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WHITE, Gary C. XE "WHITE, Gary C." 
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Favorite Whines about Experimental Design

A favourite whine of statisticians about experimental design is the lack of adequate replication, particularly with large experiments. Technically, inferences from an experiment only pertain to the population from which the sampling units were drawn. A 14-year study on mule deer in northwestern Colorado involved >2000 radio-collared deer, 28 estimates of deer density based on helicopter surveys, and 4 years of special harvest. However, the study was done on only 1 study area, so is unreplicated. The logistics of expanding such a study to multiple study areas are virtually impossible. Thus, other approaches to gaining the advantage of replication are needed. Three possibilities are presented. First, researchers can continue business as usual, and let others perform meta-analyses of their work, as discussed by Johnson (2002). Second, the idea of meta-replication presented by Johnson (2002) can be extended to cooperatively working with fellow researchers to perform meta-analyses. The example is provided by Unsworth et al. (1999) of a joint analysis of 3 mule deer population dynamics studies in 3 states. Third, researchers can cooperate to replicate their projects across broader spatial areas, providing for stronger inferences. The Appalachian Cooperative Grouse Research Study is a working example. Funding agencies should be encouraged to give priority to research being replicated through cooperation of researchers. Researchers should take the initiative to forge these cooperative studies.
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Ecological study design for multiple hypotheses: conceptual framework

Science can be viewed as the process of discriminating among competing hypotheses and their associated models. Under multiple-hypothesis approaches to science, discrimination among competing models based on a single experiment or study can be viewed as an optimization problem, resulting in selection of a most reasonable hypothesis. A related approach uses the degree of correspondence between observations and model-based predictions to compute model “weights” reflecting relative degrees of faith in the members of the model set. The conduct of science then becomes a sequence of studies, each designed to provide information useful in discriminating among the competing hypotheses. At each step, new model weights are computed based on the previous model weights and the new information provided by the most recent study. The value of a study to multiple-hypothesis science is measured by the change in model weights induced by the study. Selection of an appropriate study design should thus be based on anticipated changes in model weights. Such changes will be a function not only of the differences between model predictions and observed results, but also of the current model weights. Selection of a study design can thus be viewed as a problem in dynamic optimization, where the state of the system is characterized by the vector of model weights. We consider possible objective functions and the potential for using optimal stochastic control methods for aiding in the process of study design. Unlike most traditional approaches, this approach to study design incorporates consideration of the progressive nature of the scientific enterprise, as appropriate designs are conditional on the current state of information as accumulated from the results of previous studies.
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Ecological study design for multiple hypotheses: maximizing model discrimination

The design of any experiment should reflect the objectives of that experiment: to maximize learning within the constraints of budget and practicality. In a multiple-hypothesis approach to science, learning involves discriminating among competing models. Due to the background noise inherent in ecological studies (i.e., environmental and other variation due to uncontrolled factors), these constraints might prevent an investigator from discarding one or more hypotheses based on just one experiment. One approach to solving this problem is to conduct a series of experiments that evaluate the same set of hypotheses. To achieve this one needs (1) an approach to design that efficiently accounts for this series of experiments, and (2) a method for accumulating weight of evidence for and against each model as the studies proceed. We outline the use of optimal control theory to design this “super-experiment”, and Bayesian inference to accumulate weights on each hypothesis. We first illustrate this approach with an example of an experiment of purely scientific interest, where more than two hypotheses have been posed. Because much work in wildlife ecology is conducted in managed systems, we then draw a connection between this approach to science and adaptive resource management. Finally, we illustrate this connection with an example from waterfowl management, contrasting the optimal harvest policy that results from a purely experimental approach with policies generated from passively or actively adaptive management.
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Wildlife management and strength of inference

The use of experiments in wildlife management has been encouraged for decades. The conclusions reached from such experiments are determined by the design and the type and quality of supplementary data gathered during experiments. One feature of the conclusions of a study is the strength of inference; an assessment of how confident the experimenter is of the conclusions and the acceptance or rejection of any hypotheses. The features of an experimental design that influence the strength of inference are randomization, replication, control, and analysis. Supplementary data allow stronger inference by permitting discrimination between alternative hypotheses or models. The concepts are illustrated for studies of wildlife predation that could be of livestock as a wildlife damage issue or of a threatened species as a conservation issue. A study of predation control, by predator control, could use a classical design, such as completely randomized design. That estimates the effects of predator control on the level of predation and, or, predators. Supplementary data could range from direct observation that the alleged predators actually do kill the prey, to estimates of the number of such kills, to estimates of the number of predators actually killed and changes to the levels of predation caused by predator control. When linked to parameter estimates from the study design then greater explanatory power (stronger inference) is obtained, compared with the absence of such supplementary data. A likely set of such supplementary data is listed and ranked for the strength of inference generated. There is a need for greater use of such supplementary data, while recognising the costs of obtaining it.
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Surveying populations when there are too few animals to count

