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Editorial: Animal Genomes, Bodies and Tissue in Science and 
Society 
 
The papers in this issue address the field of animal biotechnology and, particularly, 
animal genomics. Together they seek to understand the context and shaping of the 
science of animal genomics, reflect on connections between this science and the 
social position and cultural construction of animals and human-animal relationships, 
and explore current and future regulation and policy. Each paper emerged from a 
multi-disciplinary workshop convened by the ESRC Genomics Policy and Research 
Forum, University of Edinburgh to discuss animal genomics in April 2006. Some 
participants at the workshop, and some authors here, have long been interested in 
animal genomics and biotechnology, whilst others were asked to bring knowledge 
developed in other fields and with other case studies. 
 
Underpinning the workshop, and followed through in this issue, was a recognition 
that genomics uses and studies a lot of animals, combined with concern that the 
otherwise flourishing social science of genomics has passed them over. The strength 
of concern is variously expressed. In my own editorial essay, I ask only that the 
animal becomes more conspicuous. Others call for something stronger: Donaldson, 
for example, argues that we need to rethink our idea of society or the social in such a 
way that the inclusion of nonhuman animals becomes obvious. 
 
Whichever route is adopted, a handful of themes recur, including: whether animal 
genomic science is reductive; the extent to which it aligns with narratives of 
instrumentalism; the potential for animal genomics to render animals efficient 
sources or accumulators of capital; whether animal genomics functions as an 
instrument of biopower; and whether animal genomics alters both what we can and 
do know about an animal, and the animal that is known. On the way we visit the 
farmyard (Donaldson, Holloway & Morris, Twine), the laboratory (Harvey, 
Hauskeller), and the sea (Costa & Carvalho), although as Twine points out, genomics 
means that it is increasingly difficult to separate such spaces. 
 
Although final judgement rests with the reader, I hope this issue makes a valuable 
contribution both to the social scientific and philosophical analysis of genomics, and 
to the growing field of animal studies. It also contains a new venture for the journal. 
The issue includes a broadly technical paper on DNA barcoding by molecular 
ecologists Filipe Costa and Gary Carvalho. Inclusion of a technical paper is new in 
itself, but moreover, this is followed by three short commissioned responses from 
John Dupré, a philosopher, Pete Hollingsworth, a conservation geneticist, and Petter 
Holm, a social scientist. Costa and Carvalho provide a final response and together 
these papers make for a very interesting discussion. Many aspects of animal 
genomics have been discussed before within social science journals, and sometimes 
from multiple perspectives in this way, but probably not DNA barcoding. 
 
Matthew Harvey 
ESRC Genomics Policy and Research Forum, University of Edinburgh, UK 
Guest Editor 
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Animal Genomics in Science, Social Science and Culture 
 
MATTHEW HARVEY1 
 
Abstract 
 
Animals are commonplace in genomic research, yet to date there has been little direct 
interrogation of the position, role and construction of animals in the otherwise 
flourishing social science of genomics. Following a brief discussion of this omission, 
I go on to suggest that there is much of interest for the social sciences and the 
humanities in this field of science. I show that animal genomics not only updates and 
extends established debates about the use of animals in science and society, but also 
raises novel issues and promotes new ways of thinking about what animals are, and 
the social and biological relationships between animals and humans. Organising the 
science of interest into six themes (sameness, difference and classification; crossing 
boundaries; the maintenance of borders; farmyard supermodels; laboratory 
supermodels; knowing, relating and looking at animals), for each I review some of the 
science that is being done, some of the conceptual issues that are raised, and some of 
the social science that is or could be done. I conclude by briefly considering the 
development of socially responsive policies for animal genomics. 
 
Introduction 
 
Animals are commonplace in genomic and biotechnological research, as principal 
objects of study or conduits and models for understanding human biology. This work 
connects with longstanding debates about the use of animals in science and society, 
extending and updating these with new techniques for understanding and using 
animals. But further, the science of genomics and the manipulation of animal 
genomes raises novel issues and promotes new ways of thinking about what animals 
are, how they evolve and relate to each other, and the social and biological 
relationships between animals and humans. Yet there is little direct interrogation of 
animal genomics in the social science literature, particularly if genomics is conceived 
only as the DNA sequencing of the entire genome. There is a growing literature for 
research agendas within the broader field of biotechnology, in particular 
xenotransplantation and genetically modified animals,2 and human-animal chimeras 
and cloning have also received some attention.3 But to date, the key arena for 
discussing developments like these remains ethics and bioethics.4 
 
Following a note on the meaning of “animal genomics”, this review briefly discusses 
the broad omission of animals from social science. The paper then goes on to consider 
the context and shaping of the science of animal genomics, a range of questions and 
issues for which genomic solutions have been proposed, and how this work might 
reconfigure the social and cultural position of animals and human-animal relations. 
Suggesting there is much here of social scientific interest, the paper finally considers 
policy issues for regulating and governing animal genomics and exploiting animal 
genomic research. 
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Animals, genomics and social science 
 
Although the term genomics might be restricted to the sequencing of the entire genetic 
complement of an organism, and so animal genomics might refer only to the genome 
sequencing of animals, in practice sequencing alone is of little interest. It is what 
follows that is significant, such as how that knowledge connects with what else is or 
can be known; how the knowledge so obtained might be applied; or how that animal 
is better understood in itself or in comparison to others. Sequencing may further be 
married with other techniques such as genetic modification or selective breeding, and 
the animal genome worked on and with in new or more intense and efficient ways. 
 
This marriage probably marks the disciplinary boundary of “animal genomics”. But 
for this paper I will conceive the field of interest more broadly still, for there are now 
practices where the genomes, genes and tissue of particular species turn up in novel 
and unexpected places, such as in xenotransplantation and stem cell research. For 
example, human embryonic stem cells have recently been implanted into, and have 
then integrated with, mice brains.5 The transplanted tissue is then a metonym for the 
animal or species from which it came, and the power of the connection is hard to 
erase, perhaps notably so if that animal’s genome has moved too. If animal genomics 
is thought of in these terms, broader than mere sequencing to encompass working on 
and with animal genomes, then as I go on to show and explain, the depth and 
significance of activities within animal genomics is extensive. 
 
This science uses and impacts on a lot of animals, including ourselves. Despite this, 
and with work reported in the present volume excepted, there is little direct work 
within social science on animal genomics as a topic in its own right. The work 
published so far has concentrated on certain hard cases – xenotransplantation, genetic 
modification, cloning – that have been opened up to public debate or seem 
particularly problematic in terms of ethics or regulation. Moreover, this research has 
usually been limited to what these practices might mean for people. For example, 
Michael argues that the ‘technoscientific bespoking’ of animals by making them 
‘ready-to-order … might catastrophically curtail the symbolic role of animals in 
human identities, and thus provoke a general anxiety toward new genetics’.6 What is 
happening to the animal is inconspicuous. 
 
This omission, perhaps, reflects a broader circumstance within social science, for 
animals remain in the social science literature largely invisible and ‘to read most 
sociological texts, one might never know that society is populated by non-human as 
well as human animals’.7 There is substantial work within other related disciplines 
such as moral philosophy8 and history,9 and some of this crosses with sociological 
accounts10 and has considered the impact of biotechnology.11 But, historical accounts 
aside, this work has generally been balanced toward an animal rights or ethical frame. 
Tester, for example, explores the way that society and individuals relate to animals, 
but his primary concern is with special claims made for animal rights.12 
 
Recently, some social scientists have attempted to account for animals’ invisibility, 
suggesting that animals tend to be embedded and treated within the broad category 
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“nature” or that social science is person-centred and animals, considered not part of 
society, are of little interest.13 Moreover, a social science of human-animal relations 
has recently expanded,14 and there is a large and developed literature on relations 
between humans and companion animals.15 But this attention has not yet transferred 
to the otherwise flourishing social science of genomics16 and the general lack of 
attention becomes all the more interesting given the integral position of animals in the 
genomics revolution (assuming there is such a revolution) and many other social and 
scientific practices.17 
 
Paula offers some of the clearest examples of published research with an explicitly 
animal-genomic orientation, considering the impact of genomic approaches in the 
context of food production and policy development.18 However, a broader research 
agenda that captures a wider range of genomic sciences and which considers the 
human, the animal, and the human-animal conceptual coupling is required, one which 
is unlikely to emerge simply from the aggregate of those individual projects currently 
represented in the literature. In the following section I outline six themes emerging 
from the science of animal genomics, broadly defined, of interest to social science 
(and to the arts and humanities). 
 
1. Sameness, difference and classification 
 
‘Much of nature’, comments Stephen Jay Gould, ‘is messy and multifarious, markedly 
resistant to simple mathematical expression’.19 But rather than being an obstruction to 
science, this amounts to its challenge, and genomics has become part of the scientific 
project that tries to turn nature, by which I mean here the plants, animals and other 
features and products of the earth, into something orderly and simple. Two particular 
and stubborn types of problem, presented by the mess and complexity of nature as 
well as by its size and spread, now have apparent genomic solutions and even 
mathematical articulation. The first concerns the recording and cataloguing of 
biodiversity, the second its classification. 
 
Species identification and recording biodiversity 
 
How does one determine of which known species a particular specimen is an 
example, or indeed if that specimen is “new to science”? Species identification is 
primarily based on visible morphology but the technique remains problematic. For 
example, Hebert et al point out that even the best taxonomists can identify just a tiny 
percentage of the estimated 10-15 million species on Earth, and morphological keys 
used in identification require such a high level of expertise that misdiagnoses are 
common. Further, variation between individual members of a species can lead to 
misidentification, and morphology can differ significantly across the life-span making 
correct identification difficult. Some species are morphologically cryptic, that is, so 
similar that it is nearly impossible to distinguish between them, and even if other 
factors like internal anatomy, behaviour and geography can be taken into 
consideration, Hebert et al note that ‘although much biological research depends on 
species diagnosis, taxonomic expertise is collapsing’.20 To resolve the problem, they 
propose that short DNA sequences known as “barcodes” offer the best approach to a 
sustainable identification system. 
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DNA barcoding assumes that a simple and unique DNA sequence can distinguish and 
therefore identify any given species, and the search is underway for a sufficiently 
standardised yet discriminatory section of DNA. Early attempts resulted in some 
failures, classifying ladybird beetles as wasps, for example,21 but a 648 base pair 
region of the cytochrome c oxidase I (COI) mitochondrial gene has been shown to be 
particularly promising in tests with birds, fishes and some orders of insects.22 
 
Barcoding every species would help field scientists identify specimens, but social 
scientists might note that the technique has social and policy implications. For 
example, barcoding may facilitate the monitoring of species, feeding into current 
societal and policy concerns over conservation, the maintenance of biodiversity and 
the tracing of foodstuffs (on the latter, see section 3 below). For example, a group 
attempting to barcode all fish argue that such data would assist sustained fisheries 
management and consumer confidence.23 
 
But the promissory future for barcoding transcends identification and monitoring, and 
the vision is for nothing short of a barcoded world. There is now a strong and 
developing research network – the Consortium for the Barcode of Life24 – and reports 
suggest that a Canadian team will have barcoded every known bird in the world by 
2010.25 Once a comprehensive species catalogue has been compiled, it could then be 
made instantly accessible. Paul Hebert, barcoding’s chief protagonist, envisions a day 
‘when every curious mind, from professional biologists to schoolchildren, will have 
easy access to the names and biological attributes of any species on the planet’.26 This 
will have implications for public understanding and engagement with science, and 
sociologists of science may also note that barcoding has generated debate within 
scientific circles on its economic and technical footing as well as its consequences for 
traditional taxonomy and taxonomists.27 There is presently no social scientific interest 
in this fascinating and growing field, but if realised, the claims of the barcoding 
community will be socially, politically and conceptually significant.28 
 
Species and classification 
 
For Will et al, ‘DNA barcoding has both new and good elements, but unfortunately no 
elements that are both’.29 Ebach and Holrege are similarly dismissive, arguing that 
barcoding generates only information not knowledge, and tells us little more than we 
know already: ‘life is complex’.30 In particular, whilst barcoding may lend itself to 
identification under conditions of uncertainty, it has less application to some other 
goals of taxonomy such as classifying organisms and describing relations between 
them. Classifying and relating are particularly hard problems, but where the limits of 
barcoding are reached, other genome-based solutions are encountered. 
 
Ritvo notes a persistent paradox: it is obvious that human beings are different from 
non-human animals but it is not obvious what the kind and degree of difference is.31 
This problem of determining sameness and difference extends to all other relations 
between members of the animal kingdom, and Ritvo records some of the many ways 
that, historically, these differences have been discussed and turned into systems of 
classification.32 As a systematised scientific endeavour, classification – the practical 
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activity of assigning the vast numbers of organisms in the world to particular kinds – 
can trace its roots to the enlightenment and has turned up many competing schemes. 
But that there have been (and are) competing schemes and taxonomies supports 
Ritvo’s general point that classification, and description of sameness and difference, 
reflects intellectual, social and political commitments as much as, or more than, what 
differences there “really” are. 
 
For some, any difficulty in a satisfactory final classification scheme of all animals 
should be circumvented (and explained) by considering classification as a pragmatic 
and pluralist practice. Dupré argues that diverse sets of people – biologists, ecologists, 
foresters, gamekeepers, wildflower enthusiasts, members of the public and so on – 
require workable classifications, but classifications that need not necessarily align.33 
No particular scheme should be privileged, and Dupré argues that ordinary-language 
or folk taxonomies can be treated on a par with, and in the same way as, scientific 
classifications. For example, Dupré suggests there is no sound reason to exclude 
whales from the category fish, except the consensual agreement that they are not. 
Prior to science, whales were fish but folk were ‘duped into changing that belief for 
bad reasons’.34 
 
Dupré acknowledges that this claim is controversial, but to say that there is no unique 
and privileged biological (ie, within science) classification is less so. An underlying 
difficulty (but one that does not trouble barcoders) is that there is no current solution 
to the ‘famously difficult’ species problem; that is, the failure of biologists to agree on 
how we should define the word “species” and therefore the grounds on which we 
should make species discriminations.35 A popular solution is to consider two 
populations of sexually reproducing organisms as different species if they cannot 
interbreed with each other. But this only accounts for sexually reproducing organisms, 
of which many living organisms including many plants are not, so a different concept 
is needed for them. Also, as Hey points out, some breeds of dog can mate but some 
cannot (because of extreme size differences) leaving it open whether ‘dog’ is a term 
for many different or one species. These, and other problems, mean that there are 
some two dozen different definitions of “species”.36 
 
For Hey, much of the difficulty comes in the deployment of rival and fuzzy linguistic 
categories, all of which are assumed to mirror patterns found in nature. But into this 
uncertain arena, genome sequencing might offer empirical, clarifying data. 
Comparing DNA sequences and whole genomes offers the promise of an objective 
concept for the relationship between organisms,37 yet as I will show, it might be just 
as troubling. 
 
Humans and other animals 
 
Although there are certainly groups and individuals who would say otherwise, in 
scientific and much popular parlance humans are animals, even if we might think that 
humans are particularly distinctive animals. This view is maintained in the current 
consensual scheme of biological classification and through the theory of evolution. 
But as already indicated, whilst it is easy to say humans are particularly distinctive 
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animals, this is the start of many conceptual and empirical difficulties. From a 
conceptual perspective, Herrnstein Smith writes: 
 

‘Once the straightforward truth of our human distinctiveness is 
unsettled by the straightforward truth of our animal identity, there is 
no point, or at least no more obviously natural point, beyond which 
the claims of our kinship with other creatures – or, indeed, beings of 
any kind – could not be extended; nor, by the same token, is there 
any grouping of creatures, at least no more obviously rational 
grouping, to which such claims might not be confined’.38 

 
For Herrnstein Smith, this invokes a ‘chain of animate being’, a continuum that can’t 
sensibly be broken up into discrete units toward which different rules of conduct 
apply. But people frequently act as if it can. Herrnstein Smith refers, for example, to 
an ‘ethical taxonomy’ where our sensed and practised responsibilities to horses, 
butterflies, walruses, oysters, wasps, lice and microbes are quite different. 
 
Extending our moral responsibility to microbes seems absurd, but Herrnstein Smith’s 
point is that there is no obvious point on the continuum to make the break and divide 
the sensible from the silly. This is a policy as well as a philosophical conundrum, and 
one discussed in the UK Parliament during a debate on the proposed animal welfare 
bill. One Member of Parliament noted considerable problems with the definition of 
“animal” in the bill. For the purposes of the bill, the category “animal” contains only 
vertebrates, but the Member argued that if the bill was designed to alleviate the 
suffering of animals, then it should be extended to those non-vertebrates that scientific 
evidence suggests are capable of suffering, including cephalopods such as octopus 
and cuttlefish.39 Perhaps then the scientific criteria of “suffering” should replace the 
scientific category of “vertebrate”. 
 
Genome analysis cannot speak directly to such ethical and political questions, but it 
does have something empirical to say about degrees of difference and relatedness 
between organisms; a quantitative knife so to speak. One of the less celebrated 
findings of the human genome project is how few genes humans have. Early estimates 
suggested up to 200,000 with a concomitant theory that the more complex an 
organism the more genes it would have (and obviously we would have the most). But 
this number has steadily dropped to the current estimate of about 25,000, making 
humans around 3,000 genes different to a worm, 2,000 different to a fruit fly, and 
17,000 different to rice, which has more.40 This fall required some re-working of the 
notion of complexity: if humans were to remain the most complex, mere numbers of 
genes could not be the key. Attention shifted from structure to function and meaning. 
For example, Enard et al report that human and chimp genomes are 98.7% identical in 
their DNA sequence, yet there are many clear differences between the species.41 
Hypothesising that the underlying basis of these differences is likely to be altered 
gene expression, they go on to show that large numbers of quantitative changes in 
gene expression can be detected between closely related mammals. Such changes, 
they argue, have been particularly pronounced during the evolution of the human 
brain.42 
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Human complexity is thus saved, but 98.7% still seems to suggest that humans and 
chimps are mostly the same, a figure that rises to 99.4% for functionally important 
sites. ‘Chimps are human, gene study implies’ read the headline on NewScientist.com 
when the latter figure 99.4% was announced,43 and for Morris Goodman and 
colleagues data like this challenges the anthropological view that has traditionally 
emphasised how very different humans are from all other forms of life.44 For 
Goodman et al, whilst traditionally chimps are classified with gorillas and orang-utans 
in the family pongidae, separate from the human family hominidae, the DNA data 
means that chimps must be moved over to the human family: ‘The accumulating DNA 
evidence provides an objective non-anthropocentric view of the place of humans in 
evolution. We humans appear as only slightly remodelled chimpanzee-like apes’.45 
That doesn’t make us sound particularly special or even distinctive, and Goodman 
claims anthropologists have their own vested interests for making us seem 
otherwise.46 
 
But what does it mean, based on DNA data, to say that ‘chimps are human’? 
Anthropologist Jonathan Marks argues that similarity in DNA is being casually 
translated into similarity of “us”, but this is just metonymy – replacing one part of us 
for “us”. Moreover, why describe us as a remodelled chimp-like ape? As Marks points 
out, this is just because we interpret a figure like 98.7% identity in DNA to mean we 
are 98.7% chimp, but on that basis we are also 35% daffodil, and to say we’re quite 
extensively remodelled daffodils ‘is more ludicrous than profound’.47 
 
For Marks, to read anything into this is to reduce life to genetics, and genetics has 
nothing important to say about the differences between humans and animals. A figure 
like 98.7% or 99.4% ‘bears the precision of modern technology [and] carries the air of 
philosophical relevance’ but this emperor really has no clothes.48 Marks takes to 
pieces the methodologies of comparative genomics and shows how assumptions stack 
up to error. He then claims that anyway, there is nothing profound about saying that 
we are genetically similar yet different to chimps: this is entailed by the theory of 
evolution. Moreover, there are so many ways that humans are so obviously different 
to other animals, including the chimpanzee, that what needs explaining is why we are 
currently bewitched by genetic similarity. 
 
There is no space here to look deeper into the ongoing debate on the significance of 
DNA comparisons between humans and other animals, save to raise three of many 
points of interest for the social sciences and humanities. The first is conceptual, for 
the debate amounts to a struggle for the right to define humanness. Since the 1960s, 
old questions pertaining to describing and conceptualising the similarities and 
differences between humans and other animals have begun to be colonised by 
genome-based sciences and the implications of this for understanding humanness 
need to be fully worked out. The second and third points, not unrelated, are 
sociological. 
 
This struggle is as much conceptual as it is territorial, with traditional anthropology, 
molecular anthropology, molecular biology and comparative genomics amongst those 
disciplines claiming the right to define what amounts to humanness. This struggle will 
be of interest to sociologists of science and different techniques, materials and forms 
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of evidence (palaeontology, genomics, ethnography, bones, DNA and so on) are 
mobilised by different groups in support of one position or another. But, as suggested, 
molecular techniques appear to be emerging as markers of the dominant paradigm, 
and so the third and final question asks why. 
 
With Marks, the colonisation of humanness by genome science might most simply be 
viewed as an extensively generalised example of the narrative of geneticisation, a 
term first used by Lippman to refer, in the context of health and disease, to ‘an 
ongoing process by which differences between individuals are reduced to their DNA 
codes’.49 When applied to an understanding of the demarcations between humans and 
animals, this certainly sounds like what we are talking about. To illustrate, Armand 
Leroi, a biologist at Imperial College London, explained in a documentary on UK 
television that we can cast aside all other previously mooted demarcation criteria and 
simply point to particular genes: 
 

‘Ever since Aristotle, philosophers have wondered what makes us 
different from the beasts. Their answers – that man is a political 
animal, a thinking animal, a tool making animal – can now be 
discarded. Now, when we ask what makes us human, we can answer 
this gene, and that one and that one. We can begin to write the 
recipe for making a human being’.50 

 
Accordingly, a research effort is underway to pinpoint the telltale genes.51 But to say 
we now view such differences as genetic because we see everything as genetic is not 
saying much, and to understand the hold and power of DNA in this case we need to 
look at something else. 
 
The essence of DNA, no matter how it can be described in biochemical terms, is that 
it is information.52 The drift to information began in 1965 when Zuckerkandl and 
Pauling stated that the essence of the organism is located in informational 
macromolecules, particularly DNA.53 For them, the only reason we see discrete living 
forms at all is because of the relatively fixed information passed from generation to 
generation, information contained in DNA. This encourages a particular view of 
humanness, an ontological shift perhaps, but Zuckerkandl and Pauling would and 
probably could not have predicted the transformations in information technology that 
would come in the following decades, and which would bring DNA to the foreground. 
 
An impressive international effort devoted to the sequencing and digital storage of 
animal genomes now relies on information technology. Many outputs are made 
available on publicly accessible databases, and the DNA codes of African savannah 
elephant, the nine-banded armadillo, the domestic cat, the European rabbit and the 
northern white-cheeked gibbon were just a few of those to begin to be sequenced in 
2006.54 Tentatively then, the particular attraction of DNA for conceptualising 
humanness and relations between animals might be that DNA presents, indeed is, a 
code that can be read, collated, stored, sorted, compared, manipulated, categorised and 
accessed in a way not offered by other sources of data. Of all the possible types of 
data that have or could be used as demarcation criteria between animals – bone, hair, 
communication, tool use, art, culture, consciousness, reflection, whatever – it is DNA 
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that has been selected and harvested, and through the interconnection with 
information systems, humanness and the essence of animals is quantified and 
digitized. 
 
The sheer volume of information generated presents significant practical problems: 
genomes sequenced to date range in size from 100 to a thousand million bytes and just 
storing genomic information and the results of comparisons is a challenge.55 Yet the 
effort is considered worthwhile, not just because cross-species genome comparisons 
offer a tool for understanding the genetic factors involved in human health and illness, 
but that they also offer the chance to complete the annotation of the “tree of life”. 
 
The tree (or ring or net) of life 
 
Phylogenetic trees are schemes that represent evolutionary relationships between 
organisms, and molecular phylogenetics infers these relationships through comparing 
DNA sequences. Molecular phylogenetics expanded with DNA sequencing 
techniques and more so in the 1990s with the rapid sequencing and availability of 
whole animal genomes. Two basic assumptions are that all species, present and past, 
share a single common ancestor, and that as time passes new species evolve from 
earlier ones. If genomes evolve by the gradual accumulation of mutations, then the 
amount of difference in nucleotide sequence between two genomes indicates how 
recently those genomes shared a particular common ancestor, with two recently 
diverged genomes having fewer differences than two that diverged further back in 
time.56 By comparing three or more genomes, the evolutionary relationship between 
them can be inferred, and in principle, if you carried on doing this for everything it 
would be possible to construct the universal tree, ‘an image that unifies all life 
through its shared histories and common origin’.57 
 
But at the same time as showing promise for completing the universal tree, genomics 
might ultimately undermine this goal. First, different research objectives, 
methodologies and practices produce different trees, meaning that the (re)construction 
of evolutionary time, events and relationships remains indeterminate. Second, 
genomic research suggests that at its very deepest roots, the tree metaphor has to give 
way to a ring or a net. Darwin made his first (but not the first) sketch of something 
like an evolutionary tree in his 1837 Notebook on Transmutation of Species, and 
“tree” is the standard metaphor for evolutionary relationships.58 But comparative 
genomics and the subsequent demonstration of horizontal gene transfer (the 
transmission of DNA between species) suggest that the “tree of life” depiction of 
evolution is misleading, or perhaps even meaningless.59 Research by Rivera and Lake 
suggests that the relatively complex genome of eukaryotes (cellular non-bacterial life) 
arose from the fusion of two simple prokaryote genomes. This, they argue, means that 
at the deepest levels there is a ring of life with no start and no end.60 Alternatively, 
Kunin et al and Doolittle prefer to talk of a net of life.61 Trees only represent linear 
and vertical relationships, but the net metaphor better captures the transmission of 
DNA between organisms. 
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The increase in resolution afforded by genome analysis therefore challenges orderly, 
tree-like representations and confirms that nature is messy all along. Doolittle 
summarises the general situation like this: 
 

‘Biologists came to think that … the ultimate natural order is a 
single inclusively hierarchical, “universal phylogenetic tree”, 
without reticulation … If, however, different genes give different 
trees, and there is no fair way to suppress this disagreement, then a 
species (or phylum) can “belong” to many genera (of kingdoms) at 
the same time: There really can be no universal phylogenetic tree of 
organisms based on such a reduction to genes’.62 

 
Doolittle suggests that to save the tree concept, organisms could be defined as more 
than the sum of their genes, having some sort of ‘emergent reality’ which permits 
once more expression of relationships to be maintained at the species/organismal 
level. But if we need to turn to extra criteria, the increasingly technical and 
quantitative investigation of the relationships between animals from molecular 
phylogenetics and comparative genomics has brought us no closer to conceptually 
defining borders between organisms. There is no better demonstration of these 
emergent realities than when ordinary language classifications, expressed through 
sensed kinship, are revealed in genomic breaching experiments; that is, scientific 
practices where borders are transgressed. 
 
2. Crossing boundaries 
 
Robert and Baylis list seven examples of ‘novel creatures’, real or imagined, which 
mix biological material across conventional species boundaries, be they animal-to-
animal transgenic organisms or nuclear-cytoplasmic hybrids, or human-animal 
chimeras created by inserting human cellular material into a nonhuman embryo or 
nonhuman material inserted into adult humans.63 What happens when scientists mix 
tissue from different species into a new whole? Perhaps moral and ethical confusion, 
queasiness, revulsion, affront to nature, a challenge to humanness and animal 
integrity?64 Perhaps all of these, but perhaps also the betterment of human and animal 
health, improved animal welfare, or better animal products.65 
 
For Cohen, recent technologies that enable the insertion of human cells into animals 
and vice-versa require the development of a standard for determining where the 
conceptual boundary between humans and animals lies, and when it has been 
crossed.66 But as we have seen, conceptually delineating that boundary is a difficult 
matter. An alternative approach might be to turn the study of boundaries from a 
conceptual issue to an empirical one. Franklin argues that the site for rehearsing 
boundaries and transgressions is sociological, and that the process has in some senses 
begun.67 For example, research on cultural constructions of new reproductive and 
genetic technologies like IVF and preimplantation diagnosis might offer an analogue 
for discussion about human-animal chimeras. Franklin notes that anthropological 
research has shown notions such as relationality, kinship, affinity and inheritance are 
frames of reference within which people work through the desire both to and not to 
limit genetic technologies. It might be reasonable to guess that these concepts might 
also frame reactions to genetic technologies that cross animal boundaries, particularly 
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if it is easier to demonstrate essential continuity between animals and humans than to 
define difference. Franklin concludes that it is necessary to understand and explicate 
the sociological principles through which our ‘genomic future’ is being shaped, 
allowing us to predict and rehearse when technologies like those that make animal-
human chimeras are most likely to become problematic. 
 
Experience already tells us that ethical or other arguments against such technologies 
are challenged by the chance that they might save someone’s life, and otherwise 
“repugnant” technologies become acceptable or even imperative. Bailey for example 
urges the use of infant baboons as heart donors for infant humans. Bailey performed 
such an operation in 1984, the human infant Baby Fae living for 20 days before the 
heart was rejected. For Bailey, the argument for such a procedure is clear: 
 

‘baboons are a plentiful, unthreatened, largely homologous, 
versatile donor resource that should be further investigated for this 
purpose. They are utilized widely in laboratory research … 
Immature baboons should not be dismissed as potential donors for 
young infants unless, or until, they are proved through laboratory or 
clinical research to transfer infections’.68 

 
That baboons are numerous and already subjects of scientific procedures are not 
reasons for their exploitation as organ donors, yet all the same it is not straightforward 
to argue against the saving of an infant’s life, even if a baboon’s is lost. But Franklin’s 
point is that we should seek to explore these ethical and moral conundrums before we 
face stark imperatives, before we even know, for example, if it is technically possible 
to create hybrid embryos by fusing human cells with rabbit eggs, a proposal widely 
discussed in the press.69 Some of the necessary sociological work will be to look at 
the positioning and construction of scientific research that crosses given species 
boundaries by those proposing to do it, those who challenge it, those who regulate it, 
and those who might have to live with the consequences of it. In this vein, several 
studies have begun to investigate lay and expert practical reasoning around 
technologies that transgress species barriers. 
 
Although Bailey recommends the baboon as donor, scientific research and the weight 
of consensus focuses on the pig. Brown and Michael investigated the criteria used by 
scientists to legitimate this selection, and the way that they defended their work 
against negative representations.70 They found that scientists drew asymmetrically on 
the resources of sameness and difference when justifying using pigs rather than the 
more immediately obvious nonhuman primates. For example, the scientists 
emphasised that culturally and ethically, pigs are different to humans in a way that 
other primates are not, and so pigs can be categorised differently, ethically speaking. 
But technically speaking, they stressed that pigs are the better candidate because they 
are more similar; for example their organs are of more similar size throughout the 
lifespan than are those of primates. Brown and Michael show how scientists moved 
between these scientific and cultural discourses in order to present their work as 
unproblematic. 
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An underlying assumption of social science research of this type is that declarations of 
sameness and difference are rhetorical achievements, not “natural” categories: they 
are contingent, tied to the historical moment or an actor’s social location and could 
therefore be otherwise. The political (and policy) edge to this work is that if this is the 
case, then on what grounds can any one account be privileged? Brown and Michael 
suggest that experts qua experts assume the facticity of their accounts and present 
their knowledge as wholly unproblematic to public groups. But public groups are not 
straightforwardly receptive. In a later work, Michael and Brown analyse 
conversations between lay people discussing xenotransplantation.71 Noting that much 
expert assessment of technologies is couched in terms of cost-benefit analysis (Bailey 
above compares the benefit of transplant to the cost of zoonoses) they show that for 
lay people, cost-benefit is a highly contingent concept. For example, participants 
reasoned that they needed to trust experts providing information on which any cost-
benefit analysis could be made, and moreover, needed to make a discriminatory 
judgement regarding whose costs and benefits to believe. 
 
This asymmetry between expert and lay assessment can have significant 
consequences for the future trajectory of a given technology, and the science 
community is not unaware that mixed-species embryos might provoke public 
disquiet.72 Grove-White et al argue that that the late 1990s’ public backlash against 
GM crops developed from areas of tension between the public on the one hand, and 
industry, Government and “sound science” on the other.73 Now research by 
Macnaghten suggests similar tensions for GM animals. 74 Macnaghten observed 
public mistrust toward those institutions seen as responsible for such work combining 
with a view that GM animals are not ‘natural’ and that our ‘moral’ responsibility 
toward animals is being breached. Macnaghten warns that for GM animals, public 
controversy is likely. 
 
