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Plant Species Evaluation Form

Botrypus virginianus (L.) Michx.

RATTLESNAKE FERN
Family: Ophioglossaceae PLANTS Symbol: BOVI Calif. Endemic: No
(CNPS 2018) (USDA 2018) (CNPS 2018)

Synonyms/Other Names: Botrypus virginianus was described by Linnaeus as Osmunda
virginiana L. (1753) from American material. In the first modern treatment of this group,
Clausen, in his Monograph of the Ophioglossaceae (1938), recognized three genera in
Ophioglossaceae (Botrychium, Helminthostachys, and Ophioglossum). Within Botrychium, he
recognized three subgenera: Botrychium (= the moonworts, which he called Eubotrychium),
Sceptridium (the grape ferns), and Osmundopteris, with five species, including Botrychium
virginianum. The five species he recognized in Subgenus Osmundopteris are distributed in
Africa, South American, and Asia, but only B. virginianum is in North America. Within B.
virginianum, Clausen recognized three subspecies, the pan-North American subspecies typicum,
the largely boreal subspecies europaeum, and the Mexican subspecies meridionale. Clausen’s
treatment remained the accepted arrangement for some decades.

In 1987, Kato used cladistic analysis of several morphological characters on Ophioglossaceae,
resulting in a split of Clausen’s Subgenus Osmundopteris into two new genera, Botrypus (which
he considered the most primitive genus in the family and which includes Botrypus virginianus),
and Japanobotrychium (from Asia). This arrangement grew in acceptance in the general
literature (Farrar 2011).

A combined molecular and morphological analysis (Hauk et al. 2003) showed that there are two
major clades in Ophioglossaceae (Ophioglossum s.1. and Botrychium s.1.). This analysis also
demonstrated (but with relatively poor branch support) that the concept of Botrypus at that time
was likely paraphyletic, as the lineages, represented by a single sample each of Botrypus
virginianus (Michigan) and Botrypus stricta (Japan), were distinct from each other and each
basal as sister to the clade of Botrychium plus Sceptridium (Kato’s Japanobotrychium was not
sampled). Subsequently, some authorities have synonymized the several Botrypus species
worldwide under Botrychium (Xianchun and Sahashi 2013). In this vein, Botrypus virginianus L.
(Michx.) is considered a synonym of Botrychium virginianum by some authorities (Wagner and
Wagner 1993; Tropicos 2018; The Plant List 2013), whereas others (Stensvold 2007; Farrar
2012, in The Jepson Manual) continue to recognize the genus Botrypus, until analyses with
better sampling of basal taxa of the Botrychium clade within Ophioglossaceae are published.

Identification Issues: Moonworts, including Botrypus virginianus, have a unique morphology
among ferns that renders them highly distinctive: only one leaf is produced per year from an
underground upright stem with a single apical meristem (Farrar 2012). The above-ground portion
of this leaf is divided into two segments: 1) a photosynthetic blade (ternately divided in the case
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of B. virginianus) termed the trophophore, and 2) a reproductive stalk bearing numerous globose
sporangia termed the sporophore.

Botrypus virginianus often co-occurs with other moonworts in genus-communities (Wagner and
Wagner 1983), frequently with Botrychium multifidum, which can be as large as Botrypus, but
which has distinctively fleshier, broader, fewer-lobed terminal leaf segments. The other
moonwort species with which it may co-occur in North America are much smaller in size.

Depauperate specimens of other fern species, especially in the spring-emergent phase, may
temporarily look like Botrypus, but a survey of the individuals in the site will quickly tell if they
all have the one sterile plus one fertile leaf arrangement or the variable number of each that is
characteristic of all other fern species.

The family Psilotaceae (whisk ferns, 2 genera), sister to Ophioglossaceae, is represented in
California (SCo) by 1 (of 2 total), apparently introduced, species, Psilotum nudum (L.) P. Beauv
(Farrar 2011). Psilotum is easily distinguished by the dichotomously branching, almost leafless
green stems, lack of roots, and large (2-3 mm) 3-lobed sporangia; sporangia are borne on the
adaxial (upper) side of a minute (more or less 1 mm) forked leaf. Psilotum is pantropical in the
subtropics (the nearest native populations are in Arizona and in Sonora, Mexico) and can be
expected in cultivation areas, especially at bases of old palms, possibly brought in on root masses
as subterranean gametophytes (Pryer et al. 2004).

Taxonomy:
Unless otherwise cited, the following description is used with permission from the Jepson Herbarium. Jepson Flora Project (eds.)
2018. Jepson eFlora, http://ucjeps.berkeley.edu/eflora/, accessed in 2018. Copyright © Regents of the University of California.

Species In Genus: 2--3 species: worldwide (monotypic in North America). Etymology: Greek:
bunch of grapes, from clusters of sporangia. Note: Distantly related to most (leptosporangiate)
ferns. Haploid (gametophyte) generation underground. Both diploid and haploid generations
obligately mycorrhizal.

Family Description — Habit: Perennial herb, small, fleshy, generally glabrous; caudex generally
underground, unbranched; roots glabrous with bulblets or plantlets or not. Leaf: generally 1 per
caudex per year, divided into 2 facing parts with a common stalk, (0)1 sterile and 1(2) fertile
(fertile occasionally aborted); sterile photosynthetic part (trophophore) separated from spore-
bearing part (sporophore) at to well above ground level; trophophore simple to compound, veins
free and forked or netted with included veinlets; sporophore simple to compound, or 0 in young
pls. Sporangia: dehiscent into 2 valves, +- | mm wide, thick-walled.

Genus/Species Description — Habit: Plant often robust, herbaceous, deciduous; roots 2 mm thick
(1 cm from base), smooth, yellow to brown. Leaf: bud hairy; trophophore sessile, < 20 cm wide,
ultimate segments linear to ovate, veins free, forked, margins entire to coarsely serrate to deeply
lobed; sporophore stalk long, 2--3-pinnate. Chromosomes: 2n=184. eFlora Treatment Author:
Donald R. Farrar.

Status:
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Note: Federally recognized Endangered, Threatened, Proposed, or Candidate species under the Endangered Species Act are
omitted as they do not meet the definition of a Species of Conservation Concern (FSH 1909.12 § 12.52).

State Listing G-rank S-rank CRPR | R5FSS NFP SM CA BLM
CA: Not listed | G5 CA:S2 2B.2 Not listed | Not listed Not listed
NV: Not listed NV: SNR

OR: Not listed OR: Not listed

SWAP: NNHP: NNPS: ORBIC: OCS: JUCN:

Not listed Do not track Not listed Not listed Not listed Not listed

Expanded abbreviations and citations: State Listing=California Endangered Species Act Listing (CDFW 2018b), Nevada
Division of Forestry Fully Protected Plant Species (NAC 527) (NDF 2012), Oregon Department of Agriculture Listed Plants
(ODA 2014); G-rank=Global Conservation Status (CDFW 2018a; NatureServe 2018); S-rank=Subnational (state or province-
level) Conservation Status (CDFW 2018a; NatureServe 2018; NNHP 2017; ORBIC 2016); CRPR=California Rare Plant Rank
(CNPS 2018); RS FSS=USDA Forest Service Region 5 Regional Forester Sensitive Plant Species List (USDA 2013); NFP
SM=Forest Service and Bureau of Land Management Northwest Forest Plan Survey and Manage Species (USDA 2001); CA
BLM=California Bureau of Land Management Designated Sensitive Species (BLM 2010); SWAP=California State Wildlife
Action Plan Status (CDFW 2015); NNHP=Nevada Natural Heritage Program Status (NNHP 2017); NNPS=Nevada Native Plant
Society Status (NNHP 2017); ORBIC=Oregon Biological Information Center Status (ORBIC 2016); OCS=Oregon Conservation
Strategy Species (ODFW 2016); IUCN=International Union for Conservation of Nature Red List Status (IUCN 2017).

Botrypus virginiana was added to the sixth edition of the CNPS Inventory of Rare and
Endangered Plants of California (RPSAC and Tibor 2001) as Botrychium virginianum to CNPS
List 2 (Plants Rare, Threatened, or Endangered in California, but More Common Elsewhere). In

2013, it was migrated without rank change to California Rare Plant Rank 2B.2 (0.2 = moderately
threatened in California) (CNPS 2018).

