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Wildlife re-introductions as a conservation tool: A review of the taxonomic and geographic scope of current projects

Wildlife re-introduction programmes comprise attempts to re-establish species within their historical range following extirpation or extinction in the wild. Re-introduction projects will entail the deliberate movement, or translocation, of wild or captive individuals, and following initial releases, may require subsequent re-enforcement or supplementation of founder populations. The IUCN Species Survival Commission’s Re-introduction Specialist Group (RSG) was established in 1987 in recognition of the increasing use of re-introductions as a conservation tool. By 1998 the RSG had registered 316 animal re-introduction projects, encompassing 217 species and ranging from molluscs to primates. We used revised RSG registers to review the current range of wildlife re-introduction projects worldwide. By the end of 2002 there were projects registered with RSG dealing with over 240 species. Over the last five years there has been an increase in the taxonomic and geographic scope of projects, with notable increases in numbers of invertebrate projects. Nevertheless, use of re-introduction techniques is most commonly applied to birds and mammals, and least commonly to fish and invertebrates. Also there are more projects situated within developed regions, e.g., USA, Europe, Australasia, and relatively few in less developed regions, e.g., Africa, Meso and South America, South and East Asia. We explore taxonomic and regional bias in re-introduction projects, through reference to the 2002 Red List of Threatened Species.
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Overview of research results in reintroduction biology: comparative studies, experiments, modelling

We reviewed over 60 recent (<15 yrs.) research results of wildlife reintroductions and translocations within the categories of comparative studies, experiments, or modelling applications.  Purely anecdotal or descriptive case histories were not considered. Further, we reviewed correlates of reintroduction and translocation success in relation to these research categories, particularly in terms of knowledge gained.  Most reintroduction research (>44%) could be classified as comparative studies, namely; those that anecdotally or statistically evaluated parameters in an opportunistic or a posteriori fashion. Far less common were experimental approaches (21%) specifically designed to rigorously test hypotheses or scientifically evaluate reintroduction techniques. Modelling applications, such as population viability analyses (PVA), and their a priori application in wildlife reintroductions show increasing use (34%) in reintroduction biology, based on this review. Factors likely responsible for the dominance of comparative studies over experimental and modelling approaches include greater technical ease, inadequate planning, lack of financial resources, small sample sizes associated with most reintroduction efforts, and frequent lack of statistical controls. Nevertheless, rigorous experimental approaches can yield reliable knowledge when correctly applied to reintroductions. Additionally, insights gained by thorough synthesis of all available information such as required in modelling approaches can aid in focusing critical resources and avoiding potential pitfalls. We strongly recommend that researchers contemplating future reintroductions carefully evaluate a priori the specific goals, overall ecological purpose, and inherent technical and biological limitations of a given reintroduction. We further recommend that evaluation processes incorporate both experimental and modelling approaches in order to yield reliable results and avoid errors which may later prove disastrous - both ecologically and economically.
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Directions in reintroduction research: what are the key questions?

Attitudes toward reintroduction have changed dramatically in the last 15 years.  Monitoring levels have increased, some reintroductions have been designed as experiments, and a published literature on reintroduction biology has developed. These are important trends, but the science of reintroduction biology needs further development. The point of any science is not simply to monitor or conduct experiments, but to answer questions using those tools. Thus it is critical to establish the questions we need to answer in reintroduction biology to improve our ability to restore species and ecosystems. Although much has been published, the questions addressed have usually been opportunistic rather than strategic. Most research has focused on components such as numbers released, and hard vs soft release, probably because such data are easily obtained, not because these were critical to reintroduction success. We propose that key questions for most reintroductions are: (1) What ecological factors limit the long-term survival of reintroduced populations?, (2) What restoration or management is required for the population to survive?, and (3) Can we predict optimal sites for future reintroductions? Other questions are: (4) How do reintroductions impact on ecosystems’ function?, (5) Can introductions of non-native species replace functional roles of extinct species?, (6) Can reintroductions ameliorate isolation effects in fragmented habitats?, (7) Under what circumstances will behavioural considerations be important to reintroduction success?, and (8) Under what circumstances will genetic considerations be important to reintroduction success? 
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Strong inference in reintroduction biology

Platt (1964, Science 146) coined the term “strong inference” for scientific methods that lead to rapid advancement of knowledge. He argued that rapid progress in physics and molecular biology in the 20th century was primarily due to the approaches of these disciplines, with strong emphasis on hypothetico-deductive (H-D) reasoning and critical experiments. Other authors have argued that progress in wildlife management (Romesburg 1981: J. Wildl. Manage; Macnab 1983, Wildl. Soc. Bull.) and conservation biology (Murphy 1990, Cons. Biol.) were being held back by weak scientific method. We address the question of whether knowledge in reintroduction biology could be substantially improved by adoption of “strong inference”. We note that most inference in reintroduction biology takes place by induction, gained from post hoc interpretation of monitoring results or through exploratory comparative analyses. We also note that while there is an increasing emphasis on experiments, these do not usually address critical questions. There is scope to improve reintroduction biology by greater application of the H-D method, where models derived from careful observation and theory are subjected to testing.  However, reintroduction biology is inevitably constrained, e.g., by small sample sizes, and lack of replication. It is unrealistic for most reintroductions to be designed as critical experiments, and unrealistic to expect most research projects to produce clear answers. We suggest that the best progress will be made through an integrated approach, where results from comparative analyses, experiments, and modelling results are combined. Such integration would be facilitated by having a universal criterion for reintroduction success; we suggest based on theory from population modelling.
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Biological invasions as models for reintroductions?

