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Project Sites 

Captive rearing: Oregon Zoo, Portland, OR; Mission Creek Corrections Center for Women, 

Belfair, WA.  Release and monitoring sites: Scatter Creek Wildlife Area – South Unit, Thurston 

County, WA (SCS; 2007-2012 releases); Range 50, Joint Base Lewis-McChord (JBLM), WA 

(R50; 2009-2011 releases); Pacemaker Airstrip, JBLM (PCM; 2012 release); Glacial Heritage 

Preserve, Thurston County, WA (GHP; 2012 release); and Range 76, JBLM (R76; reintroduction 

source population). 

Executive Summary 

In 2012, we selected two new sites, Pacemaker (PCM) and Glacial Heritage Preserve (GHP), for 

reintroduction from a suite of historic and potential sites within the known range of Taylor’s 

checkerspot in South Puget Sound.  Two sites, Scatter Creek South (SCS; initiated in 2007), and 

Range 50 (R50; initiated in 2009) have received multiple sequential releases of Taylor’s 

checkerspot.  An initial assessment of host plant abundance and percent cover of vegetation 

functional groups suggests that all reintroduction sites appear comparable to occupied plots at 

Range 76 (R76; extant site), although host plant quantities at GHP may be lower than desired.  A 

second captive-rearing facility, Mission Creek Corrections Center for Women, began rearing 

Taylor’s checkerspot in 2012 as part of the Sustainable Prisons Project, operated by The 

Evergreen State College.  As in 2011, most mortality at the Oregon Zoo occurred prior to 2
nd

 

instar (Linders 2011b), with survival during all remaining stages in the 90
th

 percentiles.  Mission 

Creek, which began rearing checkerspots at the postdiapause stage in 2012, was equally 

successful, with 90.2 percent (92 of 102) of postdiapause larvae pupating; all of these survived to 

become breeding adults.  The high degree of success enjoyed across captive rearing institutions 

and years is encouraging, and suggests improvements are best focused on increasing copulation 

rates and survival of 2
nd

 and 3
rd

 diapause larvae.  In total 2,540 postdiapause larvae were released 

on 7-8 March 2012.  Final dispensation of larvae was altered to include only PCM and GHP 

when access to R50 was restricted.  On 25 May 2012, 133 adults were released at SCS to 

supplement that population.  Post-release monitoring of postdiapause larvae indicated that they 

were readily observed in most plots at both PCM and GHP until they entered the pupal stage in 

early April.  We used distance sampling to quantify daily population density, daily population 

size, and to illustrate the distribution of adults at the release sites and three other sites, SCS, R76 

and R50.  In all, 13,724 records were generated across the five sites sampled in 2012, with a total 

of 9,409 checkerspots counted.  Checkerspots were well distributed and present in good numbers 

throughout the sampling areas at both R76 and R50, whereas distributions at SCS, PCM and 

GHP tracked the release areas more closely, with numbers lower than expected based on 

observations of postdiapause larvae.  Cold wet conditions during the pupal stage are believed to 

have delayed the flight season, reduced its overall length and impacted numbers of adults at all 

sites.  Long-term monitoring will measure progress toward population establishment 1) during 

the five-year reintroduction period, and 2) after the five-year reintroduction period is complete; 

several strategies are being considered.  This report summarizes captive-rearing work conducted 

in May 2011-May 2012, and reintroduction work and data analyses from July 2011-July 2012. 
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Project Goals and Objectives 

The goal of this project is to establish new Taylor’s checkerspot populations in Washington’s 

South Puget Sound to reduce the likelihood of local extinction, and to eventually move toward 

species recovery.  To accomplish this, WDFW and its partners intend to establish at least three 

new populations at three sites over the next 10 years.  This project employs a strategy of captive 

rearing and reintroduction which has been funded jointly by JBLM’s ACUB program and the 

USFWS Recovery Initiatives Program, with in-kind support from JBLM, the Oregon Zoo, The 

Washington State Department of Transportation Habitat Enhancement fund, the Washington 

Department of Corrections, and ACUB cooperators.  To insure clarity and cohesion, all activities 

involved in captive propagation and reintroduction of Taylor’s checkerspots in 2012 are covered 

here, regardless of funding source.   

 

This project has five main objectives, which also form the structural framework of this report.  

Some objectives include a suite of smaller tasks and objectives, which are emphasized by 

additional headings in the text.  The objectives are: 

I. Select and prioritize sites for reintroduction of Taylor’s checkerspot in South Puget 

Sound. 

II. Obtain measures of habitat condition and host plant availability during the postdiapause 

larval feeding period to compare between occupied and unoccupied sites. 

III. Develop and maintain a captive propagation program 

IV. Release captive and associated wild stock 

V. Monitor success of the reintroductions 

 

 

I. Select and prioritize sites for reintroduction of Taylor’s checkerspot in South 

Puget Sound  
Methods  

Reintroduction site selection was conducted by a team of landowners, land managers and species 

biologists using the following criteria:  

o Site is not currently occupied by Taylor’s checkerspot;  

o Landowners/land managers’ approval to proceed with reintroduction in the planned 

timeframe; 

o Release areas are or will be enhanced in a timely fashion to contain sufficient host plants 

to support larval development (Linders 2011a); 

o Site contains  adequate densities of nectar plants used by checkerspots (see list of 

documented species in Linders 2011b); 

o Invasive plant control, particularly Scot’s broom and tall oatgrass, is sufficient to produce 

low, open conditions where larvae and adults can readily access food plants and be 

observed following release; and 

o Selections maintain a balance of release sites between ACUB-enrolled (significant 

funding source) and JBLM (highest quality habitat) lands. 

 

A suite of historic and potential sites within the known range of Taylor’s checkerspot in South 

Puget Sound was initially scored in 2006 (Linders 2006). However, restoration trajectories since 

2006 have varied by site as a result of restoration priorities, funding sources, competing land 

uses, and cross-species conservation efforts.  As a result, selection of reintroduction sites was 
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based on a blend of habitat condition, land owner willingness and funding source (ACUB funds 

are to be used for management outside of JBLM; USFWS funds can be used for work on JBLM). 

 

Results and Discussion 

Based on the above criteria, four sites have been selected for reintroduction to date from the 

larger list of potential sites in the South Puget lowlands.  Two sites, Scatter Creek South (SCS; 

since 2007), and Range 50 (R50; since 2009) have received multiple sequential releases of 

Taylor’s checkerspot; two sites, Pacemaker (PCM) and Glacial Heritage Preserve (GHP), were 

initiated in 2012 with the expectation that sequential releases would continue for five years.  

 

Prior to release of Taylor’s checkerspots, reintroduction sites received a number of treatments 

designed to enhance habitat and increase checkerspot survival.  Sites were initially treated for 

invasive shrubs, grasses and forbs using a one or more of the following treatments: prescribed 

fire, mowing, brush-cutting, and repeated applications of broad-spectrum and grass-specific 

herbicides (e.g., see Fimbel 2012).  Because entire sites have not yet been restored, plots for 

release of Taylor’s checkerspots were initially identified based on an ocular assessment of host 

plant abundance, with secondary consideration given to nectar abundance and diversity, and a 

low, open vegetation structure.  Areas with more open ground, lower grass and moss density, and 

at least a background scattering of host and nectar plants were selected.  Host plants were added 

to release plots at a minimum of one mature (10 x 10-cm) plant per larva, with host plants 

composed primarily of Plantago lanceolata.  This host plant density was based on feeding 

requirements documented at the Oregon Zoo.  While released larvae have also been observed 

feeding on Castilleja hispida and Collinsia parviflora, all lowland populations of Taylor’s 

checkerspot in Washington and Oregon currently depend on Plantago as their main or only host 

(Severns and Warren 2008, Severns and Grosboll 2011).  Release areas (release plots and 

vicinity) at SCS, R50, PCM and GHP were also enhanced with seeds of the larval hosts Plectritis 

congesta and Collinsia parviflora; C. hispida seed was used at all sites except PCM; P. 

lanceolata seed was used only at GHP and SCS.  This strategy was employed to ensure sufficient 

and diverse food resources throughout larval growth periods, which has the potential to increase 

larval survival, especially in the face of climatic fluctuations (Hellmann 2002).  Native seed 

resources became available for the first time in 2011, and production still lags behind the 

quantities required by land managers for restoration.  Plugs of C. hispida were also added in and 

around release plots at SCS, PCM and GHP, as well as plugs and seed of suitable nectar species 

(e.g., Balsamorhiza deltoidea, Armeria maritima, Lomatium spp., Fragaria virginiana and 

others).  Nectar is attractive to adult butterflies, can increase egg production and longevity of 

adults, and increases the likelihood that females will oviposit in the surrounding area (Murphy 

1983, Murphy et al. 1983).  Only seeds of native host and nectar plants were added at R50, as 

digging is not permitted and Plantago is already widespread and abundant (Lyon et al. 2007).  

Ultimately, habitat treatments vary by site based on existing host, nectar and vegetation densities, 

availability of seeds and plugs, the amount of open ground, and the timing and character of 

prescribed fire (see Fimbel 2012).  

 

Release plots, including one 30 x 30-m plot at R50, two 25 x 30-m plots at PCM, and one 25 x 

30-m plot and two adjacent plots of the same area at GHP, received their final treatments in fall 

2011 in preparation for release of postdiapause Taylor’s checkerspot larvae in early March 2012.  

Ridges and adjacent swales in the release area at GHP created distinct localized vegetation 
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patterns at a 5-10 m scale, with swales characterized by continuous vegetation, whereas ridges 

were dominated by more open ground and moss.  As a result, a portion of one release plot was 

adjusted to ensure larvae were placed in vegetated areas with sufficient host plants. 

 

 

II. Obtain measures of habitat condition and host plant availability during the 

postdiapause larval feeding period to compare between occupied and 

unoccupied sites. 
 

