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Introduction 
 

Golden paintbrush (Castilleja levisecta) is a rare plant that was listed as Federally Threatened 
from 1997 until 2023, when it was delisted following the apparently successful establishment of 

new populations (US Fish and Wildlife Service 2023). However, golden paintbrush remains 

ranked as State Threatened in Washington (Miller et al. 2024). Golden paintbrush remains a 

species of conservation concern because 94% of all golden paintbrush plants occur in just three 

outplanted populations, wild populations continue to decline rapidly, and small populations are 

not producing enough viable seed to sustain themselves (Miller and Martin 2024).  

Hybridization between golden paintbrush and its more common relative, harsh paintbrush 

(Castilleja hispida), has emerged as a significant threat to the persistence and recovery of 

golden paintbrush (Kaye and Blakeley-Smith 2008). Both species currently occur in remnant 

prairies of the Puget Trough in western Washington. However, harsh paintbrush has been 

widely planted in the prairies and may have been rare there prior to outplantings. Even where 

the ranges of harsh paintbrush and golden paintbrush overlapped, separate ecological niches 

may have precluded them from coming into frequent contact. Harsh paintbrush is one of the 

preferred forage and oviposition hosts for the federally Endangered Taylor’s checkerspot 

butterfly (Euphydryas editha taylorii), though the butterfly can also use golden paintbrush, 

English plaintain (Plantago lanceolata), and other plants in the Lamiales order for forage and 

oviposition (Dunwiddie et al. 2016, Haan et al. 2021).  

Efforts to establish new populations of golden paintbrush and harsh paintbrush (which was 

planted to support Taylor’s checkerspot butterfly) had the unintended consequence of mixing 

populations of the two species (Miller and Martin 2024).  The resulting hybrid plants compete 
for habitat with golden paintbrush and can potentially backcross with it, further reducing its 

genetic integrity.  Several successful golden paintbrush outplantings have been abandoned due 

to recent hybridization (personal communication, Adam Martin).   

The US Fish and Wildlife Service (USFWS), Washington Department of Fish and Wildlife 

(WDFW) and Washington Department of Natural Resources (WDNR) are collaborating on a 

strategy to reduce the potential impacts of hybridization between the two Castilleja species. One 

of the needs identified in the strategy is to identify places where harsh paintbrush currently 

occurs. These sites could be potential reintroduction sites for Taylor’s checkerspot and would be 

avoided as sites for outplanting golden paintbrush. 

In this report, we describe a new database that aims to document all known harsh paintbrush 

populations in western Washington, based on herbarium records, observations by experts on the 

species, and limited iNaturalist observations (described below). 

https://www.zotero.org/google-docs/?xiqdDN
https://www.zotero.org/google-docs/?uJsww1
https://www.zotero.org/google-docs/?neaoMB
https://www.zotero.org/google-docs/?CMxYqF
https://www.zotero.org/google-docs/?9Vkarq
https://www.zotero.org/google-docs/?jlh8Zu
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Methods 

To assemble the harsh paintbrush database, we gathered data on the occurrence of harsh 

paintbrush populations in western Washington from several sources. We searched herbarium 

records for regional herbaria at the PNW Herbaria (pnwherbaria.org) and SEINet 

(symbiota.org/seinet) databases. For all collections at Washington State University, Dr. Walter 

Fertig reviewed the specimens and confirmed the identifications as harsh paintbrush. Adam 

Martin, a restoration practitioner who has extensive experience working in Puget Trough 

prairies, submitted records for numerous populations in the region that he has observed. We 

also used iNaturalist records for the San Juan Islands only, where it is unlikely that other red 

paintbrush species would be mistaken for harsh paintbrush. We did not make further efforts to 

verify these iNaturalist records since mistaken identities are unlikely in the San Juans.  We also 

included observations of harsh paintbrush in monitoring plots on Join Base Lewis McCord and 

other Puget Trough prairies provided by the Ecostudies Institute. 

We created an online dashboard through which members of the paintbrush hybridization team 

were invited to submit additional observations. Only one additional population was submitted 

through the dashboard, a population at Bald Hill from David Wilderman of DNR Natural Areas. 