Conservation biologists require accurate and timely estimates of population size – or do they? The traditional method of monitoring animal populations has been to assess relative population size with, e.g., relative indices of abundance. Is this the appropriate index to use when the population is so rare that there are very few individuals? At very low population levels, i.e., a rare and endangered species, or a residual pest population, indices based on the proportion of the area occupied, rather than counts of the number of individuals may be more informative. Here I review some options for low density population monitoring, and highlight some statistical challenges in this applied area of statistics.
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 SEQ CHAPTER \h \r 1Sample Sizes and Sampling Strategies for the Estimation of Resource Selection Functions

A resource selection function gives the probability that a resource unit (e.g., a plot of land of a certain size) will be used by the animals in a study area, in a given period of time. The sampling for such studies can follow a variety of strategies, including (a) taking a random sample of used units and a separate random sample of unused units, (b) taking separate samples of used units and available units, or (c) taking separate samples of unused and available units. Logistic regression can then be used to analyze the data. Some justification for using logistic regression will be provided for case (b) as this method has been questioned recently. Also, little guidance is currently available about the sample sizes needed to obtain an estimated function with an acceptable level of precision for any of these sampling schemes. Some guidance will therefore be provided regarding the sample sizes that are likely to be needed, based on what is suggested by several real sets of data collected from past studies.
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Strategic Control of an Exotic Predator for the Conservation of Native Fauna: The New South Wales Threat Abatement Plan for Predation by the Red Fox

Since its introduction into Australia in the 1870s, the red fox (Vulpes vulpes) has contributed to significant declines in the distribution and abundance of a suite of native fauna, particularly medium-sized ground-dwelling and semi-arboreal mammals, ground-nesting birds and chelid tortoises. Recent experimental studies have also shown that predation by foxes continues to suppress remnant populations of several such species. The NSW Threat Abatement Plan for Predation by the Red Fox (2001-06), prepared under the NSW Threatened Species Conservation Act, seeks to reduce the impacts of foxes on these native species. The Plan has three specific objectives. (1) Establish collaborative (across tenure) fox control programmes at priority sites identified for the conservation of native fauna. These priority sites were selected by identifying those threatened species that are most likely to be impacted by fox predation and the sites at which these impacts are predicted to be most critical. (2) Derive best-practice guidelines for fox control that balance effective control with minimising any negative effects of the control methods on non-target species. (3) Measure the response of threatened species to fox control. This paper reviews the implementation of the Plan for the brush-tailed rock wallaby (Petrogale penicillata) and rufous bettong (Aepyprymnus rufescens). These threatened species are of interest because there is a sufficient number of remnant populations to allow the response of these species to fox control to be measured objectively using replicated experiments. These case studies also illustrate an array of scientific, management and social conundrums that are common to many pest control programmes.
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Wolverine ecology in the western US: Studies we can do vERSUs studies we must do

Understandings of wolverine (Gulo gulo) ecology and patterns of abundance in the Western United States are limited. These limitations represent a critical problem in the development of a conservation strategy for this potentially threatened or endangered species. Wolverine home ranges of nearly 2000 km2 have been reported in the US, thus geographically extensive study areas are required when seeking understandings about even a single, relatively isolated population. Metapopulation studies therefore have not been attempted because of logistical, financial, and scientific constraints. Yet some of the most critical ecological questions pertain to metapopulation structure, movements relative to extensive ecological gradients, and connectivity among subpopulations. Scientific issues associated with sampling methods, sample size, and statistical analysis are best addressed in traditional population-level studies. However, such studies cannot address metapopulation issues unless resources are available to adequately sample many subpopulations while also attempting to quantify mechanisms of connectivity. Given current uncertainty about wolverine population structure and patterns of abundance, such studies may be infeasible. However, the pressing need for reliable understandings at geographically extensive spatial scales remains. We examine the possible trade-offs between strong inferences at relatively small spatial scales versus scientific insights derived from a non-traditional metapopulation study of highly vagile organisms over expansive spatial scales. We also propose a research approach and sampling scheme to address this pressing information need.
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Statistical populations, replication, and pseudoreplication: why should ecologists worry?

The first requirement of experimental design is to specify the population about which an inference is to be drawn. Wildlife ecologists almost never do this, yet invariably assume some generality in their conclusions. Should we worry about this or leave our inferences open ended? If we complete the same experiment in two different areas and get different answers, what can we conclude? These questions form the very basis of statistical inference yet are typically ignored when we discuss replication and pseudoreplication of ecological experiments. These problems of inference are made even more difficult when we take into account the heterogeneity induced by human fragmentation of landscapes and the directional climate trends expected in this century. Both these processes increase the variance among replicates. I will use a large-scale set of manipulation experiments carried out on the boreal forests of the Yukon to illustrate my general thesis that at this stage of scientific development wildlife ecologists should be concerned only with biological effects that are large in magnitude, and we should eschew the trivial effects reported continuously in our scientific journals.


