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ABSTRACT  (limited to 250 words) 
Correct and accurate interpretation of mortality data of captive populations is essential to the 
continued success of the American Zoo and Aquarium Association’s (AZA) cooperative 
management programs, day-to-day management of specimens at AZA member institutions, and 
the reputation of AZA and its members in the eyes of the public, the media, and animal advocacy 
groups.  The historic mortality data from zoos and aquariums can vary in quality from population 
to population, and there is no standardized approach to evaluate data quality and its effects on 
managed populations.  In addition, the demographic software currently used for analysis and 
planning in AZA’s managed programs is limited in its ability to evaluate data quality and the 
mortality estimates produced, to compare data between populations, or to effectively and clearly 
communicate the interpretation of mortality data.  This project will: 1) develop a standardized 
approach for assessment of data quality of historic data; 2) evaluate the application of alternative 
approaches for estimating mortality and appropriately comparing mortality rates within and among 
species; and 3) develop an approach to present mortality data in a clear, well-documented, and 
unambiguous matter. Implementation will be through new software developed to work in concert 
with existing analytical and database software currently used in the population management of 
captive programs.  The project will ensure that the critical decisions that are made about 
cooperative management programs and about how to allocate the financial, personnel, and space 
resources within each institution are based on the most scientifically sound and appropriate 
demographic analyses.   
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PROJECT PROPOSAL 
 
1) Explain the goal and rationale behind the proposed project.  What will the specific 

outcomes be?  

Correct and accurate interpretation of mortality data of captive populations is essential to the 
continued success of the American Zoo and Aquarium Association’s (AZA) cooperative 
management programs, day-to-day management of specimens at AZA member institutions, and 
the reputation of AZA and its members in the eyes of the public, the media, and animal advocacy 
groups.  Despite the importance of having mortality estimates that are high quality, scientifically 
valid, and understandable (i.e. clearly/easily interpreted by non-scientists), there is no accepted 
approach to evaluate the appropriateness and quality of historic mortality data.  In addition, 
analytical advances and improved computing power mean that alternative approaches may be 
available to improve mortality estimates.  Our goal for this project is to develop a new, 
scientifically rigorous, standardized approach to the analysis, interpretation, and 
presentation of mortality data from zoos and aquariums.  The project will: 1) develop a 
standardized approach for assessment of quality for historic data; 2) evaluate the application of 
alternative approaches for estimating mortality and appropriately comparing mortality rates 
within and among species; and 3) develop an approach to present mortality data in a clear, well-
documented, and unambiguous matter.  Implementation will be through new software developed 
to work in concert with existing analytical and database software (PM2000, ZooRisk, and 
PopLink/SPARKS) used by AZA’s Small Population Management Advisory Group (SPMAG) 
and the AZA Population Management Center (PMC).   
 
The mortality estimates currently applied in the analytical software used by AZA are age-based 
life table calculations applied to each captive population regardless of interpopulational 
differences in population history and data quality.  Age-based life table calculations are based on 
assumptions that, if violated, can produce misleading representations of past and inaccurate 
estimates of future mortality.  Data from zoos and aquariums frequently violate these 
assumptions because they are often sparse (e.g., few individuals in the population overall and/or 
few deaths occurring per age class), lack data in older age classes (e.g., the population hasn’t 
been in captivity long enough), have many individuals entering in and out of the population as 
importations or exportations (e.g. left-truncation, or entering the analyses after birth for wild-
caught individuals, and right-censoring, or becoming “lost to follow-up”), and have within-
population mortality rates that vary (e.g. between captive-born and wild-caught individuals or as 
husbandry changes over time).   
 
The approach currently used to address many of these violations of assumptions is to restrict 
analyses to an appropriate subset (a SPARKS “view”) of the studbook database (e.g., North 
American animals from 1980-2004) and to be “wary” of estimates based on limited sample size.  
However, there are no established standards for selection of the data subset or of determining 
how sensitive estimates are to small sample sizes; each SPMAG or PMC advisor must deal with 
each situation on a case-by-case basis, rather than in a standardized manner.  This ad hoc 
approach often results in substantial interpopulational variation in data quality, analyses, 
conclusions, and presentation of mortality data.  This project will develop consistent standards to 
select and evaluate data subsets, which will improve understanding of the validity of the historic 
data that mortality estimates are based upon.  In addition, the demographic software currently 
used by SPMAG and the PMC is limited in its ability to compare mortality patterns between 
datasets (i.e. between or within species), fit survival curves, and apply more advanced analytical 
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techniques that have developed since the current software was originally developed.   This 
project will evaluate these alternate approaches and incorporate appropriate analyses into 
software for use by SPMAG and the PMC. 
 
