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Role of assisted reproductive technologies in fertility control for brushtail possum and stoat management in New Zealand 

We are applying assisted reproductive technologies (ART), normally used to augment reproduction of threatened or endangered species, to develop fertility control for New Zealand’s two key introduced mammal pests, the brushtail possum (Trichosurus vulpecula) and stoat (Mustela erminea). Captive breeding and in vivo and in vitro models of egg and sperm maturation, fertilization, and embryo development in possums and stoats are the “tools” for: a) rapidly progressing identification of suitable reproduction-based targets; and b) cost-effective and efficient screening of emerging reproductive-function based vaccines. Already for the possum, in vivo models of egg maturation (superovulation), fertilization, and early embryo development (artificial insemination with fresh or cryopreserved sperm) have increased the efficiency of vaccine screening, while in vitro fertilization technology has revealed unique reproduction-based mechanisms as promising future targets. Similar “models” for stoat reproduction are in development and are currently focused on producing gametes, embryos, blastocysts and live young “on demand”. In the longer term, this will facilitate development of in vivo and in vitro assays for target identification and vaccine screening.
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Biotechnological Approaches to Wildlife Management

Increasing public opposition to the use of methods of managing wildlife populations which cause suffering (shooting, poisoning, the spread of pathogens) has led to investigation of biotechnological approaches for population management.  Most centre on fertility control, and take advantage of the large volume of research which has been done on human contraception.  It is clear that several hormonally based methods are also applicable to various mammalian species.  The unsolved problem is the method of delivery.  In all cases the biotechnological approaches will be very expensive.  Only species highly valued by humans are likely to be the object of these methods.  Another method which has superficial appeal is immunocontraception.  We argue that the difficulty of obtaining responses to self-antigens in a sufficiently large proportion of a population to cause infertility renders the approach impractical.  The use of adjuvants to overcome this problem raises animal welfare issues.  We also argue that if immunocontraception is used over several generations, there will be dangers which stem from probable changes in the genetic composition of immunocontracepted populations with respect to their capacity to mount immunological responses to pathogens.
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Predicting efficacy of a disseminating immunocontraceptive for rabbits

Rabbits (Oryctolagus cuniculus) can have a devastating impact on agricultural production and the environment. At present, the major means for reducing their impacts relies on baiting using 1080 poison.  However, the use of 1080 in Australia is undergoing review and support for its use cannot be guaranteed. Viable, acceptable alternative control options are needed. Fertility control is an important option and there has been considerable investment in developing technologies for delivering immunocontraceptive agents to wild rabbits. Part of this research has involved conducting large field experiments to determine the level of infertility required to cause a sustained reduction in the abundance of rabbits. Demographic changes in response to surgically imposed female sterility were monitored in 12 free-ranging rabbit populations in southern Western Australia over a 4 year period.  Sterility levels were 0%, 40%, 60%, and 80% of all females in year one, with a similar proportion of female recruits surgically sterilised in subsequent years. Based on these data we derived a new model of rabbit population dynamics. The model simulates the dynamics of a physiologically structured rabbit population and explicitly includes the interaction of rabbit population dynamics with pasture availability, and the epidemiology of wild and recombinant sterilizing strains of myxoma virus. A small number of fertile female immigrants may allow rabbit populations to persist even at high levels of sterility (~ 80%). Results suggest that fertility control may be an effective tool for reducing the likelihood of rabbit populations erupting, but long-term efficacy will depend on achieving high levels of sterility and minimizing immigration of fertile females.
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Immunocontraceptive control of fox populations

Immunocontraception has been extensively researched as a means for the suppression of reproduction, and hence population control, in free-living pest animals. One of the basic premises of immunocontraception is that, although pregnancy is prevented, normal endocrine function and reproductive behaviour of treated individuals remains unimpaired. Field ecology projects were conducted aimed at experimentally testing this concept in foxes (Vulpes vulpes). Studies of fox behaviour, with and without imposed surgical sterilisation of females, were conducted at four sites in central New South Wales, Australia. Five hundred and thirty four foxes were also obtained for demographic studies from 67 nearby rural properties. Over the three years of the behavioural study (imposed sterility) at all sites a total of 348 foxes were trapped and fitted with transmitters. The data from 155 foxes were used to determine ranging behaviour during the breeding season. This involved 15,545 accepted telemetry locations. In this paper we summarise some of the outcomes of these projects by comparing parameters such as demographics, territory formation, dispersal and survivorship between sterilised and intact fox populations. Outcomes from this research indicate that behavioural and reproductive compensations were minimal and that immunocontraception in free-living fox populations will probably be feasible. There are caveats such as the absence of longer-term effects on behaviour and the minimisation of recruitment into sterilised populations. Proof of concept will only be possible when a viable vaccine and vector are available for field-testing. This will also provide the opportunity to fully examine the many logistical considerations that may need to be overcome or at least accommodated.
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Collection of semen by electro-ejaculation from a critically endangered parrot

