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Introduction and Overview 
Taylor’s checkerspot butterfly (Euphydryas editha taylori) poses a number of unique challenges 
for protection and recovery. Over the past decade, a large cooperative program has begun to 
address these challenges through aggressive habitat restoration, investigations of the butterfly’s 
biology, and captive rearing for reintroduction (e.g., Anderson, 2011; Dunwiddie and Bakker, 
2011; Dunn and Fimbel, 2012). Since 2007, the Army Compatible-Use Buffer (ACUB) 
Unoccupied Butterfly Habitat Enhancement Project has supported efforts to restore and enhance 
habitat to enable translocations of captive-reared butterflies to historically occupied habitat — 
locations of recent extirpations — and to other suitable sites (Schultz et al., 2011). Habitat 
restoration and enhancement at formerly occupied south Puget Sound sites is funded by the Joint 
Base Lewis-McChord (JBLM) ACUB Program and the U.S. Fish and Wildlife Service.  

The remaining native butterfly population in the south Puget Sound lowlands survives in unusual 
circumstances on Range 76, a live-fire training area on JBLM. It has switched to Plantago 
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lanceolata as the primary host plant, as have most remaining Washington and Oregon 
populations. Adult butterflies are monitored and experimental reintroductions of pre- and post-
diapause captive-reared larvae have been implemented. Three reintroduced populations persist at 
Range 50 and Pacemaker Airstrip on JBLM and at Scatter Creek South, balanced by one 
reintroduction failure at Scatter Creek North and perhaps at Glacial Heritage Preserve, where it 
is too soon to tell (Linders, 2012a). Captive rearing now produces thousands of post-diapause 
larvae per year for new reintroductions and population augmentation (Linders, 2012a, 2012b). 

Much has been learned through a combination of empirical experience, monitoring, and focused 
surveys. The ACUB Project builds on regional conservation efforts (e.g., Dunn and Ewing, 
1997). The Working Group (Anderson 2008, 2011a, 2011b) facilitates communication between 
experts who stress collaborative management and applied and basic research to guide decisions 
(e.g., Dunwiddie and Bakker, 2011). The Butterfly Habitat Enhancement Team and Technical 
Review Panel plan, implement, manage and review strategies (Dunn and Fimbel, 2011, 2012) to 
identify specific sites for intensive restoration (Stanley et al., 2011) and enhancement by planting 
native grasses, nectar sources, and butterfly host plants (Schultz et al., 2011).  

A broad consensus exists that the distributions and abundances of larval host plants, both native 
Castilleja hispida and non-native Plantago lanceolata where it is established, are the key 
components of habitat quality for the butterfly. Large areas of prairie are being restored to more-
native grasslands with great initial success, and include local enrichment of host plant resources. 
Many important questions remain unanswered, however, and critical information gaps remain. 
Throughout our research, quantitative host plant data gaps were continually identified as most 
critical to fill. Operational questions about habitat enhancement are chiefly associated with host 
plants; reintroduction considerations include site readiness and long-term host plant recruitment. 

Questions include: 

1) When is a site ready for reintroduction, primarily in terms of host plant distributions and 
abundances? 

2) How many new sites can be planted and managed for suitable densities of host plants to 
support a population?  

3) What rotational treatments will be necessary to maintain an appropriate mosaic of host plant 
stands?  

4) Will the butterfly eventually colonize new stands of host plants adjacent to re-established 
populations? 

5) What is the optimal spatial pattern of host plant augmentation to expand re-established 
populations? 

6) How many larvae over how many years should be released to establish a new population? 
7) When do releases stop at the site of a new population reintroduction, triggered by multiple 

failures or documented success? 

We also ask: how can the project’s restoration and reintroduction capabilities best be deployed 
over the next five years to maximize success in increasing the distribution and abundance of 
Taylor’s checkerspot butterfly, as an integral part of the ecological restoration of the south Puget 
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Sound prairies? In addition, what key questions can and should be answered through analysis of 
existing data or by new research and monitoring as implementation proceeds? 

Research History 

The Urban Wildlands Group and Creekside Center for Earth Observation were contracted to 
provide an outside review of efforts to date; identify, prioritize and suggest means to fill key data 
gaps to strengthen the scientific basis of habitat enhancement planning and determining site 
readiness for reintroductions; and develop strategic recommendations for long-term adaptive 
restoration, reintroduction, and management. The workplan included five tasks and a site visit. 

Task 1: Summary of cooperator’s assessments of current knowledge. We developed a written 
survey of synthesized research questions that assessed butterfly responses to biotic and abiotic 
habitat variables. We interviewed 20 participants, ranked their responses, and completed an 
evaluation of assessments of data gaps, research needs, and existing knowledge to guide 
enhancement and assessment of unoccupied habitat to prepare for reintroduction and support 
Taylor’s checkerspot recovery. 

Further information was gathered during a 5-day fall visit that included extensive field tours and 
open on-the-ground discussions of ecological, policy, and institutional issues. The ability of the 
core Taylor’s checkerspot recovery group to focus attention for successive days and communicate 
to informed outsiders was an invaluable experience for all involved. 

Task 2: Annotated bibliography of relevant literature. We compiled references in a searchable 
online bibliographic database that extended discussions from our visit and addressed: survey 
respondents’ priorities and contributed research questions; recognized data gaps for habitat 
restoration, enhancement, and assessment; relevant investigations and habitat metrics for related 
taxa; research about behavioral responses to habitat variables and landscape structure; and the 
influence of weather, climate-change impacts, and topography on habitat. We reviewed literature 
and summarized highlights in an extensive annotated bibliography. 

An interim “research menu” document was produced for immediate consideration for the 2013 
season as well as longer-term projects. 

Task 3: Summary and assessment of existing datasets for evaluating habitat enhancement. We 
inventoried eleven datasets of existing prairie vegetation, butterfly habitat, and butterfly 
monitoring data from six primary sources. We synthesized metadata from raw data and reports; 
produced abstracts and summary tables of attribute and coding definitions for each individual 
dataset; and developed a preliminary dataset catalogue for each individual data table. 

This document addresses the following two tasks: 

Task 4: Prioritization of information needs to aid habitat enhancement planning. We have 
determined which information gaps are most critical to strengthening the scientific basis of 
habitat enhancement planning and determining site readiness for Taylor’s checkerspot butterfly; 
and have the highest likelihood of being successfully addressed within a reasonable time frame 
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and budget. We have prioritized information gaps, indicated which are critical and which are 
simply desirable to fill, and provide justification for our decisions based on pertinent findings 
from Tasks 1–3, site visits, and our team’s relevant expertise (i.e., Euphydryas editha research, 
butterfly biology, ecology, and habitat suitability and data analysis).  

Task 5: Strategy and recommendations to address priority information gaps. We have prepared a 
strategy that provides recommendations to address priority information gaps for critical habitat 
features for Taylor’s checkerspot butterflies in the south Puget Sound lowlands. These include 
enhanced monitoring of the butterfly and its habitat, and development of a long-term adaptive 
management plan supported by a data-management system. The strategy recommends methods 
for analyzing existing data sets and conducting additional research, with detailed descriptions. 
We demonstrate how Tasks 1–4 support the recommendations in the strategy. 

Methods 
To prioritize information gaps for critical habitat features for Taylor’s checkerspots in the south 
Puget Sound lowlands (Task 4) and finalize a strategy that makes recommendations to address 
these gaps and guide the continued success of the Project (Task 5), we reviewed and synthesized 
information obtained through our research. Research included intensive site visits (fall and 
spring); an initial survey of conservation cooperators and colleagues to determine their 
assessment of data gaps, research needs, and current knowledge (Task 1); compilation of an 
annotated bibliography of recent and seminal literature about checkerspots and closely related 
taxa; restoration, enhancement, conservation and management of prairie habitat; and the 
behavioral responses of butterflies to environmental variables (Task 2); and a review and 
inventory of existing data sets and methodologies from Taylor’s checkerspot research conducted 
throughout its range and from south Puget Sound lowland prairie vegetation surveys (Task 3).  

Relevant findings from Tasks 1–3: 

Task 1: Respondents to our preliminary survey strongly indicated that quantitative research to 
investigate host plant characteristics was of greatest importance to Taylor’s checkerspot recovery. 
Specifically, the highest-ranked research questions (means; 1–5 scale) included how presence of 
individual host plant species (4.3), species diversity (4.2), patch size (4.2), spatial configuration 
(4.0), and patch volume (3.95) influenced larval development and survival. For adult butterflies, 
the influence of these characteristics on oviposition received mean scores of 3.85–4.0. The effects 
of habitat patch attributes on patch occupancy (total area, 4.15; spatial configuration, 4.0) and of 
structural landscape features (vegetation, bare ground and roads) on oviposition (4.05) and larvae 
(3.85) were considered 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 (3.6), and effects of weather on population dynamics (3.6).  

Task 2: Our literature review helped prioritize information gaps. It produced a valuable resource 
in an annotated bibliography that highlighted which issues were researched well and made it 
more apparent where gaps occur. We incorporated reports from multiple sources along with 
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published journal articles and based our search strategy on input from our first site visit and from 
the survey. A selection from our keywords illustrates a range of pertinent topics: disturbance; 
enhancement; Euphydryas spp.; fire; fire suppression; forbs; grassland butterflies; grazing; 
invasive species; habitat heterogeneity; habitat patch; herbicide; host plant preference; insect 
response; larval host plant use; larval survival; management; metapopulation; monitoring; 
mowing; N-deposition; nectar resources; non-target herbicide effects; oviposition; prairie habitat; 
reintroduction; restoration; seed limitation. The importance to butterfly conservation and habitat 
enhancement of taxon- and site-specific studies was continually reinforced; however, multiple 
investigations of related taxa or ecosystems were directly relevant and could potentially be applied 
to Taylor’s checkerspot on south Puget Sound prairies, or used as a model for local research.  

Task 3: To inventory existing data sets, we read related reports; examined methodologies; parsed 
tables and individual entries; and created a metadata catalogue. We used data in sample analyses: 
we used an algorithm devised to estimate annual abundance for Euphydryas editha bayensis to 
estimate Taylor’s checkerspot population size from Scatter Creek South distance-sampling 
surveys (WDFW data) and from those on JBLM. We describe these further in our 
recommendations and an explanation of the methods, results, and a spreadsheet are included in 
the Appendix. We created GIS-based habitat suitability models to select broad target areas for 
habitat enhancement and butterfly reintroductions using 25-m grid vegetation data from the 
PQM (Prairie Quality Monitoring; WDFW, 2007–2010) and LCM (Land Condition 
Mapping, U.S. Army, 2001–2011) programs. It became clear from the literature review and data 
inventory that well-designed studies intended to fill critical information gaps did not always 
produce the desired data (e.g., Hays et al. 2000; Potter, 2008; Linders et al. 2009) and that 
earlier schemes to manage data (e.g., Olson, 2007) did not succeed due to factors beyond control 
of a researcher or agency, such as extreme weather or butterfly population fluctuations, or lack of 
expected funding.  

