2 0 ) ( n =  19) (n  =  3 )

96 5  ± 1 5 7  

(n  =  8 3 )

95 7  ± 2 7 5

( n =  12)

905  

( n =  1) (n  =  13)

92 2  ± 2 9 7  

(n  =  2 9 )

S. tatarica *



A p p e n d ix  4 .3 b : L a te  P le is to c e n e  (T e e th )

A verage sp ec ies body m ass estim ates based  on  teeth  from O I S tage 5 sites

* =  sp ec ies recorded but no m ass estim ates possib le. (* ) =  sp ec ies identifie
T h e standard d ev iation  and the siz e  (n ) o f  each  m ass estim ate sam ple are indicated,

ation tentative.

O I  s t a g e 5e O I  s t a g e  5 c - a

1
1
11

J
1

i
i 1

2

I SÎ
s

11 i l 11 1 11
C . lupus

( n = l )

2 5  ±  1.72 

( n =  5 ) (n  =  2 )

26  

( n -  1)
*

2 9  ± 3 .1 1  

( 1 = 9 )

U. a rc to s
( n *  1) ( n =  1) • • *

C. crocu ta
( n =  7> C n - 4 0 ) * * *

Cn =  1)

8 6  ± 7 .4 1  

(n  =  5 6 )

L. lynx

P. leo 159 

( n =  1>

2 2 4  

( n  =  4 ) • * *
1 8 6  ± 4 0 .2  

( n =  6 )

E. fe ru s
,

S. hem itoechus 1 9 7 9 ± 4 6 8 1 8 7 8 + 7 2 9  

Cn =  3 1 )

1 9 4 4 ± 4 0 6

(n  =  6 )
(* ) • * *

2 0 9 5  ± 4 4 4  

( 1 = 5 ) ( n =  11) ( i  =  3 ) (n  -  1)

1896  

(1  =  4 )

C. antiquita tis

H. am phibius 2 8 5 9 ± 7 9 4 2 1 9 0 + 4 2 9  

(n  =  19 )
* • *■ * *

S. scrofa 1 0 8  ± 4 9 .5

( n =  5 )

M. g igan teu s 3 8 4  ± 8 9 .2  

(n  =  2 2 )
♦

4 1 5  ±  5 4 .4  

( 1 = 8 )
*

(n  =  3 ) (n  =  1) *

D. dam a
(n  =  4 )

91 ±  12.6 

( n =  19)
♦ • *

65  

(n  =  2 )

C. elaphus *
( n =  3 8 )

2 23  

(1  =  3 )
*

194 

(n  =  I )
• *

2 3 8  

(n  =  3 ) ( n =  2 )
•

194 ±  3 7 .0

( i  =  9 )

A. a lces

R. tarandus

C. capreo lu s * *

B os/B ison 7 5 5  ± 2 8 8  

( "  =  7 9 )

7 8 6  ±  2 2 0 6 9 4  ± 154 

(1  =  3 3 ) ( n =  4 )

7 5 2  ±  104 

(1  =  8 )

7 4 9  ± 20 3
*

6 3 4  ± 1 2 0  

( 1 = 1  1)

721

( 1 = 2 ) ( 1 = 2 )
*

S. ta tarica



A p p en d ix  4 .3 b : L a te  P le is to c e n e  (T ee th )

A verage species body m ass estim ates based on post-crania from  Devensià:

* =  species recorded but no m ass estim ates possible. (* ) =  species identifi

n and early H olocene (O I Stage 4 -1 )  sites. T he standard deviation and the size  (n) o f  each  m ass estim ate sam ple are indicated,

cation tentative.

O I  S t a g e  4 O I  S t a g e  3 o r  S t a g e  2 - 1

11
1

1
f I ! i 11

1
a
I' llga i| 1a 1

I
i
i

Ü CQ

|S-
îi

1 «  1 ®
ll

II
| i

g 
& i  
I I  g II£

C . lupus 2 9  ± 2 .9 2  

( 0 = 9 )

24

( 0 = 1 )

31

( n =  1) ( o =  1) (n  =  8 ) (n  — 3 ) Cn =  1)
*

29  

(o  = 2 )

22 

(n  = 1)
*

Cn = 2 )

U. arctos
(n  = 2)

aa
(n  = 4 )

*
94

( 0 = 4 )
• * • • • *

C. crocuta 80  ± 4 .6 8 82  ± 2 .6 7  

( n =  17)