Failure to appreciate the issues surrounding zoo and aquarium data quality, coupled with failures 
to use appropriate scientific approaches for evaluation of within- and among-institution mortality 
patterns, can have damaging consequences to AZA and its member institutions.  These problems 
have led to confusion about and/or apparent contradictions between analyses conducted by zoo-
based scientists and analysts working with the media and/or advocacy groups, resulting in 
considerable controversy surrounding mortality in high profile species like elephants (Wiese and 
Willis, 2004) and marine mammals (Willis, in prep). For example, Clubb and Mason (2002) 
published estimates of median life expectancy for European and North American captive 
elephant populations using inappropriate methodology and data subsets (as demonstrated by 
Wiese and Willis, 2004); unfortunately, these misleading estimates were used in subsequent 
media coverage to suggest that zoo care is inadequate.  This may have been averted if managers 
had had a standardized, transparent, scientifically rigorous, and accepted approach to evaluating 
data quality, analyzing mortality data, and describing estimates (and the confidence in them) in 
clear language.  In providing such analyses, this project should reduce confusion and 
contradiction about mortality estimates and may reduce criticisms from outside AZA. 
 
Appropriate mortality data are also essential to the management of AZA’s captive management 
programs, Species Survival Plans (SSPs) and Population Management Plans (PMPs).  Breeding 
and transfer plans for SSPs and PMPs use historic data on mortality to predict future mortality; 
annual breeding recommendations are, in part, predicated on space made available by anticipated 
mortality.  If the mortality estimates used are not accurate, these programs may be over- or 
under-producing offspring, resulting in populations that are over their capacity or that fail to fill 
available space.  In addition, improper mortality estimates may result in programs setting 
inappropriate target population sizes, complicate planning for the conservation and education 
programs of specific species, and create difficulties in determining appropriate reintroduction or 
importation strategies.  All of these can result in difficulties in exhibit and collection planning 
for individual institutions.  This project should ensure that these important decisions are based on 
the most scientifically current, appropriate, and rigorous methodology available. 
  
2) Explain the methodology for this project and why it is appropriate.  

Phase 1 (February 2006-March 2006) – Quantitative Assessment and Categorization of 
Data Quality Issues:  The research assistant and PI will work with the PMC to identify 
populations with studbook-like data that pose problems for analyses of mortality; these problems 
would include, for example, 1) small sample sizes across all age classes, 2) inadequate data in 
older age classes, 3) left-truncated data, 4) right censored data,  5) differences between subsets of 
the populations (i.e. wild-caught/captive-born), and 6) changes in vital rates over time.  The 
research assistant will analyze mortality data for 35-50 of these captive populations using the 
standard life table analysis in SPARKS. These datasets will also reflect a variety of formats (e.g., 
international studbook, AZA regional studbook, ISIS studbook report, National Marine Fisheries 
Marine Mammal Database), life histories (e.g., fast, slow, seasonal breeders) and taxa (bird, 
mammal, and reptile/amphibian).  This phase is necessary because concerns about data quality 
are anecdotal and there has been no systematic evaluation of multiple databases to characterize 
the problem.  This quantitative summary of data quality problems will set the scope of issues for 
Phase 2.  
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Phase 2 (March 2006 – April 2006) – Matching Data Quality Concerns With Data Selection 
and Analytical Approaches:  The results of Phase 1 will set the agenda for a two-day meeting 
of all project participants at Lincoln Park Zoo (LPZ). Prior to the meeting, participants will 
receive the summary report from Phase 1 and will be asked to prepare a list of suggested data 
evaluation and analytical solutions for discussion at the meeting. A number of analytical 
approaches have already been identified as potentially useful (described briefly below in Phase 
3), and the research assistant will conduct a thorough literature review of the human demography 
and actuarial literature to identify additional analytical techniques to be considered.  The first 
meeting day will focus on reviewing data quality issues highlighted by the research assistant’s 
initial analyses and developing a prioritized list of data evaluation techniques and a data quality 
ranking strategy.  The second meeting day will focus on the appropriateness of existing and/or 
new analytical techniques. Each analytical approach will be reviewed and discussed by the 
meeting attendees and a suite of proposed analytical approaches will be finalized. The research 
assistant will combine the results of Phase 1 and the meeting into a draft report with 
recommendations for subsequent analyses.  This report will be circulated for review by human 
demographers and statisticians in the School for Public Health at the University of Illinois, 
Chicago, where the PI is a graduate student.  The report will then be discussed and, as 
appropriate, amended by SPMAG at its mid-year meeting in March 2006.  The assistant will 
finalize description of any additional issues (either dealing with data quality or analytical 
approaches) prompted by the March 2006 meetings and produce a final report detailing the 
analytical approaches that will be used in Phase 3. 
 
