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Adaptive management as a way of optimising strategies for vertebrate pest control

Introduced vertebrates are a major threat to indigenous biodiversity in New Zealand, and some species are subject to national control by government agencies.  Often this control is large-scale, long-term with many discrete operations.  A characteristic of these operations is that they vary tactically (in the methods used) and strategically (in the frequency and intensity of control) between managers and over time at any site.  This variation is a reflection of the uncertainty about the optimal way to manage the pests, and is one reason why government agencies have difficulty sustaining control.  Uncertainty can lead to action being deferred until they are resolved, which is risky if the threat turns out to be critical. Usually, managers take a precautionary approach, tempered by logistical constraints, and conduct trial and error management.  Brushtail possums are an ubiquitous pest in New Zealand, and are controlled over about 30% of the country under two overlapping national plans; one to control their impacts on conservation values, and the other to control them as vectors of bovine tuberculosis.  The national conservation plan covers about 300 operations over about 1 million ha.  The control strategy is to reduce their numbers, usually by aerial poisoning, and then apply control periodically to maintain densities at some reduced level.  The frequency of this maintenance control varies from at least annual to once every 7 years and is triggered by a variety of fixed timing or monitored outcomes.  We have been conducting an adaptive management experiment to describe the costs and benefits of these different control strategies.
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The management of foxes in conservation reserves in Victoria, Australia: an Adaptive Experimental Management Approach

Parks Victoria (PV) invests considerable amounts of funding and time in to control foxes (Vulpes vulpes) on many reserves. Most control work is based on either deployment of buried 1080 baits, spotlight shooting, or a combination. The intensity with which these activities are carried out (i.e. the percentage of a reserve that is covered and the frequency with which control is undertaken) varies within and between reserves according to the perceived level of threat posed by foxes, the accessibility of the terrain, and the resources available for fox control. In a broad sense, the different intensities with which PV controls foxes at various locations can be thought of as representing a range of fox control strategies. Currently, PV has no process to formally assess the performances of these strategies in terms of their effect on the density of foxes or their prey, and the relative cost-effectiveness of PV’s fox control strategies remains unknown. If PV can systematically relate the conservation benefits achieved through fox control to the intensity (and hence cost) of the strategies it employs, it will be able to address a number of questions:  How do the costs and benefits of fox control vary with different spatial and temporal intensities of application? Under what circumstances can buffers be used to increase the efficiency of fox control? What are the key environmental factors that affect the efficiency of fox control in different environments? This paper documents the process of establishing an adaptive experimental management program, outlines some issues we encountered in the first 2 years of its implementation.
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The role of spatial modelling in the adaptive experimental management of vertebrate pests: two case studies

Mathematical models are a useful way to formalise ideas about biological processes. Here we describe the role of site-specific spatial models in two adaptive experimental management (AEM) projects assessing the costs and benefits of vertebrate pest management for conservation outcomes. The New Zealand Department of Conservation spends large sums of money controlling introduced brushtail possums (Trichosurus vulpecula) with the objective of reducing the mortality rates of canopy trees.  Parks Victoria (Australia) conducts pulsed control of introduced foxes (Vulpes vulpes) with the objective of increasing the abundance of native marsupial prey. The designs of both these projects are being outlined in other papers within this symposium.  Here we describe, for both projects, the development of site-specific spatial models that aim to enable managers to evaluate the outcomes of the different control options available to them.  We will outline (i) the selection of a model structure, (ii) the extension of that model structure to a spatial environment, and (iii) the application of the models to actual management sites, and (iv) the practical and technical difficulties associated with implementing the models.  Our experiences and results have implications for the use of models not just for AEM, but for vertebrate pest management generally.
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An adaptive framework for managing warm-water sites for Florida manatees

Over the last 50 years, many Florida manatees (Trichechus manatus latirostris) have come to rely on artificial sources of warm-water, notably once-through-cooling power plants, to meet their habitat needs in the winter.  Market forces, changes in government regulation, and improvements in technology will result in significant changes in the operation and ultimately, closure, of these plants over the next three decades.  Two central questions challenge managers of manatees and power plants alike:  (1) how will manatees respond to changes in the network of warm-water sites, and (2) what actions might be taken to mitigate the negative consequences of these changes?  Working with a task force of diverse stakeholders, we have used the principles of adaptive management to develop a conceptual framework for this problem of management under uncertainty.  Two core elements of this approach are: a predictive model for manatee winter distribution and use of warm-water sites that captures scientific uncertainty about manatee behavior in relation to management actions; and a monitoring system that provides feedback to improve the predictive model.  These elements will be used to evaluate proposed management actions, and assess their effects once implemented.  Model development is currently underway, and a monitoring system has been implemented at three key sites.  While legal, economic, and political factors will have strong influences on the course of action over the next several decades, the adaptive management framework has already provided a clear vision for the role of science in seeking solutions to this problem.
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Adaptive management of mallard harvests in the United States

