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How conservation scientists work

Marcus Grace and Tony Hare
How can conservation scientists succeed in ensuring a future for the environment in the face of ever increasing pressure on natural resources?
Abstract
Being a conservation scientist is not easy. Some may regard it as a ‘soft’ science, and yet it necessarily draws on many other fields of cutting-edge science, such as genetics, ecology, climatology, and behavioural and reproductive science. But these scientists also find themselves working under a wide range of political, socio-economic, and cultural pressures. They often need to make tough, rapid decisions and therefore tread a difficult path between science and society. 

Will it ever be possible to assess the ongoing loss of biological diversity? I cannot imagine a scientific problem of greater immediate importance for humanity.


E. O Wilson (1992: 254) The Diversity of Life

Introduction
Conservation of the world’s diversity of organisms and genetic resources is an emotive environmental issue. We can’t save everything, and tough decisions have to be made about what to conserve, and how. Conservation inevitably affects, and is affected by, human social and economic development, and can be regarded as an important precondition for sustainable development (Solbrig, 1991). It should be noted, however, that there is increasing recognition of a widespread belief in the intrinsic value of nature – conservation is not simply about pragmatic aims (Hare, 2007).
Species and ecosystems are more threatened today than ever before in recorded history (Millennium Ecosystem Assessment Board, 2005), and there has never been such a desperate need for professional conservation scientists to evaluate, monitor and find solutions to this profoundly complex problem. The accelerated rate of extinctions has environmental, socio-economic, cultural and political implications, and scientists working in this field today need to be aware of how biological conservation, as a socio-scientific issue, is perceived and communicated both within the scientific community and by non-scientists at local, national and global levels. Such issues are unavoidably multi-faceted, and this renders them controversial in nature. 
Real conservation issues sometimes involve a tension between protection of biological resources and socio-economic needs, and such issues cannot be solved by scientific facts, evidence or experiment alone (Wellington, 1986). This article considers the distinctive scientific approach taken by conservation scientists, and explores the implications of this for teaching school science.
The changing role of conservation scientists.

The emphasis of conservation has changed in recent times. Fifty years ago the emphasis was mainly on conservation of species, particularly birds and larger mammals. Twenty five years ago the emphasis was on conservation of habitats rather than species; ten years ago on entire ecosystems, and now on biological diversity (biodiversity) – at all levels from genetic material and gene pools to biogeographical regions. 
To protect endangered species, contemporary scientists have to work in a real-world context of regulations and institutions that govern the day-to-day operation of society (Cox, 1993). They need to understand how different stakeholders frame the issues around conservation. They also need to understand the ways in which human activities are likely to affect other species, and how conservation efforts can be realistically carried out within the constraints of the laws, funds available and public opinion. 
How do conservation scientists produce evidence for a theory?
Early conservation scientists concerned themselves with protecting particular species and areas for specific purposes, such as research, education or amenity. These days the pressures on natural and semi-natural landscapes demand a multiplicity of uses. 
Unlike scientists working in many other disciplines, conservation scientists work on a value-laden, ‘mission-oriented’ central theory: that we need to find ways of slowing down the loss of biodiversity; perhaps even reversing the process. Their goal is to understand the natural environment well enough to maintain biodiversity in the face of burgeoning human pressures (Groom et al., 2006). This involves focusing on measures for countering extinction. To achieve this they collect evidence systematically and use it to construct models capable of being tested through experiment or empirical observation. Further data can then be fed into the models with an aim to predicting future occurrences and trends. However, because conservation scenarios will differ according to the social context, the scientists will often find it difficult to produce a generalised model which can be applied to each situation.
Natural England, the statutory advisory service responsible for maintaining biodiversity in England, still encourages owners of nature conservation areas to develop management plans according to directions produced in the 1980s. The plans include explicit criteria for evaluation, among which are: size, diversity, naturalness, rarity, fragility, ‘typicalness’ and position in an ecological unit (Prendergast et al. 1999). These criteria apply to general conservation sites and all have underlying scientific principles. Not all biologists rate these criteria so highly. For example some regard genetic diversity as the key criterion (Morrone, et al. 1996).  On some sites, conservation objectives have to be highly focused, and the protection of one rare species may require the eradication of another (Fenner and Palmer, 1998), and in such circumstances, a thorough understanding of the biology of both organisms is necessary.

