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EXECUTIVE SUMMARY 

The USFWS provided funding to support the recovery of golden paintbrush populations in 

western Washington from 2009-2011, with an extension that included monitoring in the 

spring of 2012. The project had four primary objectives, including  a) Increasing the 

availability of golden paintbrush seed for recovery activities, a) Grow-out and outplanting 

of plugs and seed at augmentation and new recovery sites, c) Implementation of priority 

management activities at specific sites to enhance suitability for golden paintbrush, and 

d) Monitoring of the success of paintbrush seeding and outplanting efforts at sites in north 

and south Puget Sound to document progress towards meeting recovery goals.  

 

There are now 1000’ of nursery beds producing golden paintbrush seed – over 5 million 

were harvested in 2011. Over 16,000 paintbrush plugs were also produced between 2009-

2011.  Plugs were outplanted to increase nursery seed production, and at seven sites in 

South Puget Sound and the San Juan Islands to augment small, extant populations and 

increase the size of newly established recovery populations. Increasingly, seed is being 

used as the primary mode of establishing paintbrush in the field. Sowing success has been 

enhanced by sowing paintbrush seed together with seed of native plant hosts (Eriophyllum 

lanatum, Festuca roemeri) into recently burned sites, and using herbicides to control 

invasive species. In addition to burning and herbiciding in many sites, management has 

included actions targeted to address particular problems, such as fencing and caging of 

plants to reduce deer grazing. 

 

Population monitoring has been instrumental in tracking progress towards reaching 

restoration goals. The primary metric has been recording the number of flowering plants, 

but more detailed demographic, survival, and growth data were collected at some sites. In 

the San Juan Islands, a new population has been established on Waldron Island and is 

reproducing well from seed. Augmentation and habitat management at Naas NAP and Ft. 

Casey State Park on Whidbey Island have resulted in substantial growth of these wild 

populations, which at one time had dwindled to a few dozens of plants. New populations 

have been established at Ebey’s Landing and Smith Prairie; the latter has grown 

exponentially, and now numbers over 12,000 plants. 

 

In South Puget Sound, populations have been established at six sites. There is good 

survival at all sites, but is highest in areas with Nisqually soils. Vigor, as measured by the 

number of flowering stems per plant, is highest in sites where burning and other 

management has enhanced the habitat. Plugging and/or seeding has been carried out 

annually at most sites, and is now resulting in significant establishment of flowering 

plants, with some regeneration from self-sown seed. Seeding in particular has helped to 

greatly expand the area occupied by these populations. 
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Plugs grown from seed derived from different source populations exhibited somewhat 

variable survival; those derived from Rocky Prairie generally had the highest survival 

rates. There was no significant differences among the sources in terms of flowering stem 

production. Paintbrush survival rates also varied depending on the microsites in which 

they were planted. Native forb richness tended to be highly correlated with paintbrush 

survival, perhaps reflecting a high likelihood of paintbrush plants finding an appropriate 

host plant to parasitize. 

 

Several sites have already reached the recovery threshold of >1000 flowering plants. 

Recovery is considered successful if populations can be sustained at or above this level for 

at least five years. Ft. Casey has now reached that goal, Naas NAP is getting close, and 

several South Sound sites exhibit a very strong upward trajectory. 

 

Specific recommendations are made for all sites based on overall lessons learned, as well 

as site-specific observations regarding success of outplanting and sowing, progress 

towards meeting recovery goals, and assessments of habitat conditions and threats. 
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INTRODUCTION 

Systematic observations on extant populations of golden paintbrush (Castilleja levisecta) 

in Washington began in the 1990s (Wentworth 1994, Dunwiddie 1998). These early 

efforts included experimental burning at one site, Rocky Prairie, as well as detailed 

demographic and ecological studies that began to elucidate important factors in the 

management and restoration of this federally threatened species (Dunwiddie et al. 2001, 

Gamon et al. 2001).  Specific actions directed at recovering this species began following 

the development of the federal Recovery Plan (USFWS 2000), and have continued with 

experimental introductions at several sites in South Puget Sound, Whidbey Island, and the 

San Juan Islands. These actions have been carried out with the assistance and 

cooperation of numerous colleagues, graduate students, and organizations (e.g., 

Swenerton 2003, Wayne 2004, Pearson and Dunwiddie 2006, Sprenger 2008), with 

extensive funding provided by the U.S. Fish and Wildlife service. Collectively, this work 

has helped to identify key factors in the biology and ecology of this species, understand 

critical elements that aid in the survival and enhancement of existing golden paintbrush 

populations, identify potential new sites that may be capable of supporting this species, 

and help establish new populations at sites that appear to offer the greatest restoration 

potential. 

This report describes the recovery work that was accomplished under a grant awarded to 

the Pacific Rim Institute in the fall of 2009, which funded activities that were carried out in 

western Washington through the spring of 2012.  

GOALS AND OBJECTIVES 

The primary goal of this project was to further the recovery of golden paintbrush across a 

suite of sites in western Washington. This is accomplished by working collaboratively with 

the many landowners and managers associated with potential recovery sites in order to 

carry out priority recovery actions in a coordinated and efficient manner.  

 

We identified four primary objectives for this work:  

1) Increasing the availability of golden paintbrush seed for recovery activities through the 

collection of seed from extant native populations and the production of new seed sources 

from nursery beds, 

2) Grow-out and outplanting of plugs and seed at augmentation and new recovery sites, 

3) Implementation of priority management activities at specific sites to enhance suitability 

for golden paintbrush, and 

4) Monitoring of the success of paintbrush seeding and outplanting efforts at sites in north 

and south Puget Sound to document progress towards meeting recovery goals. 
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ACTIVITIES: 2009 - 2012 

Increasing seed availability 

Recovery efforts have increased dramatically in recent years, and now include more sites 

and larger areas than ever before. With this growth, it has become increasingly costly and 

labor intensive to establish golden paintbrush by outplanting individual nursery-grown 

plugs. As a result, we have begun to vastly increase the quantities of golden paintbrush 

seed available for recovery actions. This is advantageous for several reasons. First, it 

greatly increases the number of propagules available for establishing new populations, 

thereby increasing the number of potential individuals on a site. Second, compared to 

plug outplanting, this significantly increases the area of a site in which propagules can be 

sown. This, in turn, greatly increases the likelihood that propagules will be planted in 

microsites that are especially suitable. Third, the larger number of propagules sown on a 

site increases the genetic diversity of the propagule pool, thus potentially increasing the 

genetic diversity of the progeny. It seems probable that natural selection within this larger 

number of plants, which includes a greater genetic diversity, may result in more 

individuals that are particularly suited to the conditions at the recovery site. 

