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Noninvasive sampling in wildlife management – chance or pitfall?

The use of molecular genetic techniques in conservation biology and wildlife management has become increasingly important during the last decade. This is mainly caused by the development of the polymerase chain reaction (PCR), which requires only minute amounts of DNA for genetic analysis. Possible sources of DNA can be hair, scat, faeces, feathers, urine, buccal cells, egg shells and even footprints. Thus, it is no longer necessary to obtain blood or tissue samples to study population genetics in animals. Noninvasive sampling is very attractive to field biologist as it offers an alternative method to gather genetic and ecological information for wild populations. This is particularly true for species that are difficult to observe or trap and for endangered species, where disturbance has to be minimized.  It became, however, apparent, that noninvasive genetic sampling has its limitations and not every study planned was able to answer the questions raised. This was mainly caused by technical problems, particularly genotyping errors, which limit the usefulness of noninvasive approaches. I will outline the chances and possible pitfalls of noninvasive sampling and demonstrate the use of these techniques for wildlife management.
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Applications of Wildlife Genetics in Wildlife Damage Management

Molecular genetics provides powerful tools for wildlife conservation and can similarly play an important role in wildlife damage management.  We summarize objectives and results from 5 studies that encompass the following applications of genetic analyses. First, an understanding of genetic population structure of problematic species may aid in the identification of management units and the development of management strategies.  One practical application would be the ability to determine the geographical sources of individuals congregating during certain time periods or in certain locations, or those re-colonizing an area following removal efforts.  Second, the genetic impact of removal strategies on populations of native species may be of greater concern than for introduced species, and molecular analyses can be used to assess genetic impacts of removal strategies.  Third, non-invasive samples offer the potential to census populations and determine relatedness among individuals without handling the animals.  Finally, analysis of predator DNA from saliva on lethal wounds can reveal which animals are predating livestock.  Our projects on Red-winged blackbirds (Agelaius phoeniceus), black vultures (Coragyps atratus), beavers (Castor canadensis), and coyotes (Canis latrans) illustrate the potential of genetic data in wildlife damage management.
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Non-invasive genetic tagging for improved detection and estimation of mammalian pest populations in NEW ZEALAND

Two criteria for management of a mammalian pest are its detection and accurate measurement of its abundance. Conventional methods of detection and abundance can be expensive and result in biased estimates. An alternative is to use DNA profiling, which allows identification of individuals without having to physically capture animals. The method has proven successful for several wildlife management issues internationally, but has not previously been used for mammalian pests in New Zealand. One of New Zealand’s most harmful introduced mammal predators is the stoat (Mustela erminea). Predation by stoats is the main cause of decline for many bird species in New Zealand. Management of stoats is therefore critical for maintaining biodiversity in New Zealand forests, but stoats are notoriously difficult to capture. We developed a reliable method of detecting individual stoats by obtaining DNA from hair follicles, using adhesive gel on a rubber band stretched across the aperture of a 20-cm length of PVC drainpipe (25 mm diameter), baited with a small cube of rabbit meat. Pipes were placed in a grid pattern at 250-m intervals over a 3 km x 3 km square of forest. All resident stoats had an equal opportunity of capture. We produced some of the first estimates of stoat population density in New Zealand using program MARK. Population size was estimated to be 31 (95% CI 24-51), a population density of approximately 3.4 stoats per km2.  Estimated capture probability was 0.13 (SE=0.04). DNA profiling has the potential to improve management of a range of pest species in New Zealand, in ways that would not previously have been possible.
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Statistical aspects of using genetic markers for individual identification in capture-recapture studies

We describe analysis issues in which genetic markers differ from physically tagging an animal in applicability for use in capture-recapture studies. Identification of individual animals based on genetic markers, often mircosatellites, involves some uncertainty. The amount of uncertainty depends on many factors including the number of loci used in the genetic analysis, number of alleles per locus, allele frequencies, degree of relatedness of individuals, etc. The uncertainty can be quantified based on the probability of two genotypes being identical (matching) given they belong to different individuals. Given the match probabilities, all possible capture histories and their probability of occurrence can be determined.  We present a likelihood based method for the analysis of capture-recapture data using genetic markers as individual identification which incorporates potential uncertainty in identification. The capture histories and their associated probabilities of occurrence are then used in the capture-recapture analysis to estimate parameters such as survival and population size.
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Monitoring populations of the brush-tailed rock wallaby using individual identification from faecal DNA