For Tasks 4 and 5, we provide a summary list of prioritized information gaps with recommended 
actions or research. We believe these are all key gaps to fill; our 0–4 prioritization designates a 
gradient of levels of importance. Priority 0 indicates actions to be taken first to fill management 
gaps. Priorities 1 and 2 are “critical” data gaps; 3 and 4 are “desirable” to fill.  

We provide an overview of checkerspot butterfly biology, and discuss distinctive checkerspot 
features related to several high-priority data gaps (e.g., host plant characteristics, larval growth, 
and weather). This essential background information supports multiple recommendations. We 
explain the importance of each data gap we identify, and include justification based on Tasks 1–3 
for our prioritization of each (Table 1). We then suggest a strategy for moving forward, with 
specific recommendations, and demonstrate how Tasks 1–4 support the recommendations. 
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Table 1. Summary of prioritized information gaps with recommendations. 

Information Gaps and Recommendations Priority 
Data Management and Information Synthesis  

Develop a long-term adaptive management plan 0 
Establish a unified spatial (GIS) and non-spatial database and data 
management system  

0 

Specific Habitat Needs for Pre-diapause Larvae  
Investigate frequency of host plant senescence relative to larval 
growth 

1 

Specific Habitat Needs for Adults  
Analysis of rapid assessment vegetation data – host plants  1 
Analysis of distance sampling data – habitat use  1 

Native Host Plant Ecology  
Demography of Castilleja hispida and annual host plants –integrated 
with rapid assessment  

1 

Castilleja levisecta  2 
Weather, Climate, and Phenology  

Weather and phenological assessment  2 
Risk of Fire to Larvae   

Fire rotational treatment experiments  2 
Larger-scale Habitat Assessment for Reintroduction – South Puget Sound 
Lowlands 

 

Selective re-survey of 25-m grid 3 
Analysis of this vegetation data 3 

Adult Dispersal and Scale of Habitat Use  
Follow individual butterflies 4 
Mark-recapture studies 4 

Larger-scale Habitat Assessment for Reintroduction – Bald Hill*  
Detailed host plant mapping at Bald Hill Natural Area Preserve  4 

Effectiveness of Grazing for Habitat Management – Colvin Ranch*   
Surveys of grazed prairies  4 

* For these two items: Several years in advance, determine when the Project would be ready to 
introduce butterflies to these sites; these would then become Priority 1. 
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Discussion 

Butterfly Biology 

Taylor’s checkerspot and Euphydryas editha in general shows great local adaptability to varying 
host plants and to habitat configuration, provided that the habitat (primarily host plant diversity, 
distribution, and abundance) is not degraded by invasive non-native shrubs, grasses, and forbs, as 
well as encroaching native trees and shrubs (Weiss, 1999; Singer and Wee, 2005; Severns and 
Warren, 2008; Page et al., 2009; Grosboll, 2011; Hays, 2011; Kaye et al., 2011). It is important 
to embrace this adaptability, including the “decision” to use non-native Plantago lanceolata in 
addition to native perennial Castilleja hispida (and annuals Collinsia parviflora and Plectritis 
congesta primarily as post-diapause hosts), its occupation of heavily disturbed habitats, persistence 
in small isolated areas, and other distinctive features across the range of the butterfly. 

The distribution, abundance, and diversity of host plants are universally recognized as the critical 
component of habitat quality, with nectar sources playing a secondary role (Ehrlich and Hanski, 
2004). Host plant stands need to provide sufficient abundance in late winter/early spring to 
support potentially high densities of post-diapause larvae (which eat both perennial and annual 
host species), attract ovipositing females during the flight season, and be available for dispersing 
pre-diapause larvae over short distances. Detailed studies indicate that high-density host plant 
patches in sparse vegetation are more heavily used for oviposition (Linders et al., 2009; Severns, 
2009; Grosboll, 2011; Severns and Grosboll, 2011, Smee et al., 2010). Phenological synchrony 
with host plants can be a major driver of pre-diapause survival (Weiss et al 1988; Cushman et al., 
1994), but risks are mitigated by the perennial life form of Castilleja and Plantago except under 
unusual spring drought/heat conditions; the annual host plants are much riskier every year.  

The adaptations of black basking caterpillars and thermophilic butterflies to the challenging 
spring climate of Western Washington (and Oregon) are remarkable. Weather will always be an 
important uncontrolled background driver of population dynamics and a deeper understanding of 
weather-driven risks and opportunities, mediated by phenology, benefits the overall recovery 
process (McLaughlin et al., 2002; WallisDeVries et al., 2011). The effects of weather on 
checkerspot populations can be profound and pose major risks through direct mortality and 
phenological mechanisms (Ehrlich et al., 1980; Dobkin et al., 1987; Weiss et al., 1988, 1993). 
Development of a phenological model would facilitate seasonal planning and projections of 
weather effects both in the past and into the changing climate of the future.  

Intense local selection for low vagility and aggregation is central to site adaptation, but occasional 
longer-range dispersal will be important within larger prairies as outlying host plant patches are 
enhanced and established. A general truism of butterfly biology is that the presence of other 
individuals of the same species is a good indicator of habitat quality, and butterfly-butterfly 
interactions tend to promote aggregation (Ehrlich and Murphy, 1987). A critical density of 
adults on a daily basis is necessary to provide enough interactions. Males tend to perch or patrol 
small areas and mate guarding of pupae has been identified in this subspecies (Bennett et al., 
2011). Interspersed host plants and nectar sources minimize the need for movements, although 
butterflies will visit dense stands of favored nectar that are outside the host plant distribution. 
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Freshly eclosed females are rapidly mated and likely to initially oviposit close to their pupation 
sites, ensuring some local reproduction before any potential dispersal out of a population (Boggs 
and Nieminen, 2004).  

The high reproductive output of checkerspot butterflies (several hundred eggs) is an adaptation 
to high mortality over the life cycle and can also result in rapid natural selection (Boggs and 
Nieminen, 2004). The highest mortality occurs during the pre-diapause phase (>90%) and can be 
even higher when early host plant senescence shortens the growing season (Singer, 1972; 
Cushman et al., 1994). Mortality during diapause in the wild is unknown and difficult to 
quantify. Mortality in post-diapause larvae is relatively low in comparison (mainly from 
parasitoids, but also some predation despite sequestered bitter/toxic iridoid glycosides). Pupal 
mortality is unknown in Taylor’s checkerspot, but measured Bay checkerspot pupal mortality 
ranges from 50–87% (White, 1986; Weiss et al., 1988), with higher mortality under the type of 
rainy cold weather typical of Western Washington in early spring. Rapid mating upon eclosion 
and the deposition of masses of eggs every day or two minimizes the needs for extended periods 
of good flight weather.  

Population Monitoring and Conceptual Framework 

Distance sampling transects provide a quantitative estimate of daily density of adult butterflies 
(Buckland et al., 1993), and micro-distribution at a 50-meter scale. First implemented for 
Taylor’s checkerspot in 2007 on Range 76 and considered more reliable than results from block 
counts (Olson and Linders, 2010), transects have been used at several sites since 2010 (Linders, 
2012a). Distance sampling transects account for variations in detectability between years and 
populations at various sites, and their value will grow as more years are sampled. Another 
method for quantitative estimates of density is post-diapause larval surveys (Murphy and Weiss, 
1988), which may be difficult to reliably implement during the fleeting periods of sunshine in 
March and April.  

A metapopulation framework is appropriate for habitats with discrete patches of host plants (i.e., 
Bald Hill Preserve) and in restored sites where patches of host plants are separated by hundreds 
of meters. The occupancy models of Hanski and colleagues (see Ehrlich and Hanski, 2004 and 
references therein) can provide a quantitative framework in networks of discrete habitat patches.  

In more continuous host plant stands, variable occupancy (especially of larvae) and local densities 
suggest that a “patchy population” framework is more appropriate (Dover and Settele, 2008). 
The distance transects combined with host plant and nectar source assessments provide the 
means to understand micro-distributions in patchy habitats, but detection of spread into outlying 
areas, especially successful reproduction, is a challenge in large prairies. 

Prairie Restoration and Management 

The practice of prairie restoration is well advanced (Dunn, 1998; Stanley et al., 2010). A group 
of dedicated and skillful restoration ecologists have developed methods that convert stands of 
Scotch broom, tall oatgrass, and other weeds into diverse high quality prairie habitat with host 
plants and nectar sources, through a series of fire, herbicide, mechanical, seeding, and 
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outplanting treatments (Anderson, 2008; Dennehy et al., 2011; Dunwiddie and Bakker, 2011; 
Hamman et al., 2011; Schultz et al., 2011; Stanley et al., 2011). Initial restoration takes many 
years, so patience is needed. 

Key bottlenecks (seed supply) have been identified (Stanley et al., 2011) and the situation is 
being addressed (Dunn and Fimbel, 2012). Other prairie restorations where invasive-species 
management is a primary concern also demonstrate that densely seeding native forbs is critical 
after eradicating other vegetation, as well as illustrate plant community assembly rules that may 
need to be considered when trying to establish both native grasses and native forbs (Seabloom et 
al., 2003; Sheley and Half, 2006; Dickson and Busby, 2009; Myers and Harms, 2009; 
Münzbergová, 2012). The strategy of preparing release sites on a fine scale of tens of meters to 
create a critical mass of host plants appears to be an effective strategy for using limited resources. 

The scale and timing of long-term rotational treatments, and the successful reproduction and 
recruitment from initial cohorts of seeded and outplanted Castilleja, are key knowledge gaps in 
restoration (see below). Surveys of grazed prairies would explore the potential use of managed 
cattle to provide intermediate levels of disturbance and control of grasses (Weiss, 1999; Chaney, 
2006; Van Noordwijk et al., 2012).  