Methods  

To assess the condition of postdiapause release plots relative to similarly occupied locations at 

Range 76, we measured relative cover of vegetation functional groups, as well as host plant 

density and frequency by species, at R76 and in release plots at 2012 reintroduction sites.  Three 

25 x 30-m plots at R76 were sampled.  To select plots at R76 we used a high-resolution aerial 

photo flown in 2011 and a mapping grid showing Plantago distribution (Lyon 2007) to identify 

two 100 x 125–m areas in ArcGIS where postdiapause Taylor’s checkerspot larvae have been 

observed annually (Linders, pers. obs.).  Each 100 x 125–m area was divided in half, and corner 

points (SW corner of 25 x 25-m cells used to map vegetation) were chosen randomly from each 

half.  On one occasion, a cell in the field contained only a few scattered host plants, so it was 

discarded and the next random cell used instead.  Three non-overlapping, 25 x 30-m plots were 

established and surveyed.  Sampling at R76 occurred when there was sufficient sun to cast 

shadows and temperatures were > 50° F, which minimized impacts to larvae and allowed us to 

verify plot occupancy.  

 

To systematically distribute effort and avoid overlapping samples, each 25 x 30-m plot was 

subdivided into 5 x 5-m subplots.  One 0.5 x 1.0-m sampling plot was located 0.5 m west and 1.0 

m north of the southeast corner of each 5 x 5-m subplot (n = 30).  Analysis of previous data 

suggested that increasing the number of sampling plots by 25 percent led to a more stable mean 

(Linders, unpub. data), so in seven randomly chosen subplots a second sampling plot was placed 

0.5 m east and 1.0 m south of the NW corner of the sub-plot (final n = 37).  

 

Vegetation functional groups and host plant abundance were assessed in all plots in late-

February, about half way through the postdiapause larval feeding period.  A cross-hair point 

intercept frame with 36 intersections was used to collect percent cover of functional vegetation 

within each 0.5 x 1.0-m sampling plot.  A 0.5 x 1.0-m PVC frame was placed in the same 

location to obtain host plant counts by species.  All host plants with centers inside the frame were 

counted as well as host plants whose centers fell along one long and one short side of the frame.   

One Plantago or Castilleja plant was defined as all those rosettes or stems, respectively, which 

appeared to originate from a common center.  Data were entered on standardized forms and 

transferred to an Excel data base.   

 

Results and Discussion 

Percent cover of functional vegetation groups and frequency of host plants by species for 

occupied plots at R76 (extant site) and prepared release plots at reintroduction sites (R50, PCM, 

GHP were combined by site to illustrate site-based similarities and differences (Table 1). 
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Plot composition exhibits only general trends in similarity within sites, with more distinct 

differences observed between sites.  The amount of host plant is variable at the plot scale and 

also shows some site-based differences.  However, all reintroduction sites appear to compare 

favorably with occupied plots at R76.  While plots at Glacial Heritage generally contain less 

Plantago, percent cover in all of these is higher than the occupied plot B at R76.  More grass on 

the AIA sites (R76 and R50) compared to PCM and GHP is one of the more notable and perhaps 

unexpected differences (Table 1).  These trends may be partially explained by a control burn at 

GHP in fall 2011 (note high cover of bare ground) and the use of a seed drill at PCM, which tore 

up and shredded much of the vegetation (note high thatch cover).  Plots at GHP were the only 

ones over-seeded with Collinsia parviflora and Plectritis congesta; 2012 seed available for these 

species at PCM was used in a single dense planting block, which became part of a third release 

plot established when access to R50 was denied; vegetation data for this plot are not available.  

P. congesta found at PCM resulted from an earlier seeding.  Further data analysis is planned for 

fall 2012.   

 
Table 1.  Mean percent cover and standard deviation (SD) of larval host plants (PLLA, PLCO, COPA, CAHI) 
and functional plant groups (top) in occupied plots at an extant site (R76) and in prepared plots at 
reintroduction sites (R50, PCM, GHP) in February 2012 just prior to release of postdiapause Taylor’s 
checkerspot larvae.  Mean density (# plants/m2) and standard error (SE) of host plants (bottom) are also 
shown.  R76 = Range 76; R50 = Range 50; PCM = Pacemaker; GHP = Glacial Heritage Preserve; PLLA = 
Plantago lanceolata; PLCO = Plectritis congesta; COPA = Collinsia parviflora; CAHI – Castilleja hispida; 
FORB = all non-host forbs; FESC = Festuca spp.; GRAS = other graminoids; THAT = thatch; MOSS = moss; 
BARE = bare ground.  Note that R50 is represented by a single plot.   

Host or R76 R50 PCM GHP 

Group % cover SD % cover SD % cover SD % cover SD 

PLLA 3.3 1.9 4.7 na 5.4 2.2 2.1 0.8 

PLCO 0.0 0.0 0.0 na 0.0 0.0 0.3 0.5 

COPA 0.0 0.0 0.0 na 0.0 0.0 0.1 0.2 

CAHI 0.0 0.0 0.0 na 0.0 0.1 0.0 0.0 

FORB 13.2 1.7 16.7 na 12.7 2.4 18.1 5.8 

FESC 12.7 11.8 2.0 na 9.0 3.8 2.1 1.9 

GRAS 30.1 16.0 34.6 na 13.5 6.3 13.1 6.1 

THAT 9.7 0.1 8.1 na 33.9 11.5 17.4 7.1 

MOSS 17.7 7.6 19.9 na 19.6 2.0 28.2 9.5 

BARE 13.2 3.6 13.9 na 5.9 3.3 18.6 2.8 

Host #/m2 SD #/m2 SD #/m2 SD #/m2 SD 

PLLA 7.9 3.1 13.9 na 22.4 10.6 7.2 4.3 

PLCO 0.0 0.0 0.0 na 0.4 0.6 11.6 14.1 

COPA 0.0 0.0 0.0 na 0.0 0.0 2.5 3.3 

CAHI 0.0 0.0 0.0 na 0.5 0.4 0.6 0.2 
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III. Develop and maintain a captive propagation program 

Maintain captive propagation at the Oregon Zoo to achieve target numbers of eggs, larvae and 

adults for proposed reintroductions listed in Appendix A. 

Methods 

Captive mating 

Two hundred seventy-three captive-reared adults that were strong enough to eat and move freely 

were assigned a composite number incorporating year of origin, year eclosed, female lineage, 

and individual ID, and included as breeding stock at the Oregon Zoo (Table 2).  All adults were 

sexed and weighed (see Adult measurements).  Females were fed and placed in a labeled yogurt 

cup in the refrigerator until needed for mating or release.  Males were housed together with their 

male siblings in a netted enclosure (13” x 13”x 24”) containing natural and artificial nectar, and 

allowed to “age”, as they are thought to learn from one another (G. Pratt, pers. comm.).   

 

Pairings were determined using a “daisy chain” approach based on guidance from the American 

Zoological Association’s Population Management Center at the Lincoln Park Zoo, Chicago, 

Illinois (e.g., see Wendt et al.  2011).  Mating was achieved by co-locating a female with a group 

of males; all copulations and mating attempts were documented (Barclay et al. 2009b).  

Copulating pairs were housed separately and labeled with individual and ancestral lineage ID, 

weather conditions and time copulation began.  Cups were placed near the window and checked 

frequently to note the separation time.  Following separation, the male was returned to his sibling 

group.  The female was fed and placed in an oviposition chamber, unless no copulation occurred, 

in which case she was returned to the refrigerator.   

 
Table 2.  Numbers of adult males and females available for captive breeding and number that returned 
to diapause by matriline (lineage) at the Oregon Zoo, Portland, OR, 2011. 

Lineage ID F M Total 2nd diapause 

E10FL01 18 17 35 1 

E10FL02 18 15 33 3 

E10FL03 21 10 31 6 

E10FL04 16 16 32 1 

E10FL05 20 16 36 0 

E10FL06 17 18 35 3 

E10FL07 20 15 35 0 

E10FL08 21 15 36 1 

Total 151 122 273 15 

 

Collection of wild females 

The large population at R76 allowed us to collect 24 wild females for oviposition in 2011, 

expanding the size of the 2011-2012 captive-rearing founder population and reducing the 

potential influence of captive propagation on stock used for reintroduction.  The maximum 

number of females taken from R76 is not to exceed 2 percent of the local population based on 

raw count data from distance sampling surveys (see Linders 2011b).  In winter 2012 staffs at 

WDFW and the Oregon Zoo set the number of female breeding lines at a minimum of 10 per 

facility (20 founders each) based on guidelines provided by the Population Management Center 
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(Schad 2008).  Several alternative strategies to collection were identified (see Linders 2011a) in 

the event that numbers in the wild appeared to be lower than desired.  Females showing light 

wing wear were targeted for collection from locations across the site to maximize genetic 

diversity and minimize impacts to the source population.  Soft nets were used to capture adults 

and handling was minimized to reduce injury.  Adults were transferred to clean insect jars and 

labeled numerically with the date and collection location, then transported to the Oregon Zoo in a 

cooler.  Eggs from wild females supplemented those obtained via captive mating.   

 

Captive rearing, egg to adult 

Taylor’s checkerspot readily oviposits in captivity.  Our goal was to collect about 150 eggs from 

each female.  Oviposition and rearing methods followed Barclay et al. (2009b); more detail on 

captive propagation methods used in 2011-2012 can be found in Lewis et al. (2012).  Eggs and 

larvae were checked daily and hatch date recorded.  Larval numbers cannot be assessed 

accurately until 2nd instar, when they are hardy enough to be manipulated individually; at this 

point an official “hatch” count is obtained.  Both pre- and postdiapause larvae were reared 

exclusively on freshly-cut Plantago lanceolata leaves.  Larvae entered diapause by late July, at 

which point no further feeding or handling occurred.  We refer to the time period from diapause 

initiation until the point when the weather cools and larvae are moved outdoors as “warm” 

diapause.  Subsequently, larvae were housed outdoors in inverted clay pots under a building 

overhang for the duration of the “cold” diapause period. 

