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Introduction 
Taylor’s checkerspot butterfly (Euphydryas editha taylori) is a high-priority candidate for federal 
listing under the U.S. Endangered Species Act (USFWS, United States Fish and Wildlife 
Service 2010). It persists in a fraction of its historic range in Washington, Oregon, and British 
Columbia. Threats to the butterfly range-wide are primarily from degradation and loss of prairie 
habitat; continual changes to a complex landscape alter its structure and composition, restricting 
or precluding access to essential ecological requirements, including but not limited to host and 
nectar plant resources. These transformations are largely due to invasion by non-native shrubs 
and grasses and by forest succession in areas historically managed by fire or grazing. Native 
grassland habitat is lost to development or by conversion to incompatible agriculture. Known and 
unknown impacts to the habitat and direct mortality result from other human actions. 

Within the South Puget Sound lowlands, Taylor’s checkerspot has been extirpated from all but 
one site. It is extant on Range 76 within the Artillery Impact Area at Joint Base Lewis-McChord 
(JBLM). Butterflies were lost from isolated prairie fragments as development and high-impact 
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agriculture escalated during the 1950s–1980s. Extirpations of well-established populations have, 
however, occurred very recently (1998–2007). Sites where butterfly numbers were in the high 
thousands before rapidly declining (with date last observed in parentheses) were at Bald Hills 
Natural Area Preserve (2006) and the 13th Division Prairie at JBLM (2000); smaller populations 
existed at JBLM on Range 50 (2006) and at Pacemaker Airstrip (1997); at Scatter Creek South 
(2000) and Scatter Creek North (1998) Wildlife Areas; and at Glacial Heritage Preserve (1998) 
(USFWS 2010; Dunn and Fimbel 2011; CNLM, Center for Natural Lands Management, 
JBLM, WDFW, Washington Department of Fish and Wildlife, and WDNR, Washington 
Department of Natural Resources 2012). Butterfly populations naturally fluctuate and can move 
between habitat patches in dynamic metapopulations, but these recent events represent steep 
declines and losses of separate local populations from very different environments that would 
naturally be diverse and resilient. 

Habitat enhancement and prairie restoration on JBLM is ongoing, with support and guidance 
from USFWS, but management of on-base sites can be unpredictable and is subject to revision 
to support changes to JBLM’s mission. Habitat restoration and enhancement across multiple off-
base sites in the South Puget Sound is funded by the JBLM Army Compatible-Use Buffer 
(ACUB) Program and by USFWS. Since 2007, the Unoccupied Butterfly Habitat Enhancement 
Project (Project) supports the efforts of multiple researchers and agencies (i.e., CNLM, WDFW, 
and WDNR) to restore and enhance habitat to enable successful translocations of captive-reared 
butterflies to sites within historically occupied habitat and to other appropriate prairie habitat.  

The Project’s multi-disciplinary Butterfly Habitat Enhancement Team (Team) and Technical 
Review Panel has designed and implemented restoration measures and enhancement strategies 
that have included basic and applied research to guide management decisions, identification of 
locations for treatments within sites, intensive restoration techniques (e.g., combined mowing, 
fire, and herbicide use for sites with extensive tracts of invasive vegetation), and enhancement at 
all sites by planting native grasses and native (and non-native) host plants and nectar sources. 
This last critical component has required careful allocation of scarce seed resources for direct-
seeding and other propagation of native grasses and forbs and oversight of nursery operations.  

Multiple sites are in various stages of restoration and enhancement. Captive rearing programs are 
successful, and efforts to re-introduce Taylor’s checkerspot have begun at some sites. No sites 
have identical environmental conditions, nor do they require the same set of restoration and 
enhancement treatments or management strategies to achieve their goal of providing suitable 
habitat for a stable butterfly population. The entire process is likely to provide continual 
challenges to even the best adaptive-management approach. Assessment metrics are required, 
however, to evaluate the success of habitat restoration and enhancement efforts and to gauge the 
progress of the ACUB Taylor’s Checkerspot Habitat Project.  

To begin to provide a suite of recommendations to guide the continued success of the Project, 
along with revised site-specific metrics, we interviewed ACUB conservation cooperators, their 
collaborators, and colleagues, asked them to prioritize research to advance scientific knowledge 
and to promote recovery of Taylor’s checkerspot, and synthesized their assessments of current 
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knowledge and information gaps for improving habitat enhancement efforts and determination 
of site readiness for Taylor’s checkerspot butterflies in the South Puget Sound lowlands.  

