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Fremontodendron californicum, California flannelbush

Figure 1—California flannelbush in Los Angeles County, California.
Image courtesy of Marisa Persaud © 2020 (CC BY-NC 4.0).
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ABSTRACT

California flannelbush, Fremontodendron californicum, is a shrub or small tree that occurs in
California, central Arizona, and northern Baja California, Mexico. It is most common on dry sites in
mountainous areas and is commonly associated with nutrient poor, rocky, or coarse soils. California
flannelbush occurs mainly in chaparral and woodland communities and may be dominant in desert
chaparral.

California flannelbush reproduces by seed and by root sprouting, and it can sprout from roots and
root crowns after top-kill from fire or other disturbances. Seeds may be produced on plants as young
as 2 years old. Seeds fall from capsules and are likely dispersed by ants over short distances. Seeds are
dormant and must be scarified in order to germinate. High temperatures stimulate germination. No
information on California flannelbush seed banks was available; however, observations of seedling
establishment after fire indicate that seeds persist in the soil for at least short periods.

California flannelbush is adapted to survive, regenerate, and establish from seed after fire in chaparral
and woodland environments. It is considered “fire dependent” and a “fire-recruiter” because seedling
establishment is largely restricted to the first rainy season after fire and because it sprouts after it is
top-killed by fire. California flannelbush is typically most abundant in early postfire environments in
both chaparral and pinyon-juniper woodlands. While it can persist in late-successional chaparral
(~100 years after fire), it is rarely observed in late postfire succession (>80 years after fire) in
singleleaf pinyon (Pinus monophyla) woodlands.

Fire regimes in California chaparral are typically characterized by intense, stand-replacing crown fires.
Historical fire intervals vary depending on location, but typically range from about 35 to 115 years.
Fires have become more frequent in the late 20" and early 21% centuries on some southern California
sites, resulting in conversions from native chaparral to communities dominated by nonnative, annual
forbs and grasses. Repeated fires at short intervals may reduce California flannelbush occurrence in
favor of herbaceous species; however, its response to frequent fires has not been studied.
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INTRODUCTION
FEIS ABBREVIATION
frecal

COMMON NAME
California flannelbush
flannelbush

California fremontia
fremontia

TAXONOMY

The scientific name of California flannelbush is Fremontodendron californicum (Torr.) Coville
(Malvaceae) [4, 17]. Across its range, morphologically distinct populations of California flannelbush have
been treated as subspecies or varieties (e.g., [10, 17, 86]); however, these infrataxa are no longer
recognized [17, 41].

California flannelbush is one of three species in its genus along with Pine Hill flannelbush (F. decumbens)
and Mexican flannelbush (F. mexicanum) [4, 17]. Pine Hill flannelbush is called Fremontodendron
californicum subsp. decumbens in some publications (e.g., [10, 86]). It differs from California flannelbush
primarily in growth form (i.e., Pine Hill flannelbush is decumbent; California flannelbush is erect [41]),
flower color, and pedicel length [17]. Genetic and morphological relationships among flannelbush
species are described by Kelman and others (1991, 2006) [41, 42]. In this review “flannelbush” is used to
indicate genus-level information.

A hybrid (‘California Glory’) of California flannelbush and Mexican flannelbush was developed for
horticultural use [49]. Hyland (1990) describes ‘California Glory’ as a “natural hybrid” occurring in
California [29], but it is not described in floras (e.g., [4, 17]).

See table Al for a complete list of common and scientific names of plant species mentioned in this
Species Review and links to other FEIS Species Reviews.

SYNONYMS
None

LIFE FORM
Shrub-tree
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DISTRIBUTION AND PLANT COMMUNITIES

GENERAL DISTRIBUTION

California flannelbush occurs in California, central Arizona, and northern Baja California, Mexico (fig. 2)
Coast Ranges and Sierra Nevada foothills (fig. 3) [35, 79]. It is uncommon and occurs only in a few areas
in central Arizona [46, 48] and Baja California [53, 55, 85]. The densest populations of “flannelbush”
occur in the Transverse Ranges and the southern Sierra Nevada [41]; most of these populations are
California flannelbush.
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Figure 2—Distribution of California flannelbush
Map from Little (1976) [47] and digitized by
Thompson and others (1999) [74].

States and Provinces:
United States: AZ, CA.
Mexico

Most sources describe the United States distribution of California flannelbush in California and Arizona
only (e.g., [4, 17, 30]); however, USDA Plants also maps it in Oregon [77].
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Figure 3—Observations of California flannelbush by EPA Ecoregion Il [76] in California.
Map created using Calflora Observation Search maps [12].

Site Characteristics

California flannelbush is most common on dry sites [31, 40] in mountainous areas on slopes and in
canyons [31, 57, 62, 85]. It is commonly associated with nutrient poor, rocky, coarse [7, 57], and shallow
soils [12], and it often grows in rocky crevices [1]. It also occurs in serpentine soils [26, 59], where it can
be dominant [59]. California flannelbush root samples from populations in California and Arizona
showed varied rates of mycorrhizal colonization [62].

