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FOREWORD
This publication, which is one in a series, provides land managers with best practice national guidelines for managing the agricultural and environmental damage caused by feral goats. Others in the series include guidelines for managing feral horses, rabbits, foxes, feral pigs and rodents. The publication was developed and funded by the Vertebrate Pest Program in the Bureau of Resource Sciences, and the Feral Pests Program in the Australian Nature Conservation Agency.

To ensure that the guidelines are widely accepted as the basis for feral goat management, comment has been sought from State, Territory and Commonwealth government agriculture, environmental, and resource management agencies. Comments were also sought from land managers and community and other organisations, including the Australian Conservation Foundation, the National Farmers’ Federation, the National Consultative Committee on Animal Welfare, the Australian Veterinary Association, the Northern Aboriginal Land Council, and four research and development corporations. The Standing Committee on Agriculture and Resource Management has endorsed the approach to managing feral goat damage set out in these guidelines.

Farmers have a problem with feral goats because they compete with livestock and contribute to land degradation. Conservation authorities are also concerned about the role of feral goats in land degradation, and their impacts on native plants and animals, through competition, grazing and browsing. Quarantine authorities need to manage the risk that feral goats could be involved in exotic disease outbreaks, such as foot and mouth disease or scrapie, should such diseases enter Australia. On the other hand, feral goats are valued by those who harvest them commercially or hunt them recreationally. The authors have attempted to take all these divergent views and objectives into account in compiling the guidelines. 

The principles underlying the strategic management of vertebrate pests have been described in Managing Vertebrate Pests: Principles and Strategies (Braysher 1993). The emphasis is on the management of pest damage rather than on simply reducing pest density. The guidelines recommend that wherever practical, management should concentrate on achieving clearly defined conservation or agricultural production benefits. 

These guidelines will help land managers reduce damage to agriculture and the natural environment caused by feral goats through the use of scientifically-based management that is humane, cost-effective, and integrated with ecologically sustainable land management. 

Peter O’Brien

Executive Director

Bureau of Resource Sciences
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SUMMARY

The introduced feral goat (Capra hircus) occurs in all states and territories of Australia except the Northern Territory. Total numbers are estimated to be about 2.6 million. The main concentrations are in western New South Wales, southern Queensland, central eastern South Australia and Western Australia. Feral goats occur in a wide range of habitats, though they do not do well in deserts or wet tropical areas where dingoes are present.

Feral goats are a major environmental and agricultural pest. They compete with sheep for pasture and also cause land degradation through soil damage, overgrazing pasture plants and browsing established trees and shrubs preventing their regeneration. There is also a risk that feral goats could be involved in outbreaks of exotic diseases, such as foot and mouth disease, should such diseases be introduced into Australia. Goats damage native flora but have a largely unknown effect on native animals. Feral goats are also a resource, harvested primarily for meat. 

These guidelines are a comprehensive review of the history of feral goats in Australia, their biology, the damage they cause, their use and past and current management. The attitudes of conservationists, animal welfare groups, commercial and recreational hunters, Aboriginal peoples and other interest groups were sought during the development of the guidelines. Management techniques and strategies for feral goat management are recommended and illustrated by case studies. Deficiencies in knowledge, management and legislation are identified. 

Why develop national guidelines?
These guidelines for managing the impact of feral goats have been developed under the Vertebrate Pest Program (VPP) administered by the Bureau of Resource Sciences (BRS). VPP funded the project with significant assistance from the Australian Nature Conservation Agency (ANCA). VPP is producing a series of pest management guidelines, and similar guidelines have already been published for feral horses, rabbits and foxes. Others are being prepared for feral pigs and rodents.

The purpose of these guidelines is to assist in the development of cost-effective strategies to reduce the damage feral goats cause to production and conservation. Ideally, such strategies are based on reliable quantitative information about the damage caused by goats, the cost of control and the effect of implementing control on damage levels. In developing these guidelines the authors have used available current information, but in some instances land managers responsible for feral goat management will have to make assumptions about feral goat impact and the efficacy and cost effectiveness of control techniques until more reliable information becomes available. 

The emphasis in these guidelines is on the strategic management of feral goats to minimise the damage they cause to production and/or conservation values, not merely to kill goats. Feral goats need to be considered as one factor in a complex and changing ecosystem which includes a highly variable climate, fluctuating commodity prices, other animal and plant pests, the number and quality of farm stock, and the profitability of farming businesses.

Who will use the guidelines?

These guidelines ‘Managing Vertebrate Pests: Feral Goats’ have been prepared primarily for State, Territory, and Commonwealth land management agencies to assist them to better plan and implement programs to manage the impacts of feral goats on all lands. They should be read in conjunction with the introductory book, ‘Managing Vertebrate Pests: Principles and Strategies’ (Braysher 1993). In the strategic management of all pests, it is important to involve landholders and other interest groups such as commercial harvesters and animal welfare groups, in the planning and implementation of feral goat management. Hence, special emphasis is given in the guidelines to the way landholders might organise themselves to manage feral goats.

The feral goat problem
Australia’s feral goats occupy about 1.21 million square kilometres, mostly in the semi-arid and arid lands used for pastoral farming of sheep. It is estimated that feral goats cause a net annual loss to sheep production of about $17.8 million, after allowing for a net return of about $4 million (farm gate value based on average sale prices over the last ten years) from the sale of about one million feral goats that are mustered.

Feral goats also cause an unknown (but usually assumed to be substantial) loss to conservation values and as such are an issue for the conservation of biological diversity. Feral goats have been responsible for severe or even catastrophic environmental damage on island habitats that evolved without browsing mammals. On mainland Australia there are no documented examples of feral goats severely damaging large areas in the absence of significant populations of other herbivores, such as sheep, cattle, rabbits and kangaroos. But feral goats contribute to damage to vegetation, soils, and native fauna in the large areas of pastoral land that are overgrazed, although their share is generally less than that of other herbivores. Feral goats do, however, have the capacity to reach high densities and inflict severe damage if left uncontrolled. Feral goats also compete with native animals for resources. They deplete the soil’s protective cover of vegetation and break-up the soil crust with their hooves. They also affect trees and shrubs by eating established plants and by preventing regeneration of seedlings. Feral goats also overgraze grasses and herbs when alternative food is scarce. These impacts undoubtedly affect ecosystem processes and native fauna, although the extent of the role of feral goats among all the other agents of change is difficult to quantify and may differ during droughts and wet periods. In the Endangered Species Protection Act 1992, the Commonwealth Government has listed ‘competition and land degradation by feral goats’ as a ‘Key Threatening Process’ to the survival of native species. This Act makes the Commonwealth, through the Australian Nature Conservation Agency, responsible for the preparation and implementation of a national Threat Abatement Plan which is expected to be completed by the end of 1996. Both the planning and the implementation of the Threat Abatement Plan will draw on the strategies described in these guidelines.

Resource value
Feral goats are a commercial resource. About one million goats are mustered each year, mainly for abattoir slaughter, and an additional 30 000–40 000 are shot by field hunters. The return to exporters from the sale of feral goats was $29 million in 1992–93. Landholders only receive about $6 million annually from feral goat sales, of which about $2 million is spent on mustering costs. Landholders and managers in the semi-arid pastoral lands would make more money from grazing sheep than from the commercial exploitation of feral goats (based on average prices for sheep and goats over the last ten years and an equivalent stocking rate). The value of goats has improved since 1992, but it may be safer for landholders to make management decisions based on long-term average prices, because it is not economically desirable or practical to switch between managing feral goats as a pest or as a resource, in response to short-term fluctuations in market values.

History and biology
Feral goats were selected through the process of domestication to have characteristics of value to people. However, many of these characters are the traits that make feral goats pests. Harvested populations of feral goats can increase by over 50% per annum if harvesting stops, because goats become sexually mature at an early age, have extended breeding seasons, can conceive while still lactating, and can produce more than one kid per pregnancy. Their impact on the environment is enhanced by their social nature which can increase the intensity of their browsing; their ability to use a wide variety of food plants in a wide variety of habitats; and their tolerance to drought in semi-arid areas.

Techniques to control feral goats

Techniques to manage feral goats in the rangelands fall into two types depending on the fate of the goats. Mustering and trapping are used in cases where goats are intended for commercial slaughter. It has been estimated that on average only 30–40% of populations are removed in a muster, though this figure can be as high as 80%. But mustering and trapping become uneconomic once populations are reduced to densities of about one goat per square kilometre. Management of these low density herds, those in rough or densely vegetated areas, or of remnant or colonising herds, relies on lethal techniques such as aerial or ground shooting, or trapping and on-site slaughter. The use of radio-telemetered Judas goats can improve the efficiency of some of these latter control techniques. No research for biological control of feral goats is currently being undertaken, other than the use of dingoes on off-shore islands in Queensland.

Development of a strategic management approach
Feral goats can be managed, and perhaps even eradicated from some local areas and regions, in cost-effective ways using presently available technology. That they are not so managed is usually because the local landowners either see goats as a resource or because they do not have the organisation necessary to implement a comprehensive management plan.

Current management is increasingly sensitive to environmental and animal welfare issues associated with management. Considerable effort is expended to ensure that techniques and methods are sensitive to community needs.

What is the strategic management approach?
Achieving a strategic approach to the management of goats and other vertebrate pests involves establishing four key components. These are:

Defining the Problem— The problem first needs to be determined in terms of the impact of feral goats on a valued resource, both economic and environmental. The next step is to quantify the impact, which may require experimental assessment of that damage.

Management Plan— In developing a management plan, it is essential that clear objectives are established wherever practicable, in terms of the production and/or conservation outcomes. Options for feral goat management include local eradication, strategic management, commercial harvesting, crisis management or no management. In light of the objectives, and the chosen management option, a practicable management strategy should be developed which uses the most cost-effective techniques available and allows for restrictions due to local circumstances.

Economic frameworks need to be developed to assist land managers to assess the relative value of alternative control strategies. Such frameworks require: definition of the economic problem; data on relative costs and benefits of different goat management strategies; an understanding of why the actions of individual land managers may not lead to optimal levels of goat control and how such problems can be addressed.

Implementation— The most effective approach is to coordinate management of feral goat damage on a local and regional level. This involves cooperative action by land managers, both public and private, and where relevant, government agencies and industry.

Monitoring and Evaluation— Monitoring has two aspects. Operational monitoring is required to assess the efficiency of the management strategy over time, particularly to determine whether it is being carried out in a cost effective manner. Performance monitoring gathers information by which the effectiveness of the strategy in meeting the desired long-term production or conservation outcome can be determined. Both forms of monitoring provide the information to decide whether and how to modify the management strategy. 

The above approach has been adopted for these national guidelines, and the information in this report is designed to facilitate the development of strategies for managing goats at the local and regional level. Models have been presented to show the costs and benefits of managing goats in an extensive sheep grazing enterprise, and to encourage those with an interest in the management of goats and the outcomes to develop a coordinated approach to their management.

Implementing a management campaign

The crucial first step in achieving success is to achieve concerted action by organising individuals and groups of landowners in ways appropriate to the scale of the goat problem. For long-term success, it is important that land managers have ownership of feral goat management programs, and are involved in ‘participatory decision-making’ for solving problems caused by feral goats on their lands. The proper role of government in the organisation must be carefully focussed so as not to distort risk management.

Each management operation should prescribe the strategic and tactical intent, and identify resources to be committed. The operation should be monitored at a level suitable for its scale and goals to measure what was done, where, by whom, at what cost (operational monitoring) and to measure whether this achieved the resource protection goals in the longer term (performance monitoring).

Local eradication or strategic management?

The reliance of many populations of goats on artificial water supplies makes them particularly vulnerable to control, and the management of water is therefore likely to be a crucial factor in the long-term control of feral goats. This reliance may allow feral goats to be permanently removed from local areas where reinvasion can be prevented. There is considerable argument about how large these local areas might be, and therefore how realistic eradication policies are at large scale or state planning levels. Eradication of feral goats from the entire mainland is not possible as they are widespread and common and there are many domestic goat enterprises which present a continual source of reinfestation.

If strategic management is the chosen option, or the de facto option when eradication is not achieved, managers must have some understanding of the nature of the impacts of feral goats relative to the suite of other wild, feral, and domestic herbivores. This understanding is needed to determine target densities of feral goats and frequency of control.

The most financially attractive management option where it is profitable to muster feral goats for sale, is to capture as many goats as possible, use the profit to further reduce the population, and then to maintain annual culls to sustain low goat densities. The gains from this strategy can be made either by increasing production from sheep or by increasing the quality of the environment.

The cost-benefit arguments of local eradication versus this form of strategic management have not been adequately considered because of the lack of information. But isolated colonies of feral goats can be readily and cheaply eradicated using Judas goats.

Community attitudes
The status of feral goats will be largely determined by the owners or managers of the land that harbours the animals. Some pastoralists see goats simultaneously as both a pest and a resource that can bring in extra cash. Many people who view feral goats mainly as pests would prefer to eradicate them, though it is usually acknowledged that this is not always achievable, and that control to low densities may be the only feasible alternative. Opposition to the view of goats as pests to be eradicated or controlled comes from some groups seeking to harvest the animals as a commercial resource. They argue that goats in the right place at tolerable densities should not be classed as pests. Others simply seek to harvest a resource while it exists but do not oppose feral goat control.

The multiple use of feral goats leads to conflict within the rural community as well as within the general community. The significant spin-offs from the game meat export industry and recreational hunting are politically attractive. There is active debate among many interest groups on whether commercial and recreational use of feral goats is compatible with effective feral goat management. These guidelines put this debate in context and provide information to land managers to help them reach decisions to meet their own objectives.

The major animal welfare groups in Australia recognise the problems posed by unmanaged feral goats and accept that this justifies their management by suitable humane means. In particular, they seek to phase out commercial exploitation by muster, transport, and slaughter of feral goats as a control method. In the interim, they seek some agreed rules to make this process as humane as possible. Shooting goats is generally seen as relatively humane if conducted according to codes of practice.

The future
To further develop the strategic approach to the management of feral goats, more information in some key areas is essential. One of the basic weaknesses in being able to determine priorities for where to control feral goats in many areas of Australia is the lack of objective, quantitative data on the impact of goats on the environment and a means of comparing its cost in terms of values affected with economic losses caused by goats, such as to agriculture.

The main problems in managing feral goats are strategic rather than tactical. Therefore, the main deficiencies in knowledge are associated with decisions on whether to attempt local eradication or strategic management; and if the latter, on deciding target densities and control frequencies. The available information to justify these decisions is poor. Managers need data on the relationship between feral goat density and their impacts on production and conservation values so that target densities for management can be set and the cost-efficiency of integrated management systems can be determined.

Improvement in current and future management is limited by the lack of knowledge and skills of control agency staff in extension theory and adult education principles. This is considered to be a serious barrier to the rapid adoption of best practice management and attention to adequate training and extension is critical.

INTRODUCTION 

These guidelines for managing feral goats are the fifth in a series being published under the Vertebrate Pest Program (VPP) of the Bureau of Resource Sciences (BRS) in cooperation with the Vertebrate Pests Committee of Standing Committee on Agriculture and Resource Management (SCARM). Their preparation was funded mainly by BRS with significant assistance from the Australian Nature Conservation Agency. Other guidelines in the series are principles and strategies, feral horses, rabbits, foxes, feral pigs and rodents. 

The need for a new approach to vertebrate pest management is described in Managing Vertebrate Pests: Principles and Strategies (Braysher 1993), in which it is explained why national guidelines for managing pest animals were developed, the development process, and the principles on which pest management should be based. The need to focus on the damage caused by the pest and not the pest itself is stressed.

One set of guidelines for all vertebrate pests, taking into account the links between them, and other aspects of land management, would be desirable and consistent with the holistic approach to land management advocated under the Ecologically Sustainable Development (ESD) Strategy and Landcare. However, this has not proved practicable. Nevertheless all the guidelines, including this one for feral goats, stress the need to consider interactions between species and other aspects of land management.

The guidelines are principally for state and territory land management agencies so that they can more effectively manage goat damage through better coordination, planning and implementation of regional and local management programs. The Commonwealth also has a major interest in the effective management of pest damage, both through its role as a manager of Commonwealth lands, and through several national initiatives, such as Landcare and the National Strategy for the Conservation of Australia’s Biological Diversity. Applying the strategic approach to the management of goats and other vertebrate pests involves establishing four key components as shown in Figure 1. This approach has been adopted for developing these national guidelines.

Chapter 1 describes the history of the goat in Australia; Chapter 2 the distribution and density of feral goats; and Chapter 3 their biology.

Defining the Problem

Feral goats are a locally significant agricultural, environmental, and conservation pest. Unlike many other vertebrate pests in Australia, many populations of feral goats in Australia can be cost-effectively managed using present control technologies, with the cost of control being met by the sale of goats plus savings in reduced resource damage.

Chapter 4 reviews the evidence concerning the impact they have on production and environmental resources. These impacts are not well quantified, and further studies are needed to address these deficiencies. Chapter 4 also addresses commercial use of feral goats and its implications for their control.

Figure 1: The strategic approach to managing feral goat damage (after Braysher 1993).

Community attitudes strongly influence the management of goats. These are discussed in Chapter 5.

Chapter 6 reviews past and current management of feral goats and their legal status. Chapter 7 reviews methods for assessing the impact of goats, goat numbers, and the various control techniques to manage them. The different management options possible from using these techniques are then discussed in Chapter 8 and three are modelled (commercial management, strategic management, and local eradication).

The damage caused by goats and other pests needs to be put in context with other factors influencing the desired outcomes from the land management system. Development of an integrated goat management program is described in Chapter 8. 

Management Plan

The objective of the national guidelines is to encourage the adoption of best practice to manage goat impact as distinct from ad hoc measures by individuals and agencies. Best practice is defined as the most effective method of management within existing social and economic circumstances. The strategic approach is based on cooperative action at the local and regional level, involving land managers and others with a major stake in the outcome of the management. Adopting the local and regional approach to management, preferably linked to a total catchment plan, is advocated since it can help significantly in managing the risks posed by feral goats.

The conditions under which land managers, including graziers, operate are highly volatile. A number of factors influence the desired outcomes, including conservation objectives, fluctuating commodity prices, climatic variability (including drought), plant and animal pests, grazing pressure, quality of stock, animal welfare objectives, and social factors such as the influence of conservation organisations.

The guidelines will have met their purpose if the strategic approach they advocate is accepted and implemented by a significant number of agencies and individuals. This is a criterion of performance.

Implementation

It is important to involve all relevant land managers and other interest groups, such as commercial harvesters and animal welfare groups, in the planning and implementation of feral goat management. This is best addressed cooperatively at the local and regional level. These issues are reviewed in Chapter 9.

Monitoring and evaluation

Monitoring is an essential, but often forgotten part of goat management. Monitoring allows managers to assess the efficiency of the control strategy implemented and analyse its effectiveness over time. It also provides feedback to modify the strategy as required to meet the objective of the management plan. Chapter 8 reviews monitoring and evaluation requirements. Chapter 10 looks to the future and addresses research and management developments that are needed.

Vertebrate Pest Program

In the Prime Minister’s Environment Statement of December 1992, the Commonwealth Government provided resources to prepare the guidelines for managing Australia’s major vertebrate pest species, including feral goats, and to establish key demonstration projects to facilitate adoption of best practice pest management. Projects draw on the management strategies outlined in the relevant guidelines for each species. For most projects, including goats, it is anticipated that best practice will continue to evolve based on experience gained from undertaking strategic management. Using the management system to refine pest management strategy is an element of adaptive management, or learning by doing.

The feral goat guidelines are designed to encourage ownership of the pest problem and the management strategy by relevant land managers and others with a key stake in the outcome. Accordingly, preference in funding under the VPP has been given to projects which involve collaboration between a number of appropriate government and/or non-government agencies and involve community-based groups in their design and implementation.

The VPP supports projects which address the impact pests have on primary production. The complementary Feral Pests Program (FPP) administered by the Australian Nature Conservation Agency (ANCA) gives priority to strategic pest management in areas primarily used for conservation. There are strong links between the programs, and projects which address both agricultural and conservation damage due to pests may be jointly funded. It is intended that these guidelines and the results of the VPP and FPP projects will assist state and territory governments in their role of providing legislative, technical and policy support for feral goat control.

1. 
HISTORY OF INTRODUCTION AND SPREAD

Summary

Goats originally came to Australia with the First Fleet in 1788. The present feral goat populations are descended from animals introduced for a variety of reasons in 1788 and subsequently. During the 19th Century, many liberations on islands and on the mainland were made by mariners to ensure emergency supplies of food. However, most feral goat populations have a more domestic ancestry. Cashmere goats were imported into South Australia in 1837, and in the 1860s attempts were made to start a goat fibre industry using angora and cashmere goats imported from Asia. This industry collapsed in the 1920s. Goats, particularly the milking breeds, were also taken around Australia with settlers, railway construction gangs, and miners. More recently, feral goat populations have established from goats used to control weeds in plantation forests and woody weeds in inland New South Wales and Queensland. Current feral goat populations reflect these mixed origins.

1.1
Goats as emergency food

Goats were popular transportees on long sea voyages because they were easier to keep alive than other potential providers of milk and meat. They were listed in the manifests of most Spanish and Portuguese explorers from the 15th Century, who were responsible for their release in the West Indies and a few Pacific Islands (Lever 1985). This naval tradition of liberating domestic goats as sources of food for shipwrecked or transient mariners continued with Captain Cook who liberated goats on many islands, such as in New Zealand and Hawaii (Lever 1985). It was a practice carried on by 19th Century whalers and sealers (Raoul Island; Parkes 1984), and was still practised in the early 20th Century (on subantarctic islands; Rudge 1990). Whalers, sealers and naval officers released goats on many Australian islands during the 19th Century. Liberations by whalers or sealers are recorded for islands off the south coast of West Australia (Abbott 1978; Long 1988) and on Lord Howe Island (Pickard 1976), and the navy liberated goats on Moreton Island in the 1860s (O’Brien 1983). 

1.2
Goats as domestic livestock

Domestic goats were landed at Sydney in 1788 with 19 animals of unstated breed being listed on the commissary of the First Fleet (Rolls 1969). The fate of these animals is unknown, but the descendants of the numerous importations that followed formed the basis for the present feral goat populations.

Domestic goats were among the first livestock introduced by Europeans in many settlements around Australia. Goats were taken to Philip Island in the early 1800s to provide sport for the prison officers and food for the Norfolk Islanders. They were reported as common by 1838 (Taylor 1966), but had gone by 1870 (Hermes et al. 1989). Goats were thriving in Tasmania in 1822 (Rolls 1969), and arrived in South Australia with the first settlers in 1836 (Hodder 1893), and were taken by explorers into the Flinders Ranges in the 1840s (Aitken 1980).

Cashmere goats were introduced to South Australia in 1837 (Hodder 1893), and more serious attempts were made to start a goat fibre industry using angora and cashmere goats from about 1860 until 1900 (Evans 1980). Herds were founded by the Victorian Acclimatisation Society in 1862 (Rolls 1969), from which other states eventually obtained animals. For example, 50 goats were sold to West Australian interests on Faure Island in about 1870 and upgraded with South African angoras in the early 1900s (Clarke 1976), and others were sold in New South Wales in the mid-1860s (Rolls 1969).

1.3
Establishment of feral herds

Domestic goats escaped, were abandoned, or were deliberately released, and these animals established feral herds, in a process that continues to this day. Goat populations that survived after being castaway on islands are by definition feral animals.

2. 
DISTRIBUTION AND ABUNDANCE

Summary

Domestic goats occur on all continents (except Antarctica), but their feral descendants are much less prevalent, occurring widely only in Australia, New Zealand, and on many small islands. In 1993 there were about 2.6 million feral goats in Australia but this number has fluctuated widely. Most feral goats live in the semi-arid pastoral areas used for sheep farming. In these areas food is usually abundant, regular water is provided by people, and natural predators such as dingoes and feral dogs are controlled to protect the sheep.

2.1
World distribution of goats

Domestic goats have been introduced to all continents (except Antarctica) and live under a wide range of climates and conditions, but are most numerous in the tropical and dry areas of Africa and Asia (Gall 1981). The world population of goats is estimated to be 450 million (Devendra and Burns 1983).

Feral goats are also widespread but occur in large numbers only in Australia (Harrington 1982a) and New Zealand (Rudge 1990). Smaller populations are present elsewhere, such as in Britain and Ireland (Whitehead 1972), and on many offshore and oceanic islands (Rudge 1984). Goats usually only form feral populations where predators (particularly wild canids) are absent or scarce, where there are large tracts of land and where domestic goats are not of sufficient value to people to be worth the effort to keep them all under management.

2.2
Distribution of feral goats in Australia

Feral goats occur in all states and in the Australian Capital Territory, but are rare or absent on the mainland of the Northern Territory (Figure 2). The most extensive populations live in semi-arid pastoral areas of Queensland, New South Wales, South Australia, and Western Australia where people, through supplying water and controlling predators to improve sheep production, have modified the natural habitat favourably for feral goats.

Isolated populations of feral goats occur in the higher rainfall and agricultural areas in Victoria, Tasmania, eastern New South Wales, Queensland, South Australia, and south-west Western Australia. These goats survive mainly in areas where patches of scrub or forest offer protection from control by people. Not all such populations are shown in Figure 2 as new populations are established and old ones eliminated from time to time. Recolonisation of such areas cleared of goats is usually via escaping or deliberately released domestic animals rather than by dispersing feral goats (as evidenced by the presence of ear tags on some feral goats).

Feral goats also occur on many Australian offshore islands (see Rudge 1984; Morris 1989 for partial lists). These include islands with important conservation values, such as Lord Howe Island (Pickard 1976), and islands in the Recherche Archipelago (Morris 1989). Island populations are generally considered to be pests but the feral goats on North Goulburn Island 


	Island
	Location
	Source

	Queensland
	
	

	Badu
	10°07’S, 142°07’E
	1

	Prince of Wales
	10°41’S,142°09’E
	1

	Moreton
	27°15’S, 153°25’E
	2

	Stradbroke
	27°30’S, 153°25’E
	2

	Bribie
	26°57’S, 153°07’E
	2

	Curtis
	23°38’S, 151°10’E
	2

	Great Keppel (grazing lease)a
	23°10’S, 150°58’E
	2

	High Peak
	21°58’S, 150°41’E
	2

	South Percy
	21°45’S,150°20’E
	2

	North-east Percy
	21°42’S, 150°20’E
	2

	Middle Percya
	21°42’S, 150°17’E
	2

	St Bees
	20°55’S, 149°27’E
	2

	Keswick
	20°55’S, 149°27’E
	2

	Long
	20°23‘S, 148°52‘E
	2

	Hamilton
	20°21‘S, 148°58‘E
	2

	North Molle
	20°13‘S, 148°49‘E
	2

	Hook
	20°07‘S, 148°55‘E
	2

	Hayman
	20°03‘S, 148°53‘E
	2

	Magnetic
	19°08‘S, 146°50‘E
	2

	Esk
	18°46‘S, 146°31‘E
	3

	Orpheus
	18°37‘S, 146°30‘E
	2

	Pelorus
	18°33‘S, 146°30‘E
	2

	South Australia
	
	

	Kangaroo
	35°55’S, 136°40’E
	4

	Western Australia
	
	

	Koolan 
	16°08’S, 123°45’E
	5

	Cull (formerly Gull)
	33°56’S, 121°54’E
	6

	Dirk Hartog
	25°45’S, 113°03’E
	6

	Faure
	25°51’S, 113°53’E
	6

	Northern Territory
	
	

	Vanderlin
	15°42’S, 136°59’E
	7

	North East
	13°39’S, 136°57’E
	7

	North Goulburn
	11°30’S, 133°27’E
	7

	Truant
	11°40’S, 136°50’E
	7


a
The domestic goats on Middle Percy and Great Keppel Islands are recorded as they may give rise to feral goat herds in the future.

1.
Australian Bureau of Animal Health (1979).

2.
Messersmith, J., QDEH North Rockhampton, 1993.

3.
Dunson (1974).

4.
Henzell, unpublished, 1993.

5.
Collins, J., APB, Kununurra, 1993.

6.
Pickles, G., AWA, Western Australia, 1995.

7.
Bell, M., NAQS, Darwin, 1993.

Figure 2: 
Distribution of feral goats in Australia (R. Henzell, unpublished). Additional small isolated populations occur in northern Australia.

provide a source of trophy animals for a safari operation run by the Aboriginal owners and also provide food for the owners while they visit the island (R. Turner, BRS, Canberra, pers. comm. 1994). Feral goats have been eradicated from several islands including Faure Island (G. Pickles, unpublished), Bernier Island (Morris 1989), Woody Island (Allen 1991) and Townshend Island (Allen and Lee 1995). The establishment of new island populations is now less likely than in the past, especially in South Australia where the Animal and Plant Control Act 1986 prohibits the keeping and release of goats on nearly all islands in that State. The chance of natural colonisation of islands is remote as goats will swim (or even wade) only under dire need (Mackenzie 1970; New Zealand Department of Conservation 1995), but perhaps not impossible because goats have been reported to swim to obtain fresh water.

2.3
Abundance of feral goats in Australia

In 1993 there were an estimated 2.6 million feral goats in Australia. Most live in the pastoral areas of Queensland, New South Wales, South Australia, and Western Australia (Table 1). Feral goats are counted during aerial surveys to estimate the number of kangaroos. The proportion of goats seen during these surveys is variable (Section 7.1.1) so the estimate may be biased. The aerial surveys are also not done in some areas of goat’s range, such as north-eastern Queensland and the Flinders Ranges, so the total aerial survey estimate has been increased by approximation (Table 1). The numbers in the agricultural areas and on islands are not known, but are small in comparison; 30 000 is a reasonable estimate. 

The estimated population of about 2.6 million must be in the right order or possibly conservative, since although some one million feral goats have been mustered annually in recent years (Section 4.3), this does not appear to have significantly reduced the national population.

The intensity of control and harvesting differs between years resulting in fluctuations in the numbers of goats in the pastoral areas. The number of feral goats in these areas increased by 260% from about 720 000 in 1982 to about 2 600 000 in the early 1990s, while the area occupied has increased by only 23% from 985 000 square kilometres in 1982 to 1 210 000 square kilometres in the early 1990s.

2.4
Factors influencing distribution and abundance

The presence of food species and their nutritional quality, the availability of water and cover, the presence of natural and human predators, diseases, and toxic plants, and complex interactions among these factors are known or suspected to limit the distribution and/or density of feral goats in Australia.

Table 1: 
Estimated numbers of feral goats between 1982 and 1995, the change in area they occupied since 1982, and their average density in 1992–93 in the pastoral areas of four states.