 

Larvae were removed from diapause containers in late February 2012 following increased 

activity levels, sunny weather and emergence of wild progeny.  Larvae destined for the new 

rearing facility at Mission Creek were removed first to facilitate coordination of transfer and 

training activities.  Upon removal from diapause, larvae were placed in a high humidity 

environment and provided with fresh food (Barclay et al. 2009).  Once larvae broke diapause and 

began to eat, they were split into groups according to their destination and purpose (Tables 3 and 

4).  An additional 17 larvae (four 2nd diapause and 13 random) were available for release, 

bringing the total number of postdiapause larvae available for release to 2,627.  All offspring of 

captive-mated females were released.  A subset of larvae from the same lines sent to Mission 

Creek for breeding were held at the Oregon Zoo as “back-up” breeders in the event things did 

not go as planned; many of these were later transferred to Mission Creek as pupae.  

 
Table 3.  Disposition of postdiapause Taylor’s checkerspot larvae for release from captive-bred females, 
by female line, at the Oregon Zoo, Portland, OR, 2012.  All offspring of captive-bred females were 
released. 

2010 Female ID Mission Creek  Oregon Zoo           Total 

10-11-01-31 90 59 149 

10-11-02-21 45 104 149 

10-11-02-31 45 105 150 

10-11-04-23 90 57 147 

10-11-05-33 90 61 151 

10-11-06-33 90 60 150 

10-11-08-35 29 0 29 

10-11-08-36 74 74 148 

Total 553 520 1073 
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Larval rearing locations at the Oregon Zoo varied based on purpose (release vs. breeding) using 

standard protocols (Barclay et al. 2009b, Lewis et al. 2012).  Larvae destined for release were 

held in indoors for only a short time to maximize development time in the wild and reduce the 

likelihood that they would reenter diapause.  Larvae destined for captive breeding at the Oregon 

Zoo were reared outdoors in a screen tent, which increases the likelihood that they develop on a 

similar timeline to those in the wild and has been found to produce larger adults (Linders 2010).  

Pupae were brought indoors to complete development, while larvae returning to diapause were 

brought indoors and retained as in the past (Barclay et al. 2009b).  Care of pupae and adults 

followed Barclay et al. (2009b). 
 
Table 4.  Disposition of postdiapause Taylor’s checkerspot larvae originating as eggs from wild females in 
2011, by female line, for breeding and release, Portland, OR.   

Female 
ID 

Mission Creek 
breeder 

Oregon Zoo 
breeder 

Oregon Zoo 
back-up 
breeder 

Mission Creek 
release 

 Oregon Zoo  
release Total 

FL - 02 0 0 0 0 16 16 

FL - 03 30 0 25 0 97 152 

FL - 04 0 0 0 0 94 94 

FL - 05 0 30 0 0 79 109 

FL - 06 30 0 25 0 46 101 

FL - 07 0 30 0 0 31 61 

FL - 08 0 30 0 0 47 77 

FL - 09 0 0 0 0 89 89 

FL - 10 0 30 0 0 72 102 

FL - 11 0 0 0 0 81 81 

FL - 12 0 0 0 0 107 107 

FL - 21 30 0 25 0 59 114 

FL - 22 0 30 0 0 49 79 

FL - 23 0 0 0 35 0 35 

FL - 24 0 30 0 0 33 63 

FL - 26 30 0 25 0 81 136 

FL - 27  30 0 25 0 97 152 

FL - 29 0 30 0 0 118 148 

FL - 30 0 0 0 0 144 144 

FL - 31 0 0 0 0 146 146 

FL - 32 0 0 0 0 16 16 

Total 150 210 125 35 1502 2022 

 

Rearing conditions 

During all life stages except pupation and diapause, full spectrum fluorescent lights were 

maintained on a 12-hour light/12-hour dark cycle from 0700-1900 using timers.  Indoors, 

overhead lights were turned on during the day to increase light intensity.  Target conditions for 

temperature, relative humidity, and supplemental heat and light are summarized by life stage in 
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Table 5.  Conditions for mating were generally the same as for adult males, although mating 

tents were also placed next to a window or outside on a sunny day.  Oviposition chambers were 

placed outside on sunny days.  Temperature and relative humidity during all rearing stages were 

measured as min/max data downloaded at the same time each day (1100-1300 h) in the same 

location as rearing took place.   

 
Table 5.  Target conditions for temperature and relative humidity, and provision of supplemental heat 
and light, summarized by life stage for Taylor’s checkerspot in captivity, Oregon Zoo, Portland, OR, 2011-
2012.   

Life stage Temp (°F) RH (%) Supplemental Heat/Light 

Males ambient ambient 160-watt mercury vapor lamps 1000-1400 h 

Oviposition ambient ambient 160-watt mercury vapor lamps 30 min @ 1000 & 1400 

Egg/prediapause 65-68 50  

Warm diapause ambient  ambient  

Cold diapause ambient  ambient   

Postdiapause  <65 >55 50-watt tungsten lamps at 1000-1400 h 

Pupation >65 >50  

 

Results and Discussion 

Captive mating 

Twenty-five percent (11 of 40) of mating introductions resulted in copulation at the Oregon Zoo 

in 2011 (Table 6).  The first copulation occurred on 18 May and the last on 3 June.  The majority 

of females that copulated did so during their first introduction (n = 10, 90.9 percent); one 

copulated on the second attempt.  Average copulation time was 121 minutes (SD = 50), 

including two pairs for which copulation time was truncated at 1700 h, when the last lab 

technician left for the day.   Copulation times resulting in eggs that hatched ranged from 80 to 

200 minutes (average 135 min, SD = 46); two copulations resulting in eggs that did not hatch 

averaged 57.5 minutes (SD = 3.5), very near the successful copulation threshold of 55 minutes 

suggested by Wendt et al. (2011).  Because copulation rates at the Oregon Zoo remain low 

relative to the number of mating introductions, it may be beneficial to collect additional data on 

indoor light intensity, as well as outdoor environmental conditions (e.g., cloud cover, 

temperature) and try to correlate these with mating success. 

 

At least one successful pairing occurred in each of the eight recommended mating dyads in the 

2011daisy chain (Table 6).  Some matrilines develop earlier than others, however, which can 

delay mating among certain pairs because of their arbitrary order in the mating chain.  In the 

future it may be more productive to set the order of the daisy chain as adults eclose.  This 

approach may also 1) maximize the numbers of males and females available for mating within 

each recommended dyad, 2) improve mating success by using adults that are more recently 

eclosed (fresher), 3) preserve the theory underlying the breeding strategy while improving the 

efficacy of its implementation, and 4) more closely model the natural system, where freshly 

eclosed females mate with available males.  One recommended change that was already 

implemented in the 2012 mating effort was to remove males from the captive colony that have 

already copulated successfully, unless no other males are available from that matriline. This 

practice will help to maximize genetic diversity in the captive population.  
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Table 6:  Mated pairs of captive-reared Taylor’s checkerspot butterflies, copulation times and 
oviposition outcomes to the diapause stage at the Oregon Zoo, Portland, OR, 2011.  Number hatched is 
taken at 2nd instar due to the small size and tight clustering of early instar larvae. 

 

Captive rearing egg to adult 

Most females, regardless of origin, laid eggs in 2011.  Ten of 11 (90.9 percent) captive-bred 

females laid eggs (Table 6), producing approximately 2,716 eggs between 23 May and 8 June 

2011.  In addition, twenty-one of 24 wild females laid approximately 2,712 eggs between 21 

May and 8 June 2011 (Table 7).  The modal number of clusters laid by captive-mated females 

was 6 (average = 5.8, SD = 2.4), with an average of 62 eggs/cluster (SD = 27, range = 37 – 122).  

The greatest number of eggs laid by a single captive-bred female was 437.  The greatest number 

of eggs from one wild female was 268, although wild females were only held for a portion of 

their reproductive life span, and many females laid only one cluster of eggs.  Wild females 

averaged 66 eggs/cluster (SD=29, range=18-112).  The first eggs from captive-bred females 

hatched on 7 June and the last on 21 June 2011; two females laid eggs that did not hatch (Table 

6).  Eggs hatched from all 21 wild females that laid eggs, with the first eggs hatching on 5 June 

and the last on 21 June 2011.   

 

After hatching, numbers changed very little all the way through diapause.  Numbers of 

prediapause larvae from captive-mated and wild females are presented in Tables 6 and 7, 

respectively.  Egg production exceeded the requirements for captivity, making a total of 1034 

prediapause larvae (767 from six captive-mated lines and 267 from four wild lines; Tables 6 and 

8, respectively) available for a release by WDFW on 7 July 2011 at Scatter Creek South (see 

Linders 2011b).  The first larva entered diapause on 8 July 2011, with a total of 3,108 larvae 

(Tables 6 and 7) entering diapause by 12 July 2011.  In all, 3,095 (1,073 captive and 2,022 wild) 

diapausing larvae were moved from the butterfly lab to the outdoor overhang to over-winter on 6 

Female ID Male ID 
Date 

copulated 
Copulation 
time (min) # eggs  # hatched 

Prediapause 
release  

Larvae to 
diapause 

E10FL01-31 E10FL08-10 24-May-11 105 310 217 65 149 

E10FL02-21 E10FL01-01 30-May-11 110 366 303 151 149 

E10FL02-31 E10FL01-10 27-May-11 85 270 211 60 150 

E10FL03-29 E10FL02-02 03-Jun-11 55 92
2
 0 --- --- 

E10FL04-23 E10FL03-04 24-May-11 160
1
 369 322 167 149 

E10FL05-33 E10FL04-26 27-May-11 80 437 365 201 151 

E10FL06-33 E10FL05-05 24-May-11 200
1
 416 269 114 150 

E10FL07-34 E10FL06-03 03-Jun-11 135 0 --- --- --- 

E10FL08-28 E10FL07-08 18-May-11 60 78
2
 0 --- --- 

E10FL08-35 E10FL07-03 03-Jun-11 165 135 31 0 29 

E10FL08-36 E10FL07-10 03-Jun-11 180 243 160 9 149 

Total
2
 2546 1878 767 1076 

Average (SD) per female
2
  121 (50) 283 (142) 234 (106) 

  1
 copulation time truncated at 1700 h when lab staff leave for the day. 