California flannelbush grows in areas that have a mediterranean climate of hot, dry summers and cool,
wet winters [5, 51]. Based on statewide distribution and climate map layers in California, California
flannelbush can grow in areas with 13 to 69 inches (33 to 175 cm) mean annual precipitation that have a
3- to 8-month wet season and a 2- to 11-month growing season. It tolerates average minimum
temperatures in December of 22 °F (-6 °C) and average maximum temperatures in July of 95 °F (35 °C)
[12].

Habitat suitability models suggest that in central Arizona, California flannelbush is most common on
sites with Inceptisols, 40% to 60% slopes, 30 to 32 inches (76-81 cm) mean annual precipitation, and at
5,250 to 7,220 feet (1,600-2,200 m) elevation [62].

Across its distribution, California flannelbush occurs from about 590 to 7,610 feet (180-2,320 m) in

elevation [4]. Elevation ranges at some locations where California flannelbush occurs are shown in table
1.
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Table 1—Elevation range of California flannelbush at some locations.

Location

Elevation range

AZ: Central

3,200-6,500 feet (970-1,980 m) [46]; 3,500-6,000 feet (1,070-
1,830 m) [31]

CA: San Bernardino Mountains

4,265-6,560 feet (1,300-2,000 m) [51, 84]

CA: San Diego County north to
Shasta and Kern Counties

3,000-6,000 feet (900-1,800 m) [15]

CA: Southern Sierra Nevada, Tulare
County, South Fork Tule River

2,400-3,510 feet (730-1,070 m) [60]

Plant Communities

California flannelbush occurs mainly in chaparral and woodland communities, and it may be dominant or
codominant in desert chaparral [50, 52] and semi-desert chaparral [78]. In southern California, it often
occurs in desert chaparral on the lee side or desert-facing slopes of the San Bernardino and San Gabriel
Mountains [23, 50, 75] and in pinyon-juniper woodlands [75]. The California Native Plant Society
describes California flannelbush as occurring in six alliances. Plant communities other than those

described below are listed in table 2.

Plant communities and associated species where California flannelbush most commonly occurs include:

Chaparral

California dry-mesic chaparral (northern and central California): California flannelbush is an
associated species in some dry-mesic chaparral communities. This community includes chaparral
typically located inland from maritime chaparral up to 4,550 feet (1,500 m) elevation in central
and northern California. It includes extensive areas on coarse-grained soils with annual
precipitation up to 29.5 inches (74.9 cm) that occurs as rain, but not snow. Other characteristic
species include chamise, buckbrush, manzanita species, Mendocino bushmallow, tree poppy,
and chaparral pea. Scattered and young trees may occur, such as ponderosa pine, gray pine,
coast Douglas-fir, and interior live oak [56].

Xeric serpentine chaparral: California flannelbush is a common associate and sometimes
dominant in serpentine chaparral (e.g., [26, 59]). This plant community occurs on thin, rocky,
ultramafic soils with very low Ca:Mg ratios and is highly variable and spotty in distribution [56].
Shrubs are dwarfed and compact and widely spaced. Interspaces may be occupied by perennial
bunchgrasses, subshrubs, and annual herbs [59]. Other shrubs in this community commonly
include chamise, manzanita, ceanothus, chaparral silktassel, leather oak and other oaks, and
toyon. Scattered trees may include gray pine, California laurel, coast Douglas-fir, and oaks [26,

56, 59].

Desert chaparral (southern California): California flannelbush may be dominant or codominant
in some areas of desert chaparral such as on the eastern side of Transverse Ranges in southern
California (i.e., San Bernardino and San Gabriel Mountains) [27, 50, 52]. Desert chaparral occurs
above the western boundary of the Mojave Desert ecosystem and mixes with pinyon-juniper
woodlands at its upper elevations [32]. It is more open than other California chaparral types [24,
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32] because it is drier. Associated species include manzanita, desert ceanothus, oaks, alderleaf
mountain-mahogany, California buckthorn, and hollyleaf cherry [51, 52].

Woodlands

Pinyon-juniper woodlands (southern California): California flannelbush occurs in the understory
of pinyon-juniper woodlands below 6,560 feet (2,000 m) in the San Bernardino Mountains [51,
84]. Singleleaf pinyon is the dominant tree and often forms monotypic stands but is sometimes
mixed with California juniper. Associated understory species include desert chaparral shrubs
such as desert ceanothus, interior live oak, bigberry manzanita, and alderleaf mountain-
mahogany. Herbaceous cover is sparse [84].

Table 2—Plant communities where California flannelbush occurs other than those described above.

