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A.1

Tricolored Blackbird
(Agelaius tricolor)

A.1.1

Legal and Other Status

The tricolored blackbird is designated as a state Bird Species of
Special Concern by the California Department of Fish and Game
(DFG). Nest sites are protected in California under Fish and Game
Code Section 3503.
The tricolored blackbird has no federal regulatory status; however, the species is protected under the
federal Migratory Bird Treaty Act and is designated as a Bird of Conservation Concern by the U.S. Fish
and Wildlife Service (USFWS 2002). A petition for federal listing of the tricolored blackbird was
submitted in 2004; however, in 2006 the USFWS denied the petition, stating that there was insufficient
scientific evidence to warrant listing of the species under the federal Endangered Species Act.

A.1.2

Species Distribution and Status

A.1.2.1

Range and Status
Tricolored blackbirds are largely endemic to
California. Other than small breeding
populations at scattered sites in Oregon,
Washington, Nevada, and western coastal
Baja California, the entire species occurs in
California (Beedy and Hamilton 1999), with
more than 75 percent of the breeding
population occurring in the Central Valley in
any given year (Hamilton 2000). Recent
surveys indicate that the overall range of the
species is largely unchanged since the 1930s
(Neff 1937, DeHaven et al. 1975, Beedy et al.
1991, Hamilton 1998).
Historical tricolored blackbird population
sizes are unknown, but by the mid-1930s,
following the removal of most major wetland
areas in California, populations still likely
exceeded 1.1 million adult birds (Hamilton
1998). In the first systematically conducted
range-wide survey, Neff (1937) found
tricolored blackbird at 252 colonies in 26
California counties, including over 700,000
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adults in just eight Central Valley counties. Surveys conducted in the 1960s and 1970s indicate that
range-wide populations declined by more than 50 percent during the 30 to 35–year period since Neff’s
(1937) surveys in the 1930s (Orians 1961, Payne 1969, DeHaven et al. 1975).
Systematic tricolored blackbird surveys were conducted throughout California in 1994, 1977, 1999, and
2000; cosponsored by the USFWS, DFG, and California Audubon (Hamilton et al. 1995, Beedy and
Hamilton 1997, Hamilton 2000). Results of these surveys show a significantly declining trend in
tricolored blackbird populations in California since the 1930s and a dramatic decline since 1994.
Hamilton (2000) reports a 56 percent statewide decline between 1994 and 2000 (from 369,359 to
162,508 adults), and a 69 percent decline in the Sacramento Valley during that period (from 98,362 to
30,979 adults).
The most recent statewide surveys have been coordinated by the Point Reyes Bird Observatory, with
assistance from Partners in Flight, USFWS, DFG, and California Audubon. In 2001, this survey effort
documented 32 active colonies with an estimated 142,045 adults statewide (Humple and Churchwell
2002). Surveys conducted in 2008 included 35 California counties, stretching from San Diego County, at
the southern end of the state, to Shasta County in the north. At that time, a total of 395,321 birds were
estimated. Kern, Tulare, and Merced counties in the San Joaquin Valley accounted for 314,936 (79.7
percent) of the total (University of California, Davis 2008).
These survey results would seem to indicate a stable or possibly increasing population in the state;
however, the data indicate that tricolored blackbird populations are declining in several areas of the
state where the species was formerly common, particularly in Southern California and several Central
Valley counties. For example, in San Joaquin County, no active colonies were documented in 2008.
Therefore, while the number of birds may have increased statewide, they have concentrated into a
significantly smaller effective range (University of California, Davis 2008).

A.1.2.2

Distribution and Status in the Plan Area

Tricolored blackbird colonies were historically reported primarily from the central and western
portions of the Plan Area, where freshwater marsh habitats occurred in greatest abundance, and where,
in subsequent years, rice farming continued to provide some available habitat. Tricolored blackbirds
occur in Butte County primarily during the breeding season. Breeding season movements occur as birds
occasionally move into new breeding locations for second and third nesting attempts; and while postbreeding birds can be observed in Butte County and other Sacramento Valley counties into October and
November, most birds migrate to wintering areas in the Sacramento-San Joaquin Delta and coastal areas
during the non-breeding season. Occurrences of tricolored blackbirds in the Plan Area are shown in
Figure A.1-1, Tricolored Blackbird Recorded Occurrences.
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Figure A.1-1. Tricolored Blackbird Recorded Occurrences
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Few breeding colonies remain in Butte County. Neff (1937) estimated a high of 159,000 adults in over
30 breeding colonies in Butte County from 1931 to 1937. Beedy et al. (1991) summarized data from the
1930s and reported a high of 336,263 adults in 32 colonies in Butte County during that period.
Populations were dramatically reduced in subsequent decades – 52,500 by 1961 (Orians 1961); 25,000
by 1972 (DeHaven et al. 1975); and 6,500 by the mid-1990s (Hamilton 1998). Beedy et al. (1991) report
only three extant colonies in Butte County by 1989.
The Point Reyes Bird Observatory (PRBO)–coordinated statewide survey in 2001 identified only one
active colony in Butte County located along Lone Tree Road with an estimated 500 adult blackbirds
(Humple and Churchwell 2002) (Figure A.1-1).
Altacal Audubon also report activity in blackberry bramble on Table Mountain (Phil Johnson pers.
comm.) in the eastern portion of the Plan Area and Snowden (pers. comm.) reports recent breeding
season observations of a flock at Llano Seco; however, nesting has not been confirmed from either area.