Phase 3 (April 2006-September 2006) – Evaluation of Proposed Approaches For Mortality 
Analyses:  To evaluate the proposed analytical techniques against the range of data quality 
categories, the research assistant will create one or more hypothetical studbook databases 
(dependent on the complexity of data categories) for use in subsequent analyses.  The primary 
hypothetical studbook will be large enough to meet all analytical assumptions and thus allow for 
robust estimates of mortality rates; this database will create a “known” standard for life table 
analyses.  The research assistant will modify this standard studbook to create an array of 
“derived” studbook datasets, each of which will systematically violate either single or multiple 
data quality assumptions. Because each of these derived studbooks will be a “sample” from the 
known standard, it will be possible to compare all analytical results with a known standard.  The 
use of a hypothetical studbook is appropriate because the “true” mortality patterns in real 
studbook databases cannot be known (which makes statistical comparison difficult) and because 
it allows for the controlled violation of single assumptions.  This approach allows for a more in-
depth understanding of the impact of violations on different analytical approaches.  
 
The research assistant will use the hypothetical studbooks, as well as real studbooks from Phase 
1, to evaluate and compare the effectiveness of each analytical and simulation technique 
including: 1) collapsing age-based data into stage-based data (which increases sample size); 2) 
using survival analysis, including curve-fitting appropriate mortality distributions such as the 
Gompertz, Weibull, and Siler distributions to the observed data (these standard distributions are 
used in human clinical survival analysis, and the Siler curve has been identified as potentially 
applicable to mammalian mortality patterns but has not been widely evaluated across multiple 
populations (Taylor and Barlow 1995; Taylor et al. 1995)); and 3) using bootstrap/resampling 
techniques with hypothetical and studbook datasets to increase sample size (i.e., repeatedly 
sampling with replacement from the pool of individual demographic histories to increase the 
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overall size of the sample and estimate the variability around life table mortality estimates.)  In 
addition, the research assistant will evaluate any additional analytical methods that are proposed 
in Phase 2.  The research assistant will compare results between all analytical approaches and 
prepare the results for review and discussion by project participants. 
 
Phase 4 (October 2006) – Review of Analytical and Simulation Results:  In October 2006, 
LPZ will host a two-day meeting of all participants to review results of Phase 3 and develop a 
consensus on the standardized approach to evaluate mortality data.  This meeting will focus on 
reviewing the proposed standardized analyses to determine data quality in studbooks and the 
results from the evaluation of alternate analytical approaches.   The output of the meeting will be 
a draft guide to evaluation of data quality and appropriateness of each analytical approach for 
each identified level of data quality, and a design document to be used in the software 
development.  Following the meeting, the research assistant will formalize the draft document 
and, after review by the PIs, circulate it to SPMAG, and the PMC. 
 
Phase 5 (October 2006 – January 2007) – Development of Software Tool For Evaluation of 
Mortality: Working from the design document from Phase 4 and with the research assistant and 
PIs, the software programmer will use VisualStudio.Net software to create a user-friendly 
software tool for analysis and presentation of mortality data from zoos and aquariums.  The 
software will: 1) extract the appropriate data from studbook databases; 2) test whether the 
population’s data violates any critical assumptions that might compromise mortality estimates; 
3) provide a detailed report about the data quality, violations of analytical assumptions, and an 
overall rating of data quality; 4) indicate appropriate analyses for the data; 5) permit the user to 
select the appropriate analyses from a broad array of accepted techniques for calculating, 
characterizing, and comparing mortality rates within and between populations; 6) provide a 
detailed report describing the analyses conducted and the inclusion/exclusion of data; and 7) 
provide a final report that includes clear and easily interpretable language describing standard 
mortality statistics (e.g., mean/median life expectancy) for the population, including the level of 
confidence in the estimate (e.g., data quality rating, confidence limits on estimates).   
 
