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ABSTRACT 

Reproduction in captivity of the endangered Taylor’s checkerspot butterfly (Euphydryas 
editha taylori): a collaboration with the Sustainability in Prisons Project 

 
Keegan Curry 

 
 The butterfly Euphydryas editha has been researched extensively since the 1960s, 
but a vast majority of studies have focused on California subspecies, with less attention 
paid to the endangered Pacific Northwest ecotype, Euphydryas editha taylori (W.H. 
Edwards 1888). However, agency monitoring and captive rearing efforts in Washington’s 
South Puget Sound have produced an abundance of archival data on E. e. taylori that has 
gone largely unexamined. I analyzed ten years of oviposition data collected by E. e. 
taylori rearing facilities in the Pacific Northwest, USA, in order to describe the 
reproductive patterns of wild-caught E. e. taylori females that were used to initiate 
captive colonies.   

Age-specific fecundity curves were calculated for females that laid eggs in the 
lab, and the mean number of offspring per day was compared across years. Wild females 
(n = 161) from 2008 to 2018 lived an average (±SD) of 11.4 (±5.3) days in captivity and 
laid eggs on 4.0 (±2.4) of those days; their mean rate of oviposition was 49.4 (±36.1) 
offspring per day that eggs were laid. Mean lifetime fecundity was 200.1 (±113.0) 
offspring, and the maximum number of offspring from an individual female was 542. 
Females collected between 2014 and 2018 (n = 185) weighed an average (±SD) of 
0.1243g (±0.0361g) at capture, and later-caught females weighed significantly less than 
early-caught females. Within-year variation was generally greater than between-year 
variation for all measures. 
 Implications of this study are limited due to the nature of the rearing process. The 
true age of wild-caught females was unknown, and outcomes may have been influenced 
by husbandry methods and environmental conditions. Nonetheless, captive rearing data 
offers a first-time look at patterns of oviposition in E. e. taylori, suggesting that they 
produce fewer offspring than other well-known E. editha subspecies. I argue that captive 
rearing data is a valuable asset for conducting long-term research on the biology of E. e. 
taylori without disturbing natural populations. This study builds on previous work 
completed at Mission Creek Corrections Center for Women, where researchers have 
enjoyed a fruitful collaboration with incarcerated butterfly rearing technicians under the 
guidance of the Sustainability in Prisons Project.  
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Introduction 

Taylor’s checkerspot (Euphydryas editha taylori, W.H. Edwards 1888) is a small orange, 

white, and black butterfly in the family Nymphalidae, with a one-year life cycle, a short 

spring flight season, and an extended larval diapause in the overwintering months (Pyle 

and LaBar 2018). E. e. taylori is federally endangered, making it one of the rarest 

butterflies in the imperiled native grasslands of the US Pacific Northwest (USFWS 

2013). Efforts to conserve E. e. taylori have primarily focused on in situ restoration and 

enhancement, along with extensive monitoring, captive rearing, and reintroduction 

(Schultz et al. 2011; Potter 2016). Research on the biology and ecology of E. e. taylori is 

limited, and most studies have emphasized adult dispersal behavior, host plant 

preference, oviposition site selection, managing exotic vegetation, and larvae-host plant 

interactions (Severns and Warren 2008; Kaye et al. 2011; Severns and Grosboll 2011; 

Bennett et al. 2012; 2013; Severns and Breed 2014; Buckingham et al. 2016; Haan et al. 

2018). Habitat needs are understandably a high priority for managers, who are tasked 

with preventing extinction and promoting recovery in a fragmented and degraded 

landscape. However, basic knowledge about the life history of E. e. taylori is lacking, and 

traits of this ecotype are often inferred from other well-known E. editha subspecies, 

specifically the Bay checkerspot (E. e. bayensis) (Ehrlich and Hanski 2004).  

While the general biology of E. editha is similar throughout its range, variation 

can occur between isolated and locally-adapted populations. For example, both the timing 

and extent of oviposition are known to diverge in E. editha subspecies living under 

different climatic and ecological conditions (Boggs and Nieminen 2004). Patterns of 

oviposition can influence lifetime reproductive success in butterflies, making questions of 
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egg-laying behavior relevant to the study of population dynamics (Labine 1968; Singer 

1972; Boggs 1986; Elgar and Pierce 1988; Cushman et al. 1994; Bonebrake et al. 2010). 

Oviposition rates can also reflect the relative contribution of adult versus larval nutrients 

in reproduction (Murphy et al. 1983; Boggs 1997a; 1997b). Furthermore, reproductive 

success plays an important role in captive rearing programs that rely on wild founders to 

initiate ex situ colonies (Crone et al. 2007; Linders 2007; Miller et al. 2014). Currently, 

these factors are not well understood for E. e. taylori. Conservation efforts would benefit 

from having more detailed information on the reproductive traits of individual females in 

natural populations. 

The precipitous loss of E. e. taylori from its historic range prompted managers to 

experiment with captive rearing and translocation, and fortunately, methods were quickly 

developed to propagate the butterfly in a laboratory setting (Grosboll 2004; Linders 

2007). In addition to aiding in recovery, rearing and breeding trials at the Oregon Zoo 

yielded the first detailed life history reports on E. e. taylori, since the subspecies was not 

widely researched prior to its decline (Barclay et al. 2009b). Field studies are not always 

practical for at-risk butterflies, and captive rearing programs can provide an opportunity 

to gather data on individuals without disrupting sensitive ecosystems (Herms and Miller 

1996; Trager and Daniels 2011; Miller et al. 2014; Buckingham et al. 2016). The 

Washington Department of Fish and Wildlife (WDFW) has been actively reintroducing 

E. e. taylori in the South Puget Sound for over ten years, and the two rearing institutions 

at the Oregon Zoo and Mission Creek Corrections Center for Women (henceforth 

“Mission Creek”) hold vast archives of biological data collected during the course of 

routine propagation. Among these records are daily egg counts and offspring 
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development rates for wild-caught females originating from Joint Base Lewis-McChord 

(JBLM), WA. This captive rearing data has been reported annually, but it has yet to be 

formally analyzed, and doing so could help establish a baseline for reproduction in the 

largest extant population of E. e. taylori. 

I analyzed reproductive outcomes for wild-caught E. e. taylori females from 

2008-2018 using oviposition data provided by Oregon Zoo and Mission Creek. The total 

number of wild females is reported for each year, along with their collection date, fertility 

rate, capture weight, lifespan, and number of offspring. I calculated age-specific 

fecundity for each capture group of wild females and created a generalized oviposition 

curve by combining similar groups across years. Fecundity in this study was measured 

using the number of larvae counted at 3rd instar, since individual egg counts were 

determined to be imprecise. Female weight was summarized for each group to assess 

within- and between-year variation. I used ANOVA and other parametric tests to 

compare weights across years and to understand if weight was significantly correlated 

with fecundity. Finally, some comparisons were made between facilities to see if there 

were any confounding differences.  

This project continues to build on an innovative collaboration between researchers 

and incarcerated science technicians at Mission Creek, a minimum security women’s 

prison near Belfair, WA (see Buckingham et al. 2016). Mission Creek was established as 

a second E. e. taylori rearing facility in 2012 and it has proven to be remarkably 

successful, supplying over 20,000 larvae to WDFW since its inception (Linders et al. 

2019). Technicians receive quarterly training from the Oregon Zoo and they are 

supported weekly by the Sustainability in Prisons Project (SPP), a partnership between 



4 
 

Washington Department of Corrections (WADOC) and The Evergreen State College 

(Evergreen). In addition to promoting species recovery, the facility also serves as an 

educational program for incarcerated people, a marginalized group with limited access to 

nature and few opportunities to participate in ecological conservation (Kaye et al. 2015). 

Rearing E. e. taylori inside of a prison helps reify the popular spirit of butterfly 

conservation that has persisted for generations in the form of volunteer monitoring (New 

2014). Data collected by incarcerated technicians has contributed directly to this thesis, 

and therefore, my analysis represents a diverse and inclusive form of community science. 

Hopefully, this work demonstrates the value of engaging non-experts in the recovery of 

endangered species. 



5 
 

Literature Review 

Introduction 

This thesis centers on the question of age-specific fecundity in wild-caught E. e. 

taylori females. A retrospective analysis was conducted using oviposition data collected 

in two Pacific Northwest captive rearing facilities, along with adult abundance data 

collected at the source site by WDFW. To provide context for this analysis, I reviewed 

the scientific literature and other sources relevant to E. e. taylori biology, ecology, and 

conservation, with an emphasis on reproductive aspects of its life history.  

The review begins with a status report on the health of Lepidoptera globally, 

showing how the endangered E. e. taylori is connected to a broader tradition of butterfly 

conservation, and that its decline is symptomatic of an overall biodiversity crisis. I then 

introduce E. e. taylori on a local level, with a history of its range, distribution, and listing 

status, along with habitat needs, threats to persistence, and management actions––such as 

captive rearing and reintroduction. The next section studies the nuances of captive rearing 

as a butterfly conservation tool, describing best practices and situating E. e. taylori within 

the context of other North American rearing programs. I then turn to prior research on the 

biology and ecology of E. editha, a body of work that has largely focused on one 

particular subspecies in California, the Bay checkerspot (E. e. bayensis). Reproductive 

traits of E. e. bayensis females are summarized and key findings are discussed in detail, 

after which I return to the Pacific Northwest and compare the state of the literature on E. 

e. taylori to that of other subspecies. Finally, I discuss the merits of comparative life 

history studies, limits to generalization among E. editha subspecies, research priorities for 
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E. e. taylori conservation, and the value of collaboration among wildlife agencies, zoos, 

and incarcerated community scientists.   

Butterfly conservation 

Butterflies and moths are facing unprecedented global threats in the 

Anthropocene. A recent synthesis of 73 long-term studies on insect abundance concluded 

that 53% of all Lepidoptera species surveyed worldwide are declining, and 34% of those 

qualify as threatened under IUCN criteria (Sánchez-Bayo and Wyckhuys 2019). In North 

America, taxa that were once considered secure, such as the monarch butterfly (Danaus 

plexippus plexippus), are now at risk of extinction, and over 30 species currently populate 

the Xerces Society red list of butterflies and moths (Jepsen et al. 2015; The Xerces 

Society, n.d.). Habitat loss and land-use change are considered broad drivers of this 

decline, but the plight of the Lepidoptera is also uniquely situated within the context of 

ongoing climate destabilization (McLaughlin et al. 2002a; Hanski et al. 2004; Parmesan 

et al. 2015; IPCC 2018). Conservationists have been working for decades to protect 

imperiled species on a local and regional scale, and while environmental management 

plays a central role in these efforts, experts have also recognized the ability of butterflies 

to capture the public imagination, not only advocating for their own protection, but 

serving as charismatic ambassadors for entire ecosystems (Pyle 1976; New 2014). 

Key threats to butterflies include the loss and fragmentation of habitat, direct 

harm from pesticides and herbicides used in industrial agriculture, exotic plant and 

animal migration, loss of ecological relationships, and genetic factors associated with 

small populations, all exacerbated by a warming climate and changing patterns of 

precipitation (Pyle 1976; McLaughlin et al. 2002a; Hanski et al. 2004; New 2014). 
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Habitat loss is an especially sinister threat because its effects are not always clear in the 

short term. Fragmentation of the landscape creates isolated populations that may appear 

stable but are actually highly volatile, leading people to underestimate the risks to those 

taxa (New 2014). Species’ delayed response to ecosystem change can incur what Tilman 

et al. (1994) called ‘extinction debt’, an illusion of natural abundance that masks the 

underlying vulnerability of some wildlife. This phenomenon underscores the value of 

taking preventative action in conserving butterfly habitat across the globe, rather than 

waiting until species become endangered.   

General restoration and research priorities for at-risk butterfly populations are 

summarized in Hanski et al. (2004). Practitioners are encouraged to study the spatial 

structure of populations, increase the topographic heterogeneity of habitats, anticipate the 

impact of changing weather conditions, connect population variability to extinction risk, 

understand the value of using multiple host plants, identify limiting resources at 

individual life stages, and prevent the invasion of harmful exotic plant species into native 

habitats (Hanski et al. 2004). The Xerces Society was founded in part to call attention to 

the devastating impact of industrial agrochemicals on invertebrates. Pyle (1976) argued 

early on that public engagement and political advocacy must go hand-in-hand with 

biological research to achieve broader conservation goals.  

 While many insects are threatened or endangered, Lepidoptera enjoy the 

advantage of likeability, and people consider them to be “flagship taxa” for insect 

conservation as a whole (New 2014). Local butterflies are associated with regional 

character, and communities often develop a sense of ownership over species that need 

protection (New 2014; Pyle and LaBar 2018). Community science (aka ‘citizen science’) 
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initiatives, such as the Cascades Butterfly Project in Washington, provide valuable 

population monitoring data that would not be available without the curiosity and devotion 

of non-experts; for instance, a longstanding history of amateur butterfly distribution 

surveys in the UK has contributed to advanced research on poleward range shifts 

associated with climate change (Parmesan et al. 1999; US National Park Service 2018). 

Witnessing shrinking butterfly abundance can inspire the public to act on behalf of the 

environment, with butterflies serving as both symbolic and literal indicators of ecosystem 

health (Hanski et al. 2004).  

Background on E. e. taylori 

The butterfly Euphydryas editha taylori was first described by W.H. Edwards in 

1888 and named after reverend George W. Taylor, a well-known British Columbian 

lepidopterist who collected the first specimens (Shepard and Guppy 2001). Robert 

Michael Pyle later coined the name “Whulge” checkerspot using the Salish word for the 

Puget Sound Basin (Stinson 2005). Taxonomically, E. e. taylori belongs to the tribe 

Melitaeini within the family Nymphalidae. Nymphalids are a group commonly known as 

brushfoots that includes monarchs, ladies, admirals, fritillaries, crescents, and 

checkerspots, among others (Pyle and LaBar 2018). Boisduval first described the species 

Euphydryas editha in 1852, and there are now 26 named subspecies throughout North 

America (Pelham 2008). The Pacific Northwest is home to a number of E. editha 

subspecies including E. e. colonia in the Western Cascades, E. e. edithana in the Eastern 

Cascades, E. e. beani in the North Cascades, and E. e. taylori in the Salish-Willamette 

lowlands, altogether ranging from near sea level to over 2,500 m in elevation (James et 

al. 2011; Pyle and LaBar 2018). As a note going forward, the term “ecotype” will be used 
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interchangeably with “subspecies” since it emphasizes the way subspecies are 

taxonomically similar yet ecologically segregated due to genetic and behavioral 

adaptations and geographic isolation (Murphy et al. 2004).  

 E. e. taylori is the smallest and darkest Pacific Northwest E. editha ecotype, with 

rounded wings, thick black spotbands, orange and white coloration, and a characteristic 

“editha line” through the orange postmedian band of the ventral hindwing (Pyle and 

LaBar 2018) (Fig 1). E. editha generally have a wingspan of about 5.7 cm and their 

bright color pattern is considered an aposematic warning sign, since they are known to 

sequester defensive chemicals that make them distasteful to birds and other predators 

(Haan 2017; Pyle and LaBar 2018).  