A.1.3

Habitat Requirements and Special Considerations

Tricolored blackbirds are considered to be one of the most colonial species of North American passerine
birds (Bent 1958, Orians 1961, Payne 1969, Beedy and Hamilton 1999). As many as 30,000 nests have
been recorded in cattail marshes of 4 hectares or less (Neff 1937, DeHaven et al. 1975), and individual
nests may be built less than 0.5 meter (m) from each other (Neff 1937). It is possible that the species’
highly synchronized and colonial breeding system may have adapted to exploit a rapidly changing
environment where the location of secure nesting habitat and rich insect food supplies were ephemeral
and likely to change each year (Orians 1961, Collier 1968, Payne 1969). There are three basic
requirements for establishment of tricolored blackbird breeding colony sites: (1) open, accessible water;
(2) a protected nesting substrate, including either spiny, thorny, or flooded vegetation; and (3) a suitable
foraging space which provides adequate insect prey within a few miles of the nesting colony (Hamilton
et al. 1995, Beedy and Hamilton 1999).
The selection of nesting habitat has changed dramatically over time as freshwater marsh habitat has
been removed. Almost 93 percent of the 252 breeding colonies reported by Neff (1937) were in
freshwater marshes dominated by tules (Schoenoplectus1) and cattails (Typha spp.). The remaining
colonies in Neff’s study were in willows (Salix spp.), blackberries (Rubus spp.), nettles (Urtica spp.), or
thistles (Cirsium and Centaurea spp.). By comparison, only 53 percent of colonies reported during the
1970s were in cattails and tules (DeHaven et al. 1975).
A growing percentage of colonies observed in the 1980s and 1990s were reported in Himalayan
blackberry (Rubus discolor) (Beedy et al. 1991), and some of the largest recent colonies have been
located in silage and grain fields (Hamilton et al. 1995, Beedy and Hamilton 1997, Hamilton 2000).
Other substrates where tricolored blackbirds have been observed nesting include giant reed (Arundo
donax), safflower (Carthamus tinctorius) (DeHaven et al. 1975), elderberry and poison oak (Sambucus
spp. and Toxicodendron diversilobum), tamarisk (Tamarix spp.), and riparian scrublands and forests.
Males initially select breeding sites and establish nesting territories while females select the nest site
location. The first nests in a colony generally occur in the densest vegetation, usually in the interior of
the nesting habitat. Nests are added in concentric circles gradually or in synchronous pulses as the
colony forms (Collier 1968).
1

Formerly known as Scirpus.
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Nests are bound to upright plant stems usually from 1 inch to about 5 feet (a few centimeters [cm] to
about 1.5 m) above water (Beedy and Hamilton 1999). Nests are rarely constructed on the ground (Neff
1937) and are occasionally found above 10 feet (3 m) in riparian habitats.

A.1.3.1

Foraging

Tricolored blackbird foraging habitat includes annual grasslands (particularly grazed or mowed
grasslands containing short grasses less than 15 cm) (Tricolored Blackbird Working Group 2009), wet
and dry vernal pools and other seasonal wetlands, pastures, agricultural fields (primarily alfalfa and
recently tilled fields), cattle feedlots, and dairies. They also forage occasionally in riparian scrub
habitats and long marsh borders (Beedy and Hamilton 1999).
Loss of native wetland and upland habitats in the Central Valley have forced breeding tricolored
blackbirds to forage in more anthropogenic habitats. They exploit foraging conditions created when
shallow flood irrigation, mowing, or grazing keeps vegetation at an optimal height of less than 15 cm (6
inches). Preferred agricultural foraging habitats include crops such as rice, alfalfa, sunflowers, irrigated
pastures, and ripening or cut grain fields (e.g., oats, wheat, silage). Vineyards, orchards, and row crops
(sugar beets, corn, peas, beets, onions, etc.) do not provide suitable nesting substrates or foraging
habitats for tricolored blackbirds (Beedy and Hamilton 1999). In recent years, an increasing number of
tricolored blackbird adults have also foraged on grains provided to livestock in cattle feedlots and
dairies.
Proximity to suitable foraging habitat appears to be important for the establishment of nesting colonies
as foraging initially occurs in the field containing the breeding habitat (Cook 1999). Most other foraging
occurs within 3 miles (5 kilometers [km]) of the colony site; however, foraging ranges vary from colony
to colony due to differences in the matrix of agricultural land uses and cover types and can extend up to
8 miles from the colony site (Beedy and Hamilton 1999, Cook 1999).

A.1.4

Life History

A.1.4.1

Seasonal Patterns

As noted above, tricolored blackbirds occur in the Plan Area and Sacramento Valley primarily during the
breeding season. In late March and early April, they vacate wintering areas in the Sacramento-San
Joaquin Delta and along coastal central California and arrive at breeding locations in the Sacramento
Valley. During the breeding season, the species often exhibits itinerant breeding – moving to new
breeding locations following previous nesting attempts elsewhere (Hamilton 1998). Following
breeding, there is a significant post-breeding movement in the Sacramento Valley from other breeding
locales, where large post-breeding roosts are established from late summer into the fall. At some point
during the fall (September to November), post-breeding roosts are vacated as birds migrate back to
wintering locales.

A.1.4.2

Reproduction

Female tricolored blackbirds breed in their first year, but most males apparently defer breeding until
they are at least 2 years old (Payne 1969). Egg laying can begin as early as the second day after nest
initiation but ordinarily starts about 4 days after arrival at breeding sites (Payne 1969). One egg per day
is laid, and clutch size is typically three to four eggs (Payne 1969, Hamilton et al. 1995). Only females
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incubate and brood (Orians 1961). Emlen (1941) and Orians (1961) estimate the incubation period at
11 or 12 days. Hatching is asynchronous.
Hatching to fledging requires approximately 24 days. Therefore, a successful nesting effort requires
approximately 45 days from nest initiation to independence of young (Hamilton et al. 1995). However,
because birds may continue to be recruited into the nesting colony following initial nest establishment,
the colony itself remains active and in various stages of the breeding cycle for an extended period,
sometimes more than 90 days, but generally requires at least 50 days for a complete breeding cycle of a
less asynchronous colony (Beedy and Hamilton 1997).

