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A.l7 BUTTE COUNTY MEADOWFOAM (Limnanthes
floccosa ssp. californica)

Al7.1 Legal and Other Status

Butte County meadowfoam (Limnanthes floccosa ssp. californica) is
listed as endangered under the ESA and CESA.

The CNPS includes Butte County meadowfoam on List 1B, rare
and endangered in California and elsewhere, with a state rank
of S.1.1 and a global rank of G4T1: seriously endangered in
California; less than 6 occurrences, or less than 2,000 acres
(CNPS 2006).

photo mur!e-sy Dr. Dean William Taylor

Critical habitat has been designated for this species, all of which is located in within the Butte
Regional HCP/NCCP planning area. A total of 16,636 acres (6,732 hectares) has been
designated critical habitat in four separate areas (Units 1, 2, 3, and 4), all of which are on private

property in Butte County (USFWS 2006a).
A.17.2  Species Distribution and Status

Range and Status

Butte County meadowfoam occurs along the edges of vernal pools and ephemeral streams in
mesic valley and foothill grasslands from 150 to 2,800 feet (50 to 930 meters) in elevation. It is

restricted to a narrow 25-mile (40-

kilometer) strip along the eastern flank of ~ Butte County Meadowfoam Range in California by County

the Sacramento Valley from central Butte
County to the northern portion of the City
of Chico. The range has not changed
substantially from historical times, but the
number of populations, the area occupied,
and the amount of available habitat within
the range has declined significantly in the
last 30 years (CNPS 2006, USFWS 1992).

Distribution and Status in the Planning
Area

Butte County meadowfoam distribution is
highly fragmented, with populations
clustered in central Butte County near the
type locality and in and near the City of
Chico, within the Northeastern Saramento
Valley Vernal Pool Region. Although
never extensive in range, Butte County
meadowfoam populations have been

substantially reduced and fragmented by  Adapted from: CalFlora 2007
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development in the Chico area (USFWS 2006b, Keeler-Wolf et al. 1998). In 1988, 14 occurrences
of Butte County meadowfoam had been reported: eight within the city limits of Chico; four
(including the type locality) from the vicinity of Shippee; one from Table Mountain; and one
from a site northeast of the town of Nord. Since 1988, eight new occurrences were discovered,
two previous occurrences were combined in the CNDDB, and one occurrence was considered
possibly extirpated for a total of 21 natural occurrences (USFWS 2005). As shown in Figure
A.17., additional occurrences have subsequently been combined in CNDDB, and the current
total is 15 known and one possibly extirpated occurrences of Butte County meadowfoam
(CNDDB 2006).

Butte County meadowfoam is found in five natural centers of concentration. Four extant
occurrences are in the Shippee Road area between Chico and Oroville near the intersection of
Highways 99 and 149, including one occurrence with several small populations recorded on the
Dove Ridge Conservation Bank south of Highway 149. Seven extant occurrences are near
Chico, including three near the Chico Municipal Airport. A single occurrence is in the Rancho
Arroyo or Bidwell Ranch area, which is threatened by proposed development. Two
occurrences are reported northeast of Nord. In addition, a new location was found in 2005 on
North Table Mountain east of the intersection of Highways 149 and 70, on CDFG owned or
managed property. The possibly extirpated population of Butte County meadowfoam was
located east of the Chico Municipal Airport and was reported to have fewer than ten plants in
1980, with no plants observed at this location since then (CNDDB 2006).

In addition to the naturally occurring populations, an experimental population of Butte County
meadowfoam was successfully introduced on the Tuscan Preserve in northwestern Butte County,
just outside of the historical range of the taxon (USFWS 2005).

A.17.3  Habitat Requirements and Special Considerations

Butte County meadowfoam generally occurs on level to gently sloping terrain on poorly
drained soils with shallow soil layers impermeable to water infiltration. It thrives in
waterlogged soils and tolerates periodic submergence (USFWS 2006b). It is found primarily in
vernal swales and the margins of vernal pools on alluvial terraces in annual grasslands with
small mounds topography. Swales vary in width from narrow channels to broad, pool-like
areas and may connect in branching, tree-like patterns or in net-like patterns around the low
mounds. Occupied swales are inundated periodically by water from the surrounding uplands,
causing the soil to become saturated. Butte County meadowfoam does not persist in pools or
swales that are inundated for prolonged periods or remain wet during the summer months, nor
does it occur in drainages where water flows swiftly. One site near the Chico Municipal Airport
is unusual in that it currently does not contain vernal pools or recognizable swales because
these were most likely removed by earlier grading (USFWS 2005).