This software will be a stand-alone analytical tool but may eventually be integrated with existing 
analytical software (i.e. ZooRisk, PopLink, PM2000).  This phase includes time for initial 
software development, debugging and validation (conducted by the research assistant), and any 
necessary revisions subsequent to release.  The software will be demonstrated at the SPMAG 
mid-year meeting in March 2007 and revised as appropriate based on discussions at that 
meeting.  The software will be distributed free of charge for use by population biologists in 
SPMAG and the PMC. 

 
3) What is the conservation/management significance of the specific outcomes?  Explain 

how the project is compatible with the purposes of the CEF. 

This project is compatible with the goals of the CEF because it will be beneficial to captive 
managed programs (SSPs and PMPs) across AZA, and because it will ensure that the critical 
decisions that are made about cooperative management programs, as well as how to allocate the 
financial, personnel, and space resources within each institution, are based on the most 
scientifically sound and appropriate demographic analyses.  By making evaluations of mortality 
data standardized and consistent (i.e. having a single and standardized response to questions 
about median life expectancy), it should also decrease confusion and misrepresentation in the 
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media.  It is a priority project of the AZA Small Population Management Advisory Group 
(SPMAG).  

 
4) If you received previous CEF funding for this or a related project, please summarize 

relevant findings and how they relate to the current proposal.   

Steve Thompson, Joanne Earnhardt:  Evaluation of state-based demographic models for 
management of SSP and PMP populations.  This CEF project examined whether stage-based 
projection models would be appropriate approaches for analysis of captive populations.  The 
project developed and evaluated these models as an approach (Faust et al. 2003), but it was 
ultimately concluded that an alternate modeling approach (individual-based modeling) would be 
more appropriate for most captive populations (i.e. Faust et al. in press).  Although not a primary 
focus, this project also involved examination of captive mortality patterns and collapsing age-
based mortality estimates into stage-based estimates, providing a good foundation for this 
proposal’s considerations of that analytical approach. 

5) Who are the participants in this project, what are their roles, and what are their 
qualifications? 

Lisa Faust (Research Biologist, LPZ) will be the senior PI and administer the project, oversee 
project design and analysis, supervise the research assistant conducting the analysis, supervise 
the programmer developing the software tool, and collaborate on drafting all publications.  Lisa 
is a Ph.D. candidate at University of Illinois; her dissertation research focuses on demographic 
analysis of mortality and fecundity rates and demographic modeling approaches.  She is familiar 
with programming, captive demographic datasets, and the analytical approaches proposed for the 
project.  She has worked on the development team of two IMLS-funded population-biology 
related software programming projects, ZooRisk (risk assessment software for captive 
populations) and PopLink (database management software for population management).  

Kevin Willis (Director of Biological Programs, Minnesota Zoo) will contribute to project design, 
analysis, and software beta-testing.  Kevin has been a SPMAG advisor for many AZA programs.  
He has conducted research on appropriate methods for mortality estimation for elephants and 
marine mammals (Wiese and Willis 2004; Willis, in prep).  He has worked on the development 
team for multiple software projects, including SPARKplug, ZooRisk, and PopLink.  

Steve Thompson (Vice President of Conservation and Science, LPZ) will participate in project 
design, analysis, and software beta-testing.  He has conducted research on data quality in captive 
studbooks, developed standards for studbook data entry, and conducted research on alternate 
demographic approaches, including stage-based demographic models.  He has worked on the 
development team for multiple population biology projects, including developing database 
standards and software development (SPARKplug, ZooRisk, and PopLink).  

Jon Ballou (Acting Head of the Department of Conservation Biology at the National Zoological 
Park) will participate in project design and analysis at the two meetings hosted by LPZ.  Jon has 
been a SPMAG advisor for many populations and has been involved in development of the 
analytical software (DEMOG, PM2000, MateRx, ZooRisk) used to analyze demographic data of 
captive populations. 

