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2. Understanding Human Movement and Interaction

through the Movement of Animals and Animal Products

Steven P. Ashby

9th ICAZ Conference, Durham 2002

Colonisation, Migration, and Marginal Areas, (ed. M. Mondini, S. Muñoz & S. Wickler) pp. 4–9

Introduction

This paper outlines ongoing work which began as a

dissertation written for the University of York’s Master

of Science course in Zooarchaeology. That piece of work

(Ashby 2001) consisted of a critical review of the literature

relating to the use of animal remains and products in the

recognition of human movement and interaction. In this

paper, I will focus on the use of faunal remains in the

recognition of human migration.

Renewed archaeological interest in migration in the

last decade has fostered considerable research into the

process and nature of population movement, and models

for its comprehension have been proposed (Anthony 1997;

Burmeister 2000). However, before the utility of such

models can be tested, a good understanding of the

archaeological patterning that may indicate human move-

ment is necessary. The differentiation of migration and

exchange is notoriously difficult, and we have yet to

develop satisfactory methods for the recognition and study

of these phenomena (see Burmeister 2000, 539–541).

If we are to begin to understand and recognise human

movement in antiquity, it is paramount that all avenues

of research are exploited. Faunal remains are a medium

which may be effectively utilised in this manner. In this

paper I will discuss the application of a variety of tech-

niques to the study of human migration.

Species Biogeography

Perhaps the clearest indication of animal movement and

concomitant interaction of peoples is through the presence

of species recorded beyond their known geographic

ranges. The remains of such species may be recognised

in faunal assemblages, while the raw materials of animal

products such as textiles and worked bone may also be

identified. By noting chronological changes in species

distribution we may track the spread of animals and begin

to understand patterns of human interaction. This tech-

nique has been famously employed in the study of the

spread of domestication (e.g. Harris 1996) as well as the

movement of domestic animals in later periods (e.g.

Hoffman 1994). The movement of commensal species

(see Armitage 1994), and the importation of wild game

animals (see Yalden 1999, 153, 158–160) may also help

to reveal patterns of human interaction.

A good example is the case of the black rat, Rattus

rattus (see Rackham 1979; Armitage et al. 1984;

O’Connor 1991; Armitage 1993; 1994; Ervynck 2002).

Populations of Rattus rattus were present in Roman

Britain, but seem to have declined with the demise of

their urban habitat that preceded the Roman withdrawal

(O’Connor 1991). They appear to have been absent from

Britain between the 6th and 8th Centuries, but large

populations were renewed by the end of the first millen-

In recent years, the concept of human migration has re-emerged in archaeological discussion. However, to date

there has been no explicit review of the role that zooarchaeology may be able to play in this field of debate. A variety

of zooarchaeological techniques may be exploited; species biogeography, metric and non-metric variation are all

important areas of research.Furthermore, several other techniques may help to elucidate the problem of related

human and animal movement, including the recognition and sourcing of animal products, and genetic analysis of

modern animal populations and ancient faunal remains. The integration of these fields of study with other methods

(including some often considered to be outside of the archaeological canon) is fundamental to the understanding

of human movement and interaction, and the current lack of a theoretical framework for the study of such

phenomena is a major problem.
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nium; a time when long range trade clearly seems to

have been more important. Notably, their distribution

expanded further in the postmedieval period, when settle-

ment of the Americas began (Armitage 1993). Thus, it

seems that the success of R. rattus populations closely

mirrors changes in human movement and interaction.

The distribution of R. rattus remains may therefore be a

useful proxy for long range exchange and movement.

Work by Elizabeth Reitz (1999) provides a nice

contrast with this work. When studying faunal assem-

blages from first nations sites in colonial Florida, Reitz

failed to find evidence for significant uptake of domestic

animals by Native Americans. This can be explained in

ecological and cultural terms, but it seems possible that

the social change that a move to the husbandry of domestic

animals required was not justified by the potential gains.

Reitz’s work shows that in cases where human choice is

involved, social identity may sometimes prove too

resilient for us to recognise the impact of overseas contact

through faunal remains. Thus, studies of the commensal

and parasitic fauna (particularly small mammal remains)

become extremely important.

