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AB Bayesian statistical modeling has several benefits within an
   ecological context. In particular, when observed data are limited in
   sample size or representativeness, then the Bayesian framework
   provides a mechanism to combine observed data with other "prior''
   information. Prior information may be obtained from earlier studies,
   or in their absence, from expert knowledge. This use of the Bayesian
   framework reflects the scientific "learning cycle,'' where prior or
   initial estimates are updated when new data become available. In this
   paper we outline a framework for statistical design of expert
   elicitation processes for quantifying such expert knowledge, in a form
   suitable for input as prior information into Bayesian models. We
   identify six key elements: determining the purpose and motivation for
   using prior information; specifying the relevant expert knowledge
   available; formulating the statistical model; designing effective and
   efficient numerical encoding; managing uncertainty; and designing a
   practical elicitation protocol. We demonstrate this framework applies
   to a variety of situations, with two examples from the ecological
   literature and three from our experience. Analysis of these examples
   reveals several recurring important issues affecting practical design
   of elicitation in ecological problems.
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AB One of the main objectives of landscape ecology is to orient land-use
   planning by providing indications of optimal ecosystem patterning to
   support nature conservation. A frequent limitation to the practical
   use of the findings of landscape ecological studies is that they tend
   to focus on the identification and computation of indicators rather
   than on their interpretation and assessment. This paper presents and
   discusses the use of a methodology to formalise expert opinion through
   the elicitation of multi-attribute value functions. In particular, the
   value functions aim at assessing spatial indicators so as to provide
   an overall judgment of the viability of different ecosystem patches.
   The result consisted of the ranking of the ecosystems according to
   their degree of viability and therefore their suitability for nature
   conservation. The method of formalising expert opinion and knowledge
   complements traditional analyses based on the measurement of spatial
   ecological indicators. (c) 2005 Elsevier Ltd. All rights reserved.
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AB Expert knowledge regarding the distribution of sambar deer (Cervis
   unicolor) in Lake Eildon National Park (LENP), Victoria was used to
   build a wildlife habitat model to assist with park management. The
   paper presents two methods for eliciting expert knowledge. These were
   a quantitative geographical information system (GIS)-based approach
   using a customised graphical user interface, and a qualitative
   approach that uses semi-structured interviews. The GIS approach is
   valuable as it is objective, repeatable and provides a spatial context
   for knowledge elicitation. Experts were asked to provide estimates of
   sambar sightings and predicted densities with the assistance of
   contextual environmental data including terrain, roads, hydrology and
   rainfall surfaces. The quantitative knowledge elicitation process did
   not identify any sambar environmental niches in the Park, and the
   experts disagreed about the location of likely habitat. On the other
   hand, the qualitative assessment showed very strong expert agreement
   and a combination of this information and published literature was
   used to build a habitat map. The results of the analysis indicate that
   sambar deer occur throughout the entire Park. It is envisaged that the
   results can be used as baseline information for population modelling
   and natural resource management in the Park. Elicitation of knowledge
   is complicated by a number of factors including computer proficiency
   and study site familiarity. The relatively large cohort used in this
   study and the inherent inconsistencies that were encountered indicate
   that wildlife managers should interpret results carefully from habitat
   models that use only a relatively small cohort of experts.
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AB A Bayesian network approach is used to conduct decision analysis of
   nutrient abatement measures in the Morsa catchment, South Eastern
   Norway. The paper demonstrates the use of Bayesian networks as a
   meta-modelling tool in integrated river basin management (IRBM) for
   structuring and combining the probabilistic information available in
   existing cost-effectiveness studies, eutrophication models and data,
   non-market valuation studies and expert opinion. The Bayesian belief
   network is used to evaluate eutrophication mitigation costs relative
   to benefits, as part of the economic analysis under the EU Water
   Framework Directive (WFD). Pros and cons of Bayesian networks as
   reported in the literature are reviewed in light of the results from
   our Morsa catchment model. The reported advantages of Bayesian
   networks in promoting integrated, inter-disciplinary evaluation of
   uncertainty in IRBM, as well as the apparent advantages for risk
   communication with stakeholders, are offset in our case by the cost of
   obtaining reliable probabilistic data and meta-model validation
   procedures. (C) 2008 Elsevier B.V. All rights reserved.