2
 two females whose eggs did not hatch were excluded from calculations because it is not known whether the 

copulation failed or the eggs achieved only limited development. 
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September 2011.  Fifteen larvae from 6 matrilines entered 2
nd

 diapause; 14 (93.3 percent) of 

these entered cold diapause.  Ten additional larvae died during cold diapause, resulting in four 

larvae (28.6 percent), representing 2 matrilines, surviving diapause.  

 
Table 7.  Identification, collection date and oviposition outcomes of wild female Taylor’s checkerspot 
butterflies brought to the Oregon Zoo, Portland, OR, in 2011. Number hatched is taken at second instar 
due to the small size and tight clustering of early instar larvae. 

Founder ID Date # eggs  # hatched 
Prediapause 

release  
Larvae to 
diapause 

P11FL01 19-May-11 0 --- --- --- 

P11FL02 19-May-11 25 17 --- 16 

P11FL03 19-May-11 218 197 45 152 

P11FL04 19-May-11 112 96 --- 95 

P11FL05 19-May-11 255 205 95 109 

P11FL06 19-May-11 128 103 --- 102 

P11FL07 19-May-11 80 62 --- 61 

P11FL08 19-May-11 103 78 --- 77 

P11FL09 19-May-11 92 91 --- 89 

P11FL10 19-May-11 125 103 --- 102 

P11FL11 19-May-11 87 81 --- 81 

P11FL12 19-May-11 113 112 --- 107 

P11FL21 29-May-11 149 114 --- 114 

P11FL22 29-May-11 133 79 --- 79 

P11FL23 29-May-11 41 38 --- 35 

P11FL24 29-May-11 80 64 --- 63 

P11FL25 29-May-11 0 --- --- --- 

P11FL26 29-May-11 156 140 --- 140 

P11FL27 29-May-11 170 152 --- 152 

P11FL28 29-May-11 0 --- --- --- 

P11FL29 29-May-11 258 265 115 148 

P11FL30 29-May-11 217 164 12 148 

P11FL31 29-May-11 152 147 --- 146 

P11FL32 29-May-11 18 16 --- 16 

Total 
 

2712 2324 267 2032 

Average (SD) per female 129 (68) 111 (63) 
 

97 (43) 

 

Postdiapause larvae reared outdoors at the Oregon Zoo developed slowly.  The first pupa was not 

found until 23 April 2012, with the last pupa found on 14 May 2012.  Postdiapause larvae 

averting the adult stage were showing signs of returning to diapause by 28 April 2012; in total, 

94 postdiapause larvae from 10 maternal lines entered 2
nd

 diapause (Table 8).  Postdiapause 

larvae from different matrilines returned to diapause at different rates.  Eighty percent of larvae 

from one matriline (P11FL03) returned to diapause, while two other matrilines had no larvae 

return to diapause (Table 8).  A total of 218 pupae developed from the remaining 241 

postdiapause larvae, 162 of which eclosed as adults (Table 5). Eight had wings that eclosed 
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improperly, but were still fit for breeding.  Temperature, humidity, sunlight and airflow at the 

time of eclosion influence the unfolding and hardening of wings in adults both in captivity and in 

the wild; this condition is often unrelated to genetics.  Following successful eclosion of adults at 

Mission Creek, an additional 52 pupae and adults were transferred there from the Oregon Zoo for 

mating and use in an oviposition study.   

 
Table 8.   Postdiapause larval outcomes by matriline for Taylor’s checkerspots held retained for captive-
mating at the Oregon Zoo, Portland, OR, Spring 2012.  2nd diapause larvae avert development to the 
adult stage.  See text for description of breeding status. 

Lineage ID 
Breeding 

status 
Postdiapause 

larvae Pupae Adults 
2nd 

diapause 
Pupae/adults  

to Mission Creek 

P11FL05 primary 30 13 12 14 2/0 

P11FL07 primary 30 24 23 4 0/0 

P11FL08 primary 30 14 14 12 0/3 

P11FL10 primary 30 29 28 0 0/0 

P11FL22 primary 30 22 21 8 0/5 

P11FL24 primary 30 23 23 7 0/1 

P11FL29 primary 30 21 19 9 0/0 

P11FL03 back-up 25 4  0 20 4/0 

P11FL06 back-up 25 25 12 0 13/12 

P11FL21 back-up 25 16 1 3 15/0 

P11FL26 back-up 25 15 8 6 7/0 

P11FL27 back-up 25 12 1 11 11/1 

Total 335 218 162 94 52/22 

 

Rearing conditions 

Average minimum, maximum and range of temperature and relative humidity readings recorded 

at the Oregon Zoo are presented in Table 9.  The average maximum and range of temperatures 

during the egg and prediapause stage are notable in that they appear quite warm for lab 

conditions, especially the 111°F reading.  However, it is worth noting that maximum ground 

temperatures recorded at one of the reintroduction sites (PCM) during the same time frame 

ranged from 61-124 °F (M. Linders, unpub. data); furthermore, it is not uncommon for 

temperature sensors in the field to be partially covered by vegetation at that time of year.  The 

other notable reading in Table 9 is the lowest average minimum temperature range, 27 °F.   

Expand captive propagation at Mission Creek using methods established at the Oregon Zoo 

Methods 

Captive rearing postdiapause to adult 

Mission Creek shifted from rearing painted ladies as a training exercise to rearing postdiapause 

Taylor’s checkerspot larvae in February 2012, when 755 postdiapause larvae were brought from 

the Oregon Zoo in Portland.  Captive rearing from postdiapause to adult followed methods 

developed at the Oregon Zoo (Barclay et al. 2009b) and data forms were shared between 

facilities to enable consistent data collection.  Target rearing conditions were the same as those 

for the Oregon Zoo (Table 5)  Six hundred-and-five larvae were transferred to WDFW on 7 

March 2011 for release, and 150 were retained to rear to the adult stage.  Numbers were 
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intentionally limited to minimize risk and facilitate the learning process at Mission Creek.  Due 

to differences in design between the two rearing facilities, we anticipated that modifications to 

the facility and/or the rearing protocol might be required to meet target conditions as identified in 

the rearing protocol.  We used an adaptive management approach at Mission Creek to improve 

the likelihood of success.  This approach acknowledges that captive rearing programs consist of 

four dynamic components: 1) the rearing protocol, 2) the facility, 3) the staff, and 4) horticultural 

support, each of which can vary between facilities and require independent modifications to 

achieve success.  Staffs from WDFW, the Oregon Zoo and Mission Creek maintained a close 

working relationship in order to identify and implement necessary changes to the protocols and 

facilities in a timely manner.   

 

Rearing conditions 

All rearing at Mission Creek was done in the main 16 x 10-ft room of a glass greenhouse; a 

secondary room 8 x 10-ft room was used to provide early season plants and for mating purposes.  

Target conditions for temperature and relative humidity were the same as at the Oregon Zoo and 

are summarized by life stage in Table 5 above; no supplemental light was provided.  

 
Table 9.  Average minimum, average maximum and range of temperature (°F) and relative humidity (RH) 
conditions under which Taylor’s checkerspots were reared by life stage, time frame and location at the 
Oregon Zoo, Portland, OR, 2011-2012.  Min/max data were recorded using portable thermo-
hygrometers (UEi brand, model DTH880), read daily at 1100 – 1300 h. 

Life stage Dates Location1 
Avg. min 
(range) °F 

Avg. max 
(range) °F 

Avg min 
(range) RH% 

Avg. max 
(range) RH% 

Females 
13 May – 
8 Jun 11 Fridge C 

32 
(30-37) 

40 
(37-49) 

29 
(24-41) 

60 
(46-73) 

Males 
13 May – 
8 Jun 11 Mezzanine 

60 
(55-77) 

68 
(32-79) 

58 
(46-66) 

67 
(57-74) 

Oviposition 
23 May -  
8 Jun 11 

Mezzanine 
window 

66 
(58-83) 

79  
(70-86) 

52 
(44-62) 

69 
(48-78) 

Egg/ 
prediapause 

23 May –  
18 Jul 11 Mezzanine 

67 
(63-71) 

81 
(73-111) 

43 
(16-65) 

60 
(52-70) 

Warm diapause 
19 Jul-  

5 Sep 11 Mezzanine 
67 

(37-76) 
76 

(68-88) 
44 

(34-67) 
58 

(47-71) 

Cold diapause 
6 Sep – 

26 Feb 11 
Outdoor 
overhang 

42 
(29-64) 

61 
(46-85) 

70 
(40-91) 

92 
(88-97) 

Postdiapause  
8 Mar –  

13 May 12 
Outdoor 

screenhouse 
43 

(27-71) 
67 

(45-99) 
45 

(12-84) 
81 

(49-97) 

Pupation 
23 Apr – 

23 May 12 Lab 
67 

(61-74) 
80 

(73-89) 
43 

(35-65) 
60 

(36-70) 

2nd Diapause 
14 May  -  
24 Jul 12 Mezzanine 

68 
(27-77) 2 

79 
(73-88) 

49 
(38-59) 

75 
(50-99) 

1 The Mezzanine is an indoor area with minimal climate control outside the main lab at the Oregon Zoo.   
2 Low end of range is believed to be erroneous. 

Results and Discussion 

Captive rearing postdiapause to adult 
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Relatively little mortality was observed during postdiapause rearing at Mission Creek (Table 10).  