We explore the extent to which biological invasions by alien species can be viewed as models for reintroductions of native species, and thereby assist the science of reintroduction biology. Biological invasions are occurring globally at an increasing rate, due to increased international trade, travel, environmental change and the transport of species by humans. Some of these invasions result from the accidental introduction of alien species, but many others result from deliberate introductions. Of those species introduced, only some become established and only some of these become invasive (acting as agents of ecological change and threatening native biological diversity). Biological invasions and successful reintroductions both involve the establishment of ‘new’ species in ecosystems, usually from small founder populations. However, there are likely to be fundamental biological differences between native species that are re-introduced (having previously become locally extinct) versus alien species that are introduced. The use of inherent biological characteristics to predict the success of alien species as invaders is difficult, suggesting that selection of candidate species for successful reintroduction on the basis of such characteristics may not be simple. Other factors such as initial population size and habitat suitability may have more relevance. With this background, we re-examine data on well-documented introductions of alien species (successful and unsuccessful) to ask if there are any lessons that can be learned and applied to the reintroduction of native species.
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Integrating reintroduction research with ecosystem restoration: beyond single species

Island ecosystems are usually less diverse than those on the mainland, and therefore provide restoration models that can be applied elsewhere. Nonetheless, relatively simple ecosystems still present theoretical and practical challenges. The biggest challenges are posed by small groups of organisms that influence the entire system out of proportion to their diversity or abundance. It is therefore necessary to: (1) identify species that formerly had profound influences on ecosystem structure and function, and (2) develop techniques to allow these species to resume their original roles as ecosystem drivers. Burrow-nesting petrels (Procellariiformes) once formed enormous populations on most islands and parts of mainland New Zealand, where they heavily modified terrestrial ecosystems through input of marine-sourced nutrients, their burrowing activity, and physical disturbance of ground cover, seedlings and leaf litter. Burrow-nesting seabirds were disproportionately affected by predatory mammals, but there have been few attempts to restore them to sites where they have become locally extinct. Reintroduction efforts have been hampered by the absence of practical methods to overcome the strong philopatry typical of petrels. We describe techniques developed to measure the ecological impacts of remnant populations of petrels on Korapuki Island (northern New Zealand), and for reintroduction of two species of petrel to Mana Island (Cook Strait, New Zealand). Our models of potential population recovery of remnant and reintroduced petrel populations reveal that the ecological impacts of introduced predatory mammals may persist for centuries after their eradication.
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Translocating burrow-nesting seabirds: A scientific basis for reintroductions

Of all recent fauna extinctions, 85% have occurred on islands. While seabird extinctions have been relatively few, seabirds are particularly vulnerable to predation and disturbance at their breeding colonies. Attempts to reintroduce burrow-nesting seabirds to islands through the translocation of nestlings have met with mixed success. Failure has been due partly to the lack of science surrounding the techniques used. Seabirds are highly philopatric. It is critical to the success of any translocation that nestlings be moved before they become accustomed to their natal site. On the other hand, success can also be enhanced by avoiding having to feed the translocated nestlings for extended periods. The choice of appropriately aged nestlings is therefore paramount. We demonstrate, using the endangered Gould’s petrel (Pterodroma leucoptera leucoptera) as a case study, that it is possible to age nestlings based on weight, wing-length and plumage. Limited to a single breeding locality, the Gould's petrel (~800 breeding pairs) was at risk of stochastic events and the possible introduction of mammalian predators.  Plastic nest boxes were fabricated and installed at the species’ breeding grounds on Cabbage Tree Island, Australia, and their use and effectiveness evaluated over a decade. In 1995, experimental translocation techniques were developed, trialed and assessed.  In March 1999 and 2000, a total of 200 nestings were translocated to Boondelbah Island, of which 195 successfully fledged. The first translocated fledglings returned to Boondelbah Island in 2002 when a total of 12 nest boxes were occupied. The management techniques developed for translocating Gould’s petrel are now being applied to endangered petrels in New Zealand and Bermuda.
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Radiation patterns of Persian fallow deer following reintroduction

