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Fertility control for wildlife management – the options

Exotic species have been introduced accidentally or intentionally into most countries throughout the world. In the absence of their natural predators and diseases, many of these species have adapted and become major pests. Collectively these pests can have serious economic, social and environmental impacts. Public support for existing control techniques involving lethal agents (chemicals, shooting, trapping or disease) has lessened recently with increasing concerns about animal welfare and rights. Alternative techniques, which are more humane, cost effective, species-specific, environmentally friendly and suitable for delivery on a continental scale, are being sought. This has led to considerable research on immunocontraceptive agents, which could be delivered as a vaccine in a disseminating (e.g. viral or bacterial vectors), and/or non-disseminating system (e.g. oral baits). We review recent progress on appropriate targets for an immunocontraceptive agent, strategies to increase the magnitude and longevity of immune responses, and delivery systems suitable for use on a broad scale.  In parallel, we also emphasise the need for detailed studies of the ecology of the targeted pest species and modelling, before it is assumed that fertility control approaches are relevant for all pest species. Although there is general recognition of the need to add new tools to the current kits used for managing different pests, there is not a broad understanding of the emerging technologies by the general public. Biosafety and animal welfare issues associated with the development of fertility control require considerable discussion with the public, the regulators and international parties, as social and political issues may ultimately determine the acceptance and adoption of such novel technologies.
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Zona pellucida fertility control vaccines for brushtail possum management in New Zealand 

Introduced marsupial brushtail possums (Trichosurus vulpecula) are a major pest in New Zealand because of their impacts on conservation values and agricultural production. Immunologically-based fertility control (immunocontraception) offers an effective and humane alternative approach to possum management. The zona pellucida (ZP) is an extracellular coat around all mammalian eggs and an attractive target for the development of immunocontraceptive vaccines. Antibodies against ZP are ovary-specific and act by preventing sperm from binding and penetrating the ova and/or by disrupting the development of follicles or early embryo. The aim of these studies was to test the efficacy of possum-derived ZP antigens for their ability to elicit sustained immune responses and cause infertility, and to assess a range of options for development of a bait-delivered contraceptive vaccine.  Alloimmunisation with possum ZP2 and ZP3 proteins showed that self-ZP antigens elicited strong humoral immune responses and reduced the fertility of female possums by 72-80%.  Several potentially possum-specific immunocontraceptive peptides have been identified by linear epitope mapping and amino acid alignment and are being tested for their ability to reduce fertility.  Recent trials have demonstrated that possums mount immune responses against ZP antigens delivered in transgenic plants and bacterial ghosts. Research on antigen and specific peptide identification, non-target effects and delivery systems is ongoing.  We aim to have possum fertility control baits available for use within the next 8 years.
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Fox Fertility Control Through Vaccination: Challenges And Options

Fox fertility control in Australia through vaccination with a bait-delivered antifertility vaccine is an important alternative to lethal fox control with 1080 poison to reduce their impact on native Australian fauna and livestock. Vaccination of wildlife in general has to overcome problems relating the method of vaccine delivery, which includes limited opportunities for re-vaccination and broad-scale geographic coverage. Where antifertility vaccines are considered, species-specificity and long-lasting infertility are also required. Foxes are a particularly challenging species because: a) they are seasonal breeders (once a year) which precludes more frequent candidate vaccine testing; b) reproduction in captivity is highly variable which often leads to statistically inconclusive fertility data; and c) their close genetic relationship to other canids complicates the search for a fox-specific vaccine vector and/or fox-specific antifertility antigens. Canine herpesvirus (CHV) appears to be the most suitable potential vaccine vectors since only 3% of Australian foxes examined had antibodies to CHV and therefore the success of vaccination is unlikely to be compromised by pre-existing immunity in the fox population. We have achieved proof of concept that an oral bait containing wildtype CHV can induce antiviral immune responses in foxes. Baited animals neither became clinically ill following vaccination nor infected untreated in-contact foxes. The generation of recombinant CHV (rCHV) carrying antifertility genes derived from the fox oocyte zona pellucida is now underway. Immunogenicity and fertility trials with various rCHV candidate vaccines will show whether the challenges to develop a fox antifertility vaccine can be overcome.
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The Single Shot Immunocontraceptive Vaccine