Of 150 postdiapause larvae, 48 entered 2
nd

 diapause, including 27 of 30 individuals (90.0 

percent) from one matriline (P11FL03); this matriline exhibited the same tendency at the Oregon 

Zoo (Table 8). Similarly, no larvae in matriline P11FL06 returned to diapause at either facility. 

Pupation mainly occurred on the underside of paper towel “mima mounds” inside the rearing 

bins; all pupae eclosed as adults free of wing impairments.   

 
Table 10.  Number of postdiapause Taylor’s checkerspot larvae that died, pupated, eclosed or entered 
2nd diapause at Mission Creek Corrections Center for Women, Belfair, WA, 2012. 

Lineage ID 
Postdiapause 

larvae Mortalities Pupae Adults 2nd diapause 

P11FL03 30 0 3 3 27 

P11FL06 30 2 28 28 0 

P11FL21 30 0 28 28 2 

P11FL26 30 3 24 24 3 

P11FL27 30 5 9 9 16 

Total 150 10 92 92 48 

 

Rearing conditions 

Average minimum, average maximum and range of temperature and relative humidity readings 

recorded at Mission Creek in Spring 2012 are presented in Table 11.  Overall, temperatures at 

Mission Creek were remarkably similar to those at the Oregon Zoo (Table 8).  The most notable 

differences were a higher average maximum temperature during the postdiapause phase and a 

lower average minimum temperature during the pupal stage.  Warmer daytime conditions inside 

the Mission Creek greenhouse are attributable to sunny days in early spring, when exhaust fans 

were insufficient to control temperatures; this was in part because the shade cloth covering the 

greenhouse interfered with the operation of the roof vents.  In an effort to lower temperatures a 

portable air conditioner was obtained; this did not improve the situation, so the unit was returned.   

Instead, roll-down vinyl shades were placed on the roof of the greenhouse and a new shade cloth 

was installed near the end of April.  The new shade cloth was anchored to posts, which allowed 

air better air circulation.  This improved the efficacy of the exhaust fans and largely mitigated the 

problem.  Cooler nighttime temperatures during the pupal stage reflect a return to ambient 

overnight conditions in the greenhouse as opposed to the Oregon Zoo lab, a concrete block 

building which does not shed heat easily.  The other major difference between rearing conditions 

the two facilities are higher light levels at Mission Creek, even on overcast days.   

Assess the efficacy of captive propagation and identify opportunities for improvement. 

Methods 
Survival of captive animals 

We used stage-specific survival rates to track success within and between years and identify 

areas for improvement.  We calculated Kaplan-Meier (1958) survival rates for all captive stock 

between the following stages: egg, hatching (2
nd

 instar), diapause, postdiapause, pupa, and adult; 

we also calculated the rate at which postdiapause larvae returned to diapause, averting 

development to the adult stage.   
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Table 11.  Average minimum, average maximum and range of temperature (°F) and relative humidity 
(RH) conditions under which Taylor’s checkerspots were reared by life stage, time frame and location at 
Mission Creek Corrections Center for Women (Mission Creek), Belfair, WA, 2012.  Min/max data were 
recorded using portable thermo-hygrometers (UEi brand, model DTH880), read daily at 1100 – 1300 h. 

Life stage Dates Location 
Avg. min 
(range) °F 

Avg. max 
(range) °F 

Avg. min 
(range)  
RH % 

Avg. max 
(range)  
RH % 

Postdiapause 
27 Feb – 
4 Apr 12 Main room 

46 
(37-56) 

76 
(62-84) 

38 
(23-63) 

75 
(36-90) 

Pupation 
27 Mar-  

27 Apr 12 Main room 
47 

(35-66) 
78 

(68-85) 
41 

(22-74) 
84 

(63-98) 

 

Adult measurements 

Using an Acculab Vicon electronic gram scale accurate to 3 significant figures, all pupae and 

adults were weighed; adult weights were collected on the day following eclosion, once wings 

had hardened.  Hind wing photographs were collected for a subset of adults from each female 

line at each facility using established methods (Barclay et al. 2009b).  The subset of adults was 

randomly determined by photographing all adults eclosing on the same two non-consecutive 

days each week.  Up to 6 adults of each sex were photographed from each female line.  To 

equalize representation among sexes and lines, each facility maintained an ongoing tally, 

supplementing their photo collections.  For example, if half of a cohort had already eclosed with 

only a few photos collected, then any new adults eclosing from that line would be photographed, 

regardless of the day.  Wing measurements will be compared between facilities and with those 

from wild adults obtained previously using an ANOVA spreadsheet constructed by Shannon 

Knapp (WDFW biometrician) in Excel 2007.   

 

Results and Discussion 

Survival of captive animals 

As in 2011, most mortality at the Oregon Zoo occurred prior to 2
nd

 instar (Linders 2011b), with 

survival during all remaining stages in the 90
th

 percentiles (Table 12).  Mission Creek, which 

began rearing checkerspots at the postdiapause stage in 2012, was equally successful with 90.2 

percent (92 of 102) of postdiapause larvae pupating, all of which survived to become breeding 

adults.  Larvae returned to diapause at Mission Creek at a rate of 32.0 percent (48 of 150), also 

similar to that observed at the Oregon Zoo.  The high degree of success enjoyed across captive 

rearing institutions and years is encouraging, and suggests improvements are better focused in 

other areas of the propagation program, such as increasing copulation rates and survival of 2
nd

 

and 3
rd

 diapause larvae.  

 

Adult measurements 

Adult measurement data from 2011 and 2012 are being compiled and analyzed.   

 
Table 12.  Number and Kaplan-Meier survival by life stage for captive Taylor’s checkerspots at the 
Oregon Zoo, Portland, OR, 2011-2012; number and percent dispatched to the field by life stage are also 
shown.  Animals released, transferred or entering 2nd diapause were excluded from survival rates. 

Life stage or 
disposition 

     Wild      Captive        All 2011 stock 

# % stage  # % stage # % stage 
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Eggs 2712 
 

2546 
 

5258 
 

Egg to 2nd instar 2324 85.7 1878 73.8 4202 79.9 

Prediapause release 267 11.5 767 40.8 1034 24.6 

2nd instar to 
diapause 2032 98.8 1076 96.8 3108 98.1 

Diapause 2022 99.6 1073 99.7 3095 99.6 

Postdiapause larvae 
to Mission Creek (185) na (553) na (755)1 Na 

Larvae for release 1502 74.3 520 48.5 2022 65.3 

Postdiapause larvae 
for mating 335 16.6 - - - - 

2nd diapause 94 28.0 - - - - 

Pupae 218 90.5 - - - - 

Pupae to  
Mission Creek (52) 

 
- - - - 

Adults 162 97.6 - - - - 
1 Includes four 2nd diapause and 13 random larvae. 

 

 

IV. Release captive and associated wild stock 
Postdiapause larval release 2012 

Postdiapause larvae are the preferred stage for release because they are robust and nearly mature.  

Larvae were brought to the field packed in labeled deli containers containing freshly-cut leaves 

of Plantago; containers were packed in coolers without ice or heat.  In total 2,540 larvae were 

released in groups of 2-5 on large and/or dense host plants/patches on 7-8 March 2012.  Final 

dispensation of larvae was altered when access to R50 was restricted.  Fortunately, host plants at 

PCM are abundant and widespread so that a new release plot could be readily identified.  As a 

result, 1,565 larvae were released across three 25 x 30-m plots at PCM, with 975 larvae released 

across 3 plots of varying size at GHP (see Vegetation Measures above).  Weather on both release 

days was excellent, with temperatures ranging from 41.0-64.5 °F, winds averaged 0.6-3.2 mph, 

clear to partly cloudy skies and soft to distinct shadows.   

 

Adult release 2012 
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Adult Taylor’s checkerspots not needed in mating trials and females that had achieved 

oviposition targets in captivity (i.e., sufficient to represent their lineage) were released at SCS for 

the third consecutive year (Appendix A).  Adults were transported in net enclosures and released 

directly into the environment by allowing them to fly from the cage or placing them on a nectar 

plant.  Subsets of females were to be used for a comparison of release response between 1) 

captive-reared, 2) wild-caught, and 3) wild-caught females held in captivity at the Oregon Zoo; 

however, the short flight season in 2012 precluded this.  We released 133 adults at SCS on 25 

May (Fig. 1).  Weather at the time of release was 68.0-78.0 °F, wind speed averaged 3.3-4.0 

mph, skies were clear and shadows distinct.   

 Fig. 1.  Captive-reared but unmated male and female Taylor’s checkerspots are housed together prior to 
release to stimulate mating (left); several copulating pairs are visible in the enclosure.  At right is a 
checkerspot being hand- released in South Puget Sound, Washington, May 2012.   

 

 

V. Monitor success of the reintroduction 
Documenting response to release and subsequent survival through various life stages provides 

near-term measures of survival and improves the likelihood that factors affecting success will be 

detected.  Over the longer term, population targets and population monitoring goals we will need 

to identified to evaluate success in population establishment and demonstrate progress toward 

species recovery.   
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Document post-release persistence 

Methods 

Past releases have shown that larvae and adults exhibited normal behaviors immediately 

following release (e.g., feeding, basking, mating, and ovipositioning).  We have also relocated 

animals in release areas in the days, weeks, months and years following release, giving us high 

confidence that animals are surviving and able to reproduce successfully.  To track post-release 

persistence and confirm site occupancy, we conducted two spot checks in active release plots in 

the weeks following release.  We tallied all larvae observed while trying to cover each plot in 

about 30 minutes.  The first surveys were conducted within two days of release; the second 

check occurred one week later.  Surveys met protocol conditions if temperatures were > 45º F, 

wind < 15 mph, with at least a faint shadow.   

 

Results and Discussion  
Surveys were conducted at GHP on 9, 16 March 2012 and at PCM on 10, 17 March (Table 13).  