In 2009, a 500’ long production bed of golden paintbrush plants was established at 

Webster’s Nursery in South Puget Sound. This bed included plants derived from seed 

collected at Rocky Prairie, as well as from multiple sites on Whidbey Island, including Ft. 

Casey State Park, Naas NAP, and Ebey’s Landing/Hill Road. These plants were grown 

together with Eriophyllum lanatum, which served as a host for the hemiparasitic golden 

paintbrush (Fig. 1).  

In 2011, we established a second 500’ long production bed of golden paintbrush at the 

nursery to further increase production capacity. Again, these plants included a mix of 

individuals from both Whidbey Island and Rocky Prairie, grown with Eriophyllum lanatum 

host plants. Due to increasing concerns about the potential for golden paintbrush to 

hybridize with harsh paintbrush (Castilleja hispida), we relocated existing C. hispida beds 

at Webster’s Nursery to a location distant from the C. levisecta beds. This reduces the 

likelihood of pollinators moving between the two species, minimizing the chances of 

producing hybrid seed.  
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Project funds were used to maintain the existing golden paintbrush production beds, 

expand the production capacity by 100% with the installation of the new bed, and relocate 

the C. hispida bed.  The golden paintbrush production beds at Webster’s Nursery began to 

produce significant quantities of seed in 2010, when ca. 500,000 seeds were harvested. 

Production increased approximately ten-fold in 2011, when about 5.2 million seeds were 

harvested and cleaned.  

The project also has continued to coordinate the collection of seed from wild populations 

of golden paintbrush. Each year, we try to anticipate needs for seed from different sources 

to enhance genetic diversity in growout beds and to produce plugs for outplanting from 

appropriate sources. Seed from the San Juans continues to be in short supply. Therefore, 

we have made collections yearly from the wild population at False Bay on San Juan Island, 

as well as from the new, recovery population at Pt. Disney on Waldron Island. Additional 

collections were made in 2009-2011 from Ebey’s Landing/Hill Rd., Naas NAP, Ft. Casey 

State Park, and Rocky Prairie NAP. 

  

Plug production and establishment of paintbrush at recovery sites 

As previously noted, we have begun to move away from the outplanting of golden 

paintbrush plugs as a primary strategy for establishing or augmenting recovery 

populations at all sites. Rather, we use nursery-grown plugs in combination with seeding 

to accomplish various recovery objectives. Plugs are now primarily grown for use in three 

Figure 1: Golden paintbrush growout 

bed at Webster’s Nursery, planted with 

Eriophyllum lanatum. (Photo: Anita 

Goodrich) 
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contexts. First, we still use plugs for the initial plantings at new sites. In such settings, 

monitoring the survival and growth of plugs can more quickly reveal the nature and 

magnitude of factors that may limit the suitability of a site, which may not be as evident if 

only seeds are sown. Second, plugs are used where seed supplies are in short supply, 

such as in the San Juans, where we have no nurseries producing seed of local 

provenance. Since only a small percentage of seed sown in the wild survives, little 

recovery would be achieved if we relied on field-sown seed to establish paintbrush at new 

sites. And third, plugs are grown to start new seed-production beds in nurseries. This 

process establishes plants more quickly, making larger quantities of seed available 

sooner. 

Plugs are grown out in 1.5”x5” conetainers at Shotwell’s Nursery. Approximately 5000 

plugs were produced in 2009, 3400 in 2010, and 8000 in 2011. Of the 2011 cohort, 4000 

were used to start the new seed increase bed at Webster’s Nursery. The remainder were 

used for outplanting at Mima Mounds, Glacial Heritage, Tenalquot (Morgan), West Rocky, 

Wolf Haven, False Bay, and Pt. Disney. 

Locations for outplanting plugs and sowing seed were selected using several criteria. 

Wherever possible, we attempted to find locations where Festuca roemeri and Eriophyllum 

lanatum already existed. Site selection occurred in August when these species were 

readily apparent on the landscape. These species are known host plants for golden 

paintbrush, and their presence at outplanting sites offered some likelihood that they 

would serve as hosts for golden paintbrush. Recent studies by Eric Delvin and colleagues 

have demonstrated that paintbrush grown with host plants tend to have higher long-term 

survival, as well as producing more seed (Eric Delvin, personal communication). Sites 

were also chosen in areas that were planned to be burned in fall, 2011. Our monitoring of 

previous outplantings has indicated that golden paintbrush seeding and plugging tends to 

be more successful in areas that have be recently burned. Finally, since we have been 

restoring paintbrush into many of these sites for several years, we often concentrated 

plantings in areas where previous plantings had proven to be most successful. 

In addition to burning, seeding/plugging sites are also prepared by herbiciding with 

Fusilade to control non-native grasses, and by post-fire application of glyphosate, which 

helps to control invasive forbs. Festuca roemeri and Eriophyllum lanatum were also 

seeded in many of the sites to provide a greater number of potential host plants. Plugs 

were outplanted using a gas-powered auger to drill holes in a rectangular array, which 

facilitates relocation of plants in later years to monitor survival. At one site (West Rocky), 

golden paintbrush plugs were outplanted in 2011 immediately adjacent to other plugs of 

Festuca roemeri, Eriophyllum lanatum, Potentilla gracilis, or Viola adunca.  