The socio-economic and cultural frames of reference within which conservation functions make the science of conservation a somewhat ambiguous one. It is not neutral and value free, in the sense that physics or chemistry sometimes aspire to be: every step taken by a conservationist is laden with value judgements and socio-political contexts. Indeed, it could be argued that conservation is not a science at all, rather an ethical dynamic. Arguments for conservation presented as being ‘scientific’ often bear little resemblance to the scientific method of testing testable hypotheses. They would more often be better described as a form of accounting: How many animals are there? Have their numbers increased or decreased? Do we have a clear idea of why? The latter, of course, opens the door to scientific discourse, but unfortunately the variables in play in most conservation situations are complex, not fully understood, and often not repeatable. 
There are however, some excellent examples of conservation projects in the UK that are broadly repeatable in terms of the research approach and implementation. Work on the reintroduction of the Large Blue Butterfly in south west England (National Trust, 2007) was based on accurate, thorough, and really insightful scientific research, and has been very successfully implemented and well documented. The re-introduction of the European Beaver into western Scotland is a wonderful example of conservation becoming completely entangled in social, economic and cultural issues. Close collaboration between local government agencies, wildlife and commercial organisations, and numerous individuals has produce a detailed consultation document showing that 73% of people in the region are in favour of beavers being reintroduced in their area (Scottish Wildlife Trust, 2007). At the time of writing this article, the partnership has applied for a licence to the Scottish Government for a trial reintroduction and is awaiting a response. A further example of a conservation issue reaching the national political arena is that of the Forestry Commission’s programme to carry out a massive cull of the non-native Grey Squirrel in an attempt to conserve the native Red Squirrel. The need for a cull is underpinned by scientific research, but the public disquiet caused the UK government minister, Jim Knight, to step into the fray and make a statement: 
Many people love grey squirrels, but the reality is that they are a real problem for some of our most threatened native species...
(BBC News, 2007).

 Returning to the question of ethical aspects, it is worth considering the dilemmas that arise over some familiar conservation questions. Some are presented below in a dualistic context for the sake of illustration (many conversation questions are less clearly dualistic):

· Should tigers be totally protected in the wild, and those who hunt them punished at all costs, because tigers are valued and symbolic, and as top predators some view them as representing healthy habitats; or should tigers be seen, in the same way as other wild-harvested taxa, such as fish or fungi, as being appropriately exploited for traditional medicinal purposes?

· Should tigers – if their use in traditional medicine is to continue – be farmed; or is it inappropriate, from the point of view of animal rights and conservation, to keep tigers in restricted conditions purely for commercial/medical reasons?

And so on. These are not purely scientific questions, and the truth is that any conservation scientist must – consciously in an ideal world, although this is not always the case – be aware that their decisions and indeed their approach is conditioned not purely by science but also by a range of others people’s worldviews.

What pressures do conservation scientists work under? 

Conservation scientists are often unavoidably entangled in socio-scientific issues, i.e. issues which have a basis in science and have a potentially large impact on society (Ratcliffe and Grace, 2003), and issues which are controversial, i.e. significant numbers of people argue about them without necessarily reaching agreement (Oulton, et al., 2004). Consequently the work of these scientists is usually carried out in a social setting involving people - sometimes directly as in the case of farmers whose livelihood might be affected by wildlife protection laws, sometimes indirectly as with the member of the public who believes coppicing woodland can only be detrimental to wildlife. 
Conservation biology – because it often involves crisis management relating to threats to a species, habitat or location - has been labelled a ‘crisis discipline’ where decisions and actions are taken without time to accumulate complete knowledge about the issue (Soulé, 1985). Conservation scientists have to work within wide margins of uncertainty, relying on a combination of limited information, intuition and their own creative skills: this process often runs counter to their scientific training. 
The skill that they need to develop is to find the balance between rigidly applying a strict scientific approach to a problem, and applying incomplete knowledge in order to work within realistic constraints - such as the time available and financial and political pressures. They also need to take into account the socio-economic and cultural frames of reference which always impinge upon conservation decision-making. The alternative might be to take no action and not carry out the work, which itself might be damaging to the environment, or allow the job to be delivered by ‘unscrupulous’ contractors! 
Can conservation scientists influence their results?
Although it may be reasonable to assert that scientific knowledge itself has no moral or ethical value (Wolpert, 1999), when this knowledge is considered by people it inevitably exists in a social context; it is people who determine its value, and people’s values vary. Making decisions about conservation involves a difficult compromise between many conflicting values. Palmer (1998) highlights the difficulty in handling the content of such issues, by describing the knowledge base of environmental issues as having: 
… highly value-laden content, and one person’s solution may be another’s catastrophe. It is a content that incorporates aesthetic, spiritual, social, political and economic dimensions alongside (not separate from) the purely scientific.
Palmer (1998: 267)

Scientists’ own values can (intentionally or unintentionally) affect the outcomes of their work. Values relating to conservation issues can be incompatible between, and even within, different cultural groups. 
In Britain, there are well-known issues disputed by identifiable segments of the population, such as fox-hunting and fishing for North Sea cod. Such cases often involve emotive responses which appeal to feelings based on cultural, civil and human rights – on the part of conservationists, as well as those who oppose them. The notion that nature conservation should be based solely on sound scientific principles is therefore not universally held, and some believe that social factors are more important in deciding conservation priorities. 
Biologists themselves are not always able to agree on approaches to conservation, especially when science is heavily driven by politics and economics. Consider for example, the contrasting views of Monsanto and Friends of the Earth scientists over the human health effects of genetically modified organisms. Policies and practices are not simply framed on the basis of scientific evidence, the scientific evidence is selected and utilised according to values-based factors such as:
· Economic and political interests at stake

· Features of local and national regulatory systems
· Openness of scientific and political debate