A.1.4.3

Foraging Behavior and Diet

Like other blackbirds, tricolored blackbirds often forage in flocks. They usually forage on the ground by
walking, hopping, or taking short flights. Most forage within 5 km (3 m) of their colony site (Orians
1961).
Tricolored blackbirds are opportunistic foragers, consuming any locally abundant insect resource,
including grasshoppers, beetles and weevils, caddis fly larvae, moth and butterfly larvae, and dragonfly
larvae (Orians 1961, Beedy and Hamilton 1997). Plant material is also taken, particularly concentrated
agricultural food resources (Skorupa et al. 1980). During the breeding season, animal matter constitutes
the majority of the food volume for nestlings and fledglings (91 percent) and females (56 percent); while
less for that of adult males (28 percent) (Skorupa et al. 1980).

A.1.5

Threats

A.1.5.1

Habitat Loss and Alteration

Habitat loss and alteration is the most significant historical and ongoing threat to the tricolored
blackbird. Conversion of California’s native landscapes to agriculture removed vast areas of wetland
and caused the initial decline in the tricolored blackbird population. Conversion of suitable agricultural
lands for urbanization permanently removes breeding and foraging habitat for this species. In
urbanizing areas, habitat fragmentation and proximity to human disturbances has led to the
abandonment of large historical colonies.
In some places, most historical breeding and foraging habitats have been eliminated, and there is little or
no breeding effort where once there were large colonies (Orians 1961, Beedy et al. 1991). Elsewhere,
populations have shifted from freshwater marsh as a nesting substrate (Neff 1937) to Himalaya
blackberry thickets (DeHaven et al. 1975) and more recently to cereal crops and barley silage (Hamilton
et al. 1995). Nests in cereal crops and silage are often destroyed by agricultural operations and
harvesting and plowing of these crops is currently the most common reasons nesting colonies are
destroyed on agricultural lands. These agricultural actions can affect tens of thousands of birds, causing
failure of the entire breeding efforts of a colony. In addition, the conversion of agricultural land from
crops with high insect activity (e.g., alfalfa, sunflowers) to vineyards and orchards decreases the insect
food source available for the tricolored blackbird (University of California, Davis 2008).

A.1.5.2

Predation

Tricolored blackbird colonies have always been subject to predation by a variety of bird and mammal
predators, including coyotes (Canis latrans), gray fox (Urocyon cinereoargenteus), striped skunk
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(Mephitis mephitis), raccoon (Procyon lotor) and a variety of raptors. As available habitat becomes
increasingly limited and food resources become more concentrated, predation can have a substantially
larger impact on nesting colonies. In urbanizing areas, nonnative predators, especially feral cats, can
also have a dramatic impact on nesting colonies.

A.1.5.3

Human Disturbances

Entire tricolored blackbird colonies, which can include up to tens of thousands of nests, can be
destroyed by the harvesting and plowing of agricultural lands in which the colonies have established
(Beedy and Hamilton 1999, Hamilton 2004, Cook and Toft 2005). Adult birds fly away during these
disturbances; however, eggs and fledglings ultimately perish. Tricolored blackbird colonies are also
highly sensitive to less intrusive human disturbances. Close proximity to urban areas can cause
permanent abandonment of colonies. Increases in noise, loose pets, and human presence can cause nest
abandonment. Even entry into colonies for management or scientific purposes can cause disturbance
and should be avoided (Beedy and Hamilton 1999).

A.1.5.4

Poisoning and Contamination

Poisoning and contamination have caused mass mortality of tricolored blackbirds. Until the 1960s,
thousands of tricolored blackbirds and other blackbirds were poisoned in efforts to control damage to
Central Valley rice crops. Complete nesting failure of a large colony (about 47,000 breeding adults)
occurred at Kesterson Reservoir in Merced County due to selenium toxicosis (Beedy and Hayworth
1992). In a Kern County colony, all eggs sprayed by mosquito abatement oil failed to hatch (Beedy and
Hamilton 1999); and Hosea (1986) has attributed the loss of at least two colonies to aerial herbicide
applications (Yolo Natural Heritage Program 2008).

A.1.6

Relevant Conservation Efforts

The Tricolored Blackbird Working Group, a voluntary group of state and federal agency biologists,
nongovernmental organizations, industry representatives, and academic scientists, meets twice yearly
to discuss efforts to conserve the tricolored blackbird. In 2007, this group prepared a conservation
strategy for this species (Tricolored Blackbird Working Group 2007, updated in 2009). Conservation
priorities identified by this conservation strategy included maintaining, enhancing, and protecting
existing habitat suitable for nesting, foraging, and wintering activities; creating and restoring additional
protected breeding habitats to support tricolored blackbird nesting and foraging; identifying
mechanisms for the protection of nesting and foraging habitats; surveying private lands (to the extent
allowable by law) and identifying the largest and most vulnerable colonies; encouraging private
landowners to protect active breeding colonies; and encouraging and enhancing active breeding
colonies on public lands (Tricolored Blackbird Working Group 2009).
Other recommendations for species conservation (Beedy and Hamilton 1999, Hamilton 2004) include
the monitoring of breeding and wintering population sizes, their colony locations, and reproductive
success; the protection of colony locations and foraging habitats; the protection of colonies on farmland
by the avoidance of harvest and tilling until young have fledged; the provision of adequate protection in
Habitat Conservation Plans; a focus on the dairy dependence of breeding and wintering populations; the
development or restoration of breeding habitat near reservoirs, rice fields, alfalfa fields, and other
optimal foraging habitats; and the management of major predators in or near breeding colonies.
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The tricolored blackbird is a covered species or a proposed covered species in several regional
conservation plans in the Central Valley region of California, including the Placer County Conservation
Plan, the San Joaquin County Multispecies Habitat Conservation and Open Space Plan, the East Contra
Costa County Habitat Conservation Plan/Natural Community Conservation Plan, the Natomas Basin
Habitat Conservation Plan, the South Sacramento County Habitat Conservation Plan, the Bay-Delta
Conservation Plan, the Solano County Multispecies Habitat Conservation Plan, and the Yolo County
Natural Heritage Program Plan.