 

Figure 1. Captive-reared E. e. taylori nectaring on Lomatium triternatum at a South 
Sound reintroduction site on Joint Base Lewis-McChord, WA, 2019.  
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 Historically, E. e. taylori populations were found in grassland habitat throughout 

the Willamette Valley in Oregon, the Salish Lowlands in Washington, and the Georgia 

Basin in British Columbia. This ecoregion is home to at least 17 at-risk butterflies and 

skippers, many of which are state or federally listed (Schultz et al. 2011). Once covering 

an area greater than 60,000 ha, Western Washington grasslands have been reduced to a 

scattered remnant of isolated patches that support rare endemic species found nowhere 

else (Dunn and Ewing 1997). Today, only 8% of these historic grasslands remain, and of 

those, just 2-3% support mostly native plant and animal communities (Stinson 2005). 

Before the arrival of Euro-Americans, Pacific Northwest grasslands were managed by the 

ancestors of today’s Coast Salish people who used prescribed fire to maintain an open 

landscape for hunting and foraging (Hamman et al. 2011). Prairie obligate species 

coevolved with this regular disturbance by fire. But cessation of controlled burning in the 

19th century, followed by wildfire suppression in the 20th century, allowed Douglas fir 

and invasive non-native shrubs such as Scotch broom to take advantage of open prairies, 

converting many grasslands into conifer forests (Peter and Harrington 2014). Other 

reasons for the decline of native grasslands include urban development, conversion to 

farms and pastures, resource extraction, military training, fragmentation of habitat, and 

the loss of native fauna (Stinson 2005).  

 Extant E. e. taylori populations are found in a variety of habitat types within the 

Pacific Northwest grassland complex including glacial outwash prairies, savannahs and 

oak woodlands, forest balds, coastal bluffs, stabilized dunes, and islands on rain-shadow 

turf (Shepard and Guppy 2001; Stinson 2005; Schultz et al. 2011; Potter 2016; Pyle and 

LaBar 2018). While populations can range in elevation from sea level to nearly 1,200 m, 
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their habitat is usually characterized by open-structured forbs, native shortgrass, patches 

of bare ground, and widely available larval host plants (Potter 2016). Known native hosts 

include Harsh Paintbrush (Castilleja hispida), Blue Eyed Mary (Collinsia ssp.), Sea 

Blush (Plectritis congesta), Dwarf Owl’s-Clover (Triphysaria pusilla), Slender Plantain 

(Plantago elongata), Sea Plantain (P. maritima), and other owl’s clover varieties 

(Orthocarpus ssp.), along with the federally-threatened Golden Paintbrush (Castilleja 

levisecta) as a likely historical host (Shepard and Guppy 2001; Stinson 2005; Linders 

2007; Schultz et al. 2011; Buckingham et al. 2016; Potter 2016). However, the most 

common host plant for remaining populations is English Plantain (Plantago lanceolata), 

an introduced species of European origin that is now ubiquitous in the region (Severns 

and Warren 2008; Potter 2016). In the South Puget Sound, adult E. e. taylori are observed 

nectaring on Common Camas (Camassia quamash), Puget Balsamroot (Balsamorhiza 

deltoidea), and Nineleaf Biscuitroot (Lomatium triternatum), among other forbs (Linders 

et al. 2015).  

E. e. taylori adults typically emerge in late April and fly until late May, although 

they have been sighted in the South Puget Sound as early as April 8th and as late as June 

12th (Linders et al. 2019). Emergence timing can vary throughout the species range 

depending on local geography and weather conditions. E. e. taylori are univoltine, 

meaning they produce a single brood of eggs each year. Newly hatched larvae feed on 

natal host plants and develop through 4th or 5th instar before entering an obligatory 

diapause from mid-summer to late winter (Barclay et al. 2009b). Overwintering larvae 

are rarely observed in the field, but in one case, larvae reared through diapause on potted 

C. hispida were found burrowing into the soil, and a few wild larvae have been found 
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diapausing singly at the base of Roemer’s fescue (Festuca roemeri) (Grosboll 2004; Haan 

2017). After diapause, larvae resume feeding for another month as they develop into 6th 

instar, followed by pupation in late March or early April––though, a percentage of 6th 

instar larvae will sometimes choose to re-enter diapause for another year rather than 

pupate (Barclay et al. 2009b). Like diapausing larvae, pupae are difficult to locate in the 

field, but a few have been discovered attached to the underside of plants near the ground 

(Stinson 2005). In the lab, pupae are often seen hanging from the mesh ceiling of their 

enclosure, but larvae have also pupated at the base of the enclosure and inside the folds of 

paper mounds (K. Curry, pers. obs.). Adults typically emerge about three weeks after 

pupation, although development time can vary by more than a week depending on 

environmental conditions. 

 E. e. taylori’s distribution and abundance were not well documented in the 20th 

century, but there are verified accounts of up to 45 historical populations in Washington 

state prior to its decline (Potter 2016). The widespread disappearance of the butterfly is 

thought to have essentially tracked the loss of viable grassland habitat. Clouds of 

checkerspots were reported from sites in Oregon as recently as 1980, but by 1991, E. e. 

taylori had become a candidate for listing in Washington state, and most populations in 

Oregon and B.C. had flickered out (Dornfeld 1980; Shepard and Guppy 2001; Stinson 

2005). Fortunately, two populations were rediscovered in Oregon near Fitton Green 

Natural Area, and a new population was discovered in a regenerating clear cut on 

Denman Island, B.C. (Warren 2005; Page et al. 2008). Between 2005 and 2016, 

Washington lost 7 out of 10 extant populations, but 5 more were discovered in the 

Olympic National Forest, bringing the total to 8 naturally occurring populations in 
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Washington as of 2016: 5 in the National Forest, 2 coastal populations near Sequim, and 

1 lowland prairie population in the South Puget Sound on JBLM (Holtrop et al. 2013; 

Potter 2016). At the time of its initial review by WDFW, E. e. taylori was considered the 

rarest endemic butterfly in one of the rarest ecosystems in North America (Stinson 2005). 

This precarious situation led to E. e. taylori being listed as endangered by the state of 

Washington in 2006, followed by a US Fish and Wildlife Service (USFWS) rule in 2013 

declaring E. e. taylori to be federally endangered (USFWS 2013).  

 Management of E. e. taylori and its habitat has proceeded under a variety of 

strategies with many partner organizations. State agencies began conducting intensive 

surveys and population monitoring in the late 1990s to better understand the range and 

abundance of E. e. taylori, and since then, monitoring techniques have been continuously 

refined (Morgenweck and Dunn 2003; Stinson 2005; Linders et al. 2019). Restoration 

and enhancement of native grasslands has become a regional, multilateral initiative under 

coalitions like the Cascadia Prairie-Oak Partnership and the Army Compatible Use 

Buffer Program (Schultz et al. 2011; Potter 2016). Habitat restoration efforts include 

mowing and herbicide to remove noxious invasive plants like Scotch broom, Himalayan 

blackberry, and tall oatgrass, and the use of prescribed fire has been viewed as a return to 

form in managing native prairies the way indigenous people once did (Schultz et al. 

2011; Hamman et al. 2011). Conservation priorities are difficult to balance since native 

prairies are home to numerous sensitive, threatened, and endangered plants and animals, 

and management actions that are favorable to one species could be detrimental to another. 

For instance, federally threatened C. levisecta is thought to be an important historic host 

plant for E. e. taylori, but currently their ranges do not overlap. While it is proven that E. 
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e. taylori will select C. levisecta for oviposition (Buckingham et al. 2016), introducing C. 

levisecta to sites with E. e. taylori could lead to hybridization between the federally 

protected C. levisecta and conspecific C. hispida, another E. e. taylori host plant 

(Dunwiddie et al. 2016). Haan (2017) also found that E. e. taylori larvae experimentally 

reared on C. levisecta had lower survival in early instars than larvae reared on C. hispida 

and P. lanceolata. Additionally, restoring prairies to an entirely native plant community 

would mean eliminating the non-native P. lanceolata, which would be devastating to E. 

e. taylori since many populations have become mostly or entirely dependent on P. 

lanceolata as a larval food source (Severns and Warren 2008; Dunwiddie and Rogers 

2017; Thomas 2017).  

 Specific actions to improve E. e. taylori habitat include invasive plant removal, 

propagation of native forbs and grasses, and enhancing ecological suitability by 

increasing the abundance and variety of host and nectar plants (Potter 2016). Mounded 

topography, large overall area, connectivity to adjacent sites, and high density patches of 

host and nectar plants are considered important components of E. e. taylori habitat 

(Severns and Grosboll 2011). In addition to density, providing an assortment of host and 

nectar plants may serve as a crucial buffer for E. e. taylori when weather upsets the 

relative timing of butterfly and host plant development (Singer 1972; Schultz et al. 2011). 

However, managers are still lacking a clear profile of what ideal habitat restoration might 

look like for this species (M. Linders pers. comm.). 

Habitat restoration and enhancement are the first steps in E. e. taylori recovery, 

but remnant populations are unlikely to recolonize extirpated prairies on their own due to 

the substantial distance between sites and generally low dispersal of E. editha (Hellmann 
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et al. 2004). In 2004, WDFW partnered with the Oregon Zoo in Portland, OR to develop 

captive rearing and translocation methods for E. e. taylori with the goal of reintroducing 

the species to historically-occupied areas in the South Puget Sound (Linders 2007). After 

initial rearing trials, survival and productivity increased annually, and established 

methods for rearing and breeding captive animals were formally published by the Oregon 

Zoo Conservation research team (Grosboll 2004; Barclay et al. 2009b). The first 

reintroduction took place in 2006 at JBLM, and since then, reintroductions have been 

conducted annually on at least one of seven sites (Linders et al. 2019). Following 

experimentation, WDFW determined that postdiapause larvae were the most viable life 

stage for reintroduction, but prediapause larvae and adults have also been released as 

supplementary actions. The captive rearing and reintroduction plan for E. e. taylori calls 

for five years of consecutive releases at a single site, followed by five years of monitoring 

in which > 250 adults are observed in a single day count occupying an area > 20 hectares 

each year; sites are considered established only after they have met this criteria, and the 

goal of the program is to establish at least 3 populations in the South Puget Sound (Potter 

2016). So far one site on JBLM has meet the criteria for establishment, one site off-base 

has two years left of monitoring, three sites have been discontinued, and reintroductions 

are ongoing at two remaining sites on-base (Linders et al. 2019). All captive rearing and 

translocation efforts rely on founding individuals from a single source population on 

JBLM’s Range 76, a live-fire artillery impact area (AIA) that hosts the last naturally 

occurring E. e. taylori population in the South Sound. The AIA that includes Range 76 is 

also the largest remaining native prairie in the Pacific Northwest. 
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In 2011, WDFW partnered with SPP to bring a second captive rearing facility to 

Mission Creek Corrections Center for Women in Belfair, WA (Linders 2012). Keepers 

from the Oregon Zoo helped train incarcerated individuals on E. e. taylori husbandry 

techniques, and staff from Evergreen and WADOC managed daily program operations. 

Butterflies were reared in a purpose-built 3x7.3m glass greenhouse to allow for natural 

light and ambient conditions. Incarcerated technicians had remarkable success in 

achieving similar survival outcomes to the Oregon Zoo after just one season. With the 

addition of Mission Creek, the number of larvae released postdiapause more than doubled 

from 2012 to 2013 (Linders and Lewis 2013). A grant from the US Fish and Wildlife 

Service recently expanded the Mission Creek program further, and 2019 saw the highest 

number of postdiapause larvae released in a single year to date.   

E. e. taylori does not yet have a federal recovery plan, but WDFW restoration and 

captive rearing efforts are considered essential to the long-term viability of the butterfly 

range-wide (USFWS 2018). With diverse collaborators including JBLM, The Center for 

Natural Lands Management, Thurston County, University of Washington, the US 

Department of Defense, the US Forest Service, Washington Department of Natural 

Resources, the US Natural Resource Conservation Service, Washington State University-

Vancouver, and other partners including the BC Ministry of the Environment and BC 

Provincial Parks, E. e. taylori recovery is part of a much broader initiative to conserve the 

threatened grasslands of the Pacific Northwest (Potter 2016). Priorities for the future are 

continued habitat restoration and enhancement, expansion of native grassland preserves, 

and establishing new E. e. taylori populations via reintroduction, along with research on 

habitat needs of individual life stages, reproductive and survival rates in the field, 
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weather-effects on flight season phenology, and studies of genetic diversity in source and 

reintroduced populations (Schultz et al. 2011; Linders et al. 2016; Haan 2017; Linders et 

al. 2019).  

Captive rearing 

 Captive rearing is an interim conservation strategy to protect at-risk butterflies 

from extinction in the wild. Two primary principles of this strategy are 1) to rear 

butterflies in sheltered conditions, reducing mortality by housing them away from 

weather, predators, and parasitoids, and 2) to supply stock for augmentation and 

reintroduction of natural populations (New 2014). Schultz et al. (2008) reviewed the case 

of 25 imperiled US species and found that captive rearing was recommended for 12 of 

them, had been attempted for 8, and that 4 of those attempts included both rearing and 

breeding. Overall, there was a relative lack of rearing programs in the US compared to 

the UK, and in some cases, rearing was initiated but discontinued due to poor results or 

lack of resources (Schultz et al. 2008).  

One captive rearing project in the US that has persisted long-term involves the 

federally endangered Karner blue (Lycaeides melissa samuelis), another native grassland 

species that once ranged from the US Midwest to the East Coast. Herms and Miller 

(1996) conducted early rearing trials in Michigan and were able to achieve a 6.6x rate of 

increase, producing 33 lab-reared adults from 5 wild-caught females. As momentum built 

around Karner blue conservation, rearing programs were established in 5 states, and the 

US Fish and Wildlife Service convened an interagency captive rearing sub-team to 

develop a general handbook on Karner blue propagation (Webb 2010). Few captive 

rearing programs achieve this caliber of documentation, although notably, the Oregon 
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Zoo has published detailed rearing methods for the Oregon silverspot (Speyeria zerene 

hyppolita) in addition to their husbandry manual for E. e. taylori (Anderson et al. 2009; 

Barclay et al. 2009b).  

Other examples of US captive rearing efforts include the Palos Verdes blue 

(Glaucopsyche lygdamus palosverdesensis) in California, the Miami blue (Cyclargus 

thomasi bethunebakeri) in Florida, and the Quino checkerspot (Euphydryas editha 

quino), also in California, although the Miami blue program is currently on hiatus 

(Mattoni et al. 2003; Longcore and Bonebrake 2012; Trager and Daniels 2011; USFWS 

2012). Programs differ in their approach to rearing depending on both conservation 

priorities and on the life history of the species. Mattoni et al. (2003) describe their 

process for mass rearing the Palos Verdes blue in semi-natural outdoor enclosures, a 

technique similar to commercial insect-rearing or butterfly farming. In their view, 

allowing captive Palos Verdes blue adults to breed randomly with occasional 

supplementation from wild-caught individuals maintained sufficient genetic diversity and 

simultaneously lowered the cost of managing the captive colony (Mattoni et al. 2003). 