If something positive came out of the intense and often acrimonious public debate on 
GM crops and foods in the UK, it is that it catalysed the current interest in upstream 
public engagement in science policy,75 and for animal genomics there is some 
prospect for the development of new participatory modes of regulatory development. 
For example, the regulatory status of different human-animal chimeras is not yet 
wholly fixed and the human-rabbit experiments mentioned above exposed a 
regulatory grey area centred on whether the resulting embryos could or would be 
considered “human”. The situation is complex too for human-mice chimeras, and the 
legal and regulatory landscape is as unclear as the moral and the ethical.76 Yet this 
lack of clarity could be turned into an opportunity for the creation of a socially robust 
policy and regulatory agenda. This will require “social intelligence” on public and 
expert opinion, and so becomes an opportunity for social science. 
 
3. The maintenance of borders: genomics, traceability and surveillance 
 
Haraway locates the “problem” of transgenic organisms in a challenge to the ‘sanctity 
of life’ maintained in Western cultures, which historically have been obsessed with 
racial purity, categories authorised by nature and the well-defined self.77 Whilst this 
diagnosis sensitises us to the contingency of common unease at GM animals, it does 
not remove the sociological fact that by showing how permeable they are, these 
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technologies problematise received borders between species and between individuals. 
In contrast, other genomic technologies are concerned not with crossing borders, but 
with maintaining and policing them. 
 
The movement of animals and animal products within and across nations presents 
significant challenges for control. Mitchell et al report that within Britain alone, there 
are around 19 million farm-to-farm cattle movements annually.78 In the search for 
improved tools for tracing movements, genomics can now be applied to the 
identification of individual farm animals, herds or animal products. For example, 
DNA sequence variation between individual animals, the principle behind the 
barcoding approach discussed above, allows the traceability and certification of 
animal products at any point from farmyard to consumption, to verify the quality and 
the breed origin of meat or to verify pedigree.79 Several companies now offer these 
services, such as Pyxis Genomics in the United States and the Irish company 
IdentiGEN, whose ‘TraceBack’ system uses DNA profiles to track meat back to the 
individual animal of origin, guaranteeing 100% traceability.80 In one particular case, 
Sygen developed DNA tracing technology to verify meat from a rare English pig. 
Meat from Berkshire pigs sells for up to three times more than other pork in Japan, 
but more pork claiming to be Berkshire was on the market than animals available to 
supply it. The DNA test exploits variation involved in colour and other physical 
characteristics between Berkshire and other pigs.81 
 
A particularly urgent utility for DNA fingerprinting technology lies with the 
traceability and containment of disease. “Biosecurity” (the attempt to ensure the 
health of animals, humans, ecologies etc.) in the form of “surveillance” arrived on the 
farmyard in the wake of the UK foot and mouth disease epidemic in 200182 and 
surveillant genomic technologies are now being presented as solutions to biosecurity 
issues. For example, within the EU, high value is placed on accurate and secure 
animal identification for the monitoring and eradication of disease, but Cunningham 
and Meghen argue that current technologies, based largely on ear tagging and national 
databases, are flawed.83 They point out that tag switching can disguise a diseased 
animal for sale, or identify a healthy animal as diseased for compensation. Animal 
theft and smuggling also challenge conventional tracing procedures. They conclude 
that DNA technology offers a powerful means of authenticating and controlling 
animal identification. 
 
The application of genomics to matters of surveillance and control is clearly a policy 
issue, but currently there is little social scientific input or research. The design and 
implementation of policy requires a complex set of processes as well as processors, 
and social scientists can usefully “get amongst” these to facilitate successful policy 
implementation and to investigate intended and unintended social and economic 
consequences. For example, from an industry perspective, the need for genomic based 
technologies is sometimes framed as a means to restore consumer confidence in meat 
foodstuffs.84 But I have already noted that trust is a sufficiently complex sociological 
phenomenon that, if there is a lack of confidence in meat production, mere technical 
solutions may not be adequate for its restoration. 
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There is also an opportunity for more theoretical and conceptual social scientific work 
concerning the ordering and re-ordering of social relations, the control of space and 
movement, and the translation of animal bodies into information and data. Some 
grounds for this can be found in Donaldson and Wood who show the social dimension 
of disease management through a case study of foot and mouth disease.85 The authors 
point out that disease control and surveillance strategies are rooted in economic and 
political systems more than the material nature of the disease. They argue that 
surveillance manifests as a mode of ordering that controls space and movement 
through the construction of bounded categories, and that the primary unit of control is 
not bodies (animal or human) but information and activity. 
 
Consider for example the UK National Scrapie Plan (NSP).86 This involves a series of 
breeding strategies intended to increase the number of sheep genetically resistant to 
scrapie, and the hope is that eventually the disease will be eradicated from the national 
sheep flock. Genomics has been recruited into this scheme as a tool of categorisation. 
Surveillance, Donaldson and Wood note, depends on the purity of categories and the 
cleanest possible demarcations between them. Genomics, in the form of genotyping, 
is used in the NSP to determine a sheep’s resistance or susceptibility to scrapie, 
generating clear demarcations between desirable and undesirable genotypes. These 
distinctions are captured in tables and diagrams where sheep are translated into one of 
15 possible genotypes. For instance, the ‘NSP Ram Genotyping Scheme 
Consequences Table’ for purebred rams displays 15 genotypes ordered into 5 
‘types’.87 For a genotyped ram falling into types 1-3, no restrictions apply and that 
ram can be placed on the Ram Register, a facility to aid the sale or loan of resistant 
rams. But if a ram turns out to be type 4 or 5, then an immediate restriction is placed 
on the sale, transfer or breeding of that animal and it must be slaughtered or castrated 
within 90 days. 
 
Although the disappearance of type 4 and 5 rams from the gene pool will be 
considered economically advantageous, the consequences for each ram of the 
translation of its corporeality to data and back by and through a network of actors and 
centres of calculation can be fatal.88 Yet this represents more than a disregard for that 
animal. The NSP shows how genomics can facilitate the translation of animal bodies 
into information and, by making them simply data stored at centralised locations 
remote from that animal or traditional agents of control (eg, farms and farmers), the 
instrumental or mechanistic representation of animals is complete. This representation 
is clearly seen in the industrial application of animal genomics on the farmyard. 
 
4. Farmyard supermodels 
 
In his article A Short, Meat-Oriented History of the World, Cockburn notes that the 
meat industry is Cartesian in outlook and considers animals merely machinery.89 He 
quotes an executive from a meat company saying that sows should be thought of, and 
treated as, valuable machines whose function is to pump out baby pigs like sausages. 
This casting of animals in instrumental and mechanistic terms fits seamlessly with the 
language and practice of farm animal genomics. 
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Genomics, in the form of genome analysis, marker assisted selection and genetic 
modification, offers an opportunity to intensify the industrial productivity of animals. 
Raadsma and Tammen neatly encapsulate this materialist objective when they note 
that genomic technologies will (social factors permitting) lead to the development of 
‘novel and high value products’ and ‘opportunities for the mass production of elite 
males for use in extensive animal production systems’.90 
 
For example, the identification of genes associated with particular traits enables 
informed selection and breeding strategies and/or genetic modification to create 
animals with new or improved characteristics, or to remove undesirable traits. To 
illustrate, pork contributes 43% of the worlds consumed red meat and research at the 
genomic level attempts to identify candidate genes for efficient growth rates, 
reproduction, litter size, disease susceptibility, carcass merit (eg, intramuscular fat) 
and meat quality (eg, tenderness, colour). Using marker-assisted selection, this 
information is being used within the pig industry to improve pig production.91 A 
recent World Health Organisation report outlines many other examples in production 
or planning, including transgenic salmon that grow 3-5 times faster than their non-
transgenic counterparts, cows that produce protein-rich milk to increase the efficiency 
of cheese production, and chickens with two active ovaries for increased egg 
production.92 
 
These “farmyard supermodels” are something of an achievement for farm animal 
genomics. The phrase “farmyard supermodels” came from an aside made by a 
presenter at an international farm animal genomics conference. Following 
presentations on progress in chicken and bovine genomics, this presenter showed that 
pig scientists too had their own ‘supermodels’ with a picture of a sow suckling a 
particularly large number of piglets. In terms of ‘farm level performance’ and the 
production of progeny this sow was exceptional, and throughout the conference many 
other examples of high performers – pigs with minimal back fat, chickens with extra 
strong legs to hold extra large bodies, cows with exceptional ‘carcass merit’ and so on 
– were displayed. 
 
The continuity between modern breeding informed by genomics and ancient animal 
breeding is often stressed.93 But it was with the rise of market economies, when 
animal products become commodities, that selection started to focus on 
productivity,94 and it is likely that, informed by the knowledge of the action of 
thousand of genes,95 industrial interest and the weight of private finance will focus on 
production traits. Yet farm animal genomics is not concerned only with such traits. 
The centrally funded UK Biotechnology and Biological Sciences Research Council 
lists product quality and efficiency as only one of three applications of farm animal 
genomics alongside farm animal health and welfare, and human health.96 
 
For the latter, the BBSRC and Roberts argue that farm animals offer particular 
advantages over the more typical mouse for understanding fundamental biology and 
for furthering biomedical research (although see section 5 below).97 More directly, 
over twenty companies worldwide are involved in the production and harvesting of 
therapeutic proteins from transgenic animal “bioreactors” in a process known as 
pharming.98 In June 2006, the European Medicines Agency announced approval of 
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the first drug produced in an animal bioreactor.99 GTC Biotherapeutics' ATryn is an 
anti-clotting agent for use in people who lack the natural anticoagulant protein an
harvested from transgenic goats. As in this case, proteins are usually gathered from 
the animal’s milk, but attention is also turning to eggs, urine and semen.

d is 
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In terms of animal health and welfare, research can involve identifying at the genome 
level disease susceptibility or resistance (such as in the NSP),101 but genomics also 
targets less obvious concerns. Researchers at the Roslin Institute have used genome 
analysis to investigate genetic variation in nitrogen and phosphorous excretion by 
poultry, and the feasibility of reducing this by genetic selection. This would address 
terrestrial and aquatic pollution as well as improve the environment for poultry, farm 
personnel and nearby residents.102 Genetic selection or modification is also being 
used to select against behaviour that contributes to welfare problems, and genomics 
holds promise for “improving” welfare by, for instance, enabling animals to better 
“tolerate” unfavourable conditions, or removing behaviours that lead to distress or 
increased rates of mortality. For example, piglet mortality is a major welfare and 
economic problem in the pig industry. Around 12% of deaths are the consequence of
crushing by the sow, and some sows crush more piglets than others. Observi
differences could be used to support a culling regime, or if differences between sows 
could be shown to have a genetic component, a selective breeding programme. This 
could involve genomic research, identifying and selecting specific genotypes.103 
 
This work is indicative of an increased attention to animal welfare and a considerable 
body of European and UK legislation, together with popular concern and action 
toward welfare (eg. growing demand for free range animal products, demonstrations 
against farm animal transportation) suggests the growth of an ‘animal welfare 
consciousness’.104 Whilst this consciousness might be threatened by any increase in 
animal research or intensification of agriculture flowing from genomic research, 
genomics can, like for the pigs and chickens, address welfare problems. There are 
however at least two reasons to suggest that, again, mere technical solutions may be 
unsatisfactory. 
 
First, it is a utilitarian or cruel-to-be-kind welfare solution that eliminates or 
slaughters some animals so that “better” ones may survive. Roberts points out that 
flowing from animal genomics will be ‘no major effort to coax a genetically infertile 
sow to reproduce, for example. Flocks and herds will likely be screened for 
undesirable alleles and affected animals culled from the population’.105 This is a 
human- not animal-centred mode of ordering, a mode organised on economic 
principles legitimised by appeal to moral concern. This connects to the second reason. 
Buller and Morris argue that the gradual pervasiveness of animal welfare policy and 
regulation legitimates the continued subjugation of animals founded in modernity: 
 

‘Farm animals, those ‘docile bodies’, have become vehicles for 
capitalist accumulation through processes of selection, breeding, 
intensive husbandry and now genetic modification’.106 

 
In the face of this ‘modernism re-embedded’, Buller and Morris urge two things: the 
recognition of animals as sentient beings with ‘individual animalian distinctiveness’; 
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and a new and more individualistic approach to welfare and farming that takes 
account of the affective and interactive relations between humans and non-humans. 
The first proposition argues for the reorientation of relations toward the horizontal 
over the hierarchical, whilst the second suggests that on-farm as well as other 
relations are psychological and social first, technical second. As Tisdell, and Schakel 
and van Broekhuizen show, breeding is not merely a technical matter, but a socio-
economic and cultural one, too,107 and this, perhaps surprisingly, holds for the 
laboratory animal. 
 
5. Laboratory supermodels 
 
Some of the hardest working and most numerous animal supermodels are in 
laboratories. According to a report in Nature, animal research facilities are 
overflowing with ‘mutant mice’ and face a multi-million dollar logistical nightmare. 
For this, ‘overworked animal technicians can blame genomics’.108 The mouse genome 
was completed in draft in 2002 and excitement within the science community has 
been as difficult to contain as the mice.109 Garanga describes the completion as a 
‘watershed that forces us to re-consider our conceptual tools and the way we do 
research’, and Gunter and Dhand suggest that for many, the mouse genome ‘holds 
more promise for our future than even the human genome itself’.110 This is because 
the mouse is the experimental model for human biology, and in 2003 mice were 
involved in around 65% of all animal experiments in the UK.111 The completion of 
the mouse genome reinforces and extends this distinguished position: 
 

‘there can scarcely be a major area of mammalian biology or 
medicine to which mouse studies have not contributed in some way, 
often as surrogates for human studies … Much of this power has 
come from technologies to manipulate the mouse genome, but until 
now we have in effect been shooting in the dark. The genome of Mus 
musculus will provide the necessary illumination’.112 

 
The study of genetic disease using mice can be based on natural variants, natural 
mutants, chemical- or radiation-induced mutants, or engineered mutants, and can be 
used to understand the role of specific genes in monogenic and multifactorial diseases 
such as type 2 diabetes and sensorineural deafness.113 Particular interest is focused on 
the utility of “knockout” mice, and a project recently announced will “knockout” or 
disrupt each of the 20,000 protein-coding genes in the mouse genome.114 Mice are 
also important in stem cell research, broadening the utility of the mouse to 
mammalian development and physiology. Recent advances in this field, attributable to 
the mouse, are presented with equal enthusiasm. Smith claims that ‘the faculty for 
propagating pluripotent stem cells from mouse and human embryos’ is a ‘gift from 
nature [that] has provided unparalleled research tools’.115 I noted above, for example, 
that researchers have experimented with injecting human embryonic stem cells into 
mouse brains, providing new models for studying neural development which might 
advance understanding of neurodegenerative and psychiatric diseases. 
 
This enthusiasm and the technical advance of animal models is tempered and 
constrained by legislation in ways that can usefully be explicated by social science. 
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The regulatory and legislative position on animal experimentation seeks to satisfy the 
requirements of industry and science whilst protecting animals from avoidable 
suffering and unnecessary use.116 This inevitably leads to cost-benefit thinking, but 
the UK Animal Procedures Committee, which advises the Home Secretary on matters 
that fall under the Animals (Scientific Procedures) Act, points out that cost-benefit 
analyses involve judgements that encode values and are therefore contestable and 
contingent.117 They do not, for example, encode the judgements of those who argue 
for the complete end to animal experimentation in any form. 
 
When grounded ethically, the argument for the end to animal experimentation lacks 
force, in Burkhardt’s terms, in that those involved in the practice of biotechnology 
will never be persuaded; not, that is, until ethics becomes a legitimate and routine part 
of the ‘scientific attitude’.118 This seems to imply that animal scientists don’t have 
ethics, but of course this is not the case. Social scientists are not often directly 
involved in philosophical analysis of ethics, but they certainly are interested in the 
ethical and moral reasoning and activities of those engaged on both sides of 
Burkhardt’s binary: with animal rights activists and with animal scientists.119 Yet to 
report, the Reconfigurations of Human/Animal Relations in Genomics and Beyond 
project at Cesagen, Lancaster University, engages with animal scientists as part of its 
work, exploring how they frame their research and work through moral dilemmas.120 
Similarly, the Use of Animals in Science project based at the Institute for Science and 
Society, University of Nottingham, aims to investigate arguments used by scientists 
and animal activists and whether and how boundaries are drawn between “ethical” 
and “scientific” claims.121 
 
Other social scientific studies, notably at Innogen, University of Edinburgh, have 
begun to investigate the commercial activities of the animal genomics sector, the 
likely socio-economic impacts of new developments, and the international regulatory 
climate for GM and cloned animals.122 The social scientific investigation of 
laboratory animal genomics is then beginning to hit its stride. There remains however 
a tendency to orient to the production of human and institutional practice, agency, 
cognition and so on. But taking a small step from social science toward the history of 
science, there have been projects that have focused on, and sought to account for, the 
construction of the animal in scientif 123ic research.  
 
In Making Mice, Rader considers the construction of standardised laboratory mice.124 
Rader points out that scientists tend to produce a laundry list of material features that 
make the mouse appear without question the most suitable experimental model for 
human disease states. Garanga lists high fertility, genetic tractability, short gestation 
and susceptibility to disease, to which Cox and Brown add numerous genetically well-
defined lines, modest cost and short generation times.125 To this can now also be 
added the many sophisticated technologies for manipulating the mouse genome and 
the availability of the genome sequence.126 Yet, just as with the pig in 
xenotransplantation, Rader contends that these justifications need to be understood as 
the outcome of a historical and sociological process more than the material nature of 
the mouse. This is not to say that high fertility, modest cost and so on are not valid 
reasons for choosing the mouse, but that to speak only in these terms decontextualises 
the mouse and “black-boxes” the places, values, politics and practices that led to its 
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development and use as the experimental model. Rader argues that the very notion of 
a “standardised” laboratory organism required intense negotiation over material, 
organisational and conceptual categories that are now taken for granted: 
 

‘Standardized organisms, therefore, need to be reconceived within a 
broader sociology of technoscientific work. These animals are the 
result, rather than the cause, of consensus among early twentieth-
century experimental biologists’.127 

 
In discussing the various developers, producers and users of the laboratory mouse, 
Rader focuses primarily on the role of individuals, especially the ‘passion and drive’ 
of Clarence Cook Little. Little founded the Jackson Laboratory in the 1920s which is 
now home to around 2800 mouse varieties as breeding mice, frozen embryos or DNA 
samples.128 These inbred mice, and all the others in labs across the world, are an 
allegory of animals under the human gaze. 
  
6. Knowing, relating and looking at animals 
 
The position of animals in the human gaze is ambiguous, and these ambiguities 
function at individual as well as societal and cultural levels. Animals are at times 
considered companions, members of the family even, and significant resources are 
deployed in saving particular species, especially when threatened by human activity. 
At the same time, research that ultimately destroys animals is conducted to better 
human health, and animals are destroyed or exploited for food, clothing and pleasure. 
Rats exemplify ambivalent identity, being loveable pets, detestable pests and 
scientifically ‘neutral’ laboratory animals.129 On an individual level, hobby-farmers 
experience animals as both friends and sources of food, and those working in the meat 
industry need to manage both emotional attachment and detachment to the animals 
with which they work.130 
 
It is tempting here to use the conjunction but not and to better capture the apparent 
paradox in these relationships: to the hobby farmer, animals are friends but also food; 
rats are pets but also killed for research; some species are conserved but others are 
hunted as pests. Berger suggests that our temptation to see but here is a vestige of a 
shift in human-animal relations during the industrial period.131 At that time, a 
previous intimate and proximal relationship where animals were, and meant, man
things (…and…) became one of distance, and some animals and some species were 
reduced to productive units (…but…). Yet following the collapse of modernism and 
the rise of late modernity/post-modernity, Franklin argues that we must return to 
seeing the and: ‘The possibility of consistency in the realm of human-animal 
relations’, writes Franklin, ‘is less likely than differentiations’.

y 

arch 132 Genomic rese
needs to be understood in the context of this inconsistent and ambiguous landscape, 
reinforcing the need to think through and talk about human-animal relationships, 
representations, understandings, practices and so on. 
 
Consider companion animals. Serpell cautions against aligning the companion animal 
genome with a human aesthetic that disregards effects on the animal. Serpell 
particularly targets negative consequences arising from genetic selection, noting that 
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selection for traits that appeal to our anthropomorphic perceptions has led to animals 
with painful or disabling conditions, citing the English Bulldog which suffers physical 
deformities and nasal and respiratory disorders. If the Bulldog had been produced 
through genetic engineering in agriculture, Serpell suggests, then there would be 
public protest, but it has been generated by ‘anthropomorphic selection’ and is 
accepted because it is part of a social, rather than economic or industrial, inter-species 
relationship.133 
 
Serpell’s analysis suggests that if technologies like genetic modification or marker-
assisted selection become tools of the pet trade, then a different reaction might be 
expected than to their use in farming or agriculture.134 But a reaction would be 
elicited only if these practices became common knowledge: breeding in agricultu
has produced Bulldog-like horrors. Selection for production traits has generated 
diseases and disabling deformities in poultry that are not seen in animals that have n
been selected for rapid growth,

re 

ot 

ve 
e to 

135 and perpetuating the massive double-muscling 
cattle breed Belgian Blue, initially the outcome of a ‘natural’ genetic mutation, 
presents significant welfare problems. For example, 90% of Belgian Blue calves ha
to be delivered by caesarean section and Webster suggests that this runs clos
contravening British law and the Protection of Animals Act. Webster argues that ‘the 
whole [Belgian Blue farming] system depends absolutely on the deliberate production 
of a population of fundamentally unfit breeding animals, lethal recessives in fact’.136 
 
It may be, therefore, that Serpell’s observed lack of public disquiet over such horrors 
is a consequence of the persistent separation in Western culture of the food we eat 
from the means of its production, and that we don’t really “know” our food animals at 
all. 
 
However, the rise of the “welfare consciousness” is leading industry and farm animal 
scientists to consider trade-offs between maximising production whilst at the same 
time attending to welfare concerns, a process in which functional genomics may have 
a role.137 But whether this solution fits with the needs and demands of the perceived 
target group – consumers – is a space for social scientific research. It may be that 
without this research, the technical drive to balance profits and ethics assumes too 
much about the social world to which it believes it is responding, the type of blind 
spot sociologists feel led, in part, to the current unstable position of GM crops and 
food. 
 
Genomics might then be used as a conduit for explicating the varied understandings 
and relationships which we have with animals, but there are more immediate ways 
that current genomic practices and technologies change our understandings of 
animals. For example, by interfering in inherited characteristics, it is sometimes 
claimed that we are changing the animal that is known, what that animal “is”, its 
“natural” form of life, its purposes and ends (“telos”). Whilst “traditional” animal 
farming works with those ends, genomic knowledge and biotechnology means that we 
can manipulate these ends to the point that they are disregarded.138 The extent to 
which this principle is new to biotechnology can be overplayed. Sixty years ago 
Collingwood commented that for a cattle-breeder, an improved form is one better 
suited to that breeder’s interests, and these are not identical to that of the cattle.139 But 
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the projection of animals from genomic science is different. For example, Grasseni 
argues that biotechnology has shaped farmers’ perception of animal nature and their 
practice of animal breeding to fit its patterns.140 From ethnographic research at cattle 
fairs and farms in Italy, Grasseni shows how the ‘science’ of biotechnology has 
completed the industrialisation of animal bodies by shaping the ‘art’ of animal 
breeding and the ‘vision’ of cattle breeders. Standardised practices, expert advice and 
biotechnology now mediate breeders’ more direct knowing of their animals and has 
shifted their concern from ‘longevity’ and ‘sturdiness’ to ‘productivity’ and ‘statistical 
hazard control’. 
 
The central organising principle is that biotechnology and genomics encourages a 
reductionist view of the animal. Michael argues that ‘off the peg’ genetic design 
reduces the animal to the sum of its genes, and the knowing of an animal’s genetic 
make-up becomes enough to comprehensively know that animal.141 For Bowring, this 
breaking up of animals into collections of genes and traits, whose relationship to the 
organism in which they reside is wholly contingent, and then manipulating genetic 
material accordingly, threatens the integrity and autonomy of animals on which the 
human-animal social relationship is based. Bowring argues animal companionship 
points toward the cultural position of animals as providers of ‘aesthetic, affective and 
cognitive nourishment’ in a way that genes clearly cannot, and he argues that a 
farmer’s respect ‘for organisms as organisms’ is threatened by the genetic engineer 
and their laboratory.142 
 
Concluding remarks: Policies in the genomic era 
 
For Franklin, the anthropocentric separation of humans and animals is no longer 
tenable at either the social or theoretical level.143 Through its various forms, genomics 
and associated biotechnologies offer new levels of analysis and new practices for the 
continued revision of the human-animal conceptual coupling, for the meaning of 
humanness, and for the representation of animals. Comparative genomics speaks 
confidently of concepts and tools to quantify the similarity and difference between 
animals where we might previously have seen predominantly qualitative (human–
other) distinctions; stem cell research and cross-species transplantation mix material 
and make indeterminate hybrid beings; mice are bred to express human genetic 
defects and become humans by proxy; animals are reduced to information, genes, 
proteins, etc. temporarily assembled in valuable machines; and so on. For some, these 
are not only conceptual and sociological issues, but policy issues too. 
 
Paula argues that genomics extends discomfort over the use of animals in science and 
food production beyond welfare and the “Three Rs” paradigm (replacement, 
reduction, refinement). Paula suggests that a constellation of intrinsic (eg, tampering 
with nature) and extrinsic (eg, food safety) citizen concerns, coupled with societal 
demands for regulatory transparency and accountability, requires a more open and 
inclusive discussion of animal genomics, which continually moves with technological 
developments, freely conceiving and discussing them and shaping the research 
agenda.144 
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A challenge for this evolving view of policy is to build mechanisms into decision-
making by which conceptual framings that fall outside the dominant technical 
discourse can at least be entertained and thought through. For example, some 
scientists have been pressing for a ‘whole-animal’ approach to farm animal welfare. 
This treats animals as integrated and experiencing beings, and looks at animals’ 
expressive body language in order to understand the “inside” of their experience. 
Wemelsfelder et al have no hesitation in making theirs an anthropomorphic approach, 
even inviting lay persons to evaluate animal welfare and validate their approach by 
considering how an animal seems to be feeling or reacting.145 Crucially, these people 
are only “lay” in the sense that they are not scientists, not in the sense that they cannot 
understand or know how an animal “feels”. This approach contrasts sharply with the 
currently accepted “scientific” and “objective” assessment of suffering which, for 
example, counts skin lesions or maladaptive behaviours. It also contrasts sharply with 
reductionist visions encouraged by genomics. 
 
But notions of species integrity and telos fall outside current regulatory frameworks, 
and so too do some new scientific animal objects. There are now technologies, 
practices and products that traverse or transcend the boundaries between regulatory 
authorities and their terms of reference.146 For example, there is no specific UK 
regulation with regard to the transplant of human stem cells into animals, but 
depending on the precise procedure and the precise materials, one or more of four 
different agencies might be involved in granting approval (Home Office, Animal 
Procedures Committee, Human Fertilisation and Embryology Authority (HFEA), 
Stem Cell Bank Steering Committee). Although complicated, at least the regulatory 
procedure is defined. This was not the case when in November 2006 the HFEA 
received two applications for a licence to derive stem cells from ‘human’ embryos 
created from animal eggs instead of human eggs. The embryos would contain animal 
and human DNA, and an HFEA spokesperson commented that ‘we need to decide 
whether the law prohibits this research [and] whether it falls under our remit at all’, 
clearly illustrating the challenge to existing structures posed by novel creatures.147 In 
January 2007, after ‘careful consideration’, the HFEA determined that ‘under current 
legislation, these sorts of research would potentially fall within the remit of the HFEA 
to regulate and license, and would not be prohibited by the legislation’.148 But the 
HFEA decided that the legality of the research alone should not determine the 
granting of any licence. Rather, the HFEA decided to organise a public consultation 
on hybrid and chimera research in order to help determine the best way to proceed.149 
Stephen Minger, head of one team that wants to make the embryos, stated that they 
were ‘happy with [the] decision to consult both public and scientific opinion 
regarding cloning of human cells using non-human eggs’,150 perhaps reflecting the 
new mood for dialogue on science policy issues.151 This is a positive development, 
and I mentioned earlier that animal genomics may be a useful test bed for new ways 
of developing socially sensitive policies, for it is neither so new that its social 
consequences cannot be known or predicted, or so established that it is very resistant 
to change.152 
 
Any new process of policy development would need to be anticipatory and 
reactionary, taking account of developments as they arise. After all, there will always 
be developments that just a few months or years before were not within the regulatory 
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gaze or were considered science fiction, and genomics has one more surprise. For a 
while there has been discussion on the possibility of using cloning techniques to 
resurrect extinct animal life.153 Adding fuel to the discussion, the sequencing of 
Mammoth DNA154 and the finding of the best preserved mammoth yet155 led to 
inevitable media speculation on the possibility of ‘growing’ a woolly mammoth.156 
Discussion continues on whether cloning will allow us to come to “know” extinct 
animals. But perhaps a more important question is: what would we do with a Woolly 
Mammoth? 
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The Barcode of Life Initiative: synopsis and prospective societal 
impacts of DNA barcoding of Fish 
 
FILIPE O. COSTA AND GARY R. CARVALHO1 
 
Abstract 
 
Almost 250 years after the publication of the taxonomy-founding work Systema 
Naturae, by Carl Linnaeus, the inventory and catalogue of the planet’s biodiversity is 
still far from complete: only ca 1.5 to 1.8 million of an estimated 10+ million species 
are so far described. Notwithstanding the remarkable merits of the Linnean system, 
the task is too vast ever to be completed using current conventional approaches. Such 
a staggering reality, and the customary difficulty that the scientific community and 
society in general experience to access taxonomic knowledge, has prompted the 
search for novel tools or approaches for species identification. Such a tool has been 
recently proposed in the form of a standardised short DNA sequence from an agreed-
upon region of the genome, which is expected to ultimately provide a means of fast 
and robust identification of any species on the planet: the DNA barcode. Received 
with as much enthusiasm by some as skepticism by others, this novel tool was set in 
motion on a worldwide scale by means of an international consortium of organisations 
(the Consortium for the Barcoding of Life), thus becoming a large-scale horizontal 
genomics project. While anchored within the knowledge and principles of taxonomy, 
DNA barcoding possesses unique characteristics which anticipate a diverse scope of 
new applications and benefits for society. Notably, it places the completion of the 
biodiversity catalogue within the reach of a single generation, with the promise to 
assist greatly in the discovery of new species. Alongside long-term, ultimate goals, 
such as democratisation of access to taxonomic knowledge and assistance in writing 
the encyclopaedia of life, there are several more prosaic applications that may also 
impact society, not only in certain scientific fields, but also in a range of social and 
economic activities. Here, we will use DNA barcoding of fish as an example to 
illustrate foreseen applications, and as a basis to stimulate reflection on potential 
societal impacts of this horizontal genomics project. 
 
Synopsis of the Barcode of Life Initiative 
 
DNA barcoding: why and what for? 
 
The realisation of the paucity of our knowledge about the world’s biodiversity, 
together with the limitations of current approaches to biodiversity diagnosis, are the 
main driving forces behind new approaches to species identification. Estimates of the 
number of existing eukaryotic species range from the most conservative 3.6 million 
up to 100+ million, with 10 million favoured by most analysts as the nearest order of 
magnitude.2 Circa 1.5 to 1.8 million species have been described to date.3 Even 
considering the lower estimates, we still know only a minor fraction of the immensity 
of life’s diversity. The current rates of discovery - about 10,000 new species are 
described per year4 - are inadequate if such a huge gap is to be closed in the near 
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future. Moreover, no more than 5% of the named organisms are known in any 
biological detail.5   
 
Taxonomists and systematists constitute the scientific frontline for addressing issues 
of life’s diversity. They have the central role of delineating species, naming, 
classifying and describing, and unravelling their phylogenies and placement in the 
tree of life. Ideally, these experts should make use of multiple sources of evidence and 
follow a hypothesis driven approach to resolve species identities and relatedness. 
Hence taxonomy and systematics are disciplines with high and pivotal intellectual 
content6 that depend on only a few taxon-specific experts. 
 