Traditionally immunocontraceptive vaccines have required two separate injections, which limits their usefulness for contracepting free ranging wildlife. In the traditional two-shot approach the first injection, called the prime, prepares antigen specific B memory cells and normally provides short-term antibody response. The second injection, or boost dose, stimulates the antigen-specific B memory cells to produce a long lasting antibody response. In this second injection there is a production of antigen specific antibody that occurs while antigen is still present. The presence, in the serum, of both antigen and antibody, results in immune-complex (IC) formation. These ICs, which are trapped in draining lymph nodes, retain and release antigen for months to years providing long term antibody protection. In addition to the retained antigen from the ICs, released reproductive antigens can stimulate antigen specific B cells to provide a seasonal antibody boost. NWRC, part of USDA’s Wildlife Services program, has been testing single shot immunocontraceptive vaccines, which appear to provide multi-year contraceptive effects. A single shot vaccine eliminates the need to recapture animals for administration of the second dose, which results in a more practical and effective management tool for free-roaming wildlife. NWRC has tested a multi-year PZP vaccine (SpayVac) developed by IVT of Nova Scotia Canada that includes an adjuvant (AdjuVac) developed by NWRC.  NWRC has also developed and tested a single shot, multiyear, GnRH vaccine and has applied for a government patent on the vaccine design. These two vaccines have been tested in deer, horses, bison, coyotes, pigs, cats and dogs. Both vaccines have demonstrated contraceptive effects lasting at least 2-3 years. Contracepted animals will remain in the study to determine the long-term contraceptive effects.
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Current studies with avian contraceptive agents

Overabundant avian species are becoming problems at airports, in city parks and in agricultural areas.  Avian contraception is increasingly being considered as a management tool as lethal control becomes less acceptable to the public. Interfering with egg laying or hatchability appears to be a good approach to reducing the reproductive capacity in birds. Egg addling, including shaking, freezing, or oiling eggs in a nest, effectively reduces egg hatchability, but is labor intensive, requires locating each nest and therefore has limited utility. The National Wildlife Research Center, part of USDA’s Wildlife Services Program, is testing several orally delivered chemicals that interfere with egg laying and hatchability. Nicarbazin (NCZ) was developed in the 1950's as a compound that controls coccidiosis. The compound was found to have side effects if accidentally fed to breeder or layer hens, including changes in egg shell color and reduction in hatchability and egg laying, which are reversible if the compound is withdrawn. Nicarbazin is currently being tested as an infertility agent for Canada geese. Ornitrol or 20,25 diazacholesterol (a cholesterol inhibitor) was tested in the late 1960's as an oral pigeon reproductive inhibitor. Although it was effective in reducing egg laying and egg hatchability, the pigeon is a year-around breeder, and long-term usage of the compound became expensive and had undesirable side effects on the birds, such as muscle tremors. In recent tests, NWRC scientists found the compound effective in reducing egg laying and egg hatchability up to 4 months in coturnix quail after feeding for 10 days. Other commercial cholesterol lowering drugs for humans may have also potential as avian contraceptives.
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Immunocontraception in mice – a population perspective

In Australia, mouse populations (Mus domesticus) erupt irregularly causing high economic losses to agriculture. Currently, broad-scale chemical control is the primary method for managing mouse plagues. We review the ecological basis for one alternative to chemical control – immunocontraception using a species-specific virus, mouse cytomegalovirus (MCMV), as a delivery system – and summarise key findings from field, enclosure and modelling studies. MCMV is widespread in Australia and persists at low densities of mice. If densities are low for >1 year, then transmission of MCMV is sporadic until there are >40 mice ha-1. Serologic prevalence of MCMV was high early in the breeding season in four different field studies. Enclosure studies confirmed that MCMV has minimal impact on the survival and breeding performance of mice and that it transmitted to most adults within 10-12 weeks. Other enclosure studies indicate that sterilisation of two-thirds of females would effectively control the rate of population growth. If this sterilisation level is not maintained for 20-25 weeks after breeding begins, then the mouse population can compensate through increased recruitment per breeding female. Field studies of bait uptake of pellets that contained a biomarker found that 80% of female mice ate the pellets, and fertility control could therefore be effectively delivered via bait formulations. Modelling of a 20-year population study indicates that sterilisation of as few as 33% of the females at the beginning of the breeding season for the whole season, and maintenance of this sterility level in subsequent cohorts, prevents populations outbreaks of mice. Together, these population and modelling studies provide strong support for the potential of fertility control to prevent eruptions of mouse populations.
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Managing overabundance through fertility control in kangaroos and koalas: progress and prospects