82 ± 3 .8 8  

( n =  10 ) (n  = 2 ) (n  = 4 )

79  ± 2 .8 1  

(0  = 9)

L. lynx 31
(n  = 2)

P. leo 143

( 0 = 1 )

194  ± 4 4 .6  

(n  =  5 )

255  

( n =  1)

E. fe ru s * * * * • * * * *

S. hem itoechus

C. antiquitatis 1805±561 I6 5 6 ± 4 9 7  

Cn =  5 3 )

I7 4 3 ± 4 7 2

( 0 = 2 8 )
*

1882 

(n  =  1)
*

H. am phibius
1

S. scrofa C*)
133 

Cn -  2)

92 ± 4 0 .3 -  

C n = 2 8 )

M  giganteus
( n «  14 )

4 5 3  ± 9 4 .0  

Cn =  5 9 )
*

(n  =  3 )

D. dam a 1

C. elaphus 3 6 0  ± 32 .2  

(n  =  5 )

3 4 5  ±69 .1  

Cn =  2 9 )
*

3 0 8  ± 3 9 .7

( o =  4 )
*

2 5 5  ± 47 .5  

Cn -  8 2 )

221 ± 39 .5  

Cn =  3 4 )

A. a lces •
4 4 2  ± 9 4 .6  

Cn -  2 7 )
•

R. tarandus 103 ± 2 5 .2

(n  =  17)

9 7  ± 2 4 .8  

( 0 = 3 3 )
•

87

( 0 = 2 )

105 ± 2 9 .2  

(n  =  5 ) ( 0 = 8 )

1 0 S ± 1 9 .9 103 ± 26 .9  

C n - 2 8 ) ( n = 2 ) Cn =  3 ) C n - 2 9 ) (n  =  6)#

119 ± 26 .6  

(o = 19) C n=  3 )

C. capreolus C*) *
( 0 = 3 ) C n - 3 9 )

2 6  ± 4 .4 2  

C n - 2 4 )

Bos/Bison 5 93  ± 125 

(n  =  17 ) (0  =  3 8 ) (n  =  3 8 )

5 2 0 ± 136 

(n  =  3 5 )

6 3 8 ± 2 4 8  

(0  =  7 )

664 ±106 
( 0 = 5 )

7 8 2 ± 1 5 5

( 0 = 3 3 )
* ♦ •

C n=  11)
•

Cn -  3 )
*

S. ta tarica ........ i i .......

(n  =  1)

#  R. tarandus  m a n d ib le  d a te d  to  1 0 ,4 5 0  B P



APPENDIX 5: 01 Stage Mass Estimate Samples

The average m ass estimates based on post-crania and teeth from each 01 Stage division are displayed 

separately as w ell as in a combined sample. This combined data set was used for the analysis o f  

community structure (Chapter 8 ). For ursids and large bovids, estimates from post-crania and teeth were 

not combined due to problems identified with the mass estimates from dental remains; the data used for 

analysis o f  community structure is  based only on post-crania. For each mass average the sample size and 

standard deviation are shown. N o m ass estimates were possible for some species in climatic divisions 

where their presence is recorded; in these cases a best approximation o f  mass is indicated (bold).

Appendix 5.1 OI Stage 11

Species body mass estimates from Stage 11 faunas (Hoxne, Swanscombe, Clacton). Post-cranial mass 

estimates for C. elaphus and E. ferus from Hoxne Stratum F and the Swanscombe Lower Gravel and 

Loam are excluded.

Post-crania T e e th Combined

C. lupus 20 ±  3.92 20 ± 3 .9 2
(n = 15) (n =  15)

U  spelaeus
350

Lynx sp.
30

P  cf. gombaszoegensis 179 179
(n =  3) (n =  3)