Reintroduction 

Reintroducing Taylor’s checkerspot from captive-reared stock is another impressive achievement. 
Reintroductions have initially established populations in restored habitats at Range 50, Scatter 
Creek South, Pacemaker, and perhaps Glacial Heritage. Based on distance sampling in 2011 and 
2012, Range 50 had adult numbers in the mid-thousands in 2012 as a result of multiple 
introductions since 2009 (including 1,119 postdiapause larvae in 2011 but no release in 2012); 
Scatter Creek South maintains a population in the low hundreds, the result of multiple 
introductions of varying life stages since 2007 including 1,096 post-diapause and 1,036 pre-
diapause larvae in 2011, with no new releases in 2012. Pacemaker received 1,565 larvae in 2012, 
and produced an adult population in the low hundreds. Glacial Heritage received 975 larvae in 
2012 and generated only 4 adult observations. A one-shot attempt at Scatter Creek North (~750 
post-diapause larvae in 2009) failed to generate a population (Linders, 2012a). Multiple releases 
are often necessary to establish butterfly populations, so some short-term failures are expected.  

The evolving ability to produce thousands of diapausing larvae in captivity at the Oregon Zoo 
and Mission Creek (Linders, 2012a, 2012b) is the key to ensuring establishment of self-
sustaining populations and repopulating newly restored prairies. Larger releases will be more 
effective especially as habitats are further restored. A fundamental operational question to be 
considered is the allocation of approximately 6,000 captive-reared postdiapause larvae per year to 
starting new populations and enhancing existing ones. Three sites of 2,000 larvae or four sites of 
1,500 larvae are appropriate starting points for consideration, depending on site availability. 
“Extra” larvae can be used to enhance existing populations. Another strategy would be to release 
“extra” larvae at restored and enhanced sites as part of an experimental strategy to learn about site 
readiness. Multiple participants in our Task 1 survey felt that butterflies need to be an explicit 
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part of field experiments to determine whether conditions are appropriate for reintroductions at a 
larger scale. 

Comparisons with the Bay checkerspot (Euphydryas editha bayensis) are useful. A failed Bay 
checkerspot reintroduction attempt in 2007 used 1,000 wild collected postdiapause larvae, and 
encountered the 4th driest year since 1895, with poor phenological synchrony. Peak butterfly 
numbers were low (4 adults seen on a 1500-m transect system); only one post-diapause larva was 
observed in 2008, and no adults were observed. The current Bay checkerspot reintroduction at 
Edgewood used 4,004 wild collected post-diapause larvae in 2011, 4,852 in 2012, and 5,000 in 
2013 — and established post-diapause larval populations of ~2,000 in 2012 and ~3,000 in 2013. 
These three years had favorable weather that led to good phenological synchrony. The ultimate 
goal is to establish a population of 9,000–10,000 larvae (the population size in 1997 prior to the 
crash to extinction) from the previous year’s population. The permit for translocation is for five 
years, with up to 5,000 larvae/year. 

Monitoring methods for Taylor’s checkerspot have become more standardized and key data sets 
were well described in Task 3. The 25-m grid vegetation surveys (PQM, Prairie Quality 
Monitoring at ACUB sites, and LCM, Land Condition Mapping on JBLM) provide an 
unparalleled baseline. Selective re-sampling of key areas, particularly sites with restored butterfly 
populations, combined with distance transects with rapid host plant/habitat assessment (Linders, 
2012b; Linders pers. comm., 2013) can provide quantitative data on fine-scale occupancy that 
can further generate a habitat template for reintroduction. The distance transects have developed 
to the point where quantitative comparisons among years and sites are feasible. 

In short, all of the elements necessary for implementation of restoration, reintroduction, and 
habitat management are developed sufficiently for a longer-term adaptive management plan to 
be implemented. The following section discusses the prioritized information gaps individually, 
provides additional specific justification for their ranking, and recommends action items and 
future research and monitoring activities.  

Information Gaps 

Specific Habitat Needs for Pre-diapause Larvae 

Investigate frequency of host plant senescence relative to larval growth – Priority 1 
The need for dense stands of host plants for Taylor’s checkerspot is clear and well documented 
(Linders et al., 2009; Severns, 2009; Grosboll, 2011). Detailed studies indicate that high-density 
host plant patches in sparse vegetation are more heavily used for oviposition (Linders et al., 2009; 
Severns, 2009; Grosboll, 2011; Severns and Grosboll, 2011, Smee et al., 2010). Plantago and 
Castilleja are both perennials and a single plant can provide enough biomass to support an egg 
mass worth of pre-diapause larvae, but a high density of plants allows 2nd and 3rd instars to readily 
find food elsewhere. Respondents to our preliminary survey strongly indicated that continued 
quantitative research to investigate host plant characteristics relative to larval development and 
survival was of greatest importance to Taylor’s checkerspot recovery.  
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The distribution, abundance, and diversity of host plants are universally recognized as the critical 
component of habitat quality, with nectar sources playing a secondary role (Ehrlich and Hanski, 
2004). Phenological synchrony with host plants can be a major driver of pre-diapause survival 
(Weiss et al 1988; Cushman et al., 1994). Host plant stands need to provide sufficient abundance 
in late winter/early spring to support potentially high densities of post-diapause larvae that eat 
both perennial and annual host species; attract ovipositing females during the flight season; and 
be available for short-distance dispersal of pre-diapause larvae. The largest area of uncertainty 
here is the frequency of host plant senescence before pre-diapause larvae can enter diapause.	  

Specific Habitat Needs for Adults 

Analysis of rapid assessment vegetation data – host plant – Priority 1  
The distribution and abundance of host plants and diverse nectar sources are the obvious habitat 
needs for adults. The distribution and abundance of adults is dynamic through the flight season. 
The distance sampling transects with rapid assessments of host plants and nectar sources can 
answer many questions about spatial dynamics on a fine-scale, such as the stability of aggregation 
patterns from one sample date to another, effects of host plant density, and effects of nectar 
source abundance and diversity. Survey participants responded that research targeting presence of 
individual host plant species and the influence of species diversity, spatial configuration, patch 
size, and patch volume on oviposition were of great importance to Taylor’s checkerspot recovery. 
These regular surveys of butterfly habitat components and their usage (i.e., rapid assessments of 
vegetation plus butterfly occurrence) can be checked for data quality and input to a GIS database 
with metadata shortly after data are acquired. Various preliminary analyses can then be generated 
quickly in context with other site attributes. These are useful to answer field questions and can 
guide strategies for further statistical and spatial analysis. Most importantly, these data clarify 
questions about adult habitat needs that can directly associate butterfly distribution with the 
spatial patterns of host plants and nectar sources.  

Analysis of distance sampling data – habitat use – Priority 1 
Implementation of distance sampling since 2007 provides rigorous estimates of local population 
density at a fine scale (50 meters) and a spatial framework for habitat assessment that 
incorporates butterfly distributions. Although distribution and abundance of host plants and 
nectar sources are key habitat requirements for adults, density of other butterflies is an important 
cue for maintaining aggregations, and there is strong selection for sedentary behaviors in small 
habitats (Ehrlich and Hanski 2004). Is there a critical density of adult butterflies for maintaining 
populations and how many larvae need to be reintroduced to achieve this density in the first year?  

Distance transects and rapid host plant/habitat assessment data from 2011 and 2012 should be 
analyzed in depth sooner rather than later. Numerous tests are available for spatial pattern and 
association to be considered by statisticians and ecologists, and appropriate methods should be 
identified. The highly clumped distribution of adults suggests that they are strongly responding 
to some habitat component in addition to the presence of other butterflies. As an initial analysis, 
the following steps are suggested: spatially reference the grids and assign the daily or seasonally 
averaged density value to the midpoint of each transect. Variograms and other measures of 
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spatial dependence can be generated in Geostatistical Analyst in ArcGIS. These will identify the 
characteristic scales of aggregation within the grids, which can then be related to resources.  

Tracking the annual dynamics for multiple populations and subpopulations is the ultimate data 
for establishing success. Large population fluctuations are to be expected on a local scale. Spatial 
extent of high quality habitat is critical for establishing larger population complexes that 
effectively spread risks. As long as the methods are consistent, relatively simple annual 
calculations will capture the logarithmic range exhibited by checkerspot populations.  

The distance sampling densities can translate into annual population size using a range of 
estimates for daily survival/emigration, residence time, and other demographic parameters. 
Estimates of residence times for ssp. bayensis (Hellman et al., 2002) provide a reasonable first 
approximation for further refinement; captive reared butterflies appear to have similar life spans 
and egg productions schedules in both subspecies. Data on egg production schedules for ssp. 
bayensis are found in Cushman et al. (1994). Other methods are available to estimate annual 
abundance (Watt et al., 1977; Mattoni et al., 2001), but this method has been used for E. editha 
bayensis populations and is internally consistent with what is known about the biology of the 
butterfly.  

We provide an example (Appendix) of a distance sampling analysis for Taylor’s checkerspot to 
estimate total seasonal population size, using data from Range 76 and Range 50 on JBLM, and 
Scatter Creek South. This integration method works well for tracking the often large interannual 
fluctuations in E. editha populations. It is important to remember that populations operate on a 
logarithmic scale. The differences between hundreds, thousands, and tens of thousands are 
clearly detectable. Range 76 has fluctuated between ~ 1000 and ~35,000 butterflies. Range 50 
has shown an increase from ~800 to ~8,000 butterflies since reintroduction. Scatter Creek South 
has maintained a population in the low hundreds.  

The utility of post-diapause larval transects should be evaluated, and encounter rates should be 
calibrated to counts in square meter quadrats. We acknowledge that the logistics of post-
diapause surveys are challenging in the early spring climate of the region, but the results in the 
2012 Linders report (Linders, 2012a) are encouraging. 

Native Host Plant Ecology 

Demography of Castilleja hispida and annual host plants – Priority 1, integrated with rapid 
assessment  
The demography of Castilleja hispida is a critical information gap. Only when Castilleja 
populations have expanded and self-seeded can restoration be deemed successful. How long do 
individual plants live? How often do seedlings recruit nearby? What is the maximum rate of 
spread from an established population? There do not appear to be major limitations on host 
plants for this hemiparasite, fortunately. Questions on the restoration practice front include: 
What is the optimal density to plant seeds, balancing local establishment success/density with 
spatial extent? What is the optimal spatial pattern for planting plugs?  
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Key to restoration success will be self-sustaining and spreading populations of host plants. 
Castilleja hispida populations should be monitored at a fine scale to document recruitment and 
death. Importantly, the potential for unassisted spatial expansion should be evaluated. 
Monitoring of plugs indicates a 3-year survival rate of 15–50% (Dunn and Fimbel, 2011). Data 
suggest that individual Castilleja plants live 5–7 years, and that fire is effective in stimulating 
regrowth and seedling establishment.  

