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1. Species: Botrychium pumicola Coville ex. Underw., pumice moonwort  

 
 
 
 
 
Photo Credits: Clockwise from upper right: pumice moonwort at Mt. Bachelor, OR, John Game 
(CalPhotos), pumice moonwort on Shastina, CA, Eric White (CalPhotos), and Shastina pumice moonwort 
habitat, Julie Kierstead. 
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2. Status: Table 1 summarizes the current status of this species or subspecies/variety by various ranking 
entities and defines the meaning of the status. 

 
Table 1. Current status of pumice moonwort 
Entity Status Status Definition 

NatureServe CAa G3 
S1 

Global Rank: G3: Vulnerable throughout its range 
State Rank: S1: Critically Imperiled — Critically imperiled in the state 
because of extreme rarity (often 5 or fewer occurrences) or because of some 
factor(s) such as very steep declines making it especially vulnerable to 
extirpation from the state. 

California Rare 
Plant Rankb 

2B.2 2B: Plants Rare, Threatened, or Endangered in California, But More 
Common Elsewhere 
0.2: Moderately threatened in California (20-80% occurrences threatened / 
moderate degree and immediacy of threat) 

California State 
Listingc 

Not listed  

USDA Forest 
Serviced 

S S: Sensitive 

USDI FWSe 

 
Not listed  

USDI BLMf 

 
Not listed  

NatureServe ORg S3 S3: Vulnerable, rare, threatened or uncommon in Oregon 
Oregon State 
Listingh 

LT LT: Listed as a Threatened Species 

NatureServe NVi Not present  
Nevada State 
Listingj 

Not present  

a California Natural Diversity Database, California Dept. of Fish & Wildlife [CNDDB] 
b California Native Plant Society [CNPS] 
c California Department of Fish and Wildlife [CDFW] 
d US Forest Service Region 5 Forester’s List [USDA] and Pacific NW Survey and Manage [USDA & BLM] 
e US Department of Interior Fish and Wildlife Service [USFWS] 
f US Department of Interior Bureau of Land Management [BLM] 
g Oregon Biological Information Center [ORBIC] 
h Oregon Department of Agriculture [ODA] 
i Nevada Natural Heritage Program [NNHP] 
j Nevada Division of Forestry [NDF] 
Note: Individual State Heritage Programs (CNDDB, ORBIC, NNHP) represent NatureServe and contain more 
up-to-date ranks for their state than NatureServe Explorer. 
 
Pumice moonwort was included in the first edition of the CNPS rare plant inventory in 1974. In the 4th 
Edition (1988) it was moved to 1A (Plants presumed extinct in California). In the 5th Edition (1994) it was 
rejected as not present in California; the 1941 Mt. Shasta collection being considered a misidentification. 
It was added back at rank CRPR 2B.2 in 2009 based on expert re-review of the only known specimen 
from California by Don Farrar in 2008 (CNPS 2020).  
 
3. Taxonomy: Table 2 summarizes this species or subspecies/variety’s name status in key literature. 

 
Table 2. Name status of pumice moonwort  
Entity Name Status 

CNDDB and CNPS Botrychium pumicola Coville ex. Underw. 
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Jepson eFlora Botrychium pumicola Coville ex. Underw. 
Jepson Manual (1993) Botrychium pumicola Cov. 
Flora of North America Botrychium pumicola Coville in L. Underwood 
USDA NRCSa PLANTS Botrychium pumicola Coville ex. Underw. 
a Natural Resources Conservation Service [NRCS] 
 
Synonymy: There are no recorded synonyms of the scientific name (The Plant List 2020, IPNI 2020, 
Tropicos 2020). The common name Crater Lake grapefern is used by some sources (NRCS 2020) and 
pumice grape-fern by others (ODA 2020).  
 
Jepson eFlora link: https://ucjeps.berkeley.edu/eflora/eflora_display.php?tid=15943 
 
Type locality: The discoverers of pumice moonwort were Frederick V. Coville (Chief Botanist at the 
USDA) and Elmer I. Applegate. The type collection was made on 5 August 1897 on pumice soil on the 
summit (50 yards west of its highest point) of Llao Rock at Crater lake, Oregon, at about 9000 feet 
(Underwood 1900; IPNI 2020). The two sheets of their collection are housed at the US National 
Herbarium (CCH 2020).  
 