However, intervention of experts is frequently required beyond species delineation 
and goes as far as routine species identification, the very basis of most research 
involving organisms. For those who work in other areas of science this will likely 
come as a surprise. In fact, learning the nuances that separate closely-allied species 
assemblages is so complex that few biologists, even those who have devote their 
careers to taxonomy, can critically discriminate more than 1000 species. This serious 
constraint to the diagnosis of biodiversity is exacerbated by various peculiarities of 
current taxonomic protocols. Many such protocols rely heavily on phenotypic 
characters, and frequently require lengthy and detailed inspection of the specimens, 
and even dissection. There is no master key that could work for different groups of 
taxa, or even for a single species across its different life stages. Reliable identification 
depends on experts who have climbed a long learning curve and who are focused on a 
specific group of organisms. There is also a bias of focus in particular groups such as 
vertebrates and insects. Taxonomic literature is often difficult to locate, and the 
description of a new species does not assure its future recognition.7 The compounded 
outcome of these difficulties, together with the shortage of taxonomic experts and 
resources allocated to taxonomy, impose a taxonomic impediment to understanding, 
utilising and conserving biological diversity.8,9 Indeed, this taxonomic impediment 
extends to the whole scientific community and society in general, which experience a 
customary difficulty to access taxonomic knowledge. 
 
In 2003, Hebert and co-authors introduced the concept of a DNA barcode, and 
proposed a new approach to species identification,10 which offered great promise to 
counter many of the limitations above. The new approach is based on the premise that 
the sequence analysis of a short fragment of a single gene (eg, cytochrome c oxidase 
subunit 1), enables unequivocal identification of all animal species. Hence, 
analogously to the barcodes used in commercial products, the DNA barcode would 
provide a standardised tool for fast, simple, robust and precise species identification. 
Such a ‘barcode region’ would also have to evolve at a rate that would distinguish 
species from each other while remaining more or less identical for all members of the 
same species. Finally it would have to be flanked by conserved DNA regions so as to 
make the polymerase chain reaction (PCR), a method of targeted gene replication, 
practical.11  
 
DNA barcoding differs in many ways from conventional taxonomic identification 
tools and approaches, over which it offers several advantages. It permits the 
identification of species from fragments, and from any life-history stage, as well as 
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the standardisation of a universal master key in a format that reduces ambiguity and 
enables direct comparison of specimens to a global reference database. 
 
Before the introduction of DNA barcoding, various molecular methods were already 
applied to species identification,12 though often these were of limited scope. None had 
the ambition, scale and, most importantly, the degree of standardisation of barcoding. 
Soon, it was proposed that the DNA barcoding concept be expanded in order to 
embrace all eukaryotic life forms, and promised to revolutionise taxonomy and 
influence other allied disciplines.13 The emergence of controversy among the 
scientific community was not, however, unexpected.14 Some critics are concerned 
about known limitations of the approach (see next section), and question the ability of 
a single gene to provide sufficient information for such an ambitious project.15,16 

Others fear that DNA barcodes will overrule conventional methods and become the 
unique standard for species delineation (which is different from species identification, 
as explained above). Or even that this fashionable and democratic tool will make 
species identification a frivolous, apparently straightforward task, leading to the 
abandonment of conventional methods, and the gradual demise of the whole scientific 
discipline of taxonomy and its essential intellectual input into the biological 
sciences.17,18,19 As explained in the next section, some of this criticism may result 
from misconceptions about the rationale and approach of DNA barcoding.20,21,22 
 
Rationale and approach 

Hebert and co-authors23 suggested a 650 base pair (bp) sequence of mitochondrial 
gene cytochrome c oxidase subunit 1 (COI) as the reference DNA barcode for all 
animal life. This gene occurs in the mitochondria of all eukaryotic organisms, and the 
initial appraisal revealed consistent resolving capability at the species level for many 
animals. There are a few recognised limitations of this barcoding region, namely the 
possible lack of resolution for recently diverged species or for particular animal taxa 
(eg, cnidarians), or the inability to detect cases of introgressive hybridisation. These 
exceptions are thought to represent only a minor percentage of the target species on a 
global scale. Moreover, it is expected that these limitations can be tackled using 
additional or alternative barcoding regions in a comparatively small number of 
exceptional cases. Thus, while COI has been elected as the prime DNA barcode for 
identification of animals (and probably for macroalgae, too24) the pursuit of regions of 
the genome appropriate for use as DNA barcodes in other eukaryotic life forms (eg, 
plants,25 fungi26,27) is in progress. 
 
The rationale and approach of DNA barcoding are essentially the same whichever 
region of the genome is selected. The basic premise is that for each currently known 
species an unequivocal match can be established with the DNA barcode obtained by 
reading a selected region of its genome. The DNA barcode sequence is not necessarily 
invariable within a species. Instead, the rationale is that individuals of a species share 
very similar sequences and that the barcode arrays for different species are usually 
distinct. This “matching hypothesis” constitutes the key starting point for launching 
and implementing the new bioidentification system. Every known species must be 
checked for the validity of this hypothesis. In doing so, a database linking a given 
species and respective DNA barcode array will be built. Reference barcoded 
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specimens of each species that have been identified by experts are deposited in a 
museum and therefore available for double-checking and for long-term study. Once 
this reference database is complete, it can be used to assign an unknown sample to a 
known species. 
 
In comprehensive DNA barcoding studies conducted so far with Lepidoptera,28 
birds,29 fish30 and crustaceans,31 a match between a DNA barcode and a known 
species has been found in more than 95% of the cases. Failure to obtain an 
unambiguous match may result from insufficient resolution of the DNA barcode 
(which can be the case when screening recently diverged species). However, as is the 
case with the studies above, ambiguities may also flag the presence of potentially 
unrecognised species that were overlooked by conventional methods. It is precisely in 
this type of setting that DNA barcoding can be of great assistance in the discovery of 
new species; it provides a molecular basis to test species hypotheses when data are not 
congruent with known species boundaries.32,33  
 
It should be emphasised that DNA barcoding does not substitute the conventional 
protocol for delineating new species.34,35,36 A hypothesis-driven approach should be 
followed to address potential new species supported by DNA barcoding screening. 
Ideally, new species hypotheses should be tested against various sources of evidence 
(morphological, ecological, reproductive, other molecular evidence, etc.)37,38 which 
will continue to rely on the input of the taxonomic expert. Indeed, this novel tool will 
assist taxonomic experts greatly in their research efforts, and not only by releasing 
them from routine identifications; it also provides a fast means of screening and triage 
for large numbers of samples, enabling quick detection of potential new species, with 
consistent identification of morphologically distinct or cryptic life history stages and 
gender. Most importantly, the efforts of experts in the delineation and description of 
new species will have an immediate effect, since the new species can be readily 
tracked down using DNA barcoding. As new species are discovered and 
identifications revisited by experts, voucher specimen identifications and the global 
reference database can be updated and immediately effective.  
 
Organisation and framework 
 
In May 2004, little more than a year after the publication of Hebert and colleagues’ 
seminal paper,39 an international consortium of organisations - the Consortium for the 
Barcoding of Life (CBOL)40 - instigated the worldwide implementation of DNA 
barcoding, thus launching a unique large-scale horizontal genomics project. CBOL’s 
mission is to explore and develop the potential of DNA barcoding for research and as 
a practical tool for species identification. Consortium members include museums, 
herbaria, zoos, biodiversity research institutes, universities, conservation 
organisations, government agencies and private companies. 
 
Since its inauguration, CBOL has experienced rapid development, which was 
particularly intense after the First Conference for the Barcoding of Life, held in 
February 2005 at the Natural History Museum, London. This conference constituted 
the first large forum for discussing DNA barcoding, and the proceedings were 
compiled in a special issue of Philosophical Transactions of the Royal Society.41,42 

© ESRC Genomics Network. www.gspjournal.com 
 



            Genomics, Society and Policy 
            2007, Vol.3, No.2, pp.29-40 
 

_____________  
 
Genomics, Society and Policy, Vol.3, No.2 (2007) ISSN: 1746-5354 

33

There was also progress in organisational aspects of CBOL with the establishment of 
five working groups to target specific aspects of DNA barcoding. 
 
Currently CBOL counts more than 150 organisations from 45 countries in its 
membership. The first global DNA barcoding campaigns - the Fish Barcode of Life 
(FISH-BOL)43 and the All Birds Barcoding Initiative (ABBI)44 - have been launched, 
with the intention of assembling a reference database of DNA barcodes for all fish 
and bird species respectively. FISH-BOL expects to complete most of the inventory of 
all known fish species of the world by 2010. More recently, a campaign was launched 
for DNA barcoding all Lepidoptera, which already exceeded 8 600 species barcode 
records.45 Finally, a thematic international network, Barcoding of Invasive and Pest 
Species,46,47 is also in operation. 
 
CBOL coordinates and promotes DNA barcoding on a worldwide scale, and endorses 
public access to DNA barcoding data. Both the Barcode of Life Database (BOLD)48 
and existing public genomic repositories (namely the GenBank of the National Center 
for Biotechnology Information (NCBI), the European Molecular Biology Laboratory 
(EMBL) and the DNA Data Bank of Japan (DDBJ)) will provide free access to DNA 
barcoding data. The Barcode of Life Initiative intends also to be both integrative and 
integrated with other worldwide taxonomic initiatives49 such as the global Taxonomic 
Initiative for the Convention for Biological Diversity and the Global Biodiversity 
Information Facility (GBIF). 
 
Currently DNA barcoding is a fully established approach, as recognized for example 
by the setting up of a ‘Barcode’ keyword for the identification of standard DNA 
barcodes in public genomic repositories50 and by the creation of a specific theme-
section for submission of DNA barcoding studies in the journal Molecular Ecology 
Notes.51 There is also ‘The Barcode Blog’52 at Rockefeller University, which, since 
June 2004, has been alerting the community to new studies on barcoding. 
 
The promise of DNA barcoding 
 

‘Imagine a world in which any person, anywhere, at any time can 
identify any species at little or no cost. That world is technologically 
upon us.’53 

 
By contributing to a break up of the ‘taxonomic impediment’, DNA barcoding 
promises to open doors to a diverse array of scientific and social applications and for a 
variety of end-users, from the scientific expert, to the individual citizens. Our 
improved ability to recognize existing and cryptic species will be of benefit to 
environmental sciences, forensics,54 pharmaceutics, agriculture, conservation, 
biological and molecular evolution, to countermeasures to biological warfare, to name 
but a few.55 We describe some of the applications to fish biology and fisheries in the 
next section, but first we shall deal with more general impacts. 
 
The scientific field of taxonomy itself may well be one of the most immediate 
beneficiaries from DNA barcoding. With this new and powerful tool, taxonomists can 
be freed from maintenance and routine tasks, and focus instead on the description and 
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investigation of newly discovered species,56 thus greatly accelerating the rate of new 
entries in the encyclopaedia of life. However, crucially for addition of any species’ 
DNA barcode to BOLD, it will remain necessary to deposit a voucher specimen,57 a 
requirement that emphasises the intended integration of DNA barcoding with the 
Linnean system. 
 
Benefits will likely extend to more than purely technical aspects, and many view 
DNA barcoding as a key opportunity to revitalize the scientific discipline of 
taxonomy,58 which has progressively become one of the most underfunded within 
biological sciences.59 In fact, different views on the potential impacts of DNA 
barcoding in taxonomy have been a source of lively debate:60 some critics suggest it 
will sound the death knell for a moribund but vital discipline,61 while for others it is a 
valuable opportunity to revolutionise and revitalise the subject.62,63,64 
 
Such a debate might soon become a redundant one, since the prime concept and 
current practice of DNA barcoding is built upon establishing a match between a 
known vouchered species and a DNA sequence. Thus, the success of DNA barcoding 
is a corollary of progress in taxonomy and biodiversity inventories. The Barcode of 
Life Initiative has already started to draw attention to the value of taxonomy and the 
key role of taxonomists, and has attracted new sources of funding for the discipline. 
DNA barcoding has prompted unprecedented large-scale biodiversity inventories, 
which will provide new raw materials for taxonomy and systematics. It is raising 
standards for incorporating taxonomic information into genomic data repositories.65,66 
Moreover, it is establishing a new and valuable type of genetic bank (by means of 
archiving tissue samples or DNA extracts) from which the genome of each species 
can be accessed in the future.67,68 Hence, benefits start to emerge, not only for 
taxonomy, but also for other disciplines within biological sciences and related 
scientific fields. 
 
The impacts of the Barcode of Life Initiative are expected to extend beyond the 
scientific arena and ultimately influence society as a whole. Through improved 
knowledge of the planet’s biodiversity, societies will be able to manage biological 
resources in a more sustainable and responsible manner. Ironically, the taxonomic 
impediment is most acute in developing countries, where biodiversity is highest.69 
Features of DNA barcoding such as rapid, accurate and cost-effective specimen 
identification have the potential to democratize access to taxonomic information in all 
regions of the globe, and open the gates of biodiversity information to the ordinary 
non-expert citizen.  
 
One of the most emblematic visions of the Barcode of Life Initiative is the ultimate 
creation of a handheld device that could be used to identify any life form anywhere 
and anytime at little or no cost.70,71 Such a ‘Bio-pod’72 would not only provide a 
species identification, but would also enable an Internet link with the corresponding 
entry in the encyclopaedia of life, with images and related information about that 
species. Below is a commentary on an article about DNA barcoding posted in a free 
access website.73 It synthesises in a rather spontaneous fashion the type of reaction 
that the ordinary citizen may have to the idea of a Bio-pod: 
 

© ESRC Genomics Network. www.gspjournal.com 
 



            Genomics, Society and Policy 
            2007, Vol.3, No.2, pp.29-40 
 

_____________  
 
Genomics, Society and Policy, Vol.3, No.2 (2007) ISSN: 1746-5354 

35

This could be fantastic. If there's something in it for the end user, millions 
of people will be turned into field taxonomists. A known plant gives ID; a 
weird one means you contribute to science. Upload your location at the 
same time, and you have new types of data: scientists could get plant 
coverage. With such data useful in climate research, a person could feel 
good everytime they ID a plant.  
 
Reading through Jamais' previous post, I can see this opens up a whole 
pandora's box of problems with patents and the openness of the whole 
model. 
 
Hopefully there's a wikipedia like model for this. Are these machines 
available now to non-researchers? What is their cost? 

 
This comment also captures many of the hopes for the societal benefits of the Barcode 
of Life Initiative, in particular the high expectations for improvements in bio-
literacy.74 In this respect, DNA barcoding could become to biodiversity what the 
printing press was to literacy.75 A more bio-literate society as a whole would be able 
to take better and more responsible decisions about the management of our planet’s 
biological heritage. The ordinary citizen would have the opportunity to become 
familiar with the surrounding biological diversity, and acquire a different perception 
of its relevance.76 It may trigger a curiosity for living organisms, and improve 
awareness of biodiversity threats, and the perception of how human actions can have a 
detrimental impact on rates of species extinctions and ecosystem change. Eventually, 
a more bio-literate society could produce ‘greener’ individuals, who are more 
environmentally-responsible in their daily actions, and willing to undertake pro-active 
measures to minimize their own impact on the planet’s biodiversity. 
 
The example of fish DNA barcoding 
 
Fish provide a suitable model for testing the implementation of DNA barcoding at a 
worldwide scale. Although they constitute the largest vertebrate group (about 50% of 
all vertebrate species), they have a manageable number of species: c.20,000 marine 
species (15,648 in Fish Base; 91 with subspecies); c.15,000 freshwater species 
(13,544 in Fish Base; 152 with subspecies) (705 species occur in both marine and 
freshwater systems); and c.80 brackish species (82 in Fish Base; 1 with subspecies). 
They are very diverse systematically, comprising three major groups of organisms: 
the jawless fish (Superclass Agnatha), such as lampreys hagfish; the cartilaginous fish 
(Class Chondrichthyes), including sharks and rays; and the immense variety of the 
bony fish (Superclass Osteichthyes) which include lungfishes, eels, tunas, sea horses, 
etc.77 
 
Fish are also of economic value as a food source. Global figures for the value at first 
sale in 2000, is circa US$81 billion for capture fisheries and about US$52 billion for 
aquaculture (excluding plants).78 In the same year the estimate for retail trade for 
ornamental fish in the USA alone was US$3 billion, and in 1984 in Australia the 
value of recreational sports fishing was estimated in US$2 billion. 
 
Fish and fisheries resources comprise a key target group from which it is anticipated 
that DNA barcoding will bring larger and more immediate benefits.79 Such a system 
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will offer a simple – and increasingly rapid and inexpensive – means of 
unambiguously identifying not only whole fish, but fish eggs and larvae, fish 
fragments, fish fillets and processed fish. This capability will yield more rigorous and 
extensive data on recruitment, ecology and geographic ranges of fisheries resources, 
and improved knowledge of nursery areas and spawning grounds, with evident 
impacts at the fisheries management and conservation levels. For example, the 
possibility of rigorous identification of fish species from eggs and larvae could be 
particularly fruitful, since phenotypic identification of early life stages can be 
especially difficult.80 A study testing the application of molecular techniques in 
species identification of fish eggs revealed that over 60% of the eggs were 
misidentified when phenotypic characters were used.81 Eggs from haddock and 
whiting may have been reported as cod’s eggs in previous surveys, possibly leading to 
an inflation of stock assessments of cod in the Irish Sea. Moreover, early stage 
haddock eggs were detected in the Irish Sea, indicating the presence of a spawning 
stock of this species previously unknown to that region.82 In a context of 
environmental change, induced, for instance, by global warming, the ability to 
rigorously identify fish species at all life history stages from egg to adult is 
particularly useful to assess changes in geographic distribution ranges, spawning 
grounds and nursery areas. 
 
Another valuable application envisaged for DNA barcoding is the identification of 
prey-remains from predators’ stomach contents. This could provide more detailed 
information about aquatic trophic chains, revealing which fish species are preyed 
upon by other fish species83 or seabirds.84 This type of information could then be 
incorporated into ecological models and provide new data for use in management and 
conservation. 
 
Potential forensic applications of fish DNA barcoding include the monitoring of 
fisheries quotas and by-catch, inspection of fisheries markets and products, the control 
of trade in endangered species, and improvements in the traceability of fish products. 
In Australian waters, for example, sharks are illegally captured, largely for their fins 
alone. Quality sharks’ fins can sell for $6,000-$8,000/kg in Hong Kong, and it is 
estimated that globally more than 100 million sharks are killed every year. Sharks are 
a particularly susceptible animal, since they are slow growing, long lived, undergo a 
long gestation and have low fecundity. Many species are morphologically very 
similar, and many are protected.85 A tool enabling precise identification of shark 
species from fins, from the fisheries boat to the soup in the restaurant, could be of 
great utility for law enforcement and conservation of endangered species.86 Such a 
tool could also be used for detection of fraudulent species substitutions in fish markets 
and fish food products, a practice that is generating concern among consumers.87 A 
striking example comes from the Red Snapper (Lutjanus campechanus), which is one 
of the most economically important fisheries in the Gulf of Mexico, and which has 
been subject to stringent fishing restrictions due to stock depletion. Marko and 
colleagues88 used sequences of the mtDNA gene cytochrome b, in an approach very 
similar to DNA barcoding, to show that as much as 77% of the L. campechanus fillets 
were mislabelled in USA markets. This level of mislabelling may adversely affect 
estimates of stock size and contribute to the false impression among consumers that 
the supply of fish is keeping up with demand. 
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In this section we have illustrated several potential and actual applications of fish 
DNA barcoding, which can have direct impacts on various activities from fisheries 
management to traceability of products in the food supply chain. These are in addition 
to the scientific applications mentioned in previous sections, such as detection and 
tracking of undescribed species, clarification of taxonomic uncertainties (eg, cryptic 
species) and identification of historical, archived and museum material.89 
 
Conclusions 
 
Humankind’s outstanding technological and scientific achievements during the late 
20th century include space exploration, the unravelling of the human genome, and the 
cloning of mammals. In the face of such accomplishments, the paucity of our 
knowledge of the world’s biodiversity is both puzzling and disappointing. 
 
Tackling the inventory of the planet’s biodiversity is in itself a colossal task. The 
Barcode of Life Initiative promises to accomplish that task in the timescale of a single 
generation. Only time will tell if it succeeds. Like the Human Genome Project, DNA 
barcoding is not free of controversy. While in the aftermath of the Human Genome 
Project it became evident that information per se does not generate knowledge, there 
is today broad recognition of the value and relevance of that project, to the extent that 
various genome projects of other organisms have followed. 
 
Among other virtues, DNA barcoding has already focused attention on problems of 
biodiversity. There is little doubt of the worth of the numerous applications of the 
technology, as for example described in the context of fish and fisheries. The success 
of various wider and more ambitious historical, philosophical, and sociological goals 
of barcoding will depend initially on the approach of the scientific community, but 
also on current and future recognition, investment and support from society. 
 
Perhaps the decisive test for DNA barcoding will be the ability to effectively convert 
the immense information to be collected into tangible scientific knowledge - the 
completion of the encyclopaedia of life. Accomplishing this task will improve citizen 
bio-literacy of the world’s biodiversity, and possibly engender a new vision and 
attitude towards non-human life-forms and their conservation and sustainable 
utilisation. The role of the classical amateur naturalist so typical of the Victorian era, 
would become extended to those with limited taxonomic knowledge, although 
taxonomic expertise would still underpin all barcoding applications. Should DNA 
barcoding succeed in its mission, the concurrent progress in taxonomy may rank 
among the most important scientific legacies of the early 21st century. 
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Commissioned response to Filipe O. Costa & Gary R. Carvalho, ‘The Barcode of Life 
Initiative: Synopsis and Prospective Societal Impacts of DNA Barcoding of Fish’ 

Real but modest gains from genetic barcoding 
 
JOHN DUPRÉ1 
 
Costa and Carvalho2 make a compelling case for the practical utility of barcoding 
fish. Essentially the barcode, the precise sequence of a carefully chosen few hundred 
base pairs of a mitochondrial gene found in all eukaryotes, is intended as a defini
taxonomic criterion that can be added to the existing description of a species, but that 
has the enormous advantage of being applicable to any part of the organism. No 
existing part of most taxonomic descriptions can be applied to a fish finger, remains 
of animals in a fish’s stomach or, probably, a detached shark’s fin. Since, as they 
explain, there are important practical contexts in which it is desirable to relate such 
objects to their species of origin, detecting fraudulent fishmongers or violations of 
fishery preservation law, for example, the potential benefits are clear. They might 
also, in imaginable future circumstances, come to be of considerable benefit in 
providing definitive classifications for field biologists without easy access to relevant 
kinds of taxonomic expertise. 

tive 

 
It is much more difficult to understand how the introduction of this technique will 
revolutionize the practice of taxonomy or enable the ‘completion of the biodiversity 
catalogue within the reach of a single generation’. I’ll leave aside for a moment the 
fact that this project is explicitly limited to eukaryotes (and in practice has only so far 
been applied with much success to animals), and therefore that this hypothetical 
catalogue will be missing out the very large majority of organisms and probably the 
majority of kinds of organisms. My first point is merely that the limiting factor in 
cataloguing life will surely continue to be the number of properly trained taxonomists. 
 
Perhaps the most important theoretical point is that the introduction of genetic 
barcodes does nothing to solve the traditional problem of determining what a species 
is. A few decades ago, partly due to the effective advocacy of Ernst Mayr, it was 
widely believed (if by no means universally by professional systematists) that species 
could be defined as reproductively isolated groups—the so-called Biological Species 
Concept. Unfortunately it became increasingly clear that reproductive isolation was 
neither a necessary nor a sufficient condition for maintenance of the morphologically 
stable kinds generally agreed to be species. That reproductive isolation was not 
necessary was classically illustrated by the case of oaks,3 in which distinct species 
appeared to have existed for long periods of time despite continuous and substantial 
interbreeding, but it now appears that many other groups of organisms might have 
been chosen to make the point. Lack of sufficiency was demonstrated by the existence 
of species dispersed among isolated populations, physically unable to interact and 
mate, yet showing no significant divergence.4 
 

© ESRC Genomics Network. www.gspjournal.com 
 



            Genomics, Society and Policy 
            2007, Vol.3, No.2, pp.41-43 
 

_____________  42 
 
Genomics, Society and Policy, Vol.3, No.2 (2007) ISSN: 1746-5354 

The biological species concept assumed a picture of evolution as consisting of a 
branching tree in which the initiation of a branch could be defined by reference to the 
establishment of reproductive isolation between the organisms represented by the new 
and the originating branches. If a group of organisms conforms to this model, and a 
reasonable period of time has passed since the occurrence of the speciation event 
marked by the branch in the tree, an appropriate mitochondrial gene sequence is likely 
to provide a good criterion for species membership.5 However, a likely explanation 
for the problems with the biological species concept is that local diversity within a 
genus or even higher taxon is maintained by ecological differentiation rather than 
reproductive isolation. A compelling reason for believing this is the fact that 
interspecific hybridization is proving to be far more common than had for a long time 
been thought, even in groups such as birds, which have been widely taken to be a 
paradigm for application of the biological species concept.6 Hybridization involves, 
by definition, exchange of genetic material, and hence makes the use of a genetic test 
for species membership unreliable. Using reproductive isolation as a definition of 
species will effectively deny the existence of a great deal of diversity that has 
traditionally been captured by descriptions of species.  
 
Putting the matter another way, the Mayrian vision sees the cutting edge of evolution 
as isolated populations—incipient species—forging off into the future to find their 
unique destiny. A different view, made increasingly likely by the growing evidence of 
hybridization, proposes that many evolving groups will consist of a set of more or less 
hybridizing, though ecologically separated, kinds—but kinds sufficiently stable and 
robust to meet most traditional understandings of the species. Which of these pictures 
is correct is, at any rate, surely an empirical matter, and judging where and to what 
extent the latter situation obtains will again require the continuing engagement of 
taxonomists. And of course if it is not to be wholly question-begging, the relevant 
judgments will need to be based on a variety of criteria—morphological, behavioural, 
reproductive, etc. So the usefulness of genomic (barcode) taxonomy will be subject to 
the judgments of taxonomists, and the limiting factor on ‘cataloguing life’ will remain 
the availability of this expertise. 
 
Costa and Carvalho also make the much more speculative suggestion that barcoding 
might greatly increase the interest in taxonomy among the general public, and thereby 
provide impetus for conservation measures. The basis for this suggestion is the vision 
of a hand-held barcoder—something that anyone could buy for $10, according to one 
of the websites Costa and Carvalho reference for this proposal—connected by 
wireless link to a central databank. Though it is certainly easy to underestimate the 
rate of technical change in an area such as this, I am a little sceptical about this 
prediction. Still, let us assume for the sake of argument that such a thing is indeed 
forthcoming in a few years time. I remain sceptical as to whether such a product 
would find a mass market. As a (very) amateur taxonomist of wild plants, it is my 
experience that most people find the identification of flora and fauna decidedly 
uninteresting. And I suspect that those who do not, find the acquisition of the 
(currently) necessary skills a large part of the attraction of the practice. But more 
interestingly, and paralleling my point about professional taxonomy, it strikes me that 
the sort of knowledge people already interested in such matters have had to acquire 
would be necessary to make the use of the barcode reader rewarding. The great 
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majority of plants, say, are, by definition, common. It is the expertise that enables one 
to pick out the uncommon or difficult-to-classify specimens that would make access 
to such a machine attractive. Constantly identifying brambles and stinging nettles 
would soon become tiresome. 
 
I certainly don’t wish to deny that the barcoding project has potential value to many 
kinds of users from professional taxonomists to enforcers of fishery protection 
legislation and amateur botanists and no doubt many others. It may even be a good 
investment of the very substantial resources it has attracted. But as with so many 
novel scientific projects nowadays, it has also attracted its fair share of hype. 
Suggestions that it will bring about the rapid cataloguing of all biodiversity, or that it 
will create a wave of popular excitement about taxonomy seem to me to belong in this 
category. 
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Commissioned response to Filipe O. Costa & Gary R. Carvalho, ‘The Barcode of Life 
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DNA barcoding: potential users 
 
PETER M. HOLLINGSWORTH1 
 
The current popularity of DNA barcoding relates to its potential power coupled with 
its intuitively pleasing simplicity. It is based on the premise of using a standard short 
region of DNA as a universal tool for identifying organisms.2 The aim is to establish a 
large-scale reference sequence database against which unknown samples can be 
queried for identification. Where sequences are found that are divergent from others 
in the database, the corresponding specimens are flagged up as potential new species 
warranting further investigation. Costa and Carvalho3 describe some of the potential 
societal benefits of DNA barcoding in the context of fish identification and also 
summarise some of the potential benefits to the discipline of taxonomy itself.  
 
Who will benefit most from DNA based identification? 
 
Table I lists some examples of people who identify organisms and some of the 
approaches they may use. Much of the debate around DNA barcoding has focused on 
its implications for taxonomists and taxonomy. However, if DNA barcoding can be 
made accessible and cheap, arguably the greatest beneficiaries will be the many 
professionals whose work involves biological identifications, but whose job is not to 
carry out taxonomy per se. For this category of people, DNA identification can 
potentially offer a direct route to the knowledge generated by taxonomists, and avoid 
them having to spend their time learning how to identify organisms. The opportunities 
here are immense, given the range of professions that involve biological 
identifications, and particularly with the growing importance of biodiversity 
conservation. Of course, there will be limitations. Resource constraints will limit 
application in some circumstances. A pre-requisite for user confidence is validation of 
the approach in the taxonomic group of interest, and even a perfectly functioning 
DNA barcoding system will be dependent on the samples that are fed into it. For 
example, in field-based surveys targeting the appropriate habitats to sample can 
require considerable expertise, and the untrained field collector may miss some key 
species by not knowing where to sample in the first place. Nevertheless, once a 
sample is available, many professions would benefit from access to automated 
identification systems (Table I).  
 
The likely use of DNA identification by the broader public is more difficult to 
quantify. Amateur naturalists are potential beneficiaries in that a cheap and easily 
accessible DNA identification service could represent a useful training/feedback tool 
as they are ‘getting their eye in’ on a given group of organisms. However, given that 
their enthusiasm is underpinned by an interest in morphological and ecological 
aspects of biodiversity, there are likely to be limitations as to the extent of uptake and 
their perceived relevance of DNA barcoding technologies. 
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Table I. Some examples of users of taxonomic information and their potential interest in DNA-based identification. 
 

 User Identification need Typical source of information for 
identification 

Identification 
skills 

Interest in 
taxonomy 

Potential direct 
beneficiary of DNA 
identification? 

 Taxonomist Assessments of diversity and 
distributions 

Specialised literature, museum 
collections, field guides, databases, 
colleagues 

High High 
Yes  
(for routine identification 
& sub-optimal specimens) 

Ecologist/life scientist 
Assessments of diversity and 
distributions, verification of research 
sample identity  

Specialised literature, museum 
collections, field guides, databases, 
taxonomists, colleagues 

Variable (low-
high) 

Variable (low-
high) Yes 

Conservationist 
Assessments of diversity and 
distributions, identification of 
specimens to conserve  

Field guides, images, databases, 
taxonomists, colleagues 

Variable (low-
high) 

Variable (low-
high) Yes 

Legal (police, customs) 
Identifications based on fragmentary 
material, forensic samples, wildlife 
crime/illicit trade 

Field guides, images, targeted key, 
databases, taxonomists 

Variable (low-
high) 

Variable (low-
mid) Yes 

Human/animal health Identification of species with harmful 
attributes or medicinal properties 

Field guides, images, targeted key, 
databases, taxonomists 

Variable (low-
high) 

Variable (low-
mid) Yes 

Environmental 
protection  

Identification of indicator species, 
identification of invasive/pest species 

Field guides, images, targeted key, 
databases, taxonomists 

Variable (low-
high) 

Variable (low-
mid) Yes 

N
on

-ta
xo

no
m

ic
 p

ro
fe

ss
io

na
ls

 

Biodiversity utilisation 
(e.g. agriculture, fish 
management, forestry, 
horticulture) 

Identification of species with useful 
attributes, identification of species that 
impede utilisation (pests/invasives etc) 

Field guides, images, targeted key, 
databases, specialist colleagues, 
taxonomists 

Variable (low-
high) 

Variable (low-
mid) Yes 

Amateur naturalist Assessments of distributions and 
diversity 

Specialised literature, museum 
collections, field guides, databases, 
taxonomists 

High High 
Yes  
(as a training/feedback 
tool) 

Passively interested 
public Occasional curiosity driven interest Field guides, images Low Low Possibly ( may encourage 

interest in biodiversity) 

Pu
bl

ic
 

Uninterested public - Nothing Low Low No 
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For the more general public, by improving accessibility to information, there is the 
potential to generate interest and to instil a greater degree of environmental 
responsibility.4 Costa and Carvalho follow up this point and discuss the potential 
impacts of easy access to DNA barcoding for the ‘ordinary citizen’ and note that:  
 

It may trigger a curiosity for living organisms, and improve 
awareness of biodiversity threats, and the perception of how human 
actions can have a detrimental impact on rates of species extinctions 
and ecosystem change. Eventually, a more bio-literate society could 
produce ‘greener’ individuals, who are more environmentally-
responsible in their daily actions, and willing to undertake pro-
active measures to minimize their own impact on the planet’s 
biodiversity. 