The ability to disperse and populate new areas is an essential condition for long-term survival of reintroduced populations. Consequently, understanding the spatial dynamics of reintroduced populations is crucial. We studied the movement patterns of 70 radio-collared Persian fallow deer (Dama mesopotamica) (53 f, 17 m), of 120 deer reintroduced to Israel. Deer were released from the same habituation enclosure, in bi-annual releases, on 10 occasions, starting 1996. We obtained 2-3 radio locations/ /individual/week for up to five years and characterized annual home ranges using GIS. The spatial dynamics were characterized by: (1) Short distance movements (up to 1.5 km from the release site) until home range establishment, mainly of deer from early releases; (2) long distance movements, up to 15 km until home range establishment, mainly of deer from latter releases; and (3) spatial shifts in annual home ranges away from the release site, which occurred usually within the first three years post release. The radial expansion of the population during the first 5 years of the project was 0.5-1.5 km/year, slower than that of other deer species. While population growth over time was linear (mostly due to repeated releases), the area occupied by deer increased exponentially, from 6 km² during the first year to 47 km² during the fifth. This spatial expansion was largely due to long distance movements from the release site to “new” unpopulated areas, which were frequent during the last years. Radiation of reintroduced Persian fallow deer is driven mostly by animals from later releases. One possible benefit of multiple releases is increased rates of population expansion.
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Re-introduction of the Mauritius kestrel into the Bambous Mountains, Mauritius

Advances in avian conservation management have led to an increase in the frequency of translocations and in particular re-introductions. The use of captive-reared individuals as the release stock for a re-introduction is now common practice with captive-reared individuals of at least 76 species released to date.  The Mauritius kestrel (Falco punctatus) is a small accipiter-like falcon endemic to the Indian Ocean island of Mauritius. As a result of forest destruction and extensive use of pesticides this formerly widespread falcon was reduced to only four known individuals in the wild by 1974. As part of a successful recovery program, initiated in 1973, the kestrel was re-introduced into the Bambous mountain range in 1987 from which it had been absent for over 30 years. Forty-six captive-reared kestrels were re-introduced, using a soft release technique known as hacking, in three areas between 1987 and 1990.  The population was boosted through the fostering of 38 chicks at established breeding pairs between 1989 and 1994.  Thirty-fivekestrels were also released on Ile aux Aigrettes nature reserve (an island 1km off the east coast) between 1989 and 1997. During the re-introduction and continuing up until 1994 the population was managed.  Techniques utilised included: brood manipulation, clutch harvesting, nest box provision (continues today), predator control and supplemental feeding. The population has been intensively monitored throughout its rapid development and currently stands at 40-45 monitored pairs with an average annual productivity of 47 fledglings for the last three years.
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Can re-introducing a captive-bred mammal be beneficial for the individual as well as the species?

Re-introductions are often undertaken for the good of the species rather than the individual, with some mammals reportedly suffering diminished health and welfare post-release. To assess the impact of re-introduction on a captive-bred mammal, and hence the ethical nature of the popular conservation technique, 24 captive-bred yellow-footed rock-wallabies (Petrogale xanthopus celeris) were re-introduced to Lambert Pastoral Station in south-western Queensland, Australia, in 1998. Extensive individual physiological and demographic data collection prior to release, combined with radio-collaring and trap training, ensured individual wallabies could be monitored for their adaptation to the wild for up to 2.5 years post-release. Findings were compared to previous ecological and physiological studies on the species in the wild, and other re-introduced mammals, in particular P. x. xanthopus in South Australia. The immigration of wild wallabies into the release site further allowed for simultaneous monitoring of ‘natural’ physiology and behaviour under the same environmental conditions. This talk will report on survival, fecundity, growth, condition, home range establishment, dispersal, haematology, biochemistry, diet, water turnover and field metabolic rates of released captive-bred animals, and how I came to the conclusion that re-introduction can be good for the individual as well as the species.
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Diagnosis of decline: Tactical research into the population declines and range restrictions of the New Zealand South Island grand and Otago skinks

Grand skinks (Oligosoma grande) and Otago skinks (O. otagense) are amongst New Zealand’s most threatened fauna. Since the only comprehensive survey of their present range in the early 1980s, which suggested that they presently occupy less than 10% of their former range, most surveyed populations have continued to decline or have become extinct.  Intensive monitoring of populations at Macraes Flat has been carried out since 1996 and intensive predator control has been enforced since 1999. Despite such measures, most populations have continued to decline at such a rate that it is projected that 70% will become extinct within 10 years. It appears that slow maturity and low fecundity leave them extremely vulnerable to introduced mammalian predators.  Other less intuitive causes of decline include their habitat that has been radically changed by humans, parasitism and disease, altered food supply, and the predatory effects of less understood species such as hedgehogs and rodents.  Thus, we are presented with a raft of potential causes of decline that necessitates an immediate and proactive programme of research and management.  We have therefore attempted to generate and review the data pertaining to these potential causes of decline with a view to restoring these skink populations.