A.1.7

Species Habitat Suitability Model

A.1.7.1

Nesting Habitat

Specific nesting habitat features are not included in this model because tricolored blackbirds nest in
marshes, thickets, and other habitats that could be smaller than the minimum HCP/NCCP land cover
type mapping unit. Six known colony sites and one potential colony site, which are known from the Plan
Area, are demarcated on the map; only one of these is thought to be active.

A.1.7.2

Breeding and Foraging Habitat

Breeding and foraging habitat includes grasslands, grasslands with vernal swale complex, vernal pool,
altered vernal pool, managed wetlands, emergent wetlands, irrigated cropland, irrigated pasture, and
rice with a minimum patch size of 40 acres within the Plan Area.

A.1.7.3

Assumptions

Preferred foraging habitats include agricultural crops such as rice, alfalfa, irrigated pastures, and
ripening or cut grain fields (e.g., oats, wheat, silage, and rice), as well as annual grasslands, cattle
feedlots, and dairies (Beedy and Hamilton 1999). Tricolors also forage in remnant native habitats,
including wet and dry vernal pools and other seasonal wetlands, riparian scrub habitats, and open
marsh borders (Tricolor Blackbird Working Group 2007). Tricolored blackbirds have three basic
requirements for selecting their breeding colony sites: (1) open, accessible water; (2) a protected
nesting substrate, including either flooded, thorny, or spiny vegetation; and (3) a suitable space
providing adequate insect prey within a few miles of the nesting colony (Hamilton et al. 1995, Beedy and
Hamilton 1999). Proximity to suitable foraging habitat appears to be extremely important for the
establishment of colony sites (Tricolor Blackbird Working Group 2007). In the Plan Areas, suitable
habitats with these attributes are found within the land cover types mentioned above.
Following breeding, there is a significant post-breeding movement into the Sacramento Valley from
other breeding locales, where large post-breeding roosts are established from late summer into the fall.
It is assumed that these post-breeding roosts and post-breeding individuals could occur in the identified
land cover types above the minimum patch size anywhere within the Plan Area.
A 40-acre minimum patch size was selected and designed primarily to eliminate small open grassland
and pasture patches at the higher elevations where tricolored blackbirds are not expected to occur in
the breeding and post-breeding season. This patch size is assumed to be below the actual minimum
patch size for this species during winter (for which there is limited data available) to avoid
underestimating available habitat. At some point during the fall (September–November), post-breeding
roosts are vacated as birds migrate back to traditional wintering locales in the Sacramento-San Joaquin
Delta and along the Central California coast (Beedy and Hamilton 1999).
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A.1.8

Recovery Plan Goals

Currently, there is no recovery plan for the tricolored blackbird.
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Personal Communications

Phil Johnson, Altacal Audubon member, meeting with Altacal Audubon on nest site locations, May 10,
2007.
Gary Nielson, Altacal Audubon member. Provided nest site locations for tri-colored blackbirds in Butte
County in 2007.
Jim Snowden, Wildlife Biologist. Formerly with the California Department of Fish and Game, Telephone
conversation, May 14, 2007.
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A.2 Western Burrowing Owl
(Athene cunicularia hypugaea)
A.2.1

Legal and Other Status

The western burrowing owl was initially designated as a state
bird species of special concern in 1978 (Remsen 1978) by the
California Department of Fish and Game (DFG). The most recent
draft of the revised California Bird Species of Special Concern
(Shuford and Gardali 2008) identifies the burrowing owl as a
“second priority” bird species of special concern, indicating that
the western burrowing owl population or range size is
moderately to greatly reduced and that threats are projected to greatly reduce the taxon’s population in
California in the next 20 years. Western burrowing owl nest sites are protected in California under Fish
and Game Code Section 3503.5. The western burrowing owl has no federal regulatory status; however,
the species is protected under the federal Migratory Bird Treaty Act and is designated as a Bird of
Conservation Concern by the U.S. Fish and Wildlife Service (USFWS 2002).

A.2.2

Species Distribution and Status

A.2.2.1

Range and Status
There are two subspecies of burrowing owls in
North America (Dechant et al. 2003). The
breeding range of the Florida burrowing owl (A.
cunicularia floridana) is restricted to Florida
and adjacent islands. The breeding range of the
western burrowing owl (Athene cunicularia
hypugaea) extends south from southern Canada
throughout most of the western half of the
United States and south to central Mexico. The
winter range is similar to the breeding range
except that most owls from the northern areas
of the Great Plains and Great Basin migrate
south and southern populations are resident
year round (Haug et al. 1993).

Western burrowing owls are generally widely
distributed in suitable habitat throughout the
lowland portions of California; however,
occupied sites have ranged from 200 feet below
sea level at Death Valley to above 12,000 feet at
Dana Plateau in Yosemite (DFG 2000). In
Southern California, the species is fairly
common along the Colorado River Valley (Rosenberg et al. 1991) and in the agricultural region of the
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Imperial Valley. They occur rarely in the Southern California deserts and the high Great Basin deserts of
eastern and northeastern California (Small 1994). Breeding populations in central California include the
southern San Francisco Bay between Alameda and Redwood City, the interior valleys and hills in the
Livermore area, and the Central Valley (DeSante et al. 1997). While the northeastern and eastern
populations are migratory, the central and Southern California populations are generally considered
predominantly non-migratory (Haug et al. 1993).
The overall population trend throughout the subspecies’ North American range is reportedly declining.
James (1993) reports that 54 percent of the areas sampled reported declining western burrowing owl
populations. Breeding Bird Surveys conducted between 1980 and 1989 also report significant declines
in many areas (Haug et al. 1993).
The only comprehensive statewide breeding season survey was conducted from 1991 to 1993 by the
Institute for Bird Populations (DeSante and Ruhlen 1995). They estimated a statewide population of
9,266 breeding pairs with 71 percent occurring in the Imperial Valley, 24 percent in the Central Valley,
and 1.8 percent in the Bay Area.
The population trend in California is also reportedly declining. Surveys in California in 1986 to 1991
found population decreases of 23 to 52 percent in the number of breeding groups and 12 to 27 percent
in the number of breeding pairs of owls (DeSante et al. 1997). Nearly 60 percent of western burrowing
owl colonies that existed in the 1980s reportedly disappeared by the early 1990s (DeSante and Ruhlen
1995, DeSante et al. 1997). Coastal areas in particular have experienced extirpations or near
extirpations in recent years presumably from habitat loss. While western burrowing owls in the Central
Valley have exhibited strong site fidelity even with increasing habitat fragmentation, many active areas
have been locally extirpated due to increasing urbanization and related causes.