Location Plant communities
AZ: Central Chaparral, mainly associated with Arizona cypress [46]
CA: Coastal Scrub oak chaparral [61]

CA: Coastal (Central and
Southern)

Scrub oak, mixed chaparral, and coastal transition chaparral [18]

CA: Lassen National Forest
(Indian Creek RNA)

Interior live oak woodland-scrub at elevations where coastal sage
scrub oak replaces interior live oak [13]

CA: San Bernadino National
Forest (Cleghorn Canyon RNA)

Chamise-hoaryleaf ceanothus chaparral [13]

CA: Sequoia National Forest

Chamise chaparral, mixed chaparral, and lowland live oak
woodlands [82, 83]

CA: Sequoia National Forest
(Long Canyon cRNA)

Desert chaparral, annual grassland, foothill pine woodland, Havard
oak brush, and Paiute cypress forest [13]

CA: Sequoia National Forest and
Giant Sequoia National
Monument, Kings River Basin

Mixed ponderosa pine—oak—chaparral [35]

CA: Southern Cascades
bioregion

Blue oak woodlands [67]

CA: Southwestern Mojave
Desert, San Gabriel Mountains

Joshua tree woodland and pinyon-juniper woodland ecotone [73]

CA: Southern Sierra Nevada,
Tulare County, South Fork Tule
River

Canyon walls of foothill woodland, chaparral, and Sierran mixed
hardwood forests [60]
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BOTANICAL AND ECOLOGICAL CHARACTERISTICS
GENERAL BOTANICAL CHARACTERISTICS

Botanical Description
This description covers characteristics that may be relevant to fire ecology and is not meant for
identification. Identification keys (e.g., [4]) and detailed descriptions of the genus [41] are available.

California flannelbush is a loosely branched, erect shrub or small tree. It generally grows about 5 to 16.5
feet (1.5 to 5 m) tall and branches near the ground [4, 17, 65]. Sudworth (1908) describes it as a small
tree from 10 to 20 feet (3-6 m) tall with a short trunk from 3 to 6 inches (8-15 cm) wide and an open
crown of wide-spreading limbs. “Very often, however, it is a much branched shrub, from 4 to 6 feet high,
forming dense thickets with other foothills brush” [70]. Its bark can be rough, deeply fissured and scaly
[46, 70], and its inner bark is mucilaginous [4, 46, 71]. California flannelbush is evergreen [4, 17], but
“somewhat drought deciduous” [15, 29] with soft to leathery leaves [4] that generally persist for 2 years
[5]. Leaves are typically palmately lobed but degree of lobing and leaf size vary substantially by habitat;
mean leaf lengths are 0.8 + 0.6 inch (2.1 + 1.4 cm) long, and mean widths are 0.7 £+ 0.5inch (1.9 +1.3
cm) wide [5]. The yellow flowers are comprised of sepals only and are generally 0.9 to 3 inches (2.3 to
7.6 cm) wide [4, 17]. The fruit is a bristly, 5-valved capsule, about 1 to 1.5 inches (2.5-3.8 cm) long [4, 29,
46] that contains 2 to 3 seeds per valve (fig. 4). Seeds are about 3.5 to 5.5 mm long and have elaiosomes
(4, 41].

Little information was available about California flannelbush roots or underground structures. Graves
(1932) describes “running roots” with sprouts as far as 5 feet (1.5 m) from the parent plant [21]. The
Missouri Botanical Garden describes shallow, wide-spreading roots, in the hybrid ‘California Glory’ [54].

Figure 4—California flannelbush flower (left) and fruit (right).
Images courtesy of Diane Etchison 2019 © (CC BY-NC 4.0) (left) and John Ruter, University of Georgia,
Bugwood.org (right).
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Raunkiaer Life Form [63]
Phanerophyte
Geophyte

SEASONAL DEVELOPMENT

California flannelbush typically flowers from April through July in California and Baja California [4, 58,
85]. In central Arizona, it usually flowers in May [31]. The flowering period for an individual plant is
usually about 1 to 3 weeks long [85]. Fruits ripen from August to September and seeds disperse “in
summer” [33] or September and October [58]. “Flannelbush” seeds are retained in capsules for about a
month after ripening [58].

REGENERATION PROCESSES

California flannelbush reproduces sexually from seeds and asexually from root sprouts. It also sprouts
from the base (likely the root crown) or from roots after top-kill. Little information has been published
about regeneration processes for California flannelbush; however, information about other flannelbush
species may provide insights regarding California flannelbush regeneration.

Pollination and Breeding System
No published information about California flannelbush pollination or breeding system was available as
of this writing (2020), but it is likely pollinated by bees [8].

Seed Production and Mortality

“Flannelbush” plants may reach sexual maturity during their second growing season [58]. While no
studies quantify California flannelbush seed production, Sudworth (1908) describes California
flannelbush as “usually an abundant seeder” [70], and NatureServe states that it produces abundant
seeds [57]. However, a 2-year study of Pine Hill flannelbush describes high mortality of flower buds
(80.5%), flowers (51%), and fruits (81%) mostly from insect predation. Pine Hill flannelbush shrubs
produced an estimated average of 32.6 fruits/shrub and 99 seeds/shrub during 1 sampling year. After
seeds dispersed, 90% of seeds were predated, and rodents were more important seed predators than
birds [11]. Because studies are lacking for California flannelbush, it is unknown if similar seed production
and mortality rates can be inferred for California flannelbush.