However, we need not always look for the movement

of animals to recognise human migration. Local ex-

tirpations, such as that of Cyprus’s pygmy hippopotamus

(Phanourios minutus) may be linked with the arrival of

humans (Simmons 1988; MacPhee and Burney 1991).

Conversely, animals dependent on the environment

created by man may become extinct when humans desert

a region (see Brothwell and Jones 1978).

Animal products may also prove to be of use if we can

recognise and source the species from which the material

of a craft object comes. This has been attempted on antler

material at Birka (Ambrosiani 1981) and Novgorod

(Smirnova 1997, 139, 145). Similarly, the physical nature

of textile fibres may be of use in determining the location

of manufacture. When distinctive fibres are discovered

beyond their known biogeographical ranges, such as the

finds of bison hair in medieval Greenland (Walton Rogers

1998), they may be seen as imports or introductions.

Although the movement of such products may often be

related to trade rather than explicitly to migration, it

may act as supporting evidence if other indications of

population movement are observed.

Unfortunately, there are a number of problems with

these biogeographical approaches. In addition to con-

sidering the possibility of natural animal migration, it is

important that we assess the likely effects of temporal

change in topography, climate, or habitat, rather than

simply assuming a human role in the introduction or

extirpation of a species (see MacGregor 1985, 40–41;

Vigne 1999, 310). Furthermore, we cannot assume that

the absence of a given species in the record indicates a

real absence in the past. The true absence of an animal

from a region may only be confirmed through meticulous

sieved recovery (see O’Connor 1991). We should also be

wary of postulating the introduction of species on the

basis of a small number of osteological finds, given the

fact that archaeological assemblages rarely give an

accurate indication of ancient wild fauna. Notwith-

standing these problems, the approach shows promise

and, when identification based on morphology is possible,

has the advantage of being relatively inexpensive.

Metric Variation

It may also be possible to apply biogeographical tech-

niques to variation below the species level, though it

should be pointed out that we are not searching for

evidence of breeds in the modern sense, but merely

regionally distinct genetic types. One way of proceeding

is through the analysis of metric variation. The measure-

ment of bones and teeth is important in the inference of

animal movement on a range of scales, but it is

fundamental that we first account for the effects of all

biological variables. Age and sex may be controlled to

some extent by the exclusion from study of strongly

sexually polymorphic elements and bones with unfused

epiphyses (e.g. Maltby 1979, 35; see Reitz and Wing

1999, 170). Unfortunately, environmental factors are

more difficult to control for, and it is well known that

nutrition may affect growth, particularly during the

first years of development (see, for example

McMeekan 1940).

In an attempt to control for environmental variables,

many analysts have used dental measurements as a marker

for genetic difference, under the assumption that tooth

growth is relatively environmentally independent (see

Payne and Bull 1988; Albarella et al. 1997). However,

this belief has not been satisfactorily proven, and it is

conceivable that malnutrition or serious infection prior

to calcification may affect tooth growth (see Mays 1998,

78). There is some experimental evidence for retarded

tooth development as a result of stress in utero and during

the period of tooth formation (e.g. Paynter and Grainger

1956; Tonge and McCance 1965). Thus, while it may

eventually be shown to be a valid assumption, the en-

vironmental independence of tooth size should not be

accepted without evidence from controlled experiments.

However, ethics limit dietary variation, and mean that

today’s experiments are more often based on dietary

improvement than depletion (e.g. Kim et al. 2001).

An alternative is to look at bone shape variation, which

may be expressed as the difference in relative measure-

ments (see Albarella 2002). While this may be largely

unaffected by nutritional factors (although see Bridges

1989), other variables such as sex, age and pathology

must be considered (see Albarella et al. 1997; Jurmain

1999).

Taking these factors into account, Murphy et al. (2000)

noted that Roman Age cattle metapodials from Great Holts

Farm, Essex were considerably larger, though only a little

more robust, than those found at other Roman sites in the
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area, and suggested that they represent imported livestock.

Thus, when we can account for the various confounds, the

study of bone shape variation seems promising, and may

lead to interesting insights (see Albarella 2002), but much

more research is required if we are to ascertain the

reliability and usefulness of this approach.

Non-Metric Variation

Animal populations, and thus their movement, may also

be recognised through the occurrence of non-metric traits.

