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APPENDIX B

EXPERT ELICITATION METHODS AND RESULTS

Expert opinion served two critical and distinct roles in this modeling project. The first
role was provided by a group of experts who advised the authors on all aspects of model
development from initial concepts to the final simulations. The second role for expert judgment
was providing quantitative estimates for specific model parameters where data from empirical
research are limited or absent. We elicited current beliefs about parameter values from two sets
of experts — a group of four eagle biologists, and a group of four veterinary scientists
knowledgeable about lead poisoning and raptors.

The stages of model development were: (1) expert panel selection; (2) preliminary
conceptual model development; (3) in-depth literature review; (4) conceptual model revision and
preliminary parameter values selection; (5) deterministic spreadsheet model; (6) expert review
and discussion (webinar); (7) stochastic spreadsheet model prototype; (8) expert review and
discussion (webinar); (9) model revision, expansion and coding in Matlab; (10) formal elicitation
of expert judgments for select parameter values; (11) prototype simulations and sensitivity
analysis; (12) expert review and discussion (webinar); (13) repeat formal elicitation to update
parameter values (note: steps 11-13 were completed twice, for total of three formal elicitation

rounds); (14) final runs and sensitivity analysis; (15) final reviews.

Process for selecting experts
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We took care to identify the purpose and specific roles for expert judgment in the model
development process, and hence the particular areas of expertise and capabilities we needed for
the expert team. Our goal was to work with a small group of experts who were not only deeply
knowledgeable of relevant topics, but also effective communicators and willing contributors
(e.g., combining content knowledge with ability to extrapolate to new contexts and ability to
transfer knowledge; Burgman et al. 2011, McBride and Burgman 2012, Drescher et al. 2013).
As a group, the panel needed to provide expertise in eagle behavior, ecology, and management;
quantitative skills and modeling; regulatory requirements and mitigation planning; and field
conditions in different regions of the Western U.S. Given these goals, we drafted lists of
potential participants for our initial model design workshop in 2012 by considering (1) scientific
qualifications, including past and current research, publications, and involvement with scientific
analysis for eagle conservation or mitigation planning; and (2) professional reputations (from
word-of-mouth networking and past experience of American Wind Wildlife Institute (AWWI)
staff as most candidates had attended prior workshops on eagle conservation.! The invitation
process was conducted and supported by AWWI. After the workshop, expert participation
continued to evolve through the model development stages.

As we honed our focus to lead poisoning and Wyoming examples we consulted scientists
with additional topical expertise, in particular bringing wildlife veterinarians with expertise in
raptor lead poisoning and raptor biologists from the Northern Rockies to the group. A few
experts stopped participating for lack of time or interest as the modeling advanced. In total, eight
experts attended our August 2012 workshop, and another eight participated in one or more online

webinars, reviewed modeling results and draft documents, and gave verbal suggestions to the

! November 2011 Eagle Workshop in Denver, CO [AWWI]; September 2010 North American Golden Eagle Science
Meeting in Ft. Collins, CO [USFWS]; March 2010 National Golden Eagle Colloquium in Carlsbad, CA [USFWS].
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authors; of the 16 total, eight provided model parameter value estimates in formal elicitations

(Table B1).

Conceptual to prototype model development

At the first workshop the first author led the expert panel through exercises to describe
and draw a conceptual model of how ingesting lead ammunition fragments poisons Golden
Eagles and how abatement strategies may reduce ingestion rates. Engaging experts in conceptual
model development is largely a subjective process (Burgman 2005, Marcot et al. 2006),
however, we employed best practices similar to those in formal parameter elicitation (e.g.,
Martin et al. 2012, McBride and Burgman 2012, Drescher et al. 2013) to help maximize critical
thinking and information sharing, while minimizing biases such as anchoring and ‘group think.’
Sub-groups of 2-3 experts worked independently to draw initial ‘box-and-arrow’ diagrams
depicting their understanding of cause and effect relationships, which the full group then
discussed and edited together into a consensus diagram. The goal is to disaggregate the
contributory factors in a complex ecological web to the level of resolution that is best understood
by the experts (matches their expertise), is tractable for computational modeling, and supports
future monitoring (Burgman 2005).