Data layers for the harsh paintbrush data were combined into a geodatabase using ArcGIS Pro  

3.3.1 (Esri 2024). We retained relevant fields from original data sources, such as collection 

numbers, habitat descriptions, collection or observation dates, and collector or observer names. 

To maximize the amount of information the database provides, we retained records that are 

clustered in the same area since these typically represent observations at different dates, 

creating a record of the presence of populations over time. 

Because harsh paintbrush can be diploid or polyploid, and because polyploid populations are 

believed to be less likely to hybridize with golden paintbrush (Sandlin 2018), we attempted to 

assemble information on chromosome counts of existing harsh paintbrush populations. To this 

end, we searched the scientific literature for data on chromosome counts (Table 1) 
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Table 1. Ploidy levels of selected harsh paintbrush populations in Washington 

Site 

Chrmosomes 

(n=) Source 

Johnson Prairie 24 Kaye and Blakeley 2008 

Range 51 AIA 24 Kaye and Blakeley 2008 

13th Div. Prairie 12 Kaye and Blakeley 2008 

Training Area 7 South 12 Kaye and Blakeley 2008 

Yellow Island 24, 36 Kaye and Blakeley 2008 

Scatter Creek 12, 24 Kaye and Blakeley 2008 

Wolfhaven 24 Sandlin 2018 

Bald Hill 24 Sandlin 2018 

Training Areas 14 & 15 12* Sandlin 2018 

South Weir TA 23 likely > 12 Pers. comm., Adam Martin 

Range 50 AIA 12 Pers. comm., Adam Martin 
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Figure 1. Locations of harsh paintbrush in Washington based on herbarium 

records, expert observations, and selected iNaturalist records. 

 



7 

 

 

Figure 2. Herbarium records of harsh paintbrush (red) and golden paintbrush 

(yellow) from before 1990, i.e., before widespread outplanting efforts were 

initiated for both species. 
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Results and discussion 

The harsh paintbrush occurrence database includes a total of 672 harsh paintbrush 

observations, though many of these are clustered geographically, so it represents a smaller 

number of actual occurrences of harsh paintbrush (Figure 1, Appendix A). The earliest 

observations of harsh paintbrush we found date back to the late 1800s, though most of the 

observations are from the 1990s to the present. 

The database highlights that harsh paintbrush is widespread in western Washington today. The 

database includes 150 herbarium records of collections made prior to 1990, which show harsh 

paintbrush occurring in two distinct zones in the state: in montane grasslands (in the Cascades 

and Olympics), and in lowland grassland habitat along Puget Sound and in the Columbia River 

Gorge (Figure 2). Notably, harsh paintbrush was not collected in Puget Trough prairies south of 

Olympia prior to 1990, suggesting that harsh paintbrush was not common in this region. We are 
aware of only two reported (unvouchered) native populations of harsh paintbrush from Puget 

Trough Prairie sites south of Olympia, at the Glacial Heritage Preserve and Scatter Creek 

Wildlife Area. It has also been reported from some nearby balds, including Bald Hill Natural 

Area Preserve (personal communication, Daniel Grosboll). 

If harsh paintbrush was historically uncommon in Puget Trough prairies in Washington, as 

herbarium data suggest, there was likely little historical range overlap between golden 

paintbrush and harsh paintbrush outside of the San Juan Islands, and perhaps in a few other 

locations adjacent to Puget Sound. Even in the few areas where they cooccurred, the differing 

ecological affinities of the two plants may have kept them from coming into contact frequently. 

Harsh paintbrush is believed to flower slightly later than golden paintbrush, though it is unclear 

if this is only because of its affinity for higher elevation sites, on average (personal 

communication, Adam Martin). This could explain why hybridization between harsh paintbrush 

and golden paintbrush was not documented until relatively recently, following outplantings of 

harsh paintbrush. Further research could use herbarium data to explore the phenology of the 

two species. 

The ploidy levels of harsh paintbrush have been measured for only a small proportion of the 

populations in Washington, but these vary in ploidy (Table 1). Several populations are diploid; 

diploid harsh paintbrush plants have been shown to be capable of hybridizing with golden 

paintbrush (Sandlin 2018). However, there are also a number of tetraploid populations, which 

may be less likely to hybridize (Table 1; Kaye and Blakeley-Smith 2008; Sandlin 2018). 