P. leo 302 ±  62.8 302 ±  62.8
(n =  1 0 ) (n =  1 0 )

E. ferus 540 + 80.4 540 ±  80.4
(n = 39) (n = 39)

E. hydruntinus 252 252
( n - 4 ) (n =  4)

S. hemitoechus 1178 ± 2 5 2 1699 ± 5 2 4 1327 ± 4 1 8
(n = 25) (n =  1 0 ) (n =  35)

S. kirchbergensis 2199 +  422 2581 ± 4 1 7 2310 ± 4 5 0
(n = 2 2 ) (n =  9) (n =  31)

S. scrofa 92 ±  26.6 73 ± 4 3 .0 87 ±  32.2
( n = 1 8 ) (n = 7) (n =  25)

M. giganteus 438 438
(n = 2 ) (n = 2 )

D. dama 96 ±  20.4 110 ± 2 2 .7 9 8 ± 2 1 .1
(n =  413) (n = 55) (n -  468)

C. elaphus 163 ± 3 7 .4 149 ± 2 9 .5 160 ±  36.2
(n = 1 0 6 ) (n = 33) (n = 1 3 9 )

C. capreolus 32 38 36 ± 7 .3 6
(n = 2 ) (n =  4) (n = 6 )

B. primigenius 832 ± 198 792 ± 1 7 1 # 832 ± 198
( n = 1 5 7 ) (n = 73) (n =  157)

B. priscus 775 ±  123 775 ±  123
(n -1 6 ) (n = 16)

# The mass estimate based 

dominant species in the 0 1

on the bovid tooth sample has been assigned to B. primigenius as it is the 

Stage 11 community.
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Appendix 5.2 OI Stage 9

Species body mass estimates from the Stage 9 Grays fauna.

Post-crania Teeth Combined

C. lupus 2 1  

( n -  1 )
2 1  

( n =  1 )

U arctos 275 ±  75.4  
( n =  108)

90 ±  0.76  
(n =  6 )

275 ±  75.4 
(n -- 108)

C. crocuta 6 1 + 9 .4 5  
(n =  6 )

67 
(n =  1 )

62 ±  8.92 
( n - 7 )

E. ferus 557 ± 1 1 5  
(n = 1 0 )

557 ± 1 1 5  
(n == 1 0 )

S. hemitoechus 1790 ±  557 
(n = 28)

1662 ± 6 2 5  
(n = 5)

1771 ± 5 5 9  
(n = 33)

S. kirchbergensis 2243 ±  561 
(n = 44)

2331 ± 5 4 5  
(n = 25)

2271 ±561  
(n = 67)

S. scrofa 116 ± 4 0 .4  
(n = 14)

87 ± 2 5 .8  
(n = 13)

102 ± 3 6 .7  
(n = 27)

M. giganteus 383 ± 109 
(n = 9)

383 ± 109 
(n = 9)

D. dama 97 ± 16.2 
(n = 47)

112 ± 27 .1  
(n = 133)

108 ± 2 5 .6  
(n = 108)

C. elaphus 179 ± 2 9 .7  
(n = 1 9 )

193 ± 3 5 .6  
(n = 56)

190 ± 35 .1  
(n = 75)

Alces sp. 303 
( n -  1 )

303 
(n =  1 )

C. capreolus 2 0  

(n = 2 )
31 

(n = 4)
27 ± 8.92 

(n = 6 )
B. primigenius 1188 ± 172 

(n = 1 9 )
809 ± 2 1 3  
(n =  58)

1188 ± 172 
( n = 1 9 )
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Appendix 5.3a OI Stage 7

Species body mass estimates from Stage 7 faunas (Aveley, Ilford, Bleadon Cave, Bieisbeck Farm,

Selsey, Northfleet, West Thurrock, Stoke Tunnel, Harkstead, Stutton. C. crocuta is recorded from 01  

Stage 7 but no mass estimates were possible from the main Stage 7 site group, the mass approximation is 

based on the material from Hutton Cave.

Post-crania Teeth Combined

C. lupus 21 ±4.57  
(n = 47)

26 ± 2  
(n = 6)

22 ±4.58 
(n = 53)

U  arctos 275 ±55.6 
(n = 67)

274 ±55.6 
(n = 67)

C. crocuta 70 70

P. pardus 75
( n = l )

75 
(n =  1 )

P. leo 275 ± 68.9 
(n = 247)

250 ± 46.7 
(n -  15)

273 ±68.1 
(n = 260)

E. ferus 560 ± 103 
(n = 290)

560 ± 103 
(n = 290)

S. hemitoechus 1549 ± 364 
(n = 213)

1965 ±483 
(n = 45)

1621 ±417  
(n = 258)

S. kirchbergensis 2207 ± 577 
(n = 29)

2502 ± 509 ~ 
(n = 23)

2338 ± 562 ~ 
(n = 52)

S. scrofa 164 ±45.1 
(n = 40)

145 ±71.0 
(n = 31)

155 ±58.2 
(n = 71)

M. giganteus 539 ±65.0 
(n = 6)

388 ±101 ~ 
(n - 26)