Once some basic demographic parameters are measured, then an optimal strategy for spreading 
Castilleja throughout restored prairies can be developed. As local butterfly populations are 
established in different prairies, the continued expansion of host plant habitat will allow for 
expansion of the distribution and abundance of the butterfly population. Essentially, this process 
is the equivalent of running a biological invasion of desirable species, and with proper spatial 
distribution of propagules, the invasion can be facilitated and the natural spread of host plants 
can be a key component of habitat restoration.  

What is the optimal spatial pattern for planting a given acreage that will: 1) provide sufficient 
patches of high density host plants to attract ovipositing females; and 2) maximize the potential 
for rapid natural spread into adjacent areas? Integrating studies of initial establishment of host 
plant stands, natural spread of host plants, and oviposition preference/behavior can provide solid 
guidelines for planting patterns. Empirical and theoretical investigations can compare a selected 
set of spatial patterns of planting, including long linear strips resembling roads, small spaced 
patches, and low density plantings (exact configurations to be worked out). Oviposition 
preference research (Severns, 2009; Grosboll, 2011; Severns and Grosboll, 2011) demonstrates 
that linear features like roads with high densities of host plants can be heavily used, and that 
small patches of dense host plants (among more widely dispersed stands) are found by females.  

Castilleja levisecta – Priority 2 
The restoration of Castilleja levisecta provides a unique opportunity to extend the host range of 
the checkerspot (Lawrence and Kaye, 2008; C. Fimbel, M. Linders, P. Dunwiddie, pers. comm., 
2013). Castilleja levisecta experiments appear to be effectively part of ongoing activities, and may 
not require specific funding or additional effort. 2013 experimental work (Linders pers. comm. 
2013) demonstrated that C. levisecta is an acceptable post-diapause and oviposition host plant. In 
all likelihood, it will also be a good pre-diapause host plant in the field with high biomass and 
late phenology, especially in deeper soils. Given Euphydryas editha’s adaptability to different host 
plants, some females will oviposit if they encounter it in sufficient densities. If their offspring are 
successful, then the addition of a new robust perennial host plant will likely increase the viability 
of local populations and population complexes.  

At Glacial Heritage, it is now possible to take former agricultural land, apply aggressive herbicide 
treatments to kill off the non-native species over several years, and restore a rich native plant 
community primarily through seeding. Dense stands of C. levisecta have been established over 
many hectares, and with periodic burning will self-seed and maintain high densities. Dense 
stands of Plectritis congesta in these restoration areas provide an alternative post-diapause host, as 
well as a high quality nectar source. Castilleja levisecta has also been planted in uplands at Glacial 
Heritage, and is self-recruiting. The long transect of plant clusters is an excellent example of 
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spreading risks along local soil/moisture gradients, and is an effective way to set up a rapid spread 
by natural recruitment. Quantitative documentation of this pilot experiment would be useful for 
planning additional experiments and operational treatments. 

Because C. levisecta and C. hispida potentially hybridize, they currently need to be planted some 
distance apart if “pure” levisecta populations are to be established for recovery of that species 
(Dunwiddie, 2009). Evidence for or against field hybridization should be gathered in places 
where the two plants intermingle at Glacial Heritage.  

The ecological diversity of the original prairies complex included the full gradient from well-
drained shallow uplands through deeper soils into wetlands and riparian zones. The sample of 
remnant prairies is heavily biased toward the drier rockier end of the soil gradient, basically only 
those soils that could not be plowed. Restoring prairie communities on deeper soils extends the 
available moisture gradient, and C. levisecta and its potential as a checkerspot host plant are 
prime examples of benefits of thinking outside the extant range of prairie communities.  

Another known host plant (Veronica) grows in wetlands and along the riparian edge, and would 
likely be used if available. Some of these plants are vulnerable to flooding, which can be 
quantified by analysis of weather/flood records. As part of a larger complex of host plant patches 
of various species, such areas could contribute to populations in most years, although in flood 
years they could be short-term population sinks. We suggest implementing a GIS and field 
assessment of areas with deeper soils, wetlands, and riparian areas that could be restored to native 
plant communities that include C. levisecta and Veronica, starting with Glacial Heritage. A 
LIDAR DEM data set combined with field surveys for areas of deeper soils could quickly 
identify the potential area at each site. The persistence of the annual host plants in the face of 
grasses and other forbs should also be documented. These studies require permanent plots. 
Plantago persistence has proven to not be an issue where it is already established and can be 
monitored at a broader scale (Dunwiddie and Bakker, 2011).  

Weather, Climate, and Phenology 

Weather and Phenological Assessment – Priority 2 
Weather is a fundamental driver of butterfly population dynamics in general (WallisDeVries et 
al., 2011), and checkerspots in particular (Weiss et al., 1988, 1993; McLaughlin et al., 2002). 
Events at particular life stages can greatly increase mortality, or conversely enhance reproductive 
success, leading to “boom-bust” population dynamics. Numerous conversations in the field led to 
observations about the effects of “another weird weather year,” where a particularly cloudy/wet 
winter-spring (i.e., 1999 and some recent years), or a spring heat wave had obvious effects on 
populations, and may have been extinction-triggering events for already small populations 
occupying degraded habitats.  

Weather is the fundamental driver of seasonal phenology, important for planning purposes and 
population performance. Key weather vulnerabilities for Taylor’s checkerspot and other 
subspecies include delayed post-diapause growth, pupal mortality, adult mortality and flight 
restrictions, and pre-diapause mortality from either direct rainfall impacts, or early host plant 
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senescence (Weiss et al. 1988, 1993; Ehrlich and Hanski 2004). Any serious consideration of 
climate change impacts requires that a historical baseline be established (Forister et al., 2010; 
Singer and Parmesan, 2010). In the absence of a well-organized weather and climate database, 
exploring these issues is impossible (Dennis et al., 2007). Weather is important not because it 
can be managed but because understanding how it affects the butterfly is critical to making 
management decisions to minimize risk and maximize opportunities. Knowing whether a 
reintroduction attempt was impaired by poor weather, or enhanced by good weather, is critical. 
Knowing the odds of having a good, acceptable, or poor weather year places annual weather in 
context. 

In the Task 1 survey, weather effects ranked very high for natural history, but there was a distinct 
split in ranking for restoration and management. Based on Weiss’ experience with the Bay 
checkerspot, it is recommended that weather/climate information be integrated into restoration 
planning and assessment beginning with a compilation of the weather database, site-specific 
measurements of temperature and solar radiation, and development of a phenological model for 
the butterfly and its host plants. 

The 800-m scale monthly PRISM data of precipitation and maximum/minimum temperatures 
provides coverage back to 1895 (PRISM Climate Group, 2013), allows for climatic comparisons 
among sites, and is good for characterizing particular growing seasons. Local weather station 
data (including Olympia Airport) are available from the National Climate Data Center to 
integrate with daily butterfly data from recent flight seasons where population monitoring data 
are available. Since solar radiation is often a growth-limiting factor, solar radiation or cloud cover 
records would be very valuable; JBLM and local airports compile cloud cover observations. The 
National Solar Radiation Data Base (National Renewable Energy Laboratory, 2013) has 
numerous resources and includes an Olympia station. Gridded 10-km data are available. 

Site-scale temperature monitoring can be conducted with small temperature loggers (iButton 
Thermochrons or HOBOs). Deployment at standard height (~2 meters) in radiation shelters 
mimics standard weather stations. Small loggers can also be deployed on the surface to directly 
measure the immediate environment of the larvae, butterflies, and host plants, and the data can 
be used calibrate temperature-dependent development models. Measuring solar radiation at 
selected sites is a critical need because sunshine is potentially so limiting — even one station 
could capture the synoptic scale cloudiness that dominates the region in winter and spring.  

Systematic collection and archiving of phenological data is invaluable. The combination of field 
observations and captive rearing, in conjunction with concurrent temperature and solar radiation 
measurements, provides numerous opportunities for investigation of butterfly phenology.  

Germination and regrowth of plants in the fall is a critical event, and is informally monitored in 
the course of habitat restoration planning and implementation. A standardized system for 
recording these events would be valuable.  

Emergence from diapause relies on environmental cues from temperature and moisture (and 
perhaps day length), and generally occurs in February. Careful monitoring of captive reared 
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populations exposed to ambient conditions, and early season field observations of 4th instars 
where populations are dense enough would better identify these environmental cues. 

Observational data on activity thresholds of post-diapause larvae in the rearing facilities at 
different temperatures (through the course of the day, and among different environments) can 
reveal how the post-diapause larvae manage to grow under challenging weather conditions. 
Raising larvae in different temperature regimes for short periods and weighing them before and 
after can generate growth curves. Sun exclusion in outdoor rearing sites, along with 
measurements of temperature and solar radiation, and growth chambers (if available) can be 
combined in a rigorous experimental setting. Field monitoring of larval size (length/instar is 
easier than mass) can estimate development rates in the wild. 

Some Euphydryas editha populations (especially those on perennial host plants) have been noted 
to defoliate host plants and be subject to density-dependent population regulation (Ehrlich and 
Murphy, 1987). Defoliation occurs during the last instar when food demand is highest. The 
Plantago fungal pathogen (P. Severns, pers. comm., 2012) may influence the likelihood of 
defoliation, and the annual host plants provide an important back-up where they are available. 
Estimates of plant consumption by post-diapause larvae in the captive rearing facilities would 
establish a threshold density combination of larvae/host plant biomass; an initial threshold of one 
perennial host plant per larva in release sites has been established (Linders, 2012a, 2012b).  

Pupal development requirements can be estimated from the captive rearing with temperature 
measurements. Finding pupae in the field is difficult and disruptive, but placement of lab-reared 
pupae can estimate mortality rates and developmental requirements (White, 1986; Weiss et al., 
1988). Mortality rates from extended wet weather can be quite high, pupal mortality from all 
causes averaged above 50% and reached 80–90% under cool rainy conditions in ssp. bayensis 
(White, 1986; Weiss et al., 1988). 

The distance transects provide high quality phenological data on the butterfly itself, and can be 
integrated with daily weather for each season. It is important to know when flight is suppressed 
by rainy weather. Inter-site and inter-year phenological differences can be examined when nearly 
complete flight seasons are sampled. 