Hybridization between harsh paintbrush and golden paintbrush remains a substantial 

conservation challenge, since golden paintbrush populations could potentially be hybridized out 

of existence at smaller populations, or perhaps even at all populations over the long-term. 

Determining how to promote the recovery of both golden paintbrush and Taylor’s checkerspot 

butterfly remains one of the most substantial conservation challenges in Washington State today 

(Dunwiddie et al. 2016). The Washington Department of Natural Resources, Washington 

Department of Fish and Wildlife, and the US Fish and Wildlife Service have formed a paintbrush 

hybridization team to mitigate potential damage caused by hybridization by coordinating 

https://www.zotero.org/google-docs/?eKlXkQ
https://www.zotero.org/google-docs/?TN3SZh
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planning for these species and providing information on existing populations of golden 

paintbrush and harsh paintbrush to land owners and managers (USFWS et al. 2021).  

Efforts to reintroduce Taylor’s checkerspot butterfly by planting harsh paintbrush as a larval 

host plant have been broadly unsuccessful (Linders et al. 2023). However, Taylor’s checkerspot 

can use a number of plants in the Lamiales order as host plants, including English plantain and 

golden paintbrush (Haan et al. 2021). Concerns about hybridization as well as plant materials 

shortages for harsh paintbrush highlight that other potential host plants should be explored for 

Taylor’s checkerspot butterfly reintroductions (personal communication, Adam Martin). Using 

golden paintbrush rather than harsh paintbrush as a Taylor’s checkerspot host in the future 

could help reduce the incidence of hybridization. 

While native populations harsh paintbrush have likely been an important host plant for Taylor’s 

checkerspot butterfly at some sites--especially in montane meadows and grasslands where harsh 

paintbrush is most common--it seems likely that golden paintbrush was the more widely used 

host plant in Puget Trough prairies, where harsh paintbrush was historically less common 

(personal communication, Adam Martin). While Taylor’s checkerspot butterflies may have a 
preference for harsh paintbrush over golden paintbrush as a host plant, larvae have actually 

been shown to grow substantially larger on golden paintbrush (Haan et al. 2021). Land 

managers have been hesitant to plant English plantain as a larval host plant at some sites where 

maintaining native plants is a focal management goal, because English plantain is not native and 

may spread after planting (personal communication, David Wilderman). However, English 

plantain is not an aggressive invasive (WNHP 2024), and seems appropriate for planting at at 

least some sites. Indeed, it has been planted at many prairie sites in the South Puget Sound 

region (personal communication, Erin Gray). 

Within the U.S. National Vegetation Classification, Puget Trough prairies are classified as 

Roemer’s Fescue – Columbia Whitetop Aster Grassland (Festuca idahoensis ssp. roemeri – 

Seriocarpus rigidus Grassland – CEGL001608), a globally critically imperiled (G1) ecosystem 

type. As such, Puget Trough prairies are considered Endangered in Washington State (WDNR 

2024) and one of the most endangered ecosystems in the Pacific Northwest. Maintaining 

biodiversity in highly fragmented contemporary prairies is challenging. Expert practitioners 

have observed that the diversity and abundance of native forbs and native pollinators has 

declined in recent decades, and more acutely following the 2021 heat dome (personal 

communication, Adam Martin). Rare plants cannot be conserved and restored without the 

ecosystems they depend on, and this is especially true for golden paintbrush, as a hemiparisite. 

Maintaining the diversity of forbs, which serve as hosts for golden paintbrush and nectar 

sources for Taylor’s checkerspot butterfly, should be a management priority in prairies. 

https://www.zotero.org/google-docs/?wWDwy0
https://www.zotero.org/google-docs/?hFslVE
https://www.zotero.org/google-docs/?ay37y3
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 Figure 3. Golden paintbrush serving as a host plant for Taylor’s checkerspot 

butterfly larvae. Photo by Tom Kaye. 
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Appendix A – Harsh Paintbrush Occurrence Database 
 
The database is in an ESRI Geodatabase format and was submitted to the USFWS as part of the grant 

deliverables. For access to the database, please contact the WNHP data manager. 