Kangaroos (Macropus spp.) and koalas (Phascolarctos cinereus) are icon species.  However, they have become overabundant in parts of southern and eastern Australia, having negative impacts on animal welfare, ecosystem function and biological diversity in many nature reserves. Public opposition to lethal control methods, particularly in reserves on the urban fringe, has given impetus to the development of fertility control techniques. Development has proceeded along two parallel paths: immunological and endocrinal. Of the immunological techniques, immunisation of eastern grey kangaroos (M. giganteus) with brushtail possum recombinant ZP3 has resulted in high levels of circulating antibodies, concomitant with a reduction in fertility,  and no apparent ovarian pathology. In addition, immunisation with porcine zona pellucida (PZP) has reduced fertility by at least 60% in free-ranging koalas. Of the endocrinal approaches, subcutaneous implants of levenorgestrel, a synthetic gestagen, have been tested on free-ranging eastern grey kangaroos. These implants achieved 100% control of reproduction in the first year, and continued to reduce fertility by 64% after four years, with no evidence of pathology or unintended behavioural effects. Levenorgestrel implants have also reduced fertility in free-ranging koalas for four years, as have implants of oestradiol-17-. Another promising endocrinal approach is the use of slow-release implants of a GnRH superagonist (deslorelin). These implants have inhibited oestrus and mating in captive koalas and eastern grey kangaroos, although some individuals are non-responders.  Together, both immunological and endocrinal approaches have shown dramatic progress in the last five years, suggesting that long-term broad-scale fertility control is now within reach.
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Ricefield rat population dynamics and behavioural response to female infertility

Ricefield rats (Rattus argentiventer) are a major pest species in southeast Asian rice fields. They may be targets for the use of fertility control because breeding occurs only for about eight weeks per cropping season with high proportions of breeding females and high litter size for only the first two litters. We simulated fertility control in enclosed and field populations in West Java, Indonesia. In each of two enclosures we surgically sterilised 0, 25, 50 or 75% of founder females before release. In field populations we surgically sterilised females (n=2 populations) or hormonally sterilised females with Progesterone injections (n=2) shortly before the breeding season commenced. Sterilising 50% of females in enclosures decreased population size at the end of the breeding season by about 50%. Comparing the results to predictions of a simulation model suggested that compensation through high litter size and higher survival of young rats occurred when 75% of female founders had been sterilised. Reproducing females showed higher feeding activity on rice plants than sterilised females. In the field there was no effect of either treatment on breeding performance, recruitment, feeding activity or rice yield. Radio-telemetry showed high spatial activity for surgically sterilised rats. Hormonally sterilised rats changed burrows more often than surgically sterilised rats. The studies suggest that compensation for fertility can occur on a population level but effects seem small. In the field, immigration of fertile females may have outweighed potential effects of the treatments.

KIRKPATRICK, Jay F. XE "KIRKPATRICK, Jay F." 
Science and Conservation Center, ZooMontana, 2100 South Shiloh Road, Billings, MT 59106, USA.