All surveys struggled to meet protocol conditions, although winds were generally calm, 

averaging 1.6-3.7 mph, except on 17 March at PCM (6.0-7.5 mph ave). Temperature and 

sunlight conditions by site and date are presented in Table 13.  Attempts to employ a 

standardized time-area search were confounded by differences in the amount of bare ground and 

the vegetation structure between plots (Table 1), which made it challenging to maintain a 

consistent pace with larvae underfoot.  Larvae were readily observed in most plots at both sites 

until they entered the pupal stage in early April. 

 
Table 13.  Duration, survey rate, number and encounter rate and weather conditions for postdiapause 
larval surveys of Taylor’s checkerspot at two reintroduction sites in South Puget Sound, Washington, 
March 2012.  All plots are 750 m2 except Plots B (400 m2) and C (350 m2) at GHP.  Shadow = Soft, None 

Site/plot Date/time 
Time 
(min) 

Rate 
m2/min 

# 
larvae 

Larvae 
/min 

Temp 
°F Shadow Comments 

GHP 9 March        
  Plot A 1257-1333 36 20.8 49 1.36 53.0 N  
  Plot B 1030-? 80+ 5.0 33 0.41 49.0 N  
  Plot C 1225-1250 25 14.0 41 1.64 53.00 N  

PCM 10 March        
  Plot A 1105-1141 36 20.8 5 0.14 45.5 N Light drizzle 
  Plot B 1145-1212 27 27.8 4 0.15 ~46.5 N  
  Plot C 1215-1252 37 20.3 8 0.22 48.0 N Light drizzle 

GHP 16 March        
  Plot A 1235-1333 58 12.9 47 0.81 48.5 S  
  Plot B 1123-1232 69 10.9 24 0.35 49.0 S No sun latter half 
  Plot C 1338-1402 24 31.3 15 0.63 48.5 N  

PCM 17 March        
  Plot A 1454-1543 49 15.3 16 0.32 46.0 S Sun variable 
  Plot B 1336-1418 42 9.5 32 0.76 47.5 S Short light hail 
  Plot C 1214-1327 73 4.8 24 0.33 46.0 S Snow in forest 
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Evaluate short-term success of releases based on abundance of adults 

Another milestone of a successful reintroduction is local survival and production of adults.  We 

used distance sampling methods to quantify daily population density and daily population size, 

and to illustrate the distribution of adults within the sampling area.  Calculating adult population 

size is more complex due to the daily eclosion and mortality of individuals, and no good method 

for doing so currently exists.  Developing this technique will require additional funding and will 

likely employ methods such as those for estimating numbers of salmon returning to fresh water 

spawning areas (Hilborn et al. 1999, Adkison and Su 2001).   

 

Methods 

Adult abundance 

Four reintroduction sites (SCS, R50, PCM and GHP) plus one extant site (R76) were surveyed 

for adult checkerspots during the 2012 flight season.  Data and density are presented for two 

reintroduction sites (SCS, R50) plus R76 from 2011.  Field sampling methods followed Linders 

and Olson (2009).  Distance sampling was conducted up to 3 times per week during the flight 

season with a target minimum of 5 good sampling days per site; more is preferable, including 

surveys with no detections to bracket the beginning and end of the flight season.  Protocol 

surveys are those with ambient temperatures >53.0 °F; sufficient sunshine to cast a soft (fuzzy) 

or distinct (sharp-edged) shadow OR bright skies with faint (can detect shadow but edges are 

nondescript) or no shadow if temp is >60.0 °F; and sustained winds <10 mph.  Survey transects 

at reintroduction sites included all release plots and a buffer of sufficient size (200 m) to capture 

the anticipated adult use area, except at R50, where access to some areas is restricted.  Transects 

at R76 covered the majority of the occupied area to which we have access. Transect length and 

spacing by site is shown in Table 14.  The closer transect spacing at reintroduction sites insures 

that a sufficient number of butterflies are detected to calculate abundance estimates.  All 

surveyors received pre-season training, and distance estimation skills were tested weekly 

throughout the flight season.  Training ensures consistency in decision-making and survey 

technique and is critical for reducing the variance associated with density estimates.   

 
Table 14.  Number and length of distance sampling transects and segments by site for extant (R76) and 
reintroduced populations of Taylor’s checkerspot in the Puget Trough, Washington, 2011-2012.  

Site # transects 
Transect 
spacing # segments 

Segment 
spacing 

Transect 
length m 

Total line 
length m 

2011 
 

 
 

 
 

 

SCS 14 25 12 50 600 8400 

R50 16 25 11 50 5501 8600 

R76 12 50 14 50 700 8400 

2012 
 

 
 

 
 

 

SCS 14 25 12 50 600 8400 

R50 16 25 13 50 6502 9850 

PCM 14 25 8 50 400 5600 

GHP 12 25 8 50 400 4800 

R76 12 50 14 50 700 8400 
1 Two short transects measure 450 each. 
2 Four short transects measure 450, 500, 550 and 550 m, respectively. 
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Distance data for 2011 were analyzed using Program Distance, Version 6.0 (Thomas et al. 2010).  

Detection functions were fitted using both the Conventional Distance Sampling (CDS) and the 

Multiple Covariate Distance Sampling (MDCS) engines.  Summary statistics, including 

observation frequency tables calculated by observer and date, and sometimes by transect line, 

were calculated first.  We also generated tables of encounter rates (observations per unit line 

length surveyed) by date and observer.  For the MCDS analyses, we also computed univariate 

statistics and plots of distance data for potential covariates, such as observer, butterfly behavior, 

survey protocol, and weather, as recommended by Marques et al (2007).  The best detection 

functions were selected using a combination of default settings and user specified setting to 

select which of the many available models best fit the data, including Akaike’s Information 

Criterion (AIC) and goodness-of-fit tests.   

 

After determining the detection function(s) to use, density estimates were computed by date.  

Variance estimates of density were calculated using a relatively new method (Fewster et al. 

2009) that takes advantage of the sequential (evenly spaced) layout of transects to reduce 

variance estimates over those assuming that transects are placed randomly.  Of the two methods 

of this type available in Program Distance, we chose to use method O2, which is generated by 

creating overlapping strata among adjacent transects and has been shown to increase precision 

with little change in bias (Fewster et al. 2009).  Variances generated from the O2 method were 

also used to estimate 95% Confidence Intervals.  Density estimates were computed by survey 

date because of the expectation that population numbers change on nearly a daily basis due to 

eclosion and mortality of individuals.   

 

Adult distribution 

To illustrate distribution of adults within the survey grids, all 2012 Taylor’s checkerspot 

observations collected during distance sampling, regardless of date, were spatially joined to a 

GIS polyline layer representing transects and sections, then shaped into category classes and 

symbolized using a standard color ramp. Each category class was scaled so that the midpoint of 

each successive bin increased by a factor of two.  Observations were overlaid on 2011 National 

Agriculture Imagery Program (NAIP) color aerial photos with 1-m resolution.   

 

Results and Discussion 

Adult abundance 2011 

Scatter Creek South.  Sixteen surveys were conducted between 4 May and 16 June by four 

observers at SCS in 2011, but no butterflies were recorded prior to 14 May or after 6 June 

(Linders 2011b).  In total 82 butterflies were counted, with a peak count of 18 on 5 June (Table 

14), despite over 73 km of transects surveyed in that time.  Two of the four observers had similar 

levels of effort and a third had about half of that; one surveyed only one day (24 May) and saw a 

total of 3 butterflies.  Allocation of effort per day varied in both the number and combination of 

observers.  Regardless, the number of butterflies observed per survey date was too small to 

estimate detection functions by date, so a global detection function was fitted using CDS, and 

compared to observer covariate models in MCDS.  The CDS model produced the lowest AIC 

value and was thus used for density estimation with a detection function pooled across dates.  

This model was a hazard rate function with one cosine adjustment term.  Density estimates with 
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95% Confidence Intervals are presented by date in Table 14 along with daily abundance 

estimates for the entire survey area.   

 

Range 50.  Six surveys were conducted between 13 May and 17 June by four observers at R50 in 

2011; no butterflies were observed on the last survey date (Linders 2011b).  In all, 903 adults 

were counted, with a peak single day count of 391.  Effort by observer was fairly evenly 

allocated over time although two observers surveyed much more total line length; one observer 

surveyed on just 2 days.  Per-day sample sizes were large enough (Table 14) to fit date-specific 

detection functions.  Two CDS and three MCDS models were analyzed, which looked at the 

effect of individuals vs. groups of surveyors and dates.  The best model was the CDS model with 

detection functions estimated by observer and date.  While very similar to the MCDS model with 

observer as a covariate and a global detection function over all dates, the CDS model had slightly 

lower AIC values and the date-specific models seemed to fit the data somewhat better.   

 
Table 14.  Raw counts, density estimates and adult abundance estimates including 95% Confidence 
Intervals for Taylor’s checkerspot survey areas at Scatter Creek South (SCS), Range 50 (R50), and Range 
76 (R76) in South Puget Sound, Washington, Spring 2011.  See text for details regarding derivation of 
density estimates. 