While the objective of the Palos Verdes blue program was to exponentially increase the 

amount of stock available for reintroduction, the Quino checkerspot program, on the 

other hand, was designed to establish an ex situ colony without necessarily releasing 

animals back into the field (Longcore and Bonebrake 2012). Quino checkerspots were 

reared in a more controlled environment, and lineages from different source sites were 

maintained separately as refugia and research populations. These contrasting programs––

one focused on mass production and the other serving as an insurance policy––highlight 

the variety of forms that captive rearing can take.  
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 Rearing and reintroducing butterflies come with some risks, and experts have 

devised a number of recommendations aimed at reducing the likelihood of failure on both 

fronts. Foremost, captive propagation must be viewed as a last resort, used only when the 

potential for in situ conservation is severely limited (Pyle 1976). Known challenges of 

captive propagation include establishing effective husbandry protocols, avoiding 

domestication, preventing the spread of disease, maintaining genetic diversity, 

consistently funding programs, retaining technical and administrative staff, and 

ultimately, successfully reintroducing species into the wild (Snyder et al. 1996). 

Developing butterfly rearing techniques can take time and incur casualties, and even 

when species are reared through their entire lifecycle, survival in the lab must exceed that 

in the wild for captive rearing to be worthwhile (Grosboll 2004; Crone et al. 2007; 

Schultz et al. 2009). Long-term breeding programs face the added challenge of 

domestication, with one example of Large white butterflies (Pieris brassicae) becoming 

smaller, heavier, and less active after 100-150 generations in captivity (Lewis and 

Thomas 2001). Schultz et al. (2009) found preliminary evidence of behavioral and 

morphological changes in captive-reared Puget blue (Icaricia icarioides blackmorei) after 

just one generation in captivity, although similar studies have not been conducted for 

rearing programs with well-established procedures. Mattoni et al. (2003) contend that, for 

the Palos Verdes blue, housing butterflies in semi-outdoor conditions and allowing them 

to reproduce at-will helped reduce the risk of adaptation to the captive environment.  

 However, the semi-natural rearing environment also created new problems for 

Mattoni et al. (2003) in managing disease within the colony: infection from fungus, 

microsporidia, and Bt (Bacillus thurengensis) caused mortality at the larval stage, and 
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Mattoni et al. (2003) had to start removing early instar larvae from their enclosures and 

raising them on an artificial antibiotic and antifungal diet. Other pathogens known to 

infect captive butterflies include the virus CPV (cytoplasmic polyhedrosis virus), 

protozoans such as OE (Ophryocystis elektroscirrha), and the bacteria S. marcescens 

(Webb 2010). Wolbachia is another prominent virus that can cause sterility in adult 

butterflies. In one case, researchers found different strains in Northern and Southern 

populations of the endangered Mitchell’s satyr (Neonympha mitchellii mitchellii), a 

butterfly subject to captive rearing efforts at the Toledo Zoo in Ohio (Fenner et al. 2017). 

The implications of this discovery were that wild-caught animals should be screened for 

Wolbachia upon arrival at the zoo, and as a precaution, lineages derived from one 

population should not be translocated to the other. In general, captive rearing 

environments should be kept sterile following standard laboratory sanitation procedures. 

UV light has important sterilizing properties, and when possible, surfaces and materials 

should be cleaned with Nolvassan or dilute bleach solution (Webb 2010; Barclay et al. 

2009b). Host plants may be rinsed with 10% bleach before feeding to larvae, and animals 

should be housed separately to isolate any potential outbreaks (Webb 2010; New 2014). 

Having access to a pathology lab to test infected individuals pre- and post-mortem is also 

recommended (New 2014). Staff should be trained to recognize the signs of physiological 

distress and keep detailed records of symptoms as they occur (Webb 2010).   

 Genetic diversity is another key consideration for butterfly captive rearing. 

Although few studies exist comparing genetics of captive and wild butterfly populations, 

Remington (1968) proposes that, in theory, taking a few founding individuals from a 

large source population can lead to genetic bottlenecking in the introduced population. 
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Miller et al. (2014) tested two captive lineages of Quino checkerspots bred for ca. 12 

generations and compared them to their respective founding populations in terms of 

expected heterozygosity (i.e. how closely related are they?) and allelic richness (i.e. how 

many total genes do they have?). For expected heterozygosity, no statistical difference 

was found between captive and wild populations, meaning captive breeding has not 

produced individuals who are more inbred than their wild counterparts. However, 

significant differences in allelic richness were discovered, suggesting that captive 

colonies contain fewer low frequency alleles than the founding wild populations. The 

authors attribute this to sampling error when collecting wild individuals for captive 

rearing, and they recommend regularly incorporating fresh wild genes into the captive 

population to maintain genetic diversity in the long term (Miller et al. 2014).   

 Success in propagating healthy and genetically diverse butterflies ex situ is only 

half of the battle; once captive stock is available, animals must be translocated in a 

manner that either augments existing or establishes new populations in the field. Experts 

have cautioned against this approach unless it is absolutely necessary, arguing that 

reintroductions should only occur within the natural historic range of a species and that 

single-species recovery programs must proceed in the context of landscape-level 

conservation (Pyle 1976; New et al. 1995). A well-known UK study of butterfly 

introductions concluded that, 1) habitat size and connectivity is the most important single 

factor in long-term success of reintroductions, 2) the number of individuals translocated 

does not necessarily affect success, and 3) weather immediately after introductions could 

make or break them (Oates and Warren 1990, cited in Hanski et al. 2004). Another factor 

reported by Oates and Warren (1990) and elaborated by Schultz et al. (2008) is that, on 
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average, successful introductions in the UK resulted from a greater number of sequential 

releases rather than bigger individual release events. The fitness of captive-reared animals 

may also contribute to success or failure: in one instance, a larval reintroduction 

involving the large copper butterfly (Lycaena dispar dispar) revealed that captive-bred 

stock from England had lower overwinter survival than wild larvae translocated from the 

Netherlands and introduced to the same natural environment (Nicholls and Pullin 2000). 

Recovering populations that are augmented by captive-bred individuals may also be less 

stable than they appear, relying on captive supplementation far longer than intended 

(Adamski and Witkowski 2007).  

 Ecological theory may enhance reintroduction efforts when knowledge of rare 

species is limited (Schultz et al. 2008). Population viability models suggest taking 

individuals from large populations and introducing them to smaller populations whenever 

possible, since 1) this has little effect on the source population, and 2) achieving a high 

rate of increase in captivity can only improve the modelled growth rate (Crone et al. 

2007). Theory of insect population genetics warns against the large-to-small introduction 

scenario due to a higher probability of sampling deleterious recessive alleles from an 

ecologically central population (Remington 1968). But Crone et al. (2007) point out that 

rare butterflies are already suffering from genetic isolation, and that relatively large 

source populations may in fact transfer beneficial alleles to the marginal group’s gene 

pool. This conclusion is consistent with management best practices for E. e. taylori, 

where individuals are taken from a single source population, reared for a limited number 

of generations in captivity, and used to augment or introduce populations of the same 

genotype on historically occupied sites (Potter 2016).  
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 In spite of the inherent challenges, captive rearing and reintroduction have been 

deemed necessary to reduce the risk of extinction for many at-risk butterflies (Hanski et 

al. 2004; Schultz et al. 2011; New 2014; USFWS 2018). Managers can improve upon 

their programs by systematically documenting rearing and reintroduction techniques, 

experimentally monitoring outcomes of reintroduction, modelling ecological dynamics 

when field data is limited, and increasing knowledge of species-specific biology and 

ecology. That last point is particularly salient for many experts who express concern over 

reintroductions that fail to properly consider the unique ecological requirements of the 

species being introduced (Pyle 1976; Hanski et al. 2004; Schultz et al. 2011). New (2014) 

describes a case where a released lycaenid kept perishing until managers realized that 

their habitat did not include the right attendant ant species, and once compatible ants 

were found, the butterfly thrived.  

This anecdote calls attention to another important aspect of captive rearing; that 

bringing rare species into a laboratory setting can provide valuable opportunities for 

species-specific research with significant implications for conservation (Herms and 

Miller 1996; Grosboll 2004; Trager and Daniels 2011; Longcore and Bonebrake 2012; 

Buckingham et al. 2016). Unravelling the life histories of common butterflies is difficult 

enough (see: James et al. 2011), but captive rearing can give managers a chance to study 

the general biology and ecology of highly sensitive species while simultaneously 

propagating them for field recovery. Finally, Snyder et al. (1996) suggest that rearing 

programs––especially those associated with zoos––should use their platform for outreach 

and education, thereby engaging the public and supporting broader conservation 

objectives such as in situ habitat preservation.  
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A brief history of checkerspots 

 In the early 1960s, a researcher named Paul Ehrlich found a small, colorfully-

checkered butterfly living on a hillside near Stanford University and decided it would be 

the ideal subject on which to test the emerging theories of population biology (Ehrlich 

1961). Since then, Euphydryas editha bayensis––the Bay checkerspot––has become what 

is likely the most well-studied non-commercial insect in North America (Ehrlich and 

Hanski 2004; Warren 2005). Because of this attention from the scientific community, the 

basic biology and ecology of E. e. bayensis has been thoroughly investigated, and much 

of what is known about E. editha as a species has been inferred from research on this 

particular ecotype (Pyle and LaBar 2018). Because the emphasis of this thesis is on 

reproduction, the complete biology of checkerspots will not be reviewed in depth here, 

rather, a short summary is provided. 

E. editha is a Nearctic species in the family Nymphalidae. These butterflies are 

called “brushfoots” because their two front legs have evolved into small sensory organs 

that are used to detect chemical properties of host plants (Murphy et al. 2004). 

Checkerspot larvae primarily feed on four plant families: Acanthaceae, Asteraceae, 

Scrophulariaceae, and Plantaginaceae, of which the latter two contain iridoid glycosides, 

a defensive chemical that makes larvae and adults distasteful to predators. Young larvae 

feed in communal webbing, and at later instars, their dark color and gregarious basking 

behavior may help them thermoregulate (Murphy et al. 2004). E. e. bayensis larvae feed 

primarily on Plantago erecta, an annual native host that senesces quickly toward the end 

of the spring flight season. This ephemeral host plant combined with dry California 

summers means that prediapause larvae must feed and reach diapause before their food 
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source is eliminated (Singer 1972). Prediapause larval starvation is considered one of the 

principle drivers of within-population dynamics in this subspecies (Kuussaari et al. 

2004). Larvae that survive through diapause must develop and pupate in a timely manner 

so that they can reach the adult stage ahead of the summer drought. However, 

postdiapause larvae and pupae are caught between the advantages of sunny weather, 

which speeds up their development rate, and the benefits of winter rain, which extends 

the growth period of their host plants (Singer 1972). This trade-off may give selective 

advantage to larvae and pupae that find themselves in warmer microhabitats such as 

south-facing slopes, yet adults that oviposit on warmer slopes may also disadvantage 

their offspring in drier years when warm slopes have higher rates of host plant senescence 

(Weiss et al. 1987; 1993).  

Adult dispersal is generally low in E. e. bayensis––especially for females––and 

while adults can technically fly several kilometers, emigration is intrinsically limited 

even for populations within the same contiguous habitat patch (Ehrlich 1965). Studies of 

another checkerspot in the Netherlands, Melitaea cinxia have revealed high rates of 

inbreeding depression among isolated colonies, and these subpopulations are also prone 

to local extinction (Hanski et al. 2004). This observation led researchers to theorize that 

checkerspots in North America where historically connected by large metapopulations 

that could sustain patterns of extinction and recolonization within satellite areas (Murphy 

et al. 2004). A functional metapopulation structure requires large, uninterrupted patches 

or networks of habitat, and unfortunately, checkerspots throughout North America have 

found themselves in an increasingly fragmented landscape. Loss of centralized 
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metapopulations may be a key driver in the decline of lowland E. editha subspecies 

across the western US (Hanski et al. 2004).  

The reproductive biology of E. editha 

The evolution and ecology of mating systems determines reproductive strategies 

for butterflies. Most species, including E. editha, exhibit a “protandrous” mating system, 

meaning males emerge up to a week earlier than females and therefore have a higher 

encounter rate with potential female suitors (Wiklund and Fagerström 1977). This 

conveys a selective advantage in species where males can mate multiple times but 

females mate only once (Zonneveld 1996). Male and female mate locating strategies, 

nutrient allocation to offspring production, weather and environmental conditions, and 

patterns of oviposition are also critical factors in checkerspot reproductive biology 

(Boggs and Nieminen 2004).  

Early explorations of reproduction in E. e. bayensis were conducted by Labine 

(1964; 1966; 1968), who studied the anatomy, behavior, and fecundity of wild and lab-

reared individuals. One initial discovery was that female Bay checkerspots were mostly 

prohibited from second mating by a white, viscous material that hardened into a genital 

“plug” after the male transferred his spermatophore to the female bursa (Labine 1964). In 

addition to the genital plug, females also exhibited behavioral resistance to multiple 

matings. However, this finding was complicated by a field sample in which 9 out of 23 

females dissected had at least 2 spermatophores in their bursa. Labine (1964) 

hypothesized that these multiple inseminations must have occurred in rapid succession 

before the mating plug had time to harden. Observations of mating behavior in the wild 

supported this hypothesis, with copulating pairs pursued by “several supernumerary 
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males” that attempted to break up the copulation (Labine 1964, 335). Later research 

found evidence for sperm precedence in E. e. bayensis, meaning the most recent male to 

mate with a female fertilizes 100% of her eggs even when other spermatophores are 

present (Labine 1966). This may explain a male’s motivation to chase after already-

mated females even though they are less likely to be receptive.  

Labine (1968) first described oviposition patterns of E. e. bayensis using 

laboratory and field observations. “Oviposition” is defined here as egg-laying behavior, 

the number and size of eggs, and the rate at which eggs are laid (Labine 1968). Animals 

for this study were collected as late instar larvae and reared to adulthood in the lab. Males 

and females were mated by placing multiple males in a tent with a single female and 

setting tents in front of a sunlit window until copulations occurred. Gravid females were 

then placed singly on potted P. erecta host plants and allowed to lay eggs until their 

natural death. Over the course of 32 days, 53 Bay checkerspot females produced an 

expected total of 731 eggs apiece, and the max number of eggs for an individual was over 

~1200, the largest known for butterflies (Labine 1968).  

In addition to laboratory rearing, 11 oviposition sequences were observed in the 

natural population at Woodside, CA (Labine 1968). These events lasted 30 minutes on 

average from the time a female landed on the host plant, searched for an appropriate 

location, laid a cluster of eggs, and flew off abruptly. Mean size for 8 clusters counted in 

the wild was 45.2 eggs (range 21 to 75), but these were almost all counted 3 weeks or 

later into the flight season and don’t represent the larger size of early clutches observed in 

the lab (Labine 1968). Another experimental group of 58 females was dissected upon 

emergence and Labine (1968) found that 17.8% of their egg complement was already 
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mature, suggesting that E. e. bayensis females can lay up to ~200 of their roughly ~1100 

total eggs within the first day following eclosion.  

  These early trials are reviewed in detail because they provide a foundation for all 

subsequent research on E. editha reproduction. Labine (1964; 1966; 1968) established 

definitively that E. e. bayensis females lay an enormous quantity of eggs compared to 

other butterflies, their eggs are laid in compact clusters, and that females lay a significant 

proportion of their total egg complement early in life. These factors and the mechanisms 

behind them have informed a number of theories about the unique natural history, 

ecology, and population dynamics of the Bay checkerspot.  