Formal phenological monitoring of host plants on a weekly basis during and after the flight 
season and monitoring of eggs and pre-diapause larvae (where feasible) can establish the 
potential for early host plant senescence to impact populations, and conversely identify 
conditions where high pre-diapause survival leads to population booms. Pre-diapause larvae in 
webs are readily found; searching for egg masses is difficult and potentially disruptive. 
Monitoring phenology requires a stratified set of permanent plots in the distance transects where 
flowering and senescence are scored, as well as areas where pre-diapause larvae can be readily 
found and tracked. Stratification can be based on topography, including wetter swales and drier 
uplands, as well as slope/aspect where sufficient topography creates distinct insolation gradients. 
The high latitude of the sites means that relatively small slope/aspect differences can have large 
effects on development rates in late winter/early spring. 



17 

Observations of plant phenology outside the occupied areas and across multiple prairies can 
supplement the core areas. Once a week is a reasonable interval, and trained citizen scientists can 
participate in the plant phenology (but pre-diapause phenology would require a professional).  

In conjunction with the weather analysis and direct temperature analysis, phenological 
monitoring and modeling is a powerful way to anticipate impacts of variable weather and climate 
change. Phenological reconstructions of memorable extreme “weird years” like wet-cloudy 1999, 
or conversely warm-dry 1998, and recent extended wet springs could help pinpoint the causes of 
local population crashes and extinctions. 

Risk of Fire to Larvae 

Fire Rotational Treatment Experiments – Priority 2 
Fire has proven to be an effective habitat restoration and management tool (Hamman et al., 
2011). But questions remain about fire impact on diapausing larvae (Swengel, 2001; Schultz et 
al., 2008; Vogel et al., 2010). Our fall site visit coincided with very recent prescribed burns at 
ACUB and JBLM sites. Fire ecologists, prairie habitat restoration specialists and butterfly 
biologists accompanied us, and the topic was discussed continually in the context of different 
sites. Survey respondents ranked a research question about where larvae diapause and pupate and 
whether they survive fire as 3.85 on a 1–5 scale that indicated its “importance to recovery.”  

Some larvae may diapause in surface litter where they are vulnerable, while others may find 
cracks and burrows where they are safe (Fimbel, 2009). Clearly, frequent low intensity fire at 
Range 76 is compatible with a dense population through time, but what are the implications of 
fire at smaller reintroduced populations?  

Rotational treatments will be necessary to periodically reduce grass cover and reinvigorate 
populations of Castilleja and other key plants (Dunn and Fimbel, 2011). The method, scale, and 
frequency of these treatments appropriate for occupied checkerspot habitat should be considered 
as soon as possible and operational-scale experiments conducted when the time comes. 

The effects of fire on diapausing larvae need to be further assessed so that they can be balanced 
against the need to rejuvenate habitat on a periodic basis. Diapausing larvae roosted both above 
ground (56%) in prairie duff and in the soil (44%) and may use deep cracks and burrows if they 
are available (Fimbel, 2009). Frequent light surface burns keep fuel loads and fire intensity down, 
and the Range 76 population has thrived under such a regime. But what happens when a dense 
growth of grass burns? Standard fire ecology measurements of transient temperatures in the field 
under different burn intensities, coupled with some fire mortality experimentation in deep flats 
with diapausing larvae could begin to answer this question. A replicated field experiment in 
unoccupied habitat at the 5–10 meter scale with burn plots, controls, and larger numbers of 
captive-reared diapausing larvae in enclosures would be a large undertaking, but may be the only 
way to definitively answer the question. 

The interesting observation of potential robin predation on early post-diapause larvae in a 
burned area (C. Fimbel, M. Linders, pers. comm., 2013) suggests that cover may be critical in 
reducing predation risk of small post-diapause larvae.  
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The scale of the fire management mosaic is critical. Small treatment areas on the order of a few 
hectares can create an age mosaic and reduce overall annual impact on diapausing larvae (and 
other life stages). But until reintroduced populations extend over large enough areas, even smaller 
treatment areas may be necessary. A fine-scale mosaic can also reduce fire impacts on other 
invertebrates across a site. Operational issues increase with the finer-scale mosaic, however, and a 
balance needs to be found.  

Treatment frequency is intimately related to the scale of the mosaic. Repeated measurements of 
plant community composition in selected areas (especially the occupied distance transect sites), 
and expert opinion based on field observations across broader reaches of prairie (documented 
with photos) will provide a strong basis for decision-making to determine when re-treatment is 
needed. As checkerspots occupy a greater proportion of habitats within prairies, local and 
transient impacts take on less importance, but that situation may be many years away. 

A related issue concerns the use of herbicides. Spot treatments with herbicides cover minimal 
areas once the major infestations are reduced, and should not be a major impact even if there is 
some impact of spraying on checkerspot individuals (i.e., Russell and Schultz, 2009; LaBar and 
Schultz, 2012). Host plants and nectar sources are protected during spraying of broad-spectrum 
herbicides, and grass specific herbicides are used when appropriate.	  

Larger-scale Habitat Assessment for Reintroduction – South Puget Sound lowlands 

Selective re-survey of 25-m grid – Priority 3 
Analysis of this vegetation data – Priority 3 
The Prairie Quality Monitoring (PQM) and Land Condition Mapping (LCM) habitat and 
vegetation surveys provide an excellent baseline for monitoring restoration trajectories, and 
assessing the ability of prairies to support local populations. The baseline PQM/LCM data can 
be used to design an efficient re-sampling of key areas through stratification and spatial statistics. 
The repeated survey design is very powerful statistically, and the baseline methodology is detailed 
and repeatable with appropriate attention to resurveying the original grids, and perhaps some 
simplification of the data collected. Continue to acquire data on gopher/mole mounds and 
abiotic components. The first targets should be restored areas where populations have been 
established, i.e. the distance transects at Scatter Creek South, Pacemaker, and Glacial Heritage. 
Some number of unoccupied adjacent areas should be re-surveyed as well. The persistence of 
host plant distribution and abundance, especially Castilleja, at the 25-m scale should be targeted.  

Data at this scale can be used with other information (e.g., DEM) during preliminary planning 
for habitat enhancement. Establish sampling grids at new sites to assess host plant/nectar source 
distribution and abundance, and analyze the data when considering a reintroduction effort there. 
During our Task 3 data inventory, we devised GIS-based models to select broad target areas for 
habitat enhancement and reintroductions using 25-m grid vegetation data. 	  
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Adult Dispersal and Scale of Habitat Use 

Following individual butterflies – Priority 4 
How fast will adult butterflies, primarily mated females, spread from reintroduction centers into 
newly available habitat as prairie restoration proceeds? While there is strong selection for 
sedentary behaviors, longer distance dispersal is necessary to expand distributions. The initial egg 
mass will almost always be laid near the eclosion site, but subsequent egg masses will be 
distributed across a wider area. Adult butterflies can find isolated stands of host plants, or even 
individual Castilleja, but at what rate and distances? 

The behavior of individual butterflies is what determines the loss of individuals from core habitat 
areas and dispersal into new habitats. Pilot projects following female butterflies outside of 
aggregations (i.e., at Glacial Heritage) could provide essential information on the potential 
colonization rate of newly restored habitats adjacent to established populations.  

Mark–Recapture Studies – Priority 4 
Mark-recapture studies are labor intensive, but are the only way to document individual 
movements and estimate year and site-specific survival and emigration rates that can be used for 
population estimation. Additional knowledge about adult dispersal distances was ranked highly 
(3.8 on a 1–5 scale) as a data gap important for recovery in our Task 1 survey. However, the key 
dispersal events out of the local population into outlying stands of host plants are hard to detect 
without intensive efforts. Also, maintaining a mark-recapture study in variable weather can be 
logistically challenging. We therefore recommend that mark-recapture be considered only when 
there is a pressing need, which is not apparent at present. This research would be ranked higher 
but for the cost of implementing such studies. 

Larger-scale Habitat Assessment for Reintroduction – Bald Hill 

Detailed host plant mapping at Bald Hill Natural Area Preserve – Priority 4 
How might metapopulation dynamics play out at recently-extirpated Bald Hill Preserve, and can 
the balds support a viable metapopulation? The network of openings and host plant patches has 
similarities to the Melitaea cinxia metapopulation structure studied by Hanski and colleagues, 
and using their quantitative models (Ehrlich and Hanski 2004) could inform reintroduction 
attempts and subsequent population dynamics there. What is the distribution and abundance of 
Castilleja within the balds, and how much enhancement is needed? When Bald Hill sites are 
deemed ready for reintroduction, how many larvae in how many patches should be released?  

The distribution and abundance of Castilleja hispida within the Bald Hill complex is necessary to 
assess site readiness for reintroduction – the annual host plants are important but appear to be 
more risky for pre-diapause survival, and far less limiting for post-diapause larvae. In addition, 
the determination of forest encroachment and needs for thinning should be evaluated. This can 
be done through the use of hemispherical photography (Weiss et al., 1991; Weiss, 2000) to 
assess the distribution of direct light during the post-diapause growth season (before oaks leaf 
out) and during the pre-diapause season (post leaf out), including simulations of evergreen tree 
removal in key spots.  
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As we have reiterated, respondents to our preliminary Task 1 survey concur that quantitative 
research on host plant characteristics and their influence on larval development and survival is of 
greatest importance to Taylor’s checkerspot recovery. This includes surveying the presence of 
individual species, species diversity, patch size, spatial configuration, and patch volume. The 
importance of acquiring additional knowledge about the same characteristics as they affect 
adults/oviposition was also highly ranked. Of particular relevance to the Bald Hill landscape, the 
effects of habitat patch attributes (i.e., total area, spatial configuration) on patch occupancy and 
of structural landscape features (i.e., vegetation, bare ground and roads) on oviposition and larvae 
were considered a very important information gap to fill. Again, the distribution, abundance, and 
diversity of host plants are universally recognized as the critical component of habitat quality, and 
nectar sources play a secondary role (Ehrlich and Hanski, 2004).	  

Effectiveness of Grazing for Habitat Management – Colvin Ranch  

Surveys of Grazed Prairies – Priority 4 
Cattle grazing has been effectively used to reduce non-native grass cover in Euphydryas editha 
bayensis habitats (Weiss 1999). Because grass (both non-native perennial and annual) regrowth 
following initial restoration has been identified as an issue, exploration grazing as a management 
technique is warranted. Cattle selectively eat grasses following a forage quality gradient among 
species and provide surface disturbance and bare soil for forb establishment (Weiss 1999).  