Methods 
We read project documents provided by CNLM and reviewed other reports and articles written 
about Taylor’s Checkerspot and South Puget Sound prairie habitat, relevant to the project’s 
goals. Documents included annual reports, unoccupied butterfly habitat workplans, the habitat 
enhancement summary used by the Butterfly Habitat Enhancement Team, resource and habitat 
monitoring checklists, the synthesis of challenges and information needs identified by the Team, 
Taylor’s Checkerspot Working Group minutes for 2009–2011, and literature produced range-
wide by researchers and agencies. We compiled documents in an online bibliographic database 
and summarized their content, focusing on recognized data gaps, identified research needs, 
recent investigations, existing knowledge, and current strategies for improving habitat.  

We generated a synthesized list of research questions from our literature summary; added others 
about individual factors or ecological conditions that influence related taxa, and which may also 
affect or define habitat quality for Taylor’s checkerspot; and then drafted a survey of open-ended 
and closed questions for Project cooperators and colleagues. Questions were quantitative or 
qualitative assessments of the butterfly’s response to biotic and abiotic habitat variables (e.g., the 
influence of species diversity or spatial configuration of host plants on oviposition or on larval 
development and survival; the total area of habitat patches or the nectar resource abundance 
required to support occupancy; and the effects of fire, weather, or landscape-structure attributes).  

The survey introduction explained that the purpose was to evaluate data gaps, information needs, 
and existing knowledge to guide enhancement and assessment of unoccupied habitat to prepare 
for butterfly reintroduction. Respondents were asked to assess the “importance” or contribution 
to knowledge of the research questions from two perspectives: first, the question’s importance to 
natural history or scientific knowledge of the butterfly; and secondly, how essential answering the 
question is to the recovery of Taylor’s Checkerspot. Respondents ranked the “importance” of a 
question on a five-point scale: 1. Not Important; 2. Somewhat Important; 3. Moderately 
Important; 4. Very Important; or 5. Extremely Important. Comments, qualifiers, or explanations 
offered by participants were recorded. After prioritizing survey questions, respondents were asked 
to volunteer their own research priorities and to contribute questions that were not discussed.  

The survey was created and administered using an online survey database and management tool, 
Qualtrics Survey Software. Access to the software program was provided to the research group by 
the University of Southern California, where Longcore holds an academic appointment. We 
grouped questions in blocks by butterfly life stages (i.e., adult, larval, overall habitat occupancy) 
and designed the survey to randomize presentation order within each block. Limited 
demographic data were collected for respondents (i.e., type of employer, highest educational 
degree attained, and number of years in butterfly conservation).  

To maintain confidentiality and enable us to track who had responded, individual online survey 
links were established and participants received an alphanumeric identity code. One research 
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team member (MacDonald) administered all surveys, incorporated respondents’ comments with 
other data, and performed preliminary analysis and information synthesis. We used raw survey 
data with reports generated by the software to calculate summary statistics and complete our 
analysis and synthesis of the cooperators’ assessments of current knowledge, data gaps, and 
research priorities.  

Twenty-one conservation cooperators and research colleagues with interdisciplinary scientific 
expertise were identified as prospective respondents, including lepidopterists, other biologists, 
prairie habitat restoration specialists, fire ecologists, prairie and oak woodland botanists, land 
managers, and others with extensive knowledge about the butterfly and its habitat. CNLM 
provided an annotated list of cooperators and researchers that included their roles in relation to 
the ACUB Taylor’s Checkerspot Habitat Project (i.e., Project Team and Tech Review Panel 
members, colleagues and collaborators) and contact information. After we completed the 
document review, we identified and contacted additional experts we wished to interview.  

We interviewed 20 people who were asked to participate; only one declined. We appreciate their 
cooperation. Prior to the survey’s launch, CNLM contacted potential respondents by email on 
behalf of the research group and stressed the value of their input. We made our initial contact by 
telephone. Some surveys were conducted immediately, but most respondents scheduled a more 
convenient date and time. If no contact was made and no response was received after two phone 
messages were left, prospective respondents were contacted by email, with follow-up emails and 
phone calls when required. An original weeklong window for survey completion was extended to 
five weeks to allow all invited respondents who expressed an interest to complete the survey. 
Surveys were conducted between August 28, 2012 and October 2, 2012.  