A.2.2.2

Distribution and Status in the Plan Area

Western burrowing owls are resident in Butte County year-round and occur in relatively low densities.
Areas of suitable habitat that have the most likelihood of occurrence include the non-orchard
agricultural areas along the western side of Butte County. The valley and foothill grasslands along the
east side of the study area also appear to support generally suitable conditions. CNDDB reports very few
occurrences of western burrowing owl in Butte County; all are reported in the western portion of the
county (see Figure A.4-1, Western Burrowing Owl Recorded Occurrences). The most recent breeding
season record, reported in 2000, is along Nelson Road just east of State Route 99 and just north of
Thermalito Afterbay (Figure A.4-1).
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Figure A.4-1. Western Burrowing Owl Recorded Occurrences
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A statewide survey of the entire breeding range of the species in 2006–2007 surveyed 860 5 km x 5 km
blocks and estimated a total statewide population of 9,187 (SE = 2,346) pairs, of which only 12 pairs
were estimated for the northern Central Valley (zero breeding pairs in Butte County, Wilkerson and
Siegel 2010). In comparison, a similar statewide assessment (DeSante et al. 2007) estimated 231 pairs
for the same area in 1991–1993. Six additional historical breeding season records from 1992 and 1993
are reported, as well as seven recent wintering sites from 2006 and 2007 that are distributed between
just south of Highway 162 on the south to north of Chico (Figure A.4-1).

A.2.3

Habitat Requirements and Special Considerations

Western burrowing owls are found in open, dry grasslands; agricultural and range lands; and desert
habitats often associated with burrowing animals (Klute et al. 2003). They can also occupy golf courses,
airports, road and levee embankments, and other disturbed sites where soil is sufficiently friable for
burrows (Haug et al. 1993). Western burrowing owls typically use the burrows created by other
species, particularly the California ground squirrel (Spermophilus beecheyi). The presence of these
burrowing species can be a good indicator of the potential presence of the western burrowing owl.

A.2.3.1

Nesting

In Northern California, nest sites are usually found in abandoned ground squirrel burrows; however,
other mammal burrows and artificial sites (e.g., culverts, pipes, and rock piles) are also used. Western
burrowing owls generally select sites in relatively sandy habitats that allow for modification of burrows
and maximize drainage. Vegetation cover is typically low around the burrow to facilitate viewing and
hunting. While occupied burrows are sometimes found in flat landscapes, often in elevated mounds
created by burrowing activity, they are also commonly found on hillsides, levee slopes, or other vertical
cuts, probably to facilitate drainage and maximize visibility. Nest sites are also often associated with
nearby perches, including standpipes, fences, or other low structures.
Optimal nesting locations are within an open landscape with level to gently sloping topography, sparse
or low grassland or pasture cover, and a high density of burrows. Western burrowing owls also
sometimes show a tolerance for habitat fragmentation and will continued to occupy otherwise suitable
sites until a minimum area threshold is reached. Western burrowing owls are solitary nesters or may
nest in loose colonies, usually from four to 10 pairs (Zarn 1974); however, larger colonies have been
documented. Most pairs occupy a natal burrow and at least one additional satellite burrow.
The dimensions of the nest burrow vary with location, age of burrow, and the species that originally
excavated it. Typical burrows constructed by ground squirrels are from 3 to 6 inches in diameter and
extend underground at a gradual downward slope from 3 to 10 feet with an enlarged cavity at the end of
the burrow. Burrow entrances are often adorned with various objects, feathers, and pellets. The
burrow is often lined with grass or other material (Haug et al. 1993). Nest burrow reuse is well
documented (Martin 1973, Gleason 1978, Rich 1984, Plumpton and Lutz 1993a, Lutz and Plumpton
1999). Western burrowing owls show a high degree of nest site fidelity and reuse the same nesting
burrows and satellite burrows for many years if left undisturbed.
Burrowing owls seem to tolerate some level of human activity near nesting sites. They can be found in
open spaces near human developments such as areas around airports, golf courses, and military lands
(Thomsen 1971, Barclay 2007). Modest amounts of vehicle traffic do not appear to significantly affect
burrowing owl behavior or reproductive success (Plumpton and Lutz 1993b).
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A.2.3.2

Foraging

Western burrowing owls forage in open grasslands, pasturelands, agricultural fields and field edges,
fallow fields, and along the edges of roads and levees. Vegetation is low to maximize visibility and
access. Short perches such as fenceposts are often used to enhance visibility.

A.2.4

Life History

A.2.4.1

Seasonal Patterns

As noted above, western burrowing owls are resident in Northern California year-round; however, local
seasonal movements often occur and breeding sites will often be unoccupied during the non-breeding
season. In California, the breeding season, defined as the period from pair bonding to fledging, generally
occurs from February to August. The peak activity period occurs from April through July.