The Webster’s Nursery beds are producing quantities of golden paintbrush seed in 

increasing quantities for sowing in the South Puget Sound sites. This seed was sown by 

mixing it with Vermiculite, and small quantities of Festuca roemeri and Eriophyllum 

lanatum, and distributing it using a lawn spreader adjusted to sow the seed at a rate of 
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1000 seeds/m2.  The seeding mix was applied in rectangular plots, often contiguous with 

or in close proximity previous outplantings. 

Implementing priority site management actions 

Management actions were carried out at all recovery sites to enhance habitat suitability 

for sustaining golden paintbrush populations. This work was either directly supported by 

this project, carried out using other funding sources representing cost-share support, or 

supported by other projects directed at enhancing prairie quality and rare species habitats 

at the recovery sites. 

South Sound: Each year, management activities to enhance golden paintbrush habitat 

have been carried out at all the target sites, including Mima Mounds, Glacial Heritage, 

West Rocky, Tenalquot, Wolf Haven, and Scatter Creek. Activities primarily include the 

prescribed burning, invasive species control, and seeding of host plant species described 

in the previous section (Fig. 2).  

 

North Sound: Management activities were carried out at several sites with extant 

populations of golden paintbrush, including Ft. Casey, Naas NAP, and Smith Prairie on 

Whidbey Island, and False Bay in the San Juans. Prescribed burns were conducted within 

the areas being managed for golden paintbrush recovery at Naas and Smith Prairie. 

Portions of the golden paintbrush populations at Ft. Casey State Park and Smith Prairie 

were fenced to exclude rabbits (Ft. Casey), deer (Smith Prairie, False Bay, Naas). At 

Smith Prairie, fencing that prevented deer browse resulted in an astonishing increase in 

flower production within the protected area (see cover photo and Fig. 3). Project funding 

also was used to repair a tractor used to mow brush in the golden paintbrush recovery 

area at Ft. Casey. 

Figure 2: A light prescribed 

burn to prepare an area for 

seeding with golden 

paintbrush. Glacial Heritage, 

August, 2011.  
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Monitoring progress of recovery efforts 

As part of this project, we monitored survival and vigor of golden paintbrush at all newly-

established recovery sites every year in order to track progress towards reaching recovery 

goals. These include six sites in South Puget Sound, Smith Prairie on Whidbey Island, and 

at Pt. Disney on Waldron Island. Several other sites included in this project (Ft. Casey, 

Naas, and False Bay) involve augmentation of extant populations, and are monitored by 

collaborating partners. Totals from these sites are included in the annual tallies reported 

by Arnett in his “Castilleja levisecta Outplanting Summary” (Arnett, personal 

communication). Results are included in Table 2 (page 21) to provide a more complete 

picture of recovery actions throughout the region.   

In most cases, monitoring consisted of inspecting the locations where individual plugs 

were outplanted in past years and recording survival (present/absent), plant vigor 

(vegetative weak, vegetative robust, flowering), and/or reproductive vigor (number of 

flowering stems). Where individual plug planting locations could not be identified for a 

particular planting cohort, total numbers of flowering plants were recorded within the 

planting area. Recruitment of new individuals into populations from self-seeding by 

reproductive adults was documented to the extent that such individuals could be 

unambiguously identified and recorded. 

Outreach 

Dissemination of results and lessons learned from our golden paintbrush recovery work 

has been an important part of the project. In addition to regularly consulting with 

managers of all the recovery sites, I presented talks on this work at the 38th Annual 

Natural Areas Association conference in Tallahassee in 2011, and at the UW Botanical 

Gardens conference on Conserving Plant Biodiversity in a Changing World in 2012. Both 

talks were co-authored with Joe Arnett and Theodore Thomas. 

Figure 3: Flowering stems 

of golden paintbrush are 

much more abundant in an 

area protected from deer 

browse (right), compared 

with plants just outside  the 

exclosure (left) at Smith 

Prairie, May, 2011.  
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RESULTS 

The primary goals of the project are to identify potentially suitable golden paintbrush 

recovery sites, and to establish viable populations of the species in then most suitable 

sites. The following sections assess site suitability and recovery progress at golden 

paintbrush recovery sites based on detailed monitoring of the fate of the multiple cohorts 

of paintbrush that have been outplanted at each site. 

North Puget Sound 

Waldron Island, San Juan Islands (Bitte Baer Preserve – Pt. Disney) 

Pt. Disney is a high coastal bluff at the southeast end of Waldron Island, and is managed 

as a nature preserve by the San Juan Preservation Trust. Bedrock outcrops occur 

frequently on the property, which includes extensive dry Douglas-fir forest, as well as one 

of the largest Garry oak savannas and Douglas-fir/Garry oak woodlands in the Islands. 

Grasslands occur on the southeast-facing slopes of the property, and generally are 

dominated by non-native annual grasses. However, small remnants of native grassland 

are found, especially towards the outer end of the point. 

Golden paintbrush was first outplanted across an array of grassland and savannah 

habitats on the site in 2007. The species had not previously been found on Waldron 

Island, but does occur on other nearby islands in the San Juan and Gulf Islands. Survival 

was highest in what has become the primary focal area for outplanting ( Fig. 4), but was 

largely unsuccessful elsewhere. Several host species, particularly Eriophyllum lanatum, 

are present in abundance in this focal area. Building on the initial cohort of 96 plugs 

planted in 2007, subsequent outplantings were carried out in 2010 (185) and 2011 (69); 

the latter plantings were primarily located in the focal area.  

Both survival and vigor of the initial 2007 cohort in the focal area have been outstanding. 

Sixty-nine percent of the 32 plants originally outplanted in the focal area are still alive, a 

survival rate higher than observed at any other recovery site. These plants are also 

particularly robust, with an average of 7.7 flowering stems/plant. Fifteen new plants have 

also recruited into this population from self-sown seed, all of which flowered in 2012.  