The research assistant will work with project staff on design, run all analyses, develop and test 
alternate approaches (stage-based rates, curve-fitting, etc.), complete analyses for hypothetical 
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and real studbook populations, and compile all results.  The assistant will also be responsible for 
assisting with drafting and preparation of manuscripts.   

The programmer will be responsible for writing computer code to appropriately extract and 
analyze studbook data, as well as designing a user-friendly interface and a standardized report.  
The programmer will work with project staff and the research assistant in the beta testing phase 
of the software to ensure that it is error-free and produces valid results. 

6) If your project includes an educational component or professional training course, 
please complete the following: N/A 

7) Why do you consider the project to be timely and how does it address a current critical 
need? 

Continuing advances have been made in our ability to project the population dynamics of our 
captive SSP and PMP populations, including the development of new models (ZooRisk).  
Analytical techniques have been developed for other disciplines (i.e. survival analysis for 
clinical medical trials) that may be applicable to data for captive populations.  In addition, 
modeling techniques exist that can allow us to compensate for poor quality data (i.e. sensitivity 
analyses).  It is appropriate to investigate these alternative techniques to improve our 
demographic analyses, and the decisions that are based on those analyses. 
 
This project is also timely in that it can help zoos better address much-publicized concerns 
within the local and national media using scientifically-based, appropriate analyses.  This is 
important as zoos have become a larger focus of animal advocacy groups and the media, with 
damaging results to credibility and reputation. 
 
The results of this project can be immediately implemented into existing approaches to 
population management within AZA.  Decisions about the most appropriate analyses given data 
quality will be made based on our analyses and group discussions with SPMAG.  These 
decisions will be immediately applied in a software tool, which will allow population biologists 
and managers to focus on interpretation rather than analysis. 
 
8) Explain how you will insure that you are meeting the goals, objectives, and outcomes of 

your project.  Evaluation plans may be quantitative or qualitative.  Describe how your 
evaluation plan will measure program effectiveness and apply evaluation data to 
strengthen the project. 

 
Success for this project will be evaluated by: 1) dissemination of results in peer-reviewed 
journals; 2) production of a user-friendly software tool to assist population biologists in analysis 
of all captive datasets; and 3) development of standardized language to improve communication 
of these data to non-demographers. 
 
9) Will this project be sustainable beyond the life of the grant?  Explain how. 
 
Decisions will be implemented into software for use in all population biology programs.  LPZ is 
committed to the long-term maintenance and management of the software after the project has 
been completed. 
 
10) How and when will the information generated by this project be disseminated? 
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Project results will be presented to SPMAG at its 2006 and 2007 mid-year meetings.  Papers will 
be submitted to Zoo Biology or another appropriate journals describing: 1) the ways that data 
quality impacts mortality estimates and what types of issues are relevant to captive populations; 
and 2) comparative results across populations exploring how alternative methods improved 
estimates.  The software tool will be downloadable (free of charge) from the LPZ website and 
will be available to population biologists of the PMC and SPMAG for application to captive 
populations; final release is planned for the mid-year SPMAG meeting in 2007. 
 
11) If this is a multi-year project, what is its funding strategy for subsequent years? N/A 
 
12) Is this proposal connected to a relevant AZA program or institution?  Explain how.   
This project is relevant to the AZA’s Population Management Center because it may directly 
impact approaches to analysis of mortality data used in future population management planning. 
 
13) Are there any collaborating/partner institutions? Yes 
Minnesota Zoo (letter attached) 
  
14) Have all the necessary permits been obtained for the project? N/A 
15) If applicable, has the project proposal been reviewed and approved by the appropriate 

Institutional Animal Care and Use Committee (IACUC)*? N/A 
16) If you have submitted this proposal previously and were turned down, how did you 

address the reviewer’s comments?  N/A 
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2005 Conservation Endowment Fund:  Budget 
 
PREVIOUS CEF SUPPORT 

    Report 
Year  Project Title  Name of PI Amount of Award    Submitted (y/n) 
1996 Evaluation of 

Demographic and Genetic 
Success of the AZA’s 
Species Survival Plans 

Steven D. Thompson 
R. Andrew Odum 

$21,700 yes 

1997 Development of Data 
Clean-up and Report 

Software for Population 
Management: Increased 

Efficiency for SSP Mater 
Plans and Population 

Steven D. Thompson 
Kevin Willis 

$23,945 yes 

1999 Evaluation of State Based 
Demographic Models for 
Management of SSP and 

PMP Populations 

Steven D. Thompson 
Joanne Earnhardt 

Lisa Faust 

$14,360 yes 

2000 Evaluation of genetic 
relatedness among green 

aracaris and an evaluation 
of the utility of DNA 

“fingerprint” data for use 
in maximizing gene 

diversity. 

