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Patterns and processes in control of damage by overabundant species

The management of impacts caused by overabundant species usually makes two fundamental assumptions; more pests cause more damage and that reducing pest abundance causes less damage. This paper examines empirical and theoretical evidence for these assumptions, and discusses the implications for wildlife management. The first assumption has empirical support for many pests around the world. The second assumption has, surprisingly, been evaluated on few occasions. There is evidence to support the assumption and evidence against it. An examination of some ecological theory demonstrates why these results occur. Much damage to agriculture, forestry and fisheries and to conservation and harvesting is associated with what the pests eat and how much they eat. This suggests aspects of foraging theory are relevant. A case study of feral pigs (Sus scrofa) in Australia causing ground rooting is examined, and the implications described for that species and many others. The pigs root the ground in foraging for roots and invertebrates. There is clear empirical evidence (P<0.01) that more ground rooting is associated with more pigs. The strength and shape (curved) of such a relationship can be predicted from foraging theory, especially relating to the functional response and the process of disturbance. These are described. The practical implications are that small reductions in pig abundance will initially cause little change in ground rooting but further reductions in pig abundance will cause greater reductions in rooting. Hence the marginal benefits of pig control vary with abundance. Such curved abundance-damage relationships, and their management implications, for other overabundant species are examined.
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Controlling overabundant bird populations: The case of the greater snow goose

The number of greater snow geese (Chen caerulescens atlantica) in eastern North America considerably increased during the second half of the 20th century, reaching about 900,000 birds. Improved survival and body condition related to an increasing use of agricultural habitats on the wintering and staging grounds have been proposed to explain the observed 9% annual growth. Threats to the integrity of natural habitats and increasing depredation to agricultural crops have been argued to call for a population control. In 1999, the Canadian Wildlife Service implemented a spring conservation hunt to stop the growth of the population. Other measures included increased bag limit, authorization of using electronic calls and stalking the fields for geese. Population size has since been stabilized and may have started to decline due to a reduction of adult survival through increased harvest rate. Disturbance associated with the spring hunt also modified migration patterns and constrained geese to use staging habitats of lower quality. They left for the arctic with less body reserves, which resulted in a lower proportion of geese reaching the breeding ground and attempting to breed than in previous years. Those that did so had a delayed laying date and a lower clutch size. The overall impact was a reduced proportion of young in the fall flight during years with a spring hunt. Our results show that both direct and indirect effects should be taken into consideration when implementing population control measures.
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Towards an interactive model of a New Zealand dryland ecosystem

The New Zealand dryland ecosystem is comprised of grasslands and shrublands in the rainshadow east of the South Island’s Southern Alps. It contains numerous endemic biota, productive pastoral systems, and spectacular landscapes. It is also characterised by a plethora of exotic plants and animals that threaten native species and reduce agricultural production. Control of weeds and pests therefore consumes large amounts of scarce funding. Some pests play significant roles in driving trophic and competitive interactions in this system. Therefore, manipulating single elements (e.g. introduced European rabbits) can lead to an array of favourable outcomes (e.g. fewer introduced predators that eat rabbits as primary prey and native fauna as secondary prey, more vegetation, and therefore more native fauna). However, these are often coupled with adverse consequences (e.g. greater per capita consumption of native prey by predators, and more weeds). We need to understand the relative strengths of the various interactions in this system in order to make reliable predictions about when, where and how much control of different pest species will lead to the best net outcome for threatened species protection, while still maintaining agricultural production. We have reasonable knowledge about some parts of this ecosystem, and have built a prototype interactive model. We attempt to model the outcome of a key management question: what are the net outcomes for indigenous biodiversity of reducing predator abundance compared with reducing rabbit abundance? Because more interactions are affected by targeting rabbits, this species may play a more critical role compared with predators. Modelling will help predict the consequences of managing single elements of this ecosystem.
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A theoretical basis for non-lethal predator control