Although subsequent outplantings in 2010 and 2011 have been less successful (58% and 

32% survival, respectively), we consider this to be a promising site for paintbrush 

recovery, based on the high survival and vigor of the 2007 cohort and the recruitment 

resulting from these plants. A total of 167 paintbrush plants are now surviving on the site, 

96 of which are flowering. Outplantings will be continued in 2012 and beyond to 

significantly increase the size of this population, and we intend to continue management 

actions that will further enhance the potential for seedling establishment. 
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Smith Prairie, Whidbey Island  

Historically, Smith Prairie occupied over 1000 acres in central Whidbey Island. It is within 

a 2-3 miles of other native prairies (Ebey’s and Crockett Prairies), as well as several 

extant golden paintbrush sites (Ft. Casey, Naas NAP, Ebey’s Hill Rd.). A 175-acre portion 

of the prairie is managed by the Pacific Rim Institute; they play an active role in restoring 

prairie on their property. A 4-5 acre remnant of native prairie exists on a portion of the 

property, and was the location where 180 golden paintbrush plants were first outplanted 

in 2002, in association with Festuca roemeri hosts (Swenerton 2003). Ten years later, a 

few of these original plants still survive (Fig.  5). These initial outplantings were followed 

in 2006 with the outplanting of 100 additional plants in six blocks (A-F, Fig. 5). Four of 

these six blocks were chosen for further outplanting  in 2007 (991 plugs), with 1030 plugs 

outplanted elsewhere in the prairie remnant in 2010 (Fig. 5).  

Figure 4: Locations of golden paintbrush outplantings on Bitte Baer Preserve, Waldron 

Island. 2007: Red=High survival, Yellow=Moderate survival; 2010: Blue - along 2 

transects; 2011 – Green – along transects. Small outplantings occurred to the east, 

but with little or no survival. 
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Survival rates have varied widely among these plantings, depending on where in the 

remnant they were installed. None of the 2006 plantings survived in blocks A and F, and 

the 2010 plantings have also largely failed to thrive. However, 2006 and 2007 plantings in 

blocks B, C, and D persist, with the greatest success in the vicinity of patch D. Such large 

numbers of recruits have become established near patch D that it has become impossible 

to relocate the original individual plugs that were outplanted. Beginning in 2011, only 

flowering plants were recorded across the site, and outplanted plugs and new flowering 

recruits were no longer distinguished from one another. Over 1300 flowering plants were 

Figure 5: Native remnant of Smith Prairie at Pacific Rim Institute, Whidbey Island, 

showing locations of golden paintbrush recovery actions, prescribed burns, and 

other management activities described in the text. “Swenerton Project 

2002”=Location of original golden paintbrush outplanting; 2006 outplantings 

occurred in transects (red lines) near letters A-F; 2007 outplantings occurred in 

magenta blocks near letters B, C, D, and E; 2010 outplantings occurred in bright 

yellow blocks G, H, and I; recent recruitment of new plants has occurred primarily 

in the pale yellow shaded ovals north of blocks B, C, and D. 
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recorded in 2011 in this concentrated area on Smith Prairie, nearly a ten-fold increase 

over the previous year. Even more remarkably, the number of flowering plants increased 

again by an order of magnitude in the last year.  

This astonishing rate of growth of golden paintbrush is unprecedented at any of our other 

restoration sites, and demonstrates the potential for rapid recovery that is possible for 

this species when it is restored to suitable habitats. The number of flowering plants first 

exceeded the recovery threshold of >1000 flowering plants in 2010, and we estimated 

that at least 80% of these plants were new recruits rather than outplanted plugs. In 

addition to these plants, several thousand additional golden paintbrush have also been 

established in a separate native prairie restoration experiment about 100m south of this 

core recovery area (Eric Delvin, personal communication). 

This is now one of the largest and most robust paintbrush populations in existence. The 

vegetation associated with the paintbrush plants at Smith Prairie is unusual compared 

with most other extant populations. Here, there are relatively few native forbs; instead 

the vegetation is primarily dominated by Symphoricarpos albus, Rosa nutkana, and 

various non-native grasses (e.g., Poa pratensis), suggesting that these species may play a 

previously unsuspected role as host plants to the golden paintbrush. Also surprising is the 

fact that much of the extensive recruitment occurred in locations where no special efforts, 

such as a prescribed burn, had been used to prepare the seedbed.  

Measurements on the vigor of plants in this population in 2010 and 2011 provided some 

important clues that have helped to further enhance this population. In 2010, there was 

an average of 5.02 flowering stems/plant, but this declined to about 2.0 stems/plant in 

2011. Based on this, we suspected that deer browse might be negatively impacting the 

golden paintbrush, and installed fencing in early 2012 to exclude deer. Photographic 

evidence confirmed our suspicions (Fig. 3) that deer were causing a significant loss of 

flowering stems at this site.  

These results illustrate important patterns that are lessons for other sites. Despite the 

apparent general suitability of the site, plantings in some years failed to thrive, and areas 

in very close proximity to one another may exhibit very different paintbrush survival 

rates. Furthermore, herbivores such as deer can have large impacts on an otherwise 

healthy population.  

Based on the number and vigor of some of the golden paintbrush at this site, the large 

number of recruits, and the rapid increase in overall population size, portions of this site 

clearly are suitable for sustaining a recovery population. Future management efforts will 

be directed at reducing threats (e.g., deer browse, invasive species), establishing native 

host plants (through seeding of native species), enhancing conditions that favor the 

germination and survival of seedlings (by carrying out prescribed burns), and increasing 

the area occupied by the paintbrush population (by dispersing paintbrush seed into 

recently-burned habitats). 
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South Sound Prairies 

Experimental establishment of golden paintbrush in the South Sound first began with 

seeding experiments at Mima Mounds and  Glacial Heritage in 2001, and outplanting of 

plugs at the same sites in 2003. These efforts have significantly increased in magnitude at 

both sites, as well as expanded to include four other sites. Outplanting and seeding have 

also been accompanied by burning, weed control, and host plant establishment at many of 

the recovery locations. As noted previously, these efforts were undertaken to assess 

potential suitability of the various prairies for supporting golden paintbrush populations, 

identify effective strategies for establishing this species, and build up viable populations in 

suitable sites. 