4. Distribution, abundance, and population trend on the planning unit [12.53.2,3,4]:  
Table 3 summarizes the distribution and frequency of this species or subspecies/variety within National 
Forest System Lands in California. Table 4 lists all known occurrences of this species or 
subspecies/variety within California. Individual occurrences are defined as sites that contain an 
individual, population, or groups of populations of the plant that are located more than 0.25 mile apart 
from each other as defined by the CNDDB.  
 
Table 3. Known Occurrence Frequency of pumice moonwort within the Planning Area (NRIS, CNDDB, 
Calflora/CCH databases)  
National 
Forest System 
(NFS) lands 

Record #s 
(from 
Locations 
table 
below) 

CNDDB 
EOs 

Non-
CNDDB 
Records  

Recent 
(seen in 
past 20 
years) 

Historic 
(not seen 
in past 20 
years) 

Most Recent 
Observation 
Date 

Total 
Records on 
NFS lands 

Shasta-Trinity: 1 1 0 1 0 26-Aug-2010 1 

Totals: N/A 1 0 1 0 N/A 1 
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Table 4. Known Occurrences of pumice moonwort within California (NRIS, CNDDB, Calflora/CCH databases). Duplicate records from the same site 
are given the same record number and are included in red. Rows containing questionable records are highlighted in red. 
Rec. 
# 

Locality County Quad Reference 
(Source) 

Date Last 
Observed 

Population Info Threats Land 
Manager 

Elev. 
(ft.) 

1 

NEAR "SPUR" 
SOUTH OF 
DILLER 
CANYON, 
WEST SIDE OF 
SHASTINA, MT 
SHASTA. 

Siskiyou Mt. Shasta 
(4112242) 

CNDDB, 
May 2017 
(EO 1) 

26-Aug-
2010 

2 PLANTS SEEN IN 1941. 
AREA SEARCHED AT 
LEAST 3 TIMES BTWN 1941-
2008, NO PLANTS FOUND. 
2009: 4 PLANTS SEEN IN 
MIDDLE POLY AND 2 
PLANTS IN SW POLY, 
ONLY 1 OF THESE PLANTS 
RELOCATED IN 2010. 2010: 
2 PLANTS SEEN IN N POLY, 
2 PLANTS IN E POLY. 

 
Shasta-
Trinity 
NF 

9000 

1 
Shastina, approx. 
9,000 feet, 
Siskiyou County 

Siskiyou Mt. Shasta 
(4112242) 

Calflora, May 
2017 
(xr346250) 

4-Aug-
2009 6 individuals  

Shasta-
Trinity 
NF 

4879 

1 

DILLER 
CANYON; Basin 
near the spur on 
south bank of 
Diller Canyon, 
west sdie of 
Shastina, Mount 
Shasta. 

Siskiyou Mt. Shasta 
(4112242) 

NRIS, Apr 
2017 
(0514_BOPU
2_59_0001) 

4-Aug-
2009  individuals  

Shasta-
Trinity 
NF 

 

1 

DILLER 
CANYON; Basin 
near the spur on 
south bank of 
Diller Canyon, 
west sdie of 
Shastina, Mount 
Shasta. 

Siskiyou Mt. Shasta 
(4112242) 

NRIS, Apr 
2017 
(0514_BOPU
2_59_0001) 

26-Aug-
2010  individuals  

Shasta-
Trinity 
NF 
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Table 4. Known Occurrences of pumice moonwort within California (NRIS, CNDDB, Calflora/CCH databases). Duplicate records from the same site 
are given the same record number and are included in red. Rows containing questionable records are highlighted in red. 
Rec. 
# 

Locality County Quad Reference 
(Source) 

Date Last 
Observed 

Population Info Threats Land 
Manager 

Elev. 
(ft.) 

1 

Basin near the 
spur on south 
bank of Diller 
Canyon, west 
sdie of Shastina, 
Mount Shasta. 

Siskiyou Mt. Shasta 
(4112242) 

NRIS, Apr 
2017 
(0514_BOPU
2_59_0001) 

21-Aug-
1941 2 individuals  

Shasta-
Trinity 
NF 

 

1 

basin near the 
spur on S bank of 
Diller Canyon, W 
side of Shastina 
Mount Shasta 

Siskiyou Mt. Shasta 
(4112242) 

CCH, Jan 
2017 
(UC662434) 

21-Aug-
1941 

  
Shasta-
Trinity 
NF 

9026 

1 

Just below the 
"Spur 9084", 
south of Diller 
Canyon on the 
west side of 
Shastina. 