The timing and extent of oviposition may be driven in part by selective pressure 

on offspring survival. Emerging with a large number of mature eggs ready to be laid 

could advantage females by effectively “frontloading” larvae so that they have more time 

to feed before host plants senesce (Boggs and Nieminen 2004). There is also some 

evidence that larval survival in E. e. bayensis is positively correlated with group size 

(Kuussaari et al. 2004). In general, egg clustering in butterflies may have evolved as a 

strategy to take advantage of favorable weather conditions for species with short flight 

seasons, and sheltering among vegetation during oviposition could also be a way to avoid 

predation (Stamp 1980). Clustering could also have disadvantages if females select 

oviposition plants that senesce too quickly, literally putting all their eggs in one basket 

(Singer 1972). Yet this gamble could pay off exponentially, since a single colonizing E. 

e. bayensis female has the theoretical potential to establish a population of over ~2600 

adults after only two seasons (Labine 1968). Laying a large number of eggs quickly 
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seems to explain how E. editha populations can rebound dramatically after a crash year 

(Hellmann et al. 2004).  

Larval and adult nutrition are other important factors that influence patterns of 

oviposition in butterflies. E. editha larvae ingest carbohydrates and all essential and non-

essential amino acids by consuming leafy host plants (Boggs and Nieminen 2004). Nectar 

flowers provide adults with sugars and a limited mixture of amino acids that can differ 

depending on soil fertility, but the essential amino acids arginine and lysine can only be 

derived from larval food sources (Boggs and Nieminen 2004). Boggs (1997a) found 

using radiotracer data that larval-derived nutrients were important for early egg 

production in E. e. bayensis females; larval glucose was prevalent in early laid eggs, but 

after ca. 3 days, adult glucose became the primary nutrient source for egg production. By 

contrast, amino acids from larval feeding remained important to adult reproduction for at 

least a week (Boggs 1997a). Earlier research had demonstrated that amino acids in the 

adult diet have negligible effects on egg production relative to sugar, although one 

experimental treatment group fed trace amounts of amino acids did lay slightly heavier 

eggs later in life (Murphy et al. 1983).  

Altogether, studies indicate that the lifetime reproductive success (i.e. number + 

survival of offspring) of E. e. bayensis is foreshadowed by events that happen in all life 

stages, from the survival advantage of early laid eggs to the foraging period of 

postdiapause larvae, compounded by adult emergence phenology, survival, host plant 

preference, and the availability of nectar resources (Weiss et al. 1987, 1993; Boggs and 

Nieminen 2004; Kuussaari et al. 2004; Singer 2004). Cushman et al. (1994) were the first 

to estimate lifetime reproductive success for E. e. bayensis females, and they concluded 
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that only 11-33% of females alive during the flight season would replace themselves in 

the next generation. Their model predicted that the timing of female emergence had a big 

impact on reproductive success due primarily to host plant senescence: for females that 

emerged on the first day of the flight season, 8-21% of their eggs would reach diapause, 

while for those emerging on the seventh day, only 1-5% of their eggs would reach 

diapause, suggesting that effective population size (Ne) is much lower than the actual 

number of females (Cushman et al. 1994).  

Measures of lifetime reproductive success are critical for understanding the 

population dynamics of at-risk butterflies (Clutton-Brock 1988; Murphy et al. 1990; 

McLaughlin et al. 2002b; Schultz and Hammond 2003; Crone et al. 2007). However, 

even advanced models are limited by a lack of adequate field data describing traits of 

wild individuals (Cushman et al. 1994). Studies of butterfly reproduction––for 

conservation or research purposes––have often relied on laboratory rearing to 

approximate the survival, fecundity, and behavior of females in natural populations 

(Labine 1968; Murphy et al. 1983; Boggs 1986; Elgar and Pierce 1988; Cushman et al. 

1994; Boggs 1997a; 1997b; Brakefield et al. 2001). One useful correlate of reproductive 

success is age-specific fecundity, the average number of eggs laid each day by females of 

a known age. Labine (1968) was the first to describe the age-specific fecundity curve for 

E. e. bayensis, and a number of studies have since investigated this pattern in E. editha 

(Boggs and Nieminen 2004). To explain the age-specific fecundity of butterflies with 

different biology and life history strategies, Boggs (1997b) proposes a general model of 

egg production based on nutrient allocation (Fig 2):  
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Figure 2. Differences in age-specific fecundity between butterfly and moth species with 
different larval and adult diets, based on the proportion of egg production derived from 
larval versus adult feeding. Adapted from Boggs, Carol L. 1997. “Reproductive 
Allocation from Reserves and Income in Butterfly Species with Differing Adult Diets.” 
Ecology 78 (1): 181–91.  

 

 The above model (Fig 2) was based on comparative studies of Speyeria mormonia 

and E. e. bayensis, two species with contrasting reproductive behavior (Boggs 1997b). S. 

mormonia lay proportionally fewer eggs early in life, and consequently, their rate of 

oviposition declines slowly over time (Boggs 1986). E. e. bayensis, on the other hand, lay 

a majority of their eggs in the first few days of oviposition, leading to a sharp decline in 

daily fecundity after the first week of their life (Labine 1968; Cushman et al. 1994).  

 While reproductive patterns certainly differ between families of Lepidoptera, they 

can also differ among E. editha subspecies. Boggs (1997b) examined the number of 

mature oocytes in a sample of E. e. bayensis females and found that 17.4% of their eggs 

were ready to be laid upon emergence, a remarkable consistency with Labine (1968) who 
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found a 17.8% maturation rate in a separate population nearly 30 years prior. However, 

different E. editha ecotypes from the Sierra Nevada mountains appear to emerge with 

fewer mature eggs and lay a greater proportion of their eggs later in life when compared 

with the Bay checkerspot (Boggs and Nieminen 2004). Understanding how age-specific 

fecundity varies across the entire range of E. editha subspecies is difficult, since 

comparative research has not been conducted in other regions (James et al. 2011).  

 In summary, the reproductive biology of E. editha has been extensively 

characterized, largely from studies of the Bay checkerspot and other California 

subspecies (Boggs and Nieminen 2004). Key findings from this research are that female 

E. e. bayensis emerge at least a week later than males, are mated soon after eclosion, have 

low rates of dispersal, and lay large egg clusters in the foliage of host plants (Ehrlich 

1961; Labine 1968; Singer 1972). Oviposition host plant preference is genetically 

heritable and locally adapted (Singer 2004). Depending on the study, E. e. bayensis can 

reportedly lay up to ~1200 total eggs with anywhere between 20-350 eggs per clutch, at 

least ~200 eggs are mature upon eclosion, the mean cluster size is ~45 eggs, and 

individual eggs have a mass of 0.23-0.25g that declines in later clusters (Murphy et al. 

2004). Mean hatch time for eggs is 13-15 days (Singer 1972). Captive females can live 

up to 32 days with an average lifespan of 16-18, while wild females live a maximum of 

14 days and only 50% of them survive past day 4 in the field (Labine 1968; Murphy et al. 

1983; Cushman et al. 1994). The total number and mass of eggs produced will depend on 

the female’s diet, lifespan, and emergence weight, with heavier females laying heavier 

eggs in early clusters (Murphy et al. 1983). Female weight, egg mass, and cluster size all 

decline with age in E. editha, though wing size does not appear to be correlated with 
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fecundity (Murphy et al. 1983). On a final note, all of the above variables are potentially 

influenced by environmental conditions in the field or experimental setting (Boggs 1986). 

Research on E. e. taylori 

 Compared to the Bay checkerspot, there are relatively few life history or 

ecological studies of the Pacific Northwest ecotype E. e. taylori, and the research that 

does exist was conducted long after natural populations had plummeted (Stinson 2005). 

The conservation status and scarcity of E. e. taylori in the field poses a challenge for 

researchers even as knowledge of the butterfly becomes critical for recovery (Schultz et 

al. 2011; Potter 2016). That said, there are several branches of E. e. taylori scholarship 

that have progressed in recent years, and state and federal agencies are picking up the 

slack with a growing body of grey literature. For example, captive rearing data from the 

Oregon Zoo, WDFW, and others provided much of the early information on E. e. 

taylori’s life history (Grosboll 2004; Linders 2007), and one of the most thorough reports 

of the oviposition rate of E. e. taylori females came from the Oregon Zoo with Barclay et 

al. (2009a). Yet managers do not always have time, resources, or expertise to oversee 

research on a necessary scale. Academic studies can provide additional insight into E. e. 

taylori dynamics that may ultimately hasten recovery.  

 Existing research has focused primarily on host plant use and oviposition site 

selection (Severns and Grosboll 2011; Severns and Breed 2014), ecological interactions 

and chemical properties of host plants (Haan 2017; Haan et al. 2018), oviposition 

preference for Castilleja ssp. (Buckingham et al. 2016; Dunwiddie et al. 2016), adult 

dispersal and mating behavior (Kaye et al. 2011; Bennett et al. 2012; 2013), and the 

effects of herbicide on E. editha larvae (Schultz et al. 2016). Select findings are reviewed 
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here as they pertain to E. e. taylori reproduction, while WDFW and Oregon Zoo reports 

are referenced to help fill in the gaps.  

Severns and Warren (2008) studied host plant assemblages chosen by ovipositing 

female E. e. taylori at Cardwell Hill and Baezell Monument near Corvallis, OR. They 

discovered that Willamette Valley populations of E. e. taylori rely on a single larval host, 

the exotic P. lanceolata, and that females prefer ovipositing on host plants surrounded by 

native bunchgrasses (Festuca rubra) and adult nectar flowers. Females tended to avoid 

host plants that were overrun by invasive tall grasses like Brachypodium sylvaticum and 

Festuca arundinacea, and areas with the invasive grasses also had fewer native plants 

and available P. lanceolata (Severns and Warren 2008). Further research showed that, 

even in a mostly native prairie setting, E. e. taylori displayed a preference for high 

density host plant patches in 31 out of 32 microsites regardless of the site’s overall host 

abundance (Severns and Grosboll 2011). In a laboratory trial, E. e. taylori preferred to 

oviposit on two native hosts, C. hispida and levisecta, over the non-native P. lanceolata; 

however, oviposition preference tests have not been conducted in the field, and P. 

lanceolata is still considered essential to E. e. taylori recovery (Severns and Breed 2014; 

Buckingham et al. 2016; Dunwiddie and Rogers 2017). Haan et al. (2018) reported high 

survival and mass of prediapause larvae feeding on C. hispida that was grown 

hemiparasitically with P. lanceolata, which could be viewed as further motivation for 

including P. lanceolata among native host assemblages, though Haan (2017) points out in 

his dissertation that high performance on the non-native host could have unintended 

ecological consequences. By following larvae from different Castilleja feeding trials to 

mid-diapause, Haan et al. (2018) revealed that survival differed based on both the size 
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and leaf N of host plants fed to early instar larvae, and that Castilleja parasitized to P. 

lanceolata contained the highest % of iridoid glycosides. All of these studies have 

implications for reproduction in the field since A) oviposition preference is heritable 

(Singer 2004), B) different hosts have different survival outcomes for larvae (Haan 

2017), and C) ovipositing females are choosy about the entire plant community, not just 

the host plant itself (Severns and Grosboll 2011). Understanding adult and larval habitat 

requirements remains a top priority for research, especially as it relates to dispersal and 

population growth (Schultz et al. 2011; Potter 2016; Linders et al. 2019).  

So far, only two studies have effectively described E. e. taylori reproductive 

behavior in the field. Flight patterns of male E. e. taylori  were observed at Fitton Green 

Natural Area in OR and in the Olympic National Forest in WA, and males exhibited 

perching and patrolling behaviors typical of most butterflies (Bennett et al. 2012). The 

researchers witnessed 7 copulations where perching males appeared to be “guarding” 

freshly emerged females. They report a mean copulation time of 40 minutes (18min to 1h 

30min), and after mating pairs separated, they observed “a procession of males chasing 

after a crawling or hopping female” (Bennett et al. 2012, 190). The male who had just 

copulated appeared to protect the female from her harassers until the other males lost 

interest, thus exhibiting pre- and post-copulatory mate guarding behavior (Bennett et al. 

2012). Furthermore, the ratio of males perching versus patrolling had an inverse 

relationship to the week of the flight season: each week, the number of perching males 

decreased while the number of patrolling males increased, inferring that males were more 

desperate to locate a female later in the season.  
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Bennett et al. (2013) returned to Fitton Green Natural Area, OR, a year after their 

initial study and continued observing flight patterns, this time with an emphasis on 

female behavior. Out of 74 females surveyed, a majority were observed either nectaring 

(23%) or ovipositing (38%), a smaller percentage were observed mating or dodging 

males, and only two females (3%) were seen dispersing from the study site (Bennett et al. 

2013). The researchers conclude that female E. e. taylori are highly sedentary, maybe 

exceptionally so for the species, and that natural recolonization of sites >100m away is 

unlikely without large, contiguous habitat corridors or assisted translocation.  

The first significant effort to collect detailed life history information on E. e. 

taylori is documented in Grosboll (2004). This was also the first documented attempt at 

captive rearing for the purpose of reintroduction. Eggs were collected from wild-caught 

females and larvae were successfully reared through diapause with 84% survival. P. 

lanceolata and C. hispida were trialed as host plants and survival on both plants was 

comparable. Larval mortality was highest in early instars (Grosboll 2004). The rearing 

program was soon passed to the Oregon Zoo, and WDFW continued to refine field 

collection methods. Linders (2007) tested female oviposition in the field by placing net 

enclosures over 8 wild-caught females and providing them with wild host plants and 

potted host and nectar plants. Eggs laid on potted host plants were brought to Oregon 

Zoo, while those laid on wild plants were monitored in the field until larvae reached 4th 

instar (Linders 2007). This experiment led to a few preliminary discoveries, including 

that females would oviposit on C. hispida, average lifespan of wild E. e. taylori females 

was 12.9 days (5–19 range), females laid an average of 142 eggs apiece, and survival 

from egg to diapause was much higher in captivity than in the field (91.4% versus 0.8%, 
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respectively). Linders (2007) posits that total fecundity of E. e. taylori females is likely 

higher than ~142, since adults collected for this trial showed at least some wing wear and 

may have already laid their first large clusters.  

Once rearing efforts were in full swing, wild females were collected from the 

source population on JBLM and brought to the Oregon Zoo for oviposition. In 2008, 

WDFW collected 9 females immediately after witnessing them copulate. This was done 

to assess the full reproductive potential of wild E. e. taylori females in captivity without 

missing early laid clusters (Barclay et al. 2009a). Methods of inducing oviposition 

followed established Oregon Zoo procedures where females were placed singly on potted 

P. lanceolata and eggs were removed and counted daily (Barclay et al. 2009b). 

Oviposition chambers were brought outdoors for several hours each day since the Zoo 

did not have enough natural light in the main room of the captive rearing lab at this stage 

of the program. According to the report, all 9 females produced eggs in 2008, average 

lifespan was 13.5 days, females produced 9.6 clusters on average with a mean cluster size 

of 29.2 eggs, and average total fecundity was 229.3 eggs per female (Barclay et al. 

2009a). 