	Year
	Total


	Western Australia
	South

Australia
	New South Wales
	Queensland

	(1) Number (000)a 

    1982     

    1987  

    1989

    1990

    1991

    1992

    1993

    1994

    1995
	720

2625c
-


	450

615

-

1095

-

-

755

-
	160

-

245

450

310

215 

290

260

240
	60

-

-

-

-

1180

-

-
	50

-

-

-

-

400b
-

400d



	(2) Area occupied (000 km2)a
    1982

  1992 - 93e
	  985

1210


	290

 480
	125

130
	255

330
	315

270b


	(3) Density

 (goats/km2)e
  1992 - 93


	 2.2
	1.6
	2.2


	3.6


	1.5


a
The 1982 data are from Harrington (1982a), except for the figure for Queensland which is from Mitchell et al. (1982). The 1982 Queensland figure determined by Harrington was based on an extrapolation from New South Wales data and was probably wrong. The estimates for later years are from Grigg et al. (1992), Southwell et al. (1993) and other sources. The estimates from 1982 were made using several methods and those from 1987–1993 were taken from aerial surveys (Chapter 7). The Flinders Ranges were not surveyed in the South Australia aerial surveys from 1989 to 1993, and the following estimates were added to the State totals: 1989, 80 000; 1990, 120 000; 1991, 100 000; 1992, 80 000; 1993, 60 000; 1994, 50 000; and 1995, 40 000. Aerial survey counts have been adjusted by a correction factor of 1.68 (Section 7.1.1).

b
A slight underestimate because some goat-infested pastoral areas in Queensland were not surveyed.

c
Includes the 1992 estimates for New South Wales and Queensland.

d
Aerial survey data.
e
Data from Western Australia and South Australia from 1993, and elsewhere from 1992.

2.4.1 
Food

Goats are generalist herbivores (Harrington 1986) and the density of edible vegetation in Australian rangelands is sufficiently high that it rarely limits the distribution of feral goats. However, the type and nutritional quality of the vegetation are highly variable and are affected by the amount and frequency of rainfall, which in turns affects the number of goats an area can support. For example, goats do not reach high densities in areas dominated by spinifex, and anecdotal evidence indicates their numbers are limited by the poor nutritional quality of drought-affected grasslands – although not so much by drought-affected shrublands (Section 2.4.2).

2.4.2 
Water and droughts

During dry times goats need to drink water, and so they occur only where water occurs naturally or is artificially provided. An average size goat of 33 kilograms eating one kilogram of dry matter per day (Section 4.2.5) requires between 2–4.5 litres of water per day depending on ambient temperature and humidity and reproductive state; lactating goats drink more (Morand-Fehr 1981). Consumption of water increases rapidly when ambient temperatures exceed 42°C (Norbury 1993).

Some goats, particularly those in temperate and wet climates, can obtain most of their water requirements from their food, and can survive in areas with no permanent fresh water. For example, feral goats had a stable density of ten per hectare on Macauley Island (in the Kermadec Group) without access to permanent fresh water (Williams and Rudge 1969), and goats on Esk Island (in the Palm Group, Queensland) (Dunson 1974) and on several islands in the Galapagos Group (Dunson 1974; Merrill and Taylor 1981) survive without access to permanent fresh water. It may be that goats can survive by drinking sea water. This was reported for goats on Aldabra Atoll (Burke 1990) and at Zuytdorp Cliffs (north of Kalbarri, Western Australia) (G. Pickles, APB, Western Australia, pers. comm. 1994). Burke found no unusual morphological effects on the goats’ kidneys resulting from this behaviour, but Pickles found the Australian goats that had drunk saltwater would die when chased or stressed.

The reduced availability and quality of water during prolonged droughts must affect the densities of goats although data to show this are limited. Some limited information shows that recruitment into the population is depressed in times of drought. For example, at Fowlers Gap (near Broken Hill, New South Wales) recruitment fell by 44% during the 1977–78 drought (McRae 1984), and at Canegrass (north of the Murray River in South Australia) recruitment of kids fell by about 35% during the 18-month-long drought of 1982–83, when rainfall declined by 63% below the long-term average (Henzell 1993). In the latter case, most or all of the reduced recruitment was caused by a reduction in the proportion of nannies that were pregnant, rather than by increased mortality among new-born kids. In contrast, Mahood (1985) found that breeding continued during the 1977–78 drought in western New South Wales. The drought also affected most adversely those individuals with highest metabolic needs. Lactating females were in poorest condition and the growth rates of kids was slowed. This was particularly evident among the faster growing male kids whose growth rates declined from about 120–150 grams per day to 60 grams per day during the drought (Henzell 1993). In contrast, individuals with lower metabolic needs appeared hardly affected by the drought; some mature males, for example, were very fat even at the height of the drought possibly because they could save energy at times when few females were reproductively receptive.

Perennial vegetation at Canegrass was abundantly available, and provided the bulk of goats’ diet throughout the 13-year study. Perennial plants retained enough nutritional value during the drought to provide an adequate maintenance ration for the goats. Unlike annual vegetation, the perennial species continued to provide fruit and flowers for goats to eat during the drought. In contrast, anecdotal reports indicated that in other areas where perennial shrubs were less common, such as parts of the Flinders Ranges, goats did not fare so well in the drought.

Natural mortality must increase during droughts as goats can become too weak to pull themselves from mud around drying earth dams, some refuse to leave their home range and die of thirst when water holes dry, and others may fall into rock holes as the water levels drop.

2.4.3 
Natural predation

Dingoes, feral dogs and their hybrids, foxes, wedge-tailed eagles, and feral pigs are all predators of feral goats. Dingoes and feral dogs are the main predators and clearly affect feral goat distribution, as they are rarely present unless dingoes or feral dogs are absent or regularly controlled to low densities. There are many examples where the presence of uncontrolled populations of dingoes has restricted the distribution of feral goats or where the removal of dingoes has allowed feral goats to spread:

· Goats were present in the Kimberley Region (Western Australia) in the 1950s and 1960s but have now mostly gone (Long 1988), due in part to the reduction in dingo control following removal of sheep in the 1970s (Seddon 1968; J. Collins, APB, Western Australia, pers. comm. 1993). Similarly, feral goats were on Murnpeowie Station (immediately north of the dingo fence between Lakes Eyre and Frome, South Australia) when sheep were run there and dingoes were controlled (D. Barratt, Braemar, Lucindale, South Australia, pers. comm. 1979). Apart from a few goats that immigrate through the dingo fence and survive only when dingoes are at low densities (K. Leslie, North Flinders Soil Board, Quorn, South Australia, pers. comm. 1993), goats disappeared when the station changed to cattle and ceased controlling dingoes.

· Feral goats have been present in the more rugged parts of the North Flinders Ranges (South Australia) since they escaped from miners last century, but only became a major problem after dingoes were removed in the 1940s (R. Sprigg, Arkaroola, South Australia, pers. comm. 1994). Similarly, unmanaged semi-feral populations of goats persist near station homesteads where they presumably gain some relief from dingoes, for example at Rosewood Station (90 kilometres from Kununurra, Northern Territory).

· Goats were released in the Musgrave Ranges (in the north-west of South Australia), but failed to persist, probably because of the presence of dingoes (R. Read, Scientific Expedition Group, South Australia, pers. comm. 1990).

· Dingoes were released onto Townshend Island (Queensland) in 1993 to successfully control feral goats (Allen and Lee 1995).

There are exceptions to the dingoes – no goats rule. Feral goats and low populations of dingoes occur in the Ngarkat Conservation Park (in south-east South Australia); goats and dingoes coexist in the Australian Capital Territory; and it is possible that some of the isolated populations of feral goats in the Great Dividing Range (in New South Wales, Victoria, and Queensland) are sympatric with dingoes (see the distribution maps in Wilson et al. 1992a).

The evidence for predation of goats by other animals is mostly based on their effects on domestic goats. Foxes killed an average of 3.6% (range 0.5–7.0%) of newborn domestic goats in Western Australia (Long et al. 1988; Mawson and Long 1992), and foxes and/or feral pigs killed up to 30% of kids in a New South Wales study (Mitchell 1977). Feral pigs are significant predators of lambs in Australia (Pavlov and Hone 1982) and they are likely to prey on kids. Wedge-tailed eagles take kids, particularly where there is no cover (Mitchell 1977). Whether any combination of these predators (excluding dingoes) are capable of affecting the distribution or density of goats is unknown, however, as most seem to only take kids, which makes it unlikely that they have a significant effect on feral goat population size.

2.4.4 
Hunting by people

It is unclear whether hunting by Aboriginal peoples restricted the establishment of feral goat colonies in the early years of European settlement. Escaped domestic animals would have been easy prey for experienced hunters, but it is likely that most hunting by Aboriginal peoples ceased before dingoes were effectively controlled. It would appear that predation by dingoes rather than hunting by Aboriginal peoples was the decisive factor that limited the establishment of feral goat herds. Feral goats still provide a source of fresh meat for Aboriginal peoples living in remote communities (R. Turner, Roseworthy Campus, University of Adelaide, Roseworthy, pers. comm. 1995).

Feral goats are now regularly mustered with dogs and vehicles (including aircraft), trapped at waterholes, or shot (Ramsay 1994) and poisoned (Harrington 1982a) to manage their numbers or limit their dispersal (Chapter 7). This human predation is the decisive limiting factor in the higher rainfall agricultural areas and in the flatter, more open range in the pastoral areas from which dingoes have been removed. Recreational bow and rifle hunters consider feral goats to be an important game species in Australia.

2.4.5 
Diseases and parasites

A number of potentially debilitating parasites and diseases occur among feral goats in Australia (Section 3.8). It is unlikely that parasites and diseases have any major impact on the density or distribution of feral goats in the dry pastoral areas, partly because the browsing habits of goats reduces their intake of parasite eggs (Chevis 1980) and arid climates do not favour transmission of pathogens. The influence of parasites and diseases in wetter areas is less clear. Liverflukes (Fasciola hepatica) may limit the distribution of goats in the wetter parts of eastern Australia (P.J. Holst, unpublished data quoted in Harrington 1982a), although goats in the wetter parts (over 670 millimetres average annual rainfall) of South Australia do not carry a heavy infestation of helminth parasites and liverflukes (Beveridge et al. 1987). It is also speculated that the bacterial disease, melioidosis, may contribute to the absence of goats in the Top End of the Northern Territory (M. Bell, Northern Australian Quarantine Strategy, Darwin, pers. comm. 1993) and in northern Queensland, where it severely affects domestic goats (Seddon 1965).

2.4.6 
Poisonous plants

Despite their tolerance to many toxic plants (Section 3.5), the presence of some plant species may limit the distribution and/or density of goats. The toxic tree, ironwood (Erythrophleum chlorostachys), along with dingoes and melioidosis, has been implicated in the absence of feral goats from the Top End of the Northern Territory (M. Bell, NAQS, Darwin, pers. comm. 1993).

Thirty-five species of Australian plants (in the genus Gastrolobium plus Acacia georginae) contain the potent vertebrate toxin fluoroacetate (Aplin 1971) – the sodium salt of which is the pest control poison 1080. The distribution of these plants (Twigg and King 1991) does not generally coincide with the distribution of feral goats (Wilson et al. 1992a), except for the area north of the Kalgoorlie – Perth Highway. It has been suggested that the absence of goats in south-west Western Australia is due to the presence of 1080-bearing plants (T. Oliver, APB, Western Australia, pers. comm. 1994).

2.5
Domestic goats in Australia

There were about 450 000 domestic goats in Australia in 1991 (Table 2), although numbers have since fallen. Most are managed for fibre production, and about 1000 tonnes of mohair were exported in 1989 (Cribb 1991). Feral goats with the best cashmere fibres were selected and used as foundation stock for breeding back to angora bucks, although this practice has declined as the quality of domestic stock improved (Ramsay 1994). 

Table 2: 
Number of domestic goats (in thousands) by State and Territory in Australia. Estimates from the Australian Bureau of Statistics.

	Year
	QLD
	NSW
	ACT
	VIC
	TAS
	SA
	WA
	NT
	Total

	1991
	54.2
	246.9
	0.7
	55.2
	15.5
	26.6
	48.3
	1.8
	449.2

	
	
	
	
	
	
	
	
	
	


3. 
BIOLOGY

Summary

Feral goats were selected through the process of domestication to have characteristics of value to people. However, many of these traits ensure that feral goats are effective pests. Harvested populations of feral goats can increase by over 50% per annum if harvesting stops, because goats become sexually mature at an early age, have extended breeding seasons, can conceive while still lactating, and can produce more than one kid per pregnancy. Their impact on the environment is enhanced by their gregariousness which can increase the intensity of their browsing, and by their ability to use a wide variety of food plants in a wide variety of habitats.

Feral goats in the rangelands have unusually large home ranges of up to 600 square kilometres (average 380 square kilometres) for sub-adult males. These are focussed on permanent water and decrease in droughts when goats have to drink more frequently.

Feral goats can carry many internal and external parasites, some of which can also infest sheep. The importance of cross-infection is unknown, although probably low. The bacterial disease melioidosis may limit the spread of goats, and the rickettsial disease Q-fever is carried by goats and may be transmitted to people. Goats are potential hosts of exotic diseases such as foot and mouth disease.

3.1
The ancestry of feral goats

Goats were domesticated about 9000 years ago (Clutton-Brock 1992) from the wild goat (Capra aegagrus). This wild goat now extends in a series of races or sub-species from Turkey and Iran (C. a. aegagrus – the bezoar goat), and from Turkmenia to Pakistan (C. a. blythi – the Sind ibex). The taxonomic status of these races is uncertain (Schaller 1977), and their demographic status is equally uncertain as agriculture and hunting threaten many populations. The domestic descendants of wild goats are now divided into a large number of breeds of uncertain genetic relationships (Mason 1981).

Domestication involves both a cultural process in which a wild species is integrated into human society as property (Ducos 1989), and a biological process in which the owners select for desirable characters (Clutton-Brock 1992). Domestic goats and their feral
 descendants are gregarious, move short distances, have wide dietary preferences for flexibility of management, variable coat colours so people could recognise individuals and for aesthetic reasons, and high productivity.

The Neolithic people who domesticated wild goats probably selected animals which could breed over a wide season to provide milk and kids over more of the year. They also probably selected goats that could lactate for longer than wild goats, could become pregnant while still lactating, could regularly produce several kids per litter, and could do all this at an early age. The feral descendants have retained these abilities – which is one reason why they are difficult to control when they become pests.

3.2
Body weight

Feral goats weigh about 2.6 kilograms at birth (McDonald et al. 1988), with male kids being heavier than females, a difference they retain throughout their lives. Adult goats (over three years old) from South Australia weigh about 45 kilograms for females and 60 kilograms for males (Henzell, data quoted in Harrington 1982a). These weights appear typical of animals from other pastoral areas such as Broken Hill (McRae 1984) and White Cliffs (I. Mahood, unpublished data quoted in Harrington 1982a), and are within the range of weights for the dairy and angora breeds likely to have been their domestic ancestors (Mason 1981).

3.3
Breeding season

The wild ancestors of domestic and feral goats have breeding patterns typical of temperate ungulates with a relatively narrow mating season spread over two – three months during autumn and winter according to limited data collected by Schaller (1977). Shortening daylength, fine-tuned by temperature or rainfall-controlled food supply factors, are thought to determine the onset of breeding (Roberts 1967; Schaller 1977). The evolutionary advantages of this breeding system have been explained first by temperate-region seasonality, so that the median date of birth coincides with optimum conditions for the mother and young (Sadleir 1969), and second by the reduced effects of predators caused by providing a glut of potential victims (Estes 1976). This is particularly so when the prey species has highly developed young which follow adults (but see Section 3.7) (Rutberg 1987).

All sexually mature female goats in a herd may come into oestrus at about the same time, and it is thought that this is synchronised by male sexual activity (Shelton 1960). Feral goats in areas with a more-or-less regular food supply can breed all year round (Rudge 1990), but usually retain the ancestral distinct peak in conceptions during the time when daylength is shortening and have significantly fewer conceptions in spring (Parkes 1993a) (Table 3). 

Table 3: 
Monthly pattern of conceptions (%) in goats sampled over a 12-year period from Canegrass – for 272 conceptions (R. Henzell, unpublished data).

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	% of conceptions 
	9
	14
	13
	6
	11
	11
	4
	6
	1
	4
	7
	14


However, there are so many variations on this basic pattern that influence of day length must be easily overridden by other environmental cues; for example, it is accentuated by drought when mating is restricted to the period January – March (McRae 1984). Some populations show secondary or occasionally sole breeding peaks in summer (Parkes 1993a), and one population (studied for 18 months on Santa Catalina Island, California) showed four annual peaks of breeding spaced about three months apart (Coblentz 1980).

3.4
Population dynamics

Population dynamics of feral goat herds are determined by the difference between recruitment (births + immigration) and losses (natural deaths + emigration).

3.4.1 
Population structure

Equal numbers of male and female kids are born in most feral goat populations (Parkes 1993a; R. Henzell, unpublished data), although Mahood (1985), working in western New South Wales, found a ratio of male to female foetuses of 0.68 : 1.0, which is significantly different from unity (P<0.05). Fortune favours females as their proportion in many populations increases among older age classes. There are significantly more males in harvested populations (sex ratio = 1 female : 0.8 males, n = 909; McRae 1984) than in unharvested populations (sex ratio = 1 female : 0.6 males, n = 1047; P<0.01; Williams and Rudge 1969), showing that the bias in favour of females is not because males are selectively removed by mustering or culling. 

Harvesting or the culling of feral goats can alter the natural age structure of populations. Feral populations that are commercially mustered in Australia are heavily biased towards young animals, about two-thirds of the animals being less than two years old (R. Henzell, unpublished data). In contrast, the goats that survived longest during the eradication campaign on Raoul Island were mostly elderly females, presumably because they were more cunning than males and young animals (J. Parkes, unpublished data).

3.4.2 
Birth rates

Population birth rates of feral goats can be high because of the higher proportion of females in some populations. Females may become pregnant in their first year and they can become pregnant soon after giving birth as lactation does not stop oestrus. Therefore, they can produce two litters within a year as their gestation period is only 150 days. Twins and triplets are common.

For example, in one area in South Australia 41% of goats shot through the year were females of breeding size. On average, they produced 1.57 litters per year with an average of 1.59 embryos per litter (R. Henzell, unpublished data).

The proportion of females breeding and the number of multiple births shows general patterns with maternal age. Generally, only about 50% of first-year females breed and rarely produce more than a single kid. Fecundity increases with age and reaches a maximum among females at about 21 months (four-tooth stage) and older, but declines in aged adults with worn teeth (Henzell 1983; Parkes 1993a).  The reduced fecundity of old females makes little difference to population birth rates in harvested herds in Australia because the proportion of older animals is low (Section 3.4.1).

Maternal condition, generally governed by food supply or quality, can have a profound effect on birth rates. For example, birth rates increased by 77% in a population of feral goats on Raoul Island as the per capita food supply increased during a decade-long eradication campaign (Parkes 1984). Harvesting or culling per se does not appear to increase the birth rates of Australian populations, presumably because few populations are at carrying capacity. However, declining food quality during droughts can cause a decline in breeding (McRae 1984).

3.4.3 
Natural mortality rates

Natural mortality of kids from birth to six months can be high. On Macauley Island (in the Kermadec Group), 35% of kids died (Williams and Rudge 1969), and in one population on the North Island of New Zealand 19% died (Rudge 1969). Estimates of natural mortality from Australian populations are usually confounded by unnatural mortality from mustering or culling. Mahood (1985) found post-natal mortality in kids up to two months old was 45% in western New South Wales. In a South Australian population, 38% of young kids died from natural and human-induced causes (Henzell 1983). Natural mortality rates among older goats are unknown but assumed to be 10% in later calculations.

Predation by dingoes and other animals, lack of water and food during droughts, toxic plants, and various diseases and parasites are known or suspected to kill feral goats. These factors are discussed in Section 2.4.

3.4.4 
Rates of increase

Feral goats have a very high potential to increase their numbers. Subtraction of likely natural mortality rates (38% of kids and 10% of adults) from the known finite birth rate of 2.02 from South Australia (R. Henzell, unpublished data) gives a finite rate of increase of 1.53 or an instantaneous exponential rate, r = 0.425. Such a population would double every 1.6 years in the absence of mortality caused by human control efforts, or 35% would need to be killed annually to stop it from increasing. Mahood (1985) recorded a maximum rate of increase for feral goats in western New South Wales of rm = 0.395 or 42% a year. 

However, there are few measurements of natural rates of increase of feral goat populations in Australia that are not confounded by harvesting. Few feral goat populations in the pastoral zone are not harvested, and aerial surveys (Table 1) show that some feral populations were increasing despite harvesting. For example, the population increased by 18% each year between 1987 and 1990 in Western Australia despite an annual harvest averaging about 200 000 goats (Southwell and Pickles 1993). 

3.4.5 
Ecological carrying capacities

The ecological carrying capacity (K) of a feral goat population is that density attained when the goats reach an equilibrium with their resources, natural predators, and competitors in the absence of human-induced mortality (Caughley 1980). The equilibrium is of course only as stable as the environment under which the goat – vegetation system exists; this is highly variable for the drought-prone pastoral areas of Australia, and may be declining as the rangelands degrade. 

The carrying capacity for feral goats can be very high. Goats were left for 150 years on Macauley Island and when eradicated in the 1960s were at a density of 1000 per square kilometre (Williams and Rudge 1969). Carrying capacity has not been measured empirically in Australian pastoral zones because goats are regularly mustered or culled. Certainly, in the short term the potential exists for average densities much higher than the estimated 1–3 goats per square kilometre in the pastoral areas (Table 1), and higher than the 20–40 goats per square kilometre which is the estimate of K for all large herbivores in the semi-arid rangelands (Section 4.2.5).

3.5
Diet

Goats are generalist herbivores that select the highest quality food available (McCammon-Feldman et al. 1981). They eat foliage, twigs, bark, flowers, fruit and roots. They will also eat plant litter and seeds on the ground, and fungi. The proportions in their diet of different kinds of food (browse, grass, herbs), and of different species within these groups, varies with their availability, quality and palatability (Merrill and Taylor 1981). The reasons for differences in intake between forage types and species are not well understood (Becker and Lohrmann 1992). In Australia, any one of shrubs, grasses or herbs may comprise the principal part of goats’ diet at different times or places (Wilson et al. 1975; Dawson et al. 1975; Dawson and Ellis 1979; Squires 1980; Harrington 1986). Herbs and grasses are most eaten when they are growing, and are more uniformly acceptable than browse because they generally lack the secondary plant compounds that render some shrub species relatively unpalatable. Despite this selectivity, goats can eat the majority of plants in the pastoral areas of Australia, including prickly acacias, many poisonous or bitter plants, and species avoided by sheep and cattle. 

3.6
Movements and home ranges

Feral goats in areas with ample water and food have small, non-exclusive home ranges generally of about one square kilometre with males having larger ranges than females. For example, on Moreton Island (Queensland), male and female groups occupied about 1.5 and 1.0 square kilometres, respectively (O’Brien 1984), similar to home ranges of feral goats on a pasture/forest margin in New Zealand (Riney and Caughley 1959) and on the summit of Mount Haleakala (Maui, Hawaii) (Yocum 1967).

Feral goats in arid areas centre their movements about permanent water (McRae 1984; King 1992), and have much larger, non-exclusive home ranges. On Yerilla Station (Western Australia) adult female, sub-adult female, adult male, and sub-adult male goats had average home ranges of 69, 63, 247 and 379 square kilometres respectively, as measured by radio-telemetry over a period of 23 months (King 1992). The maximum individual home range was 600 square kilometres. Ranges were smaller in drier periods, presumably because the goats had to visit water more frequently (King 1992). The limited data provided for Broken Hill feral goats confirm these large home ranges (McRae 1984).

3.7
Social behaviour

Feral goats are social animals, the basic social unit being an adult female and recent offspring which associate in an area (the herd range) with similar, often related, groups (O’Brien 1988). The young males leave these matriarchal groups and form loose associations with similar aged males or larger mixed-aged groups which associate with the female’s home range during the breeding season, but may range over larger areas at other times (Rudge 1990). Females that are about to give birth leave the group and give birth in a protected spot. Kids are fully active soon after birth, but most, although not all, are hidden by their mothers and only visited for feeding until, after a few days, they join their mother on her travels (O’Brien 1983; Rudge 1970).

3.8
Parasites and diseases

Feral goats in Australia are known to carry 22 nematode, 2 cestode, 2 trematode, 4 arthropod, and 3 protozoan parasites (McKenzie et al. 1979; Harrington 1982a; Beveridge et al. 1987). This is a much smaller list than the substantial list quoted for New Zealand feral goats (Rudge 1990). Many of these parasites also infest domestic sheep and of course domestic goats, although lice afflicting feral goats are mostly specific to goats. Sheep lice have not been reported from feral goats, but the sheep body louse (Bovica, formerly Damalinia, ovis), can survive and apparently breed on penned goats (Hallam 1985). Cattle ticks (Boophilus microplus) rarely occur on goats (Sangster 1990), and have not been reported from feral goats. Nevertheless, programs to control these ectoparasites and other pathogens in domestic livestock must take account of their possible presence on feral goats. The importance of cross-infestation between livestock and feral goats is unknown, but it is probably not significant. Parasites are usually only a problem in well-watered pastures where intensive stocking occurs, and in these areas feral goat numbers are generally low (see Section 2.4.5).

Feral goats may also be infected with a variety of bacterial and viral diseases. Most are not lethal, although the bacterium Pseudomonas pseudomallei which causes melioidosis may limit the spread of goats (Section 2.4.5). Caseous lymphadenitis, abscesses on the lymph nodes caused by the bacterium Corynebacterium ovis, has been reported (McKenzie et al. 1979), but is unlikely to be lethal (Williams 1981). Pneumonia is occasionally found in goats, but many other important diseases of livestock appear to be rare (such as yersiniosis, leptospirosis, and mycobacterial diseases such as Johne’s disease and bovine tuberculosis).

Q-fever is widespread among feral goats with the antibodies of the causal agent (Coxiella burnetti) being found in 52% of goats tested in one survey (Hein and Cargill, unpublished data quoted in Harrington 1982a). This rickettsia is normally non-pathogenic, but has been implicated in abortions in goats. However, the disease is a zoonosis and thus infected feral goats may be a public health problem.

Many other important diseases of livestock are known to be carried by feral goats, but have not been reported from Australia. Should it reach Australia, foot and mouth disease seems the most likely disease to establish in feral herds. Other exotic diseases which feral goats could be involved in, should they reach Australia, include bluetongue, rinderpest, screw-worm fly, capripox, Rift Valley fever, vesicular stomatitis and scrapie (Henzell et al. in press). The management responses in such an event are described in AUSTVETPLAN Emergency Operations Manual – Wild Goats (1990).

4. 
ECONOMIC AND ENVIRONMENTAL IMPACTS AND COMMERCIAL USE

Summary

Calculable economic losses attributable to feral goats in Australia are estimated at $25 million per annum. These are derived from a calculated $17.8 million net loss caused by reduced stock production (after taking account of the profit obtained from mustering feral goats for sale), $6 million contingency loss because of the threat of exotic disease, and $1.2 million direct cost expended by Government agencies on goat control operations. This estimate does not include the costs associated with the impact of goats on the environment, of soil erosion, or pasture degradation. No value has been calculated for these losses. Feral goats also adversely affect conservation values and biological diversity by damaging the vegetation and competing with native fauna.

Commercial exploitation of feral goats provides economic benefits by supporting an industry worth about $29 million annually to the exporters and providing full- or part-time jobs for about 500 workers.

At the estimated national average density over the areas they occupy of two per square kilometre, feral goats consume about 0.35% of the total net annual above-ground vegetation production in semi-arid rangelands, and constitute about 10% of the total grazing pressure of all large herbivores. In many areas, goats reach much higher densities, and are sometimes the dominant large herbivore. 

It is difficult to differentiate the particular impact of feral goats on single species of indigenous biota from the impacts of other herbivores.

4.1
Economic losses

The net costs of feral goats in Australia can be considered in four sections: the actual public cost to manage them; the estimated net costs to production; contingent costs associated with exotic diseases; and the costs due to land degradation caused by goats.

4.1.1 
Public costs of goat control

The economic social cost of feral goats is the difference between the value of net benefits that could be obtained if the optimal levels of feral goat control were undertaken, and the net benefits under current levels of control. Public expenditure on goat control is just one factor in this equation.

State government agencies spend an unknown amount managing feral goats, directly on land reserved for conservation purposes and indirectly to support private control efforts. The amount spent reflects the limited resources available rather than the amount required to solve the problem. When landholders spend money on feral goat control to meet their legal obligations (Section 6.3), there are public costs associated with reduced taxation if they can claim the costs of goat management for land conservation purposes (Braysher 1993).

In Western Australia, about $800 000 per year has been spent supporting feral goat control operations between 1991–92 and 1994–95. The Animal and Plant Control Commission and local Soil Boards in South Australia spent about $160 000 in 1992 on grants, research, and extension work to manage feral goats (approximately equivalent to $170 000 in 1994–95 values). Queensland spent about $175 000 on goat control and related activities in 1994.

4.1.2 
Net costs to production

Feral goats and sympatric domestic livestock (usually sheep) in semi-arid areas have overlapping diets. The extent of this overlap varies between habitats and depends on the extent to which food is limiting within habitats. For example, dietary overlap is low in belah (Casuarina cristata) – rosewood (Alectryon oleifolius) woodland (Wilson et al. 1975), but high in a poplar box (Eucalyptus populnea) area (Harrington 1986), both in western New South Wales. Because of this dietary overlap it is generally assumed that the two species compete for food, particularly when food is scarce (Harrington 1982a).

It has been argued that dietary overlap is not necessarily any measure of competition when food is abundant (Choquenot 1992). For example, rabbits and sheep do not compete for food in chenopod shrublands where the pasture biomass is above about 250 kilograms per hectare when factors other than food limit both species (Short 1985; Williams 1991). In rangelands with sheep, rabbits and kangaroos, pasture biomass will not exceed this threshold about 45% of the time. Whether this threshold argument holds for feral goat – sheep competition is not clear, but the observation that goats persist longer than sheep and kangaroos in the face of droughts (Choquenot 1992), suggests severe competition when food and/or water is limited. It is also possible, however, that differences in these species’ abilities to survive on poor-quality food during drought, or the ability of goats to browse on shrubs, also affects their survival.

Competition should also be seen within general strategies of grazing management that balance production risks, such as too many herbivores leading to land degradation, and economic risks, such as the return from wool, within a highly variable climate. For example, it is possible that conservative stocking rates in good years when food limits neither stock nor pests might increase the economic risk of the enterprise by not producing enough income to see it through droughts (White 1992), although it might promote sustainability by allowing perennial vegetation to regenerate. 