416± 112~  
(n = 32)

C. elaphus 189 ±38.1 
(n = 215)

217 ±34.4 
(n = 50)

194 ±38.9 
(n = 265)

C. capreolus 34 ±5.31 
(n =  49)

27 ±6.73 
(n = 25)

31 ±6.69 
(n = 74)

B. primigenius 1070 ±249  
(n = 164)

815 ± 227#  
(n = 1 1 4 )

1070 ±249 
(n = 164)

B. priscus 970 ±281 
(n = 41)

970 ±281 
(n = 41)

# B. primigenius was the dominant large bovid species at the majority o f OI Stage 7 sites, the mass 

estimate based on Bos/Bison teeth is therefore assigned to this species.

~  Mass estimates from Crayford included in averages.
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Appendix 5.3b Late Stage 7

E. ferus, B. priscus and B. primigenius late Stage 7 mass estimates based on material from Brundon and 

Layers 2+3 o f  the Marsworth Lower Channel. Mass results from post-crania only are displayed.

Post-crania
E. ferus 472 ±  97.2

(n == 362)

B. primigenius 819 ± 163
(n = 16)

B. priscus 888 ± 167
(n = 52)

Appendix 5.4 OI Stage 6 (and Stage 7-6)

Stage 6  body mass estimates are based on the Brighton, Portslade, Clevedon Cave and Marsworth Lower 

Channel Layer 1 faunas. Balderton, Hutton Cave and Crayford mass estimates are included in the C. 

lupus, C. antiquitatis and O. moschatus averages. This data therefore relates to the period o f the Stage 7- 

6  transition.

Post-crania Teeth Combined

C. lupus (Stage 7-6) 30 ± 6 .9 4 27 ± 3 .3 9 30 ± 6 .8 9
(n = 2 2 2 ) ( n - 5 ) (n = 227)

U. arctos 344 ±  69.7  
(n = 38)

344 ±  69.7  
(n = 38)

E. ferus 358 ± 8 3 .3  
(n = 161)

358 ±  83.3 
(n = 161)

C. antiquitatis (Stage 7-6) 1825 ± 6 0 4 1910 ± 4 7 2 1867 ± 5 4 0
(n = 30) (n = 29) (n -  59)

0. moschatus (Stage 7-6) 397 ±  84.2 
(n = 7)

397 ±  84.2 
(n = 7)
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Appendix 5.5 OI Stage 5e

Species body mass estimates from Stage 5e faunas (Barrington, Joint Mitnor Cave, Kirkdale Cave, East 

Mersea, Waterhall Farm, Marsworth Upper Channel).

Post-crania Teeth Combined

C. lupus 33 ± 4 .8 6 25 ±  1.64 33 ± 5.04
(n = 1 2 0 ) (n = 6 ) (n = 126)

U arctos 383 ± 128 383 ± 128
(n = 44) (n = 44)

C. crocuta 69 + 867 ±  6.64 80 ± 3 .9 9
(n = 320) (n =  67)

/.y4
(n = 387)

P. leo 197 + 48.7 211 ± 6 4 .9 198 ± 4 9 .4
(n = 84) (n = 5) (n -  89)

S. hemitoechus 1613 ± 4 4 5 1925 ± 5 8 2 1707 ± 5 1 0
(n = 183) (n = 79) (n = 262)

H  amphibius 2094 ±  598 2680 ±  772 2182 ± 6 5 9
(n = 408) (n -  71) (n -  479)

S. scrofa 108 ± 4 9 .5 108 ± 4 9 .5
(n = 5) (n = 5)

M. giganteus 485 ± 103 393 ±  80.2 416 ± 9 5 .2
( n = l l ) (n - 34) (n = 44)

D. dama 72 ± 14.7 87 ±  13.9 75 ± 15.6
(n = 108) (n = 23) (n = 1 3 1 )

C. elaphus 210 ± 3 2 .6 240 ± 4 2 .2 220 ± 38.6
(n = 81) (n = 41) (n = 1 2 2 )

C. capreolus 35 35
(n = 2 ) (n = 2 )

B. primigenius 955 ± 2 2 4 955 ±  224
(n =  181) (n =  181)

B. priscus 809 ± 2 1 0 752 ± 2 3 5  # 809 ± 2 1 0
(n = 526) (n = 204) (n = 526)

# B. priscus was the dominant large bovid species during 01 Stage 5e so the mass estimate produced 

from the Bos/Bison tooth sample has been assigned to this species.
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Appendix 5.6 01 Stage 5c-a

Species body mass estimates from Stage 5c-a faunas (post-5e deposits at Bacon Hole and Minchin Hole 

and the possible Stage 5c-a sites o f  Hoe Grange, Brentford, Tomewton Cave Hyaena Stratum).