Distribution: The distribution of Botrypus virginianus (as currently delimited taxonomically by
US sources = not recognizing the Clausen subspecies) worldwide is North, Central, and South
America (Brazil, Colombia, Peru, Ecuador), and boreal Europe and Asia (Northern India, China,
and Japan) (Clausen 1938; Farrar 2012; Wagner and Wagner 1993). In Europe, it reaches its
southwestern distribution limit in Poland, Lithuania, Germany, and adjacent Central European
countries (Pawlikowski 2011).

Within North America, B. virginianus is distributed across all Canadian provinces (except
Nunavut), all of the United States (except Hawaii), and Mexico (Farrar 2012; Wagner and
Wagner 1993; CPNWH 2018; USDA 2018). It is common to abundant in appropriate habitats
within this range, and rare to absent in arid regions within this range (Wagner and Wagner 1993).

In California, B. virginianus was first officially documented in 1996 in a boggy area near a
tributary of French Creek in the Salmon Mountains in Siskiyou County (Game 1997). It has
since been found in a cluster of sites in the southern Cascade Ranges in Shasta and southern
Siskiyou counties, with the addition of a few disjunct locations to the west in the Klamath
Ranges of Trinity (Castle Rock) and Mendocino Counties (Blands Cove, Beaver Glade Station)
(CNDDB 2017).
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Locations within California:
Record numbers indicate sites that contain an individual, population, or groups of populations located within % mile of each other, per the California Natural Diversity Database
(CNDDB 2017) definition of Element Occurrences (EOs) in California. Official EO numbers for plants in California are determined solely by the CNDDB and are included within
the Reference (Source) column for CNDDB data. Duplicate records from the same site are given the same record number and included in red. The Population Info column includes
total number of individuals and total number and size of populations/sub-populations when provided. Elevations provided in meters from source have been converted to feet. If not
provided in original source, Land Manager information was obtained using the California Protected Areas Database (CPAD 2016) and Quad information was obtained using 24K
Quads, SDE Feature Class (CDFG 2013). All other information is directly from the Reference (Source) unless additional citation is given.

Botrypus virginianus (L.) Michx.

Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
1 ABOUT 0.6 MILE | Siskiyou Eaton Peak CNDDB, 14-Aug- AT LEAST 5 PLANTS ROAD PVT-Fruit 4200
W OF PARADISE (4112238) May 2017 2009 SEEN IN 1996, MAINTENANCE | Growers
HOLLOW, NEAR (EO1) INCLUDING 2 BY . POORLY- Supply Co.
INTERSECTION ROAD. UNKNOWN PLANNED
OF USFS ROAD NUMBER OF PLANTS TIMBER
41N14 (HIGH OBSERVED BY OPERATIONS
CCC ROAD) AND GREENHOUSE IN 2000 | COULD ALSO
FRENCH CREEK. & 2001. 3 PLANTS THREATEN.
SEEN IN 2004. 2 HEAVY
FOUND IN 2009. NO HUMAN
OTHER PLANTS SEEN | TRAMPLING
IN 2004 IN SEARCHES NOTED IN 2009.
NEARBY AND IN
SECTIONS 6, 7, 8, & 17.
1 ca. 8 mi. S Etna Siskiyou Callahan CCH, Jan 23-Jun- 4199
(just W of forest (4112237) 2017 1996
service rd. 41N 14 (UCl161814
(High CCC Rd.), 9)

less than 2 mi. NW
of its junction with
Tiger Creek Rd.);
Etna Quad.
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
2 JUST N OF Mendocino | Buck Rock CNDDRB, 11-Jul- FEWER THAN 50 Mendocino | 3440
FISHTOWN (3912288) May 2017 2001 PLANTS SEEN IN 2001. NF
CREEK, 0.8 MILE (EO 2)
E OF MIDDLE
FORK EEL RIVER
AND 0.8 MILE S
OF BEAVER
GLADE
STATION.
3 TRIBUTARY ON Shasta Miller Mtn. CNDDB, 18-Jul- 6 PLANTS OBSERVED TIMBER PVT- 3900
S SIDE OF MILL (4012167) May 2017 2009 IN 2004 IN WESTERN HARVEST. Roseburg
CREEK, ABOUT (EO 3) COLONY. 10 FOUND Resources
1.7 MILES W OF IN EASTERN COLONY Co.
SILVER LAKE. IN 2009.
4 JUST S OF MILL Shasta Miller Mtn. CNDDB, 2-Jun-2004 | UNKNOWN NUMBER PVT- 3775
CREEK, ABOUT (4012167) May 2017 OF PLANTS SEEN IN Roseburg
1.9 AIR MILES (EO 4) 2004. Resources
WNW OF SILVER Co.
LAKE.
5 0.25 MILE S OF Shasta Whitmore CNDDB, 20-Aug- UNKNOWN NUMBER PVT- 3315
CLOVER CREEK, (4012168) May 2017 2004 OF PLANTS SEEN IN Roseburg
ABOUT 0.45 (EO5) 2004. Resources
MILE SSW OF Co.
THE
CONFLUENCE
OF SILVER
CREEK AND
CLOVER CREEK.
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.

# (Source) | Observed Manager | (ft.)

6 S OF MILL Shasta Whitmore CNDDB, 18-Jun- 21 PLANTS SEEN IN PVT- 3755
CREEK, ABOUT (4012168) May 2017 2004 2004. Roseburg
2.8 AIR MILES W (EO 6) Resources
OF SILVER Co.

LAKE.

7 APPROXIMATEL | Shasta Roaring CNDDB, 18-Aug- UNKNOWN NUMBER LOGGING. PVT- 2630
Y 1.8 AIR MILES Creek May 2017 2003 OF PLANTS SEEN IN Roseburg
SSE OF BIG (4012188) (EO 7) 2003. THE RARE Resources
BEND AND 1.5 SMILAX JAMESII Co.

MILES S OF W- ALSO OCCURS HERE.
END OF TUNNEL
RESERVOIR.

8 ABOUT 1.3 Shasta Roaring CNDDB, 11-Aug- 30+ PLANTS SEEN IN THREATENED PVT- 2390
MILES S OF Creek May 2017 2003 2003. BY LOGGING Roseburg
TUNNEL (4012188) (EO 8) AND DRAINING | Resources
RESERVOIR AND OF MEADOW. Co.

ABOUT 1.8
MILES W OF BEE
KNOLL.

8 approx. 2 air mi SE | Shasta Roaring CCH, Jan 11-Aug- 2388

of Big Bend Creek 2017 2003
(4012188) (JEPS1044
41)

9 APPROXIMATEL | Siskiyou City of CNDDB, 13-Jul- APPROXIMATELY 100 PVT- 3420
Y 1.2 AIR MILES Mount Shasta | May 2017 2006 PLANTS OBSERVED IN Roseburg
W OF MOTT (4112233) (EO 9) 2003. A 2006 LENZ Resources
AIRPORT COLLECTION FROM "2 Co.