Unfortunately, this subject has suffered from a general

lack of research until recent years and many zooarchaeo-

logical references to them have been little more than

reportage (see O’Connor 2000, 119). However, certain

traits have been subject to a little more study, and the

field seems to be growing. Here is not the place to go into

their details explicitly, but a brief summary is appropriate.

Once again, teeth are of particular interest, as their

characteristics may have potential as indicators of geno-

type (see O’Connor 2000, 120–21). The absence of the

second mandibular premolar in bovids has frequently

been commented on, but is not yet well understood. The

development of the lower third molar may also be useful,

as the distal hypoconulid is sometimes underdeveloped

or absent.

Also in cattle, the genetic or environmental origins of

perforations in the neurocranium have caused debate

(Brothwell et al. 1996; Manaseryan et al. 1999), while

the shape of the sagittal profile has also been commented

upon (Grigson 1976), although apparently not commonly

studied in recent years. In sheep, the position of the

femoral nutrient foramen may also be useful, perhaps as

an indicator of restricted gene flow or isolation (Noddle

1978, 138; O’Connor 2000, 121–122).

Another potentially informative bovid trait is the

presence or absence of horns. Mark Maltby (1994) studied

assemblages from Winchester, and noted that early

Roman deposits contained a mixture of horned and polled

sheep, while assemblages from the hinterland were clearly

dominated by the horned variety. This disparity is sup-

ported by metrical data, and it seems possible that most

of the sheep at Winchester were of a polled variety and

were generally larger in size than those from the excav-

ated rural assemblages. It thus seems that the town was

provisioned by at least two sources.

Clearly then, there are a number of avenues for research

into non-metric variation. Moreover, this field of study

may have advantages over metrical analysis (Sjøvold 1973,

212). Firstly, work may still be possible if the material is

heavily fragmented or deformed. Secondly, it is possible

that the occurrence of many non-metric traits is largely

sex-independent. If this can be substantiated, then it will

allow the recording of traits from skeletal fragments for

which sex cannot be determined.

It is also possible that non-metric traits are less subject

to environmental variables than metric traits (see Sjøvold

1973, 206; Berry 1979, 670). However, neither seems to

be under such strict genetic control that it is unaffected

by other factors. Indeed, experiments on mice found that

development of the third molar was affected by maternal

nutrition (Searle 1954). Thus, on the whole, the environ-

mental independence of non-metric traits is unconfirmed,

and further research into this area is needed. If such an

independence can be established for certain traits, then

they may prove to be of considerable utility in the

recognition of animal populations. However, a greater

understanding of their origins, together with more sys-

tematic recording are needed if we are to exploit these

phenomena to the full.

DNA Analysis

While future advances may help us to unravel the complex

relationship between genotype and phenotype briefly

discussed above, a solution now seems less pressing, as

the advent of DNA analysis has enabled us to use new

techniques in the understanding of culture contact.

Although as yet under-exploited, there is potential for

the study of genetic variation in present day animal

populations to tell us about human movement. This is

particularly true of animals that are closely associated

with man and the environment that he creates. Work by

Matisoo-Smith and colleagues on Pacific pigs and rats

(Rattus exulans), and Susan Haynes’s study of the origins

of the distribution of the Continental (or Orkney) vole

Microtus arvalis are of particular note (Matisoo-Smith

and Allen 1997; 2001; Haynes 2000).

However, work on modern populations is problematic.

When attempting to source the migrants to a region, be

they animal or human, we must accept that recent migra-

tions and genetic drift may have taken place, and may

have had a significant effect on the gene pool (see Mays

1998, 203). The study of ancient DNA thus becomes

paramount, as it allows us to add a temporal perspective

to the data obtained from the genetic study of present day

populations.

Interesting work has already been accomplished in

this relatively young field. There is a considerable body

of work on the introduction of the rabbit (Oryctolagus

cuniculus) to the Mediterranean, as deduced from aDNA

analysis (Hardy et al. 1994a; 1994b; 1995), while Allen

et al. (2001) are currently attempting to clarify the genetic

history of pigs in the Pacific region. By detecting the

transfer of suid stock, it is possible to gain some under-

standing of human population contact in the Pacific, and

the introduction of new breeds into Polynesia following

western contact clearly affected native pig populations

(Allen et al. 2001, 4–5). A DNA analysis may thus soon

begin to improve our knowledge of Pacific migration and

trade (Allen et al. 2001, 9,12).