Regulations governing the sport hunting of mallards (Anas platyrhynchos) in the United States have significant biological and socioeconomic impacts.  Although the regulatory process has worked reasonably well from a resource-conservation perspective, it tends to be controversial because of uncertainties (or disagreements) about the impacts of hunting regulations on mallard harvest and abundance.  In 1995  SEQ CHAPTER \h \r 1the U.S. Fish and Wildlife Service implemented an adaptive approach, in which managers seek to maximize long-term harvest yield against a background of various sources and degrees of uncertainty.  The approach relies on stochastic control theory to explicitly account for uncontrolled environmental variation, incomplete control over harvest, and uncertainties regarding waterfowl population dynamics.  Alternative hypotheses about population dynamics are codified in a discrete set of models, which in turn are associated with an empirical set of probabilities.   SEQ CHAPTER \h \r 1

 SEQ CHAPTER \h \r 1By iteratively updating these model probabilities and optimizing regulatory choices, the process eventually should identify which model most accurately describes the dynamics of the mallard population.   SEQ CHAPTER \h \r 1Adaptive harvest management has improved the regulatory process by providing a formal and coherent structure to the decision-making problem, and by providing a mechanism for reducing uncertainty about regulatory effects.   SEQ CHAPTER \h \r 1However,  SEQ CHAPTER \h \r 1the adaptive process cannot determine appropriate harvest-management objectives, nor can it prescribe the alternative biological hypotheses that should be considered.  These issues demand effective institutional structures for determining how harvests should be valued by society, and for ensuring productive partnerships between management and research.
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Applying Adaptive Management in the Murray-Darling Basin – well-planned experiments for learning or an excuse for ad-hoc, unplanned changes in monitoring?

The Murray-Darling Basin covers more than a million square kilometres and one-seventh of Australia.  It is one of the largest catchments in the world (the river system flows some 2500 kilometres from its headwaters to the sea) and one of the driest.  Under natural conditions, around half the run-off from the basin used to reach the sea.  The rest watered the floodplain, filled wetlands, sustained and regenerated the bush, supported wildlife and recharged ground water.  For the last 100 years governments and communities have actively supported the regulation of the Basin’s rivers, controlling its natural variability and allowing the diversion of large amounts of water, chiefly for agriculture.  As a consequence, the ecological condition in the basin has deteriorated.  Current estimates of fish populations, are considered to be only 10% of the pre-European levels. To redress this situation the Murray-Darling Basin Commission (MDBC) is implementing a program to improve the ecological state of the Basin. Adaptive Management has been adopted by the MDBC as their primary tool for supporting improvements in management by monitoring ecological outcomes and reviewing operations in the light of new information.  The MDBC has already set specific objectives and actions for this program. This limits the ability within the adaptive management framework to develop common objectives and goals with stakeholders.  Additionally, this limits the ability to ‘learn by doing’ by restricting the trade-off between the goals, management, monitoring and evaluation resulting in the potential for ad-hoc and unplanned monitoring under the banner of adaptive management.
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Using spatial technologies to develop an adaptive management framework for wildlife habitat conservation: a case study from the wet-dry tropics of Northern Australia

We documented the impact an invasive, introduced pasture species, para grass, is having on the wetlands of the Mary River, Northern Australia.  Prior to this study, understanding of the extent of para grass invasion, the impact on wetland biota and the factors controlling the invasion process was poorly understood.  The limited evidence suggested that para grass has already transformed areas of the wetlands from a complex spatial and temporal mosaic into a monoculture; this pattern of habitat loss is expected to continue.  Spatial technologies (GIS & remote sensing), together with field surveys were used to examine the relationship between a number of landscape elements (e.g. hydrology, soils, vegetation, landuse) and the invasion of para grass across spatial scales.  The information collected was used to create spatially explicit predictive models of future para grass spread.  The models were used to identify habitats at high risk of invasion and to predict the potential result of alternative land management strategies.  Results showed (1) para grass has invaded large areas of the wetlands and severely reduced habitat diversity in many areas (2) there is potential for much larger, currently intact, areas to be invaded (3) the areas at greatest risk of invasion play an important role in the conservation of several key species in Northern Australia (4) current land management practices favour cattle production and will compromise habitat conservation goals unless this imbalance is redressed (5) spatial technologies proved to be a  valuable analytical and decision support tools in the development of adaptive management framework for habitat conservation.
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Active adaptive monitoring and management: the case of the Swedish lynx