 
However, it remains to be seen whether a simple technological solution to identifying 
organisms will have a major impact on public awareness of biodiversity. Access to a 
hand-held DNA ‘barcorder’ might lead to an increased interest in biodiversity, but this 
may be transient as technological developments in other walks of life compete for 
attention. In considering how society responds to resources available for 
identification, it is worth reflecting on situations where a high density of information 
already exists. In well characterised regions of the world which have comparatively 
low numbers of species such as the British Isles, there are many easy-to-use illustrated 
field guides which enable the identification of organisms from a range of taxonomic 
groups. However, this has not led to comprehensive bioliteracy.5 In cases such as this, 
access to taxonomic information per se is not the limiting factor. Rather it is more 
likely to be attributable to the level of interest/enthusiasm/need being insufficient to 
acquire the knowledge, even with the necessary tools at hand. A hand-held DNA 
‘barcorder’ may make identifications and access to associated information easier, but 
it still requires an inclination for use in the first place. The main drivers for 
environmental awareness for the general public seem likely to remain day-to-day 
contact with biodiversity6 and exposure to captivating environmental reportage in the 
mainstream media.  

 
The future use of DNA barcoding 
 
DNA barcoding represents the key foundation step in the process of coordinating the 
use of DNA for taxonomy at the species level.7 It has already accelerated the routine 
establishment of ‘DNA ready’ collections for herbaria and museums. It has triggered a 
formalisation of links between sequence data and voucher specimens in Genbank, and 
the development of informatics systems linking specimens, sequences, names and 
associated information. It has without doubt stimulated biologists using DNA data at 
the species level to pay much greater attention to coordinating activities and to think 
beyond producing local solutions for individual studies.  
 
The vision put forward by Herbert et al,8 Janzen9 and colleagues for DNA barcoding 
has in turn prompted considerable debate. Several biologists have questioned both the 
scientific validity of the approach, and its broader implications for the future of 
taxonomy.10 However, given the general benefits that have emerged from the 
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coordinated use of genetics in other disciplines and the societal need for biological 
identifications, it seems difficult to imagine that an appropriately implemented 
coordinated use of genetics in species level taxonomy can be anything other than 
beneficial. The exact form of this approach can be expected to evolve as technologies 
develop, and the future will undoubtedly involve approaches that go beyond single 
gene sequencing. But as long as there is a demand for the conservation and utilisation 
of species (eg, Table I), there will be a need for their identification. A system which 
enables this to be automated has to be worth developing. 
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Commissioned response to Filipe O. Costa & Gary R. Carvalho, ‘The Barcode of Life 
Initiative: Synopsis and Prospective Societal Impacts of DNA Barcoding of Fish’ 

The Book of Life goes online 
 
PETTER HOLM1 
 
A walk in the park 
 
It’s a beautiful day for the great outdoors. You have decided to take a break from city 
life. Sunny fall weather; it’s drying up from the rain last week. Perfect for picking 
mushrooms. You bring a basket, small brush, sharp knife. And the biopod, the latest 
generation life barcoder, ‘Tricorder’ edition.2 After a short walk to your own secret 
mushroom place, you spot a patch of nice-looking specimens. Caps are 5–10 cm 
across, with slightly depressed centres. Slightly sticky. Colour brownish to dark brick-
red. Gills close together. It could be the delicious ‘Flirt’ (Russula vesca). Or is it the 
poisonous ‘Sickener’ (Russula emetica)? You quickly scan it with the barcoder. There 
is a barely-audible hum as the device goes online. A few seconds later, the display 
shows Russula vesca. Great! Scrolling down the tiny screen, you’re informed that its 
mild flavour goes well with lamb stew. Serve with a light red Italian. You fill the 
basket, and head to the supermarket for the rest of the ingredients you need to prepare 
a fine meal. 
 
Linnaeus in the sky 
 
This sort of scene becomes possible to envisage from Costa and Carvalho’s synopsis 
on the Barcode of life initiative.3 At first glance, it has a Star Trek feel to it: a landing 
party is beamed from the safety of the starship onto some planet ‘where no one has 
gone before’, equipped with tricorders serving as lifelines and generalised information 
gadgets. Whereas a real-life version of this scenario might have been dismissed as 
pure fiction a few years ago, the rapid rise of GSP and mobile ‘phones have made it 
more realistic. The Barcode of Life Initiative extends just slightly what is now a 
familiar scene. Instead of dispensing with a map, compass and navigation skills, as the 
GPS did, the life barcoder promises easy access to the identity of the wildlife along 
your track. When one is equipped with such a hand-held device, it is as if the 
mushroom comes fixed with a label. Instead of the cumbersome task of teaching 
yourself how to be a taxonomist, or bringing one along from the local museum, you 
simply consult the virtual Linneaus in the sky. 
 
From Costa and Carvalho’s fine review, we already know how the Barcode of Life 
pulls off this feat. The barcoder analyses DNA from a tissue sample taken from the 
target specimen and links it to a barcode. With this barcode, the identity of your 
specimen is fixed as a specific location in a DNA-based species classification system, 
which also provides easy access to other relevant information, be it, in the mushroom 
case, the appropriate antidote or the wine that best brings out its flavour. 
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Barcoding and the Encyclopedia of Life 
 
A virtual Linnaeus would be a wonderful thing. Such a system, fully operational, 
comes with a number of advantages. It can identify species from tissue fragments and 
regardless of life-history stage. Ambiguity is reduced and identification of look-alikes 
becomes straightforward. The identification of known species can now be safely left 
to amateurs, allowing the experts to focus on unknown species. 
 
While Costa and Carvalho are excellent guides to the advantages of a fully functional 
barcode-of-life system, they are less explicit when it comes to the investment required 
before the system can go online. How much and what kind of work does it take to 
make a virtual Linnaeus? The key here is the classification system by which the DNA 
sequence from a specific genome region is linked to some (hierarchically ordered) list 
of named species. For a lay person to use a barcoder to identify species, the databases 
by which these links can be made must already be in place. There must be an 
‘Encyclopedia of Life’, with information linked to barcodes. If a specimen’s barcode 
is not registered, the amateur will remain uninformed. 
 
This problem is comparable with one commonly encountered in supermarket 
checkout queues, when an item - usually from the fruit and vegetable section - lacks a 
barcode. When the cashier is confronted with a species exotic to him – is this a 
cantaloupe or a galia? – he must become an old-fashioned taxonomist, consulting, 
first, the super-market version of a field-guide. If this is unsuccessful, he must call up 
a real expert from the back of the shop somewhere to identify it. Only then can you 
pay for your merchandise and take it away with you. 
 
A sizable supermarket contains around 50,000 items. Here, classification is 
reasonably easy: not only are there relatively few species, but all have been classified 
and priced prior to sale. The problem is not one of knowing the identity of your 
species, but making that information available at the checkout. Nature, by comparison, 
is a far grander kind of supermarket, storing many millions of items. Here, the 
inventory is not pre-established, but must be built from scratch. While the barcoder 
allows the lay person easy access to the labelled checked entries, there remains a 
problem with the un-labelled species. Since the barcode is encoded in the specimen 
itself, you will of course always get a reading. But if the species in question has not 
already been named and entered into the Encyclopedia of Life, your query will remain 
unanswered. 
 
Setting up an Open Writing Workshop 
 
A complete Encyclopedia of Life is not the only advantage of the Barcode of Life 
Initiative. Another major attraction is the ease by which entries can be added. To use 
Costa and Carvalho’s vocabulary, barcoding will speed up species delineation as well 
as species identification. 
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Assume the Initiative produces the first draft of a DNA barcode ‘Encyclopedia of 
Life’ by adding the relevant DNA key to the list of all conventionally named and 
classified species. In the process, improvements such as the definition of the true 
identity of similar species will already have been made. Nevertheless, the basic 
problem is much the same as before, namely that most species remain unclassified. 
How could the DNA barcoding technology help fill in the blanks? 
 
The first point emphasised by Costa and Carvalho concerns the economy of expertise. 
Since barcoding makes identification of labelled species easy, the professional 
taxonomists can concentrate their work on the uncharted territories. However, the 
taxonomist community should perhaps not rely on this, since the number of 
taxonomists in society is not a constant. Can we assume that resources freed up by an 
efficient species identification technology will be allocated to the task of species 
delineation? Given the tight budgets of the organizations employing taxonomists, and 
the constant struggle among worthy causes, the answer to this is unclear. 
 
Another, perhaps more interesting point, concerns how a barcode classification 
system allows for the process of species delineation to be organised differently. 
Imagine that a cluster of unknown barcode readings has been reported by reliable 
sources, which leads to the formulation of a hypothesis of a new species. While the 
rejection or confirmation of such hypotheses will still require expert opinion, the 
barcoding technology invites broad participation in the collection of the information 
required to test it. Working from the fixed point of DNA-based identification, a 
protocol on data collection can be set up and distributed. In this way, authorship of the 
Encyclopedia of Life changes. Instead of the expert taxonomist working alone in the 
dusty dungeons of the museum, the Encyclopedia becomes a collaborative effort 
involving many different people. 
 
A related point here concerns the status of the conventional taxonomist as expert. 
Initially, as underlined by Costa and Carvalho, the barcode classification of a given 
species is a hypothesis to be checked against the conventional classification. The 
conventional taxonomist’s expertise with the tools of the trade mean that he remains 
first author and gate keeper for DNA-based classification. If and when the technology 
proves itself, however, this is turned on its head. The conventional classification 
changes status, and becomes the hypothesis that must be checked against the barcode 
classification. The real experts, set to judge between true and false Linnean 
classification, are those who master DNA-based technologies. While this may look 
problematic from the point of view of today’s taxonomy profession, such is the 
normal destructiveness of progress. Indeed, the re-organisation of the taxonomy 
profession is an important feature of barcode technology. With the DNA barcode as 
classification key, folk taxonomy becomes, just as the Linnean classification did 
before, a new and interesting source of hypotheses for species identity.  
 
A few dark possibilities 
 
Will the world become a happier and more just place with the success of the Barcode 
of Life initiative? As always, new technologies produce both winners and losers when 
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they are let loose on the real world. A major question here is how barcoding might 
affect the balance of power in an already unfair world. Who stands to gain: the 
resource-rich of the North or the impoverished of the South? 
 
Wouldn’t it have been nice if the DNA barcoding, on top of everything else, also 
helped the poor and powerless? But this is not the case. The Encyclopedia of Life – in 
both its conventional and DNA-barcode versions – is more complete for the North 
than the South. The broad, democratic access to species identification by way of 
barcoding technology will therefore be of most relevance in the North. In the South, 
where most unlabelled species are to be found and the lack of resources to fill the 
blanks are most obvious, its usefulness is less clear. It could be argued, of course, that 
the efficiency of DNA-based delineation will give developing countries a chance to 
make inventories of their natural riches. Another, darker possibility is that such 
inventories will be of most interest to capitalist firms on bioprospecting excursions. 
While DNA barcoding may allow indigenous people to be co-authors of the 
Encyclopedia of Life, it may be the modern pharmaceutical giants that stand to reap 
the financial rewards. 
 
Do you want to live in a supermarket? 
 
The rich stand to gain while the poor lose out. In the face of this, the have-nots should 
organise and fight as best they can. Not to ban the technology, of course, but to 
reformat it in a way that can serve their interests. While we wait for this upcoming 
struggle, we can take time to consider whether a barcoded world is desirable. A 
romantic might put it thus: ‘Do you really want to live in a supermarket - a world 
where every species comes pre-labelled for reading with a handheld device?’ To the 
romantic, the answer is ‘no’, of course. To him, barcoding is but an extension of the 
iron cage of rationality, a place where the disenchantment of the world has reached an 
extreme, and all wilderness has been emptied of mystery and turned into yet another 
supermarket. 
 
While I acknowledge this fear, however, I do not share it. The wilderness of the world 
simply cannot be contained in a classification scheme. Just like a map, classification 
does not really reduce the complexity of the world, but allows you to travel more 
effectively within it. The barcoder offers a fine meal of ‘Flirt’ mushrooms instead of 
violent vomiting induced by the ‘Sickener’. Just like Star Trek’s tricorder, the 
barcoder will not prevent the adventure, but serve as a valuable companion for your 
travel to places where ‘no one has gone before.’ 
 
 
                                                 
1 Norwegian College of Fishery Science, University of Tromsø Petter.Holm@nfh.uit.no 
2 A tricorder is a handheld device used for scanning an area, interpreting and displaying data from 
scans to the user, and recording information. A tricorder is a prop in the Star Trek Universe. See 
www.startrek.com 
3 F.O. Costa and G.R. Carvalho. The Barcode of Life Initiative: synopsis and prospective societal 
impacts of DNA barcoding of fish. Genomics, Society and Policy 2007; 3 (2): 29-40. 

mailto:Petter.Holm@nfh.uit.no
http://en.wikipedia.org/wiki/Sensor
http://en.wikipedia.org/wiki/Data
http://www.startrek.com/


            Genomics, Society and Policy 
            2007, Vol.3, No.2, pp.52-56 
 

_____________  
 
Genomics, Society and Policy, Vol.3, No.2 (2007) ISSN: 1746-5354 

52

The Barcode of Life Initiative: Reply to Dupré, Hollingsworth and 
Holm 
 
FILIPE O. COSTA AND GARY R. CARVALHO1 
 
We are grateful to John Dupré, Peter Hollingsworth and Petter Holm for their 
insightful and constructive responses to our article.2 As with any new and 
increasingly applied approach, DNA barcoding has provoked considerable discussion, 
even though the basic technology employed is essentially a refinement of existin
molecular approaches to systematics.

g 

enes with 
3 What characterises DNA barcoding is the 

attempt to standardise the molecular approach by focusing on one or a few g
appropriate levels of among-species divergence, and to secure global accessibility to a 
common database. Additionally, although one gene, cytochrome oxidase I (COI), has 
proven to be informative across diverse taxa, the aim of DNA barcoding has not been 
to identify a single common gene, but rather to maximise standardisation across 
related taxa to ensure high comparability. DNA barcoding is essentially a practical 
tool that can be applied to compare a target DNA sequence with a reference DNA 
sequence that may confirm species identity or generate alternative hypotheses of 
species delineation. It is crucial therefore to appreciate that rather than replacing 
conventional approaches to taxonomy, which rely heavily on ecological, 
morphological and behavioural characteristics, DNA barcoding can in many cases 
render the Linnaean system more accessible. A recent cover of Nature4 illustrating a 
modern-age Linnaeus wearing a contemporary naturalist’s outfit and holding a 
barcode in his hand could not be more paradigmatic. 
 
Rather than rehearse many previous discussions and articles on the merits and 
limitations of DNA barcoding, here we focus on just a few of the key points raised by 
Dupré, Hollingsworth and Holm. One of the initial points raised by John Dupré is the 
relative bias of existing DNA barcoding databases towards eukaryotes, especially 
animals. While the balance of current information is indeed skewed toward animals, 
the utilisation of alternative standardised gene sequences is being increasingly used in 
other groups, including land plants,5 fungi6,7 and other protists.8 The driving 
characteristic of such inventories of biodiversity is to ensure high comparability and 
quality of reference databases. While it is clear, as with any technology, that certain 
taxa may remain recalcitrant to standard barcoding approaches, occasional 
combination of additional sequences, might be anticipated to disclose species identity 
for many organisms.  
 
A major point made by Dupré is the link between DNA barcoding and the biological 
species concept. Although DNA barcoding may provide novel insights into the 
species concept,9 it is certainly not the primary aim. While there may be direct 
concordance between presumed species status and reproductive isolation,10 barcoding 
is potentially a practical tool that may facilitate the classification of ecological or 
morphological diversity within a taxonomic framework. It is not disputed that closely 
related species experiencing intermittent or frequent hybridisation will not be detected 
using conventional DNA barcoding approaches. However, where there appears to be 
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an uncoupling between observed ecological, behavioural or morphological 
heterogeneity and reproductive or molecular divergence, DNA barcoding can serve to 
facilitate the testing of alternative hypotheses or the application of alternative species 
concepts. Thus, rather than being constrained by or restricted to only those taxa 
conforming to Mayr’s vision of biological species, DNA barcoding can extend 
taxonomic approaches to test evidence obtained at other biological levels.11 
 
A further point raised by Dupré is the necessary limitation of any molecular taxonomy 
by the availability of high level taxonomic expertise. Coincident with the inclusive 
biological nature of DNA barcoding, is the recognition that highly trained taxonomists 
remain a crucial component of the species identification procedure. However, James 
Hanken,12 in an historical overview of the rates of species discovery, suggests that, 
indeed, taxonomy should rely on technological innovation rather than expecting an 
improbable substantial enlargement of the community of taxonomic experts. Thus, a 
more realistic solution would be the implementation of innovative technologies into 
an integrative taxonomy framework, including digital imaging, high resolution X-rays, 
information technologies, DNA barcoding and other genomic approaches. 
 
It is expected, however, that barcoding may extend the taxonomic process to those 
individuals lacking such skills, depending of course on the availability of a matching 
DNA sequence in the reference database. This point is linked to the more general 
issue of how DNA barcoding may facilitate interest in taxonomy among the general 
public, thereby serving to promote a case of conservation measures. It is accepted that 
many people, including the interested amateur naturalist, are motivated by an innate 
interest in the nature and patterns of biological diversity that will not necessarily be 
enhanced by molecular taxonomy. However, non-specialists within conservation 
bodies, museums and various government laboratories where molecular expertise 
might not exist can still submit samples to commercial companies for DNA 
sequencing, enhancing access. Such accessibility will enhance public awareness 
through the disclosure of new species, as well as increasing the profile of threatened 
species or risks posed by invasive species. The availability of the so-called ‘Tricorder’, 
although a seductive and distinctive vision for the future of DNA barcoding , is only 
one aspect. The recent discoveries of new species in what are considered well-
documented taxa, such as birds,13,14 lepidopterans,15 and fish,16 enhance the 
awareness of biodiversity among the general public that may relate more readily to 
the discovery of new species in easily recognisable and familiar taxa. Such 
disclosures can then serve as a framework for emphasising the much higher levels of 
hidden biodiversity and cryptic speciation in less familiar organisms, especially 
mong microbes. 

 generate a case for 
ublic engagement in environmental and conservation policies.  

a
 
Peter Hollingsworth points out that one of the main drivers for environmental 
awareness for the general public is likely to remain the day-to-day contacts with 
biodiversity. While this is undoubtedly true, it is not necessarily exclusively so. As 
indicated above, increased awareness of environmental issues, which has been driven 
by such things as climate change and habitat destruction, has focused increasingly on 
the role of species in ecosystems. Thus, a more precise cataloguing of the levels and 
distribution of species diversity across the globe can only help to
p
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While Petter Holm promotes many of the virtues of DNA barcoding, he questions th
level of investment necessary to generate ‘a virtual Linnaeus’. Considerable gl
effort is already underway with various DNA barcoding campaigns and other 
biodiversity surveys (eg, Census of Marine Life
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are associated with considerable distribution of disease and mortality. 

17). However, there were two r
and important developments that will have a major impact in accelerating the 
availability of the ‘virtual Linnaeus’. One of them is the International Barcode o
(iBOL),18 an international consortium that aims to generate DNA barcodes for 
500,000 species over a period of five years, starting in 2009. While such efforts will 
of course take time and considerable manpower and funding, they will be rewarded b
gains in efficiency - in terms of both time and expenditure - by the scale of activit
the high throughput analysis and automation. It is difficult to envisage how suc
efficiencies could be generated by the hitherto taxonomic and geographically 
fragmented efforts to log biodiversity, especially where quality assurance and access 
to curated voucher specimens is more variable. Another recent salient developme
The Encyclopedia of Life (EoL),19 brings together the currently scattered global 
biodiversity initiatives, thereby ‘materializing’ the virtual Linnaeus. The EoL is 
conceived as an ‘ecosystem of websites that makes all key information about life on 
Earth accessible to anyone, anywhere in the world’. Ten years is the estimated time
for the completion of the species pages for the 1.8 million known species, the first 
pages are expected to be available sometime in 2008. Inspired by Wikipedia, EoL 
intends also to consider the contribution of individual citizens, though all publish
information will be subject to authentication by scientists. DNA barcoding w
dovetail well with this project, playing a key role, for instance, in providing 
unequivocal links between different source databases, such as between museum
specimens and genomic databases (eg, GenBank). It is precisely the combined 
influence of such expansive biodiversity projects that we expect to have a s
im
 
Holm also raises the ethically important and timely issue of balancing such acce
value to DNA barcoding efforts with geographic variability in biodiversity and 
infrastructure. The Consortium for the Barcode of Life aims to catalogue global 
biodiversity through the existence of various regional working groups associated wit
particular taxa. Obtaining and describing such diversity where it is at its greatest in 
the tropics, for example, but where infrastructure and expertise may be more variable, 
is a particular challenge. While such issues will serve to constrain overall activity, it is
only through the generation of a global effort that sufficient resources and manpower 
might be mobilised to address such imbalance. The existence of what Holm refers
as ‘dark possibilities’, whereby DNA barcoding inventories may be exploited by 
capitalist firms or bio-prospecting excursions, is a possibility where information is 
available to all. Such activities are of course not new, and although the ethos of DNA
barcoding would be counter to such exploitation, scenarios can be envisaged where 
useful products or species may be disclosed for use not just by the developed world. 
case in point is the current DNA barcoding efforts in mosquitoes,20 wh
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Concluding remarks 
 
It is a useful exercise to critically evaluate the application and implications of new 
approaches to tackling well established problems such as taxonomy and species 
identity. DNA barcoding has often been regarded as an alternative or exclusive 
approach to generate a “new taxonomy”. As seen from many published studies on 
DNA barcoding, it is an approach that is by its nature dependent upon comprehensive 
reference to other biological levels of organisation. Genes evolve in individuals that 
often aggregate into populations that live in specific habitats, and it is crucial 
therefore to examine the extent to which biological heterogeneity may coincide with 
recognisable species groupings. Where a convenient genetic tag (stable, heritable and 
discrete) can be developed to recognise such entities, such as a DNA barcode, then 
this can be a useful practical tool that may, or may not, be used in conjunction with 
other independent corroboratory information. The integration of molecular 
approaches with conventional Linnaean taxonomy has in many cases stimulated new 
levels of investment in taxonomy.21 While the prognosis for DNA barcoding appears 
sound, there will continue to be a need for conventional taxonomic expertise, though 
one might hope for increased integration and communication across the molecular and 
non-molecular divide. The key is not to claim exclusivity for DNA barcoding, but 
rather to promote awareness of the complexity and in some cases the fragility of 
diversity in the natural biological world.  
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Socialising Animal Disease Risk: inventing Traceback and re-
inventing animals 
 
ANDREW DONALDSON1 
 
Abstract 
 
Through a discussion of how the inventive practices of farm animal genomics interact 
with animal disease and food risk, this paper aims to expand our notion of what 
constitute the social dimensions of animal genomics, and why attention to animals 
and the contemporary issues surrounding them can offer us insights into genomics in 
general. Through a case study of the circumstances surrounding the invention of the 
DNA TraceBack technology in the midst of the BSE crisis, I argue that, rather than 
just examining genomics in and of itself, we should follow the inventions of genomics 
and their inseparable informational material environments. Then we can see the need 
for a social science approach that is more attentive to the inseparability of politics and 
science at the material level and can invent new, more inclusive, problems and 
research questions. 
 
Contemporary connections 
 
First, a confession: although I study agriculture, farm animal genomics2 does not 
form a central empirical focus of my research. But in April 2001, when an epidemic 
of foot and mouth disease (FMD) was raging through farmed cattle, sheep and pigs
the UK, the field did come into contact with my own. That month, the BBC 
documentary series, Panorama, screened a polemic that focussed less on the impacts 
of FMD and more on the modern history and contemporary situation of British 
agriculture. With the cost of handling FMD to be a further drain on the public purse,

 in 

 

 together with 
enomics.  

o the 

e 

3 
the documentary set out to question whether farming served the public interest well 
enough to justify its continued public subsidy. If left to trade un-supported in a 
liberalised global market, British farming would surely have to change in order to 
remain competitive. We were shown precursors to an evermore technologically 
intensive agribusiness, culminating in a brief interview with Graham Bulfield, then
director of the Roslin Institute. He outlined the importance of genomics-based 
innovations in animal breeding to increase production efficiency and resistance to 
disease.4 In that moment several of the objects of my research – animals and their 
diseases, expertise and the global agri-food system – were brought
g
 
At first glance, though, this is an association that seems to make little difference t
logics of animal production. The development of genomics-based approaches to 
breeding for improved productivity and disease resistance does nothing to alter th
fact that farmed animals are being bred, as they always have been, for improved 
efficiency and utility. The introduction of quantitative genetics and now genomics 
into animal breeding has simply improved the detail and efficiency of the breeding 
process. Certainly some of the issues for social scientists around genomics identified 
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by Michael Banner and Jonathan Suk5 are present. Current concerns around genomics 
and globalisation, governance and regulation, and future concerns about the 
social science in genomics policy and interdisciplinary work, could all find 
illuminating case studies within farm animal genomics. But what do these tell us 
about farming, about animal production, rather than genomics? Banner and Suk also 
highlight that social scientists should be concerned about the meaning of genomics f
human identity.

role of 
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dy which does tell us something about animal production and 
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6 But humans are not the only (or even the most numerous) animals 
encountered by genomics, and surely social scientists should also (if not more so) be 
concerned about the meaning and consequences of genomics for the identity or form 
of ‘the social’ or ‘society’. In this paper I tackle what that shift in perspective might 
entail and take a case stu
a
 
My starting position is that the question of how to respond to the continual innovation 
of science and technology is a question of the contemporary and so must be a questio
for social scientists. The emergence and continual development of genomics and its 
associated fields is a contemporary phenomenon in the usually understood sense, in 
that it is novel and current, and this raises social issues as discussed by Banner an
Suk. But the contemporary takes on other connotations when we try to pin down 
exactly what is contemporary about a given situation. Take the example of a new 
model of car.7 Car design has changed over many years, but the various techno
and components of a car can be dated to different periods in the past. What is 
contemporary about a new car is its overall design, the way in which its components 
are currently assembled together and packaged. For anthropologist Paul Rabinow, the
social question of the contemporary is all about the form that various interconnecte
elements take at any given point in time – literally about the shape of events.8 In a 
similar vein, Nick Bingham has outlined a way of thinking that might “stop us fr
fetishising or becoming fixated on the objects, techniques, and processes of ou
newest scientific ‘revolution’”.9 He suggests that we ask “what do particular 
biotechnologies materialise 
a
 
Following Bingham’s logic, the position of genomics in the hinterland of my research
becomes something of a virtue. By examining a genomics-based technology as only
part of a set of contemporary connections – in this case of animal disease and food 
risk – I illuminate the potential scope of the ‘social aspects’ of animal genomics. In 
order to do this, in the following section I outline a particular understanding of ‘the 
social’ and then present a cognate account of invention that provides us with the k
concept of the ‘informational material environment’. The next section goes on to 
outline the in
tr
 
S
 
Whilst nonhuman animals have always figured in human culture,11 they hav
little direct presence in sociological concerns.12 In recent years a number of 
researchers, in geography in particular, have sought to address this lacuna.13 The 
position I start from here is that it is not enough to simply acknowledge animals as 
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sociological actors within a conventional view of society. Rather, it is better to rethink 
our idea of society or the social in such a way that the inclusion of nonhuman an
(or any other nonhuman thing for that matter) becomes obvious. The particular 
saliency of the concepts of ‘socialising’ and ‘invention’ that I am going to outline 
be traced in part to the philosophy of Alfred North Whitehead. With his focus on 
reality as process, Whitehead used the term society in a way rather different to the 
now conventional sociological understanding. For Whitehead, a society, rather than
being a bundle of ‘social relationships’ between people, was any composite entity 
(whether it involved humans or not) that endured over time.
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e, the performative view of society is 
lso a view of society as ‘more-than-human’.18 

14 To describe something
as ‘social’ designates only that there is something interesting about the way that it is 
assembled and held together over time and space, whilst saying nothing about wh
is, or how it is held together.15 These ideas resonate strongly with the spatial and 
temporal understand
B
 
Practitioners of Science Studies, particularly those now associated with Actor-
Network Theory (ANT), have explored such ideas though studies of laboratories an
technological development processes. They have arrived at a view contrary to the 
usual sociological position that society can be introduced as an explanatory fact
suggesting instead that society itself is always what requires explanation. This 
position has been termed a ‘performative’ view of society.16 What this means is tha
society is not a permanent, solid backdrop to actions. Instead, society is that which 
those actions continually produce. Which begs the question: what constitutes those
productive activities? They are variously constituted through different “modes of 
existence”17 such as religion, law, family, the state, commerce, the sciences etc. –
of those things which we assign to the domain of the ‘social’ as long as we think 
society is behind them, structuring them. Society is made up from all of those types
activity which provide us with ways to talk about, experience and order the wo
activities which make reference to an outside world and which provide some 
commonality, however fleeting. The conventional view of society could be ter
‘extensive’ (society is all-encompassing and exists outside of action) and the 
p
 
Perhaps because the originators of ANT explicitly examined the intensive p
the actual doing – of science and technology, rather than just the purported 
philosophies or outcomes, they also took note of the importance of nonhu
in the continual creation and maintenance of society. All the description, 
measurement and standardisation of the world and the performance of identity w
not endure collectively if it were not for the material technologies that are more 
durable than face-to-face human interaction. Some of these technologies also permit
more diverse forms of interaction with the other nonhuman things that make up the 
biophysical world. Paralleling Whitehead’s usag
a
 
From this perspective, what do the natural sciences bring to more-than-human 
society? They are among the ways in which nonhumans are ‘socialised’.19 This 
literally means that the sciences make nonhumans amenable to being part of the more-
than-human society, part of the ever-changing collection of negotiated associations 
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that bind together entities. New members of society (which we often think of as the 
discoveries of science) are identified, classified, measured, formatted, understood and 
made available to existing members of society through those understandings.20 So
sciences that make nonhuman animals their object are a way in which nonhuma
animals are socialised – although they are far from the only way, as nonhuman 
animals have clearly been part of more-than-human societies for a very long time. A
performative understanding of this process suggests that socialising is not merely a 
process of bringing things that are ‘out there’ ‘in here’. Rather than the discovery o
already existing objects in the world, the sciences are engaged in invention.
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21 And 
rarely, in the age of molecular biology and particle physics, are the nonhuman object
of the natural sciences as readily identifiable by the layperson as a whole animal. A
social conceptualisation of invention, as I will outline it here, c
a
 
Invention is an essential element of the sciences’ capacity to socialise and is also th
key to their capacity to drive technological innovation. As Whitehead stated wit
regard to the increased professionalisation and institutionalisation of scientific 
research: “the greatest invention of the 19th century was the invention of the method 
of invention”.22 In outlining some important features of invention in scien
pharmaceutical development, Andrew Barry23 draws on the work of both 
contemporary philosopher Isabelle Stengers (herself influenced by Whitehead) and
19th Century sociologist Gabriel Tarde24 to give a performative view of invention. 
Tarde conceptualised interaction amongst humans in terms of imitation and invent
Imitation is the process by which ideas, practices, technologies and so on spread, 
whilst invention is the creation of new configurations of elements, new composite 
entities which will go on to be part of ever more complex composites. In a manner 
analogous to Whitehead’s societies and the notion of the contemporary outlined in t
introduction to this pape
th
 