Post-crania Teeth Combined

C. lupus 28 ± 5 .1 6  
(n =  64)

2 9 1 2 .8 6  
(n = 1 2 )

2 8 1 4 .8 6  
(n = 76)

U. arctos 368 ± 129 
(n = 42)

368 1  129 
(n = 42)

C. crocuta 6 8  ±  4.49  
(n = 109)

8 0 1 3 .1 1  
(n = 57)

7 2 1 7 .1 0  
(n = 166)

P. leo 192 ±  62.4  
( n = 1 5 )

1 8 6 1 4 0 .2
( n - 6 )

190 1  56.0 
(n = 2 1 )

S. hemitoechus 1 8 7 7 1 4 5 5
( n - 8 8 )

1 8 8 0 1 4 2 6  
(n = 26)

1 8 7 8 1 4 4 7  
(n = 114)

M. giganteus 4 4 5 + 7 2 .1  
(n = 6 )

4 4 5 1 7 2 .1  
(n = 6 )

D. dama 73 ±  16.3 
(n = 103)

9 2 1 2 3 .7  
(n = 25)

78 1 22.7  
(n = 128)

C. elaphus 175 + 3 2 .4  
(n = 29)

2 0 2  1 4 0 .0  
(n = 14)

1 8 0 1 3 2 .9  
(n = 42)

C. capreolus 25 
( n -  1 )

25
( n = l )

B. primigenius 797 ± 1 8 5  
(n = 125)

741 1 1 5 9 #  
(n = 37)

7 9 7 1  185 
(n = 125)

B. priscus 8 8 7 1 2 0 8  
(n = 113)

741 1 1 5 9 #  
(n -  37)

8 8 7 1 2 0 8  
(n = 1 1 3 )

# B. priscus and B. primigenius occur in even levels among the identifiable post-cranial specimens. The 

Bos/Bison tooth mass estimate therefore cannot be assigned to a single species.
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Appendix 5.7 OI Stage 4

Species body mass estimates from Stage 4 faunas (Banwell Bone Cave, Windy Knoll, Isleworth, 

Windsor, Wretton, Stump Cross Cave

Post-crania Teeth Combined

C. lupus 30 ±  5.67 29 ± 2 .6 7 29 ±  5.45
(n = 162) (n =  18) (n =  180)

U. arctos 414 ± 1 8 7 4 1 4 ± 187
(n = 396) (n = 396)

R. tarandus 118± 30 .1 99 ± 2 4 .5 114 ± 3 0 .0
(n =" 2 1 1 ) (n = 57) (n = 268)

B. priscus 611 ± 171 605 ± 190 611 ± 171
(n = 1064) (n = 136) (n = 1064)

Appendix 5.8 OI Stage 3

Species body mass estimates from Stage 3 faunas (Coygan Cave, Kents Cavern (Cave Earth), Ffynnon 

Beuno, Cae Gwyn, Pin Hole (lower fauna), Sandford Hill).

Post-crania Teeth Combined

C. lupus 33 ± 4 .8 0  
(n = 14)

28 ± 2 .2 5  
(n = 14)

30 ± 4 .3 3  
(n = 28)

U  arctos 342 ±  85.6 
(n = 132)

342 ± 85.6 
(n = 1 3 2 )

C. crocuta 69 ± 5 .5 7  
( n - 9 1 )

81 ± 3 .4 9  
(n = 52)

73 ±  7.44  
(n = 143)

P. leo 289 ±  50.7 
(n = 75)

195 ± 4 7 .5  
(n = 7)

281 ± 5 4 .5  
(n == 82)

E. ferus 433 ±  82.5 
(n = 280)

433 ±  82.5 
(n = 280)

C. antiquitatis 2223 ±  627 
(n = 265)

1725 ±511  
(n = 101)

2086 ±  637 
(n -  366)

M. giganteus 572 ±  90.9 
(n = 36)

462 ±  95.7  
(n = 76)

497 ± 107 
(n = 1 1 2 )

C. elaphus 262 ±  43.0  
(n = 38)

347 ± 64.9  
(n = 34)

302 ± 69.0 
(n = 72)

C. capreolus 33 
(n =  3)

33 
(n = 3)

R. tarandus
1 0 2  ±  2 2 . 8  

(n = 115)
1 0 7 ± 3 1 .3
( n - 1 3 2 )

105 ± 2 7 .8  
(n = 247)

B. priscus 950 ±  627 
(n -  265)

767 ± 1 5 4  
(n = 38)

950 ±  627 
(n = 265)
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Appendix 5.9 early Holocene

Species body mass estimates based on the early Holocene Star Carr and Thatcham faunas.