However, it should be remembered that the success
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rate of ancient DNA analysis is generally very low. In

addition to precluding the analysis of small assemblages,

this may hamper attempts to answer questions regarding

temporal or spatial variation in large assemblages, and

may make the generation of generalising hypotheses

impossible (see Haynes 2000, 164). Moreover, until the

cost of DNA analysis decreases, such investigations will

often be unavailable to many projects (Barnes 1998, 80).

Furthermore, DNA extraction necessarily damages

bone. At present we have little understanding of pre-

servation processes (Hagelberg et al. 1991), and cannot

readily recognise samples that are likely to yield ‘good’

DNA, or decide on the best method of extraction, although

Susan Haynes and others seem to have recently made

some inroads into this field (Haynes et al. 2002). More-

over, contamination is a serious concern, and extreme

measures must be applied to minimise the risk of its

occurrence (see Brown and Brown 1992, 20; Haynes

2000, 29).

All in all the potential of genetic techniques in this

field is clear, but there are still some problems to be

resolved. We are not yet in a position to say whether

these techniques are likely to supercede traditional

approaches, and it is clear that we must work towards a

better understanding of both morphological and DNA-

based analysis.

Discussion

How do any of these techniques further our knowledge of

human migration? One of the most important questions

we can ask is how we differentiate the phenomena of

exchange and population movement. To generalise, the

deliberate and widespread introduction of foreign species

or genotypes may suggest some level of population move-

ment, while more isolated occurrences may be interpreted

as the products of trade or individual travel. In order for

this distinction to be made, a thorough knowledge of the

excavated and historically recorded fauna for the area

and time period of interest is fundamental.

In the case of taxa that may not have been deliberately

imported, the scale of the introduction may not be helpful.

The reproductive rate of rats, for example, together with

the size, fragility and concomitant sampling issues of

small mammal bone make it difficult to use numbers as

criteria for the inference of migration rather than trade

(see Elton 1958; Armitage 1994). Thus, while commensal

animal finds may clearly suggest overseas contact, they

must be used as part of a system together with domestic

animal remains, artefacts and other forms of evidence if

we are to differentiate between exchange and population

movement. Some progress may be made if context and

ethology are carefully considered. For example, we may

ask if the animal in question was likely to have been

transported with traded commodities, such as furs or

grain, or whether its first appearance coincided with

human migrations known from other sources of evidence.

Thus, the most sensible approach seems to be one of

integration, with context considered as a major

component of interpretation. The zooarchaeological and

biological methods discussed in this paper should be

combined wherever possible, through the collaboration

of multiple analysts. Each line of evidence should be

studied individually, and subjected to a series of validity

checks, before being compared and combined with other

forms of evidence (e.g. Harlan and de Wet 1973). Further-

more, evidence garnered from these studies should be

explicitly considered alongside material from other areas

of archaeological and non-archaeological study, so that

the archaeological, physical and chemical studies of

animal, botanical and human remains may be integrated

with the study of buildings and artefacts, and docu-

mentary, epigraphic or linguistic evidence. These multi-

farious analytical techniques will not always support each

other, but neither should they be expected to. The

comparison of the findings of various approaches can

only lead to a better understanding of the processes of

human movement and contact (see Morales Muniz 1997;

Albarella 1999).

Above all, it is vital that we apply these techniques

within a clear theoretical framework. A better under-

standing of the process of migration is necessary if we

are to be able to reliably differentiate between processes

of movement and contact. It is important that we take

into consideration the models of migration devised by

social anthropologists and geographers (see for example

Ravenstein 1885; Zelinsky 1971; Massey et al. 1993),

and use these to construct our own framework for the

understanding of migration. Such a theoretical under-

pinning will help to improve our recognition of the signs

of population movement that appear in the archaeological

record. Thus it is hoped that an integrated strategy for

the understanding of culture contact may be constructed.

Acknowledgements

Many thanks to everyone that provided papers, ideas or

advice during this work. The names are too many to

recall individually, but your help is greatly appreciated.