Seed Dispersal

“Flannelbush” seeds fall from capsules and are dispersed by ants. California flannelbush and Pine Hill
flannelbush seeds have eleiosomes, which are fatty appendages that may be eaten by ants without
harming the seed [34]. Pine Hill flannelbush seeds were often found on ant middens that occurred
within 26.2 feet (8 m) of parent plants, and the farthest seed found on an ant midden was 39.4 feet (12
m) from the nearest parent plant [9]. Seed dispersal has not been studied for California flannelbush.

Germination and Seed Banking

“Flannelbush” seeds are dormant and must be scarified and possibly stratified in order to germinate.
Seeds may be scarified mechanically or by heat [49, 58]. “Complete germination” of California
flannelbush seeds occurred after they were soaked in hot water for 1 to 5 minutes and stratified for 12
to 16 weeks at 35 °F (1.6 °C) [58]. California flannelbush seeds stored for almost 2 years in sealed
containers at 41 °F (5 °C) retained viability [58].

High temperatures stimulate germination of California flannelbush seeds [33, 37]. In one study, freshly
collected California flannelbush seeds were either stored for 6 months at room temperature or stored
for approximately 1 year in soil. Seeds were exposed to one of five heat treatments or one of three

11
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dilutions of liquid smoke. Seeds had higher germination rates after most heat treatments than
untreated controls (P < 0.05). However, heat treatments at or greater than 284 °F (140 °C) for 5 minutes
were lethal (table 3). Liquid smoke treatments did not affect germination rates [37]. Exposure to heat
and charred wood may act synergistically to stimulate germination. Although results varied, California
flannelbush seeds exposed to heat and/or charate (powdered charred wood) generally had higher
germination rates than untreated controls, and germination rates were similar in light and dark.
Germination rates were compared among 16 treatment combinations (table 4) [33].

Table 3—Germination rates of California flannelbush seeds.

Data approximated from figures 1 and 2 in Keeley and others (2005) [37].
Heat treatment Germination rate of | Germination rate of

room temperature- | soil-stored seed (%)

stored seed (%)

80 °C for 60 minutes 50* 75%*
100 °C for 5 minutes 60* 55%*
110 °C for 5 minutes 45%* 35
130 °C for 5 minutes 40* Not tested
140 °C for 5 minutes 3 Not tested

*Indicates treatments significantly higher than controls at P < 0.05.

Table 4—Germination rates of California flannelbush seeds with light, temperature, and charate
treatments.
Data extracted from table 1 in Keeley (1987) [33].

Light
treatment Light Dark

70 °C 100 °C 120 °C 70 °C 100 °C 120°C
Heat Control | 1hr 5 min 5 min Control 1hr 5min 5min
treatment | (%) (%) (%) (%) (%) (%) (%) (%)
Non-
charate 2@ 0? 0°* 2% 3 2@ 0? 2%
Charate 22 3 80* 10°* 0? 3 3 8*

Temperature treatments with different superscript letters are significantly different from each other (P < 0.05).
Light and dark treatments were considered separately. For a given temperature treatment, an asterisk (*) indicates
charate treatments that are significantly different than each other (P < 0.05).

Although published information on California flannelbush seed bank dynamics is lacking, it is reasonable
to infer and often stated (e.g., [36, 51, 52]) that California flannelbush establishes from a persistent soil
seed bank. California flannelbush has dormant seeds that require scarification (likely by fire) and
possibly stratification to germinate. This suggests that viable seeds can persist in the soil until these
conditions are met, assuming that they escape predation. Field experiments with Pine Hill flannelbush
found that >80% of seeds remained viable after 5.75 years buried under litter when protected from
predation (i.e., enclosed in mesh sleeves) [11]. Given similar scarification requirements and heat-
stimulated germination of Pine Hill flannelbush [11] and California flannelbush [33, 37] seeds, it is
reasonable to assume that California flannelbush seeds also survive in the soil seed bank. Regarding
California flannelbush seed banks, Keeley and others (2005) concluded, “we can infer their existence
because they do not have propagules designed for long distance dispersal, and the time between fires
and the first growing season is outside the season of seed dispersal” [37].
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While seed banks were not directly measured, the authors of a chronosequence study of singleleaf
pinyon woodlands in the San Bernardino Mountains infer that California flannelbush “establishes even-
aged stands from seed banks immediately following fire” (see Plant Response to Fire) [84].

Seedling Establishment and Plant Growth

Although information about natural seedling establishment without fire is lacking and few studies
quantified California flannelbush postfire seedling establishment [39, 84] (see Plant Response to Fire),
several publications suggest that establishment is restricted to the early postfire environment [36],
which typically has exposed mineral soil and abundant sunlight. Sudworth (1908) notes that “seedlings
grow in exposed mineral soil where seed has been covered by wash” [70].

Field seeding and planting practices are described for California flannelbush [1, 25, 58]. Near Davis
California, spot sowing yielded 34% emergence and 80% survival after 1 year. No further detail is
provided [58]. California flannelbush is considered suitable for direct seeding, especially in fall after
seeds are soaked in hot water [25].