Assessing potential suitability 

Ascertaining the potential suitability of the South Sound sites is complex. A primary factor 

contributing to this is the enormous variability of outcomes between years and between 

different areas within sites, such as has already been noted at Smith Prairie. Each 

outplanting cohort exhibits different survival rates and vigor, and the sources of this 

variability may be difficult to unravel. Major contributing factors include differences in 1) 

the health of plugs at the time of outplanting, 2) sources of planting stock, 3) weather and 

growing conditions, 4) management actions both prior to and post-planting, and 5) 

microsite conditions between planting areas within a site. Because so many different 

factors may individually or collectively result in failure of plantings to thrive, it may take 

several repeated efforts at a site before either the right combination of factors coincide 

and success is realized, or repeated failures provide sufficient evidence to argue 

convincingly against further attempts. Assessing the suitability of a site based on the 

survival of outplanted plugs may take several years since, even in unsuitable habitat, 

many plugs are able to survive for several years before eventually succumbing. Similarly, 

ample quantities of paintbrush seed may be sown for several years into well-prepared 

habitat before it can be concluded with any certainty that a lack of recruitment may 

indicate that paintbrush is unable to thrive at a site.  

All large cohort of paintbrush plants was outplanted at all six sites in 2007. Furthermore, 

all were outplanted along transects (up to 0.5 km) that spanned large areas of each 

prairie. These plants have now been in place for over 5 growing seasons, and the 

differences between the sites have become more apparent among survivors as the 

stresses of growing in different field environments have winnowed out the less fit. Data 

depicting survival within the 2007 cohort at the various sites is depicted in Figure 6. 

Initial, first-year survival was generally high at all sites, although the survival at Wolf 

Haven was somewhat lower than at the others. This probably resulted from the large 

number of plugs that were removed shortly after planting by ravens, which are 

particularly abundant at this site. As a result, we have abandoned plugging as a planting 

mode at Wolf Haven. Beginning in Year 2, however, the sites started to differentiate more 

clearly from one another, and there has been little change in rank order among the sites 
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since then in terms of survival. Survival rates have been highest at Scatter Creek, Mima 

Mounds, and West Rocky for the last 3-4 years. 

 

 
 
 
 
 

These patterns may reflect influences of site management practices, as well as 

environmental differences between the sites. Management of the different sites has varied 

since 2007. The areas in which the 2007 outplantings occurred at Scatter Creek, Mima 

Mounds, and West Rocky have not been burned. In contrast, large portions of the 

outplanting transects at Tenalquot, Glacial Heritage, and Wolf Haven have had prescribed 

burns during the intervening 5 years. Thus, it is noteworthy that the three unburned sites 

also have the three highest paintbrush survival rates (Fig. 6). This might suggest that 

burning may result in an increase in mortality of adult plants, a possibility that demands 

closer examination in the future. However, these results are somewhat confounded by the 

fact that the outplanting transects at both Scatter Creek and West Rocky are, for the most 

part, in Nisqually soils. This soil type tends to be deeper and less rocky than the 

Spanaway soils that typify most of the other sites, and are thought to be more suitable for 

sustaining golden paintbrush. 

 

 

Figure 6: Survival of golden paintbrush outplanted in 2007 at six South Puget 

Sound sites. 
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In addition to survival, vigor is another key variable that helps to determine which sites 

are most suitable for establishing golden paintbrush populations. High values not only 

describe plants that are particularly robust, but also characterize individuals with the 

highest potential reproductive output, an important component of populations that are 

producing the most seed, and hence are more likely to increase. Figure 7 depicts the 

average number of flowering stems among the surviving plants. Numbers were highest at 

Tenalquot and Glacial Heritage (both >4.0) and Wolf Haven (3.7). The lowest values – 

between 2.2 and 2.8 - were observed at Mima Mounds, Scatter Creek, and West Rocky.   

 

  

 

 

 

These results stand in surprising contrast to the patterns described by the survival data. 

Using this parameter as a measure of plant vigor, the sites with the lowest survival rates 

– Tenalquot, Glacial Heritage, and Wolf Haven – had the highest average number of 

flowering stems. Here, it seems most likely that high rates of flowering reflect the 

management differences noted previously. Burning stimulates flowering among many 

species, and such a response by golden paintbrush would be expected as well. We 

hypothesize that flowering would increase significantly at Mima Mounds, Scatter Creek, 

and West Rocky if those sites were burned. 

 

Figure 7: Average number of flowering stems per plant in 2012 on golden 

paintbrush outplanted in 2007 at six South Puget Sound sites. 
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Does provenance affect outplanting success? 

As noted in the previous section, numerous variables can affect the success of outplanted 

golden paintbrush in potentially suitable prairie habitat. Our data allow us to examine 

several of these variables more closely, including how the source of the outplanted plugs 

affects success, and how characteristics of the microsites in which they are planted affect 

outcomes. 

Outplantings in South Puget Sound are derived from seed collected from several sources. 

In this region, we originally intended to use plants derived from Rocky Prairie, with the 

expectation that this source was closest in proximity to the outplanting sites, and 

therefore would most likely be best adapted to this area. However, after two successive 

years where we had little or no germination of Rocky Prairie seed, we decided to use seed 

from several sites on Whidbey Island. Thus the first large-scale outplanting in 2007 at the 

six sites used plugs grown from seed derived from four sites - Ft. Casey, Naas, Forbes 

Point, and Ebey’s/Hill Rd. Two sets of plugs were grown from Ebey’s seed, which were 

produced by two different nurseries. Plugs were outplanted in the field in a pattern where 

each source could be tracked separately over time. 

Five years after outplanting, an average of 14.5% of the plugs were still alive, although 

this varied from 12-17%, depending on the source (Table 1). Those grown from Naas 

seed had the highest survival rate overall (17%), with Ft. Casey and Forbes Point lowest 

(12-13%). However, no source consistently outranked the others at all sites. In fact, 

every source had the highest survivorship in at least one site (see bolded figures in Table 

1).  