We converted the experts’ diagram into a simple Bayes net version of the conceptual
model (run in Netica, version 4.09, Norsys Systems Corp.) to facilitate further discussion of
quantitative relationships. After the workshop, we reworked experts’ causal model into a
spreadsheet for calculating model outcomes and shared this first prototype with the experts by

webinar followed by discussion and further revisions. This iterative build-review-revise process
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was repeated with the addition of stochastic parameters and more example runs over a couple
months, before we settled on all the functional relationships to include in a fully computational
model to be programmed in Matlab. The causal diagram depicted in Appendix C illustrates the
key components of the final, computational model.

During early model development we also prepared a literature summary on eagles and
lead poisoning for the experts to read as background information (Appendix A). Drawing from
the literature summary and the preliminary spreadsheet analysis, we developed parameter values
to use in the prototype simulations. We drew some of these values directly from data cited in
appropriate literature (e.g., recovery rate for big game shot by hunters and daily decay rate for
blood lead), and based others on the experts’ recommendations, which were informed in turn by
professional experiences and relevant literature (e.g., minimum lag time between gut pile
scavenge events). For three parameters, however, we needed to elicit expert judgments more
formally to develop functional distributions for the model’s critical cause-effect relationships

where we lacked empirical data.

Elicitation of model parameter values

We elicited or ‘encoded’ judgments for the model parameter ‘eagle scavenging rate’ from
four of the experts who are highly experienced in Golden Eagle behavior (excluding the USFWS
experts, who were not available for this part of the exercise), and for the two parameters
addressing lead toxicity (blood lead level increase per scavenge and mortality per maximum
blood lead level) from four experts in lead poisoning in raptors. Preparation steps to motivate

and prepare the experts (McBride and Burgman 2012) included sharing and discussing
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summaries of relevant information, reiterating the purpose of the project and expected
applications for the model (and hence, what the project and model were not attempting to
address), seeking and recording definitions of terms and applicable quantitative units to be used
in the analysis, clarifying assumptions, and agreeing to language for each elicitation question.
Although we did not conduct separate ‘dry runs’ to practice elicitation with the experts, we
revised the questions, definitions, and assumptions ‘on the fly’ during the first elicitation round
as the experts or analysts felt it was needed and useful. For the remote elicitations, we
sometimes included variant forms of some questions to determine which version was most
suitable, and also asked some additional questions to get insights for the model development; we
do not report all these details in this appendix. The first elicitation was completed during the
workshop; all subsequent rounds (including all elicitation for the toxicology questions) occurred
remotely. We employed a modified Delphi approach to the elicitation (Runge et al. 2011), first
eliciting independent responses followed with tightly facilitated group discussions.

Each elicitation consisted of experts answering questions about how a parameter
responds to specified predictor variable values by filling in tables in a spreadsheet (examples of
elicitation instructions and questions in Figs. B1 to B4). Our question format largely followed
Speirs-Bridge et al.’s (2010) four-point elicitation method in asking for the (1) lowest reasonable
estimate, (2) highest reasonable estimate, (3) and most likely estimate for each value of interest,
followed by (4) the expert’s degree of confidence (from 50-100%) that the values for each
parameter were within the lowest-highest range they provided. We elicited the estimates for
scavenging rate associated with specific levels of eagle and gut pile densities, and for mortality
rates associated with maximum blood lead concentrations. For lead consumption, the question

took two forms: we asked for the “average” blood lead increase per scavenge on a gut pile that
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contains lead fragments (four-point method), then for a discrete probability distribution for the
incremental increase in blood lead per gut pile scavenged. Thus while all questions asked
directly for the parameter values of interest including the probability estimates, we also provided
alternative wording in the questionnaires and in oral directions that encouraged the experts to
think about probabilities as natural frequencies or proportions of events they could envision from
their experiences (Burgman 2005, McBride and Burgman 2012).