The Kakapo (Strigops habroptilus) is a flightless, nocturnal parrot endemic to New Zealand. It is critically endangered with the current population of 86 all held on predator free offshore islands. Improved technology has enabled an intensive management approach in recent years resulting in improved fledgling survival. Improving egg fertility (currently approx 60%) is seen as a critical step in increasing the kakapo population. Kakapo are a lek breeding species with a small number of males achieving the majority of matings in breeding years. Currently, males that mate and produce an infertile clutch are assumed to be infertile. Although there are numerous reasons other than male infertility that may contribute to this problem, the risk of an infertile male dominating the arena is considered too great, and suspected infertile males are removed from the breeding population. This study was aimed at determining if electro-ejaculation would provide a reliable assessment of kakapo sperm samples. Previous attempts at sperm collection using massage techniques and dummy females had proved unsuccessful. The technique was performed on 4 suspected infertile males and one normal male in February 2002. It proved to be successful and appears to be a consistent method for collection and evaluation of semen quality in kakapo. It was further applied late in the 2002 breeding season with mixed results. We concluded that electro-ejaculation is useful for conservation management of the kakapo, however it must be performed at the appropriate stage of the breeding cycle or results could be misinterpreted.
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Non-invasive measurement of stress in marsupials

The response to stress (any disturbance to homeostasis) in animals involves activation of the hypothalomo-pituitary-adrenal axis, ultimately results in an increase in circulating glucocorticoids. Glucocorticoids are important mediators of the metabolic response to stress. As such, they are useful indicators of the level of stress an animal may be facing. In the short term, the stress response may be adaptive. However, there are numerous deleterious effects of chronic glucocorticoid elevation, particularly on reproductive and immune function. Non-invasive methods of glucocorticoid measurement have been successfully applied to a diverse array of eutherian species. However, their use in monitoring stress in marsupials has not been investigated. We aimed to test the utility of these non-invasive methods for the assessment of marsupial well being, using the tammar wallaby, Macropus eugenii, as a model. We have established the normal range of glucocorticoid levels in both serum and faeces, and have assessed the impact of seasonality and differences related to age and gender. We have also optimised faecal extraction procedures and validated the use of enzyme immunoassay for the measurement of faecal glucocorticoids. We have commenced the measurement of faecal glucocorticoids in tammar wallabies subjected to varying levels of environmental and/or social stress. We are constructing daily time budgets, based on behavioural observations, and are investigating several parameters of immune function. This will allow us to derive a comprehensive profile of the stress response in a model marsupial, while validating the use of non-invasive methods for monitoring the health and wellbeing of a captive marsupial population. Further research will extend our use of non-invasive methods to other marsupial species, in both zoos and other managed populations.
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Development of self-administered tuberculosis vaccines for possums

Brushtail possum (Trichosurus vulpecula) populations are a reservoir of bovine tuberculosis (TB) (Mycobacterium bovis) infection for livestock, other wildlife, and humans over about one third of New Zealand. Tuberculosis continues to spread in the possum population despite a prolonged, widespread control program. Vaccination of possums with BCG (Bacille Calmette-Guerin), used in conjunction with existing control measures, may improve the TB eradication program. BCG vaccine stimulates an immune response in possums when administered by intra nasal aerosol and by conjunctival instillation. A previous study showed that vaccination of half a population of wild possums on a 56 ha site over two years resulted in significantly fewer vaccinated possums becoming infected. The relative risk of TB in non-vaccinated possums was 3.25 times that of vaccinates (p=0.023). This paper describes the development of a self-setting aerosol dispenser designed to vaccinate possums in the wild via the respiratory route. The study aimed to evaluate various dispenser designs over five trials. Dispensers delivered dye to the possum’s head and the proportion of the population marked with dye was recorded during live trapping after each trial. To summarize the final results, dispensers were set for a total of 47 nights at an average density of 1 per 8 ha.  Fifty six percent of the population was marked by dye. The most effective dispenser design was identified. Based on the concept of herd immunity, which states that protection of a proportion of a population reduces disease levels in the total population, the dispenser and vaccine efficacy results indicate potential for vaccination of wild possum populations to improve the effectiveness of TB control in New Zealand.
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Forensic DNA methods for monitoring wildlife populations; General applicability and technical challenges

Molecular genetic techniques take advantage of microsatellite markers and advancements in forensic DNA methods, and provide opportunities for measuring a range of population parameters in free-ranging animals. These microsatellite markers are highly variable, and therefore well suited to comparing genetic variation among individuals. Microsatellite analysis, using polymerase chain reaction (PCR), can be performed using relatively small DNA samples, allowing the use of non-invasive collection techniques. Modern equipment enables the repeatable analysis of large numbers of samples, making microsatellite markers particularly useful for consistently assigning identity to samples from previously unknown individuals in a population. We have developed an approach to test the efficacy and value of non-invasive DNA-based analysis for detecting and measuring populations of two major pest species in New Zealand: stoats (Mustela erminea) and possums (Trichosurus vulpecula). Our techniques utilise hair samples from stoats and faecal samples from possums. Technical problems encountered due to low yields of DNA obtained from such samples involve genotyping errors through contamination, allelic dropout, and the presence of false alleles. We used a maximum likelihood approach to minimise the requirement to carry out multiple replicates of samples to reduce error rates. We recommend carrying out initial experiments to determine a required threshold of genotyping errors that do not compromise the study, and then testing whether the threshold of genotyping errors is actually attainable from data collected in the field. We also discuss estimation of the probability of assigning multi-locus genotypes to individuals from populations with varying gene frequencies.