A.2.4.2

Reproduction

Adults begin pair bonding and courtship in February through March. Following pair formation, a nest is
established in the natal burrow and females lay a clutch of six to 11 eggs. Average clutch size is seven to
nine eggs. Eggs are incubated entirely by the female for a period between 28 and 30 days. During this
time, the female is provisioned with food by the male. Following hatching, the young remain in the natal
burrow for two to four weeks, after which they begin to emerge from the burrow and can be observed
roosting at the burrow entrance. The female begins hunting as young become less dependent. Adults
also often relocate chicks to satellite burrows presumably to reduce the risk of predation (Desmond and
Savidge 1998) and possibly to avoid nest parasites (Dechant et al. 2003). After approximately 44 days,
young leave the natal burrow and by 49 to 56 days begin to hunt live insects. During this time, the
juveniles expand their range and may find cover in the satellite burrow. The juveniles continue to be
provisioned by the adults until mid-September when they molt into adult plumage and begin to disperse
(Landry 1979). King and Belthoff (2001) report that dispersing young use satellite burrows in the
vicinity of their natal burrows for about two months after hatching and before departing the natal area.

A.2.4.3

Foraging Behavior and Diet

Western burrowing owls are active day and night and will hunt throughout the 24-hour day, but are
mainly crepuscular, hunting mostly at dusk and dawn, and are less active in the peak of the day. They
tend to hunt insects in daylight and small mammals at night. They usually hunt by walking, running,
hopping along the ground, flying from a perch, hovering, and fly-catching in mid-air.
Western burrowing owls tend to be opportunistic feeders. Large arthropods, mainly beetles and
grasshoppers, comprise a large portion of their diet. Small mammals, especially mice, rats, gophers, and
ground squirrels, are also important food items. Other prey animals include reptiles and amphibians,
scorpions, young cottontail rabbits, bats, and birds such as sparrows and horned larks. Consumption of
insects increases during the breeding season (Zarn 1974, Tyler 1983, Johnsgard 1988, Thompson and
Anderson 1988, John and Romanow 1993).
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A.2.5

Threats

A.2.5.1

Urbanization/Fragmentation

Urbanization, including residential and commercial development, and the construction of infrastructure
necessary to sustain development (e.g., roads and oil, water, gas, and electrical conveyance facilities), is
a principal cause of habitat loss for western burrowing owls and is a continuing threat to remaining
Northern California western burrowing owl populations. Urbanization permanently removes western
burrowing owl habitat and has led to permanent abandonment of many western burrowing owl colonies
in the developing portions of the Central Valley, Bay Area, and throughout the state.
While urbanization is considered a key cause for population declines, western burrowing owls are also
known to exhibit strong site fidelity and have shown a relatively high level of tolerance for human
encroachment, degradation of native habitats, and fragmentation of habitats (Schultz 1993, Trulio
1995). Active western burrowing owl breeding colonies have been reported in small parcels or narrow
strips of disturbed habitat along levees or utility corridors and surrounded by urban
development. Colonies have also been reported along the edges of airport runways, around the
perimeter fences of prisons, and in other urbanized or highly disturbed habitats (Thompson
1971). While disturbances may depress western burrowing owl reproductive potential in urban
settings compared with more natural habitats (Thompson 1971), the owls will often continue to occupy
traditional sites as long as essential habitat elements remain present, until the disturbances force the
owls out, or until the extent of available habitat is reduced below habitat requirements (Millsap and
Bear 1988).

A.2.5.2

Agricultural Crop Conversion

Western burrowing owls sometimes nest on edges of agricultural areas, foraging in suitable agricultural
fields (Gervais et al. 2003) (e.g., recently harvested fields, alfalfa and other hay crop fields, irrigated
pastures, fallow fields). Conversion of agricultural fields to crop types such as orchards, vineyards
reduces the available foraging habitat for western burrowing owl and leads to abandonment of nesting
areas.

A.2.5.3

Levee Maintenance

Western burrowing owl nest sites can also be found along the outside slope or at the toe of levees
(DeSante et al. 2004, Rosenberg and Haley 2004); however, levee stability practices used for flood
control, including vegetation removal, grading, and reinforcement with rock can destroy burrowing owl
nesting habitat (Catlin and Rosenberg 2006).

A.2.5.4

Rodent Control

Rodent control, particularly along levees and roadsides, can decimate ground squirrel populations,
thereby reducing available nesting and cover habitat for western burrowing owls.

A.2.5.5

Other Human Disturbances

Although western burrowing owls are relatively tolerant of low levels of human activity, human-related
impacts such as shooting and burrow destruction adversely affect this species (Zarn 1974, Haug et al.
1993). Artificially enhanced populations of native predators (e.g., gray foxes, coyotes) and introduced
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predators (e.g., red foxes, cats, dogs) near western burrowing owl colonies can be a significant local
problem. Burrowing owls can also get tangled in loose fences, abandoned wire, fishing line, rat traps,
and other human-made materials. There is also a locally substantial risk to burrowing owls from traffic
mortality (Klute et al. 2003, Haug et al 1993), because owls have a tendency to forage along roads
(Gervais et al. 2003).
The conversion of burrowing owl habitat for purposes of meeting human needs decreases both the
abundance and quality of nesting habitat (Barclay et al. 1998). Additionally, as a species that does not
excavate their own burrows, they are dependent on burrowing mammals that are commonly eradicated
by humans. Few provisions exist to protect burrowing owl habitats and the species that create their
burrows.

A.2.6

Relevant Conservation Efforts

Few conservation efforts have been undertaken to conserve western burrowing owl populations. The
rejection of recent efforts to list the species at the state and federal levels limits the extent of possible
regulatory influence. Protection typically occurs at the local project level through implementation of the
guidelines prepared by DFG (1994). The guidelines do address protection of active western burrowing
owl sites and compensation for impacts to these sites; however, the guidelines do not address
conservation or protection at a regional level. DFG is developing a statewide conservation strategy for
the burrowing owl.
Some regional conservation efforts in California have focused on the development and implementation
of habitat conservation plans/natural community conservation plans. These regional conservation
approaches can be an effective tool to manage and sustain burrowing owl populations if they protect
sufficient suitable and occupied western burrowing owl habitat. The western burrowing owl is a
covered species or a proposed covered species in several regional conservation plans in the Central
Valley region of California. These include the Placer County Conservation Plan, the San Joaquin County
Multi-species Habitat Conservation and Open Space Plan, the East Contra Costa County Habitat
Conservation Plan/Natural Community Conservation Plan, the Natomas Basin Habitat Conservation
Plan, the South Sacramento County Habitat Conservation Plan, the Solano County Multispecies Habitat
Conservation Plan, the Yolo County Natural Heritage Program Plan and the Bay Delta Conservation Plan.
If effectively coordinated, these efforts can be a valuable tool in managing burrowing owl populations in
the central portion of Northern California.