Post-crania Teeth Combined

C. lupus 28 ± 7.66 26 27 ± 6 .5 4
(n = 9) (n = 2 ) (n = 1 1 )

S. scrofa 104 ±  37.2 94 ± 40 .5 101 ± 3 8 .2
(n = 74) (n = 30) (n = 104)

C. elaphus 185 ± 3 7 .8 245 ±54 .1 202 ±  50.5
(n = 346) (n = 1 3 4 ) (n = 480)

A. alces 365 ±  67.9 444 ±  90.3 383 ± 8 0 .8
(n = 98) (n = 30) (n = 128)

C. capreolus 33 ±  5.64 31 ± 7 .6 5 32 ±6 .51
(n 108) (n = 65) (n = 173)

B. primigenius 802 ± 1 5 6 811 ± 2 0 9 800 ± 165
(n = 69) (n = 1 2 ) (n = 81)
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APPENDIX 6: E. fe r u s  Occlusal Length Data 

Appendix 6.1 Individual Site Samples

The average occlusal length determined for each grouping (pmg/^, mi/2 , is displayed, along

with the sample size and standard deviation.

p n i3 /4 m i / 2 m " '

EM P
West Runton 35.5 

( n -  1 )
32.2

( n = l )
Pakefield/Kessingland

WSM 32.5 32.1 34.8 33.1
(n = 2 ) (n = 2 ) (n = 2 ) ( n = l )

Boxgrove 34.6 
(n =  1 )

34.1 
(n = 3)

35.4
( n =  1 )

OI Stage 11
Hoxne 32.4 ±  1.54 30.6 ±  1.66 32.8 ± 0 .9 5 30.1 ± 1.00

( n = l l ) (n = 1 2 ) ( n =  1 1 ) (n = 6 )
Clacton 28.3 28.8 32.5 ± 2 .1 6 28.9

( n = l ) (n =  1 ) (n = 7) ( n = l )
Swanscombe 33.1 ±0 .91 29.4 33.8 ±1 .51 31.0 ±  1.50

(n =  8 ) (n = 3) (n = 9) (n = 6 )
OI Stage 9
Grays 32.6 ±  1.08 31.0 ± 0 .8 5 33.0 ± 1.47 30.5 ± 1.09

( n = 5 ) (n = 6 ) ( n - 8 ) (n = 6 )
Wolvercote 30.9 ± 2 .0 8 27.2 ± 1 .4 4 30.0 ± 2 .0 0 26.5 ±0 .61

( n = 1 0 ) (n = 5) (n = 7) (n = 6 )
O I Stage 7
Aveley 31.6 29.3 32.2 ± 1.02 28.9 ±  0.69

(n = 4) (n =  4) (n = 8 ) (n = 6 )
Bleadon Cave 32.1 ± 0 .9 9 29.4 ±  1.31 32.3 ± 1 .6 5 29.3 ±  1.16

(n = 13) (n =  1 1 ) (n = 15) ( n = 1 5 )
Ilford 31.4 28.2 27.8

(n = 4) (n = 4) (n = 2 )
Stoke Tunnel 31.2 ± 2 .8 5  

(n = 5)
Brundon 3 1 .4 ±  1.31 29.6 ± 1 .6 7 32.5 ± 1 .1 2 28.2 ±  1.06

(n =  16) (n = 1 2 ) (n = 5) (n =  8 )
Marsworth 32.1 ± 1 .8 4 29.3 ± 1 .5 4 31.4 ± 1 .1 5 27.7 ±  1.66
(Layers 2+3) (n = 9) (n = 9) ( n = 1 2 ) (n -  15)
Crayford 31.6 ± 1 .9 9 27.9 ± 0 .8 3 32.6 ± 1.66 28.9 ± 1 .9