In particular I would like to thank Susan Haynes for her

help in the field of genetic research. I am extremely

grateful to Professor Terry O’Connor and Dr. James

Barrett, and extra thanks are due to James Barrett for

reading this paper prior to presentation. I must also thank

the Knowle Hill School Fund for the grant that made my

study, and thus this paper, possible.

References

Albarella, U., Beech, M. and Mulville, J. (1997). The Saxon,

Medieval and Post-Medieval Mammal and Bird Bones Ex-

cavated 1985–91 from Castle Mall, Norwich, Norfolk.

Portsmouth, AML Report 72/97, English Heritage Centre for

Archaeology.



8 Steven P. Ashby

Albarella, U. (1999). ‘The mystery of husbandry’: Medieval animals

and the problem of integrating historical and archaeological

evidence. Antiquity 73, 867–75.

Albarella, U. (2002). ‘Size matters’: how and why biometry is still

important in zooarchaeology, pp. 51–62. In K. M. Dobney and

T. P. O’Connor (eds), Bones and the Man: Studies in Honour of

Don Brothwell. Oxford, Oxbow.

Allen, M. S., Matisoo-Smith, E. and Horsburgh, A. (2001). Pacific

‘babes’: issues in the origins and dispersal of Pacific pigs and

the potential of mitochondrial DNA analysis. International

Journal of Osteoarchaeology 11, 4–13.

Ambrosiani, K. (1981). Viking Age combs, comb making and comb

makers in the light of finds from Birka and Ribe. Stockholm,

Stockholm Studies in Archaeology 2.

Anthony, D. W. (1997). Prehistoric migration as a social process. In

J. Chapman and H. Hamerow (eds), Migrations and Invasions

in Archaeological Explanation, 21–32. Oxford, British

Archaeological Reports International Series.

Armitage, P. L., West, B. and Steedman, K. (1984). New evidence

of Black Rat in Roman London. London Archaeologist 4, 375–

383.

Armitage, P. L. (1994) Unwelcome companions: ancient rats re-

viewed. Antiquity 68, 231–240.

Ashby, S. P. (2001) The Inference of the Movement of Animals and

Animal Products using Archaeological Data: A Methodological

Review. Unpublished Ph.D thesis, University of York.

Barnes, I. (1998) The Molecular Identification of Goose Species in

Archaeozoological Assemblages. Unpublished Ph.D thesis,

University of York.

Berry, R. J. (1979) Genes and skeletons, ancient and modern.

Journal of Human Evolution 8, 669–77.

Bridges, P. S. (1989) Changes in activity with the shift to agriculture

in the southeast United States. Current Anthropology 30, 385–

94.

Brothwell, D. R. and Jones, R. (1978) The relevance of small

mammal studies to archaeology. In D. R. Brothwell, K. D.

Thomas and J. Clutton-Brock (eds) Research Problems in

Zooarchaeology, 97–102.. London, Institute of Archaeology

Occasional Publication No. 3.

Brothwell, D. R., Dobney, K. M. and Ervynck, A. (1996) On the

causes of perforations in archaeological domestic cattle skulls.

International Journal of Osteoarchaeology 6, 471–487.

Brown, T. A. and Brown, K. A. (1992) Ancient DNA and the

archaeologist. Antiquity 66, 10–23.

Burmeister, S. (2000) Archaeology and migration: approaches to an

archaeological proof of migration. Current Anthropology 41,

539–567.

Elton, C. S. (1958) The Ecology of Invasions by Animals and Plants.

London, Chapman and Hall.

Ervynck, A. (2002) Sedentism or urbanism? On the origin of the

commensal Black Rat (Rattus rattus). In M. Maltby and T. P.

O’Connor (eds) Bones and the Man: Studies in Honour of Don

Brothwell, 95–109. Oxford, Oxbow.

Grigson, C. (1976) The craniology and relationships of four species

of Bos. 3. Bos taurus L. sagittal profiles and other non-measur-

able characters. Journal of Archaeological Science 3, 115–136.

Hagelberg, E., Bell, L. S., Allen, T., Boyde, A., Jones, S. J. and

Clegg, J. B. (1991) Analysis of ancient bone DNA: techniques

and applications. Philosophical Transactions of the Royal

Society of London (B) 333, 399–407.