Results 
We requested two rankings for 30 research questions, first to assess the question’s importance to 
natural history or scientific knowledge of Taylor’s checkerspot; and second, to prioritize how 
essential answering the question is to the recovery of the butterfly. “Importance” was ranked on a 
five-point scale: 1. Not Important; 2. Somewhat Important; 3. Moderately Important; 4. Very 
Important; or 5. Extremely Important. Results are presented as follows: Questions are divided 
into summary tables: “Recovery” (Table 1) and “Natural History” (Table 2). “Short-form” 
questions are used for the summaries: these refer to the habitat variable and the life stage affected 
(e.g., “host plant – species diversity – larvae”). Within each table, research questions are listed 
from high to low mean score, ranked by relative “importance.” We include mean, variability, and 
number of responses given for each rank for each question. The complete survey with results 
(Table 3) includes the introduction, questions with both sets of responses, summary statistics, 
and comments expressed by all respondents for individual questions. Questions are grouped in 
life stage blocks (e.g., adult, larvae) as presented. Respondents’ volunteered research priorities 
and contributed research questions (Table 4) are arranged by topic (e.g., habitat assessment).  
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Summary 

Survey respondents strongly indicated that research questions that investigate host plant 
characteristics quantitatively were of greatest importance to the recovery of Taylor’s checkerspot 
(Table 1). Specifically, the highest-ranked questions included how individual host plant species 
(mean 4.3), species diversity (4.2), patch size (4.2), spatial configuration (4.0), and patch volume 
(3.95) influence larval development and survival and influence oviposition (mean ranking 3.85–
4.0). Habitat patch attributes (mean 4.0–4.15) and structural features (bare ground, roads, and 
vegetation; 3.85–4.05) were very important. Other research questions with “importance to 
recovery” ranked above the mean (3.56) include where larvae diapause and pupate and whether 
they survive fire (3.85), adult dispersal distance (3.8), whether a critical population density exists 
for adults to remain in a habitat patch, and effects of weather on population dynamics (both 3.6). 

Table 1 Research Question Summary Statistics:  Importance to Recovery of Taylor’s Checkerspot.  
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Weather effects (mean 3.6±1.43 S.D.); the importance of PLLA (non-native host plant Plantago 
lanceolata) pathogens (mean 3.0±1.45 S.D.); and whether it would be important to recovery 
efforts to know all the nectar resources used by Taylor’s checkerspot (mean 2.5±1.32 S.D.) were 
questions with the most variability in respondents’ rankings. Not surprisingly, the highest-ranked 
host-plant questions had less variability (S.D. range 0.77–0.98). Other nectar-resource questions 
were higher-ranked (mean 3.3–3.35), including their relative use vs. their abundance, and the 
abundance, species diversity, and spatial distribution of nectar resources as they relate to habitat 
occupancy. Most other questions were ranked as of less importance to recovery (mean 2.6–3.1).  

Table 2 Research Question Summary Statistics: Importance to Natural History of Taylor’s Checkerspot. 

 

The set of rankings for “importance to natural history” (Table 2) did not show the same strong 
differentiation between habitat variables (in particular, host plant vs. nectar resources), although 
the highest-ranked (how individual host plant species influence larval development and survival; 
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mean 4.22) and the lowest-ranked question (whether it would be important to know all the 
nectar resources; mean 2.89) were in the same relative position for both sets of responses. 
Overall, the importance of research questions with respect to habitat variables and the life stages 
they related to was more diverse in the natural history rankings. 

Potential effects of weather on population dynamics (i.e., extended cloudy weather, heavy rains, 
drought), and which life stages they affect was ranked by half the respondents as extremely 
important (mean 4.17) as a contribution to scientific knowledge, in contrast to the lower ranking 
for recovery (3.60). This may be due to a combination of factors: climate changes have brought 
the realization that every year is a “strange weather” year; and although weather affects every 
aspect of the environment, it is not typically manipulated as in a traditional experiment (as noted 
by several respondents), although several different types of weather-related research could more 
closely examine the relationships between weather, population dynamics, and habitat in other 
ways. Where larvae diapause and pupate and whether they survive fire was ranked highly (mean 
3.89), as in the recovery responses. The relative use of nectar resources as compared with their 
abundance was more-highly ranked (3.56) than in the recovery set. 

Attributes of habitat patches (mean 3.56–3.78) and structural features (bare ground, roads, and 
vegetation; 3.50–3.56), plus dispersal distance (3.72) and critical population densities for adults 
to remain in habitat patches (3.44) were ranked higher than overall mean value (3.39).  
Microtopography research was ranked lower within both response sets (means 3.0–3.06; 2.85–
3.1). Prairies are comparatively flat, but these are distinctively mounded prairies with deeper soils 
atop mounds rather than in the swales between them, with more- and less-protected habitat as 
aspect and slope changes. Bald habitat is on sloping hillsides. Microtopography research could 
inform habitat enhancement to take advantage of existing conditions without changing the 
landscape, or provide more detailed information about habitat conditions and microclimates. 