Determining abundance of endangered or cryptic species can be difficult, but is vital for developing management strategies. We developed and applied methods for individual identification from faecal DNA using microsatellite genotyping for the brush-tailed rock-wallaby (Petrogale penicillata), endangered in Victoria and vulnerable in New South Wales, Australia. Laboratory and field trials assessed optimal protocols for storage and DNA extraction, as well as the effect of aging and seasonal conditions on the recoverability of DNA. The optimal storage/extraction protocol involved air-drying the faeces in paper bags, followed by a surface wash to collect cells and spin column DNA purification. Comparison of DNA profiles from 1 day to 6 months for P. penicillata showed decreasing amplification rates and increasing genotyping error rates over time with high quality DNA present up to 1 week and in both summer and winter samples. The technique was employed to estimate abundance in a P. penicillata colony in Wollemi National Park, NSW in conjunction with a long-term scat plot survey. Collections were also carried out in surrounding satellite colonies. Genotypes were used in a mark-recapture study to estimate population size of the main colony and to evaluate the reliability of the scat plot abundance estimation technique. The data were used to determine if the satellite colonies represented distinct populations or were extensions of the main colony. We attempted to use this method to estimate abundance of the critically endangered East Gippsland (Victoria) P. penicillata population. This population had such low genetic variation that the six microsatellite loci used were unable to distinguish individuals. Further development of genetic markers is required for the technique to be useful in such populations.
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Calculating a genetic estimate of effective population size in a free living population of Namibian Black Rhinos (Diceros bicornis bicornis)

Black rhino numbered 100,000 in 1960, but due to poaching in the 1970’s and 1980’s they have declined by over 97% to approximately 2,600. The long term future of black rhinos depends not only on protecting the remaining individuals in the wild, but also on maintaining genetic diversity in the surviving, isolated populations. This study focuses on a population of 140 free-living rhinos in north-west Namibia (Damaraland). We extracted DNA from faecal samples of 40 known individuals from the contemporary population (post poaching) as well as from bone samples from 20 individuals that died in the early 1970s (pre poaching). Eleven microsatellites were then used to characterize allelic frequencies for pre and post poaching eras and to generate a genetic estimate of effective population size using the ‘variance test’. This estimate can be used to assess the genetic impact of the poaching episode and to guide future management plans.
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WHAT CAN GENETIC ANALYSIS TELL US ABOUT THE MANAGEMENT OF SUPERABUNDANT PESTS? THE CASE OF THE BRUSHTAIL POSSUM IN NEW ZEALAND.

The Australian brushtail possum (Trichosurus vulpecula) is New Zealand’s most significant mammalian pest. Introduced to New Zealand in the middle of the 1800’s, they now number in their millions and are implicated in the spread of bovine tuberculosis, changes in the composition and structure of native forests, and predation on the eggs and chicks of native birds. Current control of possums is largely through poisoning, while a number of biological control measures are being developed. Although possums have been the object of many ecological field studies, only recently have genetic methods using DNA markers been applied. Here, we review a number of recent studies that have incorporated microsatellite, minisatellite, and mitochondrial DNA markers to define the mating system and dispersal modes of possums; two characteristics that may be of importance to the efficiency of current and proposed control methods. These DNA analyses have demonstrated that possums have a mildly polygynous mating system that is density independent and sex-biased dispersal. They also indicate that there is very little systematic genetic structure among possums in New Zealand although structure may be detectable across bovine tuberculosis  buffer zones. These studies have provided valuable information about the ecology of possums but we note that at present, they have not been directly applicable to problems of management. This is because either the data collected using genetic methods can not be incorporated into the available ecological models or because the genetic data are not sufficiently quantitative to be of use in the problems of most interest to management. We discuss ways in which genetic data could be better applied to practical issues of management.
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Using genetics to direct management of a migratory species: green turtles in Australasia

Large commercially driven harvests operate over expanded geographic areas and are likely to affect more populations than harvests that operate locally. To test this we use mtDNA sequence data and mixed stock analyses to assess the contribution of regional stocks of the green turtle (Chelonia mydas) in harvests. For this we consider 17 genetically divergent breeding populations (Management Units; MU) of green turtles throughout Australasia.  We found that the smaller Torres Strait harvest is dominated by the adjacent Northern Great Barrier Reef MU, whereas a large Indonesia-based harvest draws on multiple MUs from several adjacent nations. This study compliments existing tag return data demonstrating that turtles are an internationally shared resource and highlights the complex pattern of contributing stocks that often encompass a vast geographical area. In addition genetic markers can be used to focus management efforts to those areas / stocks that most require it.  Effective management of green turtle resources throughout the Australasian region require s extensive international cooperation among the stakeholders.
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Applying genetic data to Sage-Grouse management.