Hardy, C., Callou, C., Vigne, J. D., Casane, D., Dennebouy, N.,

Mounolou, J. C. and Monnerot, M. (1994a) Origin of European

rabbit (Oryctolagus cuniculus) in a Mediterranean island:

zooarchaeology and ancient DNA examination. Journal of

Evolutionary Biology 7, 217–26.

Hardy, C., Casane, D., Vigne, J. D., Callou, C., Dennebouy, N.,

Mounolou, J. C. and Monnerot, M. (1994b) Ancient DNA from

Bronze Age bones of European rabbit (Oryctolagus cuniculus).

Experientia 50, 564–570.

Hardy, C., Callou, C., Vigne, J. D., Casane, D., Dennebouy, N.,

Mounolou, J. C. and Monnerot, M. (1995) Rabbit mitochondrial

DNA diversity from prehistoric to modern times. Journal of

Molecular Evolution 40, 227–237.

Harlan, J. R. and de Wet, J. M. J. (1973) On the quality of evidence

for origin and dispersal of cultivated plants. Current Anthrop-

ology 14, 51–61.

Harris, D. R. (ed.) (1996) The Origins and Spread of Agriculture

and Pastoralism in Eurasia. Washington, D.C., Smithsonian

Institution Press.

Haynes, S. (2000) The History of Wild and Domesticated Verte-

brates Deduced from Modern and Ancient DNA Sequences.

Unpublished Ph.D thesis, University of York.

Haynes, S., Searle, J. B., Bretman, A. and Dobney, K. M. (2002)

Bone preservation and ancient DNA: the application of screening

methods for predicting DNA survival. Journal of Archaeological

Science 29, 585–592.

Hoffman, R. C. (1994) Remains and verbal evidence of Carp

(Cyprinus carpio) in medieval Europe. In W. van Neer (ed.)

Fish Exploitation in the Past: Proceedings of the 7th Meeting

of the ICAZ Fish Remains Working Group Terverun, Belgium,

139–50. Belgium, Musee Royal de l’Afrique Centrale.

Jurmain, R. (1999) Stories From the Skeleton: Behavioural Re-

construction in Human Osteology. Amsteldijk, Netherlands,

Gordon and Breach.

Kim, J. H., Heo, K. N., Odle, J., Han, I. K. and Harrell, R. J. (2001)

Liquid diets accelerate the growth of early-weaned pigs and the

effects are maintained to market weight. Journal of Animal

Science 79, 427–434.

MacGregor, A. (1985) Bone, Antler, Ivory and Horn: the Tech-

nology of Skeletal Materials Since the Roman Period. London,

Croom Helm.

MacPhee, R. D. E. and Burney, D. (1991) Dating of modified femora

of extinct Dwarf Hippopotamus from southern

Madagascar: implications for constraining human colonization

and vertebrate extinction events. Journal of Archaeological

Science 18, 695–706.

Maltby, M. (1979) The Animal Bones from Exeter 1971-1975

(Exeter Archaeological Reports Volume 2). Sheffield,

Department of Prehistory and Archaeology, University of

Sheffield.

Maltby, M. (1994) The meat supply in Roman Dorchester and

Winchester. In A. R. Hall and H. K. Kenward (eds) Urban-

Rural Connexions: Perspectives from Environmental Archae-

ology, 85–102. Oxford, Oxbow Monographs 47.

Manaseryan, N., Dobney, K. M. and Ervynck, A. (1999) On the

causes of perforations in archaeological domestic cattle skulls:

new evidence. International Journal of Osteoarchaeology 9,

74–75.

Massey, D. S., Arango, J., Hugo, G., Kouaouci, A., Pellegrino, A.

and Taylor, J. E. (1993) Theories of international migration: a

review and appraisal. Population and Development Review 19,

431–466.

Matisoo-Smith, E. and Allen, J. S. (1997) Ancient DNA from

Polynesian rats: extraction, amplification and sequence from

single small bones. Electrophoresis 18, 1534–1537.

Matisoo-Smith, E. and Allen, J. S. (2001) Name that rat: molecular

and morphological identification of Pacific rodent remains.

International Journal of Osteoarchaeology 11, 34–42.

Mays, S. A. (1998) The Archaeology of Human Bones. London,

Routledge.

McMeekan, C. P. (1940) Growth and development in the pig, with

special reference to carcass quality characters, Part II: the

influence of the plane of nutrition on growth and development.