Siskiyou Hotlum 
(4112243) 

NRIS, Apr 
2017 
(0514_BOPU
2_59_0001) 

13-Jul-
2009 6 individuals  

Shasta-
Trinity 
NF 

 

1 Shasta-Trinity NF Siskiyou Hotlum 
(4112243) 

NRIS, Apr 
2017 
(0514_BOPU
2_59_0001) 

3-Aug-
2009 6 individuals  

Shasta-
Trinity 
NF 
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Sources: Distribution: Calflora 2020, CCH 2020, CNDDB 2020, NRIS 2019. Baselayers: 2013 National 
Geographic Society, i-cubed, Esri, Garmin, NOAA, NPS, USGS.  
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In Oregon, pumice moonwort is restricted to the Cascade Range ecoregion of central to south-central 
Oregon. It is found at in montane to alpine sites around Crater Lake, Newberry Crater, Broken Top, and 
Mt. Bachelor in Deschutes, Klamath, and Lake counties (ODA 2020). 
 
The single California occurrence of pumice moonwort is a distant disjunct from the core range of pumice 
moonwort. This population was located in 2010 after many years of diligent searching in the vicinity of 
the original 1941 collection: in Diller Canyon near treeline on the west side of Shastina, a volcanic cone 
west of Mt. Shasta. Four clusters of 1–4 plants have been located, all within 0.25 mile of each other and 
between 8,915 and 9,192 feet elevation. This occurrence is in the High Cascade Ranges ecoregion, and 
lies within the Mt. Shasta wilderness boundary on the Shasta-Trinity National Forest (CNDDB 2020). 
 
5. Brief description of natural history and key ecological functions [basis for other 12.53 

components]: 
Moonwort ferns are herbaceous, perennial ferns less than 10 cm tall (Farrar 2011). They are obligate 
parasites, completely dependent on arbuscular mycorrhizal fungi, predominantly Glomus spp. (Dauphin et 
al. 2014; Roe-Anderson and Southworth 2017). Moonwort gametophytes live and reproduce sexually 
below-ground, and the sporophyte also grows as a rhizome, producing a single ephemeral leaf per year, 
after spring snowmelt. From spore to leaf-bearing adult takes 5-10 years (Ahlenslager and Potash 2007). 
In some species, the sporophyte rhizome does not produce a leaf each year, so there is a larger number of 
adults present than appears above ground (Roe-Anderson and Southworth 2017). A study of pumice 
moonwort at Crater Lake, OR, found that only 2.3% of 484 adult plants skipped producing an above-
ground leaf for one year over a six-year period and only a single plant skipped two years. Thus, the 
above-ground count accurately represents the number of adults (Roe-Anderson & Southworth 2017). 
 
Pumice moonwort is a diploid species with a gametophytic chromosome number of n=45 (Tropicos 2020; 
Dauphin et al. 2014). Phylogenetic analysis of three non-coding plastid DNA regions reveals it to be part 
of a recently-evolved clade of diploid and polyploid species of the Western US, within which it is most 
closely related to Botrychium montanum, B. mormo and the common B. simplex, which it resembles 
(Dauphin et al. 2014; Farrar 2011). It appears to be a neo-endemic, in that it has not had time to expand its 
range. Eighty-eight plants in 15 populations surveyed with isozyme analysis showed very low genetic 
diversity, likely a result of frequent past population depletions from volcanic eruptions. A single plant 
analyzed from Shastina was genetically identical to the common haplotype of Oregon populations (Farrar 
2011). 
 
Pumice moonwort is an edaphic specialist. In Oregon, it exclusively occupies volcanic “popcorn” pumice 
and mixed volcanic gravel (Roe-Anderson and Southworth 2013). Soils at the California Shastina site are 
different from the Oregon sites in that the soils are composed of dacitic to rhyolitic lava fragments, 
possibly with a minor fraction of pumice. Dacite and rhyolite are chemically similar to most Cascades 
Ranges pumice where the other populations are found, suggesting soil chemistry to be significant with 
regards to the range of this species (Mathews pers. comm. 1987). The rock fragments at this site also 
create rock-shelters for the moonworts (Roe-Anderson and Southworth 2013). All sites have heavy snow 
accumulation with minimum temperatures below freezing for eight months of the year, low summer 
precipitation and wide fluctuation in daily temperature and strong winds (Roe-Anderson and Southworth 
2013). For pumice moonwort, which is absent from large areas of apparently suitable habitat of pumice 
and volcanic scree, rarity is probably best explained by microsite factors that limit gametophyte 
establishment. Roe-Anderson and Southworth (2013) found that soil porosity, lower soil temperature and 
higher potassium were associated with presence of pumice moonwort at paired presence/absence sites, but 
associated species, water content and other soil nutrients were not.   
 