Such a notion of invention infuses the work of Stengers on modern science, as she 
focuses on the invention of questions, new composites and the experiments that p
them to the test.25 In his analysis of pharmaceutical R&D, Barry makes use of a 
history of chemistry written by Stengers and Bensaude-Vincente.26 He takes the term 
“informed materials” to describe more specifically what is invented in pharmaceutical
R&D processes if Tarde’s sociological perspective is adopted. The composite nature 
of the invented molecule is evidenced in its “informational material environment”
the accumulated data on the molecule and its action, the legal information abo
intellectual property rights, computer models and databases and so on.27 The 
perception and comprehension of the in
in
  
These insights add extra potency to Bingham’s suggestion that we examine what new 
biotechnologies materialise with. The process of invention results in more than
novel object, technique or process. It produces complex composites, informed 
materials inseparable from their informational material environment. Informational 
material environments are a way of conceptualising the socialised form of an object
They are shorthand for the many practices of observation, measurement, recording 
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and production that are necessary to make an object mobile and interactive. In the 
informational material realm of genomics, the molecules of genes themselves litera
encode information about their potential interactions and the further informational 
material environment such interactions will generate. And it has become increasi
apparent that this information is embedded in the wider material interactions of 
genome, proteome and other biological systems. The problem we have now is that, 
with such complex composites, it becomes difficult to isolate exactly what is being 
socialised/invented – introduced in a novel way – and what the ramifications ma
within contemporary events. The next section of the paper examines a specific
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Identigen’s DNA TraceBack™ technology makes use of key elements of 
contemporary genetic/genomic science: single nucleotide polymorphisms (SNP
consistently located small variations in the genome of a species) an ultra-high 
throughput genotyping platform and integrated information technology interfaces.29 
Identigen was founded in 1996 by researchers from Trinity College Dublin’s Institut
of Genetics with the intention of providing guaranteed traceability of beef products 
through genotyping. The Irish supermarket Superquinn participated in the tech
proving and became the first supermarket chain in the world to guarantee the 
traceability of its beef through the use of TraceBack “to identify not only the farm th
animal has come from, but the actual animal of origin as well”30 and to present 
information to customers in its product labelling. SuperQuinn claimed an 11% 
increase in beef sales from 1999 to 2000, following the introduction of TraceB
In 2001 Superquinn won the Unilever Award from the International Grocery 
Distributors in recognition of its use of TraceBack in response to customer needs32. 
The success of TraceBack continued when, in 2006, Tesco announced that it would 
also use the technology for beef traceability in its Irish operation. Taken by itself this 
story of an innovative biotechnology raises questions. Why do supermarkets nee
be able to trace their beef products? Why is this a customer need? What are the 
circumstan
d
 
We need to take a small diversion. Much of my research has focused on the 
development of discourses and technologies of biosecurity in agriculture, during and 
after the 2001 FMD epidemic. More complete stories about biosecurity can be found
elsewhere;33 for the purposes of this paper it is necessary only to note the analytic
direction it points us in with respect to animal diseases. In relation to agricultu
biosecurity is usually taken to refer to the environmental elements of disease 
prevention and control, a range of hygiene procedures and management techniques 
that can maintain a separation between crops or livestock and pathogens. In the UK,
biosecurity used to be confined largely to technical discussions and was not wi
used amongst farmers. During the 2001 FMD epidemic, biosecurity became a 
watchword for disease control policy, a discourse to shift responsibility for the 
epidemic and its mismanagement from government to farmers, and a reason for th
surveillant control of people.34 In wider scientific circles, it is acknowledged that 
biosecurity entails more than just on-farm hygiene; it “involves all sorts of things lik
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the testing of animals, the vaccination of animals, isolation facilities, and so on.”35 
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And, to further muddy the waters, outside of mainstream political and agri-food 
industry understandings of biosecurity, preliminary findings in some recent research 
have suggested that we should also conceive of biosecurity as involving both anim
welfare and the health and safety of consumers with respect to disease in the food 
chain.36 Adding yet another dimension, Bruce Braun has characterised biosecurity 
a geopolitical strategy that seeks to deal with the unpredictability of the biologi
world. He defines this unpredictability in terms of the ‘virtuality’ or continual 
emergence that marks biological systems and situates the debate in terms of the 
‘molecularization of life’, emphasising the collective plunge into uncertainty an
insecurity that has resulted from “advances in molecular 
b
 
In short: the increased discursive focus given to biosecurity marks an increased 
attention to biological risk38 in various forms. The rise of biosecurity discourse in U
agriculture is not primarily about disease management, but about risk management 
and about the new forms that this might necessitate.39 And risk has received a lot of 
attention from social scientists in recent years. For instance, in 1999, Sheila Jasano
gave an overview of two decades of research and noted that risk had “become the 
organising concept that gives meaning and direction to environmental regulation”40 
(italics in original). More recently it has been noted that standardised methods of r
assessment and risk management have become major drivers in every sphere
level of public and private sector decision-making.41 Risk thinking is a key 
component of all contemporary modes of organisation and regulation, and so
scientists have, throughout the rise of modes of risk thinking and risk-based 
regulation, attempted to demonstrate that risk denotes more than just the probability 
of something bad happening.42 Jasanoff sums this work up as demonstrating that ri
is “the embodiment of deeply held cultural value
is
 
Although risk is not a new way of thinking or ordering,44 many commentators
that new categories of risks are emerging, especially with respect to food and 
agricultural production.45 It has become common for social scientists to assert, 
following Ulrich Beck,46 that we now live in a ‘risk society’. Wealth production, 
through technological development, has led to the production of new risks. Usi
in this sense denotes the production of material circumstances that could have 
potentially widespread detrimental effects on the environment and human beings. As 
they evidence in food scares, these new types of risk follow more complex pathways, 
further distanciated in time and space and less visible to a consuming public.47 All of 
which highlight the importance of Jasanoff’s observation about the contingent 
c
 
Another way to think about these modernisation risks, following an ANT approach
in terms of an increased ‘entanglement’ in the world.48 In terms of the conceptual 
framework outlined in the previous section this would consist of a multiplication of 
new social composites through technoscientific invention. From a similar conceptual
starting point Stassart and Whatmore49 have argued that these types of food ris
‘transacted’ as a property of both the growing distance between producer and 
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consumer – both physically and in terms of knowledge and practices – and the 
enduring physical/bodily and emotional closeness that people have to food. Such is 
the strength of these connections that even animal disease episodes that do no
great risks to human health (such as FMD) can have an impact on consumer 

t pose 

onfidence as they demonstrate the vulnerabilities of complex agri-food systems.50 

n 

on risk, 

 BSE is now widely known and researched, but I will rehearse 
e key elements here. 

 of 

 

 
tion, and 

, in 1996, 

 for the 

nd concerns over animal 
elfare and widespread biodiversity and habitat loss. 

es et 

 

 

c
 
One of the key animal disease/food scare episodes of recent years determined the 
informational material environment – the set of entangled relationships of productio
technologies and consumption practices –which gave rise to TraceBack. The crisis 
surrounding Bovine Spongiform Encephalopathy (BSE) has been held up as having 
the same impact on agriculture as Beck’s favourite example of a modernizati
radiation as epitomised by the Chernobyl disaster, did on the nuclear power 
industry.51 The story of
th
 
BSE is caused by an abnormal form of a prion protein found in the nervous system
cattle. It was first identified in cattle in England in 1986, but it is thought that the 
disease may have developed, unclassified, during the 1970s.52 The rapid spread of the 
disease amongst cattle in the late 1980s was attributed to the widespread use of cattle
feed containing meat and bone meal (MBM) from rendered carcasses, which in turn 
could contain remnants of brain and spinal tissues of BSE infected cattle. The use of 
MBM had been seen as a symbol of modern efficiency within agriculture. It recycled
more easily metabolised animal protein, of which there was surplus produc
led to a reduction in dependency on US soya producers for animal feed.53 
Nevertheless, the emergence of BSE led to a ban in the use of MBM (though this was 
by no means a straightforward process54). Worse was to come though when
a link was announced between BSE and a new variant of a human disease, 
Creutzfeldt-Jakob Disease (vCJD). This turned what had been a big problem
beef industry into a public food scare. BSE came to epitomise the view of 
industrialised, intensive agriculture as a source of risk and harm that had been 
building through controversies about water pollution a
w
 
The crisis in the UK involved controversial science over the nature and 
transmissibility of the disease and failings amongst policymakers to fully take into 
account the uncertainty of the science.55 Across Europe BSE, as it spread to the beef 
herds of other countries, threw food safety politics into disarray.56 In fact, Knowl
al.57 note BSE as a key factor in shifting the food safety policy of the EU from a 
product-based approach to a consumer-orientated one. BSE had huge economic 
impacts on the beef sector, both as a result of import bans from BSE free countries 
and a loss of consumer confidence. In an attempt to combat the latter component of 
the risk ‘transacted’ by BSE, the EU Council of Ministers introduced a requirement 
for cattle registration and the labelling of beef to indicate its origins.58 There was
debate within the European parliament as to whether this be classed as a market 
measure (to restore consumer confidence and improves sales) or as a consumer safety 
measure. Ultimately it was classed as both, with the aim of creating an “uninterrupted
chain” between producer and consumer.59 According to the website of the European 
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Commission’s Directorate General Agriculture “these rules enable full traceability of 
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ue. 
ergence 

f similar requirements for demonstrating the provenance of beef by other beef 

r genetic 

food 

s 
 point 

 

he 
he sampling, genotyping and 

ata handling devices as part of the TraceBack technology. But the informational 

ity 
meat 

r 
 a 

cattle, and the meat they produce, from stable-to-table”.60 
 
At this point, TraceBack re-enters the story. DNA identification for pedigree breeding
is a well-established feature of livestock production, providing a basis for the 
extension of genetic identification techniques into animal and meat traceability.61 S
the conceptual and material basis for TraceBack existed when Ciaran Meghen was
conducting his doctoral research into the molecular genetic relationships between 
cattle breeds at Trinity College Dublin.62 When the BSE crisis emerged, Meghen 
turned his research towards commercial application and co-founded Identigen to 
develop the technology that would become TraceBack. As Meghen noted, during the 
BSE crisis “most commentators were suggesting that traceability was a major iss
That’s what inspired the idea”.63 EU regulations around labelling and the em
o
importing countries have ensured a ready market for Identigen’s product.64 
 
Does the invention of TraceBack entail only the technical sampling and testing 
processes? The social conceptualisation of invention outlined above would suggest 
there is more in play.65 A pointer to what else is part of the informational material 
environment of TraceBack lies in the very issue that gives rise to the need fo
traceability: “Conventional animal identity is lost once the carcass is divided up”.66 
Once an animal is slaughtered and the carcass butchered it becomes next to 
impossible to retain traceability of its various products through the industrialised 
chain using conventional labelling techniques. However, the animal’s genotype 
remains a constant identifier; it can be extracted from the whole live animal, the 
carcass or the various parts of the divided carcass. First, the animal or carcass is 
sampled. Identigen has specific proprietary sampling tools for use in either abattoirs 
or when an animal is tagged (ear tagging is another requirement of the EU regulation). 
Then the genetic profile is stored centrally and TraceBack’s rapid genotyping permit
a reconstruction of the animal’s unique genetic identity, and hence its origin and
of entry to the food chain, from any part of its body. Although the materiality of the
animal body is not literally invented by TraceBack, part of the invention of the 
technology is certainly the translation of animal bodies into informed materials. In 
doing this, TraceBack re-invents animal identity into a more manageable format. T
informed materials of the animal bodies themselves join t
d
material environment of TraceBack extends still further. 
 
Using TraceBack, any animal disease or other food risk incident could be quickly 
traced to source. But, as noted previously, the introduction of labelling and 
traceability are not only (perhaps not even primarily) concerned with the material
of consumer safety. Although we have now arrived at a situation where the 
supply chain is driven by the consumer demand for safe food, it is not enough to 
simply produce safe and wholesome food. The production process must be 
communicated to consumers, prompting a range of methods of providing consumers 
with information about their food products.67 Quality assurance schemes and their 
associated labels communicate to consumers that their meat has been produced unde
certain standards of animal health and welfare or consumer safety. As well as being
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signifier of provenance in itself, the guaranteed traceability that Identigen prom
TraceBack as offering also provides a reliable means for supermarkets to aud
quality assurance schemes they have in place along their supply chains, cross-
checking their suppliers and ensuring their ability to back up their claims to 
consumers. TraceBack’s brand can be added to food labels alongside the retailers own 
quality branding. Some research, however, suggests that quality assurance labelli
has little impact on consumer perceptions, relegating such schemes to little more than
production-focussed modes of supply chain management.

otes 
it the 

ng 
 

 itself is a product with a rich environment of marketing information. It is 
is element of the informational environment which makes TraceBack’s ‘offer’ to 

t shift 
s innovative a 

lution as the forward elements of its complex environment (in this case the 
enable it to be by their response. 
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ifficult choices. In the practice of contemporary biology and its application in 

le 

ht 

68 As a final note here, 
TraceBack
th
retailers.  
 
Ultimately, TraceBack’s informational material environment, from which it is 
inseparable, extends backward and forward in time from the moment of its invention. 
Its action is informed by not only the science that has gone before, but also by the 
relations of risk in which it intervenes. Its invention is also informed by the claims it 
will permit its users to make about the safety and traceability of their food as i
the ways in which risk is transacted. Yet for all this, TraceBack is only a
so
consumers being communicated with) 
 
Concluding Remarks 
 
Braun sees our current focus on biological risk (under the auspices of biosecurity) as a
political response to the increasingly prominent vision of life on a molecular scale and
the relative unpredictability that being immersed in such a molecular world seems to
heighten. This observation, whilst true on a particular scale, presents the science tha
leads to a molecularization of life and the politics that result from it as distinct and 
related in a linear fashion: “biosecurity today names a set of political responses”69 
(emphasis added). Others have argued that, rather than a progressive molecularization 
of life, we are now witnessing the “re-biologization” of life.70 This re-biologiza
encapsulated in the current experimental and exploratory efforts to obtain biologi
useful information from the massive amount of genomic data collected.71 The 
application of systemic approaches from genome mapping through to func
genomics and so on, generates informational material environments that incorpora
the social and political elements of dealing with risk, the entanglement of 
heterogeneous materials (including re-invented animal bodies) and the raising of
d
biotechnologies, politics and science are inextricably linked at a material level.  
 
TraceBack exemplifies this situation as it contributes to the socialisation of disease 
risk in novel ways. It is an invented technology that is nothing without the already 
existing animal body, which it then in turn re-invents in the light of an inseparab
genotypic identity. Yet TraceBack also could not exist in the form it takes without the 
complex social composite (of regulation, politics and risk) engendered by BSE. 
Moreover, TraceBack’s interaction with risk is not simply on a molecular level. It is 
part of a wider informational material environment in which animal identity mig
have been rendered temporarily more stable, but in which consumer behaviour does 
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not have to comply. A focus on genomics alone cannot bring out these types of 
interactions. It is through the juxtaposition of risk and TraceBack – comparable only 
as social forms in the abstract – that they become apparent in this case. Bingham 
asserts that insights about the living world can be best gained “from the muddle of the 
middle”,72 where our ideas of nature and society (or indeed science, technology and 
olitics) do not come apart easily. This brings us to what we might mean by the social 

 

ons. 
s 

s 
r in 

nd 

ted to illustrate and adopt just such a perspective in this paper. Extending 
 further leads me to two more general conclusions that remain pertinent to studying 

rmed 
 

ent. The new ways of seeing and 
nderstanding raised by genomics both highlight this feature of their existence and 

et 
 

t a 
 

 
e more inclusive in their articulation,  an issue of particular saliency 

p
dimensions of animal genomics. 
 
I would suggest that we need to get away from thinking about social questions or 
issues as being those that belong in some hazily visualised domain designated ‘the 
social’. The various related ideas of collectivity put forward here – the contemporary,
the enduring composite, the performative view of society, invention as the production 
of complex composites and informed materials – all present a view of ‘the social’ as 
nothing more than a description of interaction, of more-or-less enduring associati
None of them offers any explanation; they exist only as methodological aids to focu
the attention and assist in the description of the world. They implicitly reject the 
totalising, explanatory character of such earlier concepts as ‘culture’ and ‘society’, 
concepts that many feel no longer have any purchase in our entangled and alway
shifting contemporary moment.73 Social issues are something all together broade
definition: they are all of those concerns generated through the production and 
interaction of new composite entities. If we want to have a social science that is 
attentive to nonhuman as well as human animals, that can say something novel a
useful about animal genomics, then we have to have a social science that is also 
attentive to molecules, genomes and the whole array of technical and scientific 
objects, techniques and tools that constitute informational material environments. I 
have attemp
it
genomics. 
 
A focus on the inseparability of objects, their informational material environments 
and their perception by others leads to an interesting set of concerns. The categories 
of farmed animals, wild animals and companion animals differ from each other in 
ways that have less to do with easily made distinctions such as ‘domestication’ and 
‘food production’ and more to do with the many and varied informational material 
environments that those processes create. Farmed animals in particular are info
materials, embodying varying degrees of information and inhabiting more-or-less
complex informational environments depending on the levels of research and 
intervention that have gone into their developm
u
extend its potential complexity and richness. 
 
Putting concepts together in the ways that I have done could be seen as an endless s
of word games. However, it can also serve a useful function. Borrowing from Isabelle
Stengers74 I would term this process the invention of problems. Problems are no
given, they are brought into play through many and varied interactions75 and it is the
job of the scientist (social or otherwise) to actively engage in their framing and 
invention. This active perception of invention and intervention can lead us to make
problems that ar 76
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when considering the relative paucity of studies that fully engage with more-than-
uman society. 
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The Reification of Life 
 
MICHAEL HAUSKELLER1 
 
‘What’s wrong – fundamentally wrong – with the way animals are treated (…) isn’t 
the pain, the suffering, isn’t the deprivation. (…) The fundamental wrong is the 
system that allows us to view animals as our resources, here for us – to be eaten, or 
surgically manipulated, or exploited for sport or money.’2 
 
Tom Regan made this claim 20 years ago. What he maintains is basically that the 
fundamental wrong is not the suffering we inflict on animals but the way we look at 
them. What we do to them, what we believe we are allowed to do to them, is 
dependent on how we perceive or conceptualize them. We not only treat them as 
resources but prior to this we already think of them as resources, and when we look at 
them, all we tend to see is resources. In our perception of them they exist not for 
themselves but ‘for us’. But obviously it can only be fundamentally wrong in a moral 
sense to view them that way if it is wrong in a factual sense, that is, if animals are in 
fact not ‘for us’. But is it wrong?  
 
Animals as ends in themselves 
 
According to Immanuel Kant, our moral duties to our fellow human beings can all be 
traced back to the one rule never to treat each other (and oneself) merely as means but 
always at the same time as ends. The reason for this is that human beings, by virtue of 
their being capable of acting out of respect for the moral law and thus autonomously, 
have an intrinsic or absolute value that Kant calls dignity. That human beings have 
such an absolute value means, for Kant, that they (and in general all rational beings) 
by their very nature exist as ends in themselves.3 Thus the imperative always to treat 
them as ends and never merely as means is only an acknowledgement of their true 
nature. In contrast, all other beings have only a relative, extrinsic value and do not 
exist as ends in themselves. All value they can possibly have they do have by reason 
of their being valued by humans. It does not matter whether or not they are alive or 
conscious or sentient: they can never be ends in themselves unless they possess reason 
and are capable of acting out of respect for the moral law. Since animals lack this 
ability they are, again by their very nature, not ends in themselves, and we have no 
direct moral obligations towards them and are free to treat them, if it suits us, merely 
as means to our ends. Rational beings that exist as ends in themselves are called 
persons (the word ‘person’ being a nomen dignitatis), whereas all other beings, 
including all animals, are most appropriately called, and regarded as, things.4  
 
The idea that animals might literally exist as means (thus justifying their being treated 
as means) is reminiscent of the Stoics’ claim that the whole purpose of their existence 
is their usefulness to human beings.5 Kant, however, did not go quite that far. He 
merely made the negative claim that animals do not exist as ends, but not the positive 
claim that they actually do exist as means. The Stoics tended to think of animals as 
predisposed for human use, as natural born instruments,6 whereas Kant 
conceptualized them as ‘things’ because in his view they lack the necessary 
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requirements for moral considerability. So in all practical, that is, moral respects, 
animals are just like any other non-rational thing. Their existence, their needs and 
desires, cannot be the basis for moral obligations. Morally speaking their lives and 
their well-being are a matter of indifference and there is no answer to the question 
how they ought to be treated. They do not have dignity (that is, an absolute value) but 
only a price, which means that they ‘can be replaced by something else which is 
equivalent’.7 Thus, according to Kant, replaceability is the hallmark not only of 
inanimate things but of all living beings except humans. 
 
However, replaceability is, contrary to what Kant suggests, not a property an object 
can possess as such, intrinsically, but only in relation to someone to whom it is 
replaceable and in relation to a certain aspect under which it is viewed. Anything can 
be replaceable for us if what matters to us is not the thing in its particularity, 
individuality, and uniqueness, but rather the thing as a representative of its kind. 
Because only then another thing of the same kind will do just as well. But what kind a 
thing is, again is not a question of its intrinsic properties but, instead, of our interest in 
it. To use a fairly trivial example, a coffee machine is not a coffee machine because it 
makes coffee (since it does many other things as well, and sometimes it does not 
make coffee). Rather, it is a coffee machine because it is designed to make coffee, we 
expect it to make coffee, and we primarily use it to make coffee. If it breaks we can 
either get it repaired or buy a new one, and it doesn’t really matter which, because it 
is, to us, replaceable. We can replace it precisely because it does not matter to us 
which coffee machine we have as long as it does what it is supposed to do, that is, 
make coffee. Similarly, when it is suggested that animals are by their very nature 
replaceable they are already thought of as performing a certain function or having a 
certain use. We have an idea of what we want from them, how they should be like, 
what makes them good representatives of their kind. And this idea makes animals 
replaceable. That is why it is quite wrong to argue that we have no moral obligations 
to animals because they are, by their very nature, replaceable. Rather, we define them 
as replaceable because that provides us with a convenient justification not to pay any 
attention to what is good for them. Being a mere thing means being replaceable in the 
sense that there is no moral reason why we should not replace it. This is intuitively 
plausible with respect to inanimate objects like coffee machines. Although they are 
not in themselves replaceable there is also nothing about them that puts us under an 
obligation not to replace them. In that respect, however, animals are not mere things. 
They are different. They do have a good, and this good is their good and not anyone 
else’s. 
 
Judging by the way they behave, if animals could talk they would certainly disagree 
with both Kant and the Stoics. Their actions, and that is the only thing we can judge 
them by, are far from suggesting that they view themselves as replaceable, on the 
contrary. They are primarily oriented towards their own survival and to the attainment 
and defence of their own individual good. They clearly care for what happens to them. 
There is nothing in the way animals behave or in the way their bodies are shaped and 
organized that supports the idea that the purpose of their existence is anything but 
their own good. It certainly is not our good. And they would also regard themselves 
and their existence as ends in themselves. They may in fact be treated as means but 
they exist as ends in themselves. Regarding them merely as means, as things that can 
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be used and replaced at will, is therefore not adequate to what they are. It is a practical 
denial of their independent existence and their biological integrity as a realization of 
their own good. 
 
As the British philosopher William Wollaston has pointed out, a ‘true proposition 
may be denied, or things may be denied to be what they are, by deeds, as well as by 
express words or another proposition.’8 Since our actions are expressive of the beliefs 
we have we can declare that things are not as they are simply by acting in a certain 
way. If I, for instance, break a promise, I act as if such a promise has never been made 
and by acting that way (wrongly) declare that it has not been made. If I steal from 
somebody I treat someone else’s property as my own and thereby declare that it is 
mine while in fact it is not. Wollaston believed that this fact explained the difference 
between good and evil or morally right and wrong actions. He gives the following 
illustration: 
 

To talk to a post, or otherwise treat it as if it was a man, would 
surely be reckoned an absurdity, if not distraction. Why? because 
this is to treat it as being what it is not. And why should not the 
converse be reckond as bad; that is, to treat a man as a post; as if he 
had no sense, and felt no injuries, which he doth feel; as if to him 
pain and sorrow were not pain; happiness not happiness. This is 
what the cruel and unjust do.9 

 
However, it is not quite clear why it should be more morally wrong to treat a human 
being like a post than to treat a post like a human being, or more wrong to treat an 
animal as if it were a mere thing than to treat a mere thing as if it were an animal or a 
human person. Whereas the former seems to be morally wrong the latter just seems 
crazy. Somebody who is treating a post as if it were alive and sentient is out of their 
right mind, but their actions do not seem morally reprehensible. Wollaston realized 
that it would not be plausible to consider all actions that are expressive of a false 
proposition as equally morally wrong and tried to account for the different degrees of 
wrongness by distinguishing between actions with respect to the ‘importance’ of their 
consequences. Some actions are more wrong than others because certain things matter 
more than others. When, for instance, the happiness, welfare or life of a creature is at 
stake, denying their being what they are is more important than if their happiness, 
welfare and life were not affected. Now, it may seem that, by acknowledging that the 
degree in which an act is morally wrong depends on its consequences, Wollaston 
seriously undermines his claim that acts are morally wrong because they somehow 
deny the truth. However, Wollaston could defend his view by arguing that if an action 
causes suffering but does not deny the truth then it is not morally wrong despite the 
suffering it causes. For instance – as both Plato and Kant have argued – punishing 
someone for their crimes is not only justified (and perhaps advisable for the good of 
society) but also something that is literally owed to them. By being punished they are 
acknowledged as morally responsible beings, (in Kantian terms) as autonomous 
agents and thus as beings that possess intrinsic value and dignity. Did one refrain 
from punishing them one would in effect deny them their humanity, that is, deny them 
to be what they in fact are. Hence, since they are treated as morally responsible 
human beings no moral wrong is being committed even though suffering may be 
inflicted on them. It would appear then that even though a practical denial of the truth 
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may not be sufficient to declare an act to be (seriously) morally wrong it may still be a 
necessary condition of moral wrongness. 
 
Reification 
 
Generally speaking, our practices influence and change the way we look at the objects 
involved in them. Conversely, the way we look at things determines the role we 
assign to them in our practices. Biotechnology is a human practice that has (and 
reflects) a tendency to transform living beings into scientific objects and into mere 
things. I call this process of transformation ‘reification’. The term ‘reification’ is often 
used when abstract concepts are being treated as if they represented concrete things 
which can act and be acted upon. Reification in this sense is a fallacy, very similar in 
kind to the fallacy that Alfred North Whitehead called the ‘fallacy of misplaced 
concreteness’.10 To give an example, ‘pleasure’ or ‘happiness’ tend to be reified in 
traditional utilitarian thinking when they are disconnected from the individual beings 
that are happy and feel pleasure and treated as if they had an existence of their own so 
that they can meaningfully be quantified, added and subtracted. The term ‘life’ is also 
a good candidate for this kind of reification. Life gets reified when, for instance, in the 
eyes of those who think of themselves as pro-life activists life acquires the status of an 
entity that has a value independent of those whose life it is. The status of being alive, 
which in fact qualifies a substance, is regarded and treated as if it were itself a 
substance: life as such. 
 
However, this kind of reification is not what I wish to talk about here, at least not 
primarily. When I speak about the ‘reification of life’ I want the term ‘reification’ to 
be understood in the old Marxist sense of treating a subject as if it were a mere thing. 
The German word is ‘Verdinglichung’, which literally means ‘turning [something that 
is not a thing] into a thing’. What the term addresses is the practical tendency to make 
a commodity (i.e., something that has a price but no intrinsic value) of an entity by 
disregarding every aspect of it other than those that can be utilized. Following the 
Kantian lead, this tendency is regarded particularly offensive when it is exhibited 
towards human beings, because humans should never be treated only as means but 
always as ends. But if animals, as I have pointed out above, are also ends in 
themselves in the sense that they aim at the fulfilment of their own being and do not 
primarily serve any other ends than their own by holding on to their lives and their 
particular kind of existence,11 then we may just as well adopt the Kantian imperative 
and conclude that animals, too, should never be treated merely as means but always at 
the same time as ends. 
 
The concept of reification originates in Marx’s critique of Capitalist society and was 
elaborated by Georg Lukacs.12 Only recently it was given a book-length treatment by 
Axel Honneth,13 who interpreted reification in a much wider context as an expression 
of ‘Anerkennungsvergessenheit’, which literally means forgetfulness of recognition. 
Honneth cites Adorno and Horkheimer who once remarked that all reification is a 
forgetting. What is forgotten is that the other is a subject just like oneself or, in more 
general terms, that the world outside does not exist exclusively for our convenience. 
This forgetting is expressed in a certain lack of emotional involvement or indifference 
– ‘Teilnahmslosigkeit’. Reification is the effect of habitually adopting the perspective 
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of a distant, neutral observer, a perspective that makes all objects appear as mere 
things. A certain primary relatedness to the world is lost. 
 
The adoption of this neutral perspective is generally supposed to be a precondition of 
good science. Thus reification is required in order to conduct a scientific inquiry. In 
H.G. Wells’s novel The Island of Dr Moreau we find this idea perfectly expressed by 
Dr Moreau himself when he remarks to his involuntary guest Prendick:  
 

Pain! Pain and pleasure – they are for us, only so long as we wriggle in 
the dust (...) You see, I went on with this research just the way it led me. 
That is the only way I ever heard of research going. I asked a question, 
devised some method of getting an answer, and got – a fresh question. You 
cannot imagine what this means to an investigator, what an intellectual 
passion grows upon him. You cannot imagine the strange and colourless 
delight of these intellectual desires. The thing before you is no longer an 
animal, a fellow-creature, but a problem.14 

 
This particular way of looking at animals is the result of what Michael Lynch called 
the ‘transformation of the animal body into a scientific object’.15 After having 
observed the behaviour and language of neuroscientists performing electron 
microscopic studies of regenerative processes in the brain of mammals, Lynch 
described the tension between mutually exclusive representations of laboratory rats, 
which on the one hand were initially perceived and throughout the experiments 
implicitly assumed to be naturalistic creatures, but were on the other hand spoken of 
and eventually treated as analytic products of research. The ‘naturalistic animal’ is the 
animal of our ordinary perception and interaction. Its presence is necessary but 
remains systematically unacknowledged in the research products. ‘The ‘analytic 
animal’ therefore becomes the real animal in a scientific system of knowledge, while 
tacitly depending upon the naturalistic animal for its practical foundation.’16 There is 
no indication in the way those experiments were conducted and the way the results 
were expressed that the entities being used were actually living beings. Every aspect 
that is supposedly irrelevant to the purpose of the experiment is systematically 
ignored. By gradually transforming the naturalistic animal – the living, conscious, and 
sentient creature – into an analytic entity and identifying the former with the latter, 
modern experimental science exemplifies forgetfulness. The knowledge is actually 
there but it is systematically suppressed and never openly acknowledged although 
implicit in the way researchers prepare the animals to yield the results they wish to 
attain: ‘Animals are treated as holistic, living, reactive subjects to be soothed, cajoled, 
tricked, and gently led through procedures that transform them into analytic 
subjects.’17 In the articles that were published after the experiments, animals were no 
longer present as living beings but as cases ‘which demonstrated an abstract 
regenerative process in a generalized brain.’18 
 
Animal Models 
 
Various companies offer so-called research models for purchase. Sinclair, for 
instance, offer ‘miniature swine as Models for Human Diabetes’. On their website, 
Sinclair first state what a serious problem the disease poses, and that for the lack of 
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suitable large animal models, diabetes research has not sufficiently developed. Then, 
the product is presented: 
 

Miniature swine have many characteristics similar to humans that make 
them a suitable species to model human diseases. Miniature swine are 
omnivores, easy to handle, raise few ethical considerations, offer similar 
size to adult humans, have several organ systems very similar to humans in 
term of anatomy, physiology and metabolism, and test compounds can be 
administered through all routes of delivery, including trans-cutaneous 
delivery systems (patches). (…) Sinclair offers a new induced model of type 
2 diabetes with dyslipidemia in miniature swine. The dyslipidemia 
observed is very similar to the one of diabetic humans and early 
atherosclerosis lesions have also been detected. The similarities of the 
lipid metabolism, vascular anatomy, capacity and collateral circulation of 
the coronary arteries between swine and humans make this animal model 
even more attractive.19 

 
What is being offered here is not a conscious living being that cares for its own 
existence and strives to attain and preserve its own kind of good, but a model. A 
model is a kind of representation. It stands for something else. Normally it is a 
simplified version of a complex process or state which can be used to facilitate 
understanding of, or increase knowledge about, that process or state. If we want to 
know how something works or what effects certain actions have on it, and we cannot 
get hold of the real thing, or do not, for one reason or another, want to use it, a model 
is needed that is likely to provide the same information. A model may even be better 
suited for the purpose of gaining information because it can be constructed in such a 
way that many irrelevant aspects of what it is meant to represent are eliminated. 
However, an animal that is being used as a model for a human disease is not in itself a 
simplified version of that disease. It is, even when it is used a model, still a living 
being that cares for itself and has its own particular good. So instead of being 
eliminated, all those details that are deemed irrelevant for the purpose of gaining a 
certain kind of information are simply ignored - as much as this is possible. The 
properties that are explicitly acknowledged and highlighted are not properties of what 
Lynch called the naturalistic animal but either properties of the analytic animal or 
properties that facilitate their being turned into analytic animals. Being omnivores 
they can be fed almost anything, so feeding them will not be a problem. They are easy 
to handle, so no inconveniencies or surprises that might force their user to 
acknowledge their naturalistic side are to be expected. Their organ systems, 
metabolism and anatomy are similar to those of humans. The disease affects their 
bodies in the same way it affects the bodies of humans. 
 