The net cost of the present population of feral goats to sheep production has been estimated (Henzell 1989) by assuming the extent of competition, contingent costs or benefits if goat populations are changing, and the net income from mustering goats and profits from sheep. All these factors vary in space and time but updating Henzell’s (1989) calculations for South Australia gives an estimate of a net average cost per feral goat to sheep graziers of $8.15 per goat (Appendix A). This calculation takes into account the profits pastoralists make from mustering and selling goats. But it does not take into account the fact that in good years pasture may be so abundant that sheep and goats do not compete for food. In such years the costs due to goats will be less. Nor does the calculation take into account the fact that in dry years pastoralists who have not controlled feral goats may have to sell additional sheep at a very low price, or destroy them, because the goats have so denuded the range it will not support them. These sheep will have to be replaced later at a much higher price. The calculation uses a farm gate price for mustered goats of $6. Although the current price is above $12, at other times it has been as low as $2, and $6 is used as an approximate ten-year average. Obviously, however, pastoralists will not have the flexibility to manage feral goat numbers according to short term fluctuations in either pasture biomass or sale price. In contrast such flexibility is available with sheep stocking rates.

The total average annual loss to sheep production due to feral goats in Australia is estimated to be about $17.8 million (Appendix A). This figure does not include the unknown costs due to pasture degradation, shrub destruction, soil erosion and losses to biodiversity attributable to goats. The farm gate value of mustered goats is estimated to be about $6 million (calculated from the $6 average farm gate value for feral goats above, and the approximately one million feral goats mustered each year (Section 4.3). Given that mustering these goats costs about $2 million, the total profit to graziers from mustering feral goats in Australia is about $4 million (farm gate value averaged over the past ten years). Further, economic studies showed the approximate annual cost of feral goats in Western Australia to be about $2.5 million (Howard 1992).

In addition, feral goats are an unknown cost to primary producers because they cause long-term changes to the perennial vegetation upon which livestock depend during droughts, they have a reputation for being first to the best feed after any rain, they compete for water and so reduce the number of livestock that can be carried during droughts (or add to the cost of carting water), and they damage fences.

Costs to other production values include the costs to farmers owning quality domestic goats of keeping feral males from mating with their females, and costs to production foresters caused by goat-damage to their seedlings (McCarthy 1985).

4.1.3 
Contingent costs of exotic diseases

The presence of feral goats in Australia increases the contingent cost of insuring against the outbreak of exotic diseases of livestock (Section 3.8). The cost, prior to the Commonwealth’s Wildlife and Exotic Disease Preparedness Program, was estimated to have been $12.5 million per year, mostly in relation to foot and mouth disease. This is expected to fall to about $5 million per year as a consequence of the eradication of some goat populations, research, and contingency planning (Henzell 1989). Currently, the cost, including both public and private costs, is estimated to be about $6 million per annum (Henzell 1989).

4.1.4 
Costs to the environment

The economic costs of feral goats to environmental resources or conservation values cannot be calculated because the nature of their impact is not always clear (Section 4.2), and the value of many of the resources goats affect cannot easily be measured in dollars. Nevertheless, the cost is usually assumed to be considerable.

4.2
Environmental impacts

Feral goats have been responsible for severe or even catastrophic environmental damage to ecosystems that evolved without browsing mammals, such as those on islands (Parkes 1990a), but in ecosystems adapted to some browsing their effect is variable.

The primary causes of environmental degradation may include mismanagement of all the natural and domestic herbivores (French 1970; Dunbar 1984), but because feral goats can survive and reproduce in these degraded habitats, they are often made the scapegoats to carry the sins of all culprits into the wilderness they alone are accused of creating (Leviticus 16).

On mainland Australia there are no documented examples of feral goats severely damaging large areas in the absence of significant populations of other herbivores, but they contribute their share of the damage to the vegetation, soils, and native fauna in the large areas of pastoral land that are overgrazed. Their share is generally less than that of other herbivores, although this has more to do with their later introduction than sheep to the pastoral lands and to spasmodic control by landowners rather than to any inherent incapacity to reach high densities and cause severe damage.

Because of their social behaviour, goats can cause severe localised damage to the environment, particularly around their camp sites, and their agility and generalist diet means they damage some vegetation not accessible or palatable to other herbivores (see Section 8.8.2). 

4.2.1 
Impact on the soil

Feral goats can deplete the soil’s protective cover of vegetation and break up the soil crust with their hooves (Mahood 1983). In droughts this leads to wind erosion, in rain storms it leads to water erosion, and in steep lands it can cause slips.

4.2.2 
Impact on perennial vegetation

Feral goats may affect perennial vegetation by eating established plants and by preventing regeneration of seedlings. Browsing by goats can kill established plants by defoliation, especially those less than about two metres tall, or by debarking their trunks. Regeneration processes may be affected indirectly when feral goats reduce the ability of plants to produce seeds and directly when goats eat young plants. The results of ungulate browsing can be sudden and catastrophic if both adult and young plants are killed, with the degree of catastrophe depending on the dominance or importance of the affected species within the ecosystem. Alternatively, effects can be delayed if only young plants are killed, but are eventually catastrophic when the adult plants die from whatever cause. 

Perennial plants in Australia range from highly palatable (Harrington 1986) to totally unpalatable and toxic (Aplin 1971). However, goats are particularly prevalent in habitats with perennial shrubs and trees, many of which are palatable and most are ultimately eaten by goats if they are hungry enough. The overall impact of feral goats in Australian perennial shrublands is not clear, perhaps because goats have not been present over sufficiently large areas for long enough and in sufficiently high densities for their effects to be more obvious, and because their impacts are confounded with those of other herbivores.

A general fail-safe management response is to assume that even very low densities of feral goats will be sufficient to inhibit nearly all regeneration of the most palatable shrub species. However, in an exclosure study in the Flinders Ranges, rabbits rather than goats and euros (Macropus robustus) appeared to determine regeneration success in mulga (Acacia aneura) because they killed nearly all the seedlings before they were large enough to be of interest to the other herbivores. It was also clear that other factors outside the experimental control were involved, and that mortality in adult trees occurred in the absence of goats (Henzell 1991). The lesson here is that management of only one herbivore, in this case the goat, would fail to protect mulga.

4.2.3 
Impact on grasses and herbs

Theoretically, ungulates grazing grassland/herbaceous ecosystems where they have more-or-less permanent access to all of the plants should result in feedback mechanisms that drive the plant-herbivore biomasses towards dynamic equilibria (May 1975). In semi-arid grasslands in Australia, the stability of these equilibria depends on erratic rainfall.

Goats could potentially have a more immediate effect on grasses and forbs than on shrubs and trees because they are more accessible and because they are generally more palatable, containing fewer secondary compounds than do shrubs or trees. For example, goats that were short of food in a study near Cobar (New South Wales) ate every herb but did not significantly affect most shrub species (Harrington 1982a). But in many other habitats the preference of goats for palatable browse results in their having a larger effect on shrubs and trees.

4.2.4 
Impact on woody weeds

One apparent consequence of 130 years of grazing by introduced animals on the semi-arid areas in Australia has been the proliferation of unpalatable shrubs or woody weeds. It has been suggested, at least for western New South Wales and south-western Queensland, that these weeds have increased partly because of reduced competition from the sheep and cattle-browsed grasses and perennial forbs, and partly because of the reduction of regular fires both by active suppression and by reduction of grassland fuel which killed shrub seedlings (Moore 1969; Harrington et al. 1979; Harrington et al. 1984). However, the underlying causes of woody weed encroachment elsewhere in Australia are not well understood.

Goats eat many of these woody weeds, and domestic goats have been used as an alternative to fire or chemicals to control at least the more palatable species among native weeds.  For example, a stocking rate of one goat per hectare for three years killed 90% of the hopbush (Dodonaea viscosa) in a 800 hectare site near Cobar (Torpy et al. 1992). Goats are also used to control such introduced weeds as blackberries and briar (Allan et al. 1993). It is necessary to manage goats at densities higher than they would naturally attain to make them effective against weeds. This requires effective fencing and stock management.

4.2.5 
Goats contribution to total grazing pressure

The proportion of total grazing pressure that can be attributed to feral goats can be assessed either by estimating the proportion of net annual above-ground productivity (NAAP) of the vegetation they eat, or by estimating their proportion of total large-herbivore carrying capacity.

Proportion of net annual above-ground productivity (NAAP)

An estimate of the proportional contribution of feral goats to total NAAP can be made based on the following assumptions:

· the density of goats is taken as two per square kilometre (the average density in all states in the early 1990s – Table 1), and five per square kilometre (an estimate of densities in more preferred habitats).

· the average annual dry matter intake for a goat of 33 kilograms is 365 kilograms (Devendra and Burns 1983).

· the NAAP is for areas with 240 millimetres of annual rainfall (assumed to equal annual evapotranspiration (AE)) is calculated using the equation provided by Rosenzweig (1968) as:


log10 NAAP = (1.66)log10AE - (1.66)


NAAP    = 195.5 tonnes per square kilometre

Therefore, goats at densities of two per square kilometre or five per square kilometre annually consume 0.73 or 1.83 tonnes of dry matter per square kilometre respectively, or 0.37% or 0.93% of the total NAAP, respectively. To put this in perspective, average densities of rabbits annually consume 10 tonnes per square kilometre (Newsome 1993).

The NAAP includes unpalatable vegetation, woody tissue not normally eaten by mammalian herbivores, and inaccessible parts of plants, although canopy leaves might become available when they fall to the ground. Much of the NAAP is consumed by invertebrates, small vertebrates, and decomposers (Phillipson 1973).

Proportion of total carrying capacity

Rangelands with 240 millimetres of rainfall can on average support at least 20 goat-sized herbivores per square kilometre (Section 7.2.1). Therefore, at the two average densities modelled above, feral goats would consume between 10% and 25% of the food eaten by the suite of large herbivores present.

In some places goats can reach higher densities; 27 and 40 goats per square kilometre have been recorded in the Olary Hills and Flinders Ranges, respectively, of South Australia (Best 1992; Henzell 1983). In these cases they are the dominant large herbivore and their impact on preferred food plants is severe.

4.2.6 
Impact on native fauna

The native fauna of Australia has been profoundly affected by the introduction of exotic biota (Wilson et al. 1992a). The intruders have effected these changes by altering the habitat, by direct competition for resources, by predation, or by varying combinations of these. In many cases where an ecosystem or individual species has declined it is often difficult to determine which is the proximal ecological cause (predation or competition) and thus which culprit species should be managed.

Feral goats affect terrestrial native fauna primarily by direct competition for resources such as food, water, and shelter, and by contributing to changes in ecosystems. Usually, these impacts are viewed as undesirable because they reduce the biodiversity of ecosystems (Reeves 1992).

Goat dung can be deposited around waterholes and springs to a depth of several centimetres. Dung, together with the bodies of goats that fall into the water and perish and decompose, are likely to eutrophicate the water and to have a major effect on freshwater biota. These effects have not been studied (see Section 8.8.2).

Goats eat many of the same plants as native herbivores, and although goats are rarely the dominant introduced herbivore, this competition must affect some native populations, particularly those depending on goat-favoured species of plants. Goats can also reduce the amount of water available to native animals; aggressively exclude some species (G. Norbury, APB, Western Australia, pers. comm. 1993); and can cause the water levels in rock holes to be so lowered as to exclude other animals or cause animals to fall in, drown, and pollute the supply. Goats may also compete with native animals for shelter, particularly in rock caves. Goats eat some invertebrates such as gall-forming and scale insects, but whether deliberately or incidentally is unknown. 

None of these potential impacts on native animals are quantified, and the effect at population levels is unknown and often subtle or misleading. For example, it is presumed that feral goats adversely affect yellow-footed rock-wallabies (Petrogale xanthopus) (Dawson and Ellis 1979; Sheppard 1990). There is some circumstantial evidence that this may be so. For example, it has been claimed that rock wallaby numbers recovered after the 1983 drought in Gap Range (New South Wales) where goats had been culled, but concurrently failed to recover at the nearby Coturaundee Range, where goats were not culled and therefore increased to very high densities (Lim et al. 1992). There are, however, clearly other factors at work that may be more critical (Henzell 1990b). Feral goats have been implicated in the decline of brush-tailed rock-wallabies in South Australia(Short and Milkovits 1990).

Goats have more indirect impact on native animals because of their effects on native vegetation and soil. The changes to the native vegetation harm some native animals, but benefit a few others, that feed on goat dung, such as termites and decomposers. 

4.2.7 
Impact on continental and oceanic islands

Continental islands, those that were once part of the mainland, are important as reservoirs for species that cannot survive in the face of threats on the mainland. For example, eight species of small Australian mammals survive only on islands (Burbidge 1989). These islands are also important scientifically because they represent ecosystems that have varying degrees of human modification. For example, the only evidence of Aboriginal use of some Western Australian islands predates their separation from the mainland (Abbott 1980). Feral goats still occur on several continental islands, and their eradication should be considered. Priority islands for goat eradication should be those with particular conservation values at risk, or those required as baseline or representative ecosystems.

Feral goats now occur on only one Australian oceanic island, Lord Howe island, which is a World Heritage Site (Pickard 1976). Lord Howe Island had no terrestrial mammals other than bats until people arrived followed by feral goats, feral pigs, feral cats, house mice and ship rats in the late eighteenth century. Feral goats, house mice and ship rats remain and are subject to control (D. Hiscox, Lord Howe Island Board, New South Wales, pers. comm. 1995).

4.3
Resource value and commercial use

About one million feral goats were mustered and killed in abattoirs in 1991–92 and a further 40 000 were shot in the field by hunters for game meat. About 95% of these goats were exported as 11 413 tonnes of carcasses (Toseland 1992). In addition, about 100 000 feral goats are exported live each year to Muslim countries, although this figure has been as high as 250 000 (Ramsay 1994). Ramsay estimated the total value of exported goats and goat products was about $29 million in 1991–92, although this figure includes a few goats from domestic herds. In addition to these abattoir-killed feral goats, a large number of feral goats (38 000 in 1991) are shot on-site as a side-line by hunters taking feral pigs and kangaroos for game meat. These goats are also exported as game meat (Ramsay 1994). Most goats are harvested between October and March (Ramsay 1994), although this has more to do with supply factors than with demand from the processors, who would prefer a stable and regular flow of animals to fit their marketing plans (Black 1992).

Meat for export is the main products from feral goats. Some live feral goats are also exported. Goat skin and leather is a by-product (Ramsay 1994). Goat fibre (mohair and cashmere) is mostly produced from domestic goats, although feral goats have been an important genetic resource for upgrading domestic flocks used for fibre production (Holst 1981; Holst et al. 1982). But the value of the goat fibre industry has declined in recent years.

Sale of feral goats benefits landowners who, on average, receive about $6 million a year, less their mustering costs of about $2 million, giving a net annual value of about $4 million (Section 4.1.2). Valueless goats are killed on-farm at the time of mustering, an additional cost to landholders which further reduces their profits from selling feral goats. Despite this, the sale of feral goats can provide a significant proportion of some farmers’ incomes (Toseland 1992). However, the price received for feral goats has fluctuated widely over the past decade, and these fluctuations have in turn influenced the level of harvest and the value of the industry.

The industry supports full- or part-time jobs for about 250 process workers, and a similar number of transport and support workers to get the goats to the abattoirs and the products to market (Black 1992).

In October 1994, the Standing Committee for Agriculture and Resource Management (SCARM) considered the issue of developing sustainable industries based on both native and introduced wild and feral animals. SCARM supported the commercial use of wild animals, with due regard to ecologically sustainable development principles and taking animal welfare issues into account. Further, in the development of commercial industries using feral pest species SCARM agreed that such development should include the objective of eliminating rather than encouraging the propagation of those species in the wild.

Feral goats are an important game species for recreational hunters in Australia. This supports various related industries including sporting goods, travel and vehicle production and provides an additional but largely uncalculated source of revenue into rural communities where feral goats are available for hunting.

Domestic or feral-derived goats can also be used as a biological method of controlling weeds such as blackberry (Rubus fruticosus), briar (Rosa rubiginosa), serrated tussock (Nassella trichotoma), St John’s wort (Hypericum perforatum), and thistles (family Asteraceae), and they are particularly useful for controlling heavy weed infestations in difficult terrain (Vere 1979; Vere and Holst 1979; Allan et al. 1993; Holst 1993). Goats have a preference for such weeds over improved pasture species. Control of these weeds is usually expensive and herbicides are not appropriate in some environments. The advantages and techniques for using goat grazing for weed control are discussed by Allan et al. (1993).

4.4
Implications of goat harvesting for damage control

Harvesting pests reduces their density. It follows that where there is a relationship between pest density and environmental or agricultural impact, commercial or recreational harvesting has the potential to contribute to conservation or agricultural production objectives (Choquenot et al. 1995). Potential maximum annual rates of increase of feral goat populations in Australia have been variously estimated at 42 % (rm = 0.395) in western New South Wales (Mahood 1985) or at 53% (rm = 0.425) or higher in South Australia (Henzell 1992; Section 3.4.4) so culling rates would need to be sustained at high levels to keep populations down. 

Feral goats are not protected and can be hunted throughout the year. Commercial harvesters use three principal methods of capturing feral goats – trapping at watering points, mustering with dogs and vehicles, or field shooting to produce game meat for export (Ramsay 1994). Around 1.2 million feral goats are harvested each year in Australia (Ramsay 1994). There have been no studies conducted in Australia to determine whether current levels of commercial harvesting of feral goats are reducing agricultural and environmental damage. But it appears obvious that offtakes this large must mitigate damage by reducing the numbers of feral goats or at least curbing their rate of increase. More information on the links between commercial harvesting and damage control is needed. There is little information on the relative environmental impacts of sheep and feral goats – these impacts would depend on their densities in relation to pasture species composition and biomass. In general, goat control (shooting, mustering and trapping combined) in Australia between 1982 and 1993 reduced the national rate of increase of feral goat populations from a potential rate of increase of rm = 0.425 to an actual annual average of r = 0.125 (calculated from Table 1). The difference between these two rates of increase is about one million goats per year (which corresponds approximately to the annual commercial offtake – Section 4.3). Therefore commercial harvesting is retarding but not preventing the increase in feral goat numbers in Australia. Commercially viable mustering can reduce feral goat densities down to about one per square kilometre (the average economic threshold density over the past ten years). The exact level will depend on seasonal conditions, terrain, the price for goats and distance from markets. To reduce goats below the commercial break-even point will require trapping or shooting of residual goats following commercial muster. This may be economically viable if extra returns from commercial livestock are taken into account (Section 4.1.2). If goat control is restricted to times and intensities where their sale gives an immediate profit, the benefits for damage control will be greatly reduced and feral goat populations will probably continue to increase. Currently goats are profitable, but it may be safer for landholders to make management decisions based on long-term average prices, because it is not economically desirable or practical to switch between managing feral goats as a pest or as a resource, in response to short-term fluctuations in market values.

Choquenot et al. (1995) developed a conceptual model of how harvesting might reduce the distribution of feral pest damage to the environment, and developed an example based on a hypothetical wild pig harvest. This example would be equally applicable to feral goat damage, though it would be difficult to quantify, as the relationship between feral goat density and environmental damage is unknown. Choquenot et al. (1995) considered conventional control (that is, non-commercial control) is a sensible option where: (1) commercial harvesting does not achieve the reduction in pest density necessary to reduce impacts to acceptable levels or over large enough areas; and (2) where it follows an unsustained harvest of pests. In the former case, the relative efficiencies of substituting conventional control for harvesting or subsidising the harvest to increase its capacity to reduce pest density should be examined. Choquenot et al. (1995) concluded that commercial harvesting of pests could contribute to conservation objectives, though there was often insufficient data to quantify the contribution, but they also recognised that placing an economic value on pests through commercial harvesting could (1) encourage maintenance of a pest density sufficient to meet harvesting needs, and/or (2) discourage future attempts at high level control or eradication (Tisdell 1982; Ramsay 1994). If realised, these factors could offset the potential contribution of feral goat harvesting to achieving conservation objectives. These conclusions by Choquenot et al. (1995), regarding the impacts of commercial harvesting of pests on conservation values, can be expected to apply equally to impacts of commercial harvesting on agricultural production. It may be easier to quantify the agricultural benefits of commercial harvesting as there are some data on the relationship between feral goat density and agricultural damage (Section 4.1.2). 

5. 
COMMUNITY ATTITUDES TO FERAL GOAT MANAGEMENT

Summary

Most landowners and land managers view feral goats as pests and wish to remove them.  They are supported in this view by conservation groups and major animal welfare groups. The latter, represented by the National Consultative Committee on Animal Welfare (NCCAW) have both strategic and tactical opinions on how goats should be managed. Strategically, they favour one-off solutions, such as eradication, and oppose commercial exploitation of feral goats, favouring its cessation in the future. Tactically, welfare groups are determined to ensure all control techniques are used in accordance with best practice to minimise stress and suffering on the goats. Application of these practices can be encouraged by developing agreed, enforceable codes of practice.

Groups who view feral goats as a resource recognise that some other groups do not share this view. Even those who view feral goats as a pest, however, may see commercial harvesting as having a useful role in management. Therefore, the feral goat industry must generally attempt to achieve its goals by influencing the strategic view of how the goats are managed as pests and by advocating planned harvests as a control tool.

5.1
Aboriginal perceptions

Few areas of land presently owned by Aboriginal groups have feral goats, usually because such land is too arid. There is also circumstantial evidence that feral goat distribution is limited by the presence of dingoes and feral dogs which are present on many Aboriginal lands (Wilson et al. 1992b). This is changing as more rangeland areas are being owned by Aboriginal peoples, so their particular views on introduced animals will become more relevant to the management of goats. 

Aboriginal perceptions of introduced wild animals are complex and as variable as those of other Australians (Nugent 1988; Rose 1995), but a general theme in Nugent’s survey of views, and those expressed in a series of workshops on land management on the Anangu Pitjantjatjara lands (Snowdon 1990) is that wild and feral animals should be used to support rural communities, but should also be managed to protect rockholes and sacred places from damage. Some Aboriginal people viewed introduced animals as part of the land and therefore part of their responsibilities as owners of that land to manage them as resources or pests. Others saw pest animals as a problem brought by Europeans and therefore not one that they should solve.

Some Aboriginal communities are involved in mustering goats for commercial sale (from the Flinders Ranges for example), and one is involved in a hunting safari operation (on North Goulburn Island, Northern Territory).

5.2
Pastoralists

Most feral goats in Australia live on land managed by pastoral farmers of sheep. How these pastoralists perceive the risks and costs or benefits of managing goats will be the crucial factor, both in the short and long term, in determining the fate of the feral goats. The aim of pastoralists is to sustain an economically and ecologically viable livestock industry on the semi-arid rangelands. Feral goats are one risk, and usually not the main one, that landowners have to manipulate or manage around. Total grazing pressure from sheep, rabbits, kangaroos, feral goats, and other introduced and native herbivores can be partially manipulated to reduce risks, but this manipulation needs to be within the context of market and climatic risks which are often outside the control of the landowner.

The majority of pastoralists view feral goats as pests, particularly where they are unmanaged. How strongly they hold these views appears to depend on several changing factors such as their perceptions of the whole ethic of landcare, the perceived impacts of goats on the land particularly in droughts, variability in their income from wool, and the market price for goats.

Pastoralists are concerned about degradation of the semi-arid rangelands and their ability to support rural communities.  Feral goats are seen both as one cause of this degradation, and as a problem during attempts at rehabilitation, particularly the apparent futility of reducing sheep numbers only to have them replaced by goats (Robinson 1992). This perception of goats as pests is reinforced during droughts when competition for food and water is more severe and goats become concentrated and obvious around water. For example, the wet summer of 1988–89 in the North Eastern Goldfields Land Conservation District meant goat numbers increased but were so dispersed as to make trapping difficult. The subsequent drought in 1990–91 brought these goats to the available water supplies in such large numbers that the need for action was recognised (Robinson 1992). 

This general view of feral goats as pests is not supported by all pastoralists. Some are reported to make more money from the sale of goats than from sheep (Toseland 1992), but whether harvesting goats improves the long-term economic viability of such stations is arguable. However, even among pastoralists who see feral goats as a pest, some would not be opposed to systems in the semi-arid lands that redomesticated the feral goats and managed them at appropriate densities behind effective fences (Robinson 1992).

5.3
Conservation groups

Conservation groups in Australia generally see feral goats as one factor contributing to undesirable changes in natural ecosystems (Section 4.2). They therefore favour the eradication (or sustained management where eradication is not possible) of feral goats particularly from areas where goats pose threats to native species such as the yellow-footed rock wallaby (Petrogale xanthopus) (Section 4.2.6), or where habitat restoration programs are under way (Reeves 1992). 

Generally, conservation groups prefer control techniques to cause minimal disruption or risk to native biota.

5.4
Animal welfare concerns

The basic premise of some animal welfare groups is that no animal’s interests are served by it being killed, so animals should only be killed if there is some reason which is thought to override the animal’s interest (Russell and Pope 1993). Others take a less extreme line, only saying that animal suffering is unjustified if it can reasonably be avoided. The argument among welfare groups and with pest control agencies is about what reasons are justified. It is argued that reasonable ends do not justify all means, and some general principles should be considered:

· avoidance of pain or suffering is preferable to its alleviation;

· the need for management must be demonstrated;

· control methods must not kill or injure non-target species;

· methods of killing the pest animals must be humane;

· local eradication of the pest population is preferable to sustained management; and

· management by trained government employees is preferable to control by commercial or recreational hunters.

When applied to the management of feral goats, these principles mean that animal welfare groups prefer non-lethal methods of management such as fertility control (which are not currently available, Sections 7.3.11 and 7.3.12), but oppose a variety of potential control practices. Some suitable and unsuitable management methods have been set out in a code of practice, and the humaneness of control technologies is discussed in Chapter 7.

Major animal welfare groups (RSPCA Australia, Australian Veterinary Association, and the Australian and New Zealand Federation of Animal Societies (ANZFAS)), industry groups (National Farmers’ Federation), and a variety of State and Commonwealth agencies are combined in the National Consultative Committee on Animal Welfare (NCCAW). The functions of NCCAW are to assess and advise the Commonwealth Government on the national implications of animal welfare issues such as codes of practice for livestock, wild animals, and animals used for research. NCCAW recognises the harmful impact of introduced animals on the Australian environment and accept that this justifies their management by suitable humane means. O’Flynn (1992) has summarised the concerns of NCCAW and discussed acceptable means of goat control (Section 7.3).

Following a conference in 1991, NCCAW recommended that:

· long-term strategies to manage feral animals should be developed;

· priority should be given to research on finding reliable indicators of pain and stress, and to finding more humane control methods;

· current control methods need to be used, but should be reviewed and replaced when more humane methods are developed;

· pest management agencies should establish ethics committees; and

· a balance needs to be struck between welfare at an individual and population level. Control methods that kill a high proportion of the population may be better than more humane methods that kill a smaller proportion but must be repeated more often.

More recently NCCAW (Wirth 1995) identified the need for pest control to be based on a rational, objective assessment of the impact of the pest on agricultural products or the environment, and of the long as well as the short-term costs and benefits of the operation. Otherwise the animal welfare costs, as well as the economic costs of control may be greater than necessary.

NCCAW and ANZFAS believe there are animal welfare grounds for halting the commercial exploitation of feral goats primarily because they consider most commercial harvesting involves stress or suffering prior to death, and because the existence of the industry maintains feral goat numbers. However, given that commercial harvesting is happening, NCCAW expects the welfare codes of practice to be implemented (Section 7.3.2).

5.5
Domestic goat farmers

There were about 450 000 domestic goats in Australia in 1991 (Table 2). The Goat Industry Council of Australia distinguishes between managed goats, which are wanted and are usually domestic improved breeds, and unmanaged goats which are often unwanted and usually feral. They see a place for the former as with any other livestock but are ambivalent about the fate of the latter (Toseland 1992). This ambivalence depends on whether the feral goats are exploited for meat or as base stock for domestic herds, or whether they are unwanted pests.

A particular concern of farmers who manage goats primarily for fibre is that negative public perceptions of feral goats adversely affect their industry. For example, it is claimed that practices such as tagging and releasing non-marketable feral goats during mustering has led to accusations of poor stock management levelled against neighbouring farmers of domestic goats (Toseland 1992). However, this is not usually a problem as domestic and musterable feral populations rarely (not at all in Western Australia) occur on adjacent land. Much more common is the situation in agricultural lands where escaped domestic goats have colonised nearby areas of scrub and become feral.

5.6
Goat meat industry

About one million goat carcasses were exported in 1992 (Section 4.3). Meat processors view feral goats as a resource to be managed and harvested along with other herbivores on the semi-arid lands. They recognise that not all areas should have feral goats, but advocate muster and sale as a first control method in such areas and a planned sustained harvest from areas where goats are an appropriate land use (Black 1992).

SCARM supports the development of commercial industries based on the harvest of feral goats (Section 4.3), although SCARM considers these industries should not support the maintenance of feral goat populations. In supporting commercial use of feral animals, the position of SCARM is at variance with that of NCCAW and ANZFAS (Section 5.4).

Processors who specialise in goats ideally need a regular supply of suitable goats so their processing and marketing strategies may be planned. Presently, the supply of goats is unplanned and consequently unstable, and too many unmarketable animals (usually those too light or too heavy) are transported to the abattoirs but rejected. 

6. 
PAST AND CURRENT MANAGEMENT

Summary

Management of feral goats has varied depending on the balance between their pest and resource status, their legal definition in different states, and ad hoc policies or regulations developed by different state agencies. Most land managers now view feral goats as pests and this has led to campaigns in some states and territories to manage or eradicate them. The legal status of feral goats differs among and between states and territories, and this affects management practices. Some laws prescribe how feral goats are to be managed; others merely define them as pests and leaves management to the discretion of land owners or the changing policies of public agencies.

State and territory governments provide legislative, technical, policy and possibly financial support for feral goat control, and are also responsible for feral goat management on land held by their agencies.
6.1
Past management

Despite some prescriptive legislation (such as the Vermin Act 1918 in Western Australia), most management of feral goats throughout Australia has been ad hoc and opportunistic. The most widely accepted control method, judged by the number of feral goats removed, has been commercial mustering. The mixed motives inherent in this method, however, have resulted in poor strategic outcomes in the past – generally the management was not intensive enough or sustained (Pickles 1992). Refer to Sections 8.7 and 8.8 for case studies.

Bounties on goats’ ears have been paid in Western Australia to induce people mustering goats to kill unmarketable animals instead of releasing them. In 1977, the bounty was 50 cents (approximately equivalent to $1.50 in 1994–95 values), increased to $1 in 1978 ($3.00 in 1994–95 values), but discontinued in 1985 as the scheme was considered of doubtful value. Over 120 000 bounties were paid between 1977 and 1985 (G. Pickles, APB, Western Australia, pers. comm. 1994). 

6.2 
Current legal status of feral goats

Legislation seeks to regulate the management of pests in two ways. Firstly, it can set or reinforce the protection goals or the vision of good land use, and thus prescribe the outcomes being sought. Secondly, it can prescribe and regulate how and by whom the pests are to be managed to attain these goals, and is thus concerned with means. The best results in terms of policy and practice evolve under law which clearly distinguishes between the overall objective for land management and the means by which it should be achieved. Legislation which confuses ends and means or elevates the means of achieving a production or land conservation goal to an end are likely to give poor results (Braysher 1993). 