The distribution and abundance of Greater Sage-Grouse (Centrocercus urophasianus) and Gunnison Sage-Grouse (C. minimus) have declined markedly throughout their entire range likely due to habitat loss, fragmentation, and degradation.  As a result, Sage-Grouse have become the subject of much concern which has led some groups to propose that certain groups of Sage-Grouse be federally listed as a threatened or endangered species.  While many studies have documented demographic rates, behavior, morphology, and habitat requirements for Sage-Grouse, little has been known about the genetic relationships among populations, subspecies, and species.  Thus, we initiated a range-wide genetic survey of Sage-Grouse (both Gunnison and Greater) using both nuclear (analysis of several introns and 10 microsatellites) and mitochondrial markers. Data from this large-scale survey has been used to address several taxonomic issues, has identified unique populations, and has documented levels of genetic diversity across the range.  Our data have provided information relevant to an understanding of gene flow, genetic diversity and evolutionary history among populations. Genetic data sets such as this one can be used to facilitate a cohesive management strategy that takes genetic distinctiveness into account, and that can be based in part on a clear picture of the entire “genetic landscape” of a species.  Ultimately, this will both increase the efficiency with which management decisions can be made, and add to their scientific foundation.
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Threatened species in fragmented habitats: Combining landscape ecological, demographic, and genetic approaches to assist conservation planning

Habitat fragmentation is a threat to survival of wildlife populations in human-dominated landscapes. Connectivity among populations in distinct fragments may play an important role for (meta-) population dynamics and persistence. Managers need to know if and to what extent exchange occurs between different sites. Conventional techniques such as field observations and radio telemetry often fail to answer this question. New non-invasive genetic techniques however now allow us to assess connectivity in spatially structured populations of threatened species. We present a case study on two grouse species, capercaillie (Tetrao urogallus) and black grouse (Tetrao tetrix), threatened in central Europe, that combined landscape ecological, demographic, and genetic techniques to identify requirements for population persistence. Demographic modelling suggested minimum viable population sizes of about 500 birds. Because this exceeds the capacity of most habitat fragments, dispersal appears to be vital for long-term persistence within a metapopulation system. We assessed exchange among spatially distinct populations using microsatellite analysis based on DNA extracted from moulted feathers. At the European scale, our data indicate that ranges separated by 50+ km have become isolated after metapopulation break-up. Within these ranges (e.g., European Alps), we found evidence of dispersal among local populations separated by 5-10 km. However, reduced dispersal rates resulting from continuing habitat deterioration may lead to more populations becoming isolated remnants of a formerly widespread distribution. Our study suggests that maintaining population connectivity by dispersal is a major challenge in grouse conservation in central Europe.
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Conservation genetics of the Capercaillie populations in Finland

The capercaillie (Tetrao urogallus) is a habitat specialist and has strict requirements for its environment, as the species shows a limited propensity to disperse. Therefore, capercaillie populations may be easily divided into small subpopulations. Such, often isolated groups may suffer from increased inbreeding effects that can lead to decreased heterozygosity due to random genetic drift. In Finland, the main reason for the decline of the capercaillie populations during the past decades has been proposed to be the fundamental changes in forest landscapes. Decrease and fragmentation of mature boreal forest habitats result from the modern forestry practices. In this work, we use mitochondrial DNA (control region 1, ca. 430 bp) and ten nuclear microsatellites to resolve taxonomic uncertainties, population genetic structure and the amount of genetic variation in the capercaillie at a national level in Finland. According to the results from the mitochondrial DNA data, the gene flow has been sufficient in the past to restore genetic variation in separate populations, and no population structuring can be detected. Nuclear microsatellites are used to observe modern separation and gene flow between populations. Results obtained in this study will give guidelines for the practical management and conservation planning on the capercaillie in Finland.