Detailed information is lacking about California flannelbush seedling establishment. However, Pine Hill
flannelbush seedlings failed to establish during experimental seedings at an unburned site in Eldorado
County, California. Pine Hill flannelbush seeds were heat-treated and planted 0.4 to 0.8 inch (1-2 cm)
deep in unprotected and protected (exclosed) plots in openings in the shrub canopy. Seedlings emerged
beginning in December (2 months after planting) and continued through March. Emergence was 65% for
exclosed plots and 59% for unprotected plots. Most of these seedlings were killed by rodent and insect
predators, and those that escaped predation died from desiccation. Across the site, 12 unplanted
seedlings were found, but they all died by June [11].

A few authors suggest that California flannelbush tends to grow rapidly [1, 49, 58]. Plants that
established from seeds sown near Davis, California, grew to over 4 feet (1.2 m) tall and 5 feet (1.5 m)
across by the end of the first growing season [58]. On the San Joaquin deer winter range in Madera
County, California, California flannelbush sprouted “vigorously” and sprouts grew rapidly after it was
bulldozed and then burned in early spring. When sprouts were protected from deer browsing, they grew
8 to 10 feet (2.4-3 m) tall by the end of the sixth growing season. Even with continuous deer browsing,
sprouts grew out of reach of the deer by the end of the sixth growing season [20].

Vegetative Regeneration

California flannelbush spreads vegetatively via root sprouts [21, 41], and it sprouts after top-kill or
damage from fire, browsing, or mechanical means. Studies and reviews of postfire response suggest that
sprouts originate from roots [21] and from the stem base, presumably from the root crown [21, 36] or
stumps [15]. Graves (1932) observed postfire root sprouts of California flannelbush as far as 5 feet (1.5
m) from the parent plant [21]. Root sprouting has also been observed where trails or erosion exposed
roots at the soil surface [41]. Root sprouting differs from basal sprouting because root sprouts add a
new ramet to the existing population; this may be an important reproductive strategy especially in the
absence of fire [11]. The minimum and maximum ages that California flannelbush plants can sprout is
not given in available literature.

In El Dorado County, California, excavations of small Pine Hill flannelbush shrubs found that they were
sprouts from shallow (<12 inches (30 cm) deep) roots of nearby larger shrubs. Because Pine Hill
flannelbush requires fire for seed scarification and germination, root sprouting is critical to population
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persistence in the absence of fire. While the trigger for root sprouting is unknown, the authors speculate
that it is associated with habitat disturbance [11].

All species of flannelbush can be propagated from stem cuttings [58].

SUCCESSIONAL STATUS

California flannelbush typically occurs early in postfire environments (see Plant Response to Fire);
however, it can persist in chaparral that has not burned in about 100 years. For example, in Sequoia
National Forest, California flannelbush density was greater in stands of chaparral that had not burned
for over 90 years (164 stems/ha) than stands that had not burned in 50 to 60 years (102 stems/ha)
(P=0.037) [38]. Sudworth notes that California flannelbush “appears capable of enduring considerable
shade, but rarely subjected to it” [70].

California flannelbush occurs in the understory of pinyon-juniper woodlands [51, 84], but it is most
abundant during the first 80 years after fire [84], when it may establish local thickets [52]. After fire in
singleleaf pinyon woodlands in the San Bernardino Mountains, shrubs dominated for about 50 years and
peaked at 40.5% and 47.7% cover on low (<6,560 ft (2,000 m)) and high (>6,560 ft (2,000 m)) elevation
sites, respectively. A chronosequence of 38 burns found that at low elevation sites California flannelbush
cover peaked at 6.5% in 9-year-old burns, and density peaked at 1,754 stems/ha in 33-year-old burns
(table 5). Skeletons of California flannelbush occurred in burns more than 47 years old, but living stems
were absent. At high elevation sites, California flannelbush occurred only in plots measured 47 and 78
years after fire. At low and high elevation sites, singleleaf pinyon established and density increased
beginning at 33 and 47 years since fire, respectively, and total shrub cover and density declined, possibly
due to increased shade. By postfire year 160, total shrub cover was 6.3% and 6.2% at low and high
elevation sites, respectively [84].

Table 5—Estimated cover and density of California flannelbush from a chronosequence of 38 burns in
singleleaf pinyon woodlands in the San Bernardino Mountains, California.

Dashes (-) indicate no data collected. Sample years between 90 and 160 years since fire are excluded
because California flannelbush was absent. Table adapted from Wangler and Minnich (1996) [84].

Years since fire |1]5]8 [9 |13 [14]18 [32]33 |35[38 [43]47 |78
Low elevation sites (<2,000 m)

Mean cover (%) 0|-1]21 |65 33 |- 32 |- 35 - 1.1 |- 3.2 -
Mean density O|-|556]|1,026 |422 | - 484 | - 1,754 | - 508 | - 1,022 | -
(stems/ha)

High elevation sites (>2,000 m)

Mean cover (%) -10]- - - 0o |- 0 |- 0 |- 0 |6.7 2.6
Mean density -10]- - - 0 |- 0 |- 0 |- 0 | 468 965
(stems/ha)

FIRE EFFECTS AND MANAGEMENT
FIRE EFFECTS

Immediate Fire Effects on Plant

California flannelbush is top-killed by fire [39, 79], but plants often sprout from the stem base
(presumably the root crown) and from roots. Fire stimulates both seed production (i.e., a facultative
seeder) and sprouting in California flannelbush [40]. Observations of postfire seedling establishment [39,
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84] and heat treatment experiments [33, 37] suggest that fire scarifies California flannelbush seed and
stimulates germination.