Legislation by itself is not sufficient to ensure efficient and effective management of feral goats. For example, both Western Australia and Queensland have similar prescriptive legislation, but quite different management responses at present.

Feral goats are specifically defined as pests and their management is prescribed in the laws of Queensland, South Australia, and Western Australia. Commonwealth legislation (the National Parks and Wildlife Conservation Act 1975) and that in other states and territories does not define feral goats as a class, usually grouping them as stock, unprotected wildlife, or vermin, and neither law nor policy prescribes any particular action for land managers. A summary of pest legislation is given in Braysher (1993).

6.3
Current management of feral goats

The status of the feral goat in Australian states, territories and areas under Commonwealth jurisdiction is summarised in Table 4.

6.3.1 
Commonwealth

The Commonwealth Government is involved with the management of feral animals directly through its responsibilities as a manager of Commonwealth lands, and indirectly as part of its overview role in developing and supporting pest management policies such as the Vertebrate Pest Program, animal welfare, quarantine, and the various programs associated with the National Landcare Program (Braysher 1993). It is also involved through its responsibilities under the Endangered Species Protection Act 1992, administered within the Australian Nature Conservation Agency (ANCA). For example, ‘competition and land degradation by feral goats’ is listed as a ‘Key Threatening Process’ under the Act, and a nationally coordinated ‘Threat Abatement Plan’ (TAP) is required outlining how to abate this process. These guidelines will be an important process in developing this TAP.

6.3.2 
New South Wales

There is no current management policy for the control of feral goats in New South Wales. A group of pastoral and state agencies presented a proposal at the National Workshop on Feral Goat Management (Freudenberger 1992) to manage goats in the West Darling area. The proposal seeks to manage feral goats as part of a total grazing management program that aims to reduce the impact of goats on pastoral production and conservation values to insignificant levels. A strategy similar to the Western Australian approach is proposed.

Goats are presently opportunistically mustered for slaughter.

6.3.3 
Queensland

Feral goats are declared pests in Queensland under the Rural Lands Protection Act 1985 which prescribes that feral goats must be controlled by the landowner (and Crown) and allows for restrictions on their introduction, and the keeping and selling of feral goats.

The widespread drought in Queensland has focused land managers’ need to reduce total grazing pressure in the mulga lands. Consequently, a major project to control goats in these areas has been started by the United Graziers Association, Cattlemen’s Union, and the Department of Lands with funding support from the BRS. In the longer term it is proposed to manage feral goats as part of a total grazing management program (Thompson and Boyd-Law 1995).

The Queensland Department of Environment and Heritage has an unwritten policy to eradicate goats from national parks, and has a program to do so from some offshore islands in cooperation with the Queensland Department of Lands.

6.3.4 
Australian Capital Territory

Feral goats are managed by the Australian Capital Territory Parks and Conservation Service when they trespass on national parks and reserves (such as in the Namadgi National Park). Feral goats are not declared pests under the Rabbit Destruction Act 1919, so their management on private land is discretionary.

Table 4: Status of the feral goat in Australia.
	
	Commonwealth
	NSW
	QLD
	ACT
	SA
	NT
	TAS
	VIC
	WA

	Status of the feral goat
	Key threatening process
	Can be declared a pest on a regional basis
	Declared pest
	Not declared noxious
	Declared pest
	Stock
	Stock
	Established pest animal
	Declared pest

	Agencies overseeing management
	Australian Nature Conservation Agency
	NSW Agriculture,

Rural Lands Protection Boards
	Department of Lands,

Local Government
	Parks and Conservation Service
	Animal and Plant Control Commission
	Conservation Commission of the Northern Territory
	Department of Environment and Land Management,

Department of Primary Industry and Fisheries
	Department of Conservation and Natural Resources
	Agriculture Western Australia

	Landowner or occupier responsibility
	Threat Abatement Plan to be prepared in consultation with state/ territory governments or other parties with responsibility for land management
	Provision to be declared a pest if landholders cooperate.
	Feral goats must be controlled by landowners. Restrictions on introduction, keeping and selling.
	Discretionary for occupier of land to suppress or destroy.
	Landholders are required to control feral goats. Their release into the wild is prohibited.
	Nil
	Can be controlled if they present a stock disease problem
	A landholder must take all reasonable steps to prevent the spread of, and as far as possible eradicate, established pest animals
	The occupier of any private land shall control declared animals on and in relation to that land

	Relevant legislation
	Endangered Species Protection Act 1992

National Parks and Wildlife Conservation Act 1975
	Rural Lands Protection Act 1989 (1995 Amendment)

	Rural Lands Protection Act 1985
	Rabbit Destruction Act 1919

Nature Conservation Act 1980
	Animal and Plant Control (Agricultural Production and Other Purposes) Act 1986
	Stock Diseases Act 1994
	Stock Act 1932
	Catchment and Land Protection Act 1994

National Parks Act 1975
	Agriculture and Related Resources Protection Act 1976

Soil and Land Conservation Act 1945


6.3.5 
South Australia

All goats are proclaimed under South Australian legislation. The prescribed measures to be taken for their control fit into one of the following categories:

· if the goats are present with the consent of the owner or occupier of the land (that is, are domestic and owned), they must be permanently identified and confined within goat-proof fencing;

· if the goats are present in certain prescribed areas (the Flinders Ranges and most offshore islands, where it is illegal to keep or introduce goats), they must be destroyed or removed;

· if the goats are not identified or not adequately confined, the landholder is obliged to control their numbers; and

· recaptured feral goats cannot be held without a permit.

It is illegal to release goats into the wild in South Australia.

Pastoral zone Soil Conservation Boards, with support from State and Commonwealth Government agencies, have embarked on a program to mitigate goat damage by promoting and coordinating goat control.

6.3.6 
Northern Territory

Goats are classified as stock under the Stock Diseases Act 1994 and the Territory has no general management policy for feral goats. 

Feral goats are not listed as pests in the Territory Parks and Wildlife Conservation Act 1988, but this classification is under review. The lack of definition has allowed people to introduce goats to areas previously free of goats, including islands.

6.3.7 
Tasmania

Unowned goats are defined as feral under provisions of the Animal Health Bill and can be controlled if they present a stock disease problem. If they are causing environmental damage the Department of Environment and Land Management (DELM) is responsible for their control. The short-lived interest in domestic goats during the 1980s resulted in an increase in the number of feral herds in Tasmania. A survey by the Parks and Wildlife Service in 1991 led to the development of a feral goat threat abatement plan and an ongoing control campaign. By June 1995, 55 of the 136 populations located had been eradicated (Atkinson et al. 1995). Some management is done by recreational hunters and DELM has a feral goat control program on Crown land using the Judas goat technique and shooting from helicopters.

6.3.8 
Victoria

Feral goats run wild are declared as ‘Established Pest Animals’ under the Catchment and Land Protection Act 1994 and all landowners (including the Crown) must take all reasonable steps to control them. The National Parks Act 1975 requires the Department of Conservation and Natural Resources to control exotic fauna in national parks. Feral goat populations appear to be small and isolated. The largest has been estimated at approximately 2000. Very isolated populations exist on public land in the north-west (Murray-Sunset and Hattah-Kulkyne National Parks), the south-west (Little Desert and Grampians National Parks) and the north-east (Corryong, Mansfield and Tallarook areas) and Gippsland. There is growing concern about the pest status of goats in Victoria and the Department completed a survey of the problem in 1994 (K. Regan, DCNR, Victoria, pers. comm. 1994).

6.3.9 
Western Australia 

Management of goats in Western Australia is prescribed by the Agriculture and Related Resources Protection Act 1976. This declares feral goats as pests and sets out landowners’ responsibilities to deal with them and to limit their spread. Landowners are also obliged by the Soil and Land Conservation Act 1945 to refrain from actions that may cause land degradation, and pastoral lessees are obliged by the Land Act 1933 to follow the terms of use set out by the Pastoral Board.

Although these Acts bind the land owner/lessee, and if contravened could result in the forfeiture of any lease, they are seldom used. The principal driving force behind attempts to manage goats in the state is peer pressure among land managers. This results in community cooperation and coordination to manage goats, and legislation is only used as a means of last resort when all other attempts to gain cooperation have failed.

Western Australia has a feral goat management program covering most feral herds, and involves mustering goats for commercial sale to achieve the initial knock-down, followed by aerial and ground shooting to attempt to kill the remaining animals.

7.
TECHNIQUES TO MEASURE AND MANAGE ABUNDANCE AND IMPACTS

Summary

Ideally, managers need to understand how goats affect resources so that they can determine how to maximise the benefits compared to the costs of management – if local eradication is not possible or not chosen. The impacts of goats can be measured empirically by manipulating their numbers and measuring the responses of the habitat, or by measuring the abundance of goats and inferring their impact.

Aerial survey is the most useful method to estimate the abundance of feral goats in large areas, although analogous ground-based strip-survey methods are useful in accessible, open, semi-arid areas. Faecal pellet counts and mark-recapture methods are more suited to small or densely vegetated areas where goats are less observable.

Relative abundance is more easily measured than absolute abundance. Changes in kill tallies and catch or kill per unit effort values, when compared across similar control operations in the same area, can be used to infer changes in the density of goats.

High density goat populations in accessible, semi-arid areas are best reduced initially by mustering or trapping at water so that the costs of control can be offset by the sale of the captured goats. Where this is not practical because there are too few goats, shooting from the air or ground is the next most efficient control method. Aerial shooting from helicopters is the best method in difficult terrain, and/or at low densities. Management of very low density colonising or remnant populations of goats is facilitated by the use of radio-tagged Judas goats, and the method can be used to achieve eradication of such populations – at least from small areas. Fences have been used to exclude goats from some areas. Sedatives and poisoned baits or water supplies have been trialed, but at present poisons are used only in Western Australia.

It is important that the advantages and disadvantages of each control method be carefully considered before use, and the relevant codes of practice followed. Usually, no single control method will be suitable or most efficient for long-term sustained management operations, and a combination of techniques must be used. 

7.1
Measuring abundance

Many methods are potentially available to measure the abundance of feral goats. These range from techniques that estimate total population size, to indices of density used to estimate trends in numbers. 

7.1.1 
Aerial surveys

Counting goats from aircraft is a rapid and cost-effective survey method particularly for large areas. The standard method involves two observers to count goats seen on a transect whose width is determined by two streamers attached to the wing strut of a fixed wing aircraft flying at set height and ground speed along transects of variable but known lengths (Caughley and Grigg 1981). The precision (standard error) of estimates of minimum population sizes are reasonable when measured over large areas (SE = 

7-18%) for sampling intensities of 0.7%, which is two flight lines across each degree block of land (Southwell et al. 1993; Grigg et al. 1993). The accuracy and repeatability of estimates depend on the extent of standardisation of transect widths, aircraft heights, observer skills in spotting and counting goats, the bias caused by the proportion of goats present on the transect but not seen, and the number of goats counted.

The following guidelines are recommended for surveying goats:

· In flat or undulating terrain the standard method should be used, with a flight height of 75 metres and a ground speed of 185 kilometres per hour (100 knots), or at least kept constant between surveys if this standard cannot be met with available aircraft. A search width of 400 metres (200 metres on each side of the aircraft) is used.

· In steep terrain changes in aircraft orientation and altitude mean a constant transect width cannot be ensured. It is recommended that the flight elevation be increased to 150 metres, and the observers be trained to subjectively search a transect about 500 metres wide and search in front and behind the flight path as well as at right angles to it. Sampling along the transect, and randomisation of its location are also recommended (Caughley 1977), although flying across the grain of the country will often have the same effect and is much simpler.

· Goats are often seen in large groups and an accurate census from the air is impossible. Observers who feel unable to usefully estimate the number of animals in a group, and who consider that this deficiency will significantly affect the population estimate, have two options: if the terrain is open an aerial photograph can be taken and the goats counted later; or the standard survey can be interrupted and the goats counted by circling the group.

The raw count can be used as a index of goat density and can measure population trends if the biases caused by changes in observability are assumed constant between measurements. 

The bias caused by animals present but not seen can be large. Only 29% of black rhinoceros (Diceros bicornis) present were counted in grassland/scrub areas in Africa (Goddard 1967). Worse, numbers of unseen animals can be large and variable as shown in New Zealand where between 25% and 65% of Himalayan thar (Hemitragus jemlahicus) present in alpine areas were counted in five aerial surveys (Parkes 1988). The suitable correction factor for feral goats is known for only two areas in Australia. In the steep and dissected north Flinders Range (South Australia) it is estimated to be 1.33 (R. Henzell, unpublished data), indicating that 75% of the goats present were seen. At Yerilla (Western Australia), a trial using radio-telemetry indicated a correction factor of 1.89 (D. King, APB, Western Australia, pers. comm. 1993), suggesting that only 53% of the goats present were seen. Again in Western Australia, a survey-muster-survey trial produced correction factors of 1.00 for areas with low vegetation cover, and 1.55 and 1.95 for those with medium and high cover respectively, from which a statewide average of 1.68 was calculated (Smith 1994). These correction factors were found to reflect results from similar survey-muster-surveys conducted in Queensland during 1994–95 by the Department of Lands. The bias will depend on the terrain, vegetation cover, colour and group size of the goats, and on their behaviour during the day and response to climatic conditions.

Aerial survey techniques are evolving, with the use of Global Positioning Systems (GPS), which have revolutionised aerial surveys by allowing accurate and repeatable navigation in featureless terrain. When coupled with on board computers in the aircraft, these allow survey data to be directly entered into a Geographical Information System (GIS) which enables rapid analysis of the interaction between feral goat populations and their various habitats (Lee et al. 1995).

Aerial surveys for goats should be conducted at cool times of the year, or during the early morning in hot weather, and in fine weather, namely, at times when fewest will be sheltering from the heat or rain.

	Aerial surveys

	Advantages
	Disadvantages

	· Suitable for large-scale
	· May be biased and reliable correction factors are not always available


7.1.2 
Ground surveys

Formal estimates of population size can be made using counts along transects by methods analogous to the aerial surveys. Unlike most aerial transects, however, the ground transect method does not require a set transect width, the only requirement being that the distance of each goat from the line of march is measured, and the only assumption being that all goats on the line of march are counted. The bias caused by unseen goats is calculated empirically from the way goat visibility declines with distance from the observer. Stratification of the transects based on best-guess estimates of goat densities is recommended to improve the precision of the method (Burnham et al. 1980; Southwell 1989), but is not essential.

Long-term trends in numbers can be estimated by repeated censuses on the same area of observable country (Tustin and Challies 1978).

An informal equivalent of the transect technique can be used by pastoralists during their routine activities. The number of goats seen when travelling along regular routes can be noted and trends in this index of density interpreted. This method has obvious drawbacks since the transects will rarely be random, usually biasing counts towards water points and away from rough or densely-vegetated areas. However, if taken routinely and over a long period, the resulting indices should be sufficient for many management purposes. Similarly, counts made only at water mills are an informal equivalent of set-area census methods. Such counts are reported to be too variable to give short-term measures of trends in numbers, and must be made at the same time of day to allow for the distinct diurnal pattern of use shown by goats; most drink in the middle of the day in cool weather (Henzell and McCloud 1984), and in the early morning and late afternoon or evening in hot weather.

	Ground surveys

	Advantages
	Disadvantages

	· Informal methods can be used by pastoralists


	· Few methods are calibrated for goats

· Usually gives an index rather than an absolute estimate of density


7.1.3 
Mark-recapture methods

Counts of the proportion of tagged individuals in samples of a population after a known number of tagged individuals were added, or counts of the proportion of a certain class of animals (such as black goats) in the sample of the population after a known number of that class were removed or added can be used to estimate the size of the population (Seber 1973).

Some assumptions that must be fulfilled before these methods give accurate estimates are that the tagged animals must mix with the untagged at random, they must have the same probability of being captured and of being seen (or recaptured) as untagged animals, and the population must be closed with no immigration or emigration – or else these biases must be measured.

One such estimate, the Petersen method, has been trialed in a 234 square kilometre area of sheep range in South Australia, where 96 goats were tagged and 1829 goats were later sighted over five days of counts. The estimated population size of 1020 goats was thought to be accurate as similar densities were known (from shooting tallies) to occur on adjacent land, and it was reasonably precise (SE = 

 169 goats at 95%) (Henzell and McCloud 1984).

One possible variation on the general method of using proportions might be to count both sheep and goats. Assuming that the two species mix at random and that the total number of sheep in the area is known, such that they act as the tagged sub-sample, the number of goats can be calculated. Faecal pellet distributions had a strong positive correlation in a study conducted in flat country, suggesting that sheep and feral goats use the same parts of rangelands (J. Landsberg, CSIRO, Wildlife and Ecology, Canberra, pers. comm. 1993) (Section 7.1.5). This correlation does not show that sheep and goats always use the same areas at the same time. In hilly areas, their distributions often differ.

	Mark-recapture methods

	Advantages
	Disadvantages

	· Allows great flexibility of experimental design
	· Can be expensive 

· Assumptions are often difficult to meet

· Research tool rather than management tool (but see the sheep/goat suggestion)


7.1.4 
Changes in kills per unit effort

Changes in the number of goats killed in an area over time can be used as an index of changes in goat density (Parkes 1990a). The assumption for a linear relationship to hold is that neither the unit of hunting effort nor the behaviour of goats changes – an unlikely combination, but taken over a long sustained management campaign, kill-rate provides good evidence for management decisions.

Kill-rates plotted against cumulative kills from repeated hunts over the same area during a short control operation (where there are few changes due to recruitment and losses from other mortality factors) can be used to estimate the size of the population since the plotted line cuts the x-axis at the estimate (Leslie and Davis 1939; Zippen 1956). The method was tested during an eradication campaign against feral goats in a forest/grassland habitat in New Zealand, and gave good predictions of the number of goats originally present and so the number remaining at various stages of the operation (Brennan et al. 1993). 

7.1.5 
Faecal pellet counts

The density of faecal pellets will depend on the density of goats, and the rate at which pellets are added to and decay from the area. The standing crop of faecal pellets can be used as an index of goat density, and if the number (or weight) of faecal pellets an average goat produces in a day is known, and the recruitment and decay of pellets measured, the density of goats can be calculated (Putman 1984). 

It is possible to estimate the daily production of faecal pellets by goats either by direct sampling on cleared plots from populations of known size or indirectly from dry matter eaten/digestibility calculations (J. Landsberg, CSIRO, Wildlife and Ecology, Canberra, pers. comm. 1993). The number of pellets produced per goat per day will depend on the digestability of the feed. If this varies, appropriate correction factors will need to be introduced to prevent bias in the estimate. Further, the method can give dubious results for feral goats unless care is taken to avoid, or to appropriately sample, extreme aggregations of goat pellets at camp or latrine sites.

Dung will be most useful in conservation areas or where cattle but not sheep are grazed; since goat and sheep dung cannot easily be distinguished. Although mathematical techniques have been developed to attribute to goats and sheep the dung that cannot be distinguished (Landsberg et al. 1994), they are not easy to use. If the number of sheep is known, however, the amount of dung deposited by goats can be calculated from the difference between the total amount of dung and the amount estimated to be deposited by sheep (Section 7.1.3).

Sequential interval measurements can be made if, following each collection, a sample of recently defecated dung from each herbivore is collected and put onto the ground in an area from which the herbivores are excluded. When dung is next collected, the appearance of this aged dung is used as a reference against which to collect only dung deposited since the last collection. 

7.2 
Measuring impact

Impacts can be defined and described in many ways depending on the nature of the resource being affected. State government agencies use range monitoring systems to measure range condition, and these could be used to measure the impact of feral goats. Many of these systems measure plant biomass and floristic composition. The preferred method for goats should be based on the method used in the particular state or territory, possibly modified to allow measurement of the effects of goats on browse and rocky habitats. Three additional ways to measure impact are described below: a method to measure the total herbivore carrying capacity and thereby goats’ contribution to it; financial impact of goats on pastoral profits; and an experimental method of measuring impacts using exclosures.

7.2.1 
Measuring the contribution of goats to mammalian herbivore grazing pressure

The capacity of dry rangeland to sustain the larger mammalian herbivores can be estimated by assuming the relationships between the biomass of large herbivores and rainfall as measured in Africa apply equally to Australian pastoral areas with an annual rainfall assumed to be 240 millimetres. Three estimates of carrying capacity (K) for large herbivores, measured as goat-equivalents (a goat weighing 33 kilograms) for Africa are:

· Southern Africa, K = 36 goat-equivalents per square kilometre. This was calculated from the relationship between herbivores over five kilograms and rainfall (Coe et al. 1976):

log10 (herbivore biomass) = 1.552 log10 (rainfall in millimetres) - 0.62

· North Africa, K = 25 goat-equivalents per square kilometre and K = 20 goat-equivalents per square kilometre for an area in the Mediterranean Basin and one in the Sahelian/Sudanian area, respectively. These were calculated from equations relating feed units (F) per square kilometre to rainfall in millimetres (R) (le Houerou and Hoste 1977):

F = 32R1.09, for the Mediterranean Basin

F = 42R1.001, for the Sahelian/Sudanian area.

One feed unit is 1650 kilocalories, and a 33 kilogram goat requires 496 feed units per year to maintain itself under a medium activity regime and reproduce. This figure is calculated from estimates of energy required for maintenance and growth of goats (National Research Council 1981).

Bell (1982) argued that the estimates made by Coe et al. (1976) were taken from more fertile areas, and so would certainly overestimate K for the Australian rangelands. The estimates are also based on the assumption that the effects on rangeland of a suite of large herbivores equal those of the same biomass comprised entirely of goats. This is true if the collective impact of all the herbivores resembles that of generalist herbivores like the goat.

Given a range of large-herbivore carrying capacities of between 20 and 36 per square kilometre as calculated above, and feral goat densities of up to 40 per square kilometre, goats alone can exceed the total large herbivore carrying capacity, but in areas of average densities of 1.9 goats per square kilometre they form between 5 and 10% of the carrying capacity.

7.2.2 
Impact of goats on sheep production

Given appropriate assumptions, it is possible to estimate the impact of feral goats on sheep production (Henzell 1989; and Sections 4.1.2 and 8.4.5).

7.2.3 
Exclosures

Careful experimental design is needed if results from exclosures are to be of use.  Their size, location, security of site tenure, number of replicates, initial comparability of plots (including untreated plots), and how the vegetation is sampled can all affect the validity of the results. 

Some experiments aim to exclude all large herbivores. The effect of grazing on pasture production or on other short-term processes can be measured by comparing growth inside and outside small, portable exclosures. As the extra plant biomass in the exclosure will itself sooner or later affect the processes being measured, the small exclosures must be regularly moved to new locations to make valid comparisons with the unfenced control plots. Design and location of plots to exclude herbivores for long-term studies, such as those used to assess growth and regeneration of perennial vegetation, needs careful consideration of their size and security of site tenure.

Fences that exclude various combinations of herbivores can illuminate the impact of feral goats. Fence designs which exclude some herbivores but let others pass are shown in Pickard (1992). In some experiments using selective fences the grazing pressure of the species allowed inside can be higher than that of the same species outside the fence (R. Henzell, unpublished data). 

7.3
Control techniques

There are numerous methods available to reduce the impact of feral goats. Those that are regularly used or have been used in Australia are summarised, and their advantages and disadvantages noted. Specific animal welfare issues are noted in the advantage/disadvantage tables, and discussed more fully in Section 5.4. The relevant codes of practice for the welfare of animals should be followed (Australian Agricultural Council 1991a, 1991b).

7.3.1 
Limiting the introduction of goats

Exclusion is the simplest solution to a pest problem – no pests, no problem. Feral goats are probably now present in most suitable habitats in the pastoral lands (Chapter 2), but are not present in all suitable areas of native vegetation in the higher rainfall (agricultural) regions, and are absent from most islands. Further, if landowners are successful in present attempts to eradicate feral goats from local areas they should ensure no one else reimports goats to the area.

Western Australia, Queensland, and South Australia have laws that can be used to prohibit the holding or release of goats in specified areas. 

7.3.2 
Mustering

Mustering reduces goat populations and has the additional advantage that costs can be offset from the sale of captured goats. However, mustering may not always be as effective as it has been perceived. In Western Australia, G. Pickles (unpublished) found that only 30–40% of populations are taken in an average muster, although the figure can be much higher, particularly when goat densities are high and the efficiency of aerial mustering is highest. In one operation in the northern Flinders Ranges, 1600 goats were caught out of an estimated 2000 present in the 50 square kilometre area, representing an 80% clearance (Henzell 1984). But mustering and trapping for commercial harvest becomes uneconomic once populations are reduced to densities below about one goat per square kilometre (Henzell 1984), and there is evidence (Section 3.4.4) that some populations have increased despite mustering, so other control methods must be used (Sections 4.4 and 8.4.2).

Many landholders muster opportunistically when they notice a large group of goats on their land. The advantage of this approach is that it makes mustering easier because the goats are aggregated into a single large mob, thereby reducing the area that must be searched and the number of mobs that must be brought together. If this meets the management objectives, the approach is satisfactory. But goats do not always aggregate into large mobs, and so opportunistic mustering can lead to goat numbers building to undesirably high levels before mobs are large enough to trigger a muster. The opportunistic approach needs to be combined with monitoring (either of resource degradation or goat numbers) so control takes place at suitable times.

Two general methods are used to herd goats into yards. Helicopters or light aircraft are often used to flush goats out of rough country or move animals closer to the yards. Thereafter, or as a sole method in accessible country, goats are herded into yards by people on horses or on motorbikes usually with the aid of one or more dogs.

Ground mustering of feral goats on Woody Island in Queensland probably reduced the goat population by about 80% (Allen 1991).

The main welfare concerns about commercial exploitation of feral goats centre on conditions of their capture, transport, and slaughter. The Sub-Committee for Animal Welfare (SCAW), of the Animal Health Committee of the Standing Committee of Agriculture and Resource Management, addresses some of these issues in codes of practice. The main principles as they relate to goats are:

· goats should not be driven to the point of collapse;

· use of goading devices and dogs for the handling and moving of goats should be limited to the minimum necessary to complete the procedures (and SCAW is currently considering recommending that dogs not be used with goats);

· transportation conditions are prescribed. Most feral herds are a long way from abattoirs or ports which can cause significant welfare problems unless care is taken to minimise stress. The Code of Practice for road transport of livestock is seen as inadequate by NCCAW and is being revised. Transporters may need some form of registration conditional upon their adherence to the revised Code;

· goats stored at abattoirs need to be penned adequately and have shelter from adverse weather (and SCAW is currently reviewing slaughtering procedures for goats); and

· about 50 000 goats are exported alive by sea or air. There have been instances of high mortality of goats both in sea and air transports, but recent (1992) rules developed by an AQIS working group (see O’Flynn 1992) are aimed at solving problems.

	Mustering

	Advantages
	Disadvantages

	· Sale of goats can offset costs of control

· Can be done by landowners
	· Has several welfare problems

· Only economic and efficient at high goat densities


7.3.3 
Trapping at water

Goats in semi-arid and arid areas must drink during dry times, and thus must concentrate around water where they can be trapped. Traps are goat-proof fences surrounding the water point with a variety of one-way entrances. Spear gates, swinging one-way gates, or jump-down ramps (one-metre-high jumps are recommended) have all been used (Henzell 1984; Diver 1991; Sullivan 1992; Agriculture Protection Board Infonote 21/91).

For example, eight traps built on Chowilla Station (near Renmark) caught 3200 goats over two years. The return of $7 per goat in 1984 more than paid for the cost of the traps – $300 for materials and about four days of labour per trap. The approximatly equivalent value in 1994–95 is $12 per goat, against $500 for materials.

The reliance of goats on water, particularly that provided by people during dry periods, is a critical weak-point in the feral goat’s normal resilience to management, and integration of control tactics, including trapping, to exploit this weakness allows strategic options such as eradication to be considered over extensive areas (Section 8.4.2).

Fencing some water points with solar-powered electric fences forces goats to use others where trapping is more convenient. This technique is used to trap feral horses (Dobbie et al. 1993). However, a few goats are apparently so faithful to one water supply that they will die rather than move and search for another (McRae 1984). This behaviour has obvious animal welfare considerations, and exclusion fencing requires some further research before it can be recommended. Traps must be cleared regularly to avoid starvation and stress, and operated only during the daytime to avoid catching macropods.

	Trapping at water

	Advantages
	Disadvantages

	· Sale of goats can offset costs of building and maintaining traps

· Can be done by landowners

· The traps can also be used to muster sheep
	· Has several welfare problems

· Can only be used during dry times

· Ineffective where extensive bodies of permanent water are present


7.3.4 
Shooting from the ground

Shooting goats from the ground is mainly used in forested areas, and in such areas, ground hunters may also use trained dogs to indicate, track, or bail goats (Parkes 1990a). The method is also successful in the more open pastoral areas, especially when goats are forced to visit water points, although too much harassment can lead some goats to find other water sites or to drink at night.

Ground shooting alone has eradicated goats from many islands (Parkes 1990a), and has reduced populations by over 90% in other areas (Parkes 1983). In one example from the Gammon Ranges National Park (South Australia), 78 volunteer hunters killed over 3400 goats in about 1000 square kilometres of rugged country at a cost (excluding labour) of about $10 per square kilometre (Dodd and Hartwig 1992). The proportion of the population killed was not known, but the operation’s effectiveness was reduced half-way through when rain allowed the goats to avoid water points. These costs are minimal compared with those to sustain low goat densities in New Zealand forests where annual costs of ground hunting (including all overhead costs) of up to $400 per square kilometre are usual (Parkes 1992).

Animal welfare rules should be followed when shooting feral goats (Mawson 1991). The goats should not be chased or harassed prior to being shot, and at least a .222 calibre rifle should be used (50-grain, soft-nosed bullets are recommended) by experienced hunters. The side-on head shot is the preferred target area, although heart shots are acceptable. This means goats must only be shot when in range of a lethal shot and visible; they should not be shot from moving vehicles; and must never be used as targets to sight-in rifles. Shot animals should be checked to ensure they are dead, and every effort must be made to locate and destroy wounded animals. Unwanted goats in stock yards can be shot with .22 calibre rifles with 40‑grain ammunition, or with pistols.

	Shooting from the ground

	Advantages
	Disadvantages

	· Proven method

· Can target particular goats
	· Requires some skills to ensure humane kills


7.3.5 
Shooting from the air

The use of helicopters to search for animals and as a shooting platform is now a common technique to control many pest species. The method has been used to manage feral goats at both high and low densities, but is particularly useful to manage goats living in areas inaccessible to ground hunters. In Australian pastoral areas, the method is mostly used to manage low-density populations, or to remove survivors of other control campaigns (Sullivan et al. 1992). Another method is to use small fixed-wing aircraft to locate the goats and relay their location to the helicopter using Global Positioning Systems.