Cattle trampling can also cause direct mortality of post-diapause larvae, pupae, immobile adults, 
eggs, and pre-diapause webs/larvae; in E. e. bayensis populations this mortality is far outweighed 
by increases in host plant cover. Grazing during the diapause stage may reduce direct mortality 
(Chaney 2006), but much of the positive effects of grazing on the plant community (decrease in 
annual grass cover and vigor) may occur during the peak growth season in spring. White (1986) 
estimated trampling mortality over all life stages to be around 35%, in areas grazed by one cow-
calf per 10–15 acres, but the estimate is highly uncertain. Bay checkerspot populations thrive 
under this grazing regime, reaching densities of >1 larva/m2.  

A series of reconnaissance level surveys and photographic documentation of selected grazed sites 
should be arranged. The 25-m grid methodology could then be applied to key portions of 
promising sites in subsequent years.  

The site visit to the Colvin Ranch in May 2013 was enlightening. Stands of host plants and 
nectar sources are being maintained under short-term high-intensity rotational grazing as 
practiced on the ranch. The more-native pastures have not been grazed during the spring 
flowering season. This site is very promising for a reintroduction attempt after a thorough 
assessment of host plant and nectar sources.  

Strategy and Summary of Recommendations  
We prioritized information gaps for critical habitat features for Taylor’s checkerspot butterflies in 
the south Puget Sound lowlands, discussed research to fill those gaps, and suggest the following 
strategy and recommendations based on a synthesis of our research: 
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Develop a long-term adaptive management plan. With all the pieces in place, it is time to 
consider the strategic deployment of operational and tactical capabilities for restoration, 
reintroduction, and continuing management. The Dunn and Fimbel ACUB report (2011) 
provides a strong start to a systematic plan for future habitat enhancements and reintroductions. 
The follow-up workplan (Dunn and Fimbel, 2012) shows well thought out plans, as well as some 
documentation of historical treatments. 

Building on the success so far, this template should be expanded to initiate a long-term adaptive 
management plan that scopes out potential acreage restored through time, continued 
management needs, and the effective use of captive-reared checkerspot larvae. Because 
restoration takes many years to prepare habitat — 5+ years starting from degraded initial 
conditions (i.e., dense broom, oatgrass, and other invasives) (Stanley et al., 2010, 2011) — and 
multiple releases may be necessary to establish populations (Linders, 2012a), realistic time frames 
need to be considered. A ten-year conceptual adaptive management plan, which will inevitably 
change through time, should be developed, and can be a crucial component of a formal Recovery 
Plan under the Endangered Species Act (U.S. Fish and Wildlife Service, 2010, 2012).  

The first step in developing this plan is to assess the capabilities for initial restoration and 
preparation of release sites. How many acres of prairie can be restored to varying degrees over 
time? Can seed and plug production keep pace? How is the extant distribution and abundance of 
Plantago lanceolata best used? How many release sites of what size can be intensively prepared for 
reintroduction with captive-reared post-diapause larvae? What are the ongoing and perhaps 
increasing needs for maintenance treatments and management? What is a reasonable target for 
acreage restored and number of populations established? And, importantly, what are the financial 
resources available to implement the plan? Multi-year funding to the degree possible makes it 
possible to plan ahead. Because restoration and reintroduction take many years, a stable known 
core funding stream is central. 

A second step is to create standardized site histories/narratives so key information is available 
and the hard-won knowledge of field personnel is not lost with turnover. Institutional memory is 
critical in long-term adaptive management (Dennis et al., 2007; Burley and Peine, 2009; 
Whitlock, 2011).  

Communication among the practitioners and scientists, and management/funders is critical. 
Standardization of annual reports, including naming conventions is useful. The range-wide 
meetings (Anderson, 2008, 2011a, 2011b) are a good template to report on last season activities, 
and to plan restoration and management priorities for the upcoming season. Create 
opportunities for site visits and field discussions of important management issues during 
appropriate times of year, with participation by upper-level management. 

Establish a unified spatial (GIS) and non-spatial database and data management system. 
These are central to planning, executing, and monitoring in an adaptive management process. 
Create a well-organized unified spatial (GIS) and non-spatial database in which all base data, 
management history, old and new monitoring data, and other relevant information are archived 
and made accessible (Dennis et al., 2007; Borer et al., 2009; Burley and Peine, 2009). Creation 
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and maintenance of this database and establishment of a plan to manage data and metadata are 
absolutely essential for the long-term restoration of the South Sound Prairies.  

A GIS analyst operating under a more senior GIS manager should have 25–50% dedicated time 
for this task; higher time commitment will finish the basic compilation sooner. The major 
funding need is for the GIS database compilation, which is a capital expense that is central to 
planning and executing recovery of the butterfly and prairie ecosystem. We suggest that the GIS 
resources of WDFW play a key role here. 

Primary base data layers for the GIS include high-resolution digital elevation models (fine-scale 
LIDAR-derived DEMs are available, A. Weiss WDFW pers. comm., 2013), climate surfaces 
(PRISM), hydrology, geology, soils, vegetation maps, and other physical environment features; 
aerial imagery from various years; topographic base maps; site boundaries; infrastructure; and the 
25-m gridded vegetation data (existing and when updated). Habitat management data are 
extremely valuable; ideally these are already mapped, for example, extent of prescribed burns or 
particular herbicide treatments; type and quantities of forb or grass seed used for restoration at 
specific locations. Any other biological or ecological data collected for this project or at this 
location might be relevant, including information for other listed or sensitive species. Non-
spatial data can often be linked as a spatial component within the GIS. The data catalog and 
metadata will incorporate the phenological monitoring of host plants and weather data.  

Start formal phenological monitoring of host plants. Monitor plants through to senescence 
in a stratified design. Phenological monitoring of host plants can be done by trained volunteers 
on a weekly basis. Add in pre-diapause larval phenology where feasible. Calibrate a 
temperature/insolation driven development model using field and captive-reared data.  

Analyze existing data to establish site readiness parameters. This is especially important for 
distance transect data and concurrent rapid vegetation assessments. Timely analysis of essential 
data will support adaptive management and a more-informed planning and decision-making 
process, and could prove to be crucial to the success of a program that must regularly respond to 
unexpected events. 

Establish a standardized method of generating annual population numbers. This will 
allow an estimate of an order of magnitude population number. Aim to detect population size 
changes of –50% to +100% (halving or doubling). An initial method for doing this from distance 
sampling was discussed, using published residence time values from Bay checkerspots; additional 
information and an example are in the Appendix. Apply spatial statistics to transect grids to 
describe spatial pattern, and correlate distributions against rapid assessments of host plants, 
nectar sources and habitat features. Analysis of existing data from the distance transects may 
require consultations with statisticians within WDFW as well as universities and other experts.  

Establish formal monitoring of Castilleja hispida demography. Concentrate on gross levels 
of recruitment and persistence following fire treatments, to establish a reasonable rotation period. 
Castilleja hispida demography can be worked into the rapid assessment grids, and is a once per 
year monitoring of plots set in restoration areas following burning treatments. 



23 

Continue the Castilleja levisecta experiments. Continue larval releases and monitoring for 
oviposition and pre-diapause success. We suggest implementing a GIS and field assessment of 
areas with deeper soils, wetlands, and riparian areas that could be restored to native plant 
communities that include C. levisecta and Veronica, starting with Glacial Heritage. 

Do an overall habitat assessment. Once base data are compiled, assess habitat at all sites, 
looking at opportunities to extend restoration to deeper soils around and within each site. These 
retain more moisture and promote establishment of a greater diversity of native forbs and grasses.  

Incorporate historical and current weather data into the GIS database. Weather is a 
fundamental driver of butterfly population dynamics in general (WallisDeVries et al., 2011), and 
checkerspots in particular (Weiss et al., 1988, 1993; McLaughlin et al., 2002). Collate and 
analyze data from small temperature loggers (iButton Thermochrons or HOBOs) placed in field. 
Incorporation of weather and climate data (once the GIS database is initially built) will require 
some database expertise in addition to GIS. 

Fire Rotational Treatment Experiments. To periodically reduce grass cover and reinvigorate 
populations of Castilleja and other key plants, fire rotational treatments will be necessary at most 
sites. Operational-scale experiments should be conducted to determine the best method, scale, 
and frequency of these treatments appropriate for occupied checkerspot habitat.  

Do a series of experiments on pupal mortality and phenology. Use lab-reared pupae or field 
collected late instar larvae raised to pupation. Monitoring post-diapause and pupal phenology in 
captive rearing is a matter of recordkeeping, along with measuring temperature and insolation 
onsite. Pupal mortality/phenology in ungrazed sites may be relatively time intensive because of 
the need to produce pupae for placement and checking on a bi-weekly basis. Methods would 
follow those of White (1986), with any modifications necessary for the different habitat types 
(placement of pupae in typically exposed positions, for example).  

We also suggest the following desirable research topics: 

Resample the 25-m grids selectively to document restoration success and further 
opportunities. The baseline PQM/LCM data can be used to design an efficient re-sampling of 
key areas through stratification and spatial statistics. Resample grids where populations have 
been reintroduced and are monitored by distance sampling at Scatter Creek South, Glacial 
Heritage and Pacemaker; some unoccupied adjacent areas should be re-surveyed. Continue to 
acquire data on gopher/mole mounds and abiotic components. Data can be used to document 
the spread and persistence of native grasses; abundance of host plants at the 25-m scale, 
especially Castilleja; successful eradication of invasive species; and when planning extended 
habitat enhancement. Establish a sampling grid in the native pastures at Colvin Ranch to assess 
host plant/nectar source distribution and abundance; analyze the data as a prelude to considering 
a reintroduction effort there. Associated 1-m surveys provide valuable data but are quite labor 
intensive.  
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Follow mated female butterflies. Make observations outside the main aggregations to 
document flight behavior and response to host plants and nectar sources on the fringes of core 
restored habitats, to quantify potential rates of spread into newly restored habitat.  

Mark-recapture studies. These require intensive effort and would be difficult under local 
weather conditions. They are, however, the only way to document individual movements and 
estimate year and site-specific survival and emigration rates that can be used for population 
estimation. 

Map Castilleja hispida distribution and abundance in openings at Bald Hill Preserve. 
Assess habitat enhancement efforts, and tie in with a microclimate assessment of shading with 
hemispherical photography to direct tree thinning potential. We recommend this research as a 
very high priority several years before reintroductions are planned at Bald Hill Preserve. Site 
surveys prior to reintroduction attempts (especially Bald Hill and Colvin Ranch) will require 
field crews with GPS over several days, but the timing of the surveys will depend where in the 
queue these site are for releases.  