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AB Many studies on birds focus on the collection of data through an
   experimental design, suitable for investigation in a classical
   analysis of variance (ANOVA) framework. Although many findings are
   confirmed by one or more experts, expert information is rarely used in
   conjunction with the survey data to enhance the explanatory and
   predictive power of the model.We explore this neglected aspect of
   ecological modelling through a study on Australian woodland birds,
   focusing on the potential impact of different intensities of
   commercial cattle grazing on bird density in woodland habitat.We
   examine a number of Bayesian hierarchical random effects models, which
   cater for overdispersion and a high frequency of zeros in the data
   using WinBUGS and explore the variation between and within different
   grazing regimes and species. The impact and value of expert
   information is investigated through the inclusion of priors that
   reflect the experience of 20 experts in the field of bird responses to
   disturbance.Results indicate that expert information moderates the
   survey data, especially in situations where there are little or no
   data. When experts agreed, credible intervals for predictions were
   tightened considerably. When experts failed to agree, results were
   similar to those evaluated in the absence of expert information.
   Overall, we found that without expert opinion our knowledge was quite
   weak. The fact that the survey data is quite consistent, in general,
   with expert opinion shows that we do know something about birds and
   grazing and we could learn a lot faster if we used this approach more
   in ecology, where data are scarce. Copyright (c) 2005 John Wiley &
   Sons, Ltd.
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AB One of our greatest challenges as,researchers is predicting impacts of
   land use on biota, and predicting the impact of livestock grazing on
   birds is no exception. Insufficient data and poor survey design often
   yield results that are not statistically significant or that are
   difficult to interpret because. researchers cannot disentangle the
   effects of grazing from other disturbances. This has resulted in few
   publications on the impact of grazing on birds alone. Ecologists with
   extensive experience in bird ecology in grazed landscapes could inform
   an analysis when time and monetary constraints limit the amount of
   data that can be collected. Using, responses from 20 well-recognized
   ecologists throughout Australia, we captured this expert knowledge and
   incorporated it into a statistical model using Bayesian methods.
   Although relatively new to ecology, Bayesian methods allow
   straightforward probability statements to,be made about specific
   models or scenarios and the integration of different types of
   information, including scientific judgment, while formally
   accommodating and incorporating the uncertainty in the information
   provided. Data on bird density were collected across three broad
   levels of grazing (no/low, moderate, and high) typical of subtropical
   Australia. These field data were used in conjunction with expert data
   to produce estimates of species persistence under grazing. The
   addition of expert data through priors in our model strengthened
   results under at least one grazing level for all but one bird species
   examined. When experts were in agreement credible intervals were
   tightened substantially, whereas, when experts were in disagreement,
   results were similar to those evaluated in the absence of expert
   information. In fields where there is extensive expert knowledge, yet
   little published data, the use of expert information as priors for
   ecological models is a cost-effective way of making more confident
   predictions, about the effect of management on biodiversity.
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AB Macroalgae are a major benthic component of coral reefs and their
   dynamics influence the resilience of coral reefs to disturbance.
   However, the relative importance of physical and ecological processes
   in driving macroalgal dynamics is poorly understood. Here we develop a
   Bayesian belief network (BBN) model to integrate many of these
   processes and predict the growth of coral reef macroalgae. Bayesian
   belief networks use probabilistic relationships rather than
   deterministic rules to quantify the cause and effect assumptions. The
   model was developed using both new empirical data and quantified
   relationships elicited from previous studies. We demonstrate the
   efficacy of the BBN to predict the dynamics of a common Caribbean
   macroalgal genus Dictyota. Predictions of the model have an average
   accuracy of 55% (implying that 55% of the predicted categories of
   Dictyota cover were assigned to the correct class). Sensitivity
   analysis suggested that macroalgal dynamics were primarily driven by
   top-down processes of grazing rather than bottom-up nutrification.
   BBNs provide a useful framework for modelling complex systems,
   identifying gaps in our scientific understanding and communicating the
   complexities of the associated uncertainties in an explicit manner to
   stakeholders. We anticipate that accuracies will improve as new data
   are added to the model. (C) 2009 Elsevier B.V. All rights reserved.
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AB Ecological predictions and management strategies are sensitive to
   variability in model parameters as well as uncertainty in model
   structure. Systematic analysis of the effect of alternative model
   structures, however, is often beyond the resources typically available
   to ecologists, ecological risk practitioners, and natural resource
   managers. Many of these practitioners are also using Bayesian belief
   networks based on expert opinion to fill gaps in empirical
   information. The practical application of this approach can be limited
   by the need to populate large conditional probability tables and the
   complexity associated with ecological feedback cycles. In this paper,
   we describe a modeling approach that helps solve these problems by
   embedding a qualitative analysis of sign directed graphs into the
   probabilistic framework of a Bayesian belief network. Our approach
   incorporates the effects of feedback on the model's response to a
   sustained change in one or more of its parameters, provides an
   efficient means to explore the effect of alternative model structures,
   mitigates the cognitive bias in expert opinion, and is amenable to
   stakeholder input. We demonstrate our approach by examining two
   published case studies: a host-parasitoid community centered on a
   nonnative, agricultural pest of citrus cultivars and the response of
   an experimental lake mesocosm to nutrient input. Observations drawn
   from these case studies are used to diagnose alternative model
   structures and to predict the system's response following management
   intervention.