Costs vary with the initial and target density of goats, habitat, weather, and the type of helicopter used (Table 5).

Table 5: Costs and effort of some aerial goat control operations.

	Operation
	Area (km2)
	Helicopter type
	Hunting effort (hours)
	Number of goats killed
	Cost
	Cost/km2
	% reduction
	Reference

	Western Australia
	175 600
	Bell 47
	2354
	152 367
	$1 090 482
	$6.20
	70% (approx)
	Pickles (1994–95 unpublished)

	Gammon Ranges
	1000
	Robinson 22B
	28
	2800
	$11 060
	$11.06
	<45%
	Naismith (1992)

	Arkaroola (Flinders Ranges)
	130
	Bell Jet Ranger
	20
	900
	$31 260
	$240.50
	>99%
	Henzell (1981)


a Includes salary costs and most of the area was hunted three times.

NCCAW accepts that shooting from helicopters is the most efficient method of culling animals in rough country, and notes it can be humane if done by trained shooters with suitable weapons. There is concern that in some states that there are no legal controls over who may do this, although most government agencies require shooters to have been appropriately trained. For example, in Queensland all government employees involved in shooting pest animals from helicopters are first trained at a shooting school run by the Department of Primary Industries. The use of untrained personnel is contrary to the Code of Practice (Australian Agricultural Council 1991a) and should not be condoned.

	Shooting from the air

	Advantages
	Disadvantages

	· Can locate goats in inaccessible terrain

· Can cover large areas
	· Requires skilled pilots and shooters

· Can be expensive


7.3.6 
Judas goats

The use of radio-telemetered individuals to locate animals with which they associate has been developed as a control technique for strongly social species such as goats (Henzell 1987; Taylor and Katahira 1988; Allen 1991; Williams and Henzell 1992). The radio-telemetered ‘Judas’ goat joins up with, and is used to locate, groups that are difficult to find by other methods. This means that the technique is usually used for low density populations or for survivors of other control campaigns that have become particularly wary.

Generally, it is best to use local feral goats as Judas animals because they are familiar with the area and are already part of the social structure of the target goats, resulting in less stress and minimising the risk that the Judas animals will disperse out of the target area. It is often useful, particularly in forested or scrubby habitats, to mark the Judas goats in some way, such as with coloured dye on white animals, to minimise the risk of the Judas animal being shot by mistake.

The method has been used to eradicate local populations of feral goats in Australia, for example, in small areas of the Adelaide Hills in South Australia, (Henzell 1987; Williams and Henzell 1992); and on Woody Island in Queensland (Allen 1991). It has not been used to eradicate goats in flatter semi-arid pastoral areas, but has been used to control them in similar terrain in Hattah‑Kulkyne National Park in Victoria (Henzell 1987).

The use of helicopters to locate and shoot animals associating with the Judas goat has not been trialed in Australia, but is used with success in high altitude grassland/scrub habitats in New Zealand (Hondelink 1992).

	Judas goats

	Advantages
	Disadvantages

	· Makes location of sparsely distributed or wary goats easier

· Ideal if eradication is the aim
	· Requires expensive equipment and skilled operators


7.3.7 
Poisoning

Some techniques to control feral goats based on poisons have been successful in New Zealand, but others have failed. Smearing 1080 in a gel or grease onto leaves of palatable plants killed over 90% of goats in one trial (Parkes 1983), but pelletised grain baits that were palatable to penned goats were eaten by only 25% of feral goats in a trial that spread the baits by helicopter (Forsyth and Parkes 1995).

Neither method is suited to most Australian conditions, partly because of the general lack of suitable highly-preferred plants, but also because of the risk to non-target animals, and because the methods are generally not legal. 

A technique to kill feral goats by adding 1080 to water troughs was trialed in Western Australia (Norbury 1993). This trial showed that goats could be killed with minimal non-target risks by designing the troughs to exclude birds and providing them with alternative water, by excluding domestic stock, and by poisoning between 8.00 am and noon to reduce the risk to macropods. Toxin concentrations of seven milligrams per litre of water were sufficient to kill most goats – thirsty goats can drink up to 20% of their body weight of water (Yousef 1988), and the LD50 for goats is 0.5 milligrams of 1080 per kilogram (McIlroy 1983). Other poisons have been used in this way, but these are illegal. The risk to macropods could be further reduced by the use of a selective watering device, such as the Finlayson trough (Norbury 1992), although they are ineffective unless installed on all the waters in the area. Following a public environment review (Agriculture Protection Board 1993), this technique, under strict regulations, is now being used in Western Australia. 

Poisoning ungulates with 1080 appears to be relatively humane, compared with other poisons and with the effects of 1080 in canids (Batcheler 1978). The main problems that would need to be solved before 1080 could be used more widely against feral goats in Australia are associated with non-target risks. More research needs to be done in this area before any poisoning technique could be recommended. The use of 1080 is banned in some parts of Victoria (the Strzelecki Ranges), and is to be phased out for control of browsing animals in Tasmania over the next seven years (M. Statham, Department of Primary Industry and Fisheries, Tasmania, pers. comm. 1994).

	Poisoning

	Advantages
	Disadvantages

	· Can place all target animals at risk
	· Many non-target problems in Australia

· Many methods and toxins are illegal or not registered for this use


7.3.8
Sedation followed by removal or shooting

Goats free-fed on bait material such as grain might then be able to be immobilised with bait to which a sedative such as valium has been added. Veterinary supervision of the use of the sedative might be required. Holst (P. Holst, NSW Agriculture, New South Wales, pers. comm. 1993) recommends the use of tobacco as an attractant. The technique has not yet been used routinely against goats, but is used illegally to poach deer. Most animals tolerate considerable overdoses and can be left to recover, but might need protection from the elements and predators. Initial trials in South Australia have been promising, but further development is needed (R. Henzell, unpublished). If effective, this technique could avert many of the animal welfare concerns associated with poisoning or trapping at water.

	Sedation

	Advantages
	Disadvantages

	· Relatively inexpensive

· Has few welfare implications
	· May require veterinary assistance or supervision


7.3.9
Fencing

Fences are expensive ($18 000 per kilometre for a goat fence on Arapawa Island, New Zealand, Cash and Able 1994) and are eventually breached by feral goats. Therefore, it is important that managers have a clear strategic and tactical purpose before using fences to manage feral goats. 

· Fences have been used to limit the dispersal of goats or to break up large land areas into manageable blocks during eradication campaigns on Maui and Hawaii Islands (Baker and Reeser 1972).

· Fences have been used to exclude feral goats from some water points to concentrate them at others where they can be trapped (Section 7.3.3).

· Fences are used to constrain captured feral or domestic goats.

There are several recommended designs for conventional and electric fences to constrain domestic goats for normal Australian conditions (Lund and May 1990; Markwick et al. 1992). Agriculture Western Australia specifies fencing standards for feral goats that are to be held in agricultural areas, and the fencing for redomesticated goats must be approved by a Board officer (Infonote No. 34/91). A much higher standard of fencing than is customarily used for domestic goats will be needed if a high degree of security against feral goat entry is required, including possibly double fencing.

There are no areas of mainland Australia where goats are currently absent and exclusion fencing is a potential management option. The construction and maintenance of such fences would be prohibitively expensive. Eradication rather than containment is the most permanent and cheapest way of dealing with small colonies of feral goats which have the potential to expand their range into unoccupied territory (Section 8.4.2).

Conventional boundary fences

A 1070 millimetre high fence containing 7/90/30 or 8/90/30 prefabricated material and topped with a single strand of plain or barbed wire is recommended as a secure boundary fence. All prefabricated material should be attached to selvedge wires top and bottom. The gap between the ground and the bottom wire must be no more than 50 millimetres, and if added security is needed a skirt of rabbit netting can be attached and held down with rocks to prevent small goats from pushing under the fence. Surface irregularities need to be filled or blocked. Spacings between the vertical wires should be at least 300 millimetres. Smaller spacing (for example in 8/80/15 pig fencing) should not be used as goats get their heads stuck. Wooden diagonal bracing posts can be climbed by goats, so galvanised pipe angle stays, and wire or iron rod crossbraces are recommended on end assemblies.

Electric fences

An electric fence with six lines, three energised wires set alternately with three earthed wires, is recommended for boundary fences. A live bottom wire can be used in areas with limited pasture growth. Goats can be trained to respect electric fences, and herds that are so trained can be restrained with a single electric outrigger about 230 millimetres above the ground attached to a conventional fence.

	Fencing

	Advantages
	Disadvantages

	· Can limit dispersal

· Useful during control campaigns to compartmentalise larger areas

· Fences can be used to exclude goats from some water supplies and force them to drink at sites where they can be trapped
	· Fences will always be breached eventually, thus they are tactical, not strategic, weapons

· Effective fences are very expensive


7.3.10 
Habitat manipulation

Successful pest management has sometimes been achieved, generally inadvertently, by changing the habitat to make it less suitable for the pest. For example, removal of scrub and weed areas and changing pasture grasses to taller species has removed cover and favoured habitat for rabbits and reduced their impacts over most of New Zealand (Gibb and Williams 1990). A second more extreme version of habitat manipulation is to remove the valued resource to a place without the pest, such as through the translocation of threatened species to pest-free areas (Bell 1989).

The ultimate limiting factor for all animals in semi-arid areas is water. Manipulation of goats’ access to water is a potential method to manage their numbers – and that of other herbivores. Management of artificially supplied water may be the key to sustainable use of the semi-arid rangelands (Department of Lands 1992) by such means as replacing open bore drains with water piped to troughs. Open drains make stock management more difficult, allow feral and wild herbivores to exist in places they would not otherwise find suitable, favour the spread of woody weeds, cause salination of the surrounding land, and waste water through evaporation (which may also concentrate flourides, making the water undrinkable). 

Complete closure of artificial water supplies, for example in conservation areas, might be an option, particularly after most unwanted herbivores had been removed by some more humane control technique. Closing access to some water points may be tactically justified in order to force feral goats to other water where they can be more easily mustered, trapped, or shot such as occurs with feral horses (Dobbie et al. 1993).

7.3.11 
Biological control

In principle, biological control of pests can result in continuing benefit following the single management action of releasing the control agent. Acceptable examples of biological control for mammals are rare, and no natural pathogen to manage feral goats in Australia is available and acceptable. Most exotic diseases and parasites of goats that might be candidates as control agents would not be welcome in Australia because of their likely effects on domestic animals. 

One effective biological control against goats is already present in Australia, the dingo and wild dog (Section 2.4.3). Dingoes are being used experimentally in an attempt to eradicate feral goats from offshore islands (L. Allen, Department of Lands, Queensland, pers. comm. 1995). However, the consequences to the grazing industry through predation on sheep of reintroducing dingoes or dogs to mainland areas with feral goats would undoubtedly outweigh the benefits of removing goats.

Biological control agents that act on fertility rather than mortality are favoured in principle by animal welfare agencies. Genetic engineering could be used to induce a species’ immune system to attack its own reproductive cells, preventing fertilisation (Tyndale-Biscoe 1994). Attempts are being made to develop this technique for use against rabbits and foxes, and if successful it could then be considered for feral goats. Although domestic goats would also be affected, it might be possible to make the technique species-specific, so other domestic stock would not be. The cost of immunising domestic goats would therefore be much less than for most exotic diseases whose introduction could be contemplated. However, the technology to do this does not currently exist, and the research to develop it would have many problems including ethical concerns. No such biocontrol agent has yet been developed for any pest species.

7.3.12 
Other techniques

Various other control techniques have been tried or suggested. Kill snaring (Parkes 1984) is not recommended on animal welfare grounds. Chemical contraception has been supported by animal welfare groups (Russell and Pope 1993) and although it may be possible to develop a suitable method to restrict breeding, such methods are not currently available (Bomford 1990). Research is, however, being undertaken for the control of white-tailed deer (Odocoileus virginianus) in the USA (Kreeger, in press) which, if successful, might have application to feral goats one day.

7.3.13 
Integrating control tactics

The most efficient and effective control method will often depend on the density of pests and the particular circumstances operating at each place. Therefore, it is often best to change tactics or the mix of tactics as a goat management operation proceeds to reduce their numbers and to be flexible about which method is best. It is also necessary to apply these techniques in the context of the strategic aims of the operation (Chapter 8).

For example, in pastoral areas the order in which control techniques are applied might vary depending on whether there are conditions of drought or plenty, and the application of some methods might depend on whether local eradication, strategic management or commercial management was the aim.

8.
THE STRATEGIC MANAGEMENT APPROACH AT THE LOCAL AND REGIONAL LEVEL

Summary

The four components of the strategic approach to feral goat management at the local and regional level are: defining the problem; developing a management plan; implementation and monitoring; and evaluation.

The first step in developing a management strategy for the local and regional level is to define the problem. This means that the land management outcome of concern, be it loss or decline in vegetation, soil loss, or decreased production, needs to be determined and the boundaries of the problem described. A number of factors can influence this, including other pests, weeds, climate and soil fertility. These need to be put in context with the damage caused by feral goats. This requires determining the economic and/or environmental impact of goats, preferably directly, or indirectly measuring the abundance of goats and inferring their impact.

The second step is to develop a management plan. In doing so, clear objectives must be set in terms of the production or conservation outcome being sought. In considering a plan, there are a number of management options. The approach recommended is flexible management, in which the plan can vary in response to changes in conditions, and refined in light of experience. Options for goat management include local eradication, strategic management, commercial management or no management. A management strategy may be determined, based on the objectives, management options and performance criteria.

The third step, implementation, is dependent on group action for success, and the people who will benefit from the management or have some stake in the outcome should be consulted and be an integral part of the management program. Ideally it should be a cooperative action. Government agencies in their roles as policy formulators, regulators and land managers must be closely involved in the implementation.

The fourth and key step is monitoring and evaluation. The efficiency of the operation needs to be monitored to ensure that the management plan is executed in the most cost-effective manner. For example, aerial muster might be poorly or well organised, greatly influencing the efficacy of the muster. Monitoring will help pinpoint the inefficiencies and in this way, the control strategy may be continually refined. In addition, the effectiveness of the program in achieving the objectives (whether it be increased production or reducing feral goat environmental impacts) needs to be monitored so that the objectives might be modified if necessary in light of further knowledge and experience.

Economic frameworks are needed to assist in the assessment of the relative value of alternative control strategies. Such frameworks require: a definition of the economic problem; data on the relative costs and benefits of different goat management strategies; and an understanding of why the actions of individual land managers may not lead to optimal levels of goat control and how such problems can be addressed.

Two case studies (in Western Australia, and in the Flinders Ranges in South Australia) provide examples of existing goat management schemes embodying many of these strategic management concepts.

8.1
Economic frameworks

Economic frameworks can assist managers assess the relative value of alternative control strategies for the pest problem and the relative benefits compared with other risks that must be managed. Such frameworks require: definition of the economic problem; data on the relative costs and benefits of different goat management strategies; an understanding of why the actions of individual land managers may not lead to optimal levels of goat control; and assessment of the means by which governments might intervene to overcome identified market failures. Land managers can use such economic frameworks to select the most appropriate goat management strategy for their circumstances. 

Land managers who wish to determine the optimal economic strategy for managing a problem caused by goats could use the stepwise approach outlined in Appendix C. Ideally, land managers could use this approach to optimise the control effort, but often budgets are constrained by competing demands and sub-optimal amounts are available. The approach also works in these cases, but managers have to prioritise where control will be conducted. How they do this will depend on the goal of control and the relative threat and manageability of the goats. Accurate information will almost always be absent to support many of the decisions needed for this process and managers will often have to make ‘best guess’ estimates. However, the process will give defensible decisions especially if they are empirically tested by monitoring the outcomes. For example, managers will need to estimate the losses caused by goats, both immediate, through competition with stock for food and other resources such as shelter and water, and longer term, through contributing to land degradation and hence losses in future productivity or conservation values. Future losses may need to be discounted. The costs of control would also need to be assessed, examining different control strategies to see which are cheapest and most effective. Alternative options and opportunity costs would also need to be examined. For example, it may be more economically profitable to manage goats as a resource and harvest them for sale, rather than consider them as pests and spend money reducing their density (Section 4.1.2).

Before economic frameworks could be used to assist meeting conservation goals, it would be necessary to estimate the economic value the community places on the conservation of native species and communities threatened by goats. The cost and effectiveness of implementing goat control techniques to protect conservation values would also need to be assessed, so that the most cost-effective goat management strategies for meeting community conservation goals could be determined. An example of market failure could occur if the community placed a high value on goat control on private land to prevent land degradation, but most individual land managers considered lesser levels of goat control were adequate to meet their livestock productivity goals. An assessment of socially equitable means by which governments could intervene to meet these broader conservation benefits might then be warranted. This would only be the case, however, if scientific data verified that implementing goat control on private land would reduce land degradation, and that the costs of such control would be less than the benefits.

Animal welfare organisations would also like to see the suffering caused by harvesting or control techniques considered as a cost to the Australian community, and taken into account in goat management decisions (G. Oogjes, ANZFAS, pers. comm. 1994).

8.2
Strategic approach

The preceding Chapters have described current knowledge concerning the feral goat in order to develop general principles and strategies for best practice management of feral goat damage. The components of the strategic management approach to goat management at the national level have been described in the Introduction.

The challenge is to use the available information and processes to develop an appropriate strategic approach at the local and regional level. This Chapter explains how this might be achieved, and describes the application of the strategic approach in two case studies, one relating to the pastoral industry and another to a conservation area.

8.3
Defining the problem

8.3.1 
Economic impact

For most enterprises the economic losses caused by feral goats are not accurately known.

Pastoralism 

The evidence relating to the economic impact of goats on rangelands is reviewed in Section 4.1. The challenge for pastoralists is to define the economic impact of feral goats in their area. 

Conservation Areas

Evidence concerning the impact of goats on conservation areas is described in Section 4.2. No dollar value has yet been assigned to this impact.

8.3.2 
Measuring impact

Where practical, managers need to know how goats affect resources. This can be measured empirically by manipulating goat numbers and measuring the response of the resources, or by measuring the abundance of goats and inferring their impact. Techniques for measuring impacts or abundance of goats are described in Chapter 7.

8.4
Management plan

8.4.1 
Objectives

The outcome of managing goats is to achieve some production or conservation objective, or both.

As business managers, pastoralists can be expected first to seek to survive in the short term, second to make current profits, and third to maintain long-term survival (Young et al. 1984). It is only the third of these objectives which provide pastoralists with a strong motive to take account of ecological considerations that affect long-term sustainability when making management decisions. Government policies aimed at encouraging ecological sustainability, including those for feral goat management, need to take account of these pastoralists’ objectives.

8.4.2 
Management options

Managers have five options in relation to feral goat damage:

Local eradication

Local eradication is the permanent removal of all pests from a defined area in a set time. Local eradication is strategically simple because there is no absolute need to understand the pest-resource system as is needed in all strategies where some pests remain, although such understanding might make the task easier. Eradication is an attractive strategy because the outcome is absolute and assumed to be beneficial, although there may be unexpected consequences of some eradication campaigns (Taylor 1968). Both the ends and means coincide which allows managers to focus on zero pests as a goal rather than some shifting perception of a usually ill-defined resource (Coman 1993). However, because feral goats continually reinvade cleared areas, unless barriers exist or are created, eradication on the mainland is tactically difficult and very expensive.

There are three critical conditions that must be met before eradication of feral goats from a defined area is a viable option for managers (Parkes 1993b). If all three cannot be met, eradication should not be attempted:

· The probability of recolonisation must be near zero. Given that goats reached an area once, the probability that they will do so again is always logically above zero. Common sense needs to be applied to judge the real risk.

· All goats in the population must be at risk. Feral goats which become trap-shy, avoid baits, or cannot be detected by current techniques would not be at risk, and would thus not be able to be removed.

· Goats must be killed at a rate faster than they can replace their losses. Technically, this kill-rate must exceed the rate of increase at all densities.

There are also some practical conditions that it is desirable to meet before eradication is attempted (Bomford and O’Brien 1992, 1995):

· Economics should favour eradication over successful strategic management. Discounting the value of future benefits often favours strategic management over the short-term expense of eradication. This assumes that land managers do and should act in an economically rational way. History has shown that land managers do not always act for purely economic reasons when managing pests (Warburton and Frampton 1991). The resource to be protected also has to have a quantifiable dollar value before discount rates can be applied. Yet the dollar value of resources such as conservation values and biodiversity are difficult to assess. There are methods to do so, such as contingent valuation and hedonic prices, but their usefulness is debatable (Braysher 1993).

· Social conditions must allow the critical conditions to be met. Eradication campaigns need political, social, and management commitment to succeed. These depend on: the perceived values at stake; any perceived value in retaining some pests; the ability to fund the campaign, especially to remove the last expensive individuals (Cowan 1992; Parkes 1993b) (Figure 3); and the ability to stop people reintroducing more of the pest animals.

Figure 3: 
Cost per goat killed at different densities of feral goats in the Kaimai Range in the North Island of New Zealand, 1977‑84 (after Parkes 1993b).

These critical and tactical conditions ensure that feral goats will not be eradicated from Australia. However, feral goats are distributed in patches, albeit in very large patches in some places, and it is possible that some local populations can be eradicated. This is particularly so where goats have no natural water supply but must rely on that provided by people. Such populations are uniquely vulnerable.

Bomford and O’Brien (1992) conclude that there is not enough information to predict if local eradication of feral goats is feasible. This is true for the extensive feral goat populations in the pastoral land, although predictability would improve if any of the present attempts at eradication in Western Australia succeed. It is not true for feral goats on offshore islands where there have been many successful eradications of goats (Allen 1991) or for some small patches of feral goats on the mainland (Williams and Henzell 1992) that have also been eradicated. Other populations of similar size and isolation should be eradicable.

Eradication combined with exclusion fencing has a role at the local level, to protect particular areas from degradation by goats. Examples are to protect small patches of rare plants or animals, or possibly to protect a sample of a common but highly palatable plant to ensure that seed sources are available in the future. The areas enclosed must be large enough for all the resource requirements of the enclosed populations to be met. Fences need to be of a very high standard (Section 7.3.9) and regularly maintained.

Strategic management

Strategic management is necessary where local eradication is not an achievable option, but where it is clear that pest damage will require continuing management. Strategic management is indicated where it is decided to reduce and sustain pest density, and pest damage, to a low level. Pest damage can be ameliorated or in some cases eliminated if the density of pests is held below a threshold above which the damage is known or believed to be too great for achieving the desired production or conservation outcome. In most cases, strategic management involves two steps – an initial knock-down effort aimed at killing a very high proportion of the goat population, followed by periodic maintenance control to slow or prevent recovery. Reduction in densities of resource-limited populations induces an excess of births over natural deaths, and these additional goats must be removed on some regular basis to maintain the desired density.  

The target density will vary from place to place according to a large number of factors, including the density/damage relationship (Figure C1), region (semi-arid or temperate for example), terrain, climate, land use, and timing of control. It is therefore a complex option, requiring managers to identify resource goals, set target pest densities (which requires some understanding of pest–resource dynamics), and kill enough goats sufficiently often to ensure the target densities are not exceeded, which requires some understanding of goats’ population dynamics and an ability to estimate the condition of the resource and/or the numbers of feral goats.

In the semi-arid rangelands, few of these factors are well defined, and all but the general resource protection goals will change both with time and the area of concern.

Commercial management

A significant but highly variable proportion of goats can be mustered and removed for sale (Hearman 1992). The strategic outcome of mustering depends on whether it is seen as a commercial end in itself or as a first step in the strategic management of feral goats as pests. In the former case, it will only be economic to muster populations above a certain density and the herd will either be held above that and the natural increase harvested regularly, or as many as possible will be mustered and the survivors left to breed-up until their numbers again make a muster worth the effort. Where feral goats are harvested for strictly commercial outcomes, it may not serve any function in managing the impact of goats on environmental or economic resources. It can serve this purpose, however, if a once-only muster is the first tactic in the strategic management or local eradication of a pest (see above, and Section 4.4).

Crisis management

All too often managers undertake feral goat control only when populations are large enough to be causing obvious economic or environmental damage. This might be termed crisis management. There is no clear objective and feral goat numbers rapidly increase to pre-control levels due to immigration and natural increase, with considerable waste of resources and little lasting benefit.

No management

Populations of feral goats that are not harvested will, by definition, reach carrying capacity with births equalling natural deaths. The carrying capacity will depend on factors such as the availability of food, water, and natural mortality agents such as predators or disease, and the stability of the population will fluctuate as one or more of these factors alters the balance of births and deaths. The carrying capacity of feral goats can be very high (Section 3.4.5), but as most feral goat populations in Australia are harvested they are unlikely to reach these densities. The consequences of not harvesting or managing feral goats for most habitats are assumed to be harmful, given the perception that present densities in harvested populations still damage production or environmental resources.

8.4.3 
Choice of management option

Some techniques and strategies to manage pests (for example, those techniques where a single action gives permanent benefits and those strategies that result in no pests) give better outcomes than others. There is argument about whether a management plan should aim for some ideal outcome or something which is practicable and achievable.

Some people, for example Coman (1993), argue that for three reasons eradication as a management option should not be abandoned just because it is generally impractical for a pest. First, such a goal encourages people to strive for perfection. Second, it avoids changing social or economic perceptions of the goals of pest management. Third, it avoids the need to answer the difficult question of how few pests is few enough to protect some resource, which is usually ill-defined and difficult to measure. 

The countervailing argument is that the ends (protecting resources) are confused with the means of achieving them (killing pests). This leads to poor outcomes in the cases where local eradication is not possible. The day-to-day aim of managers becomes as few pests as possible, a goal which is always achieved whatever they do. In the absence of any goal but to kill as many as possible, all individual pests are assumed to be an equal problem, with ludicrous results. This was shown by earlier eradication policies against New Zealand rabbits where huge sums of money were spent killing rabbits that were not affecting any resource of value (Gibb 1967). The other risk is that land managers may eventually become disenchanted with using a lot of resources and effort controlling a pest for no apparent gain, in terms of achieving the goal of eradication, and consequently give up and cease managing feral goats as pests.

Pragmatists (Caughley 1977; Parkes 1993b; Bomford and O’Brien 1992, 1995) argue that in cases where local eradication is not possible (based on an honest assessment using the criteria set out in Section 8.4.2) pest management must be driven by identified resource protection goals. The consequence of this is that the nature of the pest’s impact must be determined in order to set tolerable densities of pests, however difficult this might be. Usually, an empirical solution is recommended, which is to manage for some measurable density of pests and observe what happens to the resource. Large-scale management experiments (Walters and Holling 1990) can be used to test whether the response in the resource is a consequence of the pest management. A weakness of the pragmatic approach is that it may fail to sustain effective management of pests.

8.4.4 
Performance criteria

Performance criteria need to be formulated in terms of the resource goal (such as trends in land degradation, vegetation biomass, sheep numbers in droughts, population size of an endangered species, increase in production or profit) or some rational index of these. 

8.4.5 
Management strategies

Flexible management 

There are some new approaches to managing complex natural systems. The management of feral goats, and other vertebrate pests, using best practice suggested in these guidelines embodies many of these new concepts. One such approach is adaptive management. As described by Walters and Holling (1990), this approach is based on the premise that knowledge of such systems is always incomplete. Not only is the science incomplete, the system itself is a moving target, evolving because of natural variability, the impacts of management and the progressive expansion of human activities. Hence, management actions must be ones that achieve an increasing understanding of the system as well as the environmental, social and economic goals desired. This has been called ‘learning by doing’.

Rangelands and conservation areas are typical examples of complex natural systems. Thus, in attempting to meet the twin objectives of economic viability and resource sustainability, the rangelands manager needs to examine the probable consequences of different management actions which have the greatest chance of attaining them. Danckwerts et al. (1992) argue that in the arid grazing lands change is largely climate driven, providing the manager with risks and opportunities in responding to the changes in the resources. The interseasonal variability in forage production exemplifies the moving target which the rangelands manager is faced with, and consequently stocking rates need to be continuously assessed to optimise economic viability and resource sustainability. The management of goat impacts is but one of the variables in the system.

Given the paucity of specific information, including scientific information, about many of the factors that drive rangeland systems, and the highly variable nature of these systems, Danckwerts et al. (1992) recommend that managers need to adopt a flexible management approach. That is, managers learn from their past successes and mistakes (and those of their neighbours), from technical information, and should be ready to change management to take advantage of good times and reduce stock impact in bad times, based on experience. 

A key to the success of the flexible management approach suggested by Danckwerts et al. (1992) is the monitoring of three key variables in the system – livestock productivity (biological and economic); vegetation changes; and environmental conditions and management responses. These issues are further canvassed in Section 8.6.

There are many ways of managing goats (Section 7.3), but the challenge is to combine them in an integrated strategy to achieve the desired resource impact outcome. A key factor in developing a management strategy is an assessment of the costs and benefits of the combination of options. This is more easily achieved in a production scenario, since economic costs and benefits are more readily quantifiable than is the case in a conservation scenario.

Management strategies in pastoral settings

This section describes how a cost-benefit assessment of various management strategies might be assessed in the case of a sheep grazing enterprise. It should be borne in mind that in deriving these strategies, feral goats may be viewed as both a pest and a resource, and also that following goat control, a manager might wait several years before increasing sheep numbers, to allow range condition and production per head to improve.

The costs to sheep production and the benefits of the sale of feral goats have been estimated for five different strategies:

(i)
Repeated mustering on a two-year cycle;

(ii)
Muster and helicopter cull on a five-year cycle;

(iii)
Single muster and annual helicopter culls;

(iv)
Single muster and annual helicopter culls using Judas goats; and

(v)
Local eradication.

In developing these models, the following assumptions have been made:

· The initial density of goats is five per square kilometre.

· Initial control is by mustering, which reduces the population from five to two goats per square kilometre. Additional annual control is by shooting from helicopters with and without the use of Judas goats.

· A rate of increase once the population has been harvested of 58% (r = 0.46). This is slightly higher than the rate of increase measured from one population (53%, Section 3.4.4), but is used for convenience since it allows a population to recover from the effects of mustering in exactly two years (Table 6).

· Pastoralists make a profit of $4 per goat mustered. This is estimated from the $6 per goat received from those transported, less costs of mustering ($2). These figures are approximate averages for the past ten years.

· One goat takes the place of 0.64 sheep. This assumes that 80% of the food eaten by goats would be eaten by sheep, and 80% of the goats live in areas used by sheep.

· Goats removed are replaced with sheep. We assume here that this replacement is immediate, but in practice a manager might choose to wait one or more years. The cost of these sheep must be included in the calculations.

· The gross margin for a pastoral zone, self-replacing merino ewe is $15 per dry stock unit (d.s.e.), the average margin since 1987. Extra sheep are obtained at $15 per d.s.e. through sales foregone; this ‘purchase’ will be completely paid off over ten years at 12.5% interest with annual payments of $2.70 per d.s.e, that is, the annual cost of acquiring each extra sheep to replace goats removed.