Experiment to estimate pupal mortality from grazing. In the grazed Colvin Ranch site, put 
out small “pupae surrogates” (like paintballs or similar easily crushed and visible markers) to 
estimate mortality from cattle crushing. Estimating trampling from cattle is a one-time 
placement of indicators before pulsed grazing, and then the collection of “mortality” rates 
following grazing. 

References 
Anderson, H.E., (Ed.), 2008. Proceedings Taylor’s Checkerspot Workshop 2008. Olympia, 

WA. The Nature Conservancy, Olympia, WA, 121 pp. 

Anderson, H.E., (Ed.), 2011a. Taylor’s Checkerspot 2011 Range-Wide Working Group 
Meeting. Olympia, WA. The Nature Conservancy, Olympia, WA, 57 pp. 

Anderson, H.E., (Ed.), 2011b. Taylor’s Checkerspot Butterfly 2009 and 2010 Working Group 
Meeting Minutes. Olympia, WA. Center for Natural Lands Management, U.S. Fish and 
Wildlife Service, and Washington Department of Fish and Wildlife, Olympia, WA, 32 
pp. 

Bennett, V.J., Smith, W.P., Betts, M.G., 2011. Evidence for mate guarding behavior in the 
Taylor’s checkerspot butterfly. Journal of Insect Behavior 25, 183–196. 

Boggs, C.L., Nieminen, M., 2004. Checkerspot reproductive biology, in: Ehrlich, P.R., Hanski, 
I. (Eds.), On the Wings of Checkerspots: A Model System for Population Biology. Oxford 
University Press, Oxford, UK, pp. 92–111. 

Borer, E.T., Seabloom, E.W., Jones, M.B., Schildhauer, M., 2009. Some simple guidelines for 
effective data management. Bulletin of the Ecological Society of America 90, 205–214. 



25 

Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake, J.L., 1993. Distance sampling: 
estimating abundance of biological populations. Chapman & Hall, London. 

Burley, T.E., Peine, J.D., 2009. NBII-SAIN Data Management Toolkit, USGS Open-File 
Report 2009-1170. Reston, VA. 

Chaney, M., 2006. Enhancing priority prairie habitat on a western Washington grassland reserve 
program easement with a grazing system. Poster. USDA-Natural Resources Conservation 
Service, Grassland Reserve Program, Olympia, WA. 

Cushman, J.H., Boggs, C.L., Weiss, S.B., Murphy, D.D., Harvey, A.W., Ehrlich, P.R., 1994. 
Estimating female reproductive success of a threatened butterfly: influence of emergence 
time and hostplant phenology. Oecologia 99, 194–200. 

Dennehy, C., Alverson, E.R., Anderson, H.E., Clements, D.R., Gilbert, R., Kaye, T.N., 2011. 
Management Strategies for Invasive Plants in Pacific Northwest Prairies, Savannas, and 
Oak Woodlands. Northwest Science 85, 329–351. 

Dennis, R.L.H., Hardy, P.B., Shreeve, T.G., 2007. The importance of resource databanks for 
conserving insects: a butterfly biology perspective. Journal of Insect Conservation 12, 711–
719. 

Dickson, T.L., Busby, W.H., 2009. Forb species establishment increases with decreased grass 
seeding density and with increased forb seeding density in a northeast Kansas, U.S.A., 
experimental prairie restoration. Restoration Ecology 17, 597–605. 

Dobkin, D.S., Olivieri, I., Ehrlich, P.R., 1987. Rainfall and the interaction of microclimate with 
larval resources in the population dynamics of checkerspot butterflies (Euphydryas editha) 
inhabiting serpentine grassland. Oecologia 71, 161–166. 

Dover, J., Settele, J., 2008. The influences of landscape structure on butterfly distribution and 
movement: a review. Journal of Insect Conservation 13, 3–27. 

Dunn, P., 1998. Prairie habitat restoration and maintenance on Fort Lewis and within the South 
Puget Sound prairie landscape: Final report and summary of findings. The Nature 
Conservancy, Seattle, WA, pp. vi + 1–60. 

Dunn, P., Ewing, K. (Eds.), 1997. Ecology and conservation of the south Puget Sound prairie 
landscape. The Nature Conservancy, Seattle, WA. 

Dunn, P. V, Fimbel, C., 2011. Unoccupied Butterfly Habitat Enhancement Annual Progress 
Report to ACUB Cooperators. The Nature Conservancy, Seattle, WA, pp. 1–15 + 
appendices A–J. 



26 

Dunn, P. V, Fimbel, C., 2012. ACUB Unoccupied Butterfly Habitat Enhancement: 2011/2012 
work plan for all sites. Center for Natural Lands Management, Olympia, WA, 40 pp. 

Dunwiddie, P.W., 2009. Evaluating suitability of prairies for golden paintbrush (Castilleja 
levisecta) recovery by experimental outplanting in south Puget Sound. Seattle, WA. Final 
report prepared for the U.S. Fish and Wildlife Service, The Nature Conservancy, Seattle, 
WA, 17 pp. 

Dunwiddie, P.W., Bakker, J.D., 2011. The Future of Restoration and Management of Prairie-
Oak Ecosystems in the Pacific Northwest. Northwest Science 85, 83–92. 

Ehrlich, P.R., Hanski, I. (Eds.), 2004. On the Wings of Checkerspots: A Model System for 
Population Biology. Oxford University Press, Oxford, UK. 

Ehrlich, P.R., Murphy, D.D., 1987. Conservation lessons from long-term studies of checkerspot 
butterflies. Conservation Biology 1, 122–131. 

Ehrlich, P.R., Murphy, D.D., Singer, M.C., Sherwood, C.B., White, R.R., Brown, I.L., 1980. 
Extinction, reduction, stability and increase: the responses of checkerspot butterfly 
(Euphydryas) populations to the California drought. Oecologia 105, 101–105. 

Fimbel, C., 2009. Investigation of Taylor’s Checkerspot diapause habitat characteristics. The 
Nature Conservancy, Olympia, WA, 3 pp. 

Forister, M.L., McCall, A.C., Sanders, N.J., Fordyce, J.A., Thorne, J.H., O’Brien, J., Waetjen, 
D.P., Shapiro, A.M., 2010. Compounded effects of climate change and habitat alteration 
shift patterns of butterfly diversity. Proceedings of the National Academy of Sciences of the 
United States of America 107, 2088–2092. 

Grosboll, D.N., 2011. Taylor’s Checkerspot (Euphydryas editha taylori) oviposition habitat 
selection and larval hostplant use in Washington State. M.E.S. Thesis, The Evergreen 
State College, Olympia, WA, pp. ix + 1–71 + appendices. 

Hamman, S.T., Dunwiddie, P.W., Nuckols, J.L., McKinley, M., 2011. Fire as a restoration tool 
in pacific northwest prairies and oak woodlands: challenges, successes, and future directions. 
Northwest Science 85, 317–328. 

Hays, D.W., 2011. Conservation of Taylor‘s checkerspot on the Olympic Peninsula. Project 
final report submitted to the U.S. Fish and Wildlife Service, Washington Department of 
Fish and Wildlife, Olympia, WA, 38 pp. 

Hays, D.W., Potter, A.E., Thompson, C.W., Dunn, P. V, 2000. Critical habitat components 
for four rare south Puget Sound grassland butterflies. Final report, Washington 
Department of Fish and Wildlife and The Nature Conservancy, Olympia, WA, 38 pp. 



27 

Hellmann, J.J., 2002. The effect of an environmental change on mobile butterfly larvae and the 
nutritional quality of their hosts. Journal of Animal Ecology 71, 925–936. 

Kaye, T.N., Stanley, A.G., Ross, D., 2011. Dispersal behavior and habitat variation of Taylor’s 
checkerspot butterfly: Progress report. Institute for Applied Ecology and U.S. Fish and 
Wildlife Service, Corvallis, OR and Lacey, WA, 27 pp. 

LaBar, C.C., Schultz, C.B., 2012. Investigating the role of herbicides in controlling invasive 
grasses in prairie habitats: effects on non-target butterflies. Natural Areas Journal 32, 177–
189. 

Lawrence, B.A., Kaye, T.N., 2008. Direct and indirect effects of host plants: implications for 
reintroduction of an endangered hemiparisitic plant (Castilleja levisecta). Madrono 55, 151–
158. 

Linders, M.J., 2012a. Captive rearing and translocation of Taylor’s checkerspot in South Puget 
Sound: 2011–2012. 2012 ACUB Annual Progress Report. Washington Department of 
Fish and Wildlife, Olympia, WA, 42 pp. 

Linders, M.J., 2012b. Work plan for Taylor’s checkerspot captive rearing and reintroduction in 
2012. Washington Department of Fish and Wildlife, Olympia, WA. 

Linders, M.J., Olson, G.S., Potter, A., 2009. Taylor’s checkerspot habitat characteristics selected 
for oviposition on Range 76, Artillery Impact Area, Fort Lewis, Washington Final 
ACUB Project Report. Washington Department of Fish and Wildlife, Olympia, WA, 20 
pp. 

Mattoni, R., T. Longcore, C. Zonneveld, and V. Novotny, 2001. Analysis of transect counts to 
monitor population size in endangered insects: the case of the El Segundo blue butterfly, 
Euphilotes bernardino allyni. Journal of Insect Conservation 5, 197–206. 

McLaughlin, J.F., Hellmann, J.J., Boggs, C.L., Ehrlich, P.R., 2002. The route to extinction: 
population dynamics of a threatened butterfly. Oecologia 132, 538–548. 

Münzbergová, Z., 2012. Seed density significantly affects species richness and composition in 
experimental plant communities. PloS One 7, e46704. 

Murphy, D.D., Weiss, S.B., 1988. A long-term monitoring plan for a threatened butterfly. 
Conservation Biology 2, 367–374. 

Myers, J.A., Harms, K.E., 2009. Seed arrival, ecological filters, and plant species richness: a 
meta-analysis. Ecology Letters 12, 1250–60. 

National Climate Data Center (NCDC), National Oceanic and Atmopheric Administration, 
2013. Quality Controlled Local Climatological Data, 2005–Present. 



28 

(http://www.ncdc.noaa.gov/land-based-station-data/quality-controlled-local-
climatological-data-qclcd). 

National Renewable Energy Laboratory (NREL), The National Solar Radiation Data Base, 
2013. Solar data, 10-km grids. NSRDB, http://www.nrel.gov/gis/data_solar.html. 