(DUNSMUIR) MILES NW OF N

AND 1.4 MILES S DUNSMUIR" IS

OF AZALEA. ATTRIBUTED TO THIS
OCCURRENCE.
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
9 approx 1.2 air mi Siskiyou City Of CCH, Jan 1-Aug- 3442
WSW of Mott Mount Shasta | 2017 2003
Airport, Dunsmuir (4112233) (JEPS1044
42)
9 ~ 2 aerial mi. NW Siskiyou Dunsmuir CCH, Jan 13-Jul- 3412
of N Dunsmuir. (4112223) 2017 2006
(HSC9713
8)
9 Sacramento River Siskiyou City Of CCH, Jan 28-Sep- 3399
Canyon, ca. 2.5 air Mount Shasta | 2017 2005
miles SE of Box (4112233) (JEPS1098
Canyon Dam 89)
9 Marshy bench E of | Siskiyou City Of Calflora, 7-Jul-2014 individuals 3412
crk, near ... -- Ney Mount Shasta | May 2017
Spgs Rd, Shasta- (4112233) (wb1337-
Trinity NF 187)
9 ~ 2 aerial mi. NW Siskiyou Dunsmuir CCH, Jan 13-Jul- 3412
of N Dunsmuir. (4112223) 2017 2006
(HSC1033
81)
10 S OF Mendocino | Leech Lake CNDDRB, 26-Jul- ABOUT 40 PLANTS PROPOSED Mendocino | 4390
TALLAFERRO Mtn. May 2017 | 2004 SEEN IN 1999. BLANDS NF
RIDGE, FROM (3912381) (EO 10) UNKNOWN NUMBER TIMBER SALE
ABOUT 0.2 TO SEEN IN 2004. (ON HOLD AS
0.7 MILE W OF OF 2005).
BLANDS COVE.
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
11 1.0 AIR MILE Shasta Miller Mtn. CNDDB, 6-Jun-2007 | 135+ PLANTS SURROUNDING | PVT- 4160
WSW OF (4012167) May 2017 OBSERVED IN 2007. LAND USED AS | Roseburg
BUCKHORN (EO 11) COMMERCIAL Resources
LAKE, BETWEEN TIMBERLAND. Co.
MILLER
MOUNTAIN AND
SUGAR PINE
MOUNTAIN,
ROUGHLY 7 AIR
MILES NE OF
WHITMORE.
12 1.8 AIR MILES Shasta Miller Mtn. CNDDB, 25-Jun- 2 PLANTS OBSERVED SURROUNDING | PVT- 3515
SW OF SUMMIT (4012167) May 2017 2007 IN 2007. LAND USED AS | Roseburg
OF SUGAR PINE (EO 12) COMMERCIAL | Resources
MTN, BETWEEN TIMBERLAND. Co.
CLOVER CREEK
& OLD COW
CREEK,
ROUGHLY 6 AIR
MILES NE OF
WHITMORE.
13 2.5 AIR MILES W | Shasta Whitmore CNDDB, 5-Aug- 5 PLANTS OBSERVED SURROUNDING | PVT- 3390
OF SILVER (4012168) May 2017 2009 IN 2009. LAND USED AS | Roseburg
LAKE, S OF MILL (EO 13) COMMERCIAL Resources
CREEK, TIMBERLAND. Co.

ROUGHLY 8 AIR
MILES N OF
WHITMORE.
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Rec.

Locality

County

Quad

Reference
(Source)

Date Last
Observed

Population Info

Threats

Land
Manager

Elev.
(ft.)

14

3.3 AIR MILES W
OF SILVER
LAKE, S OF MILL
CREEK, N OF
ROSEBURG L-
LINE ROAD,
ROUGHLY 7 AIR
MILES N OF
WHITMORE.

Shasta

Whitmore
(4012168)

CNDDB,
May 2017
(EO 14)

5-Aug-
2009

1 PLANT OBSERVED

IN 2009; THERE
COULD BE MORE.

SURROUNDING
LAND USED AS
COMMERCIAL
TIMBERLAND.

PVT-
Roseburg
Resources
Co.

3090

15

2.3 AIR MILES
WNW OF THE
SUMMIT OF
BALES
MOUNTAIN, N
OF BROWNS
CREEK,
ROUGHLY 3 AIR
MILES NE OF
WENGLER.

Shasta

Roaring
Creek
(4012188)

CNDDB,
May 2017
(EO 15)

11-Aug-
2010

100+ PLANTS

OBSERVED IN 2010.

SURROUNDING
LAND USED AS
COMMERCIAL
TIMBERLAND.

PVT-
Roseburg
Resources
Co.

3300

16

2.8 AIR MILES
ENE OF THE
MOUTH OF
LITTLE
ROARING
CREEK,
BETWEEN
RICHARDSON
CREEK AND
HALL CREEK,
NEAR
WENGLER.

Shasta

Roaring
Creek
(4012188)

CNDDB,
May 2017
(EO 16)

7-Jul-2010

19+ PLANTS

OBSERVED IN 2010.

SURROUNDING
LAND USED AS
COMMERCIAL
TIMBERLAND.

PVT-
Roseburg
Resources
Co.

2725

10
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
17 CASTLE ROCK, Trinity Hennessy CNDDB, 11-Jun- ONLY SOURCE OF Six Rivers | 4600
AT BASE OF 400 Peak May 2017 1992 INFORMATION FOR NF
FOOT CLIFFS, (4012375) (EO 17) THIS OCCURRENCE IS
CIRCA 10 MILES A 1992 COLLECTION
S OF BURNT BY TAYLOR, CITED IN
RANCH. CALFLORA.
17 Castle Rock, a 400 | Trinity Hennessy Calflora, 11-Jun- 1+ individuals Six Rivers | 4081
ft vertical cliff Peak May 2017 1992 NF
(4012375) (xr168971)
18 1.0 AIR MILE SE Shasta Big Bend CNDDB, 26-May- 2 PLANTS OBSERVED SURROUNDING | PVT 2350
OF THE MOUTH (4112118) May 2017 2004 IN 2004. LAND USED AS
OF BAKER (EO 18) COMMERCIAL
CREEK, TIMBERLAND.
ROUGHLY 2
MILES N OF BIG
BEND.
19 0.8 AIR MILE NW | Shasta Tombstone CNDDB, 1-Jul-2008 | 100+ PLANTS SURROUNDING | PVT- 2390
OF THE MOUTH Mtn. May 2017 OBSERVED IN 2008. LAND USED AS | Roseburg
OF FLUME (4112213) (EO 19) COMMERCIAL Resources
CREEK, 1 MILE TIMBERLAND. Co.
NE OF MEARS
RIDGE, NORTH
OF SIMS.
20 HEADWATERS Siskiyou Girard Ridge | CNDDB, 26-Jul- 4 PLANTS OBSERVED SURROUNDING | PVT- 3580
OF SODA (4112222) May 2017 2007 IN 2007. LAND USED AS | Hancock
CREEK, 4 AIR (EO 20) COMMERCIAL Forest
MILES SW OF TIMBERLAND. Mgmt.
MCCLOUD, 5 AIR
MILES E OF
DUNSMUIR.

11
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
21 ALONG SMALL Siskiyou Girard Ridge | CNDDB, 13-Jul- APPROXIMATELY 25 SURROUNDING | PVT- 3050

TRIBUTARY W (4112222) May 2017 2007 TO 30 PLANTS LAND USED AS | Hancock

OF PIG CREEK, (EO 21) OBSERVED IN 2007. COMMERCIAL Forest

HALF MILE W TIMBERLAND. Mgmt.

OF COOLEY

CIRCLE 7

RANCH

RECREATION

SITE, 3 AIR

MILES SSW OF

MCCLOUD.

22 N TRIBUTARY Siskiyou Girard Ridge | CNDDB, 13-Jul- 100+ PLANTS SURROUNDING | PVT- 3000
OF DAIRY (4112222) May 2017 2007 OBSERVED IN EAST LAND USED AS | Hancock
CREEK, 1 MILE (EO 22) COLONY AND 3 SEEN | COMMERCIAL Forest
SE OF COOLEY IN WEST COLONY IN TIMBERLAND. Mgmt.

CIRCLE 7 2007.
RANCH

RECREATION

SITE, 4 AIR

MILES SSW OF

MCCLOUD.

23 SPRING Shasta Girard Ridge | CNDDB, 17-Jun- APPROXIMATELY 100 | SURROUNDING | PVT- 3000
FEEDING (4112222) May 2017 2010 PLANTS OBSERVED IN | LAND USED AS | Hancock
WILLOW CREEK, (EO 23) 2010 IN AN AREA OF COMMERCIAL Forest
1.3 AIR MILES APPROXIMATELY 30 TIMBERLAND. Mgmt.

NW OF WILLOW METERS BY 5 SITE IS
CREEK RANCH METERS. ADJACENT TO
BUILDINGS, 5 A LOG

AIR MILES SSW LANDING.

OF MCCLOUD.