Swedish lynx (Lynx lynx) are both a pest (to reindeer herders) and of conservation concern, so society bears a cost if there are too few or too many.  The costs and benefits of lynx being at a particular abundance are economic (through compensation to reindeer herders), social and political.  By integrating these costs and benefits we are in a position to apply decision theory tools to determine the best way to manage the problem.  One important question is how should we monitor the population to inform the annual cull and maintain numbers within an appropriate range.  Here we look at options for adaptive monitoring where information from previous years determines how much effort should be expended on monitoring.  Using stochastic dynamic programming we are able to find solutions to the problem of optimal monitoring and optimal harvesting where those decisions depend on the current state of knowledge about the population – they are adaptive.  Generally we assume that population monitoring regimes should be fixed, yet here we show that sometimes optimal monitoring should depend on the state of the population, and hence be adaptive.
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Background for the development of an adaptive management strategy in Northern Finland

Reindeer (Rangifer tarandus tarandus) husbandry and timber production are the main, competing forms of land-use in Northern Finland. Due to the need to develop a multiple-use strategy for the forests, a recent study investigated the historical cause-and-effect relationships between different factors affecting the land-use of reindeer husbandry. The study, covering the central parts of reindeer husbandry area, was based on the literature and on interviews with reindeer herders. Reindeer management has traditionally been characterized by active winter herding. Due to the changes, mainly environmental, that occurred during the 1960´s, reindeer husbandry was forced to adapt to a new situation. The shortage of natural winter fodder led to the application of the free-ranging system, which means that the animals are able to make optimal use of available pasture. The number of animals then stabilizes at a level close to the natural carrying capacity. In the current situation in which the freely grazing animals are also artificially fed, the number of animals can also increase above the natural carrying capacity, and this has detrimental effects on the environment. In order to ensure sustainable land-use, there is a need to return to reindeer management based on natural pastures. An adaptive management approach, which combines the planning of forestry as well as reindeer husbandry, is seen as a potentially suitable method for solving the current problems. In the next phase of the research project, when the development of the adaptive management approach of the forests is started, models representing the relationships between the main factors will be created.
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Adaptive management of a New Zealand forest bird:  towards recovery of North Island kokako

North Island kokako (Callaeas cinerea wilsoni) populations are declining wherever they are not managed.  An 8-year experiment to determine the cause of decline was undertaken during 1989-1997 by controlling introduced mammalian pests in two forest areas, while monitoring pest abundance, kokako chick output and adult density in these areas and in a non-treatment block.  Treatments were switched between the non-treatment and one of the pest-managed blocks after 3-4 years.  Controlling pests, especially brushtail possums (Trichosurus vulpecula) and ship rats (Rattus rattus), to very low levels significantly increased kokako chick output and adult density, primarily by improving nesting success.  Although weak in terms of number of replicates, this adaptive management approach of undertaking pest control as a hypothesis to be monitored rather than assuming ‘known’ outcomes has been influential in forging more effective science in New Zealand bird recovery programmes.  Since this experiment ended, the Kokako Recovery Group has focused on sustaining recovery by pulsing pest management on and off; on increasing populations in larger forests, and on translocating birds back to sites of previous extinction.  Although replication and experimental design cannot always be robust in these circumstances, the use of an adaptive management framework has helped interpretation of results and allowed better judgement of management success.
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Adaptive Management and the New Zealand Mainland Island Programme: What of the Conjecture?

The potential for adaptive management is slowly gaining emphasis in the management of terrestrial ecosystems in New Zealand. The Department of Conservation Mainland Island Programme is characterised by complexity and uncertainty, and has been heralded as a prime candidate for use of the approach. However, multiple differing interpretations of the approach have been described. This paper explores conjecture and speculation about the shape of adaptive management in the Mainland Island Programme by presenting a participatory evaluation of the use of adaptive management conducted with managers. Three key issues are identified. Firstly, knowledge of the approach appears limited and highly variable, presented often in a single disciplinary sense only. This limits the application of adaptive management and the ability to learn from it. Secondly, the issue of application scale is raised. The desire to use adaptive management at the programme level indicates that a collective focus and bounding of the management ‘problem’ and strategic directive is needed. However, the appropriateness of the approach for individual projects within the programme is questioned given their inherent differences, confounded by the local-level funding directive. Thirdly, the managers themselves identified additional issues in management success, including a lack of consistency in the rigour of science and the un-debated effects of presumption on decision making. Finally, this paper shows that an awareness of these issues can be used to improve the adaptive process in the Mainland Island Programme.