Table 1. Five-year survival of golden paintbrush plugs derived from different sources on 

Whidbey Island, outplanted in 2007 at six South Sound sites.  Ebey’s –J and Ebey’s – 4 

were both from the same source, but grown in different nurseries. The top-performer at 

each site is bolded. 

Site Ebey’s - J Ebey’s - 4 Ft. Casey Forbes Point Naas NAP 

Glacial Heritage 0.13 0.11 0.08 0.12 0.15 

Mima Mounds 0.13 0.21 0.15 0.15 0.19 

West Rocky 0.16 0.13 0.12 0.17 0.16 

Morgan 0.15 0.15 0.05 0.13 0.15 

Scatter Creek 0.25 0.23 0.30 0.17 0.28 

Wolf Haven 0.07 0.11 0.04 0.06 0.07 

Average 0.15 0.16 0.12 0.13 0.17 

 

In addition to survival, we also examined how the sources used in the 2007 outplanting 

compared in terms of flowering stems per plant, a measure of overall vigor and potential 

reproductive output. In 2012, they varied from 2.7-3.4 stems per plant, with no 

significant difference among the sources. 
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Subsequent outplantings used other sources of seed that provide additional perspectives 

on how provenance affects outplanting success in the South Sound (Fig. 8). In 2008, 

outplantings included plugs grown from seed derived from Rocky Prairie, Ebey’s/Hill Rd., 

Ft. Casey, and Forbes Point. In 2009, only the first three sources were used. Based on 

2012 survival data, both cohorts yielded essentially identical results. The Ebey’s and Ft. 

Casey plugs had the same survival rates (2008 – 0.06, 2009 – 0.14), and the Rocky 

Prairie plants had about a 30% higher survival rate (2008 – 0.096, 2009 – 0.21). The 

Forbes Point plants had the lowest survival rate (0.04). 

Based on these results, we have concluded that every Whidbey site includes genetic 

strains that may do well at some South Sound sites. However, the Rocky Prairie plants 

may be somewhat better adapted to these prairies. Therefore, about half of the plants 

grown in the seed production beds at Webster’s Nursery (where the golden paintbrush 

seed that is sown in the South Sound is produced) are derived from Rocky Prairie seed, 

with the remainder coming from a mix of Whidbey Island sites. 

 

Figure 8: Golden paintbrush 

outplanted in 2009 at Glacial 

Heritage, and grown from 

different sources. The sources 

often produce plants with 

morphologies that are 

recognizably distinct. 

Ebey’s/Hill Rd. plants 

(foreground) are typically 

somewhat reddish and the 

inflorescences are more 

narrowly columnar. Rocky 

Prairie plants often are 

somewhat more robust, with 

greener foliage and broader 

inflorescences (16 May, 2012). 
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Characteristics of suitable microsites 

The 2007 outplantings also have afforded us an opportunity to compare how the plants 

survived and flourished across a wide range of microsites in the six prairies. Because the 

plants were installed at regular intervals on long transects (in groups of 10 every 5 or 

10m), they inevitably were planted into various types of microsites, including on the tops 

and sides of mounds, in inter-mound swales, and in vegetation that varied from diverse 

assemblages of native plants to depauperate patches of non-natives. These data have not 

been exhaustively analyzed, but some general trends are emerging.  

One of the strongest relationships we observed was between golden paintbrush survival 

and richness of native forbs. Indicator species analyses identified about a dozen native 

species that were strongly associated with paintbrush survival. In most prairies, the 2007 

outplantings were more likely to still be alive in plots with greater richness of these 

species (Fig. 9). Such microsites presumably offer a number of potential hosts for the 

paintbrush roots to establish connections with. Often, these assemblages included such 

known hosts as Eriophyllum lanatum and Festuca roemeri, as well as Carex inops, 

Campanula rotundifolia, Solidago simplex Fragaria virginiana, Ranunculus occidentalis, 

and Achillea millefolium. 

 

Figure 9. Survival of golden paintbrush outplanted into South Puget Sound prairies in 

relation to richness of indicator species. Paintbrush was significantly more likely to be 

alive in plots with greater richness of indicator species (see text).  
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Assessing progress towards recovery goals 

Recovery actions at the six South Puget Sound sites are resulting in growing populations 

at most sites (Fig. 9). Outplanting of plugs in 2008 and 2009 resulted in slow but steady 

growth. In 2010, golden paintbrush seed became available for the first time and was sown 

at four sites (Glacial Heritage, Mima Mounds, Tenalquot, and Wolf Haven). Most of these 

plants bloom for the first time in their second year of growth. As a result, the populations 

of flowering plants began to increase significantly at these four sites in 2012.  

Seed is sown only in areas that have been recently burned, as we believe seedlings 

germinate and survive better in the newly-burned habitats. We expect that populations 

will continue to increase rapidly in future years in those sites where burning and seeding 

is carried in this coordinated manner. This has now begun at a fifth site (West Rocky), and 

we remain hopeful that these practices can be initiated at Scatter Creek as well. The 

persistence of plants at these latter two sites, despite a lack of any subsequent 

augmentation, is encouraging (Fig. 6), and suggests that significant growth can be 

expected at these sites if they can be managed similarly to the other four.  

  

 

 

 

Figure 9: Increase in the total number of flowering plants of golden paintbrush at 

six South Puget Sound sites. 
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The population at Tenalquot exceeded the recovery threshold of 1000 flowering plants for 

the first time in 2012, and it is approaching this level at Glacial Heritage. As noted 

previously, growth of these populations has resulted from a combination of plugging, 

recruitment of new plants from seeds produced by the plugs, and especially from seed 

sown in the last 3 years. For these populations to be viable over the long term, it is critical 

that new seedlings are recruited at a rate that exceeds adult mortality. Recruits have been 

observed at all six sites, but the number has been small, reflecting the very low rate of 

germination and seedling survival of paintbrush in the field. For populations to become 

self-sustaining, very large numbers of seed need to be produced. This “critical mass” can 

be achieved by increasing both the number of adult flowering plants and the seed 

production of flowering individuals. 