A.2.7

Species Habitat Suitability Model

A.2.7.1

Nesting and Foraging Habitat

Nesting and foraging habitat for the western burrowing owl includes the following land cover types:








Blue oak savanna
Grassland
Grassland with vernal swale complex
Vernal pool
Altered vernal pool
Disturbed ground
Irrigated cropland
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Irrigated pasture
Managed wetlands

A.2.7.2

Assumptions

Western burrowing owls require habitat with three attributes: open, well-drained terrain; short, sparse
vegetation; and underground burrows or burrow facsimiles (Klute et al. 2003). Western burrowing
owls forage in open grasslands, pasturelands, agricultural fields and field edges, fallow fields, and along
the edges of roads and levees, where vegetation is low to maximize visibility and access. In Northern
California, most nest sites occur in abandoned ground squirrel burrows; however, other mammal
burrows and various artificial sites such as culverts, pipes, and rock piles are also used (Haug et al.
1993). Optimal nesting locations are within an open landscape with level to gently sloping topography,
sparse or low grassland or pasture cover, and a high density of burrows. During the breeding season,
they may also need enough permanent cover and taller vegetation within their foraging range to provide
them with sufficient prey, such as small mammals (Wellicome 1997). The land cover types listed above
are the mapped land cover types that provide these attributes within the Plan Area. However, the model
may overestimate the extent of habitat because it is based on broad vegetation categories, which likely
include areas with vegetation that is too tall or with unsuitable topography.

A.2.8

Recovery Plan Goals

Currently, there is no recovery plan for the western burrowing owl.
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A.3

Western Yellow-Billed Cuckoo
(Coccyzus americanus occidentalis)

A.3.1

Legal and Other Status

The western yellow-billed cuckoo (Coccyzus americanus occidentalis) is listed as
threatened under the Endangered Species Act and as an endangered species under
the California Endangered Species Act.

A.3.2

Species Distribution and Status

A.3.2.1

Range and Status

Currently, there are two recognized subspecies of yellow-billed cuckoo. Coccyzus
americanus occidentalis is found west of the Rocky Mountains, and Coccyzus
americanus americanus is found in deciduous forests east of the Rocky Mountains. The ongoing debate
over the taxonomic separation of the two subspecies is based primarily on morphological and plumage
differences (Banks 1988, Franzreb and Laymon 1993), and more recently on genetics studies initiated
by the USFWS during the status review for federal listing.
Historically, the range of western yellowbilled cuckoo extended from southern
British Columbia in the north to the Rio
Grande River in northern Mexico in the
south, and east to the Rocky Mountains
(Bent 1940). Currently, the only known
populations of breeding western yellowbilled cuckoo are located in several disjunct
locations in California, Arizona, and western
New Mexico (Halterman 1991). Yellowbilled cuckoos winter in South America from
Venezuela to Argentina after an August to
October southern migration period (Laymon
and Halterman 1985). Yellow-billed
cuckoos migrate north in late June and early
July (DeSchauensee 1970).
Studies conducted since the 1970s indicate
there may be fewer than 50 breeding pairs
in California (Gaines 1977, Laymon and
Halterman 1987, Halterman 1991, Laymon
et al. 1997). The only locations in California
known to currently sustain breeding
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populations include the Colorado River system in Southern California, the South Fork Kern River east of
Bakersfield, and isolated sites along the Sacramento River in northern California (Laymon and
Halterman 1989, Laymon 1998).

A.3.2.2

Distribution and Status in the Plan Area

As noted above, the current range of the western yellow-billed cuckoo includes a portion of the
Sacramento River in Northern California. The largest portion of this area, as described by the DFG
California Wildlife Habitat Relationships Program, occurs along the western border of the Plan Area.
Thus, the entire western border of the Plan Area is considered within the current range of the species.
At least four confirmed or probable breeding locations occur within this area along with numerous other
detections. Breeding pairs have also been reported from portions of the Feather River between Oroville
and the Butte County border. The California Natural Diversity Database (CNDDB) also reports
occurrences along Butte Creek in the 1970s and 1980s (see Figure A.3-1, Western Yellow-Billed Cuckoo
Recorded Occurrences).
Yellow-billed cuckoos occupy the Plan Area only during their abbreviated breeding season from
approximately late June to August, when they begin their migration to South America (Laymon and
Halterman 1985).

A.3.3

Habitat Requirements and Special Considerations

The western yellow-billed cuckoo is a riparian obligate species with a primary habitat association of
willow-cottonwood riparian forest; however, species such as alder (Alnus glutinosa) and box elder (Acer
negundo) can also be important habitat elements (Laymon 1998). Nests are found primarily in willow
(Salix spp.) trees.
Other tree species used for nesting include cottonwood (Populus fremontii) and alder. Along the
Sacramento River, English walnut trees have also been reportedly used for nesting (Laymon 1980). The
average nest site height in willow trees is 14 feet (4.3 meters [m]), while nests in cottonwood trees have
been reported at 100 feet (30.5 m). The desired canopy cover is typically dense (averaging 96.8 percent
at the nest); and large patch sizes, generally greater than 50 acres (20.23 hectares), are typically
required (Laymon 1998).
Cottonwood trees are important foraging habitat, particularly as a source of insect prey. Studies of
yellow-billed cuckoo indicate a significant association of the cuckoo with large stands of mature
cottonwood-willow forests; however, yellow-billed cuckoos have been observed to occupy a variety of
marginal habitats, particularly at the edges of their range (Laymon 1998). Habitat succession has been
identified as an important factor in sustaining yellow-billed cuckoo breeding populations (Laymon
1998). Meandering streams allow for constant erosional and depositional processes. This creates
habitat for new rapidly growing young stands of willow, the preferred nesting sites of the yellow-billed
cuckoo. Channelized streams or levied systems that do not allow for these natural processes become
over-mature and, presumably, less optimal.
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Figure A.3-1. Western Yellow-Billed Cuckoo Recorded Occurrences
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Occupied habitat within the Plan Area is described as great valley cottonwood riparian forest and great
valley mixed riparian forest, including willows, box elder, and white alder (Halterman 1991). Potential
habitat also occurs in valley marshland with willow riparian corridors, such as those found in the Llano
Seco area.