An animal model is perceived and used as a representation. Although a representation 
need have no similarity with what it represents (just as, conversely, a thing can be 
similar to another without representing it),20 in the case of animal models a certain 
similarity is necessary. The similarity is needed in order to achieve the research goal: 
it is the primary reason for using it as a model. On the other hand, the model also 
needs to be different, for if there weren’t any difference between the representation 
and what it represents, one could just as well use the real thing. In this case the real 
thing would be a human being suffering from Diabetes. Yet experimenting on humans 
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is thought to be unethical. In contrast, swine allegedly ‘raise few ethical 
considerations’, so the reason for not using human beings does not apply to animals. 
Ethical concerns appear to weigh less or not exist at all in the case of animals, and this 
justifies their being used as a model. In fact, however, it is the way they are 
represented that allows us to lower their moral status to a negligible degree.  
 
In every act of representation there is an object (that which is represented) and a mode 
of representation (that as which the object is represented). Every representation 
involves a certain characterization of an object. In the case of animal models, the 
animal represents a human as the bearer of a certain disease. It is meant to exemplify 
this human disease. Being meant to exemplify, the animal model is, qua model, a 
reduction. Similarity is important only in a certain respect, whereas in other respects 
the dissimilarity is equally important, namely dissimilarity in respect to everything 
that might be considered ethically relevant, such as life, sentience, conscience, an 
inner perspective, a subjective existence. These properties are not positively absent in 
animal models but they are systematically overlooked. Hence the dissimilarity is not 
intrinsic to the object but a mental, linguistic and social construction. It is a result of 
what Honneth calls forgetfulness (of a prior recognition). Everything that is not 
relevant to the purpose (and that may possibly create a meaningful relationship 
between the animal and its user) is pushed into the background, is suppressed. The 
animal is regarded and, more importantly, subsequently treated as a mere model or, in 
more general terms, a tool. Its intrinsic value is concealed and its instrumental value 
emphasized. At the same time the instrumentalization is being hidden. The fact that 
the animal only becomes a model by virtue of the way humans relate to it 
(conceptualize and treat it) is forgotten, and what is essentially the result of an 
interest-guided contraction of one’s visual and mental focus is transformed into an 
ontological fact. Awareness that one is using an animal as a model is lost and replaced 
by the belief that one is actually using an animal model. 
 
The process of reification passes through several stages. The starting point is an 
individual living, conscious, and sentient animal. This is initially recognized but 
eventually forgotten (Honneth’s Anerkennungsvergessenheit). A selective use of 
language is then employed to deflect attention from those properties that tend to be 
regarded as giving rise to intrinsic value and thus moral status, and simultaneously to 
confine attention to properties that are most likely to be instrumentally valued. The 
next and most important step is the transformation of an instrumental perspective into 
an ontological fact: the animal now appears to not only be used as a model but to be a 
model, thereby retroactively justifying its being used as a model. As a result, the 
animal appears to be an indefinitely usable thing that is completely at our disposal.  
 
Incidentally, this crucial transformation of an instrumental perspective into an 
ontological fact can be seen as an instance of reification in the first sense of the word, 
which I mentioned briefly at the beginning of this paper. It is an instance of treating 
an abstract concept as if it represented a concrete thing. Not only the animal is reified 
(by being conceptualized and treated as a mere thing) but also the term ‘model’ is 
being reified by using it as if it represented the whole reality of the object it refers to 
instead of a certain use this object can be subjected to. 
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Language helps to sustain this crucial deception. The way we speak about a thing not 
only reflects but also shapes our perception of it and facilitates the process of 
reification. Just as it is important in warfare to verbally dehumanize the enemy and all 
potential victims of one’s own aggression in order to dissolve possible moral scruples 
and instinctive inhibitions towards killing fellow human beings,21 animals are being 
transformed verbally in order to deflect attention from the fact that they are individual 
living creatures that care for their lives and have a good of their own just as we do. 
What needs to be forgotten is that animals are not made for our convenience, do not 
exist as means to our ends, but are ends in themselves. Only natural beings can be 
ends in themselves. Pure (non-living) artefacts, on the other hand, are never ends in 
themselves because they are made for a certain purpose. By employing a certain 
terminology natural beings are for all practical purposes turned into artefacts. ‘To 
speak of organisms as machines legitimizes our treatment of them as artefacts, as 
completely knowable and transparent objects and of their lives as having no ethical 
significance.’22 
 
Super-reification through genetic modification 
 
A further step in the reification of living creatures is reached when animals are 
genetically manipulated in such a way that those features that, for some reason or 
other, hamper our use of them are eliminated and other features that are conducive to 
their intended use are accentuated or added. Quite rightly Lynch remarked that ‘the 
genetic design and domestication of laboratory animals anticipates their use as 
analytic subjects.’23 Animals are not only spoken of as tools and treated as tools, they 
are quite literally being created as tools. Instead of putting up with the naturalistic 
animal and trying to ignore it as best as we can, gene technology allows us (or 
promises to allow us) to create animals that are less and less naturalistic and more and 
more analytical – increasingly perfect research tools. Mice, for instance, have been 
used for almost a century to model human diseases because they are cheap, easy to 
hold, and, most importantly, develop conditions similar to those of humans such as 
cardiovascular disease, cancer, or diabetes. However, by specific gene targeting 
(homologous recombination in embryonic stem cells) genes can now be inserted, 
deleted, modified or substituted so that other human diseases can be modelled that do 
not normally strike mice, such as cystic fibrosis or Alzheimer’s. Knockout mice, 
knockin mice, and transgenic mice can be specifically designed according to the 
needs of the customer. They are custom-made by various companies that offer their 
services to the requiring researcher: Tell us what you want and we will get it for you. 
The U.S. National Institutes of Health (NIH) advertise Knockout mice as a resource 
that ‘will serve to further the value of the mouse as a powerful and important tool in 
the study of human health and disease.’24 Ozgene, a company specializing on the 
fabrication and marketing of genetically modified mice and rats, advertise their 
products as ‘the most sophisticated and valuable tools in functional genomics and 
drug target validation.’25  
 
The instrumental value of the mouse as a research tool is thus not only emphasized 
but it is effectively raised. Although its intrinsic value is thereby not diminished but in 
fact remains the same it gets even harder to recognize this and not to forget it. 
Genetically modified mice are still living, ‘naturalistic’ creatures but they have also 
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become artefacts into whose very being a purpose has been introduced that is not their 
own. This external purpose is the sole reason for their existence. It is not that, like 
animals raised for food, they owe their existence to the fact that we have discovered 
how to use them for our purposes but rather that they owe their very nature to what 
we are planning to do with them. Their utility is the reason not only for the fact that 
they are but also for what they are. They already enter the world as human inventions 
and consequently are increasingly regarded as the intellectual property of their 
inventors, as products for which it is thought proper to claim and award a patent.  
 
The first patent on an animal was issued in 1988 for a mouse genetically engineered 
to susceptibility for breast cancer, the so called Harvard oncomouse. Since then more 
than 500 patents on animals have been issued, including cats, dogs and primates. The 
patent was awarded despite the fact that the U.S. law prohibited that naturally 
occurring organisms be patented. But of course it was argued that the oncomouse was 
not a naturally occurring organism. It was not a product of nature but a human 
product. Although genetically modified animals may not be entirely artificial they are 
no longer entirely natural either: they are something like living artefacts or, to use the 
very fitting term that was introduced into the debate by Nicole Karafyllis, ‘biofacts’.26  
 
But doesn’t the successful creation of such biofacts mean that we have finally 
managed to bring animals into existence that actually do exist as means (to our ends)? 
We could then concede that Kant was wrong to claim that only human beings exist as 
ends in themselves and accept that most animals do too, and may still want to hold 
that animals that are specifically designed for a certain purpose do clearly not exist as 
ends in themselves but truly as means. They are not only used as instruments, they are 
instruments. And if they do exist as means, if they are instruments, then it seems it 
can hardly be inadequate to treat them as such. We would, after all, only use them the 
way they are meant to be used and treat them exactly as what they are. Our actions 
would be truthful, would be adequate to their nature and therefore morally justified. 
 
However, even a biofact is still a living creature that pursues its own ends despite the 
fact that it has been created to serve our ends. It is not in itself meant to be used in any 
way, ie, it does not exist as a tool, and its being designed as a tool does not provide 
sufficient moral justification for its exploitation. The fact that our children owe their 
existence to us does not give us the right to treat them as our property. And if we had 
conceived them for a certain purpose (eg, to take over the family business or to donate 
bone marrow to a sibling suffering from leukemia), we would still be morally 
obligated to let them live their own lives and pursue their own ends, which might turn 
out to be very different from what we intended them to be. Even if we had used gene 
technology to render them more suitable for our purposes, that would not entitle us to 
treat them as our property. The same holds for animals. We may design them at our 
convenience but that does not give us the right to treat them any way we please. It 
would if animals were things, but living beings cannot be turned into things. The 
process of reification is never complete and remains largely conceptual and 
perceptual. Biotechnology just gives us the means to consolidate our blindness 
towards the independent reality of an animal’s existence. 
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Instrumentalisation and Integrity 
 
Alan Holland once remarked that if it could only be shown that the genetic 
modification of animals is incompatible with showing respect to them then this would 
be the best case against it.27 Now, as we have seen, the genetic modification of 
animals is an attempt to turn a living organism into an instrument that is perfectly 
adapted to its intended use. The process of reification that has started as a specific 
way of looking at, thinking and talking about, and treating a living organism, is 
pushed to its limits by actually re-modeling the organism so that its instrumental value 
is raised. Thus the animal’s instrumental value becomes so prominent for our 
perception of it that its intrinsic value is effectively buried underneath it. Does this 
constitute a violation of the animal’s integrity?  
 
Biological integrity consists in the ability to live according to one’s own natural ends 
or teloi. Instrumentalization, or what I have called reification, is a process or an act 
that aims at either ignoring or eliminating these ends and replacing them with 
artificial, human-made ends. If those human-made ends are achieved at the expense of 
the animal’s natural ends then clearly its biological integrity is impaired. However, it 
is at least theoretically possible (although not very likely) that an animal is viewed 
and used as a tool without this having any effect on its ability to live according to its 
own natural ends. In other words, it could be nothing but a tool for us and not be any 
worse for it. Would its use then still be a violation of its integrity and, therefore, 
morally wrong? Or is reification morally wrong only because of what we are likely to 
do to the animal as a result, but not wrong in itself, as a specific human attitude 
towards animals, a certain way of thinking about and looking at them? 
 
It is difficult to separate an attitude from its practical application and expression. And 
indeed, if the conceptual and perceptual transformation of a living animal into a 
resource, an instrument, or a mere thing, had no effect whatsoever on the way we treat 
animals, Tom Regan would hardly have regarded it as the ‘fundamental wrong’. So 
perhaps we should concede that the instrumental attitude towards animals is not in 
itself a violation of their integrity. However, it seems that the respect we owe them 
(due to their being living creatures with a good of their own and their leading lives 
that we can recognize as intrinsically valuable) covers more than just our actions. It 
does not only demand that we not restrict their ability to pursue their natural ends but 
also that we acknowledge their true nature (according to which they are not things) in 
our thinking.  
 
The Kantian imperative that we never treat each other merely as a means but always 
at the same time as an end does not primarily command a certain kind of behaviour 
towards others but first of all a certain kind of mental attitude. In our daily lives we 
often treat others as means to our ends. For instance when we go to a shop and buy a 
newspaper the shopkeeper is being used by us as a means to acquire what we want. 
There is nothing wrong with that, as long as we don’t forget that the shopkeeper is 
also a human being who does not exist for our convenience and who deserves our 
respect. This respect is something we expect from others even where it doesn’t make 
much difference to what actually happens. The shopkeeper would be deeply offended 
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if he learned that we regarded him as a mere instrument without any intrinsic value 
whatsoever. And he would be offended even if we treated him no differently. The 
point is that we do not want to be ‘used’ even when we are used, that is, we expect 
others not to think of us merely as a means but always also as an end. If we find out 
that we have in fact been treated merely as a means we are not only disappointed but 
morally outraged. We feel that it is morally wrong to ‘use’ someone like this, to relate 
to people as if they were tools. We are not primarily concerned about the possible or 
actual effects of being used but about the fact itself. Neither do we think that the 
wrong consists in our feeling used. Rather, we object very strongly to our being used. 
Even if we never learned about it we would still not want it to happen. Even if nothing 
in the actual course of events had been different it would still make a difference to us. 
We feel that by being regarded merely as an instrument our individual reality is being 
denied. We are living, conscious beings that exist for their own sake and not for 
anyone else’s, and we want this fact to be acknowledged and our identity as not-
things to be respected. Yet animals, too, are living, conscious beings that exist for 
their own sake, and although they cannot demand respect for it they do deserve it just 
as much as humans do. 
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Exploring Biopower in the Regulation of Farm Animal Bodies: 
Genetic Policy Interventions in UK Livestock 
 
LEWIS HOLLOWAY & CAROL MORRIS1 
 
Abstract 
 
This paper explores the analytical relevance of Foucault’s notion of biopower in the 
context of regulating and managing non-human lives and populations, specifically 
those animals that are the focus of livestock breeding based on genetic techniques. 
The concept of biopower is seen as offering theoretical possibilities precisely because 
it is concerned with the regulation of life and of populations. The paper approaches 
the task of testing the ‘analytic mettle’ of biopower through an analysis of four policy 
documents concerned with farm animal genetics: the UK’s National Scrapie Plan 
(2003); the UK National Action Plan on Farm Animal Genetic Resources (2006); the 
Agriculture and Environment Biotechnology Committee’s report on Animals and 
Biotechnology (2002); and the Farm Animal Welfare Council’s report on the Welfare 
Implications of Animal Breeding and Breeding Technologies in Commercial 
Agriculture (2004). Of interest is whether and how the four policy case studies 
articulate a form of biopower in relation to human-livestock animal relations in the 
context of genetic approaches to livestock breeding, and how biopower is variably 
expressed in relation to the different policy issues addressed. In concluding, the paper 
considers the overall applicability and relevance of biopower in the context of 
regulating animal lives within livestock breeding, highlighting both possibilities and 
limitations, and offers suggestions for taking forward research on livestock 
populations from a neo-Foucaultian perspective. 
 
Introduction 
 
Genetic techniques2 became increasingly important in livestock breeding during the 
second half of the twentieth century. They include statistical calculations of animals’ 
‘genetic merit’, identification of marker genes associated with particular qualities such 
as enhanced productivity or reduced disease susceptibility, and the possibilities of 
creating genetically modified livestock.3 Such is the significance of these 
developments that they have been labelled a ‘genetics revolution’ by the scientists 
involved.4 Livestock breeding has long been the subject of scientific interventions of 
various kinds, concerning selective breeding, nutrition and health. However, genetic 
techniques represent a more fundamental intervention in the lives of agricultural 
animals, based on the notion of genes and genomes, phenomena that are partly 
embodied within individual animals and identification of which has other implications 
for the bodies of these animals. Indeed, these techniques suggest that the lives of 
animals, as individuals and as populations, are being understood, regulated and 
managed in new and complex ways, a process that demands examination.5 One means 
of approaching this task is through Foucault’s notion of ‘biopower’6 which offers 
theoretical possibilities precisely because it is concerned with the regulation of life 
and of populations. However, because this concept was developed in relation to 
human lives and populations its legitimacy needs to be established in the non-human 
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context. The overall objective of this paper, therefore, is to test the ‘analytic mettle’7 
of biopower in the context of livestock agriculture and specifically the breeding of 
livestock through genetic interventions.  
 
We do this through an analysis of policy issues which engage with farm animal 
genetics, an engagement which has increased in recent years in parallel with the 
development of genetic breeding techniques. Four specific policy documents have 
been selected as a vehicle for our exploration of the relevance of biopower in 
understanding the regulation of agricultural animal lives. The first of these is the UK’s 
National Scrapie Plan (NSP),8 which has, since 2001, used genomic testing as the 
basis for attempts to eradicate scrapie from the UK national sheep flock, while the 
second, the UK National Action Plan on Farm Animal Genetic Resources (FAnGR),9 
establishes a strategy for conserving UK livestock biodiversity. Both represent 
significant policy developments: the NSP is the only policy initiative to date that has 
actually deployed genomic testing in the national level management of the sheep 
population, while FAnGR is a national response to an international policy drive 
founded on the use of genetic knowledge in the quest for biodiversity conservation. 
The third policy document is the Agriculture and Environment Biotechnology 
Committee’s (AEBC) report on Animals and Biotechnology,10 which examined the 
regulatory implications of biotechnological developments for agriculture and the 
environment, and the fourth, the Farm Animal Welfare Council’s (FAWC) report on 
the Welfare Implications of Animal Breeding and Breeding Technologies in 
Commercial Agriculture,11 includes discussion of genetic methods in breeding stock. 
Again, both reports are significant as they have been produced by independent 
organisations appointed to provide strategic advice to the UK government on the 
regulation of agricultural biotechnology and all aspects of farm animal welfare 
respectively. Although other policy-informing reports on agricultural biotechnology 
and its regulation have been published over the last decade, the two selected for 
analysis here represent the most recent statements that deal with the issue and, in the 
case of the FAWC report, build from and bring together the findings from earlier 
reports.12 
 
We begin by outlining Foucault’s conception of biopower and how this has been 
usefully reworked as the basis of further empirical enquiry by two Foucaultian 
scholars, Paul Rabinow and Nicolas Rose.13 Discussion follows of several issues 
relating to the use of biopower for making theoretical sense of the regulation and 
management of non-human populations. The paper next explores the four policy case 
studies in more detail, outlining their scope and purpose and then examining them 
through Rabinow and Rose’s reconceptualisation of biopower. Of interest is whether 
and how the four policy case studies articulate a form of biopower in relation to 
human-livestock animal relations, and how the expression of biopower is different in 
relation to the different policy issues addressed. Finally, we consider the overall 
applicability and relevance of biopower (as reformulated by Rabinow and Rose) in the 
context of regulating animal lives within livestock breeding, highlighting both 
possibilities and limitations, and offer suggestions for developing research on 
livestock populations from a neo-Foucaultian perspective. 
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Policies, power and biopower 
 
Foucault’s notion of biopower represents an important theorization of power as this 
relates to (human) life.14 All of the policies outlined above are concerned with the 
lives of farm animals - increasingly defined in terms of their genetic content - and 
how these lives should be regulated and managed. It is the regulation of life that 
concerned Foucault who used the general term biopower to describe forms of power 
focused upon the vital characteristics and capacities of human bodies and the conduct 
of individuals and collectivities.15 For Foucault biopower centred “on the body as a 
machine: its disciplining, the optimisation of its capabilities, the extortion of its 
forces, the parallel increase of its usefulness and its docility, its integration into 
systems of efficient and economic controls…”16 Within the field of biopower, 
Foucault distinguished between two forms of ‘biopolitics’. The first, 
‘anatomopolitics’, referred to “the disciplinary techniques that sought to maximize the 
body’s forces and integrate it into efficient systems, such as through proper training, 
or through rationally organizing workplaces, armies and domestic economies”.17 
Biopolitics is the term used to describe the second form and refers to specific political 
mechanisms, strategies and technologies that take as their object “the biological 
existence of the nation…understood as a ‘population’ imbued with the mechanisms of 
life and knowable in statistical norms”.18 ‘Population’ is the key word here since this 
notion had a very different meaning prior to the eighteenth century. From this time, 
however, population becomes “the ultimate aim of government”.19 
 
For Foucault, therefore, the emergence of biopower was historically contingent and 
closely tied up with nation states as these emerged in post-Renaissance Europe. 
Biopower came to overlay, but not completely replace, the previously dominant mode 
of ‘sovereign power’, the power to “curtail life in periodic, spectacular manner”.20 In 
contrast, biopower represented a more “dispersed form of disciplinary or ‘pastoral’ 
power … [the] power to make live or let die”.21 The reason for this shift in the 
operation and form of power, so Legg suggests, was tied up with decline of feudalism 
and, more specifically, the establishment of the agricultural and industrial revolutions, 
both of which led to a mass movement of people into cities and the subsequent need 
for their ‘management’.22 Furthermore, the emergence of competitive nation states 
required healthy and well-disciplined ‘populations’ to ensure their survival23 Foucault 
envisaged the human sciences, together with a set of administrative institutions 
associated with the nation state, as central to the production and operation of 
biopower during the eighteenth and nineteenth centuries. Policy interventions in the 
birth rate and morbidity, and measures to coordinate medical care were the primary 
focus of biopower. 
 
In spite of the formulation of biopower in relation to a particular historical period and 
set of phenomena associated with that period, the notion of biopower clearly has 
resonance and analytical potential in understanding the operation and distribution of 
power in contemporary society. Indeed, Marks claims that biopolitical processes are 
part of the fabric of everyday reality in advanced capitalist economies.24 A more 
cautious approach is suggested by Rabinow and Rose, who dispute the notion of an 
“omnipotent and all-pervasive” biopower, suggesting that while some applications of 
Foucault’s ideas on biopower and biopolitics have many merits they also “entail 
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highly general philosophical deployments of the terms which are totalizing and 
misleading”.25 They also argue that Foucault himself made limited reference to 
biopower and so the concept “remains insufficiently developed” and has yet to 
demonstrate its “analytic mettle in sufficient cases”.26 In an attempt to provide further 
conceptual clarity Rabinow and Rose suggest that the concept of biopower must, at a 
minimum, include three elements. The first is “one or more truth discourses about the 
‘vital’ character of living human beings, and an array of authorities considered 
competent to speak that truth”.27 Truth discourses can have their origins in a number 
of disciplines, including the biological and the sociological. The second is strategies 
for intervention upon collective existence in the name of life and health. These 
strategies are directed at populations often, although not necessarily, identified at the 
scale of the nation state, and “emergent biosocial collectivities”28 such as those based 
on race or gender. The third element is ‘modes of subjectification’, which refers to the 
means by which individuals come to regulate themselves and their own sense of self 
and body in relation to truth discourses. In any particular instance of biopower, it is 
important to understand that it is not that one or other of the three elements is 
dominant, causing or producing the others as effects. Instead, truth discourses, 
strategies for intervention and subjectivities are co-constitutive and co-emergent 
within relations of biopower. The three elements of biopower and the way in which 
these are co-constituted in diverse ways require further “detailed, empirically 
grounded enquiry”, according to Rabinow and Rose,29 for example in examining the 
ways in which, in particular instances, intervention strategies might be seen as 
attempts to realise the ideas for collective existence immanent in particular truth 
discourses, or in exploring how emergent truth discourses might be used to legitimise 
particular forms of intervention. 
 
Policy developments relating to genetic approaches to livestock breeding offer one 
potential empirical context to further test the ‘analytic mettle’ of biopower. As Marks 
observes “the conceptual resources of thinking on biopolitics have been seen by many 
as a useful and analytical tool for looking in particular at the ways in which the post-
war development of molecular biology has provided new pathways for politics to 
penetrate the material components of life”.30 He goes on to argue that many recent 
biotechnological issues such as gene therapy and the human genome project all raise 
significant biopolitical issues. Also relevant is research that explores the operation of 
biopower through policy developments, both contemporary and historical. For 
example, Legg utilises an analytical scheme derived from the Foucaultian literature on 
governmentality (the conceptualization of which is bound up with the related notions 
of biopolitics, population and discipline) to examine three reports that dealt with 
Delhi’s congestion problem in the colonial period.31 In a contemporary context 
Gilbert examines a recent political document (the Security and Prosperity Partnership) 
drawn up in 2005 by the US, Canadian and Mexican governments in an attempt to 
redefine the nature of cross-border relationships.32 Reading this document through the 
lens of the Foucaultian governmentality literature, Gilbert finds evidence of a 
biopolitical rationality that refocuses political attention on the needs and wants of the 
‘citizen’ and away from the management of the ‘population’.  
 
Reading policies through a Foucaultian lens, therefore, has some useful precedents 
that legitimise and inform the analysis herein. But before we undertake this task we 
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need to consider the implications of utilising what is essentially an anthropocentric 
theory of power within the context of animal lives and populations. 
 
Biopower and animals 
 
Limited efforts have been made to apply Foucault’s ideas to the study of animals and 
human-animal relations, and within this already small body of work the specific area 
of biopower has received very little attention. In relation to Foucault’s wider 
theorisation of power, for example, some attention has been paid to conceptions of 
disciplinary power in human-animal relationships. Novek, for instance, explores this 
in relation to intensive forms of livestock husbandry, and Williams explores how the 
recognition of animal sentience is used to deepen the disciplining of animals in and 
around meatpacking plants in order to elicit particular behaviours useful to the plant 
management. Work by Palmer and Holloway, in contrast, examines Foucault’s 
understanding that disciplinary power is not simply repressive, but is a productive 
phenomenon within human-animal relationships, associated for instance with the 
emergence of particular sorts of human and animal subjectivity.33 Holloway also 
discusses biopower as a useful concept in exploring human-animal relationships 
which involve the active intervention by people in the lives and bodies of livestock 
animals in contemporary agriculture; here, he examines the operation of biopower in 
relation to the deployment of robotic and information technologies in dairy farming. 
In this context, Holloway, drawing on Rabinow and Rose’s three elements of 
biopower which we drew attention to above, acknowledges that there are problems 
associated with applying these to animals. Here, we consider these problems in a little 
more detail, suggesting that they need to be borne in mind in assessing the concept of 
biopower in examinations of human-animal relationships in general, and genetic 
policy interventions in livestock agriculture in particular. 
 
First, the extent to which human-animal relationships exemplify biopower rather than 
‘sovereign’ (or indeed some other mode of) power needs consideration. Above, we 
outlined Foucault’s description of a biopower which came to overlie sovereign power 
in post-Renaissance Europe. The particular form of power exemplified by sovereign 
power is the power to curtail life, and clearly in relation to livestock animals the 
power to closely confine, control and end the lives of the animals concerned is 
strongly evident. However, the ways in which this power is expressed in livestock 
agriculture is in some important ways different to the expression of sovereign power 
as described by Foucault in relation to human populations. First, power over the life 
of livestock is, at least in contemporary Western contexts, particularly mundane, in 
contrast to the spectacular events periodically associated with the exercise of 
sovereign power over the life of humans. The slaughter of thousands of animals is 
daily routine in livestock systems which have effectively objectified animals, and far 
from acts of slaughter being public events, most in the West have become 
progressively distanced from the farming and killing of the animals they eventually 
consume, although spectacular and very public events such as the mass slaughter of 
animals resulting from the 2001 outbreak of Foot and Mouth Disease in the UK 
served as a reminder of the deaths of animals which underpin meat-based diets.34 
Second, alongside the power over life exemplified by the act of slaughter, the 
exercising of human power over the life of livestock animals has proceeded in other, 
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more subtle ways, through processes of domestication, selective breeding, and, 
increasingly, the application of genetic knowledge-practices.35 These interventions 
represent attempts to direct and regulate life, to integrate that life into the technologies 
and economics of what have become industrialised agricultural systems. As such, 
overlying the powerful relations of domination which unarguably subtend 
contemporary livestock agriculture is a set of relations which, we argue, constitute a 
form of biopower operating between humans and livestock animals. 
 
This argument that biopower is relevant in considering human-livestock animal 
relations raises two further issues. First, for Foucault, the notion of biopower was 
constituted in relation to an idea of population - an idea that took on particular 
meanings from the late 18th Century, and in particular was associated with the idea of 
the nation state. With regard to livestock, there is perhaps a number of different 
‘populations’ at different scales, which might be considered the subject of relations of 
biopower. These include, for instance, the ‘national herds/flocks’ of the different 
species of livestock animal, but also a herd or flock on an individual farm. Further 
types of population are the different breeds of livestock within a national territory, or 
even international populations of animals related through their common membership 
of a breed.36 In some ways, the differentiated effects of biopower in relation to how 
different groupings are defined parallel the way that Rabinow and Rose argue that 
categories of race or gender have formed the basis for different sorts of interventions 
in human populations. In assessing biopower in relation to policy interventions, it is 
clear that an understanding of how they constitute particular notions of population is 
necessary. The terminology of ‘biosocial collectivities’ adopted by Rabinow and Rose 
is particularly valuable here, allowing a move beyond the limitations of 
geographically proximate populations of the same species (ie, humans), to take into 
account non-proximate and heterogeneous groupings which might be constituted by 
members of different species (both human and nonhuman). 
 
Second, Foucault’s biopower was, as concerned with national populations and the 
nation state, necessarily connected to state-level interest and interventions in 
populations. Yet, as Rabinow and Rose imply, from the later part of the 20th century, 
strategies for interventions have involved an array of state, quasi-state and non-state 
institutions, particularly in relation to genetic truth discourses. Similarly, in relation to 
livestock, a network of different types of institution can be understood as implicated 
in the formulation and implementation of strategies for intervening in the collective 
existence of livestock populations. Such institutions include those of the state (such as 
the relevant government departments), those sponsored by the state (such as 
government-funded agricultural research institutes), as well as private sector 
organisations (eg, commercial breeding companies) and the voluntary sector (eg, UK 
breed societies37). Here then, in relation to livestock breeding, biopower is distributed 
across networks of related institutions, including at the micro-scale the individual 
breeding unit or farm at which many interventions in farm-scale populations are 
conducted, and is related to the particular forms of institutionalisation which have 
come to characterise livestock breeding from the late 20th Century. 
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Policy interventions in the life of livestock animals 
 
To further examine the issues raised above, we return now to our four case studies. 
Although all are concerned with genetic approaches to livestock breeding, they 
represent two distinct types of policy intervention. The first (NSP and FAnGR) 
surrounds concerns relating to, for example, specific animal health, disease and 
welfare issues, and ecological notions of biodiversity. Here, intervention has 
increasingly been articulated through an understanding that it is the genetic 
characteristics of livestock populations which should be the focus of attention, and 
specific policies and consultation documents have, to a greater or lesser degree, been 
formulated around a sense that livestock genetics can be managed in order to achieve 
desirable outcomes. The second type of intervention (the AEBC and FAWC reports) 
has emerged, somewhat ironically, in response to concerns about the effects of an 
increasing ‘geneticisation’38 of livestock breeding practices. In this case, policy-
influencing activity has centred around debates about the extent to which policy 
intervention is required in order to mitigate some of the potentially negative 
implications of regarding livestock increasingly as the products or bearers of genetic 
material. The first type of policy intervention can be understood as promoting 
opportunities arising from the potential insights into livestock provided by 
genetic/genomic science, while the second form seeks to address (through regulatory 
changes) the potential threats associated with biotechnological and other 
developments in livestock breeding. 
 