Questions about predation were ranked lower than means in both sets (means 2.6–3.0; 3.11–
3.33) but higher in relation to natural history. Detailed rankings by respondent are in Appendix 
A (Table A 1 and Table A 2). We had a 100% response to our initial contacts (21 of 21), albeit 
over several weeks, and a very high rate of participation (95.2%). 90% of respondents (18) 
answered every question; 10% (2) ranked recovery priorities and contributed research questions.  

There was no correlation between an individual’s mean “importance” ranking for the questions 
(range 2.65–4.47), the number of years they were involved in butterfly conservation (range 3–22 
years; mean 11; r=–0.084) or their highest educational degree attained (20% BS/BA; 40% 
MS/MA; 40% Ph.D.; r= 0.074). Many respondents have decades of relevant experience in prairie 
habitat restoration or with other taxa, and reported a lower number of years than might be 
expected for their level of expertise since we specifically asked about butterfly conservation. The 
highest and lowest mean scores overall belonged to two individuals with the same employer (we 
differentiated between 6 types: federal military; federal non-military; state; non-profit; non-
profit/educational; and for-profit). There was no relationship found between mean scores and 
any of the demographics we collected, including when aggregated by type of questions (e.g., host 
plants or habitat structure) or respondents (e.g., fire ecologists or butterfly biologists).  
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Survey Questions 

Respondents were given a standardized overview. Each was told during initial and subsequent 
contacts (by telephone or by email) that the research team was working with CNLM on the 
ACUB Taylor’s Checkerspot Habitat Project, and informed that we would like to ask them 
about their specific research priorities for habitat enhancement. They received this introduction: 
“This survey is designed to assess the data gaps and information needs for improving habitat for 
the Taylor's Checkerspot. You have been invited to participate in the survey because of your 
work on Taylor's Checkerspot. The survey is completely voluntary and you can decide to stop at 
any time. The full survey should take about 20 minutes. We are interested in understanding what 
has already been learned, and what information is essential to assessing whether a managed 
habitat is ready for reintroduction of Taylor's checkerspots. Although captive rearing is a part of 
this reintroduction process, it is not included on this survey.”  
 
The structure and ranking scale were explained; respondents were told they could respond with 
either numbers (e.g., “4”) or labels (e.g., “”Very Important”). Comments were not solicited but 
were offered freely. When the first comment, qualifier, or explanation for any particular answer 
was given by a respondent, participants were told the comments would be transcribed and would 
be associated with the questions without any identifying information about the respondent. The 
complete survey with results (Table 3) includes research questions with both sets of responses, 
summary statistics, and comments expressed by respondents during the survey that relate to 
individual questions. General comments that pertain to the ACUB Taylor’s Checkerspot 
Habitat Project follow the research questions and are grouped by topic (i.e., habitat assessment; 
habitat disturbance; and research and experimentation).  
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Table 3 Complete Survey Questions with Summaries of Question Rankings, Summary Statistics, 
Comments Expressed by Respondents for Individual Questions, and Overall Comments. 
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Respondents’ Contributed Research Questions and Research Priorities 
Respondents were asked to volunteer research questions that were not discussed and to 
contribute their research priorities for Taylor’s checkerspot habitat restoration, enhancement, and 
assessment (Table 4). These are grouped by general topic (i.e., habitat assessment; habitat 
disturbance; habitat components and their effect on Taylor’s checkerspot survival; habitat and 
Taylor’s checkerspot biology, genetics, and populations; host plants; and nectar resources). 
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Table 4 Respondents' Contributed Research Questions and Volunteered Research Priorities. 
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Appendix 
Table A 1  Importance to 
Natural History Research 
Questions. Eighteen survey 
respondent’s individual 
prioritizations of research 
questions, their means and 
standard deviations; and 
research question means and 
standard deviations. Short-
form questions are listed in 
this table.  Complete 
questions are in Table 3. 
Respondents ranked the 
“importance” of a question on 
a five-point scale: 1. Not 
Important; 2. Somewhat 
Important; 3. Moderately 
Important; 4. Very 
Important; or 5. Extremely 
Important. 
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Table A 2 
Importance to 
Recovery Research 
Questions. Twenty 
survey respondent’s 
individual 
prioritizations of 
research questions, 
their means and 
standard deviations; 
and research question 
means and standard 
deviations. Short-
form questions are 
listed in this table. 
Complete questions 
are in Table 3. 
Respondents ranked 
the “importance” of a 
question on a five-
point scale: 1. Not 
Important; 2. 
Somewhat 
Important; 3. 
Moderately 
Important; 4. Very 
Important; or 5. 
Extremely Important. 
Limited demographic 
information we 
collected from 
respondents is listed 
below their question 
rankings. 