Table 6: Expected population growth of goats with an annual rate of increase of 0.46 and no harvesting (Nt+1= Nt er).

	Time elapsed 

(years)
	Density 

(goats per km2)

	Start
	0.5

	1
	0.8

	2
	1.3

	3
	2.0

	4
	3.1

	5
	5.0


As a baseline we use a strategy of repeated musterings on a two-year cycle. This strategy has the highest average goat density (3.3 per square kilometre) of all those considered. Its economics ar compared with those of a goat-free situation to indicate the costs imposed by feral goats.  In this strategy the cost of obtaining more sheep is accounted for by using the goat-free case as a baseline. The reduced number of sheep run on a goat-infested property results in a saving from the lower capital value of the reduced number of sheep, which is offset by the lower returns from the sheep. The annual purchase cost ($6.42 per square kilometre) of sheep that could be run in place of goats is therefore deducted from the overall loss shown in the muster-only strategy, with lesser deductions for the rest down to no deduction for eradication. The economics of other models, which presuppose higher levels of goat control, are compared with the first model (repeated two-year mustering) and their profit/loss is expressed relative to it.

(i)
Repeated mustering on a two-year cycle

Goat densities are reduced from five per square kilometre down to two per square kilometre by mustering, and allowed to return to their initial density over the next two years, when they are again mustered for sale. The profit from the sale of goats is $12 per square kilometre every two years, or $6.55 per square kilometre for each of two years after, allowing for interest of 6% on the profit. (Note: in the other strategies the benefits obtained from running extra sheep are not realised until later, and the interest earned on the proceeds of sale allows for this.)

The average density of goats in the first and second years after mustering is [(2 ( 3.1)/2 ( (3.1 ( 5)/2]/2 = 3.3 per square kilometre. They reduce the annual sheep production by 3.3 ( 0.64 ( $15 = $31.68 per square kilometre. However, there is an annual saving, including one year’s interest at 12.5%, of 3.3 ( 0.64 ( $2.70 ( 1.125 = $6.42 per square kilometre in sheep which do not have to be purchased to replace goats. Interest is payable because the annual realisation of the profit from running sheep lags one year behind their acquisition. The annual profit/loss of this strategy is $6.55 ( $6.42 – $31.68 = –$18.71 per square kilometre compared with a goat-free situation.

(ii)
Muster and helicopter cull on a five-year cycle

Goat densities are reduced from five per square kilometre down to two per square kilometre by mustering, followed immediately by a helicopter cull that further reduces densities to 0.5 per square kilometre. Densities are allowed to return to the initial five per square kilometre over the next five years, and the cycle repeats.

The profit from sale of the goats is $12 per square kilometre, and the cost to reduce goat densities from 2.0 to 0.5 per square kilometre is taken as $12 per square kilometre, that is, the net cost is zero. The average density of goats present over the five years is [(0.5 ( 0.8)/2 ( (0.8 ( 1.3)/2 ( (1.3 ( 2)/2 ( (2 ( 3.1)/2 ( (3.1 ( 5)/2]/5 = 1.99 per square kilometre. They reduce the annual returns from sheep by 1.99 ( 0.64 ( $15 = $19.10 per square kilometre, but the need for extra sheep worth 1.99 ( 0.64 ( $2.70 ( 1.125 = $3.87 per square kilometre per year is avoided. The annual profit/loss of this strategy is $3.87 – $19.10 = –$15.23 per square kilometre compared with a goat-free situation. Compared with strategy (i), this strategy returns a profit of $3.48 per square kilometre per year. 

(iii)
Single muster and annual helicopter culls

Goat densities are reduced from five per square kilometre down to two per square kilometre by mustering, and are immediately further reduced by shooting from helicopters to 0.5 per square kilometre. They increase to a density of 0.8 per square kilometre a year later. Then, and annually thereafter, they are culled using the helicopter back to a density of 0.5 per square kilometre.

The initial profit from the sale of goats is $12 per square kilometre which pays for the immediately following control operation. The subsequent annual costs to reduce densities from 0.8 to 0.5 per square kilometre are taken as $8.40 per square kilometre.

The average density of goats present in any year after the first is (0.5 ( 0.8)/2 = 0.65 per square kilometre. They reduce the annual return from sheep by 0.65 ( 0.64 ( $15 = $6.24 per square kilometre. The purchase of extra sheep worth 0.65 ( 0.64 ( $2.70 ( 1.125 = $1.26 per square kilometre per year has been avoided. The annual profit/loss of this strategy is $1.26 – $6.24 – $8.40 = –$13.38 per square kilometre compared with a goat-free situation. Compared with strategy (i), this strategy returns a profit of $5.33 per square kilometre per year.

(iv)
Single muster and annual helicopter cull using Judas goats

Goats are managed as above except that Judas goats are used to locate animals. In the first year this reduces the costs from $12 to $8 per square kilometre to achieve reductions in goat densities of 2.0 to 0.5 per square kilometre, and from $8.40 to $2.10 per square kilometre to achieve reductions in goat densities of 0.8 to 0.5 per square kilometre. The increase of $4 per square kilometre in initial profit is used to offset the costs of the telemetry equipment calculated at $2.81 per square kilometre per year to an annual cost of $2.10 per square kilometre (see Sections 7.3.5 and 7.3.6). The annual profit/loss of this strategy is $1.26 – $6.24 – $2.80 – $2.10 = –$9.88 per square kilometre compared with a goat-free situation. Compared with strategy (i), this strategy returns a profit of $8.83 per square kilometre per year.

(v)
Local eradication

Goat densities are reduced from five per square kilometre down to two per square kilometre by mustering, with $12 per square kilometre return. They are further reduced to a density of 0.5 per square kilometre using helicopters and Judas goats for a cost of $8 per square kilometre, and are then further reduced to zero in a one-hit operation by shooting from helicopters using Judas goats at an assumed cost of $50 per square kilometre ($30 for the shooting and $20 for inspection and verification).

The net cost of this operation is ($8 ( $50 – $12) = $46 per square kilometre is paid off over ten years at $8.28 per square kilometre. The radio-telemetry equipment is also paid off over ten years at $2.30 per square kilometre per year (less than the costs in sustained management because the transmitters are not refurbished). The annual profit/loss of this strategy is –$8.28 – $2.30 = –$10.58 per square kilometre compared with a goat-free situation. Compared with strategy (i), this strategy returns a profit of $8.13 per square kilometre per year.

Comparison and discussion

The above annual profit/losses are not ‘real’ but are relative to a hypothetical ‘goat-free’ case as a baseline or to other strategies. Generally speaking, the higher the level of control, the less feral goats will cost. The dollar values used in the calculations are approximate averages for the past ten years and are not intended to represent current day values. Rather, they are intended to indicate the type of calculations that land managers can use to estimate the costs and benefits of different goat management strategies.

In these calculations, increased levels of goat control are economically attractive for sheep producers, at least under the parameters used in the above models. This benefit is achieved because the sheep are worth more than goats by an amount that more than offsets the cost of managing goats, and the margin is sufficiently high that circumstances would have to be markedly different for the returns from feral goats to exceed those from sheep run in their place. The exception is local eradication, and here the benefit is uncertain because the real costs of achieving and maintaining zero density of goats are unknown. 

In these models higher levels of control are obtained by increased levels of technology, but the inference that higher levels of technology will be more cost-effective might not be true in all circumstances: in relatively open country mustering might be capable of taking goat densities down to well below one per square kilometre at lower cost (and possibly a profit) than shooting from helicopters, with or without the use of Judas goats. Other technologies, such as shooting from the ground and trapping at water points, might also be cost-effective and should be considered.

The calculations should be adapted to local circumstances and use the costs and prices prevailing at the time. In some areas the productivity of goat populations will be less than is assumed in these models, and the rate of recovery following mustering correspondingly less: calculations can be made using revised parameters for these (and other) variables. The market return from the sale of goats and sheep products, and the cost of sheep, are also variable, not static as assumed in these models. The consequences and likelihood of price fluctuations could also be incorporated into the models as a series of outcomes dependent on various market values. Full cost-benefit analyses using discounting can be employed if land managers are conversant with this approach.

It is important to bear in mind that the above examples of costs and benefits are based on limited experience, particularly those involving the use of Judas goats.

Management strategies in conservation settings

Eradication of feral goats is likely to be technically feasible and economically practical in only a few areas with currently available techniques (Section 8.4.2). In other areas, if feral goats are to be managed, sustained management action for the foreseeable future is required. Due to the extensive areas involved and the limited resources available, this level of control is unlikely to be possible over the whole area where feral goats occur. Consequently, conservation agencies need to identify those areas of high priority for management according to the relative worth of the natural resources affected by goats.

The Department of Conservation in New Zealand has considered this issue in a number of National Pest Control Plans, including those for feral goats and brushtail possums (Trichosurus vulpecula) (New Zealand Department of Conservation 1994, 1995). They have established a set procedure for ranking areas according to their priority for pest management.

Initially, it is recommended that agencies map the distribution of feral goats and then divide the conservation lands with goats, or at immediate risk of invasion, into suitable management units. A management unit is any discrete area of land for which a single operational plan (that is, with a single strategy) is intended to apply. Its boundaries are determined more by the extent of the control of the pest than by the distribution of the natural resource(s) or of land tenures. Some areas with goats may be too large to manage, in which case the management unit to be ranked can be based on some suitable geographic feature, preferably one that may limit goat movements. Large management units may also be subdivided into smaller units for reporting purposes, that is, independent of overall ranking. 

Each management unit is then scored according to the conservation values present. In New Zealand, plants and animals were scored separately using both species and ecosystem descriptors on a scale of 1 (not important) to 6 (highly valued). The highest score was then weighed according to some estimate of the actual or potential threat posed by goats (( 1 where there was no apparent threat to the values of concern, up to ( 3.5 where the pest was considered likely to cause the national extinction of the value). Areas with equal score can be further separated if needed by considering other land characters. For example, all else being equal, a national park might out-rank an area with both sheep and goats. Areas where eradication is possible should out-rank similar areas where it is not.

Ranking management units for their conservation values in this way is a complex task, but necessary to ensure best use is made of available resources. It is advisable to convene a panel of experts to assist in the task, but managers should be careful not to let the ranking task become an end in itself. The aim is to come to a generally accepted ranking with the best information to hand. Details of this method for ranking areas for control of brushtail possums (a ubiquitous pest) and goats (a patchy pest) in New Zealand were developed by Elliott and Ogle (1985), and Parkes (1990b).

8.4.6 
Scale of plans

Plans to manage goats must be for defined areas of land and can be at any scale – national, state, territory, district, cadastral, or ecological. Because pest management is best driven by communities, small-scale plans (developed within the rules set by governments) need to be primary with state, territory and national plans being the sum of district or cadastral plans. Feral goats often inhabit rugged high country between more accessible areas. It is important that goats in these areas be included in management plans if they are a source of reinfestation.

8.4.7
Market failure

Causes

One of the reasons past and current attempts to sustain efficient and effective goat control at a state or national level have generally failed to deliver optimal outcomes is because the relationships between those who benefit from control and those who pay for it have been unclear. Solutions to such market failures depend on the nature of the failure (Bicknell 1993), and in the case of feral goats two general causes have been identified:

· Sharing costs of control

A proportion of the land with feral goats has a clear predominant use, either for conservation or for production, and the class of beneficiaries of goat control are therefore also clear – they are either all citizens paying via taxes through government conservation agencies or the landholder. However, most of the land with goats in Australia is used for production but also can have significant conservation and environmental value. The problem here is to fairly apportion the costs of control.

Unfair allocation of costs, for example, by government subsidies to farmers, has adverse affects because it distorts landmanagers’ perception of all their risks and how they manage them, and it is not sustainable in the long-term if taxpayers are unwilling to meet such costs (Williams 1993). Similarly, expecting farmers to pay the costs of protecting national conservation values on their land (out of their profits) will not lead to sustainable outcomes, especially in areas where production is marginal and risky, and businesses often run at a loss.

· Unintended effects on neighbours

The second general cause of failure is where one landowner’s actions or inactions impact on another’s. Such externalities for feral goat control occur when neighbours cannot agree on concerted action, and this is compounded by the dual status of feral goats as resources and pests.

Solutions

Solutions to these problems require transparent mechanisms to share costs at national, state and local scales. As a first step it would be useful to know what proportion of land with feral goats has a single class of beneficiary – that is, what proportion of land has reserve status and is not used for grazing stock?

On land with both market and non-market values affected by goats, the allocation of control costs needs to consider the degree of benefit to each beneficiary. A common solution to sharing costs is for landowners to pay for the control costs, governments to pay for extension and coordination costs, and both to share the cost of monitoring their relevant goals. In semi-arid rangelands in Australia, governments have to be careful that their share of the costs are not captured by farmers and used to maintain operations on land that should not be used for production.

The importance of ensuring concerted action is discussed in the case studies provided in Sections 8.7 and 8.8.

8.5
Implementation

8.5.1 
Group action

The crucial step in managing feral goats at the local and regional level is to organise the people who will benefit from the management action or have some stake in the outcome. To be successful, it is essential that the local and regional stakeholders feel a strong sense of ownership of the management plan. This aspect of the strategic management process is reviewed in Chapter 9.

8.5.2 
Government agencies

Governments and their agencies have a key role in strategic management, through their responsibilities in setting overall land management policies through such initiatives as the National Strategy for Ecologically Sustainable Development, and a range of conservation and production goals. They are also involved in developing relevant legislation and regulations and as land managers. Government support must, however, be justified by the prospect of net social benefit (Section 9.3). It is important that government activities are integrated in management programs at the local and regional level. These issues are reviewed in Chapter 9.

8.6
Monitoring and evaluation

As described in Section 8.4.5, the key to the success of the flexible management approach is the monitoring of key variables. Such monitoring enables the continuing refinement of both the control strategy and the desired resource impact outcomes. It is thus important to distinguish between effectiveness (performance objectives) and efficiency (operational objectives) as management can be efficient but ineffectual. For example, 75% of the goats may be killed efficiently for little cost, but this strategy would fail if the resource protection goal required at least a 90% cull.

The management plan must therefore have two sorts of measurable objectives to be met on time. Performance objectives are set to answer the question “Did the management action achieve the resource protection goals used to justify management action?”. That is, were the performance criteria met. Operational objectives must be set to answer the question “Was the management action planned carried out efficiently?”.

8.6.1 
Assessing the effectiveness of control

Operational objectives are developed in the management strategy (Section 8.4.5). Thus, records need to be maintained describing what was done, how many goats were removed, where, by whom, and at what cost. These measurements need to be taken by the people who do the control as a routine part of their task, and an operational report completed after each operation or annually for larger group operations.  The report needs to describe the extent or results of control, for example, number of stations treated per year, the money allocated, total number of goats killed, number of goats killed per unit effort, number of goats remaining, or the cost per unit reduction. The aim is to improve efficiency.

8.6.2 
Assessing the outcome of management

Performance monitoring measures the effect of what was done on the resources to be protected. That is, it assesses the outcome of management against the performance criteria (Section 8.4.4). Some performance measures can be taken by the landowners or pest managers, but others involve complex ecological relationships that are better measured by researchers. Performance monitoring usually requires a long-term perspective and requires some experimental and scientific rigour if results are to be interpretable.

8.7
Case study - Western Australia

This case study is based on a Western Australian program for managing feral goats. It describes a number of aspects of the program which reflect the strategic management approach outlined in these guidelines. There is a brief discussion at various points indicating where it differs from this approach.

A number of different strategies have been used in Western Australia since feral goats were first declared vermin in 1928. Initially little management was undertaken due to the relatively small numbers and limited distribution. The major change occurred in 1973 when, in an attempt to encourage landholders to reduce feral goat numbers to a low level, a commercialisation policy was introduced allowing landholders to take advantage of the commercial value of feral goats while they worked toward eradication. 

Between 1973 and 1991, over 2.25 million feral goats had been destroyed yet the population appeared to have increased. One reason suggested for this increase was that only goats that were easy to muster were removed, allowing the remainder to breed up again.

Feral goat management through commercialisation is appealing for several reasons: it requires little government involvement from agencies responsible for feral goat management, resulting in low public costs; it returns immediate, tangible profits to landholders for the control effort; and it uses the pest as a resource, making the program more acceptable to some individuals.

It is now clear that while the commercialisation policy was a useful management tool, the way it was applied hampered landholders in achieving a significant reduction in the impact of feral goats on pastoral production. 

8.7.1 
Problem definition

In 1991 the pastoral industry in Western Australia identified that the number of unmanaged grazers, and their associated impact, had increased dramatically over the last decade. This was supported by ANCA aerial survey data and Australian Bureau of Statistics (ABS) figures which indicated that the managed grazers (sheep) were only 39% of the total grazing biomass while the unmanaged grazers were 61% (kangaroos 49%; feral goats 12%). The aerial survey data also indicated that the feral goat population had increased by 64% or 18% per annum between 1987 and 1990. The impact of these animals on the rangelands was not quantified but was primarily seen in the loss of production and rangeland condition. Pastoralists considered there was an urgent need to eliminate the impact of feral goats through a feral goat eradication program. 

As the program developed, the inability to achieve complete elimination of goat damage over the entire region has been recognised. In time, the emphasis will change to the long-term strategic management of the damage, to achieve maximum benefits from the costs of control operations. Feral goat projects funded under the Vertebrate Pest Program (see Introduction) will help to determine the most beneficial level of management. They are designed to provide information to improve identification of the benefits and costs of different strategies to manage the impact of feral goats.

8.7.2 
Management plan

Objective

The objective initially was to decrease land degradation and increase the productivity of the rangeland by eliminating the impact of feral goats from the arid shrubland pastoral areas using a coordinated approach on both pastoral leases and public land. 

As the impracticability of eliminating feral goat damage through feral goat eradication becomes apparent, the objective is likely to become one of maximising the benefits compared to the costs of management.

Management options

Although the pastoral industry wanted to implement an eradication program for all of the pastoral area in WA, they understood that this option might not be achievable in some or all areas. It was considered such an option was more of an ‘ethos’ which would encourage people to strive for a higher degree of management than was currently being undertaken (see Section 8.4.3).

In terms of the management options described in Section 8.4.2, the feral goat problem is managed in most areas by the strategic management option. There are however, some areas which have either natural or artificial barriers that may allow local eradication to be achieved. 

As with all programs there are a minority of individuals who may consider that no management or crisis management is the best option while others, who base their station viability on income from sustained harvesting of feral goats, may consider commercial management the most appropriate option.

8.7.3 
Implementation

Ownership

A public meeting was called by the pastoral industry to discuss the problem. This meeting was attended by pastoralists, conservation groups, the meat industry, government agencies and the media. At this meeting the industry took ‘ownership’ of the solution to the problem in terms of both its instigation and implementation.

Government support

The pastoral industry identified that such a program would require support from the government in terms of both management and funding. A delegation of pastoral interests sought support and endorsement for the program from the Minister for Primary Industry.

The government’s role, through the Agriculture Protection Board (APB) (now Agriculture Western Australia), was to supply field and management support to the parties undertaking actual control. This involvement would result in the efficient and effective allocation and use of both physical and financial resources.

Management

To facilitate government support a Program Manager was appointed whose role was to coordinate and oversee the implementation of the program, ensuring that sufficient resources were available and allocated effectively and that the program developed and achieved set objectives.

A Steering Committee was also commissioned to be responsible for the development of policy and the direction in which the program was to proceed. Representatives of all parties associated with the program were included in the membership. These included:




Agriculture Protection Board (Chairman)




WA Farmers’ Federation




Pastoralist and Graziers’ Association




Land Conservation District Committees (three representatives)




Australian Conservation Foundation




Aboriginal and Torres Strait Islander Commission




Clover Meats




WA Meat Marketing Corporation




Environmental Protection Authority




Department of Conservation and Land Management




Department of Agriculture



- Regional Operations



- Goat Industry Development Unit




Program Manager (Executive Officer)

An operational sub-committee has been formed to deal with aspects associated with the coordination of the operational proposals received from the industry. This committee reports to the Steering Committee.

Operations

Due to the large area infested with feral goats (480 000 square kilometres), it was essential that there be a cooperative approach to implementation of the program. Prior to this program, control was undertaken primarily by individual pastoralists. This resulted in the areas managed being reinfested immediately due to neighbouring stations not undertaking simultaneous control. The 273 stations involved in the program were split into 14 Land Conservation Districts (LCDs) which were then divided into 53 cells or groups of stations.

The general experience has been that these groups should be relatively small. Where the nature of the problem or of the land type/land use varies markedly within the target area, it is advisable to consider the formation of another group such that each smaller group shares a common approach and a common goal.

The impetus for the formation of a group came from the community itself and not from the APB. The APB’s function was to encourage and facilitate group formation but not to impose it such that local landholders had no real sense of ownership of the problem or of the proposed solution.

Research

Current and alternative capture/destruction techniques are being evaluated both at research and demonstration level. Such techniques include trapping, shooting (from both ground and helicopter) and poisoning.

Extension

A number of different extension mediums were identified including one-to-one contact, LCD field days, mass media and the production of a specific program newsletter. The newsletter has become a bimonthly production called the ‘Billytin’ which is distributed to all pastoralists and other interested local and eastern state parties.

8.7.4 
Monitoring and Evaluation

Control effectiveness

The major indicator to assess the program’s effectiveness is triennial aerial surveys undertaken by ANCA. Control effectiveness indicators are being developed using aerial survey techniques on individual stations using pre- and post-control surveys. These will be undertaken on different land systems to assess each control technique.

Rangeland impact

Although the impact of feral goats on the rangeland is hard to quantify, vegetation monitoring sites are being assessed on individual stations.

8.7.5 
Outcomes

The 1993 ANCA triennial aerial survey indicates a 25% decrease in feral goat numbers between July 1990 and June 1993. This is in contrast to the last triennial survey (1987–90) which indicated a 64% increase. Taking into account that the current program has only been implemented for two years, the decrease due to the campaign is estimated at about 40%. It is too early to assess whether this population reduction will affect either livestock production or the condition of the rangelands.

8.8
Case study - Flinders Ranges

Some of Australia’s most spectacularly rugged country occurs in the north Flinders Ranges (South Australia), in the privately-owned Arkaroola Wildlife Sanctuary and the adjoining Gammon Ranges National Park. Jagged mountains and densely-shrubbed plateaux are flanked by precipitous gorges and scree-slopes, with the intervening valleys and watercourses providing the only topographic normalcy in this 1500 square kilometre area. Kaleidoscopic geological formations support a wide variety of vegetation communities. Much of the vegetation is adapted to hot and dry conditions, while the cooler elevated areas and the moist shady gorges provide refuges for relict populations of ferns, other plants, and animals. In contrast, some essentially northern species extend their range as far south as the Flinders Ranges, while still other species find the ranges a barrier that separates closely related forms or obstructs east-west dispersal (Paton 1980, Department of Environment and Planning 1985).

Arkaroola and the Gammons have outstanding aesthetic, biogeographical and conservation values, and both areas are managed for conservation purposes. But the rugged terrain, its permanent springs and waterholes and still-abundant perennial vegetation support vigorous populations of exotic animals, attesting to the good living that many beautiful areas provide for some of our worst pests. Here exotic animals are difficult to control, have food and water, and need never leave. All it took was for them to get there in the first place.

8.8.1 
Historical aspects

Feral goats have probably been present on Arkaroola and the Gammons since the 19th century, but numbers did not get out of control until the 1970s (see box below). Control was largely ad hoc until the 1990s when coordinated feral goat management began.

History of goats in the Flinders Ranges

Exploring parties took the first goats into the Flinders Ranges in the 1840s (Aitken 1980). Almost certainly all perished, or were killed. Larger numbers were taken to the north Flinders Ranges during the second half of the Eighteenth Century, and provided milk, meat, and light local haulage. Some of these domestic animals escaped, or were released, and became feral. In 1936 Arkaroola carried an estimated 2000 goats and 20 or more dingoes; dingo numbers at that time had been reduced by control operations (Sprigg 1984). Goats possibly reverted to the wild on Arkaroola as early as the 1860s, but were certainly present in 1910 (Sprigg 1984, p. 229). They were not noticed in the area that is now the Gammon Ranges National Park until about 1940 (W. Coulthard DEP, South Australia, pers. comm. 1985), but might have been present before that in the more inaccessible country, in unobtrusively low numbers (Balcanoona, the then pastoral lease that now comprises most of the present-day Gammon Ranges National Park, switched from cattle to sheep in about 1940 (W. Coulthard, DEP, South Australia, pers. comm. 1985) and to reduce predation on sheep might concurrently have reduced the dingo population. Until they were controlled, dingoes would at least have helped prevent any large build-up of feral goats.

Thus on Arkaroola feral goats did not become a real problem until after dingoes were eliminated in the late 1930s, and they did not get out of hand until the 1970s. Until then, most properties in the north Flinders Ranges (including Arkaroola and the pastoral leases now comprising the Gammon Ranges National Park) controlled feral goats by mustering, netting off water holes, shooting and, occasionally, by poisoning (Sprigg 1984, 1992). In the early 1970s, goat numbers rose throughout the dingo-free pastoral areas south of the Dog Fence, due mainly to excellent seasonal conditions and to a general decline in the number of people (and hence potential musterers) on pastoral leases. Estimates of peak numbers attained for the Arkaroola-Gammons area range from 80 000 to an improbably high 300 000 (Ball 1978). In Arkaroola’s case the goats’ reproductive potential was further fuelled by the proliferation of vegetation which followed the removal of domestic livestock in 1970: the Spriggs purchased Arkaroola in 1968, had the property gazetted as a private wildlife sanctuary and removed the last sheep two years later (Sprigg 1984). Arkaroola was the first property in the north Flinders Ranges to practise nature conservation and to combine this with a substantial goat control program. The Spriggs commenced goat control in 1971, and by 1975 had removed an estimated 50 000 goats (R. Sprigg, Arkaroola, South Australia, pers. comm. 1994). They recorded kills from 1975 onwards (Sprigg 1984, 1992). Most goats were shot from the ground or from helicopters by staff and recreational or professional shooters. Early attempts at mustering on Arkaroola itself were failures because the country was too rough, but some goats were mustered on the flatter country around it. About 68 500 goats were removed between 1975 and the end of 1993; a small minority of these were recorded as taken from adjoining properties, but they possibly originated in Arkaroola.

Commercial aerial mustering and other control operations removed about 120 000 goats from stations in and around the Gammons between September 1976 and September 1979 (L. Delroy, National Parks and Wildlife Service, South Australia, pers. comm. 1979). Most came from less rugged and more easily musterable country surrounding Arkaroola and the Gammons, but some of these would have originated in the latter areas, having moved out of them to fill the voids created by mustering. The first statistically sound aerial survey of goat numbers in the area was conducted in September 1979, by the Vertebrate Pests Control Authority (now the Animal and Plant Control Commission). After correction for the estimated proportion (25%) of goats not seen by the observers, it returned an estimate of 19 000 for the 1000 square kilometres that is now the Gammon Ranges National Park and 3500 for the 600 square kilometres of Arkaroola (Henzell 1979). Peak numbers were probably higher, but it is unlikely that they were higher than 80 000, at the lower end of Ball’s (1978) range. Had they been, the reduction of goat numbers to those observed in 1979 probably would have required the removal between 1976 and 1979 of more than 120 000 goats.

The first section of the Gammon Ranges National Park was dedicated in 1970, and the South Australian Government purchased the much larger Balcanoona section in 1980 (it was dedicated in 1982). Intensive goat control began in 1979. About 26 000 goats had been commercially mustered or trapped at water by Aboriginal people on Balcanoona by May 1982, when numbers remaining were estimated by aerial survey to be about 1200, well down on the starting figure of 19 000. (The discrepancy between the number of goats removed and the difference in the survey estimates is probably due mainly to breeding and to a lesser extent to immigration and/or errors in the survey estimates.) No reliable estimates of the numbers of goats present on the park have been made since 1982. Numbers rose as the area was reinvaded from neighbouring properties, and continued mustering and trapping during the early to mid-1980s removed some 88 000 goats. Numbers increased further in the late 1980s and early 1990s – though not to the levels reached in the late 1970s – as goat prices fell and mustering became uneconomic. Trap-yards and associated water facilities were not maintained and became unserviceable.

High goat numbers were not confined to the Arkaroola-Gammons area, and something needed to be done. In 1990 the Pastoral Board and the Animal and Plant Control Commission began to promote coordinated goat control in the Flinders Ranges at a workshop held in the Flinders Ranges National Park (Henzell 1990a). The Ranges were divided into seven zones, each comprising a group of neighbouring properties prepared to work together to control goats. Coordination was seen as necessary to both make mustering more efficient and effective, and to reduce friction when goats frightened off one property by a control operation made a nuisance of themselves next door. Discussions between the North Flinders Soil Conservation Board and various government agencies led to successful applications by the former for Save the Bush Program and Feral Pests Program (ANCA) grants to employ a Goat Control Coordinator, beginning in mid-1992. But stepped-up goat control had already begun. In late 1991, in the Gammon Ranges National Park, shooting from a helicopter removed 2800 goats and cost $3.65 a head (approximately equivalent to $3.95 in 1994–95 values), including labour; a simultaneous operation on Arkaroola, using a more expensive machine, removed 1340 goats and cost $6.40 a head ($6.90 in 1994–95) (Naismith 1992, Sprigg 1992) (see Table 5). In February 1992 this was followed on the Park by a week-long ground shoot by 78 screened volunteers from the Hunting and Conservation Branch of the Sporting Shooters Association of Australia which removed 3420 goats, at an average cost of $3.00 a head ($3.20 in 1994–95 values), excluding labour (Dodd and Hartwig 1992). Only some adjoining properties controlled their goats at about the same time and reinvasion has been a problem. The shoots have been repeated annually since, with increasing communication and cooperation between pastoral lessees and the Natural Resources Group of the Department of Environment and Natural Resources (DENR, formerly the National Parks and Wildlife Service). It appears that goat numbers have been reduced somewhat, but not to the levels of the early to mid-1980s, and certainly not down to the point where park rangers or a few volunteers can keep them in check (Dodd and Hartwig 1992). The Sporting Shooters’ success has encouraged lessees of neighbouring pastoral leases to invite them onto their properties.

Goats on surrounding properties have invaded parts of Arkaroola and the Gammon Ranges National Park from which they had been removed (and, from time to time, vice versa). This is much more of a problem for the rugged areas where goat control is difficult, and highlights the need for neighbouring properties to coordinate their control efforts. The management of Aboriginal mustering on the park by the then National Parks and Wildlife Service and the Aboriginal community at nearby Nepabunna led to similar problems along the border between Arkaroola and the Gammon Ranges National Park. Groups of Aboriginal people were each given the right to muster goats in a defined area. This worked well in most parts of the park, but in one or two the musterers were less than assiduous and goat numbers were not effectively controlled. No political mechanism existed to resolve this problem. One of the areas happened to adjoin Arkaroola, and the acrimonious result was that goats were regularly seen in nearby parts of Arkaroola, despite Arkaroola’s vigorous control efforts. They fled into the park whenever approached, this offering them a safe haven as shooters on Arkaroola were not allowed into the park. The issue festered until 1990, when Arkaroola was allowed to shoot goats inside the park, up to five kilometres from the common boundary; some 3000 goats were shot in the park in 1990 and 1991 under this arrangement (R. Sprigg, Arkaroola, South Australia, pers. comm. 1994).