After outlining the four policy interventions, we focus in particular on the ways in 
which they articulate a form of biopower, as theorised by Rabinow and Rose, in 
operation in relation to livestock, and explore how biopower is expressed differently 
in relation to the different issues addressed in these interventions. 
 
National Scrapie Plan 
 
Scrapie is a Transmissible Spongiform Encephalopathy, fatal to sheep. Concerns that 
the presence of scrapie in sheep might mask the presence of BSE in such animals, 
with consequent health implications for humans who consume infected sheepmeat, led 
to the establishment of the NSP, which aimed to eradicate scrapie from the national 
flock through a Ram Genotyping Scheme. The NSP is underpinned by claims that 
‘conventional’ methods of disease control, “traditionally based on the diagnosis of 
infected animals and the prevention of transmission to other stock” cannot be applied 
in the case of scrapie.39 The NSP’s strategy for intervention is instead predicated on a 
genetic understanding of the relationship between livestock animals and the disease. 
Key to the NSP is the fact that sheep with different genotypes are more or less 
susceptible to scrapie. The NSP thus centres on the identification of marker genes 
from sheep blood samples, a testing process referred to as Prion Protein (PrP) 
Genotyping, which allocates sheep to one of five categories (their PrP Genotype): the 
strategy thus focuses on retaining as breeding stock those animals which are 
theoretically genetically more resistant to scrapie, and culling those which are more 
susceptible. Initially a voluntary scheme, as a result of EU legislation, the NSP 
developed into a compulsory programme in 2004 for those flocks which experienced 
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a case of scrapie, and in 2006 it focused on pedigree flocks and other flocks breeding 
rams to be used in breeding.40 
 
Farm Animal Genetic Resources 
 
The second case study is the recent UK National Action Plan on FAnGR. The Action 
Plan, published by the UK’s Department for Environment, Food and Rural Affairs,41 
was prepared by the National Steering Committee for FAnGR, an advisory committee 
consisting of scientists and expert representatives of a range of other organisations, 
which was established in 2004 by the UK government as part of its official response 
to the UN Food and Agriculture Organisation’s global strategy for the protection of 
the world’s animal genetic resources,42 a product of the Convention on Biological 
Diversity drawn up at Rio de Janeiro in 1992. The plan identifies 38 Recommended 
Actions, together constituting its strategy for conserving farm animal genetic 
resources. Several are particularly relevant here. Two call for greater levels of 
‘scientific’ and ‘molecular’ characterisation of livestock breeds. Two others directly 
relate to concerns about the narrowing of genetic diversity potentially associated with 
new genetic techniques of livestock breeding (including, specifically, the NSP), while 
a fifth raises concerns about the potential effects of such techniques on the health and 
welfare of animals, relating this to the FAWC report, returned to below.  
 
Agriculture and Environment Biotechnology Committee 
 
The Biotechnology Commission (AEBC) was established in June 2000 with a remit to 
provide the UK Government and Devolved Administrations with independent, 
strategic advice on developments in biotechnology and their implications for 
agriculture and the environment. A sub-group was constituted to produce a report on 
Animals and Biotechnology (published in 200243) which considered whether current 
and future developments in animal biotechnology could be addressed through the 
existing regulatory and advisory machinery. Adopting a deliberately open and 
consultative approach to its work, the Commission held a series of meetings with 
experts and the general public and commissioned two research studies into public 
attitudes to biotechnology with animals. Its report refers to and builds on earlier 
publications dealing with animal biotechnology.44 Drawing attention to both the 
positive and negative potentialities of the application of genetic biotechnology to 
animals, the AEBC comes to the view that “the practical differences between genetic 
biotechnology and conventional practices are not such as to suggest that GM or 
cloned animals should be governed separately in every aspect from conventional 
animals in the regulatory system”.45 However, it does recognise that GM and cloned 
animals present a number of potential problems that are not currently addressed in the 
regulatory system: eg, adequate monitoring of the long term stability and welfare of 
cloned and GM farm animals if and when they enter conventional production, 
ensuring consumer choice, and preventing any adverse environmental impacts. As 
such, it presents a set of seven recommendations for overcoming existing regulatory 
shortcomings, key among which is a new, independent and strategic advisory body 
“to examine issues raised by the use of genetic biotechnology on farm animals in the 
context of its use on other animals and current livestock farming practices”.46 
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The Farm Animal Welfare Council 
 
FAWC has, since 1979, provided independent advice to the UK Government on the 
welfare, and associated legislation, of agricultural animals on farm, in transit and at 
the place of slaughter. The Council comprises animal and agricultural scientists, 
economists, representatives of animal breeding companies, veterinary surgeons, 
farmers, and representatives of consumer interests. Its 2004 report on the welfare 
implications of animal breeding and breeding technologies in commercial agriculture 
aimed “to provide clear and practical advice to Government on the establishment of 
an appropriate framework within which developments in animal breeding and 
breeding technologies, and the outcome of such processes, may be considered”.47 The 
report identifies a number of shortcomings in existing legislation and other (eg, 
private sector) initiatives relating to animal welfare in the UK, and makes 
recommendations to address them, key among which is the creation of a Standing 
Committee to consider animal breeding in agriculture and its welfare consequences. 
Among its proposed roles the new Committee was expected to oversee a significantly 
increased level of surveillance of the welfare consequences of current breeding 
strategies and new breeding technologies, an activity requiring the collection and 
analysis of existing as well as new data from a variety of sources. The Government 
subsequently rejected the formation of the new Committee on the grounds of cost, a 
lack of a clear role for it in the absence of statutory powers, its threat to innovation 
and trade, and the global nature of animal breeding, which makes a UK-specific body 
largely redundant.48 Instead, the Government sees FAWC itself as well placed to 
tackle many of the concerns raised and proposes a number of roles it might perform in 
relation to breeding including building good relationships with UK breeding 
companies and advising on a code of good practice for these companies (ie, an 
advisory and voluntary approach to regulation). By and large the Government views 
existing legislation as sufficient to protect animal welfare in relation to breeding and 
breeding technologies but it partially agrees with FAWC’s call for enhanced 
surveillance, albeit with emphasis on a voluntary approach to data collection. 
 
‘Truth’, authority and interventions in the life of livestock animals 
 
Having outlined our four policy issues, we return now to Rabinow and Rose’s three 
elements of biopower: the existence of truth discourses about the essence of life; 
strategies for intervention in the collective existence of living beings; and processes of 
subjectification which produce self-regulating individuals. Here, we focus on the first 
and second elements, returning to the third in the concluding section. 
 
In all four policy documents, truth discourses about life are fundamental to the 
development of strategic interventions in the life of livestock animals. In all four 
cases, a genetic understanding of life is accepted; animal life is regarded as essentially 
genetically manipulable. For instance, the NSP states that “Studies of the genetics of 
sheep have … shown that it is possible to identify whether sheep are resistant or 
susceptible …”,49 and FAWC argues that “genotype associated welfare problems are 
recognised”.50 Genetic truth discourses thus run through all of the documents, but are 
articulated in different ways and are related in different ways to other simultaneous 
‘truths’. This suggests that different modes, or particular types, of biopower can be 
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identified in different instances, in relation to the very different issues addressed by 
the various policy documents. Different modes are thus related to particular 
combinations of, or relationships between, the different ‘truths’ associated with them.  
 
In the NSP, the ‘life’ of sheep is reduced to a genetically-dependent susceptibility to 
scrapie, so that it is solely the PrP Genotype which is the focus of policy intervention. 
It is allied, however, with arguments that, first, scrapie poses a threat to human health; 
second, that as such, it should be ‘eradicated’; and third, that genetics is the key to 
disease susceptibility in this case and that genetic testing is thus the key to eradication. 
Genetics here thus provides the opportunity of addressing a perceived animal and 
human health issue. In the case of FAnGR, there is a similar understanding that 
livestock animals can be ‘known’ through molecular characterisation. These ‘truths’ 
are here allied to, first, an argument that livestock ‘biodiversity’ should be conserved, 
and second, an understanding that genetic biodiversity stands alongside other 
measurements of livestock biodiversity (especially the diversity of livestock breeds) 
as an appropriate target for policy. As with scrapie, a knowledge of livestock genetics 
relates to a possible mode of intervention, yet in this case regarding the conservation 
of genetic diversity, in contrast to the narrowing of diversity which is a possible 
outcome of attempts to eradicate scrapie. 
 
The other two policy documents address some of the potential consequences of 
genetic techniques in agriculture, although in common with the first two there is an 
assumption that such techniques will become increasingly prevalent in livestock 
breeding. Both the AEBC and FAWC reports draw on different understandings of the 
essence of life; in particular scientific truths relating to a genetic basis for life become 
entangled with other truths drawn from moral philosophy which, first, accept an 
essentially instrumentalist or utilitarian perspective on human relations with animals, 
but, second, represent animals as sentient beings with their own integrity or ‘nature’, 
such that animal lives need to be protected from the possible excesses of human 
intervention.  
 
These emergent truths about the life of livestock animals gain legitimacy in the 
current policy context through the recognised expertise of the constituent members of 
the committees they are associated with, and by their intertextual relations with other 
reports (including each other) and institutions. In particular, authority is constructed 
and reproduced within the four cases by a common reference to scientific authority 
and expertise, used to legitimise the suggested policy interventions in the life of 
livestock. The NSP, for example, states that “The use of genetics to tackle scrapie has 
been recommended by the Spongiform Encephalopathy Committee (SEAC), the EU 
Commission’s Scientific Steering Committee and has been endorsed by the Food 
Standards Agency”.51 The committees and agency referred to are seen as competent 
authorities as they too embody scientific expertise. Similarly, FAnGR is chaired by a 
leading agricultural scientist, with committee members drawn from a range of 
scientific institutions alongside those with specialised commercial and agricultural 
knowledge of particular species. Authority in this case is also constructed by reference 
to the internationally recognised authority of the FAO. In the cases of the AEBC and 
FAWC, their constitutional concerns with ethical issues associated with genetic 
interventions in the life of livestock require that alongside scientific expertise, 
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authority is simultaneously drawn from other fields. The AEBC is, for example, 
informed by various scientific disciplines, but at the same time it includes the 
perspectives and authorities of law and moral philosophy, while FAWC asserts that it 
“takes account of scientific knowledge and the practical experience of those involved 
in the agriculture industry … [and takes] a broad-ranging approach, taking into 
account all relevant views”.52 Collectively, then, and using Rabinow and Rose’s 
terminology, the policy reports drawn on here can be seen as representing an 
interlinked array of authorities considered competent to speak truths about the life of 
livestock animals and the appropriateness of particular types of intervention in that 
life. Our point here is that although these authorities may in some ways contradict 
each other, and become allied in different ways to other, sometimes also competing, 
truth discourses, in specific contexts and at particular moments they are regarded as 
authoritative, and as such, are associated with effects such as policy responses and 
changes in the practices of animal agriculture. 
 
A clear strategy for intervention is demonstrated in both the NSP and FAnGR 
although the strategy and its associated intervention is much more targeted in the case 
of the NSP where the eradication of a disease represents a singular and very clear aim 
to be realised through genetic testing. In contrast, the strategy identified by FAnGR is 
relatively broad in scope – the conservation of the UK’s farm animal genetic 
resources – and relies on genetic interventions (scientific and molecular 
characterisation) alongside a range of other actions to realise its objective, including 
the establishment of institutions and reporting structures, the establishment of 
inventories and recording systems to improve data collection and accessibility, and 
strategies for genetic conservation. Meanwhile, the strategy for intervention that is 
called for by the AEBC and FAWC reports is the regulation of agricultural 
biotechnology and breeding technologies respectively. The strategy here is, primarily, 
to protect farm animals from the excesses of biotechnological and other breeding 
developments with the recommended intervention an extension and deepening of 
livestock governance. While the AEBC calls for the establishment of a new statutory 
advisory body and FAWC recommends a new Standing Committee, both advocate 
increased monitoring and surveillance (also endorsed by FAnGR) at a number of 
scales: individual animal bodies subject to breeding strategies; and the nation state, 
where flows of genetic material and genetically modified animals (may) cross national 
borders. The AEBC, informed by a wider constituency of interests, also calls for 
further means of extending public engagement in decisions about genetic 
biotechnology, and arranging the means to maintain consumer choice about whether 
to purchase GM products. All of these recommendations imply the devising of new, 
or the revision of existing, policy and regulatory instruments relating to the 
management of livestock populations. 
 
The strategies in all four policies call for intervention in the lives of farm animals both 
to protect those lives (eg, from disease, loss of genetic diversity, and the welfare 
consequences of breeding technologies), and also to guarantee the interests of 
associated human populations (eg, through sustaining the livelihoods of sheep farmers 
and the health of consumers (in the case of the NSP) and ensuring consumer choice 
when and if genetically modified animal products are made available commercially, 
in the case of the AEBC’s report). In this way they can be seen to be intervening in, 
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and attempting to manage, simultaneously the lives of animal and human populations 
whose interests are inextricably intertwined. 
 
There are multiple populations at which the strategies for intervention are targeted. 
Two relatively tightly defined populations, at different geographical scales, are the 
focus of the NSP: the national sheep flock (a population which should be free of 
scrapie) and the individual farm flock as the population where intervention through 
genetic testing, culling etc. occurs. Cutting across both of these populations is another 
- breed - with some breeds identified as being less susceptible to scrapie than others 
and therefore of increased economic interest. The populations that are the focus of 
intervention within FAnGR are somewhat more loosely defined. Population here is, in 
one sense, all livestock in the UK, but differentiated according to species, breed and 
‘strains’ within breeds. Alongside these populations ‘biosocial collectivities’ provide 
an additional focus for the strategies for intervention. Such a notion evokes 
assemblages comprising both human and non-human entities. In the case of the NSP, 
therefore, the targeted biosocial collective comprises sheep (as individuals), genetic 
material, individual humans including farmers and breeders, disease vectors and a 
variety of institutions including Defra, SEAC and breed societies. Similarly, the 
biosocial collective identified through FAnGR comprises all livestock in the UK 
(categorised as species, breed and strain), their ‘genetic resources’, humans (as, inter 
alia, breeders, policymakers, scientists) and institutions (eg, breed societies, species 
organisations, governments). The targeted populations identified by NSP and FAnGR 
can be seen to both pre-exist, but also be reproduced through, these interventions (eg, 
breed is a long-standing and accepted way of understanding livestock). In contrast, the 
biosocial collectives appear to be rather more emergent and contingent, brought into 
being through the policy interventions and potentially associated with new political 
activities.  
 
The populations that are the focus of the strategies for intervention in the AEBC and 
FAWC reports are, like those of the NSP and FAnGR, multiple and broadly 
conceived. In the case of the former, it is ‘animals’ in the UK that is the primary 
population of interest, categorised as farm animals, companion and sporting animals 
and those involved in xenotransplantation. Individual (cf. populations of) animals 
outside the UK are mentioned (eg, the production of high-value farm animals through 
cloning in Australia and the US), as are flows of genetic material and genetically 
engineered animals across national boundaries. Given the AEBC’s remit of national 
regulation it is inevitable that a national population of ‘animals’ - broadly conceived - 
should be the focus of its strategies for intervention. The more specialist concerns of 
FAWC may explain the focus of its strategies for intervention on populations similar 
to those identified in the NSP and FAnGR. Here, then, population is defined primarily 
in genetic terms, as farm animal ‘genotypes’ produced through conventional breeding 
strategies and ‘new’ breeding technologies. Alongside this, species of farm animals, 
breeds, and also types of animal such as dairy cows and broiler chickens are further 
populations of interest. As with the AEBC, international animal populations are 
recognised, eg, through reference to the international effort involved in animal genetic 
engineering and of flows of genetic material and genetically engineered animals 
across national boundaries. However, the ultimate focus of FAWC’s primary strategy 
of intervention is national farm animal genotypes, a scale of intervention in animal 
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populations that is subsequently rejected by the Government as redundant in the face 
of the international nature of farm animal breeding. 
 
Suggestions of biosocial collectivities are apparent in the AEBC and FAWC reports. 
In broad terms, this is evident in the AEBC’s relational vision. When discussing farm 
animals (and how biotechnology may impact them) the report emphasises that these 
should not need to be viewed in isolation, but in relation to other animals. This 
reinforces its assertion that biotechnology has to be understood and approached in 
relation to other livestock farming practices (something that FAWC also advocates) 
and that both need to be situated in the context of society’s attitudes to animals more 
broadly. This highly relational vision is one that is likely to reflect the social scientific 
expertise on the AEBC and the social scientific research it commissioned.53 More 
specifically, and evident in both the AEBC and FAWC reports, is their combined calls 
for enhanced monitoring and surveillance of farm animal populations that are the 
subject of breeding strategies and technologies. In both cases the imagined biosocial 
collective comprises farm animals (as breeds, species, types and genotypes), 
individual humans such as farmers, breeders and veterinary surgeons, 
biotechnological and other breeding interventions (some of which are not yet 
commercially available), and a variety of institutions including the government (its 
various advisory bodies – existing and new - and departments), breeding companies 
and breed societies. The public may be seen to comprise an additional member of this 
biosocial collective in the vision of the AEBC where greater public engagement with 
animal genetic biotechnology is advocated and reflects a wider trend towards greater 
public consultation and engagement in decision-making. 
 
In summary, analysis of the four policies provide evidence for at least two of Rabinow 
and Rose’s three dimensions of biopower in the context of livestock breeding through 
genetic techniques, albeit variably expressed. The concluding part of the paper 
considers the third dimension and makes suggestions regarding the need for further 
conceptual and empirical research in this domain. 
 
Conclusion 
 
Rabinow and Rose summarise their understanding of what is necessary to biopower as 
follows:  
 

…knowledge of vital life processes, power relations which take 
humans as living beings as their object, and the modes of 
subjectification through which subjects work on themselves qua 
living beings…54 

 
We conclude by assessing the relevance of such an approach to the study of livestock 
animals and their breeding through genetic techniques, explored through the medium 
of policy, and by raising some questions associated with thinking about human-
livestock relations through the lens of biopower. 
 
The first two of Rabinow and Rose’s elements seem strongly applicable to the case of 
agricultural animals and genetic interventions in their lives. The emergence of ‘truth 
discourses’ which locate vital life processes at the level of genetic material has 
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become increasingly evident in livestock breeding,55 just as they have in the context 
of medical interventions in human life.56 Scientific and political authorities 
increasingly considered able to speak that truth have become prominent in agriculture 
and livestock breeding. Similarly, the policy and consultation documents examined in 
this paper are evidence of power relations involving strategies for intervening in the 
lives and existences of groups of living beings - although here it is livestock animals 
rather than humans which are the immediate focus of such interventions. What 
emerges from our assessment of the four policy issues is that the notion of what 
constitutes the livestock population to be intervened in is far from straightforward. 
Populations defined at different scales (eg, national or farm scale), and of different 
types (eg, species, breed or genotype), are identified and co-exist within individual 
documents. As such, rather than policies simply targeting pre-existing populations, 
multiple and entangled populations are constituted through the truth discourses and 
interventions associated with policy documents. Further, differently circumscribed 
populations draw heterogeneous others (eg, humans, genetic material, or 
organisations) into relational associations with them. Definitions of population as a 
result form the basis of the particular heterogeneous bio-social collectivities which are 
intervened in. Policy interventions which constitute and engage with such 
collectivities thus effectively extend the purview of biopower to include animals (inter 
alia) in their relationships with humans. 
 
The third of Rabinow and Rose’s elements is rather more problematic. Animals’ 
subjectivity is, to an extent, addressed by those aspects of the policy interventions 
which are concerned with issues of ‘animal welfare’ in agriculture. Yet throughout, it 
is difficult to comprehend how livestock can be understood as ‘working on 
themselves’ in the way Rabinow and Rose, and Foucault, imply, and yet this is 
absolutely crucial to the concept of biopower since the “process of producing ‘docile’ 
minds and bodies is not (indeed cannot be, on grounds of cost) confined to state 
institutions and discourses watching over, regulating and controlling people’s 
thoughts and behaviour. The basic idea of biopower is to produce self-regulating 
subjects”.57 In other words, once (human) bodies and minds have been shaped in 
particular ways by truth discourses then the individual ‘takes over’, to regulate 
themselves so that they continue to function in healthy ways and as ‘good subjects’. 
The most economical form of surveillance, as Danaher et al58 argue, is self-
surveillance. It is this dimension of biopower that is a stumbling block to the 
acceptance of biopower, as Rabinow and Rose define it, in relation to human 
interventions in the lives of livestock animals.  
 
In response, we suggest that an extended notion of the relations which constitute 
subjectivity might offer a way to explore how biopower is articulated through human-
animal relationships. Specifically, and in relation to the four policy interventions 
examined here, we argue that ‘geneticised’ truth discourses and interventions are 
associated with the production of modes of human subjectivity which have the effect 
that (some) humans work, not only on themselves, but on the bodies and experiences 
of livestock animals as other living beings. This is not to downplay the importance of 
the animals themselves. Instead, the theoretical challenge is to explore how, within 
particular modes of biopower, heterogeneous relationships between humans and 
nonhumans are structured and played out, recognising the significance of both the 
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bodily materiality and the subjectivity of humans and animals in relation to particular 
sets of power relations. As such, by relocating and distributing the focus of biopower, 
a more relational conception of biopower in which individuals work on nonhuman 
others alongside their work on themselves, might begin to be formulated. Thus, for 
example, much of the intervention suggested or required by the policy documents we 
have examined demands the enrolment of livestock breeders and farmers into 
practices of surveillance and monitoring of livestock animals, and into bureaucratic 
processes of record keeping, reporting and communication, all of which are associated 
with the exercise of biopower in relation to animal lives and bodies. In arguing for 
this more distributed sense of biopower and biosocial collectivities, we begin to look 
towards the poststructuralist perspectives offered by, for instance, science and 
technology studies and actor-network theory,59 in order to develop understandings of 
biopower (and, indeed, other modes of power) which more adequately account for 
trans-species relationships. At the same time, we argue that detailed empirical work 
within networks of breeders, scientists and others is demanded in order to fully 
examine the modalities and complexities of biopower as they are expressed and 
performed in particular circumstances.60 Thus, our initial assessment of the usefulness 
of biopower as an analytical concept sets an agenda for further theoretical and 
empirical work which will greatly enhance our understanding of the implications of 
genetic techniques for livestock agriculture.  
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Animal Genomics and Ambivalence: A Sociology of Animal Bodies in 
Agricultural Biotechnology 
 
RICHARD TWINE1 
 
Abstract 
 
How may emergent biotechnologies impact upon our relations with other animals? To 
what extent are any changes indicative of new relations between society and nature? 
This paper critically explores which sociological tools can contribute to an 
understanding of the technologisation of animal bodies. By drawing upon interview 
data with animal scientists I argue that such technologies are being partly shaped by 
broader changes in agriculture. The complexity of genomics trajectories in animal 
science is partly fashioned through the deligitimisation of the productivist paradigm 
but continue to sit in tension around particular conceptions of sustainability in farm 
animal production. 
 
In spite of this deligitimisation process genomics is now being framed in the context 
of a new productivism (termed the livestock revolution) bound up in projected global 
changes in animal consumption during the first half of the 21st century. This 
potentially jars against both social trends that seek to re-enchant animal life and 
sustainability discourses which include social and environmental contexts. 
Nevertheless the possibility of a new productivism is supported by various 
interconnected trends including the emergence of a discourse of the ‘bioeconomy’ and 
a liberal regulatory apparatus for farm animal breeding technologies. Ultimately an 
understanding of the possibility of emerging new bio-capitalisations on animal life 
should be set in a broader context of competing agricultural paradigms as well as 
ongoing tensions over ‘naturalness’ in human/animal relations.  
 
Introduction 
 
Much of the sociological literature speaks of contemporary Western human/animal 
relations as characterised by an ambivalence which came to cultural prominence 
during the twentieth century.2 Animal Genomics I shall argue sits productively within 
the nexus of this ambivalence. On the one hand we can note a historical move toward 
less instrumental human/animals relations; and the emergence of ethics of care which 
have inspired hubris challenging reflexivity within modern intensive agriculture and 
other areas. Yet significantly animals remain real conduits for bio-capitalisation and 
targets of human consumption at the outset of the 21st century. Biotechnological 
elaborations of animal life, be they through genomics or bio-pharmaceuticals or, 
perhaps in the longer term, cloning3 or GM, extend the modernist mastery of nature, 
now for some more properly understood as a refashioning or ‘bespoke’4 made to 
order nature. Whilst this may indicate an historical continuity with the modernist 
mastery of nature (constructed as separate to the human), transitioning now to a 
reality wherein nature becomes properly an externalised object of re/design, 
biotechnological impacts remain unclear owing to uncertainties over their social 
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reception and technical viability. The ability of biotechnologies to further embed
hybrid forms is partly dependent upon the continued erosion of the ‘natural’ in 
domains 5

 

such as food and health.  
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My focus in this paper is on animal biotechnologies in agriculture rather than 
medicine. However this choice of focus necessitates that I make clear a few points 
related to scope of coverage. I have argued elsewhere6 of the need to take into 
account the way in which developments in the biosciences promote a convergence 
between agricultural and biomedical domains but also that in terms of knowledge 
transfer there is a much longer history at play here.7 When trying to think through
sociological explanations of animal biotechnologies it is cogent if possible to be 
attentive to these interconnections, newly emerging or otherwise. For example, 
important to appreciate that database information covering the sequenced genomes o
both mice and the human is used routinely in comparative genomics in order to try 
and pinpoint gene function and economically interesting chromosomal loci for the 
farm animal sciences. Thus huge investments which in the main had the rationale to
investigate human disease are also made useful to those working in farm animal 
science and investigations into animal gene function also feed back into human 
medical research. Recognising such interconnections is as yet under-theorised in t
social science literature. Although the last ten years have seen a significant increase in 
research into the ethical, legal and social aspects of genetics this has been 
predominantly human centred in focus. To an extent this reflects the general 
invisibility of animals in Sociology8 as well as the failure to attribute sociologic
import to the place of animals and animality within the social. In the social science 
and bioethics of this area there is a specific division of labour between the false 
demarcation of ‘red’ (human, medical) and ‘green’ (environmental) biotech. In this
unreflected repetition of the society/nature dualism it is rather unclear where a
are accommodated. Consequently sociologists are at the early stages of th
through the biotechnological construction of human/animal relations and here I 
some signpo
 
Ideally then an analysis would be broader than that imposed by space constraints here. 
For example most of the research that could be taken to underline Michael’s9 claim of 
bespoke animals takes place in biomedicine. Thus the vast majority of animal research 
using genetically modified (GM) animals is in the area of creating animal models to 
study disease. There are a small number of research projects investigating both 
cloning and GM technologies for applications in agriculture. The company 
Aquabounty may be successful in commercialising the first GM animals (salmon) for 
human consumption in a few years’ time, and cloned animal products for human 
consumption may be commercialised by 2010.10 The point here is that if one was to 
base an analysis solely on either agriculture or biomedicine without any reference to 
their interconnection, one might well come up with a particularly partial 
representation of the biotechnological shaping of human/animal relations. The 
unsurprising discrepancy in funding between the sequencing of the human and mouse 
genomes vis-à-vis those of ‘agricultural’ animals means that the latter lag someway 
behind. However due in part to its interest as a model for developmental biology the 
chicken genome sequence is complete and mapping projects for other major farm 
animals are well underway. These efforts are adding significant knowledge to the 
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understanding of gene function and promoting the adoption of molecular solutions to 
particular problems in farm animal breeding.  
 
My approach in this paper to producing an understanding of the biotechnological 
shaping of human/animal relations in the context of agriculture centres around two 
main aspects. First I am interested in transnational discourses which serve to frame 
the role of animal science in farm animal breeding in various ways. Of particular 
importance here is the emergence of the knowledge-based bioeconomy discourse 
generally and the prescribed role for animal science within this. I will argue that 
pivotal to the successful uptake of a new technology such as genomics is its own 
negotiation of its relationship to ideas of sustainable agriculture within the 
bioeconomy discourse. Here I also draw upon empirical research; a series of semi-
structured interviews with UK based animal scientists conducted in 2006. This debate 
on sustainability is also germane to that of global food paradigms and the future of 
animal ethics within food production. The second aspect I wish to focus upon is the 
actual work that animal science does upon animal bodies. Here I apply a Foucauldian 
analysis to the disciplinary power of animal sciences acting to break down and 
interrogate the efficiency of animal bodies in farm animal production. I argue that due 
to the taken-for-granted ethical lacunae around animal life, Foucault’s analysis of 
biopower actually works better when applied to farm-animal animals. I also briefly 
consider how the arguments mapped out are positioned in relation to wider social 
theory terrains on the role of ambivalence in debates around modernity and 
postmodernity.  
 
Ambivalent animal futures in the ‘bioeconomy’ 
 
Although it is prudent to avoid being drawn into a teleological and linear view of 
progress where ‘prior’ instrumental views of nonhuman animal life have been 
gradually problematised, and to an extent discredited in parallel with the 
denaturalisation of gender and race relations, it is nevertheless clear that in the West 
the political status of animals has indeed emerged during the last thirty years. We can 
note a broad cultural interest in animal behaviour and interiority and, on the fringe, a 
rise in vegetarian and vegan practices of the self that announce a posthuman 
engagement with the world. In farm animal breeding itself animal welfare is a much 
more important issue and area of funded research compared to thirty years ago.  
 
But even before we introduce a biotechnological slant on the discussion, we are 
already in the realm of contradiction and ambivalence. As Buller & Morris point out, 
“while postmodernity has encouraged us to see the individuality and subjectivity of 
nonhumans as beings, modernity continues to put them on our plates as meat”.11 
Historically our emergent dissonance at the processes of animal production has been 
partly managed by the spatial sequestration of the sites of rearing, slaughter and 
preparation. Arguably our cultural tendency to disengage with animal ambivalence 
also makes it harder to bring animals into academic study and to encourage public 
engagement on the social and ethical aspects of farm animal breeding. If we think of 
biotechnological approaches to animals as at least partly re-embedding modernist 
values of control and mastery then it is not difficult to see why, emotionally, it may be 
a difficult subject for people to explore. 
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In this section I want to try and explain animal biotechnology in terms of this recent 
history of partial animal subjectification. In fact I want to suggest that animal science 
is in tension and is best understood as being shaped by both ‘postmodern’ values as 
well by the ‘re-embedding’ of modernity.12 By drawing upon semi-structured 
interview data carried out with animal scientists I will point to the ways in which this 
tension is expressed and how the productivist paradigm has been partly diluted. New 
molecular techniques such as animal genomics are being partly shaped by a strong 
discourse of sustainability in contemporary agriculture complimented - and 
sometimes contradicted – by their framing within the emerging idea of the 
bioeconomy. It is within the bioeconomy discourse and the related rejuvenation of the 
anatamopolitics of animal bodies to be discussed later that we can potentially point to 
the re-embedding of modernist values in animal science.  
 
Although I have referred to a broader cultural ambivalence in our human/animal 
relations expressed through a tension between explorations of animal subjectivities 
and explorations of genomic control we can focus this down into the fields of animal 
science. Although it is tempting to say that behavioural and animal welfare science 
map onto the former and quantitative genetics and new molecular techniques map 
onto the latter this would be to simplify. For example genetics and genomics are being 
given a significant role in animal welfare and sustainability generally, and more 
critically, for some, a welfare approach to animal ethics would anyway be seen as 
complicit with instrumentalism. Indeed welfare has been quite successfully converted 
into a new value for the commercialisation and consumption of supposedly ‘happier’ 
animals. In spite of this caution the language and framing of animals within these 
branches of animal science can be strikingly different, pointing to the contested nature 
of the animal in contemporary animal sciences. I will revisit this point later. For the 
time being I want to show how the productivist paradigm in farm animal breeding has 
been partly diluted and deligitimised.  
 