Predator impacts on prey are determined both by predator numbers, and their per capita consumption of prey (the functional response). Lethal control targets predator numbers, and is the traditional means of reducing unwanted predation. Nowadays there is increasing public pressure to adopt non-lethal methods. We discuss the merits of three methods that target the functional response, and one method that targets recruitment of prey. Sinclair et al. (1998) suggested that prey subjected to a type III functional response have refuge at low prey density because predators consume few prey, while prey subjected to a type II functional response may be driven to extinction through higher prey consumption. Potential ways of manipulating the functional response include the following. Increasing habitat complexity may provide more refuge for prey if it reduces predators’ foraging efficiency. Pulse-feeding predators alternative food during specific phases of prey recruitment may deflect enough predation to deliver critical recruitment pulses of prey (provided predator attraction does not exceed per capita decline in prey intake). Conditioning predators to avoid eating target prey by providing similar foods containing an illness-inducing substance might also reduce consumption. A central problem with unwanted predation is that prey recruitment often cannot keep pace with losses from predation. Fecundity and growth (both extremely low for most New Zealand fauna) can sometimes be boosted by enriched feeding of prey, by providing artificial food, reducing competition for food with a pest, or improving the quality of habitat. These methods are probably best suited to small scales, especially fragmented landscapes, and where non-lethal control is a societal imperative.
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The economic benefits of predicting outbreaks of pest species

Outbreaks of rodents occur episodically in cropping areas of southeastern Australia and in other agricultural systems, for example in Africa and China. If outbreaks occur with constant frequency ( then producers would benefit financially in the long term by controlling rodents every year if (>C/Qz, where C is the cost of pre-emptive control, Q is the economic loss due to an outbreak and z is the proportional reduction in Q from pre-emptive control.  (This condition is met if the costs of unnecessary control in non-outbreak years are less than the benefit of control when outbreaks occur.)   If a method is available for forecasting the probability of an outbreak in a particular year, then the ratio C/Qz also determines the optimal threshold probability for implementing control.  For example, mouse (Mus domesticus) plagues in the Victorian Mallee never occur after below-average winter-spring rainfall and become increasingly likely as rainfall exceeds average values.  For typical control costs, damage levels and control efficiency, the highest expected economic benefit occurs if farmers implement control when the outbreak probability exceeds C/Qz = 0.3.  This corresponds to a threshold of 270mm for April-to-October rainfall. Currently, rainfall-based forecasts can be economically beneficial for managing outbreaks of house mice in Australia and multimammate mice (Mastomys natalensis) in Africa but not Brandt’s vole (Microtus brandti) in China.
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Directing rabbit control programs to maximise biodiversity gains

Rabbits are considered to be a major agricultural and environmental pest in Victoria, Australia.  Managers of Victoria’s national park system have no means of assessing whether or not currently funded rabbit control programs are targeting the flora and fauna communities at greatest risk from rabbit grazing. Therefore they are unable to ascertain whether their investment in rabbit control is maximising benefits accruing to biodiversity conservation.  To determine priority areas for rabbit control, Parks Victoria commissioned a project that utilised the expert knowledge of flora ecologists to assess vegetation communities according to their risk from rabbit grazing across the parks network. To achieve this, vegetation communities were grouped according to their ecological similarities, and the rabbit susceptibility of these groups were then assessed by considering their relevant endogenous and exogenous features. From this we were able to rank the vegetation communities according to their rabbit susceptibility and extrapolate these risks to the park level. We then compared the alignment between high-risk parks and current rabbit control programs to assess any necessary re-allocation of pest-control funding.
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Overabundance, native mammals and conservation management

While controlling the abundance of native animals to protect natural values is widely practiced in many countries, it has not been a prominent feature of conservation management in Australia. This situation is changing, with some species (particularly native herbivores) being the focus of direct intervention to limit their abundance. Culling programs for large kangaroos and fertility control and translocation of koalas in some Victorian reserves are clear cases-in-point. In a seminal paper Graeme Caughley (Problems in management of locally abundant wild animals Pp. 7-19 In: Jewell & Holt eds., Academic Press, New York) described 4 circumstances under which animals might be considered overabundant: (1) Animals threaten human health or livelihood. (2) Animals depress the abundance of more valued species. (3) Animals threaten their own well-being. (4) Animals are causing ecosystem “collapse”. This classification provides a framework that can be used to (1) differentiate between value judgements and technical interpretations in the specification of overabundance, and (2) identify the sorts of information required to refine the management of overabundant populations. To those ends, we use Caughley’s classification to consider the circumstances by which koalas and large kangaroos have come to be considered overabundant in parts of their range in Victoria. 
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Dining out in Melbourne: Simple rules govern foraging by Grey-headed Flying-foxes in the Melbourne metropolitan area, Australia