 

Status of other recovery sites 

This project also collaborated with and supported aspects of site management and 

augmentation of golden paintbrush populations at Ft. Casey, Naas, and False Bay, 

although status monitoring at these sites was performed by others. These monitoring 

results are reported here to help provide a more complete picture of the collective success 

of all recovery efforts. Data in Table 2 include only wild flowering plants, and do not 

include plugs that were outplanted in these areas. The table includes data beginning in 

2005, when outplanted plugs first began to flower at Ft. Casey. 

Table 2: Number of flowering golden paintbrush plants in extant sites that are undergoing 

additional augmentation. Source: J. Arnett. 

Site 2005 2006 2007 2008 2009 2010 2011 2012 

Ft. 

Casey 

260 760 1,544 1,713 1,497  1,538  2,471 2534 

Naas 120 94 86 148 241 274 347 1014 

False 

Bay 

 312 401 453  407 319 430  

 

Paintbrush at Ft. Casey and Naas both clearly demonstrate a strong upward trajectory as 

a result of both habitat management efforts (primarily mowing of shrubs) and paintbrush 

augmentation. Totals of wild plants at Ft. Casey have now exceeded the recovery 

threshold of >1000 plants averaged over 5 years. At Naas, steady recruitment of new 

plants into the wild population continues, and the combined total of wild and augmented 

plants (data not shown) has exceeded 1000 for the last five years. Since the data in Table 

2 exclude outplanted plugs, they emphasize how increasing the seed production at a site 

(by increasing the total number of plants through augmentation plantings), together with 

appropriate site management, can result in rapid population growth. At False Bay, despite 

repeated outplanting of plugs, there has been little or no increase in the population, most 
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likely due to high levels of deer browse. Clearly, outplanting alone is insufficient to move 

this population towards recovery levels, and additional efforts are needed to reduce deer 

browse and explore other management strategies, such as burning, with the manager of 

this privately-owned site. 

IMPLICATIONS FOR GOLDEN PAINTBRUSH RECOVERY 

General observations 

Based on observations made at these various golden paintbrush recovery sites, we are 

continuing to refine and broaden our search for potentially suitable sites. This includes 

reaching out in several new directions, both in terms of site attributes, management 

practices, and geography. 

More productive soils 

For some time, we have suspected that the characterization of “suitable habitat” drawn 

from the few sites where natural populations of golden paintbrush still exist (Chappell and 

Caplow 2004) may not present an accurate picture of optimal habitat for this species. 

Instead, it may reflect sites where golden paintbrush has persisted in relatively marginal 

conditions, and may entirely miss the more vigorous populations that may have occupied 

productive sites, and were converted to agricultural fields and pastures. We have been 

collaborating with Eric Delvin on prairie restoration in abandoned agricultural fields at 

Glacial Heritage, West Rocky, Smith Prairie, and Ebey’s Landing (Whidbey Island). All four 

sites are in soil faces that appear to be more productive than most. One of the species in 

the restoration seed mix in these experiments is golden paintbrush, and the species has 

thrived remarkably at these sites. Individuals with enormous numbers of flowering stems 

(sometimes exceeding 100), are not uncommon, a fact that is especially noteworthy as 

these plants are only a year or two old (Fig. 10). The vigor of these plants, as well as the 

prolific germination observed in the field seeding in Delvin’s experiments, both exceed 

anything we have observed in other recovery populations or in extant, native sites. For 

example, he now estimates that there are >100,000 golden paintbrush plants in his 

restoration plots at Glacial Heritage (Eric Delvin, personal communication).  

It remains to be seen whether such vigor and abundance will continue, or if they merely 

reflect plants growing with less competition from other individuals. The explanation we 

consider most likely, which we will continue to explore further, is that they represent how 

golden paintbrush populations flourished historically in more productive habitats from 

which they have been extirpated. Based on this line of reasoning, recovery of golden 

paintbrush may be even more successful by including this species as a constituent in 

efforts directed at restoring entire native prairie communities in historical prairies on more 

productive sites. Currently, virtually all native prairie remnants in the Puget Lowlands are 

on relatively unproductive sites, which is likely why they were not plowed under many 

decades ago to produce crops. Restoration of native prairies in mesic sites with deeper, 
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fertile soils would help establish a community type that appears to have been almost 

entirely lost to agriculture and development, and one which may offer significant potential 

in recovering golden paintbrush. 

 

 

We are also considering alternative management strategies for managing golden 

paintbrush recovery sites. Although we continue to regard regular burning as an important 

tool at many sites, it may not be appropriate everywhere. Three examples suggest it may 

not be universally necessary or even desirable. The population on Rocky Prairie has 

persisted as one of the largest in existence, despite almost no burning in many decades. 

Trial Island (British Columbia) also has a large population growing on a small, exposed, 

rocky island, which probably has rarely seen fire. A third large population occurs on 

private property in San Juan Valley (San Juan Island) in a pasture grazed by horses. We 

are now exploring an experimental introduction of golden paintbrush to a site where 

livestock grazing will be a primary tool for managing vegetation.  

Finally, we are planning experimental plantings of golden paintbrush in several new 

locations in the San Juan Islands. Up to now, introductions in this region have been 

largely neglected. We are now working with multiple agencies, organizations, and private 

landowners on San Juan and Lopez Islands, in addition to expanding our work on 

Waldron. 

 

Recommendations for specific sites 

North Sound 

New Sites: Experimental plantings should be undertaken to assess the potential 

suitability of sites in other locations in the San Juans.  

Figure 10: Vigorous 1-year-old 

golden paintbrush plant grown 

from seed in a deep-soil native 

prairie restoration plot at Ebey’s 

Landing, Whidbey Island. 
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Bitte Baer Preserve (Waldron Island, San Juan Preservation Trust): This site 

continues to show promise for establishing a new population in the San Juans. The overall 

number of plants needs to be significantly increased to build up production of seeds by 

plants in the field. We will be increasing the number of outplanted plugs, and attempt to 

install them in the most suitable microsites. We will also continue to explore the possibility 

of burning a portion of this site.  