    Density Abundance 

Date Count #/ha Lower CI Upper CI  #/survey area  Lower CI Upper CI 

SCS               

  14-May 6 0.76 0.36 1.59 17.1 8.1 35.8 
  17-May 5 0.63 0.34 1.19 14.2 7.7 26.8 
  18-May 17 2.03 1.12 3.68 45.7 25.2 82.8 
  20-May 4 0.51 0.18 1.46 11.5 4.1 32.9 
  24-May 9 1.52 0.54 4.26 34.2 12.2 95.9 
  28-May 4 0.51 0.18 1.46 11.5 4.1 32.9 
  03-Jun 15 1.77 0.82 3.83 39.8 18.5 86.2 
  05-Jun 18 2.46 0.87 6.97 55.4 19.6 156.8 
  06-Jun 6 0.89 0.38 2.04 20.0 8.6 45.9 

R50               
  13-May 207 22.09 15.26 31.98 499.9 345.3 723.7 
  20-May 391 38.88 29.06 52.01 879.9 657.6 1177.0 
  24-May 155 21.51 14.73 31.42 486.8 333.3 711.0 
  29-May 87 8.93 4.41 18.07 202.1 99.8 408.9 
  04-Jun 63 7.90 5.18 12.05 178.8 117.2 272.7 

R76   
   

  
    12-May 389 58.70 46.00 74.00 3108.0 1932.0 3108.0 

  19-May 1896 201.26 172.24 235.16 9876.7 7234.1 9876.7 
  23-May 1199 147.59 122.00 178.00 7476.0 5124.0 7476.0 
  29-May 637 67.30 47.00 95.00 3990.0 1974.0 3990.0 
  04-Jun 715 83.40 65.00 106.00 4452.0 2730.0 4452.0 
  12-Jun 70 10.30 5.00 21.00 882.0 210.0 882.0 
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Range 76.  Six complete surveys were conducted between 12 May and 12 June 2011 (Linders 

2011b) by four observers at R76 in 2011.  In total 4,953 adult checkerspots were counted, with 

the greatest number of checkerspots (1,896) observed on 19 May.  Effort by observer was fairly 

evenly allocated over time although two observers surveyed much more total line length with the 

other two observers, splitting that level of effort.  Per-day sample sizes were large enough (Table 

14) to fit date-specific detection functions.  Date-specific CDS models (with no covariates) were 

compared to date-specific MCDS covariate models where the covariates examined were 

individual observer and whether observations were collected under protocol conditions.  The 

latter was examined only in cases where both protocol and non-protocol observations were 

collected, and for those dates a model with both covariates was also run.  Table 15 shows the 

best model (based on minimum AIC) that was used for density estimation for each date.   

Inclusion of a covariate in the best model implies that it was an important factor in explaining 

variation in detectability.   

 
Table 15.  Best detection function models by survey date for density estimation from distance sampling 
data collected  at Range 76 in 2011. 

Date Model 

12 May No covariate 
19 May Observer covariate 
23 May Protocol, observer covariate 
29 May No covariate 
4 June Observer covariate (sigma) 
12 June Protocol covariate 

 

Adult abundance 2012 

Six to 10 complete distance sampling surveys were conducted at each site in 2012; two partial 

surveys each of R50, SCS and GHP were also conducted (Table 16).  Flight season initiation and 

length appear similar for R50 and R76, although restricted access prohibited confirmation of end 

dates.  Similar to 2011, flight season initiation and length differed at SCS (Tables 14 and 16) 

relative to R50 and R76; the same was true for the two new reintroduction sites, PCM and GHP.  

This may be due to population size or to other factors, including but not limited to microclimate, 

habitat, soil moisture, and soil composition, all of which have the potential to affect survival 

during the pupal stage.  Effort expended at R50 and R76 was similar, totaling 75,800 m and 

75,600 m of line length surveyed, respectively.  The greatest effort was expended at SCS with 

98,400 m of line length surveyed; this was partly due to the release of adults, which occurred 

after the flight season in the wild was complete.  The two new sites, PCM and GHP, received 

similar levels of survey effort, with 54,400 m and 43,200 m of line length surveyed, respectively, 

especially considering the survey grid at PCM was slightly larger than that at GHP. 

 

Distance sampling surveys generated a combined total of 13,724 records across five sites (R76, 

R50, SCS, PCM and GHP) in 2012, with a total of 9,409 checkerspots counted (Table 16), 

comprising 8,442 groups.  Butterflies were in groups of 1-18 with 7,634 single butterflies 

observed; 705 groups of two; 74 groups of three; 17 groups of four; 9 groups of five; 2 groups of 

six; and 1 group of eighteen individuals.  Distance estimates ranged from 0.0 to 40.0 m, with an 

average detection distance of 3.18 + 2.73 m SD across all sites.  Average detection distance was 

similar across most sites (SCS = 3.00 + 2.73 m SD; R50 = 3.15 + 2.60 m SD; R76 = 3.18 + 2.77 

m SD), although average detection distance at PCM was somewhat longer than at other sites 
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(4.47 + 3.18 m SD).  No average detection distance was generated for GHP due to the low 

number of observations there.  Checkerspots were present in good numbers throughout the 

sampling areas at both R76 and R50, whereas distributions at SCS, PCM and GHP tracked the 

areas of release more closely, with numbers lower than expected based on observations of 

postdiapause larvae in early April (see Adult distribution below).  Cold wet conditions during the 

pupal stage are believed to have delayed the flight season, reduced its overall length and 

impacted numbers of adults at all sites. 

 
Table 16. Number of Taylor’s checkerspots counted by site and date during distance sampling surveys at 
extant (R76= Range 76) and reintroduction sites (SCS = Scatter Creek South; R50 = Range 50, PCM = 
Pacemaker, GHP = Glacial Heritage Preserve) in South Puget Sound, Washington, Spring 2012.   

Date R76 SCS R50 PCM GHP 

21-Apr-12  0   0 
22-Apr-12    0  
23-Apr-12 0  01   
27-Apr-12     02 
28-Apr-12    0  
29-Apr-12 20  55   
02-May-12  0  1 0 
05-May-12     0 
06-May-12 1337  384   
07-May-12  7  18 2 
08-May-12 1461  709   
10-May-12  16  21  
11-May-12 2070  4943   
13-May-12  64  215 0 
14-May-12 1562  3637   
15-May-12  167  148 2 
18-May-12  0  10 0 
19-May-12 480  236 6  
25-May-12  139    
26-May-12  13  0 0 
27-May-12 12  23   
29-May-12 21 4    
30-May-12  12    
03-Jun-12  0    

Total sightings 6963 87 2264 91 4 
1 15 of 16 lines surveyed due to access constraints; 2 6 lines surveyed due to weather; 3 14 of 16 lines 
surveyed; 4, 7 12 of 14 lines surveyed; 5, 8 12 of 14 lines surveyed; 6 12 of 16 lines surveyed; 9 day adults 
were release at SCS. 

 

Nectar observations were recorded opportunistically during distance sampling surveys at the five 

sites surveyed for Taylor’s checkerspot.  Thirteen different nectar species were recorded across 

the four sites (Table 17).  Three plant species, Balsamorhiza deltoidea, Lomatium triternatum 

and Saxifrage integrifolia, accounted for 81.0 percent of all nectaring observations; when both 

Lomatium species are included, 96.8 percent of all observed use is accounted for.   
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Table 17.  Number and species of plant on which Taylor’s checkerspots nectared during distance 
sampling surveys at three reintroduction sites (PCM = Pacemaker, R50 = Range 50, SCS = Scatter Creek 
South) and one extant site (R76 = Range 76) in South Puget Sound, Washington, 2012.  ACMI – Achillea 
millefolium; ARMA – Armeria maritima; BADE - Balsamorhiza deltoidea; CAHI – Castilleja hispida; CAQI -
Camassia quamash; CEAR – Cerastium arvense ; CYSC – Cytisus scoparius FRVI - Fragaria virginiana; 
LOSP – Lomatium species; LOTR- Lomatium triternatum; LOUT-Lomatium utriculatum; PLCO- Plectritis 
congesta; RAOC - Ranunculus occidentalis; SAIN - Saxifraga integrifolia. 
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3 13 4 
   

30 142 

SCS 1 2 6 
        

1 
  

10 

R76 
 

6 465 
 

3 
 

1 8 161 305 21 
 

8 113 1091 

Total 1 8 558 1 7 1 1 11 176 311 21 1 9 143 1249 

 

Mardon skipper butterfly sightings were also recorded opportunistically during distance 

sampling surveys for Taylor’s checkerspot at three of the sites visited in 2012 where they occur.  

In total 152 mardon skipper observations were made (Table 18). Most (86) were observed as 

singles; however, 21 groups of two, 5 groups of three, and 1 group each of four and five 

individuals were also observed.   

 
Table 18.  Number of mardon skipper butterflies observed by date and site during distance sampling 
surveys targeting Taylor’s checkerspot butterflies in Spring 2012 at three sites in South Puget Sound, 
Washington.   Only the first two “0” survey days for mardon skipper are included in the table.  R50 = 
Range 50; R76 = Range 76; SCS = Scatter Creek South. 

Date R50 R76 SCS 

6-May-12 0   

7-May-12   0 

8-May-12 0 0  

10-May-12   0 

11-May-12 1 0  

13-May-12   1 

14-May-12 7 2  

15-May-12   1 

18-May-12   9 

19-May-12 29 35  

25-May-12   8 

26-May-12   18 

27-May-12 11 4  

29-May-12  10 5 

30-May-12   8 

3-Jun-12 1  2 

Grand Total 49 51 52 
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Adult distribution 

Adults were distributed across 20.2 percent (34 of 168) of the segments surveyed at SCS 

(Appendix B, Fig. 1), with the greatest concentration of adults in the northwest quarter of the 

grid, where several of the most recent releases have occurred.  Distribution of adults was not 

markedly different between those that eclosed naturally on the site and those released from 

captivity in the adult stage (Appendix B, Fig. 2).  Adults occupied 76.1 percent (150 of 197 

segments) of the R50 survey area over the course of the flight season (Appendix B, Fig. 3), with 

adults present on 48.2 percent (95 of 197 segments) of the area on 8 May, the peak single day 

count for 2012 (Appendix B, Fig. 4).  At PCM, a new site in 2012, a total of 21.4 percent (24 of 

112 segments) of the survey area was occupied when all survey dates were combined (Appendix 

B, Fig. 5).  Even at its peak on 13 May 2012, however, only 8.0 percent (9 of 112 segments) of 

the survey area was occupied at one time (Appendix B, Fig. 6).  In spite of only a few 

observations at GHP (Fig. 7), it is notable that those are clustered rather than distributed more 

broadly, which may indicate an attraction to some habitat feature.  At R76, the only extant site in 

South Puget Sound, 92.9 percent (156 of 168 segments) of the survey area was occupied during 

the peak single day count on 11 May 2012 (Appendix B, Fig. 8), with 100 percent occupancy 

when survey dates were combined (Appendix B, Fig. 9).  While R76 surveys likely capture the 

core of the Taylor’s checkerspot population at this site, the actual distribution is known to extend 

beyond the survey grid, as evidenced by the number of observations at the survey area perimeter 

(Appendix B, Fig. 9).  The same pattern is beginning to emerge at R50 (Appendix B, Fig. 3), 

particularly on the north and east edges of the site.  However, as with the south edge of the R76 

survey grid, access restrictions due to unexploded ordnance prevent us from expanding surveys 

in those directions.  Scattered sightings on the Artillery Impact Area (AIA), the 2,833-ha prairie 

that includes R76 and R50 (Appendix B, Fig. 10), suggests dispersal from one or both sites is 

likely occurring, and suggests that the AIA could function as a large metapopulation if additional 

suitable habitat patches exist.   