· Credibility of the individual scientists and the organisations they work for.
Conservation biologists may find it difficult to avoid being influenced by value judgements. Methodological values (Sumner, 2000) play a part when scientists make judgements about which organisms to study based on practicalities (for example, selecting vertebrates rather than bacteria because they are easier to see, collect and systematise – or because they are more appealing and attractive and more likely to secure funding). It is apparent therefore, that although scientific ‘experts’ may be rigorously objective in their endeavours, the knowledge that they use and advance will always be vulnerable to individual subjectivities. The values of some species (such as commercial fish stocks) or ecosystems (such as forests as a source of timber) can be relatively easily quantified. Assigning economic values to all species, habitats, ecosystems and other levels of biodiversity is not so straightforward, but may be essential in future decision-making about biological conservation. Conservation efforts will be questioned, especially when concern for wildlife conflicts with the needs of the local economy. 
Conservation scientists need to be aware of the danger that placing a value on species or protected areas might open them up to market forces, and policy-makers might conclude that a price tag on a resource indicates that it is up for sale. The debate about wildlife conservation and its priorities will continue indefinitely because we all have different values.
What is the probability that their ‘theory’ is ‘correct’?

These are not complex or sophisticated theories. They are the very baseline of simple science: for example, species are disappearing for reasons we know very well; if we want to save them we have to take action; the scientific and social analyses tell us what action we should take. A theory may be scientifically correct: however, its political and cultural weight - significant considerations in the post-modern context – may be open to debate. 

How much confidence can we have in their findings? 
For their efforts to have impact, conservation scientists need to develop communication skills to give people confidence in the value and quality of their work. The multidisciplinary nature of conservation science requires scientists to take an holistic approach and have an understanding of a broad range of scientific and non-scientific fields. 
Conservation scientists in the past have been criticized for a lack of understanding of social and economic realities, and there is an increasingly essential need to communicate and collaborate with other experts in those fields. There has been a particular call for scientists to recognize the research on the social science dimensions of conservation issues. The value of this has, for example, been discussed in connection with the long-term viability of a programme to reintroduce wolves into Yellowstone National Park. Jacobson and McDuff (1998: 264), for example, endorse this view stating that: 
….researchers could spend years studying the biology of gray wolves in preparation for reintroduction, but recovery efforts could fail without adequate public support, cooperation and participation’.
In general, people have considerable respect for scientists in Britain. In an OST/Wellcome survey of the British public in 2000, 84% of people thought that scientists and engineers make a valuable contribution to society. However, as discussed above, because conservation scientists are often unable to work with complete sets of data, they cannot always be absolutely confident in their own findings and often have to present their results in imprecise terms with associated caveats. This can weaken public confidence in their work, and it is important therefore that researchers are explicit in sharing their doubts about the completeness of the data; but also share their confidence that they have as good a view as is practically possible at any particular time.

There is some public concern about what might go on privately in research institutions. In the same OST/Wellcome survey, over two-thirds agreed that rules will not stop researchers doing what they want ‘behind closed doors’. Over half thought that scientists seem to be trying new things without stopping to think about the risks, and over two-thirds agreed with the statement that ‘scientists should listen more to what ordinary people think’. 
To make their findings and advice credible to a sceptical public, conservation scientists have to acknowledge the broader social, political and economic context within which their research is set. To help individual scientists to engage with the wider public, conservation biology and wildlife management training courses now contain modules which include the human dimensions, and training on how to understand and connect with their audience to gain maximum benefit from their efforts. Social scientist Stephen Hilgartner (2000) believes that for scientists to engage with the public properly they need to learn acting skills, such as holding serious rehearsals and using props in order to ‘perform’ effectively in front of their audience.
Relevance to the science curriculum
In learning about how conservation scientists work, looking at real conservation scenarios can provide students with opportunities to consider spiritual, moral, ethical, social, cultural and citizenship aspects of scientific issues; and develop key skills such as communication, working with others, improving own learning and performance and problem solving. Students can discuss how scientific evidence is collected, its relationship with scientific explanations and theories, and how scientific ideas change over time. There is also scope for introducing aspects of human and animal behaviour (psychology and ethology).
The multidisciplinary nature of conservation science lends itself - perhaps more than any other field of science – to helping students see the connections and interplay between the philosophy of science; social, cultural, political and economic contexts; and how scientific investigations are inevitably carried out within these contexts. 

It also reveals the importance of incorporating skills of argumentation and decision-making in making informed judgements about socio-scientific issues. There are of course many approaches to decision-making, such as dramatic interpretations, story-telling, and critical reading and writing activities, each of which encourages the development of particular skills. Role-play remains one of the most popular approaches used in the teaching of controversial issues (Oulton, et al., 2004). However, students sometimes need opportunities to consider and argue their own positions on an issue – just as conservation scientists do - rather than always being asked to adopt a role (Grace, in press).
Conservation science is still developing and there are many urgent challenges ahead. We need to encourage some of today’s students to consider being conservation scientists, but we also need to provide all of them with the understanding, skills and confidence to engage in decision-making about conservation issues and become fully informed citizens of the future.
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