Since becoming a candidate for listing, there have been a modest number of 

academic studies focusing directly on E. e. taylori, and exploratory research by managers 

has produced useful baseline data on general biology and ecology of the subspecies. A 

wider field of research has also been evolving around the restoration ecology of Pacific 

Northwest grassland ecosystems which are intimately linked to the fate of E. e. taylori 

(Hamman et al. 2011; Rook et al. 2011). Still, key questions about natural populations of 

E. e. taylori remain, such as the rate of survival at different life stages, adult life 
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expectancy and reproductive success in the field, ideal habitat characteristics, the effects 

of weather on flight season abundance, genetic comparisons of source and introduced 

populations, and the way those factors might all combine to influence population growth 

rates (USFWS 2013; Potter 2016; Linders et al. 2019). Balancing these research needs 

with management priorities, conservation status, and sensitive ecological conditions will 

be necessary in moving toward long-term E. e. taylori recovery.  

Review and synthesis  

 Early on, Pyle (1976) identified “autoecological investigations” of individual taxa 

as critical for butterfly conservation in a local context, along with surveying for 

abundance and distribution on a regional scale (65). But not every species is lucky 

enough to become a model system for population biology (E. e. bayensis) or 

metapopulation theory (M. cinxia), and for many at-risk butterflies, even basic life history 

studies are sorely lacking (Schultz et al. 2011; New 2014). Hanski et al. (2004) argue that 

in some instances, models developed from a well-studied species can be used to predict 

dynamics of ecologically similar species, such as an abundance model developed for M. 

cinxia in Finland that accurately predicted the observed distribution for M. diamina in a 

different landscape (273). In this regard, having a tome of peer-reviewed literature on E. 

editha (e.g. Ehrlich and Hanksi 2004) is clearly an invaluable asset to managers in 

planning recovery actions for endangered subspecies like E. e. taylori (Stinson 2005). 

Based on preliminary research, E. e. taylori displays a remarkable similarity to E. e. 

bayensis in terms of dispersal, flight behavior, larval biology, and population dynamics. 

However, significant biological differences can exist even between closely related 

species, and direct comparisons should be applied with caution (Hanski et al. 2004). For 
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example, James et al. (2011) reared an experimental group of E. editha collected in the 

East Cascades, WA, and found that eggs hatched in 8–9 days and larvae entered diapause 

in 3rd or 4th instar. By comparison, E. e. bayensis eggs hatched in 13–15 days in the field 

for Singer (1972), and according to Oregon Zoo, E. e. taylori eggs hatch in 10–14 days 

and larvae do not enter diapause until the 4th or 5th instar (Barclay et al. 2009b). Subtle 

distinctions like these may seem trivial, but on a population level, development rates of 

offspring can have a significant impact on stage-specific survival (Hellmann et al. 2004).  

 A sharper contrast can be drawn between E. editha subspecies when it comes to 

adult fecundity. Noted previously, E. e. bayensis emerge with ~200 mature eggs and can 

lay up to ~1200 eggs in their lifetime (Labine 1968; Boggs 1997b). However, data 

available on E. e. taylori suggests that total fecundity is actually much lower, with 

females in a field trial laying ~142 eggs and wild-caught females at the Oregon Zoo 

laying ~229 eggs (Linders 2007; Barclay et al. 2009a). Similarly, E. e. quino females 

captured in the field laid between 50–400 total eggs in captivity, more than reported for 

E. e. taylori but far fewer total eggs than E. e. bayensis (Longcore and Bonebrake 2012). 

Later reports on E. e. taylori have revealed higher individual egg production for wild-

caught females (Linders and Lewis 2013), but the data has not been systematically 

reviewed. Both the rate and extent of oviposition can impact female reproductive success 

and population growth in E. editha (e.g. Cushman et al. 1994), and if subspecies exhibit 

dramatic differences in reproductive traits, generalizations made from one ecotype to 

another may not be entirely helpful.  

 Any research conducted in a laboratory setting must take into account the context 

and limitations of the captive environment, and it is worth acknowledging that all data 
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obtained for this study were collected in service to WDFW’s South Puget Sound 

translocation program. While this thesis does not presume to analyze the efficacy of E. e. 

taylori reintroductions, a review of the literature has shown that E. e. taylori captive 

rearing protocols are largely consistent with recommended best practices, including 

sanitation regime, separate housing of genetic lines, recordkeeping for mating 

introductions, and measurements of fitness in captive-bred versus wild-caught adults 

(Barclay et al. 2009b; Linders and Lewis 2013, Lewis et al. 2014). Annual collection of 

fresh wild founders and release of all second-generation offspring avoids most issues 

associated with long-term captive breeding (i.e. Lewis and Thomas 2001).  

Reintroductions are conducted during favorable weather, outcomes are carefully 

monitored, and many sequential releases are required before a site is considered 

established (Oates and Warren 1990; Schultz et al. 2008, Linders et al. 2019). Yet the 

aims of the reintroduction program take priority over laboratory research, and 

manipulative studies are prohibited under the USFWS controlled rearing permit unless 

otherwise stated. Data generated from captive rearing activities may present an 

opportunity, but there are also limitations, such as a lack of demographic information on 

wild founders, inconsistent materials and procedures, observer error among technicians, 

and no control over experimental design. Since research is a secondary aim of the E. e. 

taylori captive rearing program, a retrospective study of this data must admit to its 

caveats. And furthermore, research on captive butterflies can only hope to approximate 

the true condition of individuals living in natural populations (Labine 1968; Boggs 1986; 

Elgar and Pierce 1988; Cushman et al. 1994; Brakefield et al. 2001; Haan 2017).  
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 Finally, an important element of this work is the unique collaboration with 

incarcerated butterfly rearing and research technicians at Mission Creek under the 

guidance of SPP. This partnership between WADOC and Evergreen was formalized by 

an interagency agreement in 2008, and since then, an estimated 191 environmental 

conservation and education programs have been initiated among all 12 Washington state 

prisons (SPP 2018). Graduate students from Evergreen help to coordinate individual 

programs throughout the state, working alongside corrections staff and incarcerated 

individuals to maintain daily operations. In addition, up to 158 nonprofit and government 

organizations––from food banks to federal agencies––partner with SPP to engage 

incarcerated populations with science and sustainability. While some have criticized this 

approach as “greenwashing” of corrections (Jewkes and Moran 2015), others support 

sustainability in prisons as a way to unite social and environmental causes (Bush et al. 

2015; Kaye et al. 2015). So far, research on the outcomes of sustainability-related 

programming for incarcerated participants is limited, but a successive line of inquiry 

from Evergreen graduate students has begun to illuminate this area (Clarke 2011; 

Gallagher 2013; Weber et al. 2015; Gilliom 2017; Passarelli 2017), and there is a greater 

movement across the US that recognizes the societal benefits of expanding access to 

post-secondary education for prisoners (Scott 2015; Wilson et al. 2019). This thesis in 

particular builds on earlier research conducted with E. e. taylori at Mission Creek that 

resulted in a peer-reviewed article with two formerly incarcerated co-authors 

(Buckingham et al. 2016).  

 Outreach, education, and political engagement are necessary components of 

butterfly conservation, since policies that regulate land-use and industry may be far more 
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consequential for butterflies as a whole than individual management actions (New 2014; 

Longcore 2015; Jepsen et al. 2015; IPCC 2018; Sánchez-Bayo and Wyckhuys 2019). 

Community science and volunteer programs have traditionally served this purpose by 

providing non-experts with opportunities to participate in butterfly monitoring projects 

(e.g. Monarch Watch, n.d.). But these opportunities are unavailable to people during 

incarceration, and many incarcerated individuals have had far less exposure to science 

and nature in their previous life than other US demographics (Kaye et al. 2015). The E. e. 

taylori captive rearing program at Mission Creek, supported by WDFW and the Oregon 

Zoo, gives participants a chance to contribute to scientific research, and they may 

ultimately see themselves as part of a broader conservation community (Passarelli 2017). 

Moreover, the program has attracted positive media attention that may influence 

discourse around incarceration and increase awareness of butterfly conservation among 

the public (PBS NewsHour 2016; PBS Nature 2018). 

Conclusion 

Butterfly and moth populations are declining at an unprecedented rate globally, 

and E. e. taylori has recently become one of 33 threatened or endangered lepidopterans 

listed under the US Endangered Species Act (USFWS, n.d.). Protecting critical habitat 

and providing in situ restoration and enhancement are paramount in reducing the risk of 

local extinction for E. e. taylori and other Pacific Northwest butterflies (Schultz et al. 

2011; Potter 2016). Additionally, captive rearing and reintroduction efforts in the South 

Puget Sound have inspired careful optimism about the prospects of recovering the species 

in historically occupied areas (Linders et al. 2019). Research on E. e. taylori biology and 

ecology is relatively limited, and in many cases, managers have had to rely on knowledge 
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of other E. editha subspecies to make inferences about E. e. taylori life history traits 

(Ehrlich and Hanski 2004; Stinson 2005). But captive rearing programs and field 

observations have produced a number of important findings outside of academia, and 

novel conservation partnerships between WDFW, Oregon Zoo, and SPP, have 

contributed to species recovery while simultaneously helping to raise the public profile of 

E. e. taylori through outreach and engagement. Effective conservation of E. e. taylori will 

involve increasingly collaborative solutions to management and research deficits, with an 

emphasis on understanding the unique biological and ecological characteristics of local 

populations.
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Methods 

Biological data for this study was collected over many years during permitted laboratory 

rearing activities at Oregon Zoo and Mission Creek, as a part of general research and 

reporting requirements for WDFW and USFWS. Standardized husbandry procedures 

were developed by Oregon Zoo Conservation staff and published in Barclay et al. 

(2009b), with subtle modifications described in later Oregon Zoo reports (e.g. Lewis et 

al. 2014). Husbandry procedures occasionally varied at Mission Creek due to inherent 

differences in administration and facility design. All field collection and rearing methods 

described below are attributed to established WDFW and Oregon Zoo protocols. 

Study sites 

Butterflies were reared at two facilities: Oregon Zoo in Portland, OR (45°50’ N, 122°71’ 

W), and Mission Creek Corrections Center for Women in Belfair, WA (47°04’ N, 

122°86’ W). From 2004 to 2014, Oregon Zoo butterfly rearing mostly occurred in a large 

concrete room with limited natural light. Supplemental light and heat were provided by 

overhead fluorescent fixtures and heat lamps for most rearing stages. In 2014, the Oregon 

Zoo butterfly lab moved to a new building with more natural light, full-spectrum 

supplemental light, and improved temperature regulation (Lewis et al. 2015). To 

compensate for the lack of natural light, butterflies at the Oregon Zoo were frequently 

transferred between indoor and outdoor locations depending on their life stage and 

weather conditions; for instance, ovipositing females were temporarily housed in ambient 

conditions whenever the sun was out in Portland (Barclay et al. 2009a).  
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 At Mission Creek, all rearing stages other than diapause occurred in a purpose-

built, 7.3 x 3.1 m glass greenhouse with UV-transmitting panels. Mission Creek is a 

small, minimum security prison, and the greenhouse sits just outside the main perimeter 

fence. Incarcerated butterfly technicians were escorted out to the greenhouse from about 

8:00am–2:00pm each day and observed periodically by correctional officers. Technicians 

mostly worked without direct supervision, but graduate student coordinators from 

Evergreen visited the program once per week at minimum to train and support the 

incarcerated team. Keepers from the Oregon Zoo visited quarterly to ensure that rearing 

protocols were consistently followed. The Mission Creek greenhouse was designed to 

approximate ambient conditions but avoid detrimental extremes. In the summer months, 

cooling was provided by 30 cm exhaust fans and motorized intake shutters, along with 

passive roof ventilation designed to open above 13°C, and a 50% aluminet shade cloth 

draped across the entire structure. Heaters mounted near the ceiling prevented the 

greenhouse from freezing in the winter.  

Mission Creek and Oregon Zoo staff adjusted temperature and humidity 

parameters in their respective labs daily, to the extent possible, in order to meet stage-

specific environmental targets agreed upon by WDFW. For ovipositing females, facilities 

attempted to keep temperatures within the range of 10–32°C, with a peak range of 26–

32°C for 4–8 hours per day, and relative humidity ≥ 50% (Linders et al. 2019). 

Supplemental heat for oviposition was provided using 40-watt bulbs in the AM at Oregon 

Zoo, and extreme temperatures in the greenhouse at Mission Creek were mostly avoided 

using white sheets and towels for shading.  
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Data management 

Methods of collecting and organizing data for this project have evolved over time, and in 

some cases, methods have differed between facilities. Most lab data was first recorded 

onto paper data forms and later entered into Microsoft Excel spreadsheets or a Microsoft 

Access relational database. Oregon Zoo staff had direct use of a computer in the butterfly 

lab, while Mission Creek technicians had occasional access to a computer in a different 

area of the prison. Oregon Zoo data was transcribed annually by various staff and 

provided as a Microsoft Excel table for this study, while Mission Creek data was mostly 

available in the original hard copy form and transcribed into Microsoft Excel for Mac 

(version 16.25) by the author. An example datasheet can be found in Appendix A.  

Collecting wild females 

Wild females were taken from the largest extant population of E. e. taylori on Range 76 

at Joint Base Lewis-McChord, WA (47°01’ N, 122°34’ W) (Appendix A). Collection 

occurred during the annual flight season that typically begins in mid-April and tapers off 

by the end of May, although flight season start and end dates can vary by almost a month 

depending on the year (Linders et al. 2019). Biologists from WDFW searched for female 

butterflies in the AM and, when found, placed them in ventilated plastic jars. Each female 

was given a unique alphanumeric ID based on the order in which she was captured. 

Females were assumed to be gravid since E. editha females typically mate within hours 

of emergence (Boggs and Nieminen 2004; Bennett et al. 2012). Only during the 2008 

season were copulations observed in the field and females captured directly after mating 

(Barclay et al. 2009a). Jars housing the females and a cut nectar flower were placed in a 
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cooler and driven to the lab at Oregon Zoo or Mission Creek. Vehicle temperatures were 

kept ambient and extreme heat was avoided during transport. 

Oviposition procedures 

   

Figure 3. “Oviposition chambers” at Mission Creek.  

 

Upon arrival at the lab, females were weighed to the nearest 1mg on an analytical 

balance, after which they were fed using a cotton swab dipped in 1:3 honey water 

solution. Females were then placed in 3.8 liter oviposition chambers consisting of a 

Plantago lanceolata host plant surrounded by a clear plastic tub and covered with a 

secure mesh fabric (Fig 3). In the chamber, females had free access to moist sponges for 

water and small scrub sponges or cotton balls soaked in 1:3 honey water solution for 

nectar. Nectar sources were changed daily and water sponges were changed every other 



48 
 

day to avoid bacteria and mold. The base of the host plant was covered in white river 

rock to prevent eggs from falling into the soil. Host plants were watered regularly to 

maintain vigor and females were moved to fresh plants if their current host did not have 

enough healthy leaves for egg laying.  

   

Figure 4. Females feeding on 1:3 honey water swabs while technicians search plants for 
eggs. The image on the right was taken at Oregon Zoo, the left image at Mission Creek. 
Note how the proboscis is visibly attached to the Q-tip.  