8.8.2 
Problem definition

Feral goats have long been recognised as pastoral and environmental pests in the north Flinders Ranges. High numbers cause readily apparent soil and vegetation degradation, and this is taken as sufficient justification for their control. The damage, and the number of goats that cause it, are largely unquantified, and for this reason it is difficult to assess the level of control necessary to achieve particular objectives. Similarly, rough calculations indicate that it is profitable to remove feral goats to obtain extra sheep production (Henzell 1989; and Section 8.4.5), but there are no hard data to support the assumptions made in these studies.

The Animal and Plant Control Commission maintains a set of exclosures in one section of the Gammon Ranges National Park which measure the effects of different herbivores on the growth and regeneration of perennial vegetation. The density of feral goats in this 240 millimetres rainfall area has averaged about 12 per square kilometre since 1978 (estimate based on the rate of dung deposition). At this density the goats do not appear to have a major impact on very small seedlings (Henzell and Lay 1981; R. Henzell, unpublished), mainly affecting well-established plants. These plants survive defoliation so long as it is not too severe or prolonged, but their seed set, and hence their reproductive potential, is reduced. Regenerating perennials that have grown past the seedling stage but are less than two metres high are entirely within the reach of goats and if palatable are severely affected or killed. The long-term result of goat grazing will be a shift in floristic composition from palatable to unpalatable species.

The foliage cover and floristic composition at a number of fixed transects inside the Gammon Ranges National Park have been measured in 1983 and 1987, and changes calculated (Davies 1990); the measurements will be repeated in late 1994. Davies also found that recruitment of Acacia araneosa was being impeded by goats and possibly rabbits. This species’ entire range lies within eight square kilometres of Arkaroola and the Gammon Ranges National Park, and it is listed as Vulnerable (Endangered Species Protection Act 1992). The number of herbivores present at the study sites was not measured.

It is often asserted that feral goats adversely affect native terrestrial fauna, but the evidence is almost invariably circumstantial or inconclusive and the effects of goats are usually confounded with those of other species, both native and exotic (see for example, Henzell 1990b). The absence of conclusive proof indicates that at historically prevalent densities the effect of goats on native fauna is not very high; this is not to say it is negligible. At higher densities the impact would become larger and more demonstrably attributable to the goats.

The effect of goat excreta on freshwater biota is likely to be much more profound. Goat dung can carpet the areas around waterholes and springs to a depth of several centimetres. This dung, and the decomposing bodies of goats that fall into the water and perish, eutrophicate the water. The pollution is likely to be most serious during dry times, when goats congregate around water whose flow is reduced or non-existent. Freshwater plants, fish, frogs and invertebrate animals are likely to be severely affected, but the impact has not been quantified. (See Section 4.2.6).

Techniques to control feral goats have been available for many years, but the perception that goat numbers were too high on conservation lands (and elsewhere) indicates that they were not applied vigorously enough. There were several reasons for this:

· Control was extremely difficult in some areas. Goats are unmusterable on most of Arkaroola and parts of the Gammon Ranges National Park.

· Insufficient resources were made available.

· Commercial mustering controlled goats in some parts of the Gammon Ranges National Park in the late 1970s and early 1980s, but broke down in the late 1980s when goat prices fell. There was no contingency plan to deal with this situation, which was only resolved several years later by shooting the goats and more recently by the resumption of mustering.

· Goat control operations on neighbouring properties were often out of phase. Goats reinvaded properties on which they had been controlled, discouraging and frustrating land managers who had attained high levels of control. Goat control on Arkaroola has been semi-continuous, and invasions out of the Gammon Ranges National Park have caused much concern.

· Some landholders failed to control their goats, or clandestinely ‘farmed’ them by allowing their numbers to build up in order to increase the number that could be sold each year and to reduce the unit mustering cost.

8.8.3 
Management plan

A formal management plan has not yet been prepared. It will be included in the North Flinders Soil Conservation Board’s district plan.

Objectives

The main objective of goat control in the Arkaroola-Gammons area is to reduce the impact of feral goats on native flora in particular and on fauna and the physical environment. Goat control also reduces the number of members of the public complaining about the presence of feral goats.

Management options

The long-term aim is to eradicate feral goats from the Arkaroola-Gammons area, but its attainment is prevented by a lack of resources and the difficulty of preventing reinvasion from surrounding areas. Strategic management (see Section 8.4.2) is therefore practised.

Performance criteria

Success of goat control has been determined by an apparent visual reduction in the impact of goats on vegetation, a marked regeneration of Arkaroola’s perennial vegetation, an apparent reduction in the number of feral goats present, and a decrease in the number of complaints about the presence of feral goats.

These performance criteria are not measured. No formal mechanism exists to determine whether the resources devoted to feral goat control are sufficient to achieve the benefits sought for native flora and fauna.

Management units

The Arkaroola-Gammons area is managed as two units, the Gammon Ranges National Park and Arkaroola Wildlife Sanctuary (a privately-owned pastoral lease managed for conservation purposes). Cooperation between them, and between them and their neighbours, has increased in recent years.

Control strategy

Goats on Arkaroola are controlled mainly by shooting from the ground and from helicopters, the country being too rough for goat mustering. Mustering the flatter country west and east of Arkaroola indirectly benefits Arkaroola, from which goats emigrate to fill the voids.

In the Gammon Ranges National Park goats have been controlled by ground mustering, aerial mustering, trapping on water, ground shooting, and shooting from a helicopter. In recent years shooting and ground mustering have been the principal techniques.

In both areas carefully-screened volunteers and property staff shoot goats. Volunteers from the Hunting and Conservation Branch of the Sporting Shooters Association of Australia converge on the Gammon Ranges National Park at one or more times of the year, and cover much of it in a well-organised operation. In some years their efforts are followed by shooting from a helicopter which reduces goat numbers further and covers areas missed by the ground shooters.

Control operations tend to focus on areas with high goat densities to maximise the number of goats eliminated, although the volunteers from the Sporting Shooters do cover a wide breadth of terrain. Given the mobility of feral goats, a focus on areas of high goat density is reasonable if control occurs on only a few occasions a year. Priorities have not been set for different areas based on the conservation values to be protected and their vulnerability to goat damage (see Section 8.4.5), though these considerations will no doubt have some bearing on where goat control occurs.

8.8.4 
Implementation

Group action

The invasion of Arkaroola by goats from the Gammon Ranges National Park, and the refusal during the 1980s of park authorities to allow shooters from Arkaroola into the park to control goats in the vicinity of the common boundary, highlights the need for cooperation between properties. Cooperation has since improved (see last paragraph, Section 8.8.1).

The Goat Control Coordinator employed by the North Flinders Soil Conservation Board facilitates cooperation, and has persuaded landholders who have not previously controlled feral goats to do so.

The goat control coordinator

The Goat Control Coordinator plays an important part in organising and promoting participation in goat control, but at present the position is funded only for the short term by the Commonwealth Government. The challenge for the North Flinders Soil Conservation Board, the pastoral community and government agencies is to ensure that funding continues.

Spatial scale of operations

Operations cover part or all of a property, depending on the resources available and the distribution of goats. Some large operations are coordinated with those on adjoining properties.

Levies

No levy is raised on feral goats sold. When goat prices are high a levy might be useful to fund monitoring and to kill goats that cannot be commercially harvested, but it would dry up when goat prices were low or goat densities fell to the point where commercial mustering was no longer viable. It appears that pastoral enterprises are most profitable overall when goat densities are low (see Section 8.4.5). Goat control is perceived as desirable on all land whether or not it is profitable in its own right.

Government agencies

The government agencies involved with goat control in pastoral areas (the Animal and Plant Control Commission, the Pastoral Board, and the Natural Resources Group) have sought to involve the local community in the management of goat control and to locate technical resources at the local level, where they can be most useful to land managers. The agencies provide the North Flinders Soil Conservation Board with technical and policy support.

The Natural Resources Group is also involved in goat control as a landholder.

8.8.5 
Monitoring

Assessment of control

The Animal and Plant Control Commission measures the effects of different herbivores on the growth and regeneration of perennial vegetation at exclosures in one part of the Gammon Ranges National Park, and estimates herbivore numbers at this site from dung collections. Goat numbers are monitored elsewhere in the Arkaroola-Gammons area with informal aerial and ground surveys.

Comparisons over time

Both Arkaroola and the Gammon Ranges National Park keep records of the numbers of feral goats removed over time. The Animal and Plant Control Commission has monitored changes in the vegetation and the numbers of herbivores in and around exclosures in the Gammon Ranges National Park since 1977. Another set of exclosures was erected more recently in a different part of the park.

Techniques

The growth and regeneration of perennial vegetation are measured, and herbivore numbers estimated from the rate of dung deposition, in and around exclosures in one section of the Gammon Ranges National Park (Henzell and Lay 1981; Henzell 1991). Foliage cover and floristic composition is measured at a number of fixed transects, and exclosures have been erected to monitor the population dynamics of Acacia araneosa (Davies 1990).

Goat numbers are also monitored elsewhere in the Arkaroola-Gammons area by informal aerial and ground surveys, and the number of goats removed or destroyed is recorded.

Following the removal of 1000 feral goats from the rugged Elder Ranges on Arkaba Station (150 kilometres south of the Arkaroola-Gammons area), 1000 extra sheep were carried without causing land degradation (D. Rasheed, Arkaba Station, South Australia, pers. comm. 1992). For pastoral areas this suggests that the assumptions referred to in Section 7.2.2 and used in Section 8.4.5 are conservative.

Evaluation of outcome

Vegetation changes are monitored at two sets of exclosures in the Gammon Ranges National Park. What happens elsewhere in the Arkaroola-Gammons area is not formally assessed at present. The Pastoral Board assesses range condition on pastoral leases (of which Arkaroola is one) but the assessments have not yet commenced in the Arkaroola area. These assessments do not extend to national parks. Vegetation trends are assessed subjectively by property staff, but these assessments do not provide an adequate basis for vegetation management.

Feral goat numbers are monitored at one site in the Gammon Ranges National Park (at one set of exclosures). Feral goats in some pastoral areas are counted by the Natural Resources Group during their annual kangaroo surveys, but not in the Flinders Ranges, which is too rugged for the aerial survey technique used to be reliable. The Natural Resources Group counts goat numbers on foot transects elsewhere in the Flinders Ranges but, once again, not in the Arkaroola-Gammons area. The number of goats removed from Arkaroola and the Gammons is recorded, but this does not indicate how many remain. The latter is assessed subjectively, but such assessments do not provide an adequate basis for strategic management (see Section 8.4.2).

The Natural Resources Group and the Animal and Plant Control Commission have recently received Commonwealth funding to employ an officer for several years to monitor land condition in goat-infested pastoral areas.

8.8.6 
Discussion

The approach to goat control on the Gammon Ranges National Park before 1991 had little or no long-term planning and no guarantee that a particular control method would be available when most needed. The reinvigorated vegetation that resulted from low goat numbers during the early 1980s was sapped once again by a resurgent goat population a few years later. The situation has improved since 1991, with regular goat shoots (from the ground and air) and opportunistic mustering. There are also other grounds for optimism. The economics of shooting feral goats have been improved by the innovative and successful recent involvement of the Hunting and Conservation Branch of the Sporting Shooters Association in goat control on national parks and pastoral leases. The local community, acting through the North Flinders Soil Conservation Board, has clearly articulated the need for goat control and is taking the initiative, with technical and policy support from various government agencies. Cooperation between neighbours is now well established. The Goat Control Coordinator plays an important role in this so the challenge for the North Flinders Soil Conservation Board, the pastoral community and government agencies is to ensure that they can continue funding this position.

Goats are not the only exotic species to affect vegetation. The influence of rabbits is too well known to need reiteration here. Rabbits dominate the picture in some areas, goats in others. Plans to manage vegetation need to consider all exotic herbivores, as well as the needs of different plant species and communities. Neither Arkaroola nor the Gammon Ranges National Park has a management plan for vertebrate pests that takes into account the costs and difficulties of controlling different pests and the benefits to conservation values that would be served thereby. Acacia araneosa offers living — but rapidly dying — proof of this (Davies 1990). Extant at only a few small localities, all in Arkaroola and the Gammon Ranges National Park, this species’ lack of protection from goat and rabbit grazing, apart from two small exclosures built in 1993, is condemning many of its populations to extinction brought on by senescence and inadequate regeneration.

9. 
IMPLEMENTING A MANAGEMENT PROGRAM

Summary

Land managers and other stakeholders need to flexible and to integrate feral goat management into a broader context. This will allow goat ecology, environmental, economic and social factors to be incorporated within the legal and organisational structures set up to deal with the problem. 

Coordination and partnership between groups of landowners and other major stakeholders is the key element. This encourages identification and ownership of the problem and results in group reinforcement, peer pressure, and improved communication, cooperation and efficiency. Effective goal-oriented management is the likely outcome. 

The process needed to implement such a scheme requires joint formulation of the problem within the context of land management and social goals. A plan of action to manage the pest should include: strategic definition and operational planning; control action; monitoring and evaluation. Monitoring of the operational factors will ensure efficiency while monitoring of the resources to be protected will ensure effectiveness. Adjustment of the strategy is necessary if goals are not being met or if the social or environmental context alters.

Factors contributing to success include enthusiasm and commitment of land managers and adequate technical and financial resources in relation to the size of the problem. The extent to which these resources are available from the beneficiaries (generally landowners) or government is also a factor. Support may be needed to ensure concerted action, monitoring and evaluation without distorting the incentives for beneficiaries to control and pay for management. It can be beneficial for government agencies to supply some field support to initiate implementation processes.
9.1 
Organising stakeholders for action

The implementation of the strategic approach to the management of feral goats, and other vertebrate pests, involves the adoption of a number of control technologies and processes by land managers. Traditionally, state and territory extension services have been pivotal in assisting the adoption of new technologies and processes by farmers, and these have a key role in the management of vertebrate pests. The role of the extension service officer in feral goat management is often broader than the provision of advice, in that they often act also as coordinators and facilitators to groups of land managers and other stakeholders in group management schemes (Appendix B). Knowledge should be developed through negotiation and ownership shared between stakeholders. The appropriate methodology for this facilitation role of extension officers is a matter of debate, and raises some key issues.

Given the pivotal role of extension officers in feral goat management, their training is important, particularly for operational staff of pest control agencies who advise land managers on management and facilitate the formation and conduct of groups. Strachan (1992) believes that staff with good communication skills and appreciation of the value of landholder knowledge, can be trained to become facilitators. Skills in active listening, conflict resolution, negotiation, mediation, leadership, adult learning, team building, planning and evaluation are necessary for successful group development and management.

9.2 
Around the states

The use of group schemes for the management of feral goats has been most developed in Western Australia, and to a lesser extent in South Australia, Queensland and New South Wales. This partly reflects the numbers of feral goats in these states.

9.2.1 
Western Australia

The scale of the feral goat problem in Western Australia (480 000 square kilometres infested) determines the necessity for coordinated action. In Western Australia no concerted effort to remove feral goats from rangeland was made until 1991. At this time the pastoral industry recognised that feral goats were having an adverse impact on the rangeland that current policies were unable to alleviate. As a result, the pastoral industry developed the Feral Goat Eradication Program (Section 8.7.1).

The program involves 272 stations across the pastoral lands, organised into 52 cell groups. The small size of the groups has enhanced ownership of the program by pastoralists. In 1991 a coordinator was appointed to assist the groups and allocate funds to groups who applied. Direct field support from government is considered important to the success of the program. Approximately $100 000 has been allocated each year on a dollar-for-dollar basis. 

Agriculture Western Australia places a high priority on extension skills of all field staff. All Agriculture Western Australia staff with an advisory role are required to be skilled in extension techniques and this includes a TAFE training course.

9.2.2 
South Australia

Extension effort in South Australia is concentrated in the goat-infested pastoral areas. The local Soil Conservation Boards collectively employ a Goat Control Coordinator who promotes and coordinates feral goat control, provides advice on technical matters and the marketing of mustered goats, and monitors the response of the rangeland after goat control. The Animal and Plant Control Commission (APCC) has a regional adviser who also undertakes extension activities as well as providing the Goat Control Coordinator with technical support. All extension activities are reviewed by the Pastoral Zone Control Committee which consists of representatives of the Soil Boards and government agencies with an interest in goat control.

In agricultural areas feral goats are much scarcer than in the pastoral area and advisory staff deal with the proper containment of domestic goats as much as or more than with the control of feral goats. Extension here is undertaken by local officers employed by a network of Animal and Plant Advisory Control Boards as well as the APCC Regional Advisers. 

Both the local officers and Regional Advisers undertake a two-week practical and theoretical course in the control and biology of vertebrate pests and the damage these pests cause, and subsequently complete a project involving practical pest control. Training in extension methods will be introduced within the next few years.

9.2.3 
Queensland

Landholders and government agencies identified the need to control feral goats as one measure to arrest land degradation in south-west Queensland. As part of the Mulga Land Use Advisory Group a management plan for feral goats was proposed in the early 1990s. In response, the Queensland Department of Lands, the United Graziers Association and the Cattlemen’s Union established a large-scale study in the Charleville district to determine the best approach for managing feral goats in that region. Landholders commenced a management program in 1994 assisted by funds provided under the Vertebrate Pest Program (see Introduction).

The project aims to integrate local knowledge and current research to establish a partnership between government and the community. Extensive liaison with landholders, landcare groups and rural industry groups has contributed to the initial success of the program. Local landholders and rural industry groups are involved in all aspects of planning, implementing and evaluating each stage of the project. A high degree of enthusiasm and commitment has resulted from a series of structured meetings designed to benchmark the current situation and plan the management program. 

More generally, extension training for Land Protection field officers in Queensland has recently begun to supplement their standard pest management training.

9.2.4 
New South Wales

In New South Wales individual staff from several agencies undertake extension programs focussing on the management of total grazing pressure of which feral goats form a major component. No coordinated programs are dedicated solely to feral goat management. Although Rural Lands Protection Board staff play an active operational role in the management of noxious pests, feral goats do not fall into this category and therefore are not generally a focus for Board staff. 

Some Landcare groups around Broken Hill have undertaken goat control in a cooperative manner with some success. However these groups only incorporate a small number of landholders. The majority of landholders operate independently and are motivated primarily by market forces and the commercial value of feral goats.

Agency staff undertake formal training in extension practices, but there are no formal training programs for these staff in technical areas of feral goat management.

9.3 
Partnerships are needed

The crucial step for effective management of feral goats is genuine partnership and cooperative action by land managers, government and others who will benefit from the management action or have some other stake in the outcome. 

That such social organisation is vital is shown by the failure of law by itself to ensure appropriate action. Legislation and policy alone are not effective. For example, Western Australia and Queensland have similar laws which declare feral goats as pests and require them to be controlled on private land (Table 4). Despite this, policy and practice differ in the two states, with Western Australia being four years into a coordinated plan to reduce feral goat damage to low levels.  Until recently Queensland has relied more on individual action and commercial harvesting to manage feral goats. Reliance on individual action is flawed because it is difficult to sustain and takes little or no account of external community problems.  Coordination is not sufficient to achieve success by itself, but its absence ensures failure.

A common element in most successful vertebrate pest management has been the development of group or district community schemes (Ryan 1947; Ratcliffe 1959; Chamala and Mortiss 1990). The essential features of these schemes include common understanding of the nature and extent of the problem, and identification of clear, shared goals and objectives. Some government support, especially to start the schemes, can be beneficial (Sections 9.6 and 9.7). 

Group or community schemes can be developed in many ways and the value of these are the subject of some debate. A variety of different approaches from passive participation to self-mobilisation which involve people in developing land management strategies are described by Pretty (1994). A similar continuum from top-down to bottom-up approaches is discussed by Carr (1994) and by Kelly (1995). Kelly defines consultation as the periodic involvement of the community in a government-driven activity, and participation as the continuing partnership between community and government where both parties learn during the process.

Cooperative action is recognised as essential in pest management for many reasons. As with many other animal pests, feral goats can be mobile with large home ranges in arid areas. Group schemes allow better management of pests that easily cross tenure boundaries by providing for broad-scale, synchronised actions to minimise reinfestation problems. Economies of scale are inherent if joint action is taken by landowners, and groups also facilitate peer pressure on those unconvinced of the need for management.

The ultimate aim of implementing feral goat management is to change behaviour and facilitate the adoption of sustainable land management practices. It is recognised that new approaches are needed in extension to encourage adoption, especially with the complexities of sustainable land management introduced in the 1990s (Vanclay and Lawrence 1994, Blacket et al. 1995). Involving all stakeholders from the start in planning the program is essential.

9.4 
Stakeholders

The risks posed by feral goats must to some extent be seen as a community problem to be solved by communities out of self-interest or good neighbourliness. The problem cannot be solved by the government or the next door neighbour. Although scientists and governments can recognise problems and develop management solutions, it is producers who need to implement these solutions. Feral goats cross property boundaries, and landholder action or lack of action, affects neighbours. Therefore cooperative action between groups of producers and government is needed to improve management of feral goats.

The appropriate involvement of other interest groups should be encouraged. All individuals have a unique perspective on what is a problem and what improvements are appropriate. Incorporating these different perspectives does not create conflict; rather conflict arises from people not allowing others to hold different views (Pretty 1994). 

All those who have the potential to influence individual property management practices are stakeholders. The involvement of multiple stakeholders will be more likely to result in shared ownership of the problem and thus commitment to a successful outcome. For example, animal welfare groups should be kept informed of, and encouraged to provide solutions to, the control technology for feral goat management. Conservation groups are likely to be interested in setting the resource protection goals and determining which land is most important for immediate control action. Meat processors need to be involved in the better coordination of mustering. One means of involving interest groups is to include them on a state or regional steering committee along with landowners and government agencies that have influence on the planning at the local and regional level. While this helps ensure appropriate frameworks, local people must also be involved in all stages to ensure adoption. 

9.5 
Identification of goals

The key element in identifying goals for feral goat management is that all the relevant stakeholders need to be involved in defining the problem before the goals for action can be developed. A common understanding of the problem and the complexity of related issues in each local area is essential.

Management of feral goats needs to be seen within the context of wider goals or visions of what individuals want to do with their land in order to sustain its production and/or conservation values, and how they can organise themselves to manage the threats that put these wider goals at risk. It is not appropriate in these guidelines to discuss these wider goals for each local region.  That is a task for those concerned with developing a land management strategy for their area. Issues that need to be considered include the social, physical, economic and general biological limits to achieving the goals.

Managers of feral goats need to understand the scope and nature of the risk posed by feral goats, and to have relevant knowledge of the biology and behaviour of the animals. Although this may seem self-evident, it is often the case that individual landowners do not see the need for action wider than their own property or do not perceive goats as a threat, or are unaware of the biological principles that must be applied to succeed in managing feral goats.

The goals or visions of the general community need to considered as these could be quite different from the individual land managers. The community groups with an interest in managing feral goats are identified in Chapter 5, but the key stakeholders in this community are those owning or managing the land – either as farmers, as managers of the conservation estate, or as traditional Aboriginal landowners.

9.6
Government involvement

Government agencies have a legitimate interest in the management of feral goats as legislators, as representatives of the wider community, and as managers of such areas as national parks. 

It is vital in its role as legislator that government does not distort the stakeholders’ actions to manage goats by subsidising their management of farming risks (Williams 1993). There is, however, a role for government agencies to encourage landowners to adopt good management practices by providing appropriate incentives, education and training, and research and development to support landowners wishing to manage goats. This might take the form of government providing a program manager whose role is to coordinate and oversee the plan developed by the stakeholders. There is a problem with this beneficiary-pays philosophy on land where the income from production is insufficient to manage the risks. One solution is to commercially harvest feral goats, but this may be inadequate if it is not commercially profitable to reduce feral goats down to a density where land degradation is prevented (Pickles 1992; Section 4.4). Any support provided by government must be justified by the prospect of a net social benefit. Where income is insufficient to manage risks and provide a positive return on labour and capital employed, then the current land-use may not be viable from a long-term social perspective.

Government also has a role as land owner through its management of the conservation estate. Management of feral goats on state and Crown land needs to be integrated with their management on neighbouring land. That is, the state should be seen as just another landowner and act as a good neighbour.

9.7 
Facilitation of effective groups

The development of Landcare over the last decade has done much to improve knowledge of the social dimensions of land management and the role of group dynamics and communities in ensuring successful program outcomes (Campbell 1992; Alexander 1993; Carr 1994). Difficulties can arise when people who need to work together discover they have different points of view, different interests, different ideas and different approaches to solving problems and interacting in social settings. Group management skills and strategies are needed to overcome these potential problems (Chamala and Mortiss 1990). Government support for pest management groups can increase the probability of achieving successful outcomes, particularly when they first set up. Studies indicate that members of Landcare groups in Australia feel the need for more expertise (Chamala and Mortiss 1990) and government-funded facilitators or extension officers can provide this.

Kelly (1995) describes some social principles and techniques for community consultation and group participation within the framework of a case study of feral goat management in the mulga lands of south-west Queensland. She describes a process for developing best practice at the local community level following the technique developed by the Queensland Department of Primary Industries with cattle producers (Clarke et al. 1990; Clarke and Lawrence 1994; Clarke and Filet 1994). This ‘participatory problem solving model’ provides a cyclical process for producers to identify problems, plan actions, trial solutions and evaluate results to improve knowledge and skills. Changes in management are more likely to occur if all phases of the model are completed. Kelly (1995) found this participative process motivates land managers and encourages long-term commitment to action. 

Kelly emphasises how ‘learning by doing’ (Walters and Holling 1990; Section 8.4.5) and the principle of flexible management, which changes according to changing situations, is important for ensuring the process is relevant to producers’ needs, and hence encourages their participation. Also the opportunity for ‘doing something’ about a problem is often given as an important reason by landholders for joining and staying with groups (Carr 1994).

In the mulga lands case study, the feral goat management groups were encouraged to undertake large-scale experiments, as described by Walters and Holling (1990). This helped to establish cohesion between group members because people develop a stronger commitment to things in which they invest time and money (Lerner 1994). Kelly (1995) emphasises that it is important for producers to feel ownership of the problem as well as the process for solving it. 

This participative process includes an evaluation step and by being flexible can take account of any relevant social, economic or environmental factors. Initial reports compiled with landholders provide a benchmark to assess changes in local best practice over the duration of the project.

Kelly describes a participative partnership between community and government in which communities with local information can monitor conditions and undertake action based on ownership of problems, and governments can assist by ensuring coherence between local, regional and national needs and providing technical and research information. Government officers need to be involved in the process to better understand the complex social, environmental and economic issues of each local situation within which land managers operate.

Kelly (1995) emphasised the need for government facilitators to resist any temptation to attempt to push producers into action at group meetings. She says ‘extension officers and researchers need to realise that often complex changes are needed at a local and regional level and that these changes may take time’. Such changes need to be made voluntarily by well-informed producers, for only then will they own the decisions and be committed to the process.

This process for developing local best practice is new for feral goats and its long-term value has yet to be established. Government resources to support the process may enhance the probability of success.

10. 
DEFICIENCIES IN KNOWLEDGE AND PRACTICE

Summary

The main management problems in each Chapter of these Guidelines are noted, solutions are suggested, and the consequences of a successful solution are summarised.

The main problems in managing feral goats are strategic rather than tactical. Therefore, the main deficiencies in knowledge are associated with decisions on whether to attempt local eradication or strategic management; and if the latter, on deciding target densities and control frequencies. The information available to justify these decisions is poor. In particular, managers need data both on the impacts of goats on production and conservation values (to support decisions on target densities), and on the cost-efficiency of integrated control systems.

10.1 
Introduction

All the following activities are listed on the condition that they be warranted by the expected social benefits of the action and they offer the highest returns for the limited amount of public funds available. For example, it is accepted that there are gaps in the knowledge base regarding goats, but there may be higher priority research needs, such as rabbit control.

10.2 
Future introductions and spread

Deficiency

Laws and regulations to limit the establishment of new feral goat populations are inadequate in Tasmania, Victoria, New South Wales, Queensland, Northern Territory, and in the Australian Capital Territory.

Development required

The relevant authorities should consult their counterparts in Western Australia and South Australia with the aim of improving their ability to restrict the release of goats in areas where feral herds would establish.

Consequences

The problem would be contained to present areas.

10.3 
Distribution and abundance

Deficiency

Inadequate knowledge of the distribution and density of feral goat populations on regional and local scales and changes in response to goat control activities.

Developments required

Determine the distribution and density of goats, using surveys and GIS at two scales – a regional scale, say the Kalgoorlie region, and a local scale, say one Landcare group of stations. This should be done before and after some planned control actions, and in wet and dry years. There is also a need to determine the abundance and distribution of goats in areas such as national parks, reserves and defence lands, given landholder claims about reinfestation from these areas.

Consequences

Goat distribution data could be used by land holders to better plan and execute cooperative and strategic feral goat management. These data could also be used to identify areas where patches of goats might be most easily eradicated, or to plan commercial mustering. Adaptive models, rather than the static simplifications used in these guidelines, can be developed to enable land managers to place goat management costs and benefits within their larger management of risks.

10.4 
Biology

Deficiencies

One problem in understanding the biology of feral goats is that there are no good measures of rates of increase that are not confounded by continuing mortality or emigration due to culling.

Developments required

The number of goats present before, immediately after, and one year after a control operation should be estimated to calculate a rate of increase. This should be done for several populations in different habitats, at different starting densities and harvest tallies, and in wet and dry years. Measurement of the reproductive status of the population at the time of control and one year later would allow more accurate population models to be developed.

Consequences

The ability to model population recovery rates and predict required harvests, and the ability to relate control costs to production gains would be improved over a range of conditions.

10.5 
Economic and environmental impacts

Deficiencies

The nature of the impacts of goats on the environment is not well described at different densities, in wet and dry years, and among the range of sympatric domestic, protected, and pest herbivores. In particular, the impact of goats on the rangeland and other ecosystems and native fauna is only partially described. Little is known of the effects of feral goats on production by particular plant species, and with regard to fauna effects have been assumed from studies of dietary overlap, for example, with sheep or yellow-footed rock-wallabies, or are extrapolated from other ecosystems.

Developments required

The parameters that describe the impact of feral goats on production and protection values need to be validated under different climatic (rainfall) and market (returns on sheep production) phases of the rangeland business. Research is needed on the relationships between feral goat densities and their food resources, and on competition between goats and other herbivores. The experiments should be run in conjunction with control operations.