Smith Prairie (Pacific Rim Institute): Continuing to enhance the rapid natural growth 

of the paintbrush population in the native prairie remnant is key to this promising site. 

Fencing to exclude deer has now been demonstrated as a primary strategy, and we will be 

working to expand this further. Burning, mowing of shrubs, diversification of the native 

species assemblage, dispersing paintbrush seeds across larger areas, and controlling 

invasives are other important activities that will be continued.  

Delvin’s experimental restoration of native prairie, which includes significant seeding of 

golden paintbrush, is occurring about 100m south of the main paintbrush population in 

the prairie remnant. Given this proximity, we envision combining management of these 

into a single population as the intervening habitat is improved to the point where it can be 

managed as a single unit. Finally, the large size of this site (175 acres) affords the 

potential for establishing other foci of golden paintbrush on the property. Future efforts 

need to be undertaken to identify other areas where this can occur as restoration of native 

prairie habitats continues across the site. 

False Bay (San Juan Island): This population has failed to increase for several years 

despite continued augmentation efforts. We suspect that deer browsing is the main factor 

limiting growth of this population. Efforts need to be made to work with the landowner in 

three areas: 1) Fencing significant portions of the population to prevent browse damage, 

2) Increasing the area of the recovered population by expanding shrub clearing and 

outplanting in other areas, and 3) Encouraging seed reproduction through soil 

scarification, burning, or other measures. 

American Camp (National Park Service): Site managers need to work closely with 

restoration experts to develop effective strategies for establishing a population at this site. 

Focus should be on identifying suitable microsites, installing large numbers of plugs or 

seeding in habitat that has been appropriately prepared, carrying out prescribed burns in 

appropriate locations, and fencing areas to exclude deer browse where golden paintbrush 

is being planted. 

Ft. Casey (Washington State Parks): Significant natural regeneration appears to be 

sustaining this extant population. Emphasis now should be on enhancing habitat 

conditions across the site by 1) controlling weeds and diversifying native species 

assemblages, 2) burning to improve potential seed germination sites, and 3) 

strengthening and maintaining fencing to exclude browsing animals (deer, rabbits, voles). 
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Naas Preserve (Whidbey Camano Land Trust): Further augmentation within the core 

population area is likely no longer necessary, since natural seeding appears sufficient to 

continue to recruit new individuals. Emphasis within this area should continue on 

controlling weeds, burning, and species diversification. Establishment of new native prairie 

habitat adjacent to the existing core, into which the golden paintbrush population can be 

enlarged, should remain a primary management objective. Careful observations should be 

made to determine the degree to which deer or other animal browse may be threats to 

this population. 

South Sound 

Glacial Heritage (Thurston County): Identifying and enhancing suitable microsites for 

continued seeding is the highest priority. These should be particularly focused on areas 

with deeper soils and more diverse native plant assemblages. Other management (weed 

control, burning, native prairie plant restoration) should be continued and expanded.  

The success of golden paintbrush in Delvin’s native prairie restoration plots in the 

abandoned agricultural field near the western edge of the site suggests that expanding 

recovery efforts in this area should be emphasized.  

This site also is a prime candidate for adopting a joint approach for recovery of both 

golden paintbrush and the Taylor’s checkerspot butterfly. Considerable synergies and 

mutually-beneficial advantages could be obtained by such a coordinated effort. 

Mima Mounds (WADNR): As at Glacial Heritage, identifying suitable microsites for 

continued seeding or plugging should be a high priority, and for the same reasons. 

Additional plantings should be focused in the most productive areas where paintbrush 

survival has been highest. Overall habitat management (burning, weed control, native 

species diversification) should be continued to improve prairie quality and suitability for 

paintbrush. 

Tenalquot (CNLM): Some of the greatest successes in golden paintbrush recovery in 

South Sound have been realized at this site, particularly through seeding in recently-

burned areas. Overall, the abundance of native species on the site is relatively low, moss 

cover and depth is high, and non-native (especially Agrostis) are common. With continued 

burning, weed control, and host plant seeding, the site should increase in suitability. 

Ensuring that host plant abundance is adequate in areas of paintbrush seeding or plugging 

is important. 

Wolf Haven: Until recently, golden paintbrush has not done as well as expected at this 

site, despite its proximity to Rocky Prairie, an extant, wild population. The rhizomatous, 

non-native grass Agrostis stolonifera is abundant across much of the site, and may 

present a fierce competitor for paintbrush. Herbicide control of this species has been only 

partially successful, and follow-up seeding of Festuca roemeri and other natives has been 

variably successful. Greater efforts to control invasives and establish natives are likely to 

help to enhance the overall suitability of this site. Plugging should not be attempted at 



  

2
6
 

this site (due to raven damage), and future paintbrush seeding should be focused in 

microsites with deeper soils (mound tops), diverse native species assemblages, and where 

Festuca and Eriophyllum have also been seeded. 

West Rocky (WDFW): We continue to regard this site as a good prospect for golden 

paintbrush recovery. It is close to Rocky Prairie, and has many of the same soil and 

habitat characteristics. More aggressive efforts to control invasives, reduce moss and 

thatch, and diversify the native prairie through herbiciding, burning, and seeding are 

needed to enhance habitat suitability. Efforts to establish paintbrush in areas targeted for 

intensive management should focus on extensive seeding rather than plugging. As at Wolf 

Haven, these efforts need to be closely coordinated, or paintbrush recovery efforts are 

likely to be only marginally successful. 

Scatter Creek (WDFW): Survival of the original 2007 outplanting of paintbrush 

continues to stand out at this site compared to other South Sound sites. Nisqually soils 

also are mapped in the North Unit of Scatter Creek, suggesting that other suitable sites 

exist as well. As at West Rocky, aggressive management is needed to control Scotch 

broom and tall oatgrass, and reduce thick moss if conditions are going to become suitable 

for sustaining a recovery population of paintbrush. This would also require sowing large 

quantities paintbrush seed, combined with regular burning. 
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