(n =  18) (n = 7) (n = 1 2 ) ( n = 1 4 )
OI Stage 7-6
Hutton Cave 29.4 ± 1 .3 2 27.4 ±  0.88 30.6 ±  0.72 26.9 ± 1 .7 7

(n = 6 ) (n = 7) (n = 6 ) ( n = 8 )
O I Stage 6

Brighton 29.3 ± 1 .0 6 26.9 ± 1 .7 4 29.4 ± 1 .25 27.0 ± 1 .6 9
(n = 9) (n =  1 0 ) (n =  1 1 ) (n =  9)

Portslade 28.2 28.6 ±  1.39 26.3
(n = 3) (n = 5) ( n - 2 )

Clevedon Cave 29.2 27.1 23.3
(n =  1 ) (n = 2 ) ( n = l )

Marsworth 29.5 29.5 25.1 ± 2 .21
(Layer 1) (n = 3) (n = 3) ( n -  1 1 )
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p n i3 /4 IHl/2

OI Stage 3
Coygan Cave 30.1 ±  1.60 27.5 3 1 .4 ± 1 .1 5 27.2 ±  1.01

( n - 5 ) (n = 4) ( n - 6 ) (n = 5)
Kent’s Cavern 28.8 + 1.28 26.3 + 0.77 30.4 ± 1.41 26.0 ±  1 . 2 2

(n =  30) (n = 27) (n = 28) (n = 25)
Pin Hole 29.7 24.9 29.8 ± 0.82 25.8 ±  1.70

(n =  4) ( n - 2 ) (n = 1 0 ) (n = 16)
Cae Gwyn 25.7 24.6 29.8

(n = 2 ) (n = 2 ) (n = 2 )
Ffynnon Beuno 2 9 .7 + 1 .8 9 26.9 31.1 26.6

(n = 5) (n = 3) (n = 3) (n = 3)

OI Stage 2-1
Gough’s Cave 28.6 ± 3 .1 3 26.1 ± 0 . 8 6 29.3 ± 1 .6 7 25.6 ±  1.04

(n =  18) (n = 9) (n =  7) (n = 8 )
Chelm’s Coombe 24.4 2 1 . 0

(n = 2 ) (n = 2 )

Appendix 6.2 Grouped Samples

Average occlusal lengths o f E. ferus tooth samples grouped within OI Stages. The standard deviation and 

size o f  each o f  the tooth sample is also displayed. EMP = West Runton, Westbury-sub-Mendip, 

Boxgrove. OI Stage 11 = Hoxne, Clacton, Swanscombe. 01 Stage 9 = Grays. 01 Stage 7 = Aveley, 

Bleadon Cave, Ilford, Stoke Tunnel, Brundon, Marsworth (Layers 2+3); The Brundon and Marsworth 

(Layer 2+3) samples do not represent a distinct size grouping in this case. 01 Stage 6  = Brighton, 

Portslade, Clevedon Cave, Marsworth (Layer 1). 01 Stage 3 = Coygan Cave, Kent’s Cavern, Pin Hole, 

Cae Gwyn, Ffynnon Beuno.

p m 3 /4 tttl/2

EMP 33.2 
(n = 3)

33.3 ± 1 .3 9  
(n = 5)

35.1 
(n = 4)

32.7 
(n = 2 )

01 Stage 11 32.9 ±  1.65 
(n = 2 0 )

30.2 ± 1 .9 3  
(n = 16)

33.1 ±  1.54 
in = 21)

30.4 ± 1 .3 3  
(n = 13)

01 Stage 9 32.6 ±  1.08 
(n = 5)

3 1 .0 ± 0 .8 5  
(n = 6)

33.0 ± 1.47 
( n - 8 )

30.5 ±  1.09 
(n = 6)

OI Stage 7 31.7 ± 1 .3 0  
(n = 46)

29.3 ± 1 .41  
(n -  40)

32.1 ± 1.55 
(n = 46)

28.4 ±  1.62 
(n = 51)

01 Stage 6 29.1 ±  1.00 
(n == 16)

26.9 ± 1 .7 4  
(n -- 1 0 )

29.0 ± 1 .5 6  
( n = 2 1 )

25.9 ± 2 .0 9  
(n = 23)

01 Stage 3 28.9 ± 1 .6 4  
(n = 46)

26.3 ±  0.99  
(n = 38)

30.2 ±  1.50 
(n = 49)

26.2 ±  1.65 
(n = 49)
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