Postfire Regeneration Strategy

Tall shrub with a sprouting root crown

Geophyte

Ground residual colonizer (on site, initial community) [69]

FIRE ADAPTATIONS

84] and because seedling recruitment is largely restricted to the early postfire environment [36]. Sprouts
originate at the stem base, presumably from the root crown [21, 36] or stumps [15], and from roots
[21]. California flannelbush grows rapidly and likely reaches maturity relatively quickly, allowing it to
thrive in early postfire environments (see Regeneration Processes).

Several publications classify California flannelbush as “fire dependent” and as a “fire-recruiter” because
it is a facultative seeder with fire-stimulated seed production and sprouting, and because seedling
establishment is largely restricted to the first rainy season after fire [22, 34, 36]

PLANT RESPONSE TO FIRE

While few studies quantify California flannelbush response to fire, observations and reports suggest that
California flannelbush may “establish local thickets in early postfire succession” in desert chaparral
communities [52].

Chaparral: Two studies that describe early postfire plant community response in California chaparral
indicate that California flannelbush sprouts and seedlings occur soon after fire [39, 64]. California
flannelbush sprouts were observed in March, and seedlings were observed in June after a high-severity
fire in southern California chaparral in November. Sprout density increased from 300 sprouts/ha in
March to 2,000 sprouts/ha in June, and sprout areal cover increased from 2 m?/ha in March to 171
m?/ha in June. California flannelbush seedling density was 4,000/ha and areal cover was 9 m?/ha in June.
California flannelbush, chaparral whitethorn, and hairy yerba santa were considered dominant shrubs in
this postfire environment [39]. In chamise chaparral in the foothills of Sequoia National Park, California
flannelbush occurred at low frequency the summer following an October fire in plots that had burned at
high and low intensities (2% and 1% frequency, respectively). Fire intensity was estimated by average
minimum size of attached unburned twigs [64]. No information on long-term postfire response was
available, although on the San Joaquin deer winter range in Madera County, California flannelbush
plants were numerous and “tree-like” 22 years after bulldozing and burning [20].

Pinyon-juniper woodlands: In singleleaf pinyon woodlands of the San Bernardino Mountains, a
chronosequence study of 38 burns resulting mostly from canopy fires, found that burns were populated
by a mix of species that characterize Great Basin sage-scrub, and low elevation burns (<6,560 feet (2,000
m)) were also populated by species that characterize desert chaparral. At low elevations, burns less than
10 years old were dominated by sprouts of antelope bitterbrush and seedlings of several shrub species,
including California flannelbush. In burns between 8 and 47 years old, California flannelbush cover
estimates ranged from 1.1% to 6.5% and density estimates ranged from 422 to 1,754 stems/ha (table 5).
In burns more than 47 years old, skeletons of California flannelbush were often present, but living
California flannelbush were absent. Total shrub cover and density increased steadily with time-since-fire
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and peaked at 40.5% cover and 11,339 stems/ha in burns 47 years old and then declined in older burns.
Singleleaf pinyon was absent from all burns less than 18 years old, and its density gradually increased in
burns beginning at 33 years old. Sites succeeded to mature woodland at about 100 to 150 years after
fire. At high elevation sites (>6,560 feet (2,000 m)), California flannelbush occurred only in burns 47 and
78 years old. California flannelbush cover estimates were 6.7% and 2.6% and density estimates were 468
stems/ha and 965 stems/ha in burns 47 and 78 years old, respectively (table 5). At high elevations, total
shrub cover and density peaked in 32- and 47-year-old burns, and singleleaf pinyon was absent in burns
less than 47 years old. Singleleaf pinyon density increased on older burns, through 160 postfire years
(84].

No information was available (as of 2020) on postfire response of California flannelbush populations in
Arizona or in California xeric serpentine chaparral.

FUEL CHARACTERISTICS

As an evergreen shrub or small tree with branches near the ground [4, 17, 65] (see Botanical
Description), California flannelbush may carry surface or crown fires; crown fires are more likely when it
forms dense thickets with other shrubs [70]. However, in desert chaparral communities, California
flannelbush may not contribute to fuel loads during later successional stages when fires are most likely
to burn, because it does not persist beyond about 50 years after fire [52], and estimated fire intervals
are longer than 50 years (reviewed in [78]).

Stand structure and fuel characteristics vary among plant communities where California flannelbush
commonly occurs. For instance, many dry-mesic chaparral communities form dense and continuous
stands of highly flammable shrubs [45] that support extensive, stand-replacing crown fires [14, 45, 56,
80], whereas desert chaparral and xeric serpentine chaparral tend to be more open [24, 27, 32, 56], with
less fuel continuity, and therefore less conducive to extensive crown fires [27].