Kevin Willis $5,475 yes 

 
 
PROJECT BUDGET SHEET 
 
Total Project Budget $___47,192__________ Total Requested from CEF $___22,643___________ 
 
Other Support 
  Amount Date Percent Overlap 
Granting/Match Source Requested/Received Expected/Received with CEF Request 

Lincoln Park Zoo  $  19,851 To be allocated 
during project 

0% 

Minnesota Zoo $4,698 To be allocated 
during project 

0% 
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DETAILED BUDGET 

 
CEF Budget Item   Method of Calculation   Total 
 
Research Assistant   $     12,500 
Programmer   $       6,666 
Airfare for Willis Roundtrip airfare from Minneapolis 

to Chicago, $250 x 2 trips 
 $          500 

Airfare for Ballou Roundtrip airfare from DC to 
Chicago, $200 x 2 trips 

 $          400 

Accommodations for 
Ballou/Willis 

Shared hotel: $125/night * 2 nights 
* 2 trips 

 $          500 

Roundtrip ground 
transportation for 
Ballou/Willis 

$50 * 2 people * 2 trips  $          200 

Food for Ballou/Willis $48 * 2 days * 2 people * 2 trips  $          384 
Supplies (CDs)  100 CD-Rs  $            50 
Systat 11 software direct quote $          499
STATA 9 software direct quote  $          499 
STATA survival 
analysis manual 

direct quote  $            45 

STATISTICA 7 
software (upgrade) 

direct quote  $          400 

 
       CEF total   $22,643 
 
Non-CEF Item     Method of Calculation   Total 
 
Faust salary and 
benefits 

REMOVED $   4,000 

Willis salary and 
benefits 

REMOVED $   4,698

Thompson salary and 
benefits 

REMOVED $   7,691

Meal costs for LPZ staff 
during meetings 

$48 x 2 days x 5 people x 2 
meetings  $      960 

Attendance at SPMAG 
mid-year meetings, 
2006 and 2007 

approximately $600 x 2 meetings x 
6 people  $   7,200 

 
Non CEF total     $24,549
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2005 Conservation Endowment Fund:  Budget Justification 
 
Personnel:  The research assistant will be responsible for all aspects of data extraction and 
analysis, as well as extensive testing of the software tool.  Six months of funding for dedicated 
time devoted to this work is essential for completion of the project; the quoted salary is the 
entry-level research assistant salary for LPZ.  The programmer will spend one month on 
programming the data extraction routines, analytical routines, and user interface, and spend one 
month de-bugging, beta-testing, and refining the design of the software tool.  Without this 
funding, a useable, easily applicable and standardized tool cannot be produced. 
 
Travel expenses:  Two 2-day trips are requested for Willis and Ballou to LPZ.  The meetings 
are being held at LPZ because of Chicago’s central location and because most of the project 
participants are based there, which makes it the most cost-effective location.  The first meeting, 
planned for February 2006, will be used for planning project analysis and clarifying 
methodological approach.  A meeting in winter 2006-2007 will be used for discussing project 
results and methodology, reviewing the software tool, and synthesizing project conclusions.  
Both these trips are essential to project completion. 
 
Software:  The three software programs requested have analytical routines for survival analysis 
and bootstrapping and will be used in Phase 3.  Multiple packages are required because previous 
analyses using multiple programs (Systat and Statistica) has shown that slight differences 
between analytical options can lead to large differences in analytical capabilities; it will be 
important to have flexible statistical software to fully evaluate and compare different analytical 
approaches. 
 
Supplies:  Almost all reports will be distributed electronically; the only supply costs for the 
project are CDs that will be used by the programmer to make daily backups of the program 
throughout development. 
 
INSTITUTIONAL CEO SUPPORT – see attached letters from Lincoln Park Zoo and 
Minnesota Zoo 
 
CURRICULUM VITAE – see attached CVs for Lisa Faust, Kevin Willis, Steve Thompson, 
and Jon Ballou 
 