12
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
24 0.7 AIR MILE W Siskiyou Dunsmuir CNDDB, 19-Jun- 6 PLANTS OBSERVED SURROUNDING | PVT- 3625
OF THE SUMMIT (4112223) May 2017 2008 IN 2008. LAND USED AS | Roseburg
OF SODA CREEK (EO 24) COMMERCIAL Resources
RIDGE, 1 MILE E TIMBERLAND. Co.
OF DUNSMUIR.
25 0.9 AIR MILE SE Siskiyou Dunsmuir CNDDB, 20-Aug- PLANTS OBSERVED SURROUNDING | PVT- 3900
OF THE SUMMIT (4112223) May 2017 2010 HERE IN 2008, BUT LAND USED AS | Roseburg
OF MOUNT (EO 25) POPULATION SIZE COMMERCIAL Resources
BRADLEY, 1 NOT PROVIDED. TIMBERLAND. Co.
MILE W OF GREATER THAN 100
DUNSMUIR. PLANTS OBSERVED IN
2010.
26 JUST S OF Siskiyou Dunsmuir CNDDB, 8-Jul-2008 | 4 PLANTS OBSERVED | SURROUNDING | PVT 2612
MICAN STREET, (4112223) May 2017 IN 2008. LAND USED AS
0.5 ROAD MILE E (EO 26) COMMERCIAL
OF FIRST TIMBERLAND.
STREET, E SIDE
OF DUNSMUIR.
27 0.8 AIR MILE Shasta Dunsmuir CNDDB, 20-Jun- APPROXIMATELY 15 THREATENED PVT 2390
WSW OF THE (4112223) May 2017 2006 PLANTS OBSERVED IN | BY TIMBER
MOUTH OF (EO 27) 2006. HARVESTING.
CASTLE CREEK,
NEAR
CASTELLA, S OF
CASTLE CRAGS
STATE PARK.

13
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
28 0.25 AIR MILE Shasta Viola CNDDB, 30-Aug- N POLYGON: 3 LAND USE IS PVT-Sierra | 4030
SW AND 0.45 AIR (4012156) May 2017 2011 PLANTS OBSERVED IN | TIMBER Pacific
MILE SSW OF (EO 28) 2010 AND 2 MANAGEMENT
ROARING OBSERVED IN 2011 . THE PLANTS
SPRING, NORTH (UNABLE TO LOCATE | HAVE BEEN
OF SOUTH COW THE PLANT THAT FLAGGED.
CREEK, 2 AIR WAS ON
MILES WNW OF DOWNSTREAM SIDE
LATOUR BUTTE. IN 2010). S POLYGON:
3 PLANTS OBSERVED
IN 2010.
29 TIBUTARY TO Shasta Hagaman CNDDB, 30-Aug- 14 PLANTS OBSERVED | LAND USE IS PVT-Sierra | 3700
SOUTH COW Gulch May 2017 2011 IN 2010. FEWER THAN | TIMBER MGMT; | Pacific
CREEK, (4012157) (EO 29) 40 PLANTS OBSERVED | PLANTS
DOWNHILL IN 2011. FIELD FLAGGED.
FROM SURVEY FORMS COWS HAD
BATEMAN RD, SUBMITTED BY BEEN IN AREA
~1.4 AIR MI WSW PUENTES CONTAIN IN 2010; SOME
OF ROARING DETAILED PLANTS
CREEK AND ~3.2 POPULATION APPEARED
MI WNW OF NUMBERS FOR EACH BROWSED IN
LATOUR BUTTE. SET OF 2011.
COORDINATES.
30 ALONG Shasta Hagaman CNDDB, 27-Aug- 4 TO 5 PLANTS LAND USE IS PVT-Sierra | 3320
TRIBUTARY TO Gulch May 2017 2010 (SMALL, WITH TIMBER Pacific
ATKINS CREEK, (4012157) (EO 30) TROPHOPHORES MANAGEMENT
ABOUT 1 MILE ONLY) OBSERVED IN ; OCCURRENCE
ENE OF WHERE 2010. ONLY 1 HAS BEEN
ATKINS CREEK BROKEN/WILTED FLAGGED.
CROSSES INDIVIDUAL WAS
BATEMAN OBSERVED WHEN
ROAD. SITE WAS REVISITED
A FEW DAYS LATER.

14
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.

# (Source) | Observed Manager | (ft.)

31 DOWNSTREAM Shasta Montgomery | CNDDB, 19-Aug- 24 PLANTS OBSERVED | LAND USE IS PVT-Sierra | 2335
FROM SPRING Creek May 2017 2011 IN 2011. 4 PLANTS TIMBER Pacific
ABOUT 1.4 AIR (4012178) (EO 31) HAD SPOROPHORES MANAGEMENT
MILES E OF AND 20 WERE . THE REGION
LITTLE ROUND VEGETATIVE. SOME WOULD BE
MTN AND 2.3 PLANTS WERE PROTECTED BY
AIR MILES WSW STARTING TO SHOW WLPZ
OF TOWN OF SIGNS OF DYING RESTRICTIONS.

MONTGOMERY BACK WITH
CREEK. YELLOWING LEAVES.

32 SLOPES E OF Shasta Skunk Ridge | CNDDB, 19-Aug- 1 PLANT OBSERVED LAND USE IS PVT-Sierra | 3400
NELSON CREEK, (4112117) May 2017 2010 IN THE W POLYGON TIMBER Pacific
APPROXIMATEL (EO 32) IN 2010 (SINGLE MANAGEMENT
Y 3 AIR MILES FROND, WITH ; POPULATION
SSW OF RED SPOROPHORE). 16 HAS BEEN
MOUNTAIN. PLANTS OBSERVED IN | FLAGGED. W

THE E POLYGON IN POLY: WHEN
2010 (2 OF THE 16 LOG ROTS
PLANTS DID NOT AWAY, PLANT
HAVE A MAY
SPOROPHORE). DISAPPEAR.

33 HEADWATERS Siskiyou Girard Ridge | CNDDB, 10-Aug- GREATER THAN 17 TIMBER PVT- 3350
OF SODA (4112222) May 2017 2012 PLANTS OBSERVED IN | HARVEST. Roseburg
CREEK, NEAR (EO 33) 2012. Resources
ROAD 220S Co.
APPROXIMATEL
Y 1.6 AIR MILES
SW OF
SNOWMANS
HILL.
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Rec. | Locality County Quad Reference | Date Last | Population Info Threats Land Elev.
# (Source) | Observed Manager | (ft.)
34 ABOVE Siskiyou Dunsmuir CNDDB, 11-Sep- GREATER THAN 8 TIMBER PVT- 3685
BLACKBERRY (4112223) May 2017 | 2012 PLANTS OBSERVED IN | HARVEST. Roseburg
HILL ROAD (EO 34) 2012. Resources
APPROXIMATEL Co.
Y 1.2 AIR MILES
E OF I-5 BRIDGE
OVER
SACRAMENTO
RIVER, E OF
DUNSMUIR.
35 Headwaters of Shasta Damnation Calflora, 8 July 2019 | About a dozen plants Road Shasta- 3805
Slate Creek Peak 401228 | Jan 2022 observed in 2019 maintenance, Trinity NF
5 (https://ww water diversion
w.calflora.
org/entry/p
po.html#vri
v=mu2032
2)
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Distribution on National Forest System (NFS) Lands:

(Please see Reference column of Locations table above for references pertaining to Record Numbers indicated on NFS lands.)

National Record | CNDDB | Non- Recent | Historic | Most EOs/ Total
Forest #s (from | EOs CNDDB | (seenin (notseen | Recent | Recs. Records
System Locations Records | Past20 inpast 20 | gpg, (5 mile on NFS
(NFS) lands | table yrs) yrs) buffer) | 1ands
above)
Angeles: - ) ) ) ) B B 0
Cleveland: - B - - - - - 0
Eldorado: - B B B B - - 0
Inyo: B ) ) ) ) B B 0
Klamath: - B B B B - 2 0
Lake Tahoe - - - - - - - 0
Basin MU:
Lassen: - B B B B - - 0
Los Padres: - B B B B - - 0
o 26-Jul-
Mendocino: 2,10 2 0 2 0 2004 0 2
Modoc: B ) ) ) ) B B 0
Plumas: B ) ) ) ) B B 0
San - - - - - - - 0
Bernardino:
Sequoia: B ) ) ) ) B B 0
Shasta- 35 - 1 1 ) 8-July- | 1
Trinity: 2019
Sierra: B ) ) ) ) B B 0
o 11-Jun-
Six Rivers: 17 1 0 0 1 1992 0 1
Stanislaus: - B B B B - - 0
Tahoe: B ) ) ) ) B B 0
Totals: N/A 3 0 2 1 N/A 3 3

