Perspective: Hierarchical Models 

Many biologists, upon looking at this section, might ask “why use a complicated approach such as this when simpler methods are available?”  The answer to that question is that occasionally our sampling situations require methods that allow us to directly incorporate several sources of information, and to address estimation simultaneously at several geographic scales.  Hierarchical models have the capability of providing inference for sampling situations that have never before been adequately modeled.  Unfortunately, the cost of these generality is complexity, and implementation of hierarchical models will require consultation with statisticans.

Frequently, biological sampling questions are multi-leveled, requiring aggregation over several levels.  For example, most monitoring surveys are composed of many sites, and investigators are interested in both composite estimates among sites and in site-specific estimates.  For example, in the Breeding Bird Survey, survey routes each provide an estimate of change, but typically there is interest in regional and range-wide summaries that require aggregation of groups of routes, then further aggregation to large-scale summaries.  The aggregation of data over space has been particularly controversial in surveys such as the BBS, where weighting of survey routes in composite estimates has been very controversial (ter Braak et al. 1994).  In effect, the difficulty in these analyses relates to the issue that many of the weights are unknown, but must be assumed to be known quantities.  Hierarchical models explicitly allow for both data and parameters to be random variables, and can be used to construct analyses when information from several sources must be accommodated in the analysis. We (Link and Sauer 2002) applied a hierarchical model to the analysis of Breeding Bird Survey Data.   We note that hierarchical models contain many of the structural elements of ANOVA, and the Bayesian model fitting approaches we use could be implemented for any of the procedures described in the workshop.  However, many complicated models can only be fit using the Bayesian approaches discussed in this section.

Here, we use a similar model for the analysis of the Orange-crowned Warbler dataset, but with the additional of detectability (effective detection radius) information is also incorporated in the analysis.  In our view, this approach may be the only way in which a dataset such as the Orange-crowned Warbler could be effectively analyzed, as observer changes are confounded with years, and the survey has a missing year.  

Advantages of Hierarchical Model Analyses:

· Very general, allows for fitting complex analyses needed for at least some datasets.

· Program BUGS can be used for analysis

Disadvantages of Hierarchical Model Analysis:

· Complicated.  Nonstatisticians may have difficulty fitting these models if the analysis is not structured by a statistician.

Presentations About Hierarchical Models:
Sauer (2004) provides a presentation and application of these methods to the Orange-crowned Warbler data.
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