Moonworts, like other spore-bearing plants, have been shown to possess a prodigious capacity to disperse 
long distances via spores, especially along migratory flyways (Farrar and Stensvold 2017).  Moonwort 
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spores produce self-compatible gametophytes, so distant populations can be founded by a single spore, 
and breed (or hybridize with) later arriving spores (Farrar and Stensvold 2017). An individual from the 
California population is genetically identical to plants at Crater Lake, suggesting long-distance dispersal 
between preferred habitat in volcanic ejecta zones in the Cascade Ranges has played a significant role in 
the survival of this species (Farrar 2011). However, pumice moonwort spore dispersal is primarily local, 
most spore rain falling within 10 meters, but with only a small spore bank observed to accumulate (Roe-
Anderson and Southworth 2013). 
 
Associated species in Oregon are those typical of pumice fields and volcanic rubble of the south-central 
Cascadian flora: Carex breweri, Elymus elymoides, Eriogonum umbellatum, Lupinus lepidus, and 
Raillardella argentea, but no one species consistently occurred with it (Roe-Anderson & Southworth 
2013). The following are associates of pumice moonwort at the California site: Holodiscus discolor var. 
glabrescens, Juniperus communis var. saxatilis, Penstemon davidsonii, Pinus albicaulis (krummholz 
form), Scutellaria nana, and Senecio canus (CCH 2020; CNDDB 2020; John Game pers. comm.).  
 
6. Overview of ecological conditions for recovery, conservation, and viability [12.53 7, 9?, 10, 11, 

12] including Threats and Risk Factors: 
The limiting condition of this species is a very narrow habitat requirement for very loose small volcanic 
scree of a certain chemistry profile that supports host mycorrhizal fungi in a cold, moist and sparsely 
vegetated environment (Farrar 2011; Roe-Anderson and Southworth 2013 and 2017). There will never be 
much of this habitat in the range of the species and some populations will periodically be wiped out by 
eruptions. 
 
The site quality of the sole California population is listed as “fair” but no threat comments are given. The 
site is rarely visited by people and is difficult to access (Eric White, pers. comm. 2020). The site quality is 
presumably reflecting the perilously low population numbers: 2 adult plants seen in 1941, 6 plants in 
2009 and 4 plants in 2010. No trend is detectable in these population numbers. The population was 
presumably founded since the most recent eruption of Mt. Shasta 9,000 years ago (Farrar 2011). The 
habitat itself is not disturbed by human use, although climate change is causing warmer temperatures and 
reduced snowpack, in turn driving down summer moisture levels. These factors may shift the optimum 
habitat upwards in elevation for this species (Roe-Anderson and Southworth 2013). However, alpine 
populations studied around Crater Lake, OR remained balanced in recruitment vs death during a recent 
six-year study and plant emergence, recruitment and dormancy were found to be unaffected by variation 
in annual snowpack during that time (Roe-Anderson and Southworth 2017). 
 
Low-elevation populations of pumice moonwort have been declining in Deschutes and Fremont-Winema 
National Forests in Oregon possibly from climate change species (Roe-Anderson and Southworth 2013), 
but other reported threats to the montane occurrences Oregon are more direct: trampling by hikers and 
mountain-bikers, and natural primary succession (Mathews pers. Com. 1987). In the Midwest, invasive 
earthworms, such as fishermen’s night-crawlers, are causing extinction of local populations of other 
moonworts by depleting forest litter that supports the host fungi (Ahlenslager and Potash 2007). This has 
not been reported as a problem in the western states, although it is possible that earthworms could 
establish in montane habitats of Oregon and California if introduced around lakes and streams. Because 
there is just one occurrence in California, and the highest count of individuals for this occurrence over 
time is six, a stochastic event such as a landslide or local weather event is a credible threat to persistence 
of the population and the species in California. 
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