Demographic and Population Trends: It is important to note that below-ground population
dynamics of B. virginianus may have important demographic effects, as the spore bank,
underground gametophytes, and juvenile sporophytes all can act as a reservoir to generate new
above-ground individuals, and tend to greatly outnumber the aboveground individuals in ferns,
(Johnson-Groh et al. 2002; Williams and Waller 2015). To improve conservation estimates of
populations, Williams and Waller (2015) tracked individuals of several species of Botrychium
over three years, estimated rates of vegetative dormancy, and shifts in population size. They
found that individuals of each species reappeared year to year 30-50% of the time, with
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dormancy lasting over 2 years in 20% of the individuals. They speculate that height, morphology
and emergence may respond to variation in rainfall, herbivory and/or interactions with
mycorrhizal fungi or surrounding plants among years, and conclude that studies on recruitment
and survival are needed. Population numbers of B. virginianus may be somewhat more stable
than reported by Williams and Waller as an aboveground leaf of this species emerges beginning
the first year of life, whereas in smaller species such as those studied by Williams and Waller
(e.g. B. lunaria), the first above-ground emerging leaf is the eighth (Clausen 1938). Farrar (2012)
suggests a metapopulation model for Botrychium population dynamics — the extinction of local
populations is continuously balanced by founding of new populations through spore dispersal.

The population sizes of B. virginianus are relatively well known in California as at least one
population estimate exists for 31 of 34 CNDDB Element Occurrences (EOs). The population size
estimates indicate all populations are small, with 13 EOs being censused at fewer than 10
individuals, 11 between 10 and 50 individuals, and 7 being more than 100 individuals (up to
135). The total number of individuals in known populations may thus be estimated between 1000
and 2000 in any given year (CNDDB 2017).

All EOs have been observed between 1996 and 2014 and all are listed as presumed extant. Too
few individual sites had repeat surveys with exact numbers to draw conclusions of trends, but of
the three which did, variation was well within that expected for a population with a proportion of
below-ground dormancy: EO 1 showed repeat census of 5 to 2 to 3 to 2; EO 3 showed census of
6 then 10; EO 28 showed census of 3 to 2 to 3. Therefore, no conclusion of decline can be drawn
from the data.

In North America, it is apparently stable over its range, being listed as Secure (S5) or Apparently
Secure (S4) across a large swath of the continent from the west coast (British Columbia,
Washington, and Oregon) to the east coast (New Brunswick to Georgia). It is listed as
Vulnerable (S3) or Imperiled (S2) in those states on the north or south margins of its range. It is
thus Critically Imperiled (S1) in Labrador, Colorado, and Arizona; Imperiled (S2) in Alaska,
California, Nunavut, and Yukon, and Vulnerable (S3) in the Northwest Territories,
Newfoundland, and Wyoming (NatureServe 2018).

In contrast, in Europe, along its southwestern distribution limit in Poland, Lithuania, Germany
and adjacent Central European countries, this species (as Botrychium virginianum subsp.
europaeum) is considered rare and in decline. For example, in Poland, it has toggled between
being critically endangered and extinct due to conversion of habitat by forestry in previously
known habitats, with one extant population currently known (Pawlikowski 2011).

Life History: The Ophioglossaceae ferns to which B. virginianus belongs have two life stages —
diploid sporophyte and haploid gametophyte. They have a relatively large sporophyte stage that
emerges above ground in spring with a single green leaf and an attached spore-bearing stalk, the
“rattlesnake tail”. At maturity (May to July, according to Clausen 1938), the stalk releases tens of
thousands of tiny spores (Peck et al. [2004] counted 32,000 spores released per plant annually).
These spores are haploid, bisexual, and with half the chromosome number of the parent
sporophyte. They are disseminated by wind, rain or passing animals. Those spores that infiltrate
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soil will form a spore-bank that is likely viable for long periods of time (Johnson-Groh et al.
2002). Where moisture and the appropriate species of host fungus is present, spores will
germinate, and, nurtured by the host-fungus, grow into a gametophyte stage, a non-
photosynthetic thallus just a few millimeters long (Johnson-Groh et al. 2002). The subterranean
gametophyte is an unusual trait common to all Ophioglossaceae (Wagner and Wagner 1983), and
is a vulnerable stage with high mortality (Johnson-Groh 2002). Underground gametophytes
develop via heterotrophic associations with particular mycorrhizal fungi in the genus Glomus and
continue to depend on the fungi as they mature (Williams and Waller 2015). Each gametophyte
produces both male antheridia and female archegonia containing sperm and eggs, respectively.
The sperm swim into open female archegonia, at a maximum distance of a few millimeters, to
fuse with the egg to form a diploid zygote, from which will grow the juvenile sporophyte. This
lifecycle is thought to take at least several years, but it is unknown how long the gametophytes
grow in the soil, or how long the juvenile sporophytes take to reach a size to make above-ground
structures (Johnson-Groh 2002; Farrar 2011).

The highly reduced morphology of the non-photosynthetic gametophyte stage are hallmarks of
mycoheterotrophic (fungal parasite) species (Field et al. 2015). As such, B. virginianum likely
has a specialized relationship with one or a few closely-related species of fungi (Kovacs et al.
2003; Kovacs et al. 2007). The green and photosynthetic leaf of the aboveground sporophyte
shifts the relationship with the host fungus from parasite to mutualist, in a “take now pay later”
arrangement, and the green leaf stage may involve additional mycorrhizal species (Field et al.
2015). Due to this close relationship, the survival and successful dispersal of this species depends
on the presence and health of the host fungi.

Diversity: Botrypus virginianus belongs to the fern order Ophioglossales, which diverged early
in fern evolution (about 364 million years ago), and which has no close relatives among ferns
(Smith et al. 2006). The order is instead sister to the whisk-ferns, the Psilotales (Pryer et al.
2004). A 62 million year old fossil from Alberta, Canada, is morphologically similar to B.
virginianus (Stensvold 2007).

The Ophioglossaceae family of ferns have an extremely simple morphology, with few characters
to analyze, and this has confounded classifications and contributed to a convoluted
nomenclatural history (Clausen 1938; Stensvold 2007). Although chromosome counts, DNA
sequencing, and especially isozyme electrophoresis have been added to the toolkit in recent
decades (Stensvold 2007; Farrar 2011), the taxonomic divisions than have been proposed for B.
virginianus have yet to be universally accepted. For instance, Clausen (1938) recognized three
subspecies of Botrychium virginianum (=Botrypus virginianus): the pan-North American
subspecies typicum, the circumboreal subspecies europaeum, and the Mexican subspecies
meridionale. Clausen’s subspecies have remained accepted by European taxonomists
(Pawlikowsky 2005), although these subspecies are not currently accepted in North America
(Tropicos 2018; CNPS 2018; Wagner and Wagner 1993). However, Wagner and Wagner (1983)
acknowledge the existence of potentially significant variation within B. virginianus: “This
species, the widespread B. virginianum, appears to form a cline running north to south, becoming
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more and more different at lower and lower latitudes (according to studies currently under
way)”.

Although the taxonomic rank of variation found within B. virginianus is still a matter of debate,
its relationships at the species level, at least within its range in the New World, appears to be
uncontroversial. Botrypus virginianus is morphologically distinctive and does not appear to form
hybrids, although both diploid and allopolyploid species occur in the related genus Botrychium.
The chromosome number of B. virginianus is n=90, with no genetic evidence of polyploidy
(Williams and Waller 2015). A worldwide sampling of B. virginianus (North, Central, and South
America, Europe, and Asia) showed that its members all share a unique mitochondrial DNA
region apparently obtained from an angiosperm in the Santalaceae approximately 34.9 Myr ago
(Davis et al. 2005), suggesting rapid worldwide radiation since then.

Botrypus virginianus populations themselves are notably genetically uniform. In soil, the ability
of sperm to move is probably only a few millimeters, and probability of self-fertilization of the
gametophytes is high. That this is the predominant outcome of fertilization has been confirmed
by numerous electrophoretic studies that show less than 10% of heterozygosity from outcrossing
in Botrychium (Soltis and Soltis 1986; Farrar 2011; Stensvold 2007). This leaves progeny
homozygous and genetically identical, much like vegetative reproduction. However, there are
advantages to this — deleterious mutations do not accumulate in selfing populations, and, being
self-fertile, a single spore can found a new population. A high degree of selfing is consistent with
the partitioning of genetic variability among populations rather than within populations that is
seen in Botrychium studies (Farrar 2011).