FIRE REGIMES

California flannelbush most commonly occurs in California chaparral communities with fire regimes
characterized by stand-replacing crown fires, although fire characteristics may vary with differences in
weather, topography, soil, species composition, and plant productivity [14, 40, 80, 81]. California
flannelbush apparently establishes from soil-stored seed, and it persists by sprouting after top-kill.
However, no information was available about the age at which California flannelbush produces seed or
attains the ability to sprout after top-kill, therefore it is unclear how fire frequency affects California
flannelbush. “Flannelbush” species can produce seeds at two years old [58], suggesting that California
flannelbush populations may persist with a regime of short-interval fires, if postfire sprouts or newly
established plants have sufficient time to produce seeds and replenish the soil seedbank prior to
subsequent fire (but see Fire Management Considerations).

California flannelbush may also persist during long fire-free intervals in California chaparral (see
Successional Status). Historical mean fire intervals in California chaparral varied with location [80], but
estimates range from 35 to more than 100 years. The estimated mean fire interval for California
chaparral (including mesic, xeric, and serpentine chaparral from northern to southern California) is 55
years (mean min-max: 35-115 years) and the estimated mean fire interval for semi-desert chaparral is 65
years (mean min-max: 50-115 years) (reviewed in [78]). LANDFIRE estimates of historical mean fire
intervals in California chaparral range from 33 to 125 years [45].
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While crown fires in chaparral typically have low spatial complexity (i.e., extensive, stand-replacing and
homogeneous), patchy burns can occur under modest fire weather conditions [14]. Differences in fire
size and complexity are not likely to affect established populations of California flannelbush.

Across California chaparral, fire season occurs from early spring through late fall. Most fires occur during
summer; however, greater area is burned during Santa Ana winds in fall [40]. Timing of fires may
influence postfire plant community response. For example, spring fires may burn with lower intensity
than summer or fall fires, but they may be more likely to harm the underground structures and soil seed
bank (reviewed in [14]). However, information comparing the effects of fires at different seasons on
California flannelbush postfire response was not available (as of 2020).

California flannelbush also occurs in pinyon-juniper woodlands where fires are infrequent and
succession to woodlands is slow (100-150 years). In these communities, California flannelbush
abundance is likely to decrease during long fire intervals and be greater in early than late postfire
succession. For example, California flannelbush cover and density peaked in burns between 9 and 33
years old, and living stems were absent 47 years after fire in a postfire chronosequence in singleleaf
pinyon communities on low-elevation sites in the San Bernardino Mountains. Postfire succession may be
slower, and California flannelbush may persist longer on high-elevation sites [84].

Likely due to human-caused ignitions, contemporary fires in California chaparral are more frequent than
before Euro-American settlement on some southern California foothill sites, and native chaparral
communities have converted to communities dominated by nonnative, annual forbs and grasses [40].
Contemporary fire intervals in southern California chaparral are estimated to range from 30 to 50 years
(reviewed in [14]).

See these FEIS publications for further information on historical fire regimes in plant communities in
which California flannelbush occurs:

e Fire regimes of California chaparral communities

e Fire regimes of California pinyon-juniper communities

e Fireregimes of southwestern pinyon-juniper communities

e Fire regimes of California oak woodlands

e Fire regimes of California coastal and valley hardwood communities

e Fire regimes of interior chaparral communities

FIRE MANAGEMENT CONSIDERATIONS

No information is available about fire management considerations specific to California flannelbush. It
occurs in plant communities that generally have extensive, stand-replacing crown fires at moderate to
long intervals (i.e., 35-115 years) [78, 80]. California flannelbush persists after these fires by sprouting
and establishing from seed (see Fire Adaptations and Plant Response to Fire). California flannelbush may
persist into late succession (~100 years) in California chaparral, but its abundance declines on sites
where chaparral succeeds to woodlands after long fire-free intervals [84].

Some chaparral communities in southern California are converting to communities dominated by
nonnative, annual plants due, in part, to increased fire frequency [40, 72]. For example, across San Diego
County, woody cover in chaparral declined between 1953 and 2016. In 2016, woody cover had declined
on 59% of plots that had >75% woody cover in 1953, with a mean loss of 22.5% woody cover. Of these
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plots, 28% converted to communities with >50% herbaceous cover. The decline in woody cover and
transition to herbaceous-dominated communities were driven by frequent fires (i.e., <15-year intervals),
total number of fires, actual evapotranspiration, and elevation. While chaparral decline was substantial,
only 16% of the initial plots with >75% woody cover had fully type-converted, suggesting that type
change is a gradual process [72]. While California flannelbush regenerates soon after fire, repeated short
interval fires may gradually reduce its occurrence in favor of herbaceous species, similar to other
chaparral species during the type conversion process [87].

NONFIRE MANAGEMENT CONSIDERATIONS

FEDERAL LEGAL STATUS
None

OTHER STATUS

California flannelbush status is ranked by NatureServe as “Apparently Secure” overall but as “Imperiled”
in Arizona [57]. Information on state- and province-level protection status of plants in the United States
and Canada is available on the Plants Database.