Grey-headed Flying-foxes (GHFF) (Pteropus poliocephalus) established a permanent roost in the Royal Botanic Gardens, central Melbourne, in 1980. Fly-out counts indicate that the size of the Melbourne GHFF population is increasing rapidly, creating concern about the future  impacts of the species in Melbourne. The colony varies seasonally, with the highest annual counts consistently recorded in late summer/autumn (high of 25 000 in May 2002) and the lowest counts through winter/early spring (low of 5000 in October 2002). The spatial array and use of surrounding food resources is likely to be an important determinant of GHFF abundance and impacts. We aimed to identify the factors determining foraging by GHFF in the Melbourne metropolitan area, and their relationship with seasonal changes in abundance. We used a stratified sampling design to select 240 sites within a 30 km radius of the roost. Each site was surveyed once in autumn and spring 2002 for the presence of GHFF. Data collected were analysed using logistic regression to evaluate which factors were important predictors of the presence and absence of GHFF. Consistent with the seasonal trend in fly-out counts, we observed GHFF at 39% of sites in autumn and at 28% of sites in spring. GHFF were more likely to be observed at sites where primary food resources were present and at sites closer to the roost. These findings indicate that simple rules govern foraging by GHFF within greater Melbourne, and we outline how these rules will be incorporated into a mechanistic model of GHFF population dynamics.
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Modelling interaction between overabundant koala populations and their food resources

Koalas (Phascolarctus cinereus) are a large arboreal marsupial that inhabits eucalypt forests across most of southeastern Australia. Up until protection around the turn of last century, koalas were heavily harvested for their fur. In the state of Victoria, current levels of foraging by recovering koala populations is perceived to threaten extensive forested habitat in conservation reserves. In order to try reduce koala foraging pressure in some of these areas, conservation agencies have undertaken combinations of sterilisation and translocation. To evaluate the effectiveness of these (and other) management options, we are developing an adaptive experimental management (AEM) framework around the treatment of overabundant koala populations in Victoria. This framework will impose a range of management strategies on koala populations, and monitor their effect on both koala demography and forest dynamics. However, because interaction between koalas and the forests they affect will be long-term, dynamic in nature, and influenced by a range of other factors, we have developed a series of models to (1) help design the AEM framework, (2) identify key variables to contrast the effectiveness management strategies, and (3) project the probable outcomes of management into the future. In this paper we describe these models and their application in an AEM setting.
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Management of overabundant koalas in Victoria, Australia

In Victoria, Australia, some koala (Phascolarctos cinereus) populations in isolated remnant habitats are expanding because of low mortality and an inability of animals to emigrate. This led to the outstripping of their food resources, and active management is required to prevent over-browsing and habitat degradation. Predictive models of population growth can be used to assess the effectiveness of different management strategies. Our study sites include Snake, Phillip and French Islands, Framlingham Forest and Mt Eccles National Park. The latter two sites are similar to islands as they are surrounded by cleared farmland. Estimating the population growth rate of these sites is complex as fecundity rates of different populations vary due to reproductive disease caused by infection with the bacterium Chlamydia. Fecundity varied between 32 and 81% (n = 847, 135 respectively). Age-specific fecundity was highly biased towards younger koalas. Annual mortality was moderately low in adult koalas (7.8%). Age-specific mortality was determined from over 1000 Victorian koala skulls. At Snake Island, 95% of female koalas did not survive beyond nine years of age. This data, combined with sex ratios and age structures, provided a unique opportunity to develop accurate models of koala populations with different disease status and examine the relative importance of the population parameters involved in population growth. Modelling with RAMAS Metapop predicted that for Snake Island, 10% of females must be translocated out each year in order to halve the population over 20 years. In order to achieve a similar population reduction via fertility control, the annual fecundity must be halved.
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Management and conservation of brushtail possums in urban and native environments in Australia

In Australia brushtail possums (Trichosurus vulpecula) seem to be overabundant in urban areas. Many householders complain about possums nesting in their roofs, causing noise and marking or damaging garden plants. In contrast to this, in bushland areas where they are in a “native” environment, they seem to be in decline. There is very little published information available about the biology of urban possums. Therefore our study focuses on several aspects of brushtail possum biology in urban environments. Population size, home range and habitat preference in Sydney suburbs is under investigation. Possums are trapped, released and (hopefully) recaptured every 6 months in volunteering householder’s backyards. We also check the health status of those possums and look for evidence of exposure to Toxoplasmosis. Small ear-tissue samples for genetic analysis of the mating system are taken. A feasibility study of a long-acting hormone contraceptive implant named Suprelorin developed by Peptech Animal Health Ltd. is being trialled on female possums for possible humane population control. Wooden nest boxes were installed in householder’s backyards as an alternative to occupation of roof spaces and frequently checked for acceptance by possums.