Consequences

Adaptive models, rather than the static simplifications used in these Guidelines, can be developed to enable land managers to place goat management costs and benefits within their larger management of risks.

10.6 
Animal welfare concerns

Deficiencies

Mustering and transport of feral goats for commercial use is a major animal welfare concern, as discussed in Section 7.3.2.

Developments required

Codes of practice for some control and management practices, particularly muster and transport of goats, need to be reviewed and improved, or ways to improve their implementation are needed.

Consequences

More humane control of feral goats, at the same time ensuring higher carcase quality.

10.7 
Current management

Deficiencies

There are considerable differences between and amongst the states and territories in the legal and policy framework underpinning the management of feral goats. 

Developments required

States and territories that do not have the legal or policy framework to ensure concerted action to manage the impact of feral goats should develop them.

Consequences

Concerted action and improved production and protection outcomes, and improved coordination across state and territory boundaries.

10.8 
Techniques to measure goat abundance

Deficiencies

Aerial surveys are the best method to estimate goat population sizes over large areas. The bias due to unsighted goats has only been estimated four times and clearly varies considerably. More methods that can be used by pastoralists or operational staff to estimate densities or indices of goat density in intensively managed populations are needed.

Developments required

Research is needed on aerial survey for large-scale monitoring and on cheap and robust methods of estimating densities or indices for smaller-scale operations.

Consequences

Improved operational monitoring

10.9 
Control techniques

Deficiencies

Methods to control most goat populations are available, but the sequence, timing, and frequency of integrated packages of techniques to keep densities low or achieve eradication needs more experimental effort.

Developments required

Operational research to develop integrated pest management systems for particular strategic and habitat requirements.

Consequences

More efficient management and possible eradication successes.

10.10 
Ranking conservation management units for control

Deficiencies

Conservation agencies need to consider appropriate ways to allocate resources between eradication and sustained control, and between areas with different natural values under different risks to goats.

Developments required

A system to score relative net conservation values in management units needs to be developed. Questions to be considered include: How do we compare the values of species with those of communities, ecosystems, or processes? Should comparisons be made on present values or net values expected after pests are controlled?

A system to weight values for risk and opportunity needs to developed. The New Zealand system (see Section 8.4.5) used a simple weighting system for risk, but an alternative might be to use economic analogies to discount net values for risk – which may be positive or negative.

Consequences

Indigenous biodiversity will be maximised cost efficiently.

10.11
Integrating risk management

Deficiencies

Braysher (1993) noted that it would have been preferable to develop one set of guidelines for all pests. This is also recognised in New Zealand. However in both countries a ‘worst pest species’ approach has been taken where places (management units) with the pest are ranked and the target pest controlled at the best places. This results in many places being protected from selected pests.

There are two alternatives to this model (Parkes and Nugent 1995). At one extreme, places can be treated as habitat islands where all exotic biota are controlled largely irrespective of their pest status at that place. This results in a few places being highly protected.

A middle ground model ranks places and controls any pest at that place that is affecting the values that make that place important. This results in an unknown number of places being protected from critical pests.

Developments required

Australian agencies should review Parkes and Nugent (1995) to see if the suggested integration by priority place–critical pest, as well as by strategic and tactical integration, can be adapted to Australian conditions.

Consequences

Management of all risks can be better integrated to make more rational and strategic decisions.

10.12 
Implementation

Deficiencies

There is no consistent practice between states and territories to manage feral goats, and there appears to be no rational system to prioritise actions or strategies at the regional scale.

Developments required

States and territories with no regional plan to manage feral goats should develop one based on these guidelines.

Consequences

The effort will be extended nationwide, and concentrated in the highest priority areas.
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APPENDIX A

Effect of feral goats on the value of stock production in pastoral areas

Changes in production from domestic stock resulting from the presence of feral goats can be estimated directly by manipulating the numbers of goats and measuring changes in production from stock, or indirectly by estimating the dietary overlap between feral goats and stock and their food intakes, and calculating the number of stock that could be substituted for a given number of goats. The extent of dietary overlap will vary with the botanical composition and condition of the pasture, but in general will increase during drought and as the perenniality of the vegetation increases.

The cost per feral goat can be calculated (after Henzell 1989) by allowing for: (1) dietary differences between feral goats and sheep (an 80% dietary overlap was assumed); (2) the occurrence of 20% of the feral goat population in areas not used for pastoral production; (3) each goat eating or damaging as much plant material as one sheep; (4) an exponential potential rate of population increase through reproduction of 0.57 (corresponding to 4.8% a month, which on average is the number of animals that must be removed or die post-perinatally of natural causes to prevent the population increasing); (5) post-perinatal natural mortality of 10% a year; (6) revenue derived from the sale of mustered goats (the proportion of goats removed that are mustered must be specified); (7) the cost of shooting the remainder of goats removed; and (8) the gross margin per dry sheep equivalent (d.s.e.).

The calculation can be varied to suit any particular situation. Gross margins for sheep and the sale price of goats have both varied widely over the last few years, and it might be appropriate to use an average number for a number of years. Where the population size is stable from year to year (in which case the number of goats removed per year equals the natural increase through reproduction), the following approximate formula incorporates all the above factors:

L = 0.64nGM ( 0.47n(spS - mpM)

where L is the annual loss due to feral goats; n is the number of goats present; GM is the gross margin for sheep per d.s.e; sp is the proportion of goats that are removed that are shot; S is the cost of shooting a goat; mp is the proportion of goats that are removed that are mustered; and M is the profit per head of the goats mustered and sold; (note that sp ( mp = 1).

Based on a gross margin for sheep of $15 per d.s.e., for revenue derived from the sale of goats (sale price $6 a head less mustering cost of $2 a head, for a profit of $4 a head, see Section 4.1.2), and for the cost ($5 a head) of shooting 10% of the number removed, the cost per goat per year is about $8.15.

The gross margins for sheep and the sale price of goats have both varied widely in recent years; these figures are approximate averages. The average annual loss of $8.15 per feral goat is probably applicable to most of Australia other than part of western New South Wales. ‘Woody weeds’ in the latter area are unpalatable to sheep and reduce the growth of palatable grasses and herbs, but some of them are eaten by goats; the results are that the dietary overlap between sheep and goats is less, and that fewer sheep can be carried. (Note that although some studies show that, per hectare, domestic goats are more profitable than sheep in western New South Wales, the goats are cashmere goats run at unsustainably high stocking rates; the return from ferals is less. In woody weed areas the gross margin per d.s.e is higher for merino wethers ($5.70) than for self-replacing domestic meat goats ($3.00), and the gross margin per hectare is less for the sale of feral goats than for other enterprises, although in some cases running other livestock might not be an alternative (Murphy 1992). Assuming that half of the feral goats in New South Wales cause a loss of $2 each a year and the remainder a loss of $8.15, the average for the State is $5.07 each. The estimated annual loss for Australia, calculated from data for goat numbers in 1993 presented in Table 1, was $17.8 million. When goat numbers are lower this figure will be less but it is considered to be an approximate annual average for the past decade.

Owing to a lack of quantitative data, the above calculations do not take into account the following factors:

(1) 
The consequences of goat-induced soil degradation and loss of perennial vegetation. The former results in reduced plant production and the latter in increased soil degradation and reduced carrying capacity during drought. The loss in carrying capacity attributable to these processes has been studied, but the contribution to them of feral goats has not.

(2) 
Goats have a reputation for being ‘first to the best feed’ after any rain, and cut the peaks off sheep production.

(3) 
Competition between stock and feral goats for water reduces the ability to carry stock in many areas during drought, and in other areas increases costs by advancing the need to cart water.

(4) 
Feral goats damage fences.

These losses can be included in the calculations if values can be attributed to them.

In western New South Wales carefully managed domestic goats have the potential to increase production in areas infested with certain shrubby species, but feral goats probably have little positive to contribute on this score as in general they do not seek out the problem plants (Harrington 1982b), and in any event can direct their grazing activities to areas carrying more palatable vegetation.

Many uncertainties surround the indirect measurement of the effects of feral goats on domestic stock production, and direct measurement is preferable (by manipulating the numbers of goats and measuring changes in production from stock).

APPENDIX B

Best practice extension in pest management

Quentin Hart and Dana Kelly 

Achieving sustainable land management, including pest management, can be facilitated by new approaches to extension. Traditionally, extension has been defined as the dissemination of information. In this definition it is seen as the link between the producers of information (researchers and others) and the end-users of the information (generally land managers). Land managers need to be recognised as being able to provide useful information and they should be involved in partnership planning and implementing extension programs. Researchers, public policy makers and industry tend to refer to research transfer, technology transfer or information diffusion. Extension officers often promote adult education principles. Bennett (1993) emphasises the need for mutual interdependence and cooperative action combining these two approaches. If extension is to achieve adoption, it needs to facilitate understanding and involve participatory partnerships rather than prescriptive approaches.

Some characteristics and principles which are inherent in innovative extension programs are: 

· ownership;

· benchmarking;

· participatory learning based on principles of adult learning;

· equity and respect for everyone’s views (Kelly 1995);

· problem definition with stakeholder consensus (Ison 1993);

· client driven or responsive to the needs of clients (McGuckian and McGuckian 1994);

· consider the whole property or whole agribusiness chain (McGuckian and McGuckian 1994);

· incorporate processes to create learning opportunities that lead to locally meaningful and adaptive changes (Ison 1993), that is, ‘learning by doing’ (Section 8.4.5 and Walters and Holling 1990); and

· incorporate an evaluation strategy to ensure the program is flexible and responsive to external changes such as the environment or market  (Kelly 1995).

With decreasing state government resources, the ability of extension workers to target individual land managers is limited. Landcare groups provide a partial solution to this problem in that they allow extension workers to target groups rather than individuals, and the information diffusion process within these groups is relatively rapid. The group approach offered by Landcare can also be used to develop regional rather than individual management plans for pest management.

Extension should not dictate solutions but rather provide the underlying technical information and decision-making framework from which land managers can draw their own conclusions. In this way both government and land managers will have a greater understanding of the complexity of the problems and the possible solutions. Such participatory learning approaches also provide land managers with ownership of the problems and solutions and this facilitates adoption.

Involving land managers as co-learners and co-researchers is being encouraged in demonstration projects currently supported by the Vertebrate Pest Program (VPP) of the Bureau of Resource Sciences. The VPP funds state government agencies and Landcare groups to determine best practice pest management for a particular area. The projects are generally large-scale field trials involving a number of properties and comparing several management strategies. Rather than simply providing land for the research, the land managers are an integral part of the projects and help determine management options which are practical and economically sensible for their particular area. Their involvement also facilitates the dissemination of project findings to other land managers. One of the roles of extension is to maintain the momentum of such projects once government funding is withdrawn.

Relevance of information to the land manager in a framework of whole-property management needs to be considered by extension workers. Pest damage is a single, and often minor, issue amongst a wide range of management considerations a land manager has to contend with. This is particularly true for pests which inflict major but infrequent damage — for example mice. Pest management is peripheral to most land managers’ major activities and their motivation relates to current rather than potential damage (Salleras 1995).

Extension workers and research workers ‘... must be able to understand the goals and reasons for motivation or otherwise of the various human stakeholders as well as the habits and habitat of [the pest animal] ...’ with ‘... the most effective solutions [being] achieved by examining differences in the human dimension rather than concentrating on the pest’ (Salleras 1995).

The above assertions by Salleras, a rural land manager from Queensland, are probably a good representation of the attitudes of many land managers and provide an insight into effective extension methodology. Extension should:

· offer concise information specific to regional needs;

· offer a framework for making management decisions based on generic information combined with local observation;

· offer a range of options rather than be prescriptive;

· take account of the availability of pest management tools (for example Global Positioning Systems and bulldozers for warren ripping) within a region so that recommended control techniques are appropriate;

· take a whole-property management approach by recognising that managers have to allocate budgets to deal with many risks and opportunities and are rarely able to fund pest control at optimal levels. Given limited budgets, the solution is to use cost-benefit analyses, which are relevant to the local area, to optimise where, when and how much control is conducted. As part of this, quantify local pest damage and consider the value of production and financial situation of land managers where data are available to do this (see Appendix C); and

· ideally, implement local field trials, and from these coordinate regional management strategies to achieve maximum (and hopefully long-term) adoption.

Computer technology may provide a partial solution to decreasing resources for physical extension. They will enable pest management information to be provided electronically and readily updated. This information can be linked to decision support systems to lead landholders step-by-step through a process of ‘self-assessment’ so that they may determine the best management options based on their own on-ground observations.

However, the potential of these systems is entirely dependent on the adoption of such technology by land managers which is currently low and geographically variable. In the foreseeable future, adoption of best practice pest management will depend on extension and research officers working with land managers to determine what best practice is for their situation and becoming actively involved in its implementation.

APPENDIX C 

Economic strategies for feral goat management

(Bomford  and others 1995)

Land managers who wish to determine the optimal economic strategy for managing a problem caused by goats could use the stepwise approach outlined in this appendix. We recognise that managers will have incomplete knowledge of the information necessary to complete in full many of these steps. Nonetheless, the exercise of attempting to complete the process, and recording the assumptions and best guess estimates that are made may prove a useful aid to decision making for feral goat management.

STEP 1 — Desired outcomes

Identify desired outcomes and estimate a dollar value for each of these. Where outcomes are commodities, such as increasing wool cut by a given percentage, this should be reasonably easy. Where outcomes are difficult to measure, such as reduced land degradation, or intangible, such as increased biodiversity, land managers may be obliged to estimate how much they consider is an acceptable amount to spend to achieve that outcome.

STEP 2 — Control options

List all control options and how much they would cost to implement. Control options can be different techniques or combinations of techniques, or different levels or frequencies of application of techniques (Section 7.3). It is important that the options for control are expressed as activities that a manager can select either to do or not to do.

STEP 3 — Density-damage relationships

Estimate the relationship between pest density and damage for each resource damaged by the pest (Figure C1). For example, if goats are reduced by 50%, how much will this increase wool cut? There may be interactions between pest density and other farm management practices which will need to be taken into account. For example the increase in wool cut caused by reducing goat densities by 50% may vary with different stocking rates for sheep.

Step 4 — Effectiveness

Estimate the effectiveness of each control option. That is, how much will a given effort using a particular control option reduce pest density. 

Figure C1: Possible relationships between goat density and the damage they cause. For example, line A might represent the damage goats cause to a palatable endangered plant, that goats actively seek out and eat even when they are at low densities. Line B could represent direct competition between feral goats and stock for a limiting resource. Line C could occur if there is little or no competition between sheep and goats for pasture when goats are at low densities. The shape of these lines will depend on the type of damage and other variables such as stocking rate and seasonal conditions.

STEP 5 — Cost-benefit relationships

Use the information from Steps 1–4 to estimate costs and benefits of implementing each control option, including options which combine more than one technique. Costs will be the cost of implementing each control option, and may include costs of monitoring pests and planning. Benefits will be the value of the reduction in damage to the valued resource caused by implementing control (that is the desired outcomes listed under Step 1 above), plus any profits (for example, those made from selling goats).

Different pest management options will generate a variety of cost-benefit relationships. Estimates of benefits and costs can be discounted back to net present values (usually using a discount rate equivalent to the interest rate the landholder pays on financing the control operation). This will reduce the value of costs and benefits accruing in the distant future relative to those accruing in the near future.

STEP 6 — Marginal analysis. 

Plot both the incremental marginal change in the cost of goat control and the incremental change in the cost of damage caused by goats against the level of goat control contemplated (Figure C2). Where the two lines cross is theoretically the optimal level of pest control. Further increases in control activity do not cause commensurate reductions in damage, so at higher levels of control beyond this point, costs will exceed savings in reduced damage.

The problem for managers is that because they often do not have good information on the damage density relationship so it is hard to estimate the optimal control point. Further, even if they can make a good guess, it is not usually practical with most control techniques to simply cut off control efforts at some pre-determined goat density. It is preferable to have a range of control options ranked along the x-axis, with their associated cost and benefit values for implementation, so a manager can select which option is optimal. For example, different frequencies of muster could be put along the x-axis. 

Figure C2: 
Marginal analysis plotting both incremental changes in the cost of reducing goats to a given density and incremental changes in the cost of damage caused by goats at a given density against level of control activity. Where the two lines cross is theoretically the optimal level of pest control. At higher levels of control beyond this point, costs will exceed savings in reduced damage.

STEP 7 — Pay-off matrices

Construct a table listing all the control options and their associated costs and benefits (economists call this a pay-off matrix). Managers may wish to construct different matrixes for different conditions, such as different stocking densities, seasonal conditions, or commodity values for wool, lambs or goats. Managers will also need to consider time-scales when constructing these matrices – what time span is covered and how will this affect costs and benefits?

These matrices can then be used to select the option(s) which best meet the managers’ goals. If the manager is risk averse, the best options will be those that bring in reasonable returns (benefits in relation to costs) under the widest range of conditions (That is, in most seasons and with a wide range of commodity prices). If the manager’s priority is to maximise profit, the preferred options will be those that are likely to give the highest returns on investment, even though there may be some risk of having no returns or even a loss if the seasons and prices go badly.

Pay-off matrices can also be used by a land manager to compare returns on investment in pest control with returns on using the money for some other purpose, such as fencing, new stock watering holes or fertiliser.

Steps 1–7 complete the basic model. The model can be made more accurate by adding additional features. Incorporation of such additional features into the model will make it more complex, but including at least some of them may be necessary to make the model accurate enough to be useful.

One way of improving accuracy may be to replace single estimates with a range of possible values, and give associated probabilities for each value in the range.

Managers may also wish to add additional features to the model such as:

–
Social benefits could be included in Step 1, such as: 


..
off-site effects and good neighbour relations; 


..
biodiversity and endangered species management in agricultural areas;


..
retaining rural communities;


..
animal welfare management.

–
Risk management for spread of disease by goats could also be included in Step 1.

–
Other species, such as kangaroos, could be added to the model, either as a resource for harvesting (Step 1) or as a contributor to total grazing pressure (Step 3).

–
Effects of government intervention could affect value of benefits (in Step 1) or costs (in Step 2). 

–
Commercial harvest of feral goats, as an alternative to control as a pest, could be included as a control option in Step 2.

–
Indirect effects of pest control, for example the effect of goat control on kangaroo or rabbit numbers could be included as an interaction effect in Step 3.

–
The form in which benefits come may be significant to a manager (Step 5). For example, cash ‘bonuses’ from the sale of feral goats may be more attractive as immediate cash for spending, than future money from increased wool sales which may be committed in advance to servicing debts or meeting farm running costs.

Much of the information needed to follow the steps outlined in this appendix is not available. Some projects being funded by the Vertebrate Pest Program in BRS aim to collect some of these data. It may be difficult to determine appropriate levels of control required to reduce some of the environmental damage caused by feral goats, because the cost of this damage is intangible. While some techniques are available which can be used to attempt to quantify such value (Braysher 1993) these are complex and expensive to use, of limited reliability, and not practical for most land managers. Even so, Steps 1–5 still enable managers to assess the most appropriate intensities or frequency of application to acheive desired reductions in damage levels.

ACRONYMS AND ABBREVIATIONS

ABS


Australian Bureau of Statistics

AE


Annual evapotranspiration

ANCA


Australian Nature Conservation Agency

ANZFAS


Australian and New Zealand Federation of Animal Societies

APB


Agriculture Protection Board (Western Australia) (Now AWA)

APCC


Animal and Plant Control Commission

AQIS


Australian Quarantine and Inspection Service

AUSTVETPLAN

Australian Veterinary Emergency Plan

AWA


Agriculture Western Australia

BRS


Bureau of Resource Sciences

CSIRO


Commonwealth Scientific and Industrial Research Organisation

DCNR


Department of Conservation and Natural Resources (Victoria)

DENR


Department of Environment and Natural Resources (South Australia)

DEP


Department of Environment and Planning (South Australia)




(Now Department of Environment and Natural Resources)

DPIE


Department of Primary Industries and Energy (Australian Capital Territory)

DPIF


Department of Primary Industry and Fisheries (Tasmania)

d.s.e.


Dry sheep equivalent

ESD


Ecologically Sustainable Development

FPP


Feral Pests Program (ANCA)

GIS


Geographic Information Systems

LCD


Land Conservation District

NAAP


Net Annual Above-ground Productivity

NAQS


Northern Australian Quarantine Strategy

NCCAW


National Consultative Committee on Animal Welfare

NSCP


National Soil Conservation Program

SCARM


Standing Committee on Agricultural and Resource Management

SCAW


Sub-Committee for Animal Welfare

SE


Standard error

TAP


Threat Abatement Plan

VPC


Vertebrate Pests Committee

VPP


Vertebrate Pest Program (BRS)

1080: Sodium monofluoroacetate. An acute metabolic poison without antidote.

Ad hoc approach: A reactive approach designed to meet immediate short-term goals (that is, not taking account of broader issues or the longer term).

Biodiversity: Biological diversity. The natural diversity of living things. Usually defined at three levels: genetic, species and ecosystem.

Biological control: Use of another kind of live organism to control a pest.

Biota: Flora and fauna of a region.

Browse: Twigs, shoots and leaves of shrubs and trees eaten by animals.

Cadastral plans: Diagrams or maps which include property boundaries, land tenure, roads and similar information.

Canegrass: Property north of the Murray River in South Australia

Canids: Animals in the family Canidae which includes dogs, foxes and wolves.

Carrying capacity (ecological): Ecological carrying capacity (K) is that density attained by a population in the absence of control when it is in equilibrium with its natural resources, predators and competitors.

Cashmere: Fine fibre from a goat’s undercoat, prized for its softness, lightness, warmth and high market value – used to produce luxury knitwear.

Chenopod: Plants of the family Chenopodiacaea. In arid areas of Australia chenopods are mostly salt-tolerant shrubs such as saltbush and bluebush.

Code of Practice: Guidelines outlining appropriate behaviour that are not enforced by legislation but rely on voluntary compliance.

Commodity: Thing bought or sold.

Conservation values: Values attributed to maintaining biodiversity, including the preservation of viable populations of native species and natural communities over their natural range; preservation of wilderness; prevention of land degradation.

Contingency loss: Losses that may occur if certain events happen.

Contingency plan: Plan made in advance to deal with a possible future event.

Contingent costs: Costs that may occur if certain events happen.

Control plots: Experimental plots in which no treatment is conducted.

Correction factor: Value used to correct an estimate for bias.

Culling: Removing animals from a population.

Cumulative kill: Total number of animals killed, summed for successive hunts in one area over a short period.

Demography: Study of populations, including statistics relating to birth rates, mortality rates, age and sex.

Discount rate: The rate used to calculate the present value of future benefits or costs. Discount rates are calculated using the reverse equation to that used to calculate interest rates on invested money (that is, the interest rate is negative).

Diurnal: Having a daily activity pattern.

Domestication: Process in which a wild species is integrated into human society and desirable characters are genetically selected for.

Dry sheep equivalent (d.s.e.): One d.s.e. is the amount of feed per day required to keep a wether (or a non-breeding/non-lactating ewe) at constant body weight.

Dry stock unit: See dry sheep equivalent.

Dynamic equilibrium: System that fluctuates over time around a constant value, but does not show any longer-term upward or downward trends. 

Ecologically Sustainable Development: Using, conserving and enhancing the community’s resources so that ecological processes are maintained and the total quality of life, now and in the future, can be maintained or increased. 

Ecosystem: Ecological system formed by interaction of living things with one another and their environment.

Efficacy/effectual: Producing desired effect.

Endangered species: Species in danger of extinction and whose survival is unlikely if causal threatening processes continue to operate.

Environmental degradation: see land degradation.

Eradication: The permanent removal of all individuals from a specified area.

Eutrophication: Pollution of natural water body (stream, lake etc.) through nutrient enrichment, which can lead to a loss of aquatic biodiversity.

Exclosure: Fenced plot for excluding one or more species of animal.

Exclusion fencing: Fencing specifically designed to keep animals out of an area.

Exotic: Introduced from another country (for example, exotic disease, exotic species).

Experimental design: A technique for conducting experiments with replicate and control (nil) treatments so that a statistical analysis will enable the researcher to measure treatment effects and determine the probability of whether these occur by random chance or are a true response to experimental treatments. Interactions between treatments can also be measured.

Exponential birth rate: Loge(finite birth rate).

Exponential rate of increase (r): r is loge of the finite rate of increase of a population (that is r = ln(Nt) - ln(Nt+1) where Nt is population size at time t, and Nt+1 is population size a unit of time later).

Extant: Still existing.

Extrapolation: Interpreting data beyond the dimensions within which it was collected (for example assuming conclusions drawn from data collected in one region will be relevant elsewhere).

Fecundity: The number of fertile eggs produced by an individual female or by a species.

Feral: Domesticated species that has established a wild population.

Fertility control: The use of contraceptives or biological control agents to reduce the production of young in a population.

Finite birth rate: (Nt+1) / (Nt) where Nt is population size at time t, and Nt+1 is the population size a unit of time later.

Finite rate of increase: (Nt+1) / (Nt) where Nt is population size at time t, and Nt+1 is N plus the number of newborn animals added to the population a unit of time later.

Floristic composition: Description of an area in terms of the species of plants in it.

Generalist herbivore: Herbivore that eats many different types of plants.

Geographic information system (GIS): A computer-based system for displaying, overlaying and analysing geographic information such as vegetation, soils, climate, land use and animal distributions.

Gestation: Pregnancy.

Gross margin: Gross amount of money received less variable costs.

Herbivore: Animal that eats only plant material.

Herbivore biomass: Total weight of all herbivores per unit area.

Herd range: Home range of a herd of animals.

Home range: Area that an animal (or group of animals) ranges over during normal activities.

Indices of density: Measures of the abundance of a species which are correlated with total numbers (for example, transect counts, abundance of fresh droppings or tracks, kill rates, aerial transect counts).

Judas goat: Radio-collared goat which is released into a control area. Because goats are social, the Judas goats joins up with any other goats present which can then be located.

Kill-rate: Number of kills per unit hunting effort (for example, number of goats killed per hour of shooting from a helicopter).

Land degradation: Soil erosion by wind and water; soil salination, acidification or structural decline; loss of soil fertility; stream and lake pollution, infestation by pest plants and animals; loss of biodiversity.

Landcare : Local voluntary groups of people, mainly landusers in rural areas, whose primary aims are to reduce natural resource degradation and develop more sustainable resource management

LD50: The dose (per kilogram of body weight) that will, on average, kill 50% of treated animals.

Liverfluke: Trematode (parasitic flatworm) that lives in the liver.

Macropods: Animals in the Macropodidae superfamily which includes kangaroos, wallabies, bettongs, rat kangaroos, potoroos, pademelons and tree kangaroos. 

Market failure: The failure of the price system to allocate resources efficiently. This implies that market prices do not necessarily reflect marginal social benefits or costs and market profitability does not necessarily reflect net social benefits.

Matriarchal group: Family group of animals led by their mother.

Maximum rate of increase (rm): The maximum exponential rate at which a population will increase when no resources are limiting and there is no harvesting (also called intrinsic rate of increase).

Melioidosis: Bacterial disease causing pneumonia and septicemia.

Mohair: Fibres from angora goat, used for mohair knitwear. Also sometimes called angora mohair (not to be confused with fine angora produced from angora rabbits).  

Mortality: Death

Net annual above-ground productivity (NAAP): Amount of above ground plant growth produced in one year, expressed as kilograms dry weight per unit of land area. Much of it is not eaten by mammalian herbivores.

Net costs to production: An estimate of the value of the potential increase in production from domestic stock and other farmed crops if feral goats were controlled, minus the value of feral goat production.

Oestrus: The sexual heat of female animals.

Opportunistic: Taking advantage of new opportunities, acting when conditions are favourable. 

Overgrazing: Grazing pressure that leads to land degradation.

Pasture biomass: Weight of above-ground pasture available per unit area of ground, usually expressed as kilograms per hectare (either wet or dry weight).

Pathogen: Disease-producing microorganism.

Per se: By or in itself, intrinsically.

Perennial: long-living

Plant biomass: Total weight of all above-ground plants per unit area.

Population: Group of animals of a particular species occupying an area where they are subject to the same broad set of environmental or management conditions.

Population dynamics: Description of population parameters relating to changes in population size (including factors such as birth and death rates, immigration and emigration, age structures and sex ratios) and associated ecological theory.

Precision: How large the standard error is around an estimate, expressed in relation to the size of the estimate (N.B. this is not the same as accuracy which is a measure of how close an estimate is to the true value).

Radio-collars: Small battery-operated radio-transmitters fitted to animals to allow their location to be determined by radio-telemetry.

Radio-telemetry: Attaching a small radio-transmitter to an animal so that its location (and activities) can be monitored.

Rangeland: Land used principally for grazing livestock.

Recreational hunters: Those who hunt for pleasure, but who may sell their catch.

Recruitment (to a population): Sum of births and immigration.

Relict population: Population surviving in an area isolated from the main distribution area owing to intervention of environmental events.

Resource-limited population: Population whose size is restricted by the availability of resources (such as food or space).

Rickettsia: Group of intracellular parasites found on ticks, lice, mites and fleas, which are intermediate between bacteria and viruses.

Salination: Accumulation of salt in the upper soil layers, causing plant deaths, and reducing productivity and biodiversity.

SCARM: An agency with Commonwealth, State, Territory and New Zealand representation that reports to a council of ministers.

Scrapie: Progressive and invariably fatal degenerative disease of the central nervous system of sheep and goats. It is an infectious disease but the causal agent is not a conventional virus. 

Senescence: Advancing age; aging processes leading to death.

Species: Taxonomic unit consisting of a group of interbreeding individuals not interbreeding with another such group and which has characteristics which distinguish it from other groups.

Stratification: Grouping of measurements of like objects or animals, to allow for a more accurate assessment of total values.

Sub-species: Group of individuals within a species having certain characteristics which distinguish them from other members of the species, and forming a breeding group.

Survey-muster-survey trial: A technique for assessing the accuracy of animal density surveys, which relies on mustering to produce a known reduction in density between two surveys.

Sustainability: Continuing in present form and at current level in the longer term.

Sympatric: Having the same or overlapping areas of distribution.

Terrestrial fauna: Animals living on land.

Threatening process: Any process causing a sustained reduction in the range or abundance of a species or subspecies.

Total grazing pressure: The total grazing offtake by all herbivores in an area, usually expressed in dry sheep equivalents (d.s.e.).

Transect: A rectangular plot in which data collection occurs.

Ungulate: Hooved animals such as goat, sheep, pig, deer.

Vulnerable species: Species likely to become endangered in the near future if causal threatening processes continue to operate.

Woody weeds: Shrubs and trees whose density reduces the productivity of grasses and herbs on grazing lands.

x-axis: Horizontal axis of a graph.

Zoonosis: Animal disease which can be transmitted to people.

� Feral animals are defined as those domesticated species which have escaped the ownership, management and control of people and are living and reproducing in the wild.
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