 

Females were removed from their chamber and manually fed once per day using a 

cotton swab dipped in 1:3 honey water solution. Feeding occurred during egg checks so 

that technicians could properly search the oviposition chamber and change the female’s 

nectar and water sponges. During feeding, females were placed under an upside-down 

16oz deli cup and allowed to nectar until they were satiated (Fig 4). Technicians verified 

that females were feeding by making sure that their proboscis was unrolled onto the 

cotton swab.  
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Figure 5. Screen porch connected to the main lab at Oregon Zoo.  

Environmental conditions during oviposition varied depending on the facility and 

year. At Oregon Zoo, oviposition chambers were placed indoors against a southeast 

facing window and supplemental heat was provided to reach a target temperature of at 

least 27°C for 4 hours a day (Lewis et al. 2014). Whenever possible, zoo staff would 

place oviposition chambers outside in mottled sunlight to further stimulate egg laying. In 

2018, the zoo built a new screen porch where ovipositing females could lay in more 

ambient conditions without having to move them as frequently, although supplemental 

heat lamps were still provided (Fig 5).  

Mission Creek typically housed oviposition chambers in the small room of the 

greenhouse which is on the northwest end of the structure and reaches peak temperatures 

in the late afternoon (Fig 6). Facilities sometimes dealt with opposite environmental 

challenges, with Oregon Zoo providing supplemental light and heat and Mission Creek 
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attempting to shade and cool ovipositing females. Temperature and humidity were 

recorded each season using a HOBO data logger (U12 or similar model, 

www.onsetcomp.com) placed in the same location as the females and set to log 

conditions every 1 or 2 hours. These readings were summarized for annual reporting 

purposes, but no detailed analysis of environmental conditions was included in this study 

due to time constraints, uncertainty about logger placement, and incomplete records. 

Reported annual conditions for ovipositing females averaged 20°C with a range of 11°C–

34°C, and an average minimum relative humidity of 47% (Table 1). 

Table 1. Reported environmental conditions during wild female oviposition for Oregon 
Zoo and Mission Creek, 2011–2017. Data were retrieved from WDFW annual reports 
(Linders 2011; 2012; Linders and Lewis 2013; Linders et al. 2014; 2015; 2016; 2018; 
2019). The summary at the bottom is simply an average of the yearly values. 

Year Avg Temp (°C) Range Temp (°C) Avg Min RH (%) Range Min RH (%) 

Oregon Zoo 
2011 – 14–30 52 44–62 
2012 – 18–37 48 39–55 
2013 22 12–44 39 18–58 
2014 23 19–26 37 24–55 
2015 21 14–31 40 21–100 
2017 22 13–37 44 23–92 

Mission Creek 
2013 17 0–38 46 27–62 
2014 18 11–26 67 50–80 
2015 17 8–31 42 18–99 
2016 18 5–38 39 19–76 
2017 19 11–37 61 23–100 

x̅  

 
OZ Avg 22.0 15.0–34.2 43.3 28.2–70.3 
MC Avg 17.8 7.0–34.0 51.0 27.4–83.4 
Grand Avg 19.7 11.4–34.1 46.8 27.8–76.3 
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Figure 6. Oviposition chamber shelf placement and lighting conditions at Mission Creek.  

 

Eggs and larvae procedures 

Oviposition chambers were checked for eggs once every 24 hours in the AM. 

Females seemed to prefer laying on the underside of Plantago lanceolata leaves (Fig 7), 

but eggs could be found anywhere throughout the chamber, including the holes of 

sponges or scattered throughout the river rocks. This meant that technicians had to be 

vigilant to not miss any eggs, and occasionally, single eggs or small clusters were found 

an unknown number of days after they were laid. Once found, eggs were removed from 

the chamber by carefully cutting around the portion of leaf that they were laid on, or, if 

they were laid elsewhere, technicians transferred them using a lightly wetted, fine-tipped 

paintbrush. Eggs were then counted and placed in a 5.5oz lidded plastic cup lined with a 

white Bounty paper towel. Egg counts were conducted using a variety of techniques 

including normal eyesight, a 5-diopter magnifying lens, or a lab microscope depending 

on cluster size. Females laid eggs in mounded clusters, making the exact number of eggs 
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difficult to count from the surface. Due to husbandry objectives, technicians were unable 

to break up large egg clusters to count them more accurately, therefore, the number of 

eggs collected each day is considered approximate. Up to 50 eggs were placed in a single 

cup unless the cluster size was > 50, in which case large clusters were kept intact. Eggs 

were tracked by cup and each cup had a companion data sheet that followed the 

development of those eggs all the way through to larval diapause (Appendix A). The total 

number of eggs per day, per female was noted on a separate datasheet. Cluster size was 

also recorded, but in some years this information was lost or incomplete.  

 

Figure 7. A female laying eggs on P. lanceolata at Mission Creek.  

 

Egg development was tracked by estimating the % of eggs in each cup that 

changed color after 1 week, from yellow, to tan, to red, to purple, to clear right before 

hatching. 1st instar larvae were given freshly cut Plantago lanceolata leaves to eat, and 

the amount of food was increased as the larvae grew. The exact number of offspring in an 
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egg cup was not officially known until a majority of larvae in the cup reached 3rd instar 

and zoo staff considered them safe enough to handle (Linders and Lewis 2013). At this 

point, 3rd instar larvae were transferred to 16oz deli cups lined with white Bounty paper 

towels and covered with perforated cloth lids. Each 16oz cup held ~15 larvae, and staff 

handled larvae using wide-tipped BioQuip forceps. Larval cups were labeled and tracked 

using the same datasheet as the egg cups so that each cup of 3rd instar larvae retained 

their maternal lineage, hatch date, and lay date. Larvae continued to develop in the lab 

until they reached 5th instar and entered diapause by mid-summer.  

Age-specific fecundity 

The main purpose of this study was to describe patterns of oviposition in wild-caught E. 

e. taylori females reared in the lab at Oregon Zoo and Mission Creek. Methods were 

adapted from other studies where researchers calculated age-specific fecundity for 

butterflies, in particular Labine (1968), Boggs (1986, 1997b), and Cushman (1994); 

however, there were a number of limiting factors at play due to conservation objectives 

and the retrospective nature of this analysis. First, the age of wild-caught butterflies was 

not assessed prior to transporting them to the lab, meaning their emergence date and 

weight, mating status, and number of eggs laid prior to capture were unknown. Second, a 

subset of wild adults were released from the lab before natural death, so their true 

longevity can only be approximated by time spent in captivity. Third, environmental 

conditions in the lab were not experimentally controlled, and daily temperature and 

humidity data were excluded from this study pending further evaluation. Since lifespan, 

emergence weight, copulation date, prior reproductive effort, and environmental factors 

can all influence the timing and extent of oviposition (Boggs and Nieminen 2004), 
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outcomes of this research are presented as a rough estimate that should be verified by 

additional field and lab studies.   

Before calculating age-specific fecundity, daily egg count accuracy was assessed 

by comparing the number of eggs laid to the number of larvae officially counted at 3rd 

instar. The number of larvae at 3rd instar differed from the original egg estimate based on 

both hatch success rate and observer error. It was discovered that up to 13% of egg 

counts at Oregon Zoo and up to 40% of egg counts at Mission Creek were 

underestimates, meaning the number of larvae resulting from a single egg cup was greater 

than the estimated number of eggs in that cup at the time eggs were collected (K. Curry, 

unpubl. data). Overestimates were harder to identify due to the influence of development, 

so they were not assessed for accuracy; however, it is likely that both over- and 

underestimates accrued similar rates of observer error. If the percentage of observer error 

is similar for under- and overestimates, it is possible they could essentially cancel each 

other when looking at the overall hatch rate of a given cohort, so hatch to 3rd instar may 

still be a valuable survival metric in summary form. But in terms of individual egg cups, 

the number of eggs counted is not precise enough for this study. Therefore, oviposition 

results are reported as “offspring” rather than “eggs”, and the number of offspring per 

day is actually the number of larvae that eventually hatched from eggs laid on that day. 

Based on annual summaries from WDFW reports, the average hatch rate for all wild 

female eggs from 2010–2017 was 89% (range = 73–100%), so relying on larvae instead 

of eggs could lead to a slightly lower projection of age-specific fecundity. 

Age-specific fecundity curves were derived from the mean number of offspring 

produced each day by X number of females, with day 0 being the capture date of each 
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wild “cohort” (i.e. a group of females collected on the same day). Standard error was 

calculated for each daily mean to give a sense of variability and sample size. The curve 

also includes the % of females surviving in the lab on day X. Individual curves were 

generated for each wild cohort, along with a cumulative curve for select wild cohorts 

combined across years. Cohorts included in the cumulative curve were selected based on 

their capture date relative to peak flight for each season, since there seemed to be a steep 

decline in mean daily offspring for adults captured more than one week after peak 

abundance. Flight season estimates for Range 76, including dates of first sighting, last 

sighting, and peak abundance, were taken from distance sampling surveys in 2011–2019 

WDFW annual reports (Linders 2011; 2012; Linders and Lewis 2013; Linders et al. 

2014; 2015; 2016; 2018; 2019).   

Statistical analysis 

Summary statistics were generated in Microsoft Excel for Mac (version 16.25) for each 

cohort of wild females. The mean total offspring and mean daily offspring were 

calculated for individual cohorts, along with the mean number of days on which females 

in each cohort laid eggs. Female lifespan was approximated by subtracting capture dates 

and the day females died in the lab, or were released back into the field. Mean daily 

offspring was a function of the total offspring per cohort divided by the total number of 

days on which females in that cohort laid eggs. For example, a female that laid 100 eggs 

and lived 7 days but only laid eggs on 4 of those days was said to have ~25 offspring per 

day. This contrasts with other studies where daily fecundity is a function of total 

offspring divided by a female’s actual lifespan (e.g. Elgar and Pierce, 1988).  
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 Adult size at emergence and reproductive effort are known to be associated in E. 

editha. In the case of Murphy et al. (1983), female weight at emergence was positively 

correlated with the weight of first egg masses. While egg weights and adult emergence 

weights were not collected during captive rearing activities, weight upon capture for wild 

E. e. taylori females was available for 2014–2018. The relationship between adult weight 

and mean daily offspring was explored using correlation analysis in Microsoft Excel. In 

addition to the size/fecundity relationship, the weight of females captured at different 

times during the flight season was also explored. Females were often captured in multiple 

cohorts within a given year, some earlier and some later in the season. Mean weight 

between different capture groups was compared using a single factor ANOVA and follow 

up Tukey HSD test in Microsoft Excel. Because emergence weight was unknown, and 

because no weights were available prior to 2014, female weight was not applied to the 

age-specific fecundity analysis. However, weight was explored separately as a factor that 

may be relevant to fecundity and should be integrated more fully into future research. 
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Results 

Oviposition summary 

From 2008 to 2018, 265 E. e. taylori females were collected at Range 76 and 

brought to the lab at Oregon Zoo or Mission Creek for oviposition. Of those, 42 failed to 

lay or died before they could lay (16%), 8 laid eggs that failed to hatch (3%), and 215 laid 

eggs that produced offspring (81%) (Fig 8). A total of 46 butterflies were released from 

both facilities after they had met a predetermined oviposition target, while the remaining 

219 died in captivity. Females were collected as early as 5 days before and up to 16 days 

after peak abundance at Range 76. Flight season abundance estimates from WDFW show 

the first sighting, peak abundance, and last sighting from Range 76 for all years starting 

in 2011 (Fig 9). No flight season data was available for 2008.  

 

Figure 8. Number of wild females collected each year at Range 76 on Joint Base Lewis-
McChord, WA, versus the number that laid viable eggs in the lab at Oregon Zoo in 
Portland, OR, and at Mission Creek in Belfair, WA, 2008–2018 
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Figure 9. First and last checkerspot sightings and peak abundance estimates provided by 
WDFW for Range 76 on Joint Base Lewis-McChord, WA 2011–2018, along with 
collection dates for wild females brought to the lab for oviposition. 

 

A grand total of 35,714 larvae were produced by wild-caught R76 females 

between 2008–2018, with an average (±SD) of 166.1 (±117.9) offspring per butterfly. 

The greatest mean number of offspring per cohort was 274.6 (±103.4) larvae from 25 

productive females collected on 8 May 2018, and the lowest was 15.8 (±8.2) larvae from 

6 productive females collected on 31 May 2017 (Table 2). The greatest total number of 

offspring for an individual butterfly was 542 larvae in 2014, and the greatest number of 

offspring produced by an individual butterfly on a single oviposition day was 215 larvae 

in 2008. The greatest mean (±SD) number of daily offspring per cohort was 58.5 (±34.5) 

larvae from 18 productive females collected on 25 April 2015 (Table 2). One female in 

2016 laid an estimated 698 eggs at the Oregon Zoo––by far the most for any butterfly in 

the program––but several of those egg clusters were transferred to a University of 
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Washington researcher before they could hatch, so the number of larvae resulting from 

those eggs is unverified. 

Table 2. Collection date, days from peak flight, and the number of females who laid eggs 
that hatched for each cohort collected by WDFW at Range 76 on Joint Base Lewis 
McChord, WA from 2008–2018, followed by the mean and SD of the number of days in 
the lab (i.e. lifespan), days on which eggs were laid, offspring per day that eggs were laid, 
and total offspring per cohort for females at the Oregon Zoo in Portland, OR and Mission 
Creek in Belfair, WA. 

Date 
collected 

Days 
from 
peak 

# females 
collected 

# females 
productive 

Total days in 
the lab 
x̅ ± SD 

Days eggs 
laid 

x̅ ± SD 

Daily 
offspring 
x̅ ± SD 

Total 
offspring 
x̅ ± SD 

16-May-08 N/A 9 9 15.3 ± 8.6 5.4 ± 3.4 43.4 ± 44.6 236.3 ± 106.2 
19-May-11 0 12 11  9.0 ± 1.8 1.8 ± 1.3 57.1 ± 30.8 103.7 ± 54.4 
29-May-11 +10 12 10  8.3 ± 2.7 2.7 ± 1.4 43.7 ± 28.7 117.9 ± 72.6 
19-May-12 +8 16 8  5.5 ± 4.8 2.3 ± 1.5 27.7 ± 22.4 62.3 ± 33.7 
24-May-12 +13 8 5  5.3 ± 3.7 1.0 ± 0.0 24.8 ± 14.3 24.8 ± 14.3 
8-May-13 +2 21 18 11.5 ± 5.9 3.9 ± 1.8 46.5 ± 34.5 180.9 ± 110.5 

19-May-13 +13 3 3  4.7 ± 0.6 1.0 ± 0.0 37.3 ± 30.7 37.3 ± 30.7 
4-May-14 -3 27 25 15.3 ± 6.5 5.1 ± 3.2 43.3 ± 30.6 221.4 ± 139.8 

16-May-14 +9 11 7  5.7 ± 2.8 1.7 ± 0.5 28.3 ± 23.2 48.4 ± 25.1 
25-Apr-15 +5 21 18 11.9 ± 5.2 2.9 ± 1.0 58.5 ± 34.5 176.3 ± 66.4 
6-May-15 +16 19 15 10.3 ± 4.6 2.3 ± 1.8 33.9 ± 19.5 76.7 ± 71.7 

25-Apr-16 +5 30 26 11.2 ± 4.5 4.0 ± 1.9 48.0 ± 38.7 190.2 ± 97.1 
17-May-17 -5 13 11 10.7 ± 3.9 3.5 ± 1.8 57.7 ± 36.2 230.7 ± 158.2 
23-May-17 +1 10 7  8.7 ± 4.2 2.1 ± 1.6 56.1 ± 33.8 136.3 ± 72.1 
31-May-17 +9 10 6  4.6 ± 1.6 1.0 ± 0.0 15.8 ± 0.0 15.8 ± 8.2 
8-May-18 +1 29 25 10.6 ± 3.7 5.2 ± 2.6 52.4 ± 38.4 274.6 ± 103.4 

14-May-18 +7 14 11   7.9 ± 0.3 3.2 ± 1.4 48.0 ± 30.0 152.7 ± 69.9 

 

Age-specific fecundity 

The average number of offspring per day showed a nonstatistical downward trend for 

groups of wild females collected later in the flight season (Fig 10). Therefore, a subset of 

these cohorts with similar daily fecundity rates were combined for a pooled age-specific 

fecundity analysis. Based on a visual assessment of the data, females collected ≤ 7 days 

after peak flight with mean daily offspring of values of ~40–60 were pooled (n = 161 
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females), while females collected > 7 days after peak flight with mean daily offspring 

values of ~15–45 were excluded (Fig 10).  

