The Set of Candidate Models

Formulation of criticd hypotheses and modes to adequately reflect these hypotheses is
conceptualy more difficult than estimating the modd parameters and therr precison. Modd
formulaion is the point where the scientific and biological information formaly enter the investigation.
Building the set of candidate modelsis partialy subjective--that iswhy scientists are trained, educated
and experienced in ther discipline. The published literature and experience in the biologica sciences
can be usad to help formulate a set of candidate models, prior to data andyss. The mogt origind,
innovetive part of scientific work is the phase leading to the proper question. Good approximating
modds in conjunction with a good set of rdevant data can provide deep ingghts into the underlying
biological process and structure,

Where Do Models Come From? !

Lehmann (1990) asks “where do modds come from" and cites some biologica examples
(also see Ludwig 1989, Walters 1996). Models arise from questions about biology and the manner
in which biologicd systems function. Relevant theoretical and practicd questions arise from a wide
variety of sources (see O'Connor and Spotila 1992). Traditiondly, these questions come from the
scientific literature, results of manipulative experiments, persond experience, or contemporary debate
within the scientific community. More practicad questions stem from resource  management
controverdes, biomonitoring programs, quas-experiments, and even judicia hearings.

Chatfield (1995b) suggests thereis a need for more careful thinking (than is usudly evident)
and a better balance between the problem (biological question), andysis theory, and data. Too
often, the emphasis is focused on the andyss theory and data andlys's, with too little thought about
the reason for the study in the firgt place (see Hayne 1978 for convincing examples). Worse yet,
there is a tendency to rush to the computer and begin to rummage around in the data, hoping that a
gatigtica dgorithm will find the “sgnificant” things for you (i.e., data dredging).

The philosophy and theory presented in FW663 must rest on well designed studies and
careful planning and execution of field or laboratory protocol. Many good books exist on these
important issues (Burnham et a. 1987, Cook and Campbell 1979, Mead 1988, Hairston 1989,
Desu and Roghavarao 1991, Eberhardt and Thomas 1991, Manly 1992,

1 Much of this material is taken from Burnham and Anderson (1998).

Skalski and Robson 1992, Scheiner and Gurevitch 1993, and Thompson et a. 1998). Chatfidd
(1991) reviews Satistical pitfalls and ways that these might be avoided.

In the following materid we will assume that the anima marking data are “sound” and that
inference to some larger population is reasonably judtified by the nature in which the data were
collected. In an important sense, the statistica inference being made is from the sample data to the
marked population. If we want to make a further inference from the marked population to the total
(i.e., unbanded, unmarked), population, then the inference is often somewhat wesker.



The Global Mod€

Development of the a priori set of candidate models often should include a globa modd; a
mode that has many parameters, includes dl potentidly reevant effects and reflects causd
mechanisms thought likely, based on the science of the situation. Mode {04«¢, ¢+t }, where 6 is
a vector of survival probabilities and v is a vector of sampling probahilities, is often used as a globa
model. The globad mode should aso reflect the study design and atributes of the system studied.
Specification of the globa modd should not be based on a probing examination of the data to be
andyzed. At some early point, one should investigate the fit of the globa modd to the data (eg.,
examine residuas and measures of fit such as deviance, or forma y? goodness-of-fit tests) and
proceed with andysis only if it is judged that the globa modd is an acceptable fit to the data. Over-
disperson is a common feature of marked anima data and care should be exercised to quantify this
issue (eg., estimation of a variance inflation factor (€) and use this to adjust the estimated variance-
covariance matrix and the model sdlection criterion (e.g., QAIC, instead of AIC).

Modes with fewer parameters can then be derived as specia cases of the globa mode.
This set of reduced modds represent plausible aternatives based on what is known or hypothesized
about the process under dudy. Generdly, dternaive modds will involve differing numbers of
parameters; the number of parameters will often differ by at least an order of magnitude across the
st of candidate moddls. It is only necessary to assess the goodness-of-fit for the globa modd
because model sdlection methods will not select amore parsmonious mode that does not fit.