The swales that support Butte County meadowfoam are generally less than 3.9 inches (10
centimeters) deep, and pools are typically less than 100 feet (30 meters) long. In vernal pools,
the plants more often grow on the margins than in the bottom, but the pattern is reversed in
swales, with the plants more often growing in the center. This plant typically occurs in long,
narrow bands in connected swales or on pool margins but can be found in irregular clusters in
isolated drainages. The species has also been found occasionally in disturbed areas, such as
drainage ditches, firebreaks, and graded sites (USFWS 2005).

A17-2 Species Accounts - Butte County Meadowfoam
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Common associate species of Butte County meadowfoam vary depending on the general location.
In most of the sites near the City of Chico, it is found with Fremont’s tidy-tips (Layia fremontii),
whiteflower navarretia (Navarretia leucocephala), yellow carpet (Blennosperma nanum), and California
goldfields (Lasthenia californica). In the Shippee area, toad rush (Juncus bufonius), long-beak heron’s
bill (Erodium botrys), and coyote thistle (Eryngium vaseyi ssp. vallicola) are common associates. In
some locations, Butte County meadowfoam occurred with other Limnanthes species including L. alba
and L. douglasii ssp. rosea. The rare woolly meadowfoam (L. floccosa ssp. floccosa, CNPS List 4) was
also observed growing with a population of Butte County meadowfoam in three locations, but there
was no evidence that the two subspecies were hybridizing (USFWS 2005; CNDDB 2006).

A.l7.4 Life History

Butte County meadowfoam is a small, winter annual in the false mermaid family (Limnanthaceae). It
produces fragrant flowers beginning in February through May.

There is no life history information specifically on the Butte County meadowfoam, but various other
species in the genus Limnanthes have been studied and the following information includes life
history traits from both observations of Butte County meadowfoam as well as other species in this
genus (USFWS 2005). Seeds of Butte County meadowfoam germinate in the late fall after the rainy
season begins, with the earliest reported observation of seedlings from November. Seed that does
not germinate in the first year following production may still be viable. In laboratory tests on the
more common woolly meadowfoam (Limnanthes floccosa ssp. floccosa) two-thirds of the seed
remained dormant even after exposure to favorable conditions, and some ungerminated seed
remained in soil samples after three years. Seed dormancy would explain population fluctuations
of up to two orders of magnitude between years in which Butte County meadowfoam has been
observed at some of its reported locations (USFWS 2005). Seedlings can apparently tolerate short
periods of submergence and develop into rosettes, which do not begin producing flowering stems
immediately. Butte County meadowfoam typically begins flowering in February, reaches peak
flowering in March, and may continue into April or May if conditions are suitable. Nutlets are
produced in March and April, and the plants die back by early May. Nutlets of Butte County
meadowfoam are apparently dispersed by water and can remain afloat for up to three days. Most
meadowfoam nutlets are dispersed only short distances. Birds and livestock are potential sources
of long-distance seed dispersal, but specific instances of such dispersal have not been documented
(USFWS 2005).

The particular pollinators of Butte County meadowfoam have not been identified, but other
meadowfoam species are pollinated by native burrowing bees, honeybees, beetles, flies, true
bugs (order Hemiptera), butterflies, and moths. Hybridization between Limnanthes taxa is
limited in natural settings, due to differences in flower structure, phenology, and microhabitat
(USFWS 2005).

Butte County meadowfoam has floral adaptations that allow for cross-pollination by insects, but
self-pollination mechanisms take over to ensure seed set if insect pollination is unsuccessful. The
stamens begin shedding pollen one day before the stigma is receptive, and during this period,
flowers could not self-pollinate. If pollen remains in the anthers when the stigma matures, gravity
can carry it to the stigma, which is situated below the anthers. The rate of self-pollination may vary
among years or among sites, depending on the size of insect populations. Cross-pollination by

Al17-4 Species Accounts - Butte County Meadowfoam
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insects would allow opportunities for genetic recombination, unlike self-pollination. Although
most populations of Butte County meadowfoam have bisexual flowers, the population at the type
locality contains a small percentage of male-sterile plants. Pollination of male-sterile flowers can be
achieved only by insects. Male-sterile flowers in one species of Limnanthes differed in color from the
bisexual flowers, grew faster, flowered two to three days later, and produced more flowers per
plant than did bisexual individuals. In addition, seeds produced by male-sterile plants survived
longer than those produced by bisexual flowers (USFWS 2005).