 

Figure 10. Collection date relative to peak flight and mean daily offspring for n = 16 
cohorts of wild females caught at Range 76, Joint Base Lewis-McChord, WA 2008–2018 

 

A generalized oviposition curve depicting age-specific fecundity was created for n 

= 161 wild females from 10 collection cohorts (Fig 11). Because groups were combined 

across years, the x-axis represents days from capture for each cohort rather than actual 

calendar days, with day “0” being the capture date. The secondary y-axis shows the 

proportion of females surviving on a given day, but this is not analogous to lifespan since 

39 out of 161 females were released before natural death. For this subset of n = 161 

females, the mean (±SD) total offspring per female was 200.1 (±113.0), and the mean 

daily offspring was 49.4 (±36.1). Age-specific fecundity for this subset of n = 161 

females was also expressed as a weighted mean and proportion (Appendix B). In addition 
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to the generalized oviposition curve, individual curves were created for each cohort of 

wild females captured from 2008–2018 (Appendix B).  

 

Figure 11. Age-specific fecundity (i.e. mean offspring per day) for n = 161 wild E. e. 
taylori females captured at Range 76 on Joint Base Lewis-McChord, WA, 2008-2018 

 

In order to verify that 3rd instar larval counts were a good proxy for eggs laid, 

summary statistics were run on the same group of n = 161 females from above using 

actual daily egg estimates instead of the resulting larvae. Mean (±SD) total eggs counted 

per female was 212.5 (±127.4), and mean eggs counted per day was 49.6 (±35.8). A t-test 

conducted on a smaller subset from 2018 revealed no significant difference (t340 = 0.09, P 

= 0.93) between mean eggs per day versus mean larvae per day, and the mean total eggs 

versus mean total larvae for that group was similarly nonsignificant (t72 = 0.21, P = 0.84). 
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Larvae counted at 3rd instar (i.e. “offspring”) seem to be a sufficient stand-in for eggs 

given that individual egg counts were not always precise. A visual reference is provided 

in Appendix B, with the estimated eggs graphed onto the same figure as the larvae. 

Weight effects 

Weight (g) of wild females did not appear to have a strong effect on fecundity, but there 

was a moderate positive correlation (n = 138, r = 0.457, P < 0.001) between female 

weight at capture and total offspring produced (Fig 12). Two outliers in the upper range 

of the weight and fecundity distribution were removed.  

 

Figure 12. Weight (g) at capture and total offspring for n = 138 wild females collected 
from Range 76 on Joint Base Lewis-McChord, WA, 2014–2018. Regression line plotted 
for illustration purposes. 
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Total offspring produced in the lab is not a great measure of actual lifetime 

fecundity since females likely laid eggs in the field before they are captured. Some 

females were also removed from oviposition after meeting predetermined egg targets. 

However, mean daily offspring had a weaker correlation to weight (n = 145, r = 0.197, P 

= 0.018) than total offspring, making capture weight a poor predictor of oviposition rate 

as well. A more obvious pattern was discovered between capture weight and capture date, 

with females captured later in the flight season each year being consistently lighter than 

those captured earlier (Fig 13; Table 3). 

 

Figure 13. Box plots of weight (g) for n = 185 wild females collected from Range 76 on 
Join Base Lewis-McChord, WA, 2014–2018.  
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Table 3. Descriptive statistics for weight (g) of n = 185 wild females collected at Range 
76 on Joint Base Lewis-McChord, WA, 2014–2018. For each cohort, ‘Date’ = date 
collected and ‘Peak’ = number of days since peak flight (negative values are for days 
before peak flight).  

 2014 2015 2016 2017 2018 

Date 4 May 16 May 25 Apr 6 May 25 Apr 17 May 23 May 31 May 8 May 14 May 
n 29 11 20 20 29 13 10 10 29 14 

x̅ 0.1430 0.0768 0.1414 0.1112 0.1230 0.1365 0.1085 0.0640 0.1529 0.1037 

SD 0.0385 0.0116 0.0292 0.0313 0.0232 0.0233 0.0109 0.0100 0.0238 0.0248 

Min 0.0648 0.0540 0.0811 0.0600 0.0850 0.0910 0.0920 0.0550 0.0920 0.0580 

Max 0.2270 0.0915 0.1900 0.1910 0.2040 0.1720 0.1250 0.0870 0.1820 0.1510 

Peak -3 9 5 16 5 -5 1 9 1 7 

 

 While the trend in lighter females captured later was apparent from the summary 

data (Fig 13; Table 3), these relationships were difficult to explore in greater depth 

because of the small sample sizes. A t-test was conducted for the first and second capture 

groups in 2015 that each had a sample size of n = 20 females, and the second capture 

group from 6 May 15 did appear significantly lighter than the first group from 25 April 

15 (t38 = 3.16, P < 0.01). However, a single-factor ANOVA was also run to explore the 

between-year variation of first capture groups in 2014, 2016, and 2018; each of which 

had a sample size of n = 29 females (Table 4). This revealed a significant difference in 

mean capture weight between years (F2,84 = 7.8, P < 0.001), and a post-hoc test of 

Tukey’s HSD showed that the 2016 group differed significantly from both the 2018 and 

2014 groups at a = 0.05, although there was no significant difference between 2014 and 

2018. Because of this interannual variation, plus inconsistent collection dates relative to 

peak flight, “earlier” and “later” collected females could not be reliably pooled for 

statistical comparison across years.  
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Table 4. Single Factor ANOVA for capture weights (g) of three wild female cohorts (n = 
87) from Range 76 on Joint Base Lewis-McChord, WA, 2014–2018 

 Capture Groups Count Sum Average Variance 
 

4 May 14 29 4.147 0.143 0.002 
 

25 Apr 16 29 3.568 0.123 0.001 
 

8 May 18 29 4.434 0.153 0.001 
 

Source of Variation SS df MS F P-value 

Between Groups 0.013 2 0.007 7.774 7.987x10-4 

Within Groups 0.073 84 0.001 
  

Total 0.086 86 
   

 

Differences between facilities 

To make sure that reproductive outcomes were not confounded by differences between 

rearing institutions, some comparisons were made between traits of Oregon Zoo and 

Mission Creek females. For instance, longevity is a factor that can influence both the rate 

and extent of oviposition, so a facility with a higher life expectancy might appear to have 

higher fecundity as well. Mean lifespan for wild females that died in captivity (as 

opposed to being released) from 2013 to 2018 was lower at Mission Creek four out of six 

years, but a t-test showed no significant difference in overall mean lifespan between 

Mission Creek and Oregon Zoo (t177 = -0.85, P = 0.40). Wild females that died at Oregon 

Zoo lived an average (±SD) of 11.3 (±5.0) days, while Mission Creek females lived for 

10.6 (±5.4) days. For 2012 to 2018, mean (±SD) total offspring for wild females (n = 

112) at Oregon Zoo was 187.5 (±130.5), while Mission Creek had 152.2 (±109.7) total 

offspring per female (n = 126).  
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A t-test did reveal one significant difference between Oregon Zoo and Mission 

Creek: the development rate from egg to hatch. From 2012 to 2018, mean egg 

development time was 3 days faster on average at Oregon Zoo (t573 = 16.2, P < 0.001). 

Mission Creek eggs took 13.6 (±2.7) days to hatch from the day they were laid, while 

Oregon Zoo eggs hatched in 10.6 (±2.2) days (mean ±SD). Unlike the difference in 

lifespan, which was more of a trade-off between facilities year-to-year, egg development 

was faster at Oregon Zoo in six out of seven years analyzed (Fig 14). 

 

Figure 14. Average days from egg collection to hatch, per facility, per year, 2012–2018 
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Discussion 

This analysis offers an initial glimpse into the reproductive traits of wild-caught 

E. e. taylori females in captivity. Age-specific fecundity was calculated for a pooled 

subset of n = 161 wild females from 2008–2018 in order to approximate a generalized 

oviposition curve for the species. Females in this subset lived 11.4 (±5.3) days in the lab 

(mean ±SD) and oviposited on 4.0 (±2.4) of those days. The mean rate of oviposition was 

49.4 (±6.1) offspring per day (as a function of days on which eggs were laid) and mean 

lifetime fecundity was 200.1 (±113.0) offspring. The absolute maximum number of 

offspring from an individual female was 542 offspring (mean max = 363.7 ±109.8). 

Female weight was described for the years available, with individuals collected between 

2014 and 2018 (n = 185) weighing an average (±SD) of 0.1243g (±0.0361g) at capture. 

The rate of within-year variation was greater than between-year variation for most of the 

factors explored. Based on these findings, it appears that E. e. taylori may produce fewer 

eggs than other E. editha populations, but a follow-up research is needed to characterize 

reproduction experimentally and in the field.  

Adult lifespan 

Lifespan is an essential component of reproductive success in E. editha (Boggs 

and Nieminen 2004). The approximate lifespan of wild-caught E. e. taylori females 

varied depending on collection date, with females captured later in the season living 

fewer days on average, although this trend could not be statistically verified. One cohort 

(n = 10) collected on 31 May 2017 lived for only 4.6 ±1.6 days (all mean ±SD), while 

another (n = 9) collected on 16 May 2008 lived for 15.3 ±8.6 days. The multi-year 
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summary group of n = 161 productive females used in the age-specific fecundity analysis 

had a pooled mean lifespan of 11.4 ±5.3 days. The longest living female in any cohort 

survived 34 days in captivity. Lifespan did not significantly differ between facilities.  

On the surface, the lifespan of E. e. taylori appears comparable to studies of E. e. 

bayensis. Murphy et al. (1983) report a mean adult lifespan of 15.1–16.4 days for lab-

reared females with sugar in their diet, while females deprived of sugar lived only 9.9–

12.0 days. The mean adult lifespan in Labine (1968) was ~18 days (max = 31 days) for n 

= 53 captive females, whereas Cushman et al. (1994) report a max lifespan of 19 days for 

n = 21 captive females. It is important to note that animals used in studies of the Bay 

checkerspot were collected in the field as late-instar larvae and reared in the lab, whereas 

E. e. taylori in this study were captured as adults. Chances are that wild-caught E. e. 

taylori females had lived one or more days in the field prior to capture, so their mean 

“lifespan” in the lab can only approximate their total lifespan. However, mark-recapture 

studies have shown that female E. editha in natural populations die up to a week earlier 

than females raised in captivity (e.g. Cushman et al. 1994), so the lifespan reported here 

for E. e. taylori in the lab may still exceed the average life expectancy of females in the 

field.  

Patterns of oviposition 

 The oviposition pattern of E. e. taylori females was calculated for each cohort of 

wild-caught females, and an attempt was made to create a generalized curve by pooling 

oviposition data from multiple years of the captive rearing program (Fig 11). This 

resulted in an “expected” pattern of age-specific fecundity for n = 161 females, similar to 

the figure that Labine (1968) first created to represent E. e. bayensis. For E. e. taylori, the 
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curve shows an early peak of 82.3 ±49.5 offspring (all mean ±SD) produced during the 

first day of oviposition, followed by a ~50% decline to 40.5 ±25.8 offspring by the 

beginning of week two, and another ~50% decline to 20.3 ±9.0 offspring at the start of 

week three. Females in this group produced 200.1 ±113.0 total offspring, based on the 

mean of the actual totals per female. Expressed as a proportion, females produced 93% of 

their total offspring in their first five laying-days (starting on the first day a female laid 

eggs and excluding all days when she did not lay) (Appendix B). E. e. taylori frequently 

laid eggs on sequential days, but there were also gaps of a day or more between bouts of 

oviposition, along with some conspicuous gaps of several days that could be attributable 

to environmental conditions.  

 One motivation of this analysis was to compare reproduction of E. e. taylori to 

other E. editha subspecies. However, methodological differences make it difficult to 

examine these results for E .e. taylori side-by-side with studies of E. e. bayensis. In 

Labine (1968), for example, the expected number of eggs per female is calculated by 

summing the mean daily eggs after multiplying each mean by the percentage of females 

surviving on that day, leading to a theoretical output of 731 eggs per E. e. bayensis 

female (n = 53). When the same calculations are performed on E. e. taylori data (n = 161 

females), the theoretical output becomes 599 eggs per female. This number seems high 

compared to the actual recorded number of offspring per female in the E. e. taylori 

sample, which was 200.1 ±113.0 (max = 542). While E. e. taylori females clearly have 

the potential to produce > 500 offspring in captivity, few females actually did so, and the 

mean is much lower than the theoretical value of 599. Even if one were to contrast this 

theoretical output for E. e. taylori with E. e. bayensis results from Labine (1968), there 
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remains the issue of husbandry. Female E. e. bayensis were reared from larvae and 

experimentally bred in captivity for the purpose of studying oviposition (Labine 1968). 

Age-specific fecundity for E. e. bayensis is measured by actual female age, not by 

calendar days as with the E. e. taylori curve. Combining wild E. e. taylori cohorts across 

years may also distort the curve in unseen ways, and it is unknown how many eggs wild-

caught females laid before they began to lay in captivity. Labine (1968)’s theoretical 

measure of expected fecundity for E. e. bayensis––731 eggs per female––cannot be 

reliably compared to E. e. taylori.  

 However, there are some findings in Labine (1968) and other studies that provide 

clues regarding the rate of oviposition in E. e. bayensis relative to E. e. taylori. Table 1 in 

Murphy et al. (1983) shows a mean lifetime fecundity of 649–805 eggs (max > 1,100) for 

n = 15 E. e. bayensis females fed diets containing a combination of sugar and amino 

acids. In contrast, females in diet groups fed no sugar (n = 15) laid 401–427 total eggs on 

average (Murphy et al. 1983). Another group of n = 58 E. e. bayensis females in Labine 

(1968) were dissected and found to have ~200 mature eggs and ~1,100 total eggs in their 

ovaries upon eclosion, and Boggs (1997b) reported similar findings with 113.9 ±32.7 

mature eggs at eclosion and 660 ±91 total oocytes per female. These corroborating 

sources strongly indicate that E. e. bayensis produces a greater number of offspring in 

captivity than E. e. taylori females used in the South Sound rearing program, but more 

research is needed to assess the true lifetime fecundity of E. e. taylori.  