Management applications of wildlife immunocontraception

In wild horses, remotely-delivered management –level porcine zona pellucida immunocontraception has significantly reduced fertility by up to 90% and achieved zero population growth in intensively managed herds with no long-term health effects. A one-inoculation vaccine has shown 94% and 84% efficacy over one and two years, respectively, but public resistance to long-acting contraceptives in wild horses suggests this approach will have limited application. For white-tailed deer, immunocontraception has reduced fawn production by 83% and halted or reversed population growth at one site. At a second site, fawns/doe decreased by 78% over five years, and total deer numbers by 30% over four years.  As for horses, no debilitating health effects were seen despite prolonged breeding seasons.  Despite success, opposition by state fish and game agencies have prevented the widespread use of this approach in urban deer. Of more than 95 species of captive exotic mammals have been treated with PZP and successful contraception demonstrated in more than 45 species thus far with no debilitating side effects. Research in the Kruger National Park, RSA, showed that PZP immunocontraception reduced fertility in African elephants by up to75%. In 2000, management-level application of PZP immunocontraception began in Makalali Game Preserve, with an emphasis on studying potential behavioral changes, as well as slowing population growth. Management-level experience with wildlife immunocontraception has underscored the importance of, above all else, the ability to deliver the vaccine remotely, consistent reversibility (for all species except deer), low cost, as well as safety and efficacy.  Despite impressive advances in the application of wildlife fertility control, this management tool remains underused because of opposing political forces.
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Animal ethics and individual animal welfare assessment not yet a reality in population control: a southern Hemisphere perspective

The methods used to kill unwanted wildlife are often contrary to the maturity of debate about how to effectively and humanely reduce competition between ‘pests’, people and the natural environment. An attitude of hatred of even small numbers of unwanted animals leads to ‘knee-jerk’ lethal remedies by some land managers and reluctance to surrender barbaric tools.  ‘Pest’ animals are labelled as enemies and their capacity to suffer is ignored. Instead immediate removal is attempted, justified by (usually) unmeasured agricultural or environmental impact; and the control measure similarly is unlikely to be evaluated. This emotive and simplistic approach reduces the adoption rate of ‘best practice’ use of even outdated inhumane tools, and allows a boom and bust cycle of control measures involving the suffering of more individual animals. Adequate evaluation of ethics and individual animal welfare in current programs or during assessment of new tools would reveal the true cost (suffering) to animals and perhaps swing the balance to provide adequate research and development funding and provide training in better methods. Such evaluation should first consider the true cause of the imbalance e.g. land clearing or modification, artificial water/food supply. It would be counterproductive to set unachievable criteria for new methods, but as a minimum they must cause significantly less suffering (both physiologically and behaviourally) and involve fewer animals over time (effective). Before use, rigorous assessment must demonstrate the new method to be target-specific and that the pace of introduction will not adversely affect other animals or the broader environment. Non-lethal methods should be the ‘gold-standard’ to avoid physical suffering, likely social disruption or the death of unweaned offspring.
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Going beyond PZP: Thinking out of the box

Wildlife fertility control has focused largely on immunocontraceptive vaccines based around the zona pellucida or GnRH. However, lateral thinking suggests a wider range of approaches may have benefits.  Possibilities include (1) agents that cause the failure of the fertilized egg to implant on the uterine wall or agents that interfere with the maintenance of early pregnancy. HCG hormone, which is produced by the implanting embryo in humans, induces the production of progesterone essential for the maintenance of pregnancy. Finding the equivalent of HCG in target animals would provide an excellent immunocontragestive antigen that would prevent maintenance of pregnancy with little effect on reproductive behavior. Progesterone antagonists compete for progesterone binding sites but do not induce the biological activity needed to maintain pregnancy. These antagonists act by causing disruption in the uterine lining to prevent implantation. They may prove valuable as orally delivered contraceptives or contragestive agents. Progesterone antagonist can be fed monthly as a contraceptive and once in early pregnancy to interrupt pregnancy; (2) several cholesterol-lowering drugs appear to be effective in birds and mammals. In birds, cholesterol is needed for maintenance of the embryo and in mammals it is need for production of sex hormone. Testing is currently focused on 20,25 diazacholesterol, but may soon include cholesterol-lowering drugs available for human use; and (3) naturally occurring plant compounds can result in lowered reproductive rates in domestic animals. Phytoestrogens and ergot are examples of such compounds that might be valuable for reducing reproduction in some pest species. NWRC plans to test a plant root extract that reportedly reduces GnRH and or LH release when fed orally in rodents and birds.