During 2006 I conducted semi-structured interviews with 22 UK-based animal 
scientists including those working on genetics, genomics, welfare and agricultural 
economics. These provided strong evidence for a turn against productivism. It is 
important to note that in the post-war period quantitative genetics and other efficiency 
measures had been very successful in adding to farm animal productive output. 
Although molecular techniques can be used to refine genetic selection it is not clear 
that greater productivity traditionally conceived as quantitative output is constructed 
as a societal need in the way it once was. Furthermore it would be accurate to say that 
social opposition to an emphasis on productivism is located around concerns over the 
industrialisation of farm animal production and so implies that a partial paradigm shift 
has occurred prior to and irrespective of biotechnological innovation. (Whilst it would 
be naïve to suggest that animal welfare has become the number one concern for UK 
meat consumers we can point to a 150% increase in organic meat sales between 2000 
and 2005.13 Clearly concerns over industrialisation can also pertain to human health 
consequences.) What also became clear from the interviews is that further drivers of 
change have been the unforeseen consequences of pursuing narrow breeding goals. 
For example, selecting for high milk production has produced significant problems 
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such as mastitis and declining fertility in cows.14 Here are some extracts from 
interviewees to illustrate the decline of productivism: 
 

“I think people would be concerned if the product, if … productivity 
was pushed much further, in terms of milk production or egg 
production. As I say to a large degree breeders are backing off of 
those traits and looking for robustness or longevity in milk 
production, longevity in egg production and certainly in terms of 
government funding for that sort of research has become more 
important” 
 
“It’s changed certainly I think quite dramatically. I would say up 
until the mid-1970s, a bit longer than that, the emphasis was on 
output amount. Then it became an issue of quality and efficiency and 
now there’s a lot more emphasis on animal health and welfare and 
robustness” 
 
“Oh yes, dramatically. Two changes I suppose. One has been the 
shift from research that’s relevant to production agriculture to 
supporting developments in more fundamental biology. And the 
other shift, something more recently, is to say well, yes, we’re 
interested in sustainable production agriculture but the only things 
we’re really interested in are the impact on the environment or an 
impact on society which tends to be the DEFRA view, look at 
DEFRA’s forward look, the emphasis on environment and 
sociological perspectives is enormous” 
 
“I guess about 10-12 years ago I was seeking to find wider options 
in sheep breeding, basically in trying to get away from simply 
making sheep grow faster and have less fat. And it became apparent 
that there were a lot of issues to be addressed in terms of diseases 
and specifically genetic sort of disease resistance” 

 
Given this historical and social context which also includes the emergence of 
sustainability as a key principal in agriculture and animal science funding, it is not 
surprising to see both quantitative genetics and newer molecular techniques partly 
orientated to this agenda. One interesting consequence of this is that breeding goals 
now include ‘socially and environmentally important traits’ alongside the traditional 
focus on selection for economic output.15 Molecular techniques can be used to 
optimise output (as in markers for growth and litter size) but also they are currently 
thought to be of best use for difficult to measure traits which can fit well with a de-
emphasis on production. These include disease resistance in animals and qualitative 
changes such as meat quality. Research in this area is accompanied by philosophical 
deliberation on breeding goals which now should be ‘long term’ and ‘biologically, 
ecologically, and sociologically sound’.16 Similarly in their discussion of the role of 
genetic technologies (traditional and molecular) in improving sustainable farm animal 
production Bishop & Woolliams also stress the importance of social, biological, 
environmental and economic viability.17 These represent interesting shifts where 
animal scientists are now compelled to think broadly and across disciplines about 
their work.18 I shall return to this point later. In their summation of current breeding 
goals Bishop & Woolliams point out that increased product output and efficiency of 
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production will continue to be important, but notably stating “within economies such 
as Western Europe, where output already exceeds requirements, such a breeding goal 
may be questioned”.19 For them disease resistance and animal health now pose the 
greatest challenge to farm animal geneticists, pointing out that the cost of disease in 
the UK alone stands at £1.7 billion. Genomics has already been applied in this area 
and is expected to make further contributions. A further contributory factor here to the 
shaping of genomics is the recent controversy over genetic modification. That GM 
proved so contentious in the case of crops would tend to inspire the belief that it 
would be even more so in the case of animals. Thus genomics, which although a 
molecular technique, is being framed as an ethical and more publicly acceptable 
alternative20 offering the benefits of more precise controlled selection minus the extra 
step of transgenics.  
 
Within the discourse of animal science the broadening out of genetic technologies to 
include social, environmental and animal welfare considerations finds expression in 
the idea of the ‘win-win’. This refers to the idea of a selection that incorporates both 
productivity and post-productivist values such as animal welfare. In a way it might be 
seen as the perfect response to animal ambivalence, an attempt to satisfy both trends 
of instrumentalisation and subjectification in Western human/animal relations 
simultaneously. It’s a notion that came up several times during the interviews as 
illustrated here by extracts, each from a different scientist: 
 

“So in a way what we’re doing is a win-win situation. If we breed 
animals that are more resistant to disease the farmers spend less 
time and less money on preventative treatments but also the welfare 
of the animals is improved as well in that they are inherently more 
healthy than, you know, had we picked the wrong sire”.  
 
“I think many farmers would believe that pushing for very high 
standards of welfare that perhaps people who are detached from 
animals aspire to, is going to cost a lot of money. But in fact a lot of 
our research on larger species at least shows that they can be win-
wins here. In diary cattle for instance we’ve shown that by 
expanding selection away from just milk production alone to include 
resistance to mastitis and lameness and to include fertility is 
expected to increase the economic returns as well as reduce welfare 
problems”. 
 
“Which has, you know, obviously some diseases are of major 
economic importance, and if one could make animals are basically 
fitter, healthier and more able to resist disease, then you’re 
benefiting the animal, you’re reducing the need to treat them with 
drugs and antibiotics so there’s a potential downstream benefit for 
the human food chain. And so there’s a sort of a potential for a win-
win situation if you can do that effectively” 
 
“I don’t see production and welfare as being equivalent, but I don’t 
see there being a problem with working on a project in which both 
production and welfare are improved. And it’s certainly more likely 
to be taken up by industry if you can show that you have invented 
something that’s going to improve both welfare and production and 
everybody wins” 
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One point to make about the ‘win-win’ is that it is a genetic solution to welfare 
centred on the selection of the animal before it is born. There may not be anything 
inherently problematic with this. In fact one example that came up was that of animals 
that due to being selected for intensive environments over several generations had to 
now be ‘re-selected’ if they were to cope with better welfare environments. Moreover 
it is no doubt dubious for the social scientist to unreflectively favour the 
environmental fix over the genetic fix for that must surely contain its own mistaken 
duality. Nevertheless problem-solving choices are set in an economic context and may 
serve to further particular ontological assumptions about, in this case, animals. The 
concern here may be that the partial geneticisation of welfare is also an 
instrumentalisation of welfare where aspects such as health and robustness may be 
seen as bound up in productivism as much as they are in welfare. Additionally they 
could be seen as invested in an overly biologistic account of farm animals, as was the 
concern of one animal welfare scientist interviewed: 
 

“On the other hand there’s also a trend, a parallel trend where it’s 
almost like we’re going backwards in time and welfare is becoming 
more and more an issue just of health, you know physical health. 
And that is partly this what we’re talking about, you know its like 
metabolic stress because it’s, because they’re in the first place 
conceptualising animals as complex production systems and then 
they’re talking about the health of that system. I see it as my own 
task and other colleagues is to counterbalance and to develop 
concepts that are close to the subjectivity of the animal. And to also, 
I mean how could you possibly talk about boredom and depression 
you know in a complex metabolic system? It’s not going to happen is 
it?” 

 
If one thinks of a major defining modernist assumption about animals as that which 
over biologises and denies their sociality as vital to a human/animal dualism then one 
could interpret this geneticisation of welfare as a re-embedding of modernity as it 
denies a space for the very subjectifying language that could subvert it. The idea that 
welfare is becoming more and more an issue of health may also speak to its co-option 
by a genetics-focused ethos. The re-embedding argument is stronger once one 
analyses the framing of the future of farm animal breeding within the transnational 
idea of the bioeconomy.  
 
I will begin by tracing the formation of the bioeconomy discourse and then consider 
its relation to farm animal breeding. During the last 5-10 years the idea of the 
bioeconomy has emerged in European and global economic discourse as a concept 
which is intended to signify a new epoch of post-industrial capitalist accumulation. It 
encapsulates genomics and biotechnology generally in a narrative of progress that 
purports to address both challenges of Fordist economic decline as well as 
environmental limits to growth. Although the contribution of the bios to the economy 
(as well as that of peoples seen as closer to nature) has traditionally been 
‘backgrounded’21 here we have an explicit manifesto that puts the generative powers 
of biology at the centre of economic progress.  
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In the European context, Europa-bio – The European Association of Bioindustries22 - 
is taking a lead in shaping the meanings around the bioeconomy. It expresses a 
naturalising teleology in its idea of different epochs stating on its bioeconomy web 
portal: 
 

“In the 18th and 19th Centuries, European society was transformed 
by the Industrial Revolution and the steam engine. This was the Age 
of Engineering. In the 20th Century, the developed world reaped the 
benefits of chemistry, which provided the materials, productive 
agriculture and medicines which make our lives so comfortable and 
safe. The whole world is now in transition from the Age of Chemistry 
to the Age of Biotechnology. Biotechnology will drive expansion of 
the global economy, increasing wealth while reducing Humankind’s 
environmental footprint. We have the potential to be world leaders 
in innovation; the most dynamic region in the developing bio-based 
economy”.  

 
The European Commission is actively promoting this idea on a number of levels. 
These include the formation of new European Technology Platforms - essentially 
vision documents on an array of technologies over the next 25 years - and the 
inclusion of the bioeconomy in the new Framework 7 Programme; an Environmental 
Technology Action Plan (ETAP); and a Biofuels Directives and Biomass Action Plan. 
Yet this discourse is certainly transnational. China saw the first international 
conference on the bioeconomy in 2005 and the Organisation for Economic Co-
operation and Development (OECD) is currently working up a policy agenda on the 
bioeconomy between now and 2030. The OECD defines the bioeconomy as  
 

“the aggregate set of economic operations in a society that uses the 
latent value incumbent in biological products and processes to 
capture new growth and welfare benefits for citizens and 
nations....made possible by the recent and continuing surge in the 
scientific knowledge and technical competences that can be directed 
to harness biological processes for practical applications”23 

 
Our new capacities to possibly harness biological labour, for example, through novel 
material hybrids or immortal stem cell lines or bio-remediation can, it is hoped, 
encourage the exploitation of newly ‘liberated’ biological value, arguably as a 
corrective to past technological excess or lifestyle mistakes. Cooper has offered one 
of the first historical accounts of the bioeconomy discourse arguing that it emerged 
out of 1970s debates on post-fordism and limits to growth. She posits a coming 
together of a notion of life as autopoiesis, as self-generative, with the emergence of 
debt finance - “the production of money from money” - as a key mode of economic 
power.24 The point is more than merely to underline the role that promissory venture 
capital plays in funding biotechnological start ups but that, for Cooper, there has been 
a significant discursive exchange between theoretical biology and neo-liberal theories 
of economic growth which has come to shape a bioeconomic vision.25 It is within 
environmental science and the ideas of ecological modernisation that Cooper locates 
this discursive exchange. I would also add that the emergence of bioeconomic 
modelling within agricultural economics should be seen as a significant influence.26 
Essentially constituting an adaptive moment of post-industrial capitalism, ecological 
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limits to growth are converted into valuable opportunities for capital accumulation, 
thus bio-remediation can clean up pollution and GM food can feed a growing global 
population. In one sense this is unsurprising given that the alternative would have 
been to properly reflect upon the ecological contradiction of positing progress in 
terms of continual economic growth.  
 
Putting the spotlight on animal inflections of the bioeconomy discourse adds to the 
analysis and provides further contextual explanation for animal biotechnology 
trajectories. One of the aforementioned EU technology platforms is titled Sustainable 
Farm Animal Breeding and Reproduction27 and scopes out the research agenda until 
2025. The TP working group is made up of leading figures in research and industry. 
Its ‘vision for 2025’ document illustrates how its ideas for this area are contextualised 
by the notion of the knowledge-based bioeconomy. Although there is little doubt that 
new molecular techniques should be developed at least as basic research (in part it 
argues because Europe must remain competitive within a knowledge-based 
bioeconomy), this is stressed with the proviso of transparency and public 
engagement.28 The bioeconomy language of sustainability is also to the fore here 
defined in terms of “The three pillars – people, planet and profit...sustainable 
breeding and reproduction means balancing food safety and public health, product 
quality, biodiversity, efficiency, environment, animal health, animal welfare in an 
economically viable way”.29 Overall sustainability is given an economic slant and 
there is no mention of the several ways in which large-scale animal breeding is 
environmentally unsustainable.30 There are breeding options here, for example, in 
developing techniques for selecting animals that produce less phosphates or emit less 
ammonia and methane or selecting for disease-resistant animals, but it’s unclear how 
viable or effective these could be.  
 
Perhaps the most significant section of the TP vision paper refers to what is termed in 
the broader literature as the ‘livestock revolution’. Global consumption of animal 
products is forecast to rise significantly over the next 20 years mostly due to 
increasing levels of consumption in developing countries. Whilst the FAO has 
expressed concern over rising levels of animal consumption in developing countries 
on the grounds of public health and environmental impact,31 the TP vision paper 
frames it as both a challenge and opportunity. Although it may be countered, as 
indicated above, that new genetic techniques are under investigation that could 
improve the healthiness of animal products and restrict their environmental impact, 
such changes, if viable, may well come too late. Thus while we have seen a partial 
deligitimisation of productivism in the UK context, it becomes apparent that in global 
terms animal breeding allied to an emergent transnational discourse of the 
bioeconomy provides the opportunity for a return to a productivist mode. Whereas 
molecular techniques in the UK and to an extent the wider Europe are being shaped 
by a turn against productivism, it will not necessarily be the case in other parts of the 
world. Moreover I would suggest that further research is required on the deployment 
of ‘sustainability’ within debates on farm animal breeding and new technologies in 
order to provide a better understanding of the extent to which they can make a real 
contribution to enhancing the environmental and social dimensions of agriculture.  
 

© ESRC Genomics Network. www.gspjournal.com 
 



            Genomics, Society and Policy 
            2007, Vol.3, No.2, pp.99-117 
 

_____________  108 
 
Genomics, Society and Policy, Vol.3, No.2 (2007) ISSN: 1746-5354 

The intention in this section has been to explore some of the ways in which new 
molecular techniques in animal breeding are being contextualised by broader socio-
economic change. We are, it should be noted, still in the early days of such 
technologies, with only limited commercialisation of genomics and remaining doubts 
within significant areas of animal science communities over the ethics and technical 
viability of cloning and genetic modification. However, many possibilities are being 
pursued that would cast animals as significant actors within global relations of 
bioeconomic exchange. These span and intertwine the agricultural and medical 
domains including GM models, biopharmaceutical animals, persistent attempts to 
develop animals for xenotransplantation and selection for farm animals using both 
quantitative genetics and newer molecular techniques. Cloning is also being applied to 
companion animals,32 racing animals and in the hope of conserving threatened 
species. For much of the remainder of this paper I want to focus on the processes 
which are key to constructing animals as bioeconomic actors. This necessitates giving 
attention to the processes that do work upon animal bodies that convert them into 
newly mobile sources of value and exchange.  
 
Animals, biovalue and biopolitics 
 
Since they have for a very long time borne the imprint of human directedness, farm 
animals may be considered some of the first hybrid forms. But the new capacities for 
control, manipulation and possible redesign introduced by molecular techniques 
entails that this hybridity is intensified. Such work upon animal bodies takes place 
alongside human genomics. Research, whether it is centred on animal breeding or 
human disease, employs comparative work between databases of human and animal 
genomic information. The knowledge transfer now taking place echoes that which 
took place during the earlier part of the twentieth century between animal and human 
reproductive science.33 Yet a monolithic analysis that posits advancing trends of body 
rationalisation risks missing the differences that are taking place between the human 
and the animal, notably how human/animal relations and the moral value of 
nonhuman animal life are being constructed in the process.34 Animal biotechnology is 
potentially controversial given that it suggests various ways for extending the 
instrumentalisation of animals precisely at a time when the moral value of animals is 
being contested.  
 
Here I want to outline how animal biotechnology contains commonalities and 
differences with the human case and so try and flesh out some specificity for thinking 
about the rationalisation of animal bodies. Many authors35 have attempted to theorise 
the rise to cultural prominence of genomics and have drawn upon Canguilhem’s idea 
of the notion of biological life as informational code and Foucauldian theories of 
biopolitics. Some, notably Haraway and Thacker,36 have incorporated animals into 
their thinking but have not especially pursued the notion of biopolitics and ‘life as 
information’ in the animal case. Consequently this is what I shall do here.37 
 
What is it then that is crucial to commodification processes around animal bodies? If 
we recap Cooper’s idea of autopoiesis, “a self-engendering of life from life”,38 we can 
augment this with Waldby’s idea of ‘biovalue” which she refers to as: 
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“the yield of vitality produced by the biotechnological reformulation 
of living processes. Biotechnology tries to gain traction in living 
processes, to induce them to increase or change their productivity 
along specified lines, intensify their self-producing and self-
maintaining capacities...biotechnology finds insertion points 
between living and nonliving systems where new and contingent 
forms of vitality can be created, capitalizing on life”39 

 
These are useful concepts for thinking about innovation in animal biotechnologies and 
one can see how they provide good definitions for some in particular, notably the use 
of animal bodies as ‘machines’ for the production of biopharmaceuticals. Biovalue is 
also created by freeing animal DNA from its original context and recombining it in a 
new site. Moreover biovalue is not inherent to biotechnology but should be applied to 
the year-on value creation we have seen in animal breeding using quantitative 
genetics to produce what animal scientists refer to as ‘genetic progress’; the 
cumulative enhancement of the herd.  
 
Some features of animal biotechnology are already potentially useful for the 
construction of biovalue in a globalising economy. If globalisation is partly about the 
compression of time and space as well as commodity standardisation then 
biotechnology introduces a novel malleability, narrowing distance between species 
and reorganising evolutionary time. If the aim of animal breeding has been to produce 
healthy high quality animals as products then cloning may potentially offer a new 
level of optimal standardisation. Although the debate on human cloning has been 
aired through concerns about individuality and concepts of dignity, a desocialised 
view of animals has contributed to the absence of a similar degree of ethical concern 
for cloned animals. Generally the significant difference between the cultural 
application of ethical frameworks related to human biotechnology vis-à-vis animal 
biotechnology means a more liberal licence for optimising biovalue in the animal 
case. Whilst scientific projects for enhancing reproduction extend across the 
human/animal dichotomy, what we do upon animal bodies continues in a manner to 
structure what is morally unacceptable in the human case. The closest we get to 
controlled breeding in the human case are technologies such as pre-implantation 
genetic diagnosis (PGD) or perhaps sex selection.40 Comprehensive human germline 
breeding remains at this point in time within the blue-skies deliberations of 
bioethicists. 
 
In spite of these differences I do want to argue that biopolitics, so remarked upon in 
the human case by social scientists, are just as relevant in farm animal breeding.41 
Indeed, due to different ethics the analysis works better. Although Foucault did not 
apply his theory of biopolitics to animals, in his discussion of pastorship as the mode 
of modern individualising power he does historicise biopower in terms of 
human/animal relations: “It isn’t enough to know the state of the flock. That of each 
sheep must also be known”.42 Here he taps into Christian themes of shepherdry and 
providential care as important antecedents of biopower. Foucault’s theory of 
biopower is of course understood as the management of human life and subjectivities 
through knowledge/discourse that broadly serve the economic and social regulation of 
modern rationalised societies. He defined it specifically as the “endeavour, begun in 
the 18th Century, to rationalize problems presented to governmental practice by the 

© ESRC Genomics Network. www.gspjournal.com 
 



            Genomics, Society and Policy 
            2007, Vol.3, No.2, pp.99-117 
 

_____________  110 
 
Genomics, Society and Policy, Vol.3, No.2 (2007) ISSN: 1746-5354 

phenomena characteristic of a group of living humans beings constituted as a 
population: health, sanitation, birth rate, longevity, race”.43 This concept is then 
specified with two inter-related aspects, first an anatomopolitics of the body, “centred 
on the body as a machine: its disciplining, the optimization of its capabilities, the 
extortion of its forces, the parallel increase of its usefulness and its docility, its 
integration into systems of efficient and economic controls” and a biopolitics of the 
population, “focused on the species body, the body imbued with the mechanics of life 
and serving as the basis of the biological processes: propagation, births and 
mortality, the levels of health, life expectancy and longevity, with all the conditions 
that can cause these to vary”.44 I think there is a reading of Foucault that can make a 
strong argument for the agricultural animal as representing a biopolitical ideal type. 
But to begin with there are two ways in which this may not be the case. First, 
Foucault’s point was that biopower supersedes sovereign power, but in the animal 
case sovereign power is obviously very much still operative,45 and, second, biopower 
is a technology that constructs subjectivity and it’s unclear that we can talk about this 
in the animal case.46 Nevertheless, post-war animal science especially has exerted a 
considerable degree of biopower over agricultural animals for it is not merely that the 
animal body must be primed to be economically productive but that the body itself 
must work toward its own consumption. The ‘genetic progress’ made on animal 
bodies during this period together with increased availability and the decreased price 
of animal products also shows how this biopower was in a sense subservient to the 
overarching project of constructing healthy human bodies.47 
 
Animal science has and continues to put much labour into both anatamopolitics and 
population biopolitics. Docility has been selected for across all agricultural species in 
that disruptive or aggressive animals will tend to be selected out. A whole array of 
animal science sub-disciplines work to ensure that animal bodies are disciplined to be 
at the optimum for production. These include but are not limited to meat science, 
behavioural science, reproductive science and a focus on feed efficiency, physiology, 
development, nutritional quality, immunity and disease, biometrics, environmental 
impact as well as methods of slaughter. The notion of ‘genetic progress’ could be 
taken as an annual measure of biopower success but genetics is only a part (although 
increasingly so) of animal biopolitics. Here optimization projects strike deeper due to 
the absence of human norms of privacy, autonomy48 and justice. Normatively 
dystopian fears about encroaching biopolitical management of society are informed 
by this legitimated animal shadow biopower. Thus ethical objections to new 
technologies on the grounds of human dignity not only encourage reflection on the 
‘human’ but also upon the human/animal distinction by which it is partly constituted.  
 
An important facet of both forms of biopower for the further production of biovalue is 
the genetic view of life as informational code. Animal genomics for example is in 
certain important ways an information science. This is evidenced by the material 
practices of animal scientists which involve less and less lab based work and more 
time in front of a computer screen doing work on database molecular information 
representations of animal bodies. Following earlier work by Canguilhem on the 
coming together of information theory and molecular biology49 several authors have 
analysed this as a part of emergent biopolitics. It is a vital process in the conversion of 
biology into biovalue. At this point it’s worth quoting an interview extract from a 
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discussion on transgenics. On the question of moving DNA from one species to 
another one scientist said: 
 

“If you think about it it boils down to the identity of that little piece 
of sequence. Now my personal view is that it’s just a piece of DNA 
sequence. Whether it has, it could be isolated from, it could have a 
pig gene and you want to put it into a mouse lets say. You could go 
to a pig, you could take some blood, you could isolate some DNA 
from that blood, you could isolate that gene from a sheep and you 
could put it into the mouse. Or you could say I know that sequence, 
I’m going to go to a machine and I’ll make that sequence and it’s a 
pig sequence and I’ll put it into a mouse. Now are they both pig 
genes? They’re just a piece of DNA, to me its just a piece of DNA” 

 
This raises interesting questions for genetic identity but for the purpose of this 
discussion it illustrates how DNA can come to be seen as mobile information largely 
detached from its original context. It is Thacker who has probably analysed this in 
most detail, writing on the movement of biological material from the ‘wet’ lab to 
become ‘dry’ information, a new media. He writes: 
 

“Biological exchange, in conceiving of biology as information that 
exists – and persists – across media, radically widens the possibility 
of what can be exchanged within the biological domain. Not only is 
the biological commensurate with the economic (e.g., microbes, 
cells, or DNA that is patented or purchased for research), but the 
biological can be internally exchanged in ways that are not limited 
by the division between the material and the immaterial”50. 

 
An example of this would be the transfer of DNA onto a chip which can then enter 
into relations of economic exchange as a biovaluable research tool. Although it is as if 
life as information code has gradually come to lose its metaphorical content, Thacker 
argues that the dematerialisation of biology can only go so far. Information is both 
immaterial and material,51 the former allowing for its entry into global relations of 
exchange and the latter ensuring either biovalue or promissory biovalue.  
 
Another contributory process to the codification of DNA and biological abstraction is 
the generation of statistical data around genetic knowledge. In animal science this 
developed alongside quantitative genetics. Statistics are pressed into service in order 
to try and calculate the economic advantage of going for a particular genetic selection, 
and of combining particular genetic and environmental adjustments. If animals are 
converted, abstracted and valorised as economically relevant genes, markers and 
quantitative trait loci within their codification as DNA, then within associated 
statistical estimates they can be said to become elements within complex 
mathematical equations. For Foucault statistics were an important element of 
biopolitical management.52 In the animal context we can think of animal breeding as a 
highly controlled state of its own. One modelling technique in animal science is 
known as bioeconomic modelling. Indeed bioeconomic modelling techniques 
emerged in the 1980s within agricultural economics53 and provide an augmentation to 
Cooper’s historicisation of the bioeconomy discussed earlier. Bioeconomic 
approaches are a convergence of animal genetics, economics and statistical modelling 
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and are used across all agricultural species.54 The development of such techniques has 
been catalysed by the corresponding development of information technology. Best 
Linear Unbiased Prediction (BLUP) is a sophisticated statistical software program 
that geneticists use to estimate breeding values of animals. Moreover it aims to 
separate out genetic factors from environmental factors and so yield accurate 
knowledge of the value of selection alone. A focus on the productive performance of 
an animal inevitably constructs a partial view of the value of the animal. Holloway 
notes this surge in statistical modes of animal evaluation, arguing that they sit in 
tension with vernacular visual judgements of the animal by farmers which are now 
deemed to be scientifically unreliable. In an analysis that chimes with that of Thacker 
above, he states  
 

“As data are made and studied, particular forms of knowledge of the 
animal body are gained, but the totality of the animal is lost. There 
is an iterative process of abstraction, as ‘raw’ data from related 
animals are processed to construct individual’s estimated breeding 
values (EBV) for specific traits, generalised indices for beef or 
calving values, and an index comparing animals with others of their 
breed. Ultimately, an abstract, simplified yet comprehensible 
representation of the complex reality of nature is put onto paper or 
computer disks, forms which can then themselves be transported and 
examined in places and times away from the sites of data 
collection”55 

 
Indeed ‘nature’ is constructed in such a way as to make it malleable and useful. The 
abstraction process opens up the possibility for human intervention and 
‘enhancement’ of ‘nature’.  
 
A unifying theme running through many commentaries on biopolitical constructions 
of human embodiment is a concern with reductionism. Thus to what extent do, for 
example genetic databases, in their extraction of genetic knowledge put forward a de-
socialised view of the body? A common criticism of UK Biobank, the project to take 
sample DNA from 500,000 people, has been that it valorises a genetically determinist 
view of health.56 What may be seen as absent or insufficiently accounted for includes 
public health perspectives and a broader theorisation of the body as socially, 
politically and ecologically embedded. A similar tension between reductionism and 
complexity is played out in the context of farm animal breeding. However this takes 
place within a Cartesian historical context which has naturalised a biologically 
determinist view of animals. As Burke points out, it is often scientific research on 
animals that is then employed to project such determinism onto human behaviour.57 
The tension between complexity and reductionism was also evident from respondents 
interviewed. This took two forms. First, it was clear that the challenge of genomics is 
considerable. Although genome sequencing is producing more ‘information’, it 
remains complex to actually discover the underlying gene/s involved in traits of 
interest. Gene interactions also complicate matters as does a renewed interest in 
epigenetics which may make it more difficult to predict animal performance. Second, 
it became obvious that the tension was evident in the differing conceptions of the 
animal between geneticists and welfare scientists. Unsurprisingly the latter want to 
put an emphasis on animal subjectivity and sociability which can clash and sit rather 
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oddly with an overly genetic model of animal behaviour. One animal welfare scientist 
said in relation to genetic selection: 
 

“Primarily my stance is that that whole paradigm is heavily 
reductionist obviously. So it is based on the purity reductionist 
approach to animals which and my problem with that is, you know 
it’s not wrong but it’s a huge imbalance. And a claim of the 
objective science paradigm that it’s the only objective paradigm” 

 
Thus sociologists who wish to re-socialise the human within genomic discourse have 
a shared concern with animal welfare scientists who wish to do the same with 
animals. But in the animal case it’s arguably more of a challenge due to our tendency 
not to think of animals in terms of sociality and subjectivity, and because of the 
historical ideological investment of thinking about animals in this way. Our 
inheritance of dualistic modes of thinking about society and nature have entailed that 
in the distinctions of subject/object, mind/body, culture/nature, reason/emotion 
animals have tended to be associated with the second set of terms.58 As well as 
excluding ‘animal’ from ‘human’, this has been part of a modernist technology that 
has enabled many human groups to be associated with animality, a historically 
consistent and persistent mode of conceptualising human difference. Consequently 
attempts to start emphasising animal sociality and subjectivity have a considerable 
degree of discursive heritage to contend with. In addition what has been of specific 
use to biopower and is now reproduced in both medical human genomics and animal 
genomics is the mapping of the culture/nature distinction with that of mind/body. This 
underlying assumption of biopower appears to allow bodies of whatever species to be 
apprehended in an asocial manner which can then encourage an overestimation of the 
malleability of bodies. It is this decontextualisation move that is often behind the 
production of risk and in the case of animal breeding, surfaces in the unintended 
consequences of biopolitical control such as a narrowly productivist selection focus 
impacting welfare or the appearance of unexpected disease. 
 
Conclusion 
 
Although we can note differing ‘animals’ at play within animal genetics and animal 
welfare science it is clear that the former animal remains the dominant conception. 
The dominance of the biopolitically amenable animal is unsurprising given its inter-
relation with the commercial production of biovalue. The animal favoured within 
animal welfare science (and I would not want to suggest this is unitary or unanimous 
in either field of science) on the other hand represents both an economic cost and an 
ontological challenge. Therefore it is not surprising that many animal welfare 
scientists work pragmatically with geneticists in order to try and secure some change 
in the conditions of farm animals. It could be argued that by underemphasising animal 
sociality and subjectivity, animal genetics implicitly expresses overconfidence in 
knowledge of human/animal difference, a question that is fluid in various areas of 
scientific knowledge including genomics itself.  
 
I have sought to analyse emergent technologies in animal breeding in terms of the 
interconnections between biopolitics, biovalue and the idea of the bioeconomy. 
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Within these relations we find the ambivalence of contemporary human/animal 
relations in the form of contested truths about what an animal is and a broader 
struggle over the place of sustainability in future agricultures.59 Although I and others 
have alluded to the cultural tension between instrumentalism and subjectification at 
play within our human/animal relations, genomics itself amplifies this once more with 
its intimations of human/animal similarity and its intensification of the biopolitical 
interrogation of animal bodies. These relations would seem to fit Bauman’s 
conception of postmodernity not as something that temporally supersedes modernity 
but as the instigation of ambivalence and uncertainty as defining themes of our 
times.60 This is a rather different account to the postmodern politics of difference 
alluded to at the outset but complimentary in the sense that for Bauman postmodernity 
is also a reflection upon ambivalence. It is then a political act to name the 
ambivalence and contradictions with which we treat animal others, as opposed to 
merely living with unaccounted incongruity. 
 
Any counter narratives of progress wishing to explore new ethical dimensions of 
human/animal relations must encounter the usefulness that modernity has found for 
the symbolic category of the ‘animal’ in structuring difference and identity. Although 
it is itself uncertain how cultural tensions will shape animal biotechnologies and farm 
animal breeding generally, in the future it is likely that the increasingly global context 
in which these industries operate will lead to fragmented and diverse outcomes. As 
highlighted above, global population trends are also being used as an argument for a 
new productivism.61 The globalisation of animal production encourages more liberal 
regulation62 and could open up new spaces for the promotion of biotechnological 
innovation. If, as seems possible, the ‘livestock revolution’ becomes the stage on 
which we revisit a productivist focus upon animal breeding (potentially in tandem 
with new molecular technologies) then it will have to answer comprehensively the 
real challenge of environmental sustainability as well face ongoing alternative 
posthuman voices for animal ethics. 
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