Habitat: The habitat of Botrypus virginianus is fairly uniform throughout its range,
characterized very generally by Wagner and Wagner (1993) as: especially in shaded forests and
shrubby second growth, rare or absent in arid regions. Clausen (1938) made a distinction
between the preferred habitats of his two North American subspecies: his subspecies europium
was “a plant of coniferous forests, moist meadows and mossy open places”, whereas his
subspecies typicum was a plant of “dry or somewhat moist deciduous woodland”.

Specimen information (CPNWH 2018; CNH 2018) fills in some habitat details: B. virginianus
appears to prefer moist microsites on bottomlands or low slopes; moist forest openings, seeps,
riparian zones of smaller streams, hot springs, marshes, and muskeg. Disturbances such as old
roads, road margins, forest edges, and old clearcuts or other logging activity are frequently
mentioned in the site descriptions. Substrate other than thick duff or deep soil is rarely
mentioned, but several sites in Alaska mention crushed limestone and some specimen labels in
eastern US mention calcareous outcrops. In western North America, the most commonly
associated trees are common conifers such as Thuja plicata, Pseudotsuga menziesii, and Tsuga
heterophylla. In eastern North America, mixed conifer-hardwood forests are always mentioned,
often with Tsuga and Acer present.

In Poland, a recently recorded locality was described as typical for that region: a mixed
broadleaf-spruce moist forest with an ancient tree stand (greater than 120 years old) and a large
amount of decaying wood. The canopy consists of Tilia, Picea, Fraxinus, Acer, and Quercus.
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The subcanopy and shrub layer was dominanted by Corylus and Picea. The herbaceous layer is
in moderate shade, varying from 20 to 70% cover, with Oxalis acetosella dominant, and
Anemone nemorosa, Athyrium filix-femina, Carex digitata, C. remota, Circaea alpina,
Equisetum sylvaticum, Prunella vulgaris, Rubus saxatilis, and saplings of Tilia and Fraxinus.
The moss layer ranged from 0 to 70%, dominated by Oxyrrhynchium hians, Brachytheciaceae
spp. and Thuidium tamariscinum.

In California, the habitat is described as moist shaded valleys along small streams, at elevations
between 700-1,200 meters (Farrar 2011). This echoes the description of Game (1997) for the site
of the first recorded location in California: wooded, boggy area, 1,300 m elevation, co-occurring
with Botrychium multifidum (S. Gmel.) Rupr. (syn. of Sceptridium multifidum), Lilium
pardalinum, Platanthera leucostachys, and Listera convallarioides. This area has a diversity of
conifers and is in the vicinity of a southern disjunct population of Picea engelmanii and Abies
lasiocarpa. All other EOs (CNDDB 2017) give some watercourse, spring or other moisture
source as the primary associated feature. Vegetation mentioned is classic Cascadian forest,
consisting of Acer macrophyllum, Alnus rhombifolia, and Pseudotsuga menziesii in the canopy,
Acer circinnatum, Rubus spp., Rhododendron occidentale, and Cornus nuttallii in shrub layer,
and Athyrium felix-femina, Equisetum spp., Carex spp., and Asarum caudatum etc. in herb layer.

Habitat Status or Trend: Botrypus virginianum has a wide geographic range in North
America, which includes a vast area of its preferred low slope and bottomland mesic forest. This
community type in western North America is widespread and tends to be well connected by
waterways, but it also tends to be used for timber production. The same is true of the known
range of B. virginianus in California. Accordingly, of the 34 EOs for this species (CNDDB
2018), two are on Mendocino NF, one is on Six Rivers NF, four are on private land of
unspecified type, and 27 are on private lands belonging to timber companies. Not surprisingly,
27 EOs have logging activities in vicinity as a documented threat, one record mentions road
maintenance, one mentions damage from cow grazing, and one mentions meadow draining. All
of the EOs on private land appear to have been generated by rare plant surveys prior to timber
sale or harvest. In three instances, explicit protection of the population is mentioned. The site
quality is listed for 28 of the EOs, of which 10 are listed as Fair, 12 are Good, and 6 are
Excellent (CNDDB 2018). Given the good or better habitat quality for most sites, if flagging and
exclusion zones are followed during logging activity, it is likely that B. virginianus would
survive the identified threat activity, as this species appears to benefit from minor disturbance
and occurs in shrubby second growth habitats (discussed below under Threats section).

Botrypus virginianus, having only been officially documented in California as recently as 1996
(with a 1992 herbarium specimen surfacing in 2017), but with 32 additional sites being located in
the period of 2001 to 2012, is clearly an overlooked species. Furthermore, 30 of the sites found
are densely clustered on timber company lands in the vicinity of Castle Crags State Park north of
Redding, and on tributaries of the Pit River northeast of Redding, suggesting that B. virginianus
may be reasonably abundant in this area.

The distribution data show three additional sites located at a significant distance from these two
areas of clustered sites: the original (Game 1997) record, which is some 30 air miles to the west
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northwest, the 1992 herbarium specimen collected at Castle Rock, Trinity County, some 60 air
miles to the southwest, and two records in Mendocino County, some 80 air miles south. The
intervening habitat between these records is reasonably similar, and largely uninhabited public
lands. This pattern suggests that, with more intensive searching on the Mendocino and Six Rivers
NFs, many more populations of B. virginianus will be documented between these far-flung
observations.

Capacity for the Species to Disperse: Botrypus virginiana possesses a caudex that produces
one above-ground frond pair per year, without clonal reproduction. Reproduction and dispersal is

thus via spores and wind is the primary vector for those, with minor contributions by water and
animal hitchhiking (Farrar 2011; Stensvold 2007).

Because gametophytes usually are bisexual and self-compatible in Ophioglossaceae, a single
spore can found a new population (Farrar 2011). An example of such an occurrence was
documented by Swartz and Brunsfeld (2002), who utilized morphometric analysis and RAPD
markers to distinguish individuals in a population genetic study. They were surprised to find
individual Botrychium minganense plants genetically clustered with populations up to 400 km
away. This example indicates that variation may be introduced into populations by the occasional
colonization by spores from distant sources. However, despite a proven ability to successfully
colonize long distances, most spores are dispersed only very short distances. For example, in a
study on the related Botrychium simplex, the effective migration distance was 500 m, effectively
isolating populations only a few miles apart (Farrar 2011). Similarly, Peck et al (1990)
determined that more than 90% of spores released by B. virginianum were deposited within five
meters of the source plant, the distance decreasing with the degree of immersion of the source
individual in the surrounding vegetation.

Threats: Botrypus virginianus does not seem to be any more habitat specific or any less
widespread geographically than other ferns or seed plants, despite low genetic variability. This
may be due to the buffering effect of the mycorrhizal association B. virginianus and its relatives
rely heavily, if not entirely, on their mycorrhizal partner for photosynthates, mineral nutrients,
and water (Farrar 2011). Their roots are short, and without root hairs, so their roots do not forage
directly for nutrients or water, relying instead on the excellent foraging ability of fungal mycelia
(Johnson-Groh 2002). With mycorrhizal fungi as an intermediary, Botrypus has a reduced direct
interaction with its environment, and thus probably less need for genetic tracking of
environmental change than do most plants. Its greater need is for genetic stability in maintaining
its mycorrhizal association (Farrar 2011). In the Botrychium species studied by Winther and
Friedman (2007), and in Psilotum nudum (Winther and Friedman, 2009), the mycoheterotrophic
gametophytes show extreme fungal specificity, each plant typically only associated with a single
fungal partner, Glomus spp. However, the green shoot stage of sporophyte generations often host
several mycorrhizal fungi in its roots in addition to retaining the specific partner of the
gametophytes. This means that B. virginianus’ fungal associates, including the fungi’s other
photosynthetic partners, are both an environmental buffer and a vulnerability for this fern, as its
survival requires a relatively intact fungal and plant community. Several authors mention the
ability of B. virginianus to thrive under light to moderate disturbance (Williams and Waller
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2015). Pawlikowski (2011) goes farther in asserting that the renewal of its populations requires
some kind of natural or manmade disturbance (e.g. severe storms that blow down tree stands,
forest-fires, logging), after which numerous young plants can be seen. Numerous specimen
labels note the occurrence of this species in old clear-cuts or along roads (CPNWH 2018, CNH
2018). Overall threats therefore appear not to be forest disturbance such as the widespread
logging activity within its range, but local extirpations caused by either by an accident (e.g.
placement of a structure on top of an individual patch of plants) or by wholesale replacement of a
forest community after clear-cutting. In conclusion, although drought, fire, herbivory, herbicides,
and timber harvests may have an immediate impact on the aboveground sporophytes (Johnson-
Groh and Farrar 1996), the populations are fairly resilient and rebound following perturbations,
although recovery of above ground numbers may take several years. In addition, the more
numerous belowground population of spores, gametophytes, and juvenile sporophytes provide
buffering against local extinction, even in the absence of above-ground plants for some years.
Therefore, population modeling predicts greater stability than would be concluded by monitoring
above-ground structures (Johnson-Groh et al. 2002).