Evaluate short-term success of releases based on reproduction 

Methods 

Local reproduction is arguably the most important measure of a successful reintroduction. We 

conducted transect sampling for prediapause larval clusters in and around release plots on one 

newly established site (PCM).   GHP was not surveyed due to the small number of adults 

observed there (Table 16).  We used 2-m wide belt transects running east-west through release 

plots (visibility is more consistent than with north-south transects) and included a 10-m buffer on 

either end; total line length was equal to about 10% of the survey area.  Transects were surveyed 

in late June, when larvae were in about 2
nd

-3
rd

 instar, on days with temperatures >50.0°F, 

average wind speed <10 mph, and at least faint shadows.  Time, number of larvae in group, 

larval instar, substrate (e.g., host plant by species, moss/bare or grass/forb), distance from nearest 

oviposition site and behavior (e.g., basking, traveling, or foraging) were recorded.  Oviposition 

sites are typically revisited once every 7-10 days after initially located to document outcomes.  

Release plots were selected and enhanced to create high quality larval habitat, so we assume 

these areas were also attractive to ovipositing females (Severns and Grosboll 2011).  If no 

oviposition sites were located inside release plots, other suitable areas were searched.  Locations 

of at least 10 larval clusters where the majority of larvae and clusters persist to at least the 4
th

 

instar were considered a sign of successful reproduction.  Extrapolating these results to the 
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remaining plot area suggested 100 larval clusters and over 2,900 prediapause larvae (average 

cluster size = 29.2; n = 9 wild females; Barclay et al. 2009a) were produced. 

 

Results and Discussion 

Two 45-m transects were surveyed through each of the three plots at PCM on 27 and 29 June 

2012.  One cluster of 14 light reddish-brown eggs was located on a Plantago plant in Plot A.  

The eggs appeared dusty, and were located on the underside of a curled up leaf that had flipped 

upside down, exposing the eggs.   This was an unusual find at such a late date, and we suspect 

the eggs died during development, which has been observed in eggs from both captive and wild 

females at the Oregon Zoo (M. J. Anderson, pers. comm.). No other eggs or larvae were 

observed.  Unlike previous years, in 2012 we had no information on the phenology of developing 

eggs and larvae with which to gauge the timing of surveys.  This was due to several factors 

including 1) the short flight season, 2) the loss of access to R76 and R50 prior to the end of the 

flight season and thereafter, and 3) the low numbers of adults observed on sites outside of the 

AIA (R76 and R50).  Regardless, these results were not entirely surprising given the relatively 

low number of adults, the short flight season, and the fact that unlike most sites, this site contains 

several acres of host plants suitable for oviposition (Fig. 2).   

 

 
Fig. 2  Photo showing abundance of Plantago lanceolata and Castilleja hispida at Pacemaker Airstrip on 
Joint Base Lewis-McChord.  Taylor’s checkerspot readily oviposits on both species.   

 

Long-term monitoring and population goals 

Methods 
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Long-term population monitoring goals will be developed based on distance data from Range 76 

and existing reintroduction sites.  These data are critical to understanding annual variations in 

population size and the shape and phenology of the population curve (Weiss and Weiss 1998), 

and will help us set population monitoring targets and evaluate population growth potential.  

Long-term monitoring goals will be used to measure progress toward population establishment 

1) during the five-year reintroduction period, and 2) after the five-year reintroduction period is 

complete.  Currently, there is no suitable method for generating population abundance estimates 

for invertebrates from distance sampling data that accounts for the almost daily emergence and 

mortality observed in adult butterflies with a short flight season.  Additional work and funding 

will be required to develop this method.  However, in the interim, it may be possible to use 

minimum daily counts and daily abundance estimates as measures of population status.  The 

monitoring scheme and distance sampling protocol already developed (Linders and Olson 2009) 

will be used as the basis for monitoring reintroduction sites.   
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Future Plans 

This is the seventh year of a multi-year recovery project.  Translocation data from 2007-2011 are 

being compiled in a five-year report.  Statistical analyses on 2012 distance sampling data are 

scheduled for completion in winter 2012-2013.  Additional funding will be required to develop a 

method for estimating total population abundance from the series of daily abundance estimates 

generated via distance sampling.  Plans for 2013 include increasing the size of releases at Glacial 

Heritage Preserve (Thurston County) and Pacemaker Airstrip (JBLM).  Given the robust 

response of the R50 population, no further reintroductions are recommended at this time, 

however population monitoring would continue in order to track the establishment and dynamics 

of the population over time.  Objectives for 2012-2013 are to retain the large size of releases 

while also maintaining several of release sites to offset the influence of climatic perturbations on 

translocation success.  Funds for the 2012-2013 field season and rearing year have been secured; 

those for the 2013-2014 field season and rearing year will be requested from USFWS and ACUB 

under the current RFPs.  Goals are to retain the large size of releases, while maintaining a 

number of release sites to offset the influence of climatic perturbations on translocation success.  

Additional sources of funding and new conservation partnerships are being explored.  

Questions for Further Research 

1) How do baseline conditions for host and nectar plant diversity/abundance and vegetation 

structure at an extant site(s) compare to reintroduction sites?  This information gap is 

critical to supporting reintroduction and recovery efforts for Taylor’s checkerspot. 

2) Potentially related to # 1 is the role of soil moisture and composition in survival during 

diapause and pupation.   
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Appendix A.  Approximate number of Taylor’s checkerspot butterflies released and/or proposed for release by life stage (PreD = 
prediapause larvae; PostD = postdiapause larvae) and site (SCS = Scatter Creek South; R50 = Range 50; GHP = Glacial Heritage 
Preserve; PCM = Pacemaker Airstrip; TA7 = Training Area 7 South; SCN= Scatter Creek North; TNQ = Tenalquot Prairie; BHP= Bald Hill 
Preserve). 
 

 
2006 2007 2008 2009 2010 2011 2012 Proposed 2013 

Site PostD Egg PreD PostD PostD PostD PreD PostD Adult PostD Adult PreD PostD Adult PostD Adult PreD 

SCS 
 

639 
 

199 340 ~750 2487 891 202 1109 167 1036 
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Appendix B.  Distribution maps of adult Taylor’s checkerspots observed during distance sampling surveys 
at reintroduction sites (SCS, R50, PCM, and GHP) and one extant site (R76) in South Puget Sound follow.  
Each is labeled according to location, time frame and data displayed. 
 

 
Fig. 1.  Distribution of all adult Taylor’s checkerspots observed during distance sampling surveys at 
Scatter Creek South, combined across all survey dates in Spring 2012, South Puget Sound, Washington.  
Scattered sightings are only those reported outside of the standard survey grid.   
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Fig. 2.  Distribution of adult Taylor’s checkerspots observed during distance sampling surveys at Scatter 
Creek South, from naturally eclosing adults (top), and from adults released from captivity (bottom) on 
25 May 2012; observations are combined for all dates within each time frame, Spring 2012, South Puget 
Sound, Washington.   
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Fig. 3.  Distribution of all adult Taylor’s checkerspots observed during distance sampling surveys at 
Range 50, combined across all survey dates in Spring 2012, South Puget Sound, Washington.   
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Fig. 4.  Distribution of adult Taylor’s checkerspots observed during distance sampling surveys at Range 
50 on 8 May 2012, date of peak single day count in Spring 2012, South Puget Sound, Washington.   
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Fig. 5.  Distribution of all adult Taylor’s checkerspots observed during distance sampling surveys at 
Pacemaker, combined across all survey dates in Spring 2012, South Puget Sound, Washington.   

 



 

36 

 

 
Fig. 6.  Distribution of adult Taylor’s checkerspots observed during distance sampling surveys at 
Pacemaker on 13 May 2012, date of peak single day count in Spring 2012, South Puget Sound, 
Washington.   

 



 

37 

 

 
Fig. 7.  Distribution of all adult Taylor’s checkerspots observed during distance sampling surveys at 
Glacial Heritage Preserve, combined across all survey dates in Spring 2012, South Puget Sound, 
Washington.  Note: The prescribed fire occurred in the year prior to release. 
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Fig. 8.  Distribution of adult Taylor’s checkerspots observed during distance sampling surveys at Range 
76 on 11 May 2012, date of peak single day count in Spring 2012, South Puget Sound, Washington.   
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Fig. 9.  Distribution of all adult Taylor’s checkerspots observed during distance sampling surveys at 
Range 76, combined across all survey dates in Spring 2012, South Puget Sound, Washington.   
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Fig. 10.  Scattered sightings of adult Taylor’s checkerspots observed around the perimeter of the Artillery 
Impact Area on Joint Base Lewis-McChord relative to survey areas at R76 (extant site) and the 
reintroduced population at R50, Spring 2012, South Puget Sound, Washington.  Sightings east and west 
of R50 represent new locations since monitoring began in 2003.   

 