Studies have suggested that several races of Butte County meadowfoam exist. “North” and “south”
races were identified in the Chico “sphere of influence” based on morphology. Later, studies of
enzyme systems confirmed that these races differed genetically. These studies also identified
genetically distinct races designated as “northeast” and “southwest,” with the latter referring to the
type locality. Although genetic diversity was found among populations, there was very little
diversity within populations, especially populations with small numbers of individuals. It is
speculated that the low genetic diversity was due to bottlenecks and subsequent inbreeding. In
other words, if populations were reduced to only a few plants at certain times in their history, only
those few individuals would have passed on their genes. Self-pollination among the remaining
plants would have further restricted the gene pool. Although considerable morphological
variability is observed within populations, it is likely because of differences in environmental
response by plants of similar genetic makeup (USFWS 2005).

Demographic data on Limnanthes floccosa ssp. californica include population sizes as well as
estimates of survival and fecundity. Population highs for Butte County meadowfoam are not
necessarily reached in the same year at all sites because the amount and timing of rainfall interacts
with soil and topography to determine site-specific population size. The average number of flowers
and nutlets per plant also differs among sites and years. Overall, the largest populations of Butte
County meadowfoam produce the greatest number of nutlets per plant; however, the number of
flowers per plant is reduced in dense colonies because individuals produce fewer branches and
therefore fewer flowers. Competition from other plant species also reduces flower production.
Reproduction of Butte County meadowfoam may be reduced by insufficient moisture or
inappropriate livestock grazing practices (USFWS 2005).

A.175 Threats

All remaining known populations of Butte County Meadowfoam are threatened by urban
development, airport maintenance activities, road widening or realignment, conversion of
agricultural lands to other uses, and changes in grazing practices (CNPS 2006, USFWS 1992,
2006b). Loss of habitat has been identified as the primary threat to Butte County meadowfoam.
At present, there are at least seven more urbanization actions being considered within Butte
County meadowfoam habitat in the City of Chico, including several proposed developments
and expansion of the Chico Municipal Airport. A proposed project to widen Highway 149 and
build interchanges could either directly affect Butte County meadowfoam or alter the vernal
pool watersheds that support the species (USFWS 2005). Although not identified as the primary
threat to this species, several populations are threatened by overgrazing and trampling and
others could be threatened if grazing were increased in areas occupied by Butte County
meadowfoam. Insufficient grazing may also be a threat in areas where non-native grasses can
out-compete species such as the Butte County meadowfoam (USFWS 2005).

Species Accounts - Butte County Meadowfoam A17-5
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Small population size has been identified as a problem for the Butte County meadowfoam.
Eight of the extant populations of this species have fewer than 500 plants (CNDDB 2006). Small
populations are threatened with extirpation from random events, such as extreme weather and
lack of genetic diversity. Small, less genetically diverse populations are less likely to adapt and
survive environmental changes, even relatively minor events (USFWS 2005). Butte County
meadowfoam is vulnerable to chance catastrophes as it is poorly equipped to escape by seed
dispersal to other sites (USFWS 2006b).

Threats to vernal pool habitat and species in general, including Butte County meadowfoam, are
described in the Recovery Plan for Vernal Pool Ecosystems for California and Southern Oregon
(Recovery Plan), approved by the USFWS in December 2005 (USFWS 2005) and include:

e Habitat loss and fragmentation generally resulting from urbanization, agricultural
conversion, mining, and also occurring as a result of habitat alteration and degradation
due to changes to natural hydrology, invasive species, incompatible grazing regimes
(including insufficient grazing for prolonged periods), infrastructure projects (such as
roads and utility projects), recreational activities (such as off-highway vehicles and
hiking), erosion, climatic and environmental change, and contamination.