Literature Cited
[BLM] Bureau of Land Management. 2010. Special Status Plants in California, Including BLM

Designated Sensitive Species. February 8, 2010. Available at:
https://www.blm.gov/ca/dir/pdfs/2010/im/CAIM2010-008 ATT2B.pdf [accessed 25 May 2017].

Calflora. 2017. Information on wild California plants for conservation, education, and
appreciation. Website http://www.calflora.org/ [accessed 14 June 2017].

[CDFG] California Department of Fish and Game. 2013. 24K Quads, SDE Feature Class. Index
for 1:24,000-scale (24K), 7.5-minute by 7.5-minute, paper U.S. Geological Survey maps in
California.

[CDFW] California Department of Fish and Wildlife. 2015. California State Wildlife Action
Plan, 2015 Update: A Conservation Legacy for Californians; Volume II, Appendix C: Species of
Greatest Conservation Need. Gonzales, A. G. and J. Hoshi (eds.). Prepared with assistance from
Ascent Environmental, Inc., Sacramento, CA. Available at:
https://www.wildlife.ca.gov/swap/final [accessed 11 May 2017].

[CNDDB] California Department of Fish and Wildlife, Natural Diversity Database. 2017.
RareFind 5 [Internet application] and CNDDB Maps and Data. Available at:
https://www.wildlife.ca.gov/Data/CNDDB/Maps-and-Data [ Government Version, May 2017].

. 2018. RareFind 5 [Internet application] and CNDDB Maps and Data. Available at:
https://www.wildlife.ca.gov/Data/CNDDB/Maps-and-Data [ Government Version, March 2018].

[CDFW] California Department of Fish and Wildlife, Natural Diversity Database. 2018a. Special
Vascular Plants, Bryophytes, and Lichens List. Quarterly publication, January 2018. 127 pp.
Available at https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=109383 [accessed 22
January 2018].

. 2018b. State and Federally Listed Endangered, Threatened, and Rare Plants of California.
Last updated January 2018. 6 pp. Available at:

23



Botrypus virginianus (L.) Michx.

https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=109390&inline [accessed 22 January
2018].

[CDF] California Department of Forestry and Fire Protection. 2009. 1:24,000 County Boundaries
(cnty24k09 1 poly) [shapefile]. California Department of Forestry and Fire Protection,
California Department of Fish and Game. Berkeley Library Geodata. Available at:
https://geodata.lib.berkeley.edu/catalog/ark28722-s73w23 [10 December 2017].

[CNPS] California Native Plant Society, Rare Plant Program. 2018. Inventory of Rare and
Endangered Plants of California (online edition, v8-03 0.39). Website
http://www.rareplants.cnps.org [accessed 22 January 2018].

[CPAD] California Protected Areas Database. 2016. Version 2016b1. Greenlnfo Network.
Available at: http://www.calands.org/.

Clausen, R. T. 1938. A monograph of the Ophioglossaceae. Mem. Torrey Bot. Club 19: 1-177.

[CCH] Consortium of California Herbaria. 2017. Data provided by the participants of the
Consortium of California Herbaria. Regents of the University of California, Berkeley. Website
http://ucjeps.berkeley.edu/consortium/ [accessed 16 May 2017].

[CNH] Consortium of Northeastern Herbaria. 2018. Website http://portal.neherbaria.org/portal/
[accessed 12 April 2018].

[CPNWH] Consortium of Pacific Northwest Herbaria. 2018. Data provided by the participants of
the Consortium of Pacific Northwest Herbaria. University of Washington Herbarium. Website
http://www.pnwherbaria.org/data/search.php [accessed 22 January 2018].

Davis, C. C., W. R. Anderson, and K. J. Wurdack. 2005. Gene transfer from a parasitic flowering
plant to a fern. Proceedings of the Royal Society of London B: Biological Sciences 272(1578):
2237-2242.

Esri. 2012. World Reference Overlay [basemap overlay]. Scale Range: 1:591,657,528 down to
1:72,224. Esri, DeLorme, USGS, NPS. Updated 2 September 2017. Available at:
http://www.arcgis.com/home/item.html?1d=9763d83ba63048da8a2e0a71ccead4416 [8 December
2017].

.2017a. USA Topo Maps [basemap]. Scale Range: 1:591,657,528 down to 1:18,056.
National Geographic Society, i-cubed, 2013. Updated 5 October 2017. Available at:
http://www.arcgis.com/home/item.html?1d=99cd5fbd98934028802b4{797c4b1732 [8 December
2017].

.2017b. World Terrain Base [basemap]. Scale Range: 1:591,657,528 down to 1:72,224.
Esri, USGS, NOAA. Updated 9 February 2017. Available at:
http://www.arcgis.com/home/item.html?id=c61ad8ab017d49¢1a821580ee1298931 [8 December
2017].

Farrar, D. R. 2011. Systematics and taxonomy of genus Botrychium. Available at
http://www.herbarium.iastate.edu/botrychium/Moonwort-Systematics.pdf [accessed 9 December
2017].

24



Botrypus virginianus (L.) Michx.

. 2012. Botrypus. In: Jepson Flora Project (eds.), Jepson eFlora. Website
http://ucjeps.berkeley.edu/eflora/eflora_display.php?tid=91685 [accessed 12 April 2018].

Field, K. J., J. R. Leake, S. Tille, K. E. Allinson, W. R. Rimington, M. 1. Bidartondo, D. J.
Beerling, and D. D. Cameron. 2015. From mycoheterotrophy to mutualism: mycorrhizal

specificity and functioning in Ophioglossum vulgatum sporophytes. New Phytologist 205(4):
1492-1502.

Game, J. C. 1997. Botrychium virginianum in California. American Fern Journal 87(4): 150-
152.

Hauk, W. D., C. R. Parks, and M. W. Chase. 2003. Phylogenetic studies of Ophioglossaceae:
evidence from rbcL and trnL-F plastid DNA sequences and morphology. Molecular
Phylogenetics and Evolution 28(1): 131-151.

[TUCN] International Union for Conservation of Nature. 2017. The IUCN Red List of
Threatened Species. Website http://www.iucnredlist.org/ [accessed 26 May 2017].

Johnson-Groh, C., C. Riedel, L. Schoessler, and K. Skogen. 2002. Belowground distribution and
abundance of Botrychium gametophytes and juvenile sporophytes. American Fern Journal 92(2):
80-92.

Kato, M. 1987. A phylogenetic classification of Ophioglossaceae. Gardens' Bulletin (Singapore)
40(1): 1-14.

Kovacs, G. M., T. Balazs, and Z. Pénzes. 2007. Molecular study of arbuscular mycorrhizal fungi
colonizing the sporophyte of the eusporangiate rattlesnake fern (Botrychium virginianum,
Ophioglossaceae). Mycorrhiza 17(7): 597-605.

Kovacs, G. M., I. Kottke, and F. Oberwinkler. 2003. Light and electron microscopic study on the
mycorrhizae of sporophytes of Botrychium virginianum - Arbuscular structure resembling fossil
forms. Plant Biology 5(5): 574-580.