We compiled all responses and comments (without attribution) in tables for each
question, shared the results with the experts, and facilitated a discussion about the responses. For
remote elicitation, we distributed the responses by email and discussed the responses by webinar
and conference call. Following discussion we allowed each expert to update their responses as
desired, usually by follow-up emails, after modifying any assumptions and questions as agreed
upon by each team. We repeated this iterative cycle of response-review-revise until the experts
stated they were satisfied that the elicited values represent the best available beliefs about the

defined relationships. Final elicitation responses are illustrated in Figs. B5 to B7.

Developing parameter distributions from elicited beliefs

We developed distributions for the three elicited parameters by looking at the patterns
among the elicited values and subjectively drawing curves over plots of the experts’ point
estimates. These functional shapes connect the discrete expert estimates to underlying ecological
processes and theory (Burgman 2005). We used a Type II saturating curve for scavenging (later
revised to Type III shape), a Cauchy function for the lead exposure curve, and a Michelis-

Menton curve for the exposure-related mortality rates (for details, see Appendix C), assigning
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parameter values to those functions to produce curves that best matched plots of elicited values
(with concurrence from the experts). Thus, the functions used in the model are subjective,
“smoothed” representations for a range of expert beliefs.

Initially we ran the model deterministically with various sets of lowest and highest values
to illustrate effects of these beliefs for the experts. In our first stochastic model prototype we
drew two curves to broadly contain the low and high values among the experts’ most likely
estimates and ran the model drawing stochastically from within those ranges. The variation
among responses represents epistemic or scientific uncertainty about the ‘true’ functional
relationships (Kuhnert 2010, Runge et al. 2011). We did not attempt to incorporate the
additional uncertainty expressed in the expert’s individual confidence ranges in the model (e.g.,
by using the lowest and highest reasonable estimates adjusted for expressed confidence, or
“derived credible intervals,” which requires assumptions about underlying distributions; see

Speirs-Bridge et al. 2010).

Updating parameter values for final simulations

Prototype simulations provided insight about how the multiple contributory factors lead
to total mortality rates, interacting in ways too complex to foresee intuitively. The experience of
seeing simulation results allowed experts to update their beliefs about the model parameters and
helped improve our representation of those beliefs. Since the first prototype simulations
produced total mortality estimates exceeding what we thought was reasonable (e.g., >6-7%/yr
maximum), we made adjustments to improve the shape or fit of our smoothed curves and address

missing elements.
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For scavenging rate, we omitted one expert’s markedly high ‘outlier’ values and shifted
from a clearly Type II to slightly Type III functional response based on expert suggestions (see
Fig. BS). For probability of lead exposure per scavenge, we realized the expert’s estimates had
not taken into account the proportion of gut piles that did not contain any lead, which may be
10% (Hunt et al. 2006) or greater. Thus, lead exposure probability is a bimodal function, with
modes at zero exposure and the mode £ in the Cauchy distribution. In revising the model, we
added the percentage of gut piles with no lead fragments as a separate parameter, and applied the
Cauchy distribution only to the remaining proportion of gut piles that would contain some lead
fragments. In addition, eagles typically regurgitate bullet fragments with other indigestible
materials. Although pellets are usually cast at least 12 hours after ingestion (e.g., the morning
following a meal) by which time some lead has eroded and been absorbed into the blood (Duke
et al. 1975, Pattee et al. 1981), some portion of gut piles containing lead will still result in no
increase in blood lead, as the eagle could regurgitate the lead fragments before the lead erodes
and enters the bloodstream. That probability is accounted for in the Cauchy distribution if the
mode exposure (Emode) 1s not too high. Following prototype review, some of our experts realized
they had not taken this small probability of no blood lead increase due to regurgitation into
account during the parameter elicitation, thus we shifted the Emose downward for the final
modeling (see Fig. B9).

In preliminary model runs we determined that varying Emax from 200 to 1000 pg/dL had
almost no effect on overall mortality rates because these ‘high end’ lead concentrations have
relatively low probability; thus, for remaining model runs we fixed Emax at 1000 pg/dL and
variation in potential lead exposure extends to the highest level expressed by any of the experts.

Finally, for mortality rate we also omitted one high ‘outlier’ (see Fig. B10).
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