Olson, G.S., 2007. Legacy Prairie Assessment Progress Report November 2007. Wildlife 
Program, Science Division, Washington Department of Fish and Wildlife, Olympia, 
WA, 29 pp. + appendix. 

Olson, G., Linders, M., 2010. Analyses of Taylor’s checkerspot Distance sampling data collected 
on Range 74/76 Fort Lewis, Washington, 2007–2008. Washington Department of Fish 
and Wildlife, Olympia, WA. 

Page, N., Lilley, P.L., Heron, J., Kroeker, N., 2009. Distribution and Habitat Characteristics of 
Taylor’s Checkerspot on Denman Island and Adjacent Areas of Vancouver Island (2008). 
Report prepared for B.C. Ministry of Environment and Parks Canada Agency by 
Raincoast Applied Ecology, Vancouver, B.C., v + 32 pp. 

Potter, A., 2008. Monitoring Taylor's Checkerspot in the Bald Hill Area of Thurston County, 
WA. 2007–2008 ACUB Project Progress Report, Washington Department of Fish and 
Wildlife, Olympia, WA, 8 pp. 

PRISM Climate Group, Oregon State University, 2013. Climate Data Grids, 1895–Present. 
http://prism.oregonstate.edu. 

Russell, C., Schultz, C.B., 2009. Effects of grass-specific herbicides on butterflies: an 
experimental investigation to advance conservation efforts. Journal of Insect Conservation 
14, 53–63. 

Schultz, C.B., Henry, E., Carleton, A., Hicks, T., Thomas, R., Potter, A., Collins, M., Linders, 
M.J., Fimbel, C., Black, S.H., Anderson, H.E., Diehl, G., Hamman, S.T., Gilbert, R., 
Foster, J., Hays, D., Wilderman, D., Davenport, R., Steel, E., Page, N., Lilley, P.L., 
Heron, J., Kroeker, N., Webb, C., Reader, B., 2011. Conservation of Prairie-Oak 
Butterflies in Oregon, Washington, and British Columbia. Northwest Science 85, 361–388. 

Schultz, C.B., Russell, C., Wynn, L., 2008. Restoration, reintroduction and captive propagation 
efforts for at-risk butterflies: a review. Israel Journal of Ecology & Evolution 54, 41–61. 

Seabloom, E.W., Borer, E.T., Boucher, V.L., Burton, R.S., Cottingham, K.L., Goldwasser, L., 
Gram, W.K., Kendall, B.E., 2003. Competition, seed limitation, disturbance and 
reestablishment of California native annual forbs. Ecological Applications 13, 575–592. 

Severns, P.M., 2009. Oviposition habitat in three sites at Beazell Monument, Benton Co., 
Oregon. 



29 

Severns, P.M., Grosboll, D., 2011. Patterns of reproduction in four Washington State 
populations of Taylor’s checkerspot (Euphydryas editha taylori) during the spring of 2010. 
Report submitted to The Nature Conservancy, 82 pp. 

Severns, P.M., Warren, A.D., 2008. Selectively eliminating and conserving exotic plants to save 
an endangered butterfly from local extinction. Animal Conservation 11, 476–483. 

Sheley, R.L., Half, M.L., 2006. Enhancing native forb establishment and persistence using a 
rich seed mixture. Restoration Ecology 14, 627–635. 

Singer, M.C., 1972. Complex components of habitat suitability within a butterfly colony. 
Science (New York, N.Y.) 176, 75–7. 

Singer, M.C., Parmesan, C., 2010. Phenological asynchrony between herbivorous insects and 
their hosts: signal of climate change or pre-existing adaptive strategy? Philosophical 
Transactions of the Royal Society of London. Series B, Biological Sciences 365, 3161–76. 

Singer, M.C., Wee, B., 2005. Spatial pattern in checkerspot butterfly – host plant association at 
local, metapopulation and regional scales. Annales Zoologici Fennici 42, 347–361. 

Smee, M., Smyth, W., Tunmore, M., Ffrench-Constant, R., Hodgson, D., 2010. Butterflies on 
the brink: habitat requirements for declining populations of the marsh fritillary (Euphydryas 
aurinia) in SW England. Journal of Insect Conservation 15, 153–163. 

Stanley, A.G., Kaye, T.N., Dunwiddie, P.W., 2010. Regional strategies for restoring invaded 
prairies, final technical report. The Northwest Conservation Fund of the Priscilla Bullit 
Collins Trust, The Nature Conservancy and the Institute for Applied Ecology, Corvallis, 
OR and Seattle, WA. 

Stanley, A.G., Kaye, T.N., Dunwiddie, P.W., 2011. Multiple treatment combinations and seed 
addition increase abundance and diversity of native plants in Pacific Northwest prairies. 
Ecological Restoration 29, 35–44. 

Swengel, A.B., 2001. A literature review of insect responses to fire, compared to other 
conservation managements of open habitat. Biodiversity and Conservation 10, 1141–1169. 

U.S. Fish and Wildlife Service, 2010. Recovery Plan for the Prairie Species of Western Oregon 
and Southwestern Washington. U.S. Fish and Wildlife Service, Portland, OR, pp. xi + 
1–241. 

U.S. Fish and Wildlife Service, 2012. Endangered and threatened wildlife and plants; listing 
Taylor’s checkerspot butterfly and streaked horned lark and designation of critical habitat; 
proposed rule. Federal Register 77, 61938–62058. 



30 

Van Noordwijk, C.G.E., Flierman, D.E., Remke, E., WallisDeVries, M.F., Berg, M.P., 2012. 
Impact of grazing management on hibernating caterpillars of the butterfly Melitaea cinxia in 
calcareous grasslands. Journal of Insect Conservation, online early. 

Vogel, J.A., Koford, R.R., Debinski, D.M., 2010. Direct and indirect responses of tallgrass 
prairie butterflies to prescribed burning. Journal of Insect Conservation 14, 663–677. 

WallisDeVries, M.F., Baxter, W., Van Vliet, A.J.H., 2011. Beyond climate envelopes: effects of 
weather on regional population trends in butterflies. Oecologia 167, 559–71. 

Watt, W. B., F. S. Chew, L. R. G. Snyder, A. G. Watt, and D. E. Rothschild, 1977. Population 
structures of Pierid butterflies I. Numbers and movements of some montane Colias species. 
Oecologia 27, 1–22. 

Weiss, S.B., 1999. Cars, cows, and checkerspot butterflies: nitrogen deposition and management 
of nutrient-poor grasslands for a threatened species. Conservation Biology 13: 1476–1486. 

Weiss, S.B., 2000. Vertical and temporal patterns of insolation in an old-growth forest. 
Canadian Journal of Forest Research 30:1953–1964. 

Weiss, S.B., Murphy, D.D., Ehrlich, P.R., Metzler, C.F., 1993. Adult emergence phenology in 
checkerspot butterflies: the effects of macroclimate, topoclimate, and population history. 
Oecologia 96, 261–270. 

Weiss, S.B., Murphy, D.D., White, R.R., 1988. Sun, slope, and butterflies: topographic 
determinants of habitat quality for Euphydryas editha. Ecology 69, 1486–1496. 

Weiss, S.B., Rich, P.M., Murphy, D.D., Calvert, W.H., Ehrlich, P.R., 1991. Forest canopy 
structure at overwintering monarch butterfly sites: measurements with hemispherical 
photography. Conservation Biology 5:165–175. 

White, R.R., 1986. Pupal mortality in the Bay checkerspot (Lepidoptera: Nymphalidae). Journal 
of Research on the Lepidoptera 25, 52–62. 

Whitlock, M.C., 2011. Data archiving in ecology and evolution: best practices. Trends in 
Ecology & Evolution 26, 61–5. 

Datasets 

Land Condition Mapping, Joint Base Lewis-McChord, south Puget Sound lowlands, 
Washington, USA, 2001–2011. U.S. Army Environmental Command, Joint Base Lewis-
McChord, WA. 



31 

Prairie Quality Monitoring, Legacy Prairie Assessment, south Puget Sound lowlands, 
Washington, USA, 2007–2010. Washington Department of Fish and Wildlife, Olympia, 
WA.  

Taylor’s Checkerspot butterfly detection and distance sampling surveys, Joint Base Lewis-
McChord and Scatter Creek Wildlife Area, south Puget Sound lowlands, Washington, 
USA, 2007–2011. Washington Department of Fish and Wildlife, Olympia, WA.  

 



32 

Appendix: Distance Sampling Analysis – Estimating Total Seasonal 
Population Size 
The following methods are implemented in an attached spreadsheet. 

1) The raw data are sample day population estimates for entire area (density × area) 
2) Sample days are interpolated to daily through season, rain or shine 
3) The daily population numbers are summed for the entire season 
4) That sum is multiplied by 1−	 Ø (Ø is daily survival rate). 
5) Ø = 0.74 is the average of male and female estimates for the entire Jasper Ridge record 

(Hellman et al 2003). 

The results for years (with enough data) are presented in Figure 1. 

  

Figure 1. Estimated annual population size of Taylor’s checkerspot at selected sites, 2005–2012. 

This integration method works well for tracking the often large interannual fluctuations in E. 
editha populations. It is important to remember that populations operate on a logarithmic scale. 
The differences between hundreds, thousands, and tens of thousands are clearly detectable. R76 
has fluctuated between ~ 1000 and ~35,000 butterflies. R50 has shown an increase from ~800 to 
~8000 butterflies since reintroduction. SCS has maintained a population in the low hundreds.  

Assigning confidence intervals to these annual totals is a more complicated process that requires 
expert statistical consultations. Given the confidence intervals and CVs of the daily estimates, 
however, the basic order of magnitude will not change. Note how diminished the daily error bars 
are on the logarithmic scale in Figure 2 and Figure 3. 
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Figure 2. Daily population estimates for Range 76 with error bars calculated by distance 
sampling methods, 2006–2012. 

 

Figure 3. Daily Population Estimates for Range 50 with error bars, 2010–2012. 

The sensitivity to Ø is relatively small and will not change the order of magnitude (Ø = 0.65 
increases estimates by 35% over Ø = 0.74, Ø = 0.8 decreases estimates by 23%). A constant Ø in 
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the absence of mark-recapture data specific to Taylor’s (logistically daunting) allows for 
consistent interannual comparisons. 

There are other methods for estimating annual abundance (Watt et al. 1977, Mattoni et al. 
2001) but this method has been used for E. editha bayensis populations and is internally 
consistent with what is known about the biology of the butterfly.  

 