IMPORTANCE TO WILDLIFE AND LIVESTOCK

Palatability and Nutritional Value

browsed throughout the year [65]. After fire, California flannelbush sprouts may be heavily browsed. For
example, during the first 2 years after fire, domestic cattle, sheep, and goats “seldom leave more than a
few inches of the more woody basal portions of young sprouts”, and black-tailed deer tend to browse
sprouts more than livestock [65]. After bulldozing and burning chaparral on the San Joaquin winter
range, California flannelbush sprouted “vigorously” and was “highly preferred” by deer. Sprouts grew
rapidly and were out of reach from deer at the end of the sixth growing season, even when continuously
browsed. California flannelbush plants that were protected from deer browsing were 8 to 10 feet tall at
the end of the sixth growing season [20].

California flannelbush browse is rated excellent for deer, good to fair for sheep and goats, fair to poor
for cattle, and useless for horses [65].

Flannelbush seeds are dispersed by ants, which eat the elaiosome (a fatty appendage) without harming
the seed [34]. Pine Hill flannelbush seeds are eaten by rodents and birds, and seedlings are eaten by
rodents and insects [11]; the same is likely true of California flannelbush.

Cover Value
In singleleaf pinyon woodlands of the Tehachapi Mountains, California, California flannelbush is
associated with pinyon mice habitat [66], and it may offer considerable cover for pinyon mice.

VALUE FOR RESTORATION OF DISTURBED SITES

California flannelbush is an attractive plant and is sometimes used for restoration, erosion control, and
watershed protection [57, 58]. It offers protective cover to dry, rocky slopes [16, 70]. Because deer
browsing can be substantial, some recommend planting it only where deer are not abundant [28].
Information about field seeding and nursery practices is available [49, 58].

18
Fire Effects Information System (FEIS)


https://www.feis-crs.org/feis/
https://explorer.natureserve.org/
https://plants.sc.egov.usda.gov/java/

OTHER USES

Traditional products derived from California flannelbush by American Indian tribes include cordage,
arrows, bows, clothing, cooking tongs, digging sticks, games, granaries, harpoons, cradles, and storage
bins [1-3]. In fall or winter, tribes in the Sierra Nevada burned individual shrubs or sites where the
shrubs grew to induce rapid growth [1]. Young shoots were harvested and used to make cordage within
the first 10 years after burning [2, 3]. The inner bark has been used in poultices to relieve irritation [43,
71].

“Flannelbushes” are used extensively for roadside and residential landscaping. They are becoming
known as native garden plants [49].

OTHER MANAGEMENT CONSIDERATIONS
California flannelbush is subject to many diseases. It is not unusual to see large, apparently healthy
individuals quickly decline and die [28].
APPENDIX
Table A1—Common and scientific names of plant species mentioned in this Species Review.
Links go to FEIS Species Reviews.

Common name Scientific name

Trees

Arizona cypress Hesperocyparis arizonica
blue oak Quercus douglasii
California juniper Juniperus californica
California laurel Umbellularia californica
coast Douglas-fir Pseudotsuga menziesii var. menziesii
gray pine Pinus sabiniana

interior live oak Quercus wislizeni

Joshua tree Yucca brevifolia

oak Quercus spp.

Paiute cypress Hesperocyparis nevadensis
ponderosa pine Pinus ponderosa var. benthamiana; P. ponderosa var. ponderosa
singleleaf pinyon Pinus monophylla

Shrubs

alderleaf mountain-

mahogany Cercocarpus montanus
antelope bitterbrush Purshia tridentata
bigberry manzanita Arctostaphylos glauca
buckbrush Ceanothus cuneatus
California buckthorn Frangula californica
ceanothus Ceanothus spp.

chamise Adenostoma fasciculatum
chaparral pea Pickeringia montana
chaparral silktassel Garrya condonii

chaparral whitethorn Ceanothus leucodermis
coastal sage scrub oak Quercus dumosa
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desert ceanothus Ceanothus greqqii

flannelbush Fremontodendron spp.

hairy yerba santa Eriodictyon trichocalyx
Havard oak Quercus havardii

hoaryleaf ceanothus Ceanothus crassifolius
hollyleaf cherry Prunus ilicifolia

leather oak Quercus durata

manzanita Arctostaphylos spp.
Mendocino bushmallow | Malacothamnus fasciculatus
Mexican flannelbush Fremontodendron mexicanum
Pine Hill flannelbush Fremontodendron decumbens
toyon Heteromeles arbutifolia

tree poppy Dendromecon rigida

Table A2—Ecosystems, Kuchler Associations, and Forest Cover Types where California flannelbush
occurs.

Ecosystems [19]
FRES21 Ponderosa pine
FRES34 Chaparral-mountain shrub
FRES35 Pinyon-juniper
Kuchler Plant Associations [44]
K023 Juniper-pinyon woodland
K030 California oakwoods
K031 Oak-juniper woodlands
K033 Chaparral
SAF Forest Cover Types [68]
237 Interior ponderosa pine
239 Pinyon-juniper
240 Arizona cypress
241 Western live oak
245 Pacific ponderosa pine
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