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AB Bayesian belief and decision networks are modelling techniques that
   are well suited to adaptive-management applications, but they appear
   not to have been widely used in adaptive management to date. Bayesian
   belief networks (BBNs) can serve many purposes, from illustrating a
   conceptual understanding of system relations to calculating joint
   probabilities for decision options and predicting outcomes of
   management policies. We describe the nature and capabilities of BBNs,
   discuss their applications to the adaptive-management process, and
   present a case example of adaptive management of forests and
   terrestrial lichens in north-central British Columbia. We recommend
   that those unfamiliar with BBNs should begin by first developing
   influence diagrams with relatively simple structures that represent
   the system under management. Such basic models can then be elaborated
   to include more variables, the mathematical relations among them, and
   features that allow assessment of the utility of alternative
   management actions or strategies. Users of BBNs should be aware of
   several important limitations, including problems in representing
   feedback and time-dynamic functions. Nevertheless, when properly used,
   Bayesian networks can benefit most adaptive-management teams by
   promoting a shared understanding of the system being managed and
   encouraging the rigorous examination of alternative management
   policies.
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AB Large-scale ecosystem maps are essential tools for managers of
   forest-related activities. In British Columbia, the prevailing
   approach for ecosystem mapping has been to use an expert system that
   captures expert knowledge in the form of a belief matrix. In this
   project, a Bayesian network rather than a belief matrix was used in an
   attempt to overcome some of the drawbacks of the belief-matrix
   approach. A Bayesian-network knowledge base was created for each of
   the following three biogeoclimatic variants: montane very wet maritime
   coastal western hemlock (CWHvm2), submontane very wet maritime coastal
   western hemlock (CWHvm1), and central very wet hypermaritime coastal
   western hemlock (CWHvh2), and applied to a study area encompassing
   Prince Rupert. A map of ecosystems by grouping site series was
   produced using each of the knowledge bases. Accuracy assessments
   performed on each of the maps of grouped site series revealed that the
   maps poorly predicted the spatial distribution of uncommon and very
   wet site-series groups. For example, overall map accuracy for the
   CWHvm2, CWHvm1, and CWHvh2 variants was 47.8%, 50.3%, and 33.3%,
   respectively. The results of the map-accuracy assessment, however,
   were consistent with those resulting from a belief-matrix approach
   conducted in an earlier study. We feel that Bayesian network knowledge
   bases are easier to develop, interpret, and update than belief
   matrices.
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AB Bayesian belief networks (BBNs) are useful tools for modeling
   ecological predictions and aiding resource-management decision-making.
   We provide practical guidelines for developing, testing, and revising
   BBNs. Primary steps in this process include creating influence
   diagrams of the hypothesized "causal web" of key factors affecting a
   species or ecological outcome of interest; developing a first,
   alpha-level BBN model from the influence diagram; revising the model
   after expert review; testing and calibrating the model with case files
   to create a beta-level model; and updating the model structure and
   conditional probabilities with new validation data, creating the
   final-application gamma-level model. We illustrate and discuss these
   steps with an empirically based BBN model of factors influencing
   probability of capture of northern flying squirrels (Glaucomys
   sabrinus (Shaw)). Testing and updating BBNs, especially with peer
   review and calibration, are essential to ensure their credibility and
   reduce bias. Our guidelines provide modelers with insights that allow
   them to avoid potentially spurious or unreliable models.
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AB A two-stage model of land use change is described, which is driven by
   the types of decisions that land managers make when changing their
   broad styles of use. The first stage uses decision modelling
   techniques to assess if a manager is currently satisfied with the
   present situation, when compared to various potential alternatives. If
   this evaluation indicates satisfaction, it is assumed that the present
   land use will continue. However, if it indicates dissatisfaction,
   Belief Network techniques are used to estimate, in more detail, both
   how dissatisfied the manager is and whether the costs of changing,
   from the present use to a potentially better one, will be out-weighed
   by the anticipated benefits. The proposed models can use a variety of
   cost and benefit criteria (e.g. financial, social and ecological). The
   approach is illustrated with a case-study of the factors that might
   influence changes from farming to forestry in marginal upland areas of
   the UK.
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