MacDONALD, Anna J. XE "MacDONALD, Anna J." , Stephen D. SARRE and Nancy N. FITZSIMMONS

Applied Ecology Research Group, University of Canberra, ACT 2601, Australia.

A sex-specific microsatellite library for the Australian brushtail possum: Its role in wildlife management

The brushtail possum (Trichosurus vulpecula) is of interest to wildlife managers as a marsupial with some tolerance to urban habitats and as a major invasive species in New Zealand. To effectively manage this species, knowledge of the rate of gene flow and patterns of migration among populations is often required. Recent research has shown that the brushtail possum has multiple occurrences of a single microsatellite repeat element, GATA, within the Y chromosome and among autosomal loci. We are using this characteristic to develop multiple microsatellite loci that are Y-specific or autosomal. Microsatellite libraries enriched for the GATA repeat have been established for both male and female possums. The loci characterised from these will enable comparisons of mutational mechanisms between classes of recombination and hence increase understanding of the mechanisms of microsatellite DNA evolution. The development of these markers will also provide new insights to population studies of the brushtail possum and will permit estimation of the male and female components of genetic exchange among populations. Preliminary data suggests that GATA repeats are sex specific among many marsupials, allowing these Y-specific markers to be applied to ecological studies across a range of species. This work will have implications for all studies of vertebrates that utilise microsatellite markers, by determining the most appropriate models of mutation for this important class of population marker. The availability of these microsatellite loci for population studies will aid both the conservation of threatened marsupial species and the management of introduced invasive species such as the brushtail possum.
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Genetic studies of invasive Norway rat populations on Brittany islands (France). What can population structure reveal to adapt management actions?

Insular ecosystems are hotspots of endemism and are sensitive to exotic species. The Norway rat (Rattus norvegicus) has been introduced to many islands to the detriment of native species. A genetic study, using nine microsatellite markers, was conducted on eradicated populations of R. norvegicus over twenty islands from five insular systems. This revealed a high population structure between the different insular systems and a low insular allelic diversity. For inter-island distances greater than one hundred metres, island populations were highly differentiated. This suggests no effective migration between distant islands or between islands and the continental mainland. As soon as invasion pathways such as human transportation are effectively controlled, colonization probability must be low. Nevertheless, during a control operation, one of the insular systems revealed Norway rat presence one year after eradication. Molecular genotyping and assignation methods were conducted in order to establish whether these were newly arrived individuals or if they survived the eradication. Preliminary results show that these rats are highly genetically similar to the eradicated population. So the eradication failure hypothesis seems to be supported. Therefore, assessing population connections by studying genetic structure can give information about: 1) Is it worth eradicating a population without considering neighbouring islands? 2) Are new individuals present after eradication because of reintroduction or because of eradication failure? Comparisons between different environmental situations would permit evaluation of the predictive value of these results.
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The application of genetic techniques to the assessment of wildlife corridor effectiveness

With the aim of facilitating the movement of individuals and/or genes between otherwise isolated populations, wildlife corridors have become a popular conservation strategy in fragmented habitats.  To date, the majority of research conducted to assess the effectiveness of wildlife corridors in meeting these goals has used traditional ecological techniques eg. mark-recapture.  Such data provides an accurate assessment of habitat use within the corridor but fails to determine the success of any dispersal events or gene flow.  The use of genetic techniques, along with mark-recapture methods, provides a multi-disciplinary approach that can overcome these previous limitations.  Using this approach, a study was undertaken to assess the effectiveness of wildlife corridors with respect to facilitating gene flow between populations of native rats on the Atherton Tablelands of far north Queensland, Australia.  Trapping data indicated successful residency and breeding within the corridor for fawn-footed melomys (Melomys cervinipes) and giant white-tailed rats (Uromys caudimaculatus).  However, genetic analyses showed that this does not necessarily translate into gene flow between populations within the connected habitats.  Genetic differentiation was detected within both the remnant patches and contiguous habitat suggesting that spatial structuring occurs naturally over a scale shorter than the corridor length.  Genetic markers also revealed large differences in the amount of genetic diversity between populations within remnant patches and contiguous habitat.  These results demonstrate that the use of genetic markers can i) provide data on the effectiveness of corridors beyond the role of supplying additional habitat and ii) assist management decisions with respect to the positioning of future corridors.