Linnaeus, C. 1753. Osmunda virginiana. Species Plantarum 2, p. 1064.

NatureServe. 2018. NatureServe Explorer: An online encyclopedia of life [web application].
Version 7.1. NatureServe, Arlington, Virginia. Website http://explorer.natureserve.org [accessed
22 January 2018].

[NDF] Nevada Division of Forestry. 2012. NAC 527.010 List of fully protected species of native
flora. April 2012. Available at: https://www.leg.state.nv.us/NAC/NAC-
527.html#NAC527Sec010 [accessed 12 May 2017].

[NNHP] Nevada Natural Heritage Program. 2017. Species Lists. Department of Conservation
and Natural Resources. Available at: http://heritage.nv.gov/species/lists.php [accessed 25 May
2017].

[ODA] Oregon Department of Agriculture. 2014. Oregon listed and candidate plants - complete
list. Native Plant Conservation Program. August 13, 2014. Available at:
https://data.oregon.gov/Natural-Resources/Oregon-listed-and-candidate-plants-complete-
list/8s3k-ygh2 [accessed 25 May 2017].

25



Botrypus virginianus (L.) Michx.

[ODFW] Oregon Department of Fish and Wildlife. 2016. Oregon Conservation Strategy, Chapter
6: Strategy Species. Oregon Department of Fish and Wildlife, Salem, Oregon. PDF content last
updated December 30, 2016. Available at: http://oregonconservationstrategy.org/ [accessed 25
May 2017].

[ORBIC] Oregon Biodiversity Information Center. 2016. Rare, Threatened and Endangered
Species of Oregon. Institute for Natural Resources, Portland State University, Portland, OR. 130
pp. Available at: http://inr.oregonstate.edu/sites/inr.oregonstate.edu/files/2016-rte-book.pdf
[accessed 25 May 2017].

Pawlikowski, P. 2011. Botrychium virginianum (Ophioglossaceae) rediscovered in Poland.
Polish Botanical Journal 56(1): 81-84.

Peck, J. H., C. J. Peck, and D. R. Farrar. 1990. Influences of life history attributes on formation
of local and distant fern populations. American Fern Journal 80(4): 126-142.

Pryer, K. M., E. Schuettpelz, P. G. Wolf, H. Schneider, A. R. Smith, R. and Cranfill. 2004.
Phylogeny and evolution of ferns (monilophytes) with a focus on the early leptosporangiate
divergences. American Journal of Botany 91(10): 1582-1598.

[RPSAC] Rare Plant Scientific Advisory Committee and D. P. Tibor (ed.). 2001. California
Native Plant Society's Inventory of Rare and Endangered Plants of California. Special
Publication No. 1 (Sixth Edition). California Native Plant Society, Sacramento. 387 pp.

Soltis, D. E. and P. S. Soltis. 1986. Electrophoretic evidence for inbreeding in the fern
Botrychium virginianum (Ophioglossaceae). American Journal of Botany 73(4): 588-592.

Stensvold, M. C. 2007. A taxonomic and phylogeographic study of the Botrychium lunaria
complex. PhD Dissertation, lowa State University, Ames, lowa.

Swartz, L. M. and S. J. Brunsfeld. 2002. The morphological and genetic distinctness of
Botrychium minganense and B. crenulatum as assessed by morphometric analysis and RAPD
markers. American Fern Journal 92(4): 249-269.

The Plant List. 2013. Version 1.1. Published on the Internet; http://www.theplantlist.org/
[accessed 12 April 2018].

Tropicos. 2018. Missouri Botanical Garden. Website http://www.tropicos.org [accessed 22
January 2018].

[USDA] U.S. Department of Agriculture Forest Service, Pacific Southwest Region. 2013.
Regional Forester Sensitive Species List. Available at: http://www.fs.usda.gov/main/r5/plants-
animals/plants [accessed 9 May 2017].

[USDA] U.S. Department of Agriculture Forest Service and U.S. Department of Interior Bureau
of Land Management. 2001. List of Survey and Manage Species in Record of Decision and
Standards and Guidelines for Amendments to the Survey and Manage, Protection Buffer, and
other Mitigation Measures; as amended by Annual Species Reviews 2001-2003. Available at:
https://www.blm.gov/or/plans/surveyandmanage/files/sm-fs-enc3-table1-1-dec2003wrtv.pdf
[accessed 12 September 2017].

26



Botrypus virginianus (L.) Michx.

[USDA] U.S. Department of Agriculture, Natural Resources Conservation Service. 2018.
PLANTS Database. Website http://plants.usda.gov/ [accessed 22 January 2018].

Wagner Jr., W. H. and F. S. Wagner. 1983. Genus communities as a systematic tool in the study
of New World Botrychium (Ophioglossaceae). Taxon 32(1): 51-63.

. 1993. Ophioglossaceae. In: Flora of North America Editorial Committee, eds. 1993+.
Flora of North America North of Mexico. 20+ vols. New York and Oxford. Vol. 2.

Williams, E. W. and D. M. Waller. 2015. Tracking morphological change and demographic
dynamics in ephemeral Botrychium s.s. (Ophioglossaceae) populations. Journal of the Torrey
Botanical Society 142(2): 152-165.

Winther, J. L. and W. E. Friedman. 2007. Arbuscular mycorrhizal symbionts in Botrychium
(Ophioglossaceae). American Journal of Botany 94(7): 1248-1255.

Xianchun, Z. and N. Sahashi. 2013. Botrychium. In: Flora of China Vols. 2-3 Page 4, 73.
Website http://www.efloras.org/flora_page.aspx?flora_id=2 [accessed 12 April 2018].

Persons Contacted:

Carlberg, T. 2017. USDA Forest Service, Six-Rivers National Forest; President, California
Lichen Society. Information submitted at Mendocino/Six Rivers FS-SCC and IPA Workshop,
Loleta, CA. Contacted 16-18 November 2017.

Goldsworthy, E. 2017. Botanist, Green Diamond Resource Company, Arcata, CA. Information
submitted at Mendocino/Six Rivers FS-SCC and IPA Workshop, Eureka, CA. Contacted 16-18
November 2017.

Hoover, L., J. McRae, and S. Carothers. 2017. Hoover and McRae: Forest Botanists, Six Rivers
NF, Eureka, CA; Carothers: Botanical Contractor, Arcata, CA. Information submitted at
Mendocino/Six Rivers FS-SCC and IPA Workshop, Loleta, CA. Contacted 16-18 November
2017.

O'Connell, G., G. Lester, D. York, B. Clare, G. Laural, P. Clint. 2017. California North Coast
botanists. Information submitted at Mendocino/Six Rivers FS-SCC and IPA Workshop, Loleta,
CA. Contacted 16-18 November 2017.

Taylor, D. Wm. 2017. Environmental contractor, Aptos, CA. Information submitted at
Mendocino/Six Rivers FS-SCC and IPA Workshop, Eureka, CA. Contacted 16-18 November
2017.

Author(s) and Date:
Alison Colwell, Assistant Rare Plant Botanist, California Native Plant Society, (916) 738-7619,
acolwell@cnps.org;

Aaron E. Sims, Rare Plant Botanist, California Native Plant Society, (916) 324-3816,
asims@cnps.org. June 19, 2018.

Molly S. Wiebush, Rare Plant Botanist Coordinator, California Native Plant Society, 28 January
2022.

Reviewer(s) and Date:

27



Botrypus virginianus (L.) Michx.

David Magney, Rare Plant Program Manager, California Native Plant Society, (916) 447-2677
ext. 205, dmagney@cnps.org. June 19, 2018.

Julie Ann Kierstead, USDA Forest Service Region 5 Ecosystem Planning, 18 October 18, 2021.

Formatting: Form is set up as 508 compliant. Please use the “styles” if further formatting is
necessary.

Purpose: This is to maintain the best available science on a species that could be used by the
Forest Service in a variety of functions. Specifically, there would be additional steps and
evaluations to determine whether or not this species would be considered a Species of
Conservation Concern under the 2012 Planning Rule or a Sensitive Species under the 1982
Planning Rule.

Additional Considerations at the Forest Level: Habitat amount and juxtaposition of both the
species and habitat locations.

28



	Plant Species Evaluation Form