e Competition from invasive species and native species. Native competitors include
coyote thistle (Eryngium spp.), alkali mallow (Malvella leprosa), lippia (Phylanodiflora sp.),
hard-stemmed tule (Scirpus acutus var. occidentalis), alkali bulrush (Scirpus maritimus),
and cocklebur (Xanthium strumarium). Non-native competitors include bindweed
(Convolvulus arvensis) and swamp grass (Crypsis schoenoides). Increasing dominance by
competitors may also contribute to changes in hydrology and livestock grazing
practices. Competition from grasses and weedy species, including the non-native
fillarree (Erodium botrys), was identified as a threat at some of the locations that
support Butte County meadowfoam (CNDDB 2006). At the Doe Mill Preserve,
competition from the non-native, invasive medusa head (Taeniatherum caput-medusae)
had reduced populations and seed set in Butte County meadowfoam (USFWS 2005).

e Changes in hydrology that result in a change in the timing, frequency, and duration of
inundation in vernal pools, creating conditions that render existing vernal pools
unsuitable for vernal pool species (USFWS 2005). The USFWS identifies protecting the
watershed that contributes runoff to meadowfoam habitat as a requirement to ensure
the continuation of the moisture regime of vernal pools, discourage competition by
aggressive upland species, and maintain Butte County meadowfoam populations
(USFWS 2006b). Several populations are in areas proposed for development or road
improvements, which may not only directly remove individuals or habitat of Butte
County meadowfoam, but could also indirectly affect the species by altering the
hydrology of vernal pools in the vicinity (CNDDB 2006).

e The decline of pollinator species due to habitat fragmentation and the loss of upland
habitat that supports pollinators. Although Butte County meadowfoam is capable of
self pollination, continuing adaptation to environmental change is not possible without
the genetic recombination that results from cross pollination. Although specific
pollinators for the species have not been identified, it is likely that the loss of habitat in
area where this species occurs also represents a loss of habitat for its pollinators;
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however, the extent of this and its effect on the species can’t be evaluated at this time
(USFWS 2005a).

e Several other threats to vernal pools and their associate species in general were
identified in the Recovery Plan. Water contamination can occur from use of herbicides,
fertilizers, and other chemicals commonly used in urban and agricultural settings.
Fertilizers may also contribute to the growth of invasive plants (USFWS 2005). Increased
human presence may lead to overuse, trampling (by walking or off-road vehicles),
vandalism, and dumping (USFWS 1997). Habitat alteration may also occur due to large-
scale climate and environmental changes, such as global warming, that lead to changes
in the precipitation pattern and atmospheric conditions (USFWS 2005).

A.17.6 Relevant Conservation Efforts

Several areas have been set aside for the conservation of Butte County meadowfoam. These areas
include the 15-acre (6-hectare) Doe Mill Preserve, a conservation easement of about 35 acres (14
hectares) on Humboldt Road, and a seven-acre (2.8-hectare) conservation easement on the publicly
owned Gillick-Evans Firing Range. The City of Chico also has a conservation easement on 292 acres
(118 hectares) of habitat that appears to be suitable for Butte County meadowfoam, although very
few of the plants are present. The Dove Ridge Conservation Bank, which contains over 200 acres of
vernal pool habitat, is operated as conservation bank for this and other vernal pool species. The
Center for Natural Lands Management holds a conservation easement and conducts management
and monitoring of the site. Other conservation efforts for Butte County meadowfoam have been
accomplished through mitigation programs. The Bruce-Stilson population was enhanced by
spreading nutlets to unoccupied areas within a proposed preserve. The species was also introduced
onto suitable, unoccupied habitat on the Tuscan Preserve (also known as Lower Wurlitzer Ranch) in
1992 and 1993. The population has continued to reproduce and expand, increasing to
approximately 200,000 plants by the spring of 2000 (USFWS 2005).

Al17.7 Recovery Plan Goals

Recovery Plan goals for the Butte County meadowfoam include reducing threats to the species to
ensure the species continues to survive throughout its range in perpetuity. This is particularly
important with the Butte County meadowfoam, due to its limited range and habitat restrictions.
In addition, the Recovery Plan goals include studying the method of pollination, protecting
habitat for pollinators if necessary to protect the long-term reproduction of the meadowfoam, and
biosystematic (DNA) research. USFWS (2005) recovery criteria for Butte County meadowfoam
include:

e Protect 100% of known and newly discovered occurrences and 100% of reintroduced
occurrences

e Protect 95% of suitable habitat within Chico, Doe Mill, Oroville, and Vina Plains within
the northeast Sacramento Valley vernal pool region

e Reintroduce appropriate races to soil types to replace extirpated occurrences

e Collect seeds for banking within each population

Species Accounts - Butte County Meadowfoam A17-7
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