The more parameters used, the better the fit of the modd to the data that can be achieved.
Large and extengve data sets are likely to support more complexity and this should be considered in
the development of the set of candidate modedls. If a particular moddl (parameterization) does not

of candidate moddls, one must recognize a certain baance between keeping the sat smdl and
focused on plausible hypotheses, while making it big enough to guard againgt omitting a very good, a
priori modd. While this baance should be consdered, we advise the incluson of al models that
seem to have a reasonable judtification, prior to data andyss. While one must worry about errors
due to both under-fitting and over-fitting, it seems that modest over-fitting is less damaging than
under-fitting (Shibata 1989). We recommend and encourage a considerable amount of careful, a
priori thinking in arriving a a set of candidate models (see Peirce 1955, Burnham and Anderson
1998, Chatfield 1995). Using AIC and other information-theoretic methods one can only hope to
select the best mode from this set. If good models are not in the set of candidates, they cannot be
discovered by model sdection (i.e, data andyss) dgorithms.

A Strategy for Analysisand the A Priori Considerations

The underlying philosophy of anayss is important here.  We advocate a consarvative
gpproach to the overdl issue of strategy (see Anderson and Burnham 1999) in the andlysis of datain
the biologicad sciences with an emphasis on a priori consderations and models to be considered.
Caeful, a priori consideration of dternative modds will often require a major change in emphasis
among many people. This is often an unfamiliar concept to both biologists and datigticians where
there has been a tendency to use ether a traditiond modd or a modd with associated computer




software, making its use easy (Lunneborg 1994). This a priori drategy is in contrast to Strategies
advocated by others where they view modding and data andlyss as a highly iterative and interactive
exercise. Such agtrategy, to us, represents deliberate data dredging and should be reserved for early
exploratory phases of initid investigation.

We advocate the deliberate exercise of carefully developing a set of, say, perhaps 4-20
dternaive models as potentia gpproximations to the population-level information in the data available
and the scientific question being addressed. Some practica problems might have as many as 70-100
or more modes that one might want to consder. The number of candidate modes is often larger
with large data sets (e.g., long-term data with the multi-stirata models). We find that people include
many modds that are far more genera than the data could reasonably support (e.g., modes such as
{0g+t, gst}, when the additive models {04+, 1g++} might be both more biologicaly redistic and
parsmonious). This set of modeds, developed without first degply examining the deata condtitute the
“sat of candidate modds™ The science of the issue enters the analysis through the a priori set of
candidate models.

Problemswith Using Example Data Setsin FW-663

Consder a hypothetica team of biologists working on the effect of a long-line fishery on
surviva of black-footed abatross (Deomedea nigripes). These people have a good understanding
of abatross biology and some understanding of the developing fishery and its potentia indirect effects
on abatross populations. They begin to plan a sampling program, involving thousands of banded
abatross and a design to attempt to isolate potentid impacts of the fishery on dbatross surviva and
recapture probabilities. Data collection is carried out for 12 years and a strategy is developed for the
andysis of the data, including various covariates that have been measured. This team can likely
formulate a good set of candidate modds prior to andyss. Particularly if a team member has
quantitative expertise, the set of models will amost surdly be useful, leading to results and inferences
being a the confirmatory end of the spectrum. Findly, if they then want to add some additiona
models, after studying the results for the a priori efforts, they can certainly chase these added insights
(hopefully, they will fully acknowledge the two types of inference in preparing their written report).

In FW-663 the stuation is very different and this difference can lead to confuson. In FW-
663, students are given a data st on marked animas and a paragraph or two explaining the
biological stting. There is not an intimate biological understanding of the data in the classroom or
computer |aboratory, like there isin the red world. The student has very limited time to get deeply
immersed in the data, underlying hypotheses, why the data were actudly collected in the first place,
€tc., etc.

The reault isthat gudents are rightfully leery of developing ameaningful list of a priori modds
or they might even fed that it is unredlitic to develop a modd set without some data dredging. For
the student, the problem statement is short and relatively little time (perhaps 4-6 hours a the most) is
available to fully consider the various issues, develop some hypotheses and modes corresponding to
the hypotheses. Even if 4-6 pages of detall on the problem setting and the data available might help
in only amargind way — redity isabit digtant in a dlass-room setting!  In the redl world, investigators



are often working in teams, have intimate knowledge of the biological problem, and might often
develop the candidate mode set over a period of severa months.

Thus, we suggest that students learn the statistica theory and gain proficiency in the computer
software (e.g., MARK and DISTANCE) making good use of the exercises and examples, but redize
that thereisacertain leve of atificidity in the sat of models derived in classroom settings. Findly, we
hope that students involved in the andyss of red daa (thess or dissertation research, helping
colleagues, or researching biologicd systems upon graduation) pay paticular atention to carefully
and deliberately developing a good set of candidate models. Here it is important to have a solid
rationa to include some models in the set, as wdll as having arationd for other modes to be omitted
from the candidate model <.
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