Journal of Agricultural Science 30, 387–436.



9Understanding Human Movement and Interaction

Morales Muniz, A. (1997) Filling the pots: what can or can’t

environmental archaeology do for our understanding of the

medieval world. In F. Verhaeghe (ed.) Environment and Sub-

sistence in Medieval Europe, Papers of the Medieval Europe

Brugge 1997 Conference (IAP Rapporten 9), 7–18. Zellik,

Scientific Institution of the Flemish Community.

Murphy, P., Albarella, U., Germany, M. and Locker, A. (2000)

Production, imports and status: biological remains from a late

Roman farm at Great Holts Farm, Boreham, Essex, UK. En-

vironmental Archaeology 5, 35–48.

Noddle, B. A. (1978) Some minor skeletal differences in sheep. In

D. R. Brothwell, K. D. Thomas, and J. Clutton-Brock (eds)

Research Problems in Zooarchaeology, 133–41. London,

Institute of Archaeology.

O’Connor, T. P. (1991) On the lack of bones of the Ship Rat Rattus

rattus from Dark Age York. Journal of Zoology 224, 318–320.

O’Connor, T. P. (2000) The Archaeology of Animal Bones. Stroud,

Sutton.

Payne, S. and Bull, G. (1988) Components of variation in measure-

ments of pig bones and teeth, and the use of measurements to

distinguish wild from domestic pig remains. Archaeozoologia 2,

27–66.

Paynter, K. J. and Grainger, R. M. (1956) The relation of nutrition

to the morphology and size of rat molar teeth. Journal of the

Canadian Dental Association 22, 519–531.

Rackham, D. J. (1979) Rattus rattus: the introduction of the Black

Rat into Britain. Antiquity 53, 112–120.

Ravenstein, E. G. (1885) On the laws of migration. Journal of the

Royal Statistical Society 48, 167–235.

Reitz, E. J. (1999) Native Americans and animal husbandry in the

North American colony of Spanish Florida. In C. Gosden and J.

Hather (eds) The Prehistory of Food: Apetites for Change, 184–

196. London, Routledge.

Reitz, E. J. and Wing, E. S. (1999) Zooarchaeology. Cambridge,

Cambridge University Press.

Searle, A. G. (1954) Genetical studies on the skeleton of the mouse.

Journal of Genetics 52, 413–424.

Simmons, A. H. (1988) Extinct Pygmy Hippopotamus and Early

Man in Cyprus. Nature 333, 554–557.

Sjøvold, T. (1973) The occurrence of minor non-metrical variants in

the skeleton and their quantitative treatment for population

comparisons. Homo 24, 204–233.

Smirnova, L. (1997) Antler, bone and ivory working in Nerevsky

and Lyudin ends of medieval Novgorod: evidence from waste

analysis. In G. De Boe and F. Verhaeghe (eds) Material Culture

in Medieval Europe: Papers of the Medieval Europe Brugge

1997 Conference. (IAP Rapporten 9), 137–46. Zellik, Scientific

Institution of the Flemish Community.

Tonge, C. H. and McCance, R. A. (1965) Severe undernutrition in

growing and adult animals. 15: The mouth, jaws and teeth of

pigs. British Journal of Nutrition 19, 361–372.

Vigne, J. D. (1999) The large ‘true’ Mediterranean islands as a

model for the Holocene human impact on the European verte-

brate fauna? Recent data and new reflections. In N. Benecke

(ed.) The Holocene History of the European Vertebrate Fauna:

Modern Aspects of Research, 295–321. Rahden, Verlag Marie

Leidorf GmbH.

Walton Rogers, P. (1998) The raw materials of textiles from GUS –

with a note on fragments of fleece and animal pelts from the

same site. In J. Arneborg and H. C. Gulløv (eds.) Man, Culture

and Environment in Ancient Greenland: Report on a Research

Programme, 66–73. Groningen, Danish Polar Center Publication

4.

Yalden, D. (1999) The History of British Mammals. London, T and

AD Poyser.

Zelinsky, W. (1971) The hypothesis of the mobility transition.

Geographical Review 61, 219–249.

Steven P. Ashby

Department of Archaeology

The University of York

E-mail: spa105@york.ac.uk