Weight and fecundity 

 Female size can be a determining factor in reproduction for E. editha and other 

butterflies. Wing area, size, and weight may all be correlated (Boggs 1986), but for E. 
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editha, wing area and size are independent, so adult emergence weight has been used as a 

proxy for size (Murphy et al. 1983). Weight can be associated with the daily fecundity of 

butterflies (Elgar and Pierce 1988), and size can influence both lifespan and egg 

production in some genera (Trager and Daniels 2011). Boggs (1997b) found that the 

emergence weight of E. e. bayensis females did not affect their number of mature eggs at 

eclosion, but it was positively correlated with total eggs, meaning heavier females have 

greater lifetime reproductive potential.  

 Emergence weight was not available for wild-caught E. e. taylori, but weight at 

capture was positively correlated with total offspring per female (Pearson’s r = 0.457), 

and there was a much weaker but still significant correlation between capture weight and 

mean daily offspring per female (Pearson’s r = 0.197). Descriptive statistics showed an 

obvious decline in mean weight within years depending on the day females were 

collected; no cohort captured later in a given season was heavier than the group captured 

earlier. Theoretically, this makes sense. Female weight declines with age in E. editha due 

to loss of egg mass, and in some cases, emaciation. Murphy et al. (1983) measured a 

16.42% loss of net body weight over the lifetime of female E. e. bayensis that were 

unfed, but a slight net gain in body weight (after accounting for weight lost via eggs) in 

females fed sugar diets. Females in their study were usually below 50% of their 

emergence weight right before death. Boggs (1997b) reports a mean emergence weight of 

0.2610g ±0.0314g (SD) for a group of 13 E. e. bayensis females, and a slightly lower 

mean emergence weight of 0.1897g ±0.0401g for a second experimental group of 21 

females. Based on Murphy et al. (1983)’s study, a female in the second group from 

Boggs (1997b) with a starting weight of 0.1897g would be expected to weigh < 0.0949g 
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around the time of her death. This example from E. e. bayensis is a good analog for the 

2017 flight season of E. e. taylori: females collected 17 May weighed 0.1365g ±0.0233g, 

while females collected 31 May weighed 0.0640g ±0.0100g, or about 50% of the weight 

of the 17 May cohort. Mean lifespan for the 17 May cohort was 10.7 ±3.9 days, and for 

the 31 May group, 4.6 ±1.6 days. While emergence weight and age of these wild females 

is unknown, it is clear that females collected later weighed less and lived much shorter in 

captivity. It is worth asking whether later-caught females were lighter because of lost egg 

mass, or if they were also losing weight from a lack of adequate nectar resources.  

The overall weight for all E. e. taylori females was 0.1243g ±0.0361g (n = 185, 

range = 0.0540g–0.2270), which makes them lighter than both samples of E. e. bayensis 

in Boggs (1997b), although again, E. e. taylori females were weighed at capture, not 

emergence. Studying the emergence weight of lab-reared E. e. taylori females could 

provide critical information on this subspecies, since size can influence the reproductive 

effort of adult E. editha and indicate the quality of larval nutrients (Boggs 1997a).  

Population dynamics 

 If we take the mean (±SD) total offspring of 200.1 ±113.0 larvae and use that to 

calculate the rate of increase for a single colonizing E. e. taylori female (after Labine 

1968), the math shows that one E. e. taylori female could potentially start a population of 

200 adults after the second generation (2,000 adults after the third generation, etc.). 

Although, this model assumes an egg to diapause survival rate of 10%, which is higher 

than expected for most E. e. bayensis females, especially those emerging later in the 

flight season (Cushman et al. 1994). Still, the potential order of magnitude increase in 

population size for E. e. taylori––especially considering that captivity results in an 
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underestimate of mean lifetime fecundity––is encouraging for reintroduction efforts and 

could help explain the large inter-annual fluctuation in population abundance at the 

source site (Linders et al. 2019). The consistent rate of oviposition in the lab from 2008–

2018 confirms that survival is likely a more important variable than reproduction in 

determining year-to-year population dynamics for E. e. taylori (M. Linders, pers. comm.).  

Limitations 

There are several limiting factors to this study that influence the way outcomes 

should be interpreted. The “age” of females was approximated based on the day they 

were collected in the field, and in some cases, females were released from the lab before 

they died. Key demographic information such as emergence date, emergence weight, and 

mating history were also unknown. Cluster size was not always reported, so the 

oviposition rate had to be summarized by day only. Age-specific fecundity was 

calculated using the number of larvae (i.e. “offspring”) resulting from eggs laid each day 

rather than the egg count itself, since individual egg counts were subject to observer 

error. A subset of females were removed from oviposition after they had met 

conservation-based egg targets, meaning that individuals in the lab did not always lay 

their full egg complement. Finally, environmental conditions were not considered in this 

analysis due to time constraints and availability of the data, leaving questions about 

abiotic variables unanswered. The combined influence of collection and captivity must be 

taken into account when making assumptions about natural populations based on this 

study. 
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Further implications 

This study marks the first formal attempt to describe patterns of oviposition in E. 

e. taylori. As such, more questions were raised than were answered, and initial findings 

provide a number of directions for future research. For captive rearing programs, factors 

to consider include the timing of field collection, the diet fed to females during 

oviposition, the fitness value of early-laid clusters, the accuracy of egg counts, and the 

potential effect of environmental conditions on all of this. Groups collected within 7 days 

of the peak abundance estimate at Range 76 displayed a pattern of higher mean daily 

fecundity (Fig 10), suggesting that collecting females near peak flight is preferable for 

achieving desired rearing outcomes. Females in the rearing program are manually fed 

30% honey-water each day, which presumably provides adequate nutrition to prolong 

their lifespan and egg deposition (Barclay et al. 2009). However, nutritional quality is 

difficult to verify given the data available, and more information on daily weight loss and 

egg weight could help evaluate this feeding procedure. For instance, E. e. bayensis eggs 

appear to have a consistent mass of 0.23–0.25 mg in the first ~360 laid, but egg weight 

declines in later clusters, potentially reducing their hatch rate (C.L. Boggs, unpubl. data, 

cited in Boggs and Nieminen 2004).  

Along these lines, it is difficult to assess the actual quantity and survival rate of 

eggs laid in the first few days of E. e. taylori’s life since females for the captive rearing 

program were captured at an unknown age. The importance of early laid egg clusters 

could be explored in greater depth by looking at available data on captive-reared E. e. 

taylori females, since adults in the captive breeding colony were raised from eggs and 

have known emergence date, weight, and mating history. Allowing an experimental 
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subset of females to lay their entire egg complement could also help measure the tail end 

of the oviposition curve, which is muddied here due to the release of some females in the 

rearing program before they have finished laying.  

The physical process of counting large egg clusters is difficult in the captive 

rearing program because survival and gentle handling are higher priorities than exact 

measurement. Clusters are left intact even when they are several rows deep, and thus egg 

counts are considered “estimates”, with offspring verified later by counting larvae at 3rd 

instar (Linders and Lewis 2013). Though individual egg counts were determined to be at 

least 27% underestimated among both rearing institutions, it appears that averaging the 

egg counts for each year may eliminate some of the noise. In other words, individual 

counts are not precise, but summary values may still be “accurate” in that they approach 

the true number of eggs laid in aggregate. More research should explore this discrepancy, 

and rearing facilities may seek to improve training and data collection protocols.  

All variables considered in this study are subject to environmental conditions. 

Rearing facilities report mean temperature and humidity readings for each life stage of 

the program-year and attempt to reach standardized targets, but over the period covered 

by this dataset, conditions were highly inconsistent. The Oregon Zoo butterfly lab moved 

to a new building halfway through the project, the Mission Creek lab is an actual 

greenhouse, and both facilities have kept adult females in ambient or near-ambient 

conditions for at least a portion of the oviposition period. Environmental monitoring 

devices have been employed at both facilities, so in theory, hourly data could be analyzed 

alongside daily oviposition rates. But before this analysis could proceed, environmental 

readings and records of logger placement would need to be properly evaluated. Future 
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oviposition studies that incorporate more careful environmental controls could help 

attribute reproductive variability to abiotic versus intrinsic factors.  

Overall, this study makes a case for viewing captive rearing programs as valuable 

research sites. Collecting field data on imperiled butterflies can be difficult, and common 

techniques such as mark-recapture studies or manipulative experiments may be 

incompatible with conservation objectives (Stinson 2005). For E. e. taylori, the rearing 

programs have compensated for the lack of field data by maintaining detailed biological 

records of individual butterflies while simultaneously following established protocols and 

supplying captive stock for reintroduction. Furthermore, engaging incarcerated people in 

the conservation of an endangered species fulfills an important social objective. The 

combined power of connecting vulnerable wildlife with a vulnerable human population 

has ripple effects beyond mere species recovery. Each technician in this program has the 

potential to spread the values of wildlife conservation to their own community upon 

release, and for those who have longer sentences, this work allows them to make 

meaningful contributions from the inside. Prisoners in the E. e. taylori program are 

treated as equals among a network of conservation professionals, which can improve 

their self-image and increase their chances of success in the future––for instance, one 

former butterfly technician is now a graduate student at Evergreen. At the same time, 

conservation professionals are exposed to the positive social impact of diversifying the 

environmental workforce. A cultural shift may also occur for WADOC employees who 

are able to practice ecological concepts in collaboration with incarcerated individuals 

(Bush et al. 2015). SPP programs across the Pacific Northwest are becoming important 

proving grounds for this socially mutualistic approach to environmentalism.  
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Conclusion 

This thesis demonstrates that, not only do captive rearing facilities contribute to 

conservation goals, they have the potential to provide substantial research on E. e. taylori 

biology. Consistent and detailed recordkeeping during the rearing process has enabled 

fine-grain, retrospective analysis of age-specific fecundity and other reproductive traits 

that are difficult to study in the field. Long-term data collection has also revealed that the 

average daily fecundity of wild-caught E. e. taylori females varies more within years than 

between years, and that females caught later in the flight season weigh significantly less 

than those captured earlier.  

This is the first study to describe patterns of oviposition for E. e. taylori in 

captivity, and results should be considered exploratory. Environmental conditions and 

rearing methods may have impacted reproductive outcomes in this sample. More research 

is needed to confirm these findings using experimental groups in the lab or field, and 

future studies should investigate the same parameters using existing data for captive-bred 

E. e. taylori females that have been reared from the egg stage. Despite limitations, ex situ 

propagation has revealed new details about the reproductive traits of this endangered 

subspecies. Animal care experts at the Oregon Zoo and incarcerated technicians at 

Mission Creek have continued a successful collaboration with WDFW and SPP; uniting 

conservation and research goals and serving as a model for adaptive management and 

interdisciplinary community science. Together, our work has advanced the literature on 

E. editha populations in the Pacific Northwest range. Future explorations of E. e. taylori 

biology and ecology should consider how this rare ecotype might vary from other well-

studied taxa, and how that variance might affect conservation.   
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Appendix A: Additional Images 

 

Figure A1. Example datasheet from eggs laid at Mission Creek in 2018. Throughout the 
archive, these sheets varied in their level of completion, and in this case, larvae 
originating from this egg cup were transferred to Oregon Zoo and released before they 
entered diapause. There is a clear discrepancy in this example between the estimated 
number of eggs (~82) and the resulting number of larvae counted at 3rd instar (n = 119). 
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Figure A2. Map of the AIA including Range 76 on Joint Base Lewis-McChord, WA, 
where wild E. e. taylori females are collected for captive rearing. Map retrieved from 
Linders, Mary J., Karen Lewis, and Keegan Curry. 2019. “Taylor’s Checkerspot 
(Euphydryas editha taylori) Captive Rearing and Translocation: South Puget Sound, 
Washington, 2017-2018.” Annual Report. Olympia, WA: Washington Department of 
Fish and Wildlife.  

 

Figure A3. Egg clusters deposited on the leaves of P. lanceolata at Mission Creek.  



91 
 

 

Figure A4. A technician at Mission Creek transfers eggs that were laid singly onto a leaf 
so that they will have a substrate to develop on.  

   

   

Figure A5. A series of images showing egg development and hatching under a digital 
microscope, a process that takes about 10–14 days. Photos by Mission Creek technicians.  
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Figure A6. Eggs are housed in 5.5oz Solo cups with bounty paper towel liners. The 
photo on the left is from Mission Creek, the one on the right from Oregon Zoo. 

 

Figure A7. Larvae after they have been counted at 3rd instar.  
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Figure A8. An adult female being weighed at Mission Creek.  
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Appendix B: Additional Graphs & Charts 

 

Figure B1. Age-specific fecundity curve for n = 161 females from 2008–2018 with the 
estimated number of eggs shown in comparison to the resulting number of larvae. 

 

Figure B2. Age-specific fecundity curve for n = 161 females from 2008–2018 with the 
mean daily offspring weighted by the proportion of females surviving on each day. This 
smooths out the tail end of the curve and may be closer to an “expected” rate per female. 
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Figure B3. Age-specific fecundity curve for n = 161 females from 2008–2018 expressed 
as the proportion of all offspring (~31,800 larvae) that were produced each day. This 
proportion analysis helps explain the cumulative fecundity rate of the group, for example, 
~75% of all offspring were produced in the first 7 days of oviposition.  

 

Figure B4. Proportion of total offspring produced each day that eggs were laid for n = 
161 wild females collected from 2008–2018. Note that Fig. B4 is different from Fig. B3 
in that it only includes days on which females laid eggs, not actual calendar days.  
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Figure B5. Age-specific fecundity for each collection group of wild females from 2008 
to 2018. All females were collected at Range 76 on Joint Base Lewis-McChord, WA, and 
the number of offspring is taken from larvae counted at 3rd instar, not from egg estimates. 
Note that the x-axis (Days) is different for each graph depending on female lifespan. 
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Date Collected: 17 May 2017 (n = 13) 

 

 

Date Collected: 23 May 2017 (n = 8) 
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Date Collected: 25 April 2016 (n = 26) 

 

 

Date Collected: 25 April 2015 (n = 18) 

 

  

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0%

20%

40%

60%

80%

100%

0

10

20

30

40

50

60

70

80

90

100

%
 Surviving# 

of
fs

pr
in

g

Days

- - - % Adults

–•– # Offspring

1 3 5 7 9 11 13 15 17 19 21 23 25
0%

20%

40%

60%

80%

100%

0

10

20

30

40

50

60

70

80

90

100

%
 Surviving# 

O
ff

sp
rin

g

Days

- - - % Adults

–•– # Offspring



99 
 

Date Collected: 6 May 2015 (n = 15) 

 

 

Date Collected: 4 May 2014 (n = 25) 
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Date Collected: 16 May 2014 (n = 7) 

 

 

Date Collected: 8 May 2013 (n = 18) 
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Date Collected: 19 May 2012 (n = 8) 

 

 

Date Collected: 19 May 2011 (n = 11) 
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Date Collected: 29 May 2011 (n = 10) 

 

 

Date Collected: 16 May 2008 (n = 9) *the primary y-axis is larger for this group 
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