A.3.4

Life History

A.3.4.1

Seasonal Patterns

In California on the Sacramento River, western yellow-billed cuckoos arrive onto breeding territories
and form pairs from late June to mid-July following their northward migration from South America; this
is followed by nest building and the raising of young (Halterman 1991). Western yellow-billed cuckoo
breeding is restricted to the mid-summer period, presumably due to a seasonal peak in large insect
abundance (Rosenberg et al. 1982). Development of young is very rapid with a breeding cycle of only 17
days from egg-laying to fledging. Following a relatively short period of post-fledging juvenile
dependency, cuckoos migrate out of California from about mid-August to early September. The western
yellow-billed cuckoo then migrates to South America during the nonbreeding season; therefore, it is not
present in the Plan Area between October and May.

A.3.4.2

Nest Site Selection

Along the Sacramento and Feather rivers, the primary factors influencing nest site selection include the
presence of cottonwood/willow riparian forest, patch size, and the density of understory vegetation.
Little is known about western yellow-billed cuckoo nesting density and spacing; however, in an area of
extensive cottonwood foraging habitat with extremely restricted willow and English walnut nesting
habitat along the Sacramento River, nests were placed as close as 200 feet apart; indicating that they are
capable of nesting in close proximity to one another (Laymon 1980).

A.3.4.3

Reproduction

The western yellow-billed cuckoo pair usually constructs a nest of twigs anywhere from 5 to 40 feet
above the ground in dense canopy cover. Clutch size is usually three to four eggs, and rarely five (Bent
1940). Both males and females incubate the eggs for an incubation period of 10 to 11 days (Hamilton
and Hamilton 1965). Both parents also share brooding duties and provide their young with food. Young
yellow-billed cuckoos develop very rapidly and fledge six to eight days after hatching. Parental care
continues for an additional three to four weeks before the southern migration begins (Halterman 1991).
If prey is abundant, western yellow-billed cuckoos will increase their clutch size and lay eggs in nests of
other yellow-billed cuckoo pairs and other species (Fleischer et al. 1985, Laymon 1998, Hughes 1999).

A.3.4.4

Foraging Behavior and Diet

Food resources significantly affect western yellow-billed cuckoo reproductive success, and food
availability can vary greatly from year to year (Laymon et al. 1997). Cuckoos forage within the riparian
canopy primarily on slow-moving insects, including green caterpillars (primarily sphinx moth larvae)
(44.9 percent), katydids (21.8 percent), tree frogs (23.8 percent), and grasshoppers (8.7 percent). The
yellow-billed cuckoo diet also includes cicadas, dragonflies, butterflies, moths, beetles, and spiders
(Laymon et al. 1997). Primary yellow-billed cuckoo food items, such as sphinx moth larvae, are
associated with cottonwood trees; hence the high reported use of cottonwood trees as cuckoo foraging
habitat (Laymon and Halterman 1985).
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A.3.5

Threats

A.3.5.1

Habitat Loss and Fragmentation

Historical western yellow-billed cuckoo declines are attributed primarily to the removal of riparian
forests in California for the purposes of agricultural and urban expansion. Currently, habitat loss and
degradation continues to be the most significant threat to remaining western yellow-billed cuckoo
populations. Bank stabilization and flood control projects, urbanization along edges of watercourses,
agricultural activities, and river management that alters flow and sediment regimes contribute to the
loss of yellow-billed cuckoo habitat. Nesting cuckoos are also sensitive to habitat fragmentation that
reduces patch size to less than 325 by 1,000 feet (Hughes 1999).

A.3.5.2

Pesticides

Agricultural pesticides can pose a long-term threat to the yellow-billed cuckoo, as pesticides may affect
yellow-billed cuckoo behavior and cause death or potentially affect prey populations (Hughes 1999).

A.3.5.3

Predation

Predation is a significant source of nest failures, which have been recorded at 80 percent in some areas
(Hughes 1999). Fragmentation of occupied habitats could make nest sites more accessible and more
vulnerable to predation by red-tailed hawks and Cooper’s hawks.

A.3.6

Relevant Conservation Efforts

Few conservation efforts are currently directed toward western yellow-billed cuckoos in California. The
most significant conservation and research efforts involve Audubon California’s Kern River Preserve and
actions associated with the Lower Colorado River Multi-Species Conservation Program. Protection and
restoration of riparian systems can potentially preserve or create habitat for yellow-billed cuckoos.
Western yellow-billed cuckoo is a covered species or a proposed covered species in several regional
conservation plans in the Central Valley region of California including the San Joaquin County MultiSpecies Habitat Conservation and Open Space Plan, the Yolo County Natural Heritage Program Plan, and
the Bay Delta Conservation Plan.

A.3.7

Species Habitat Suitability Model

A.3.7.1

Nesting Habitat

Nesting habitat includes all patches of cottonwood-willow riparian forest and dredger tailings with
riparian land cover types with a patch size of at least 25 acres located along the Sacramento River and
the Feather River downstream of State Highway 70.

A.3.7.2

Assumptions

The western yellow-billed cuckoo is a riparian obligate species. Its primary habitat association is
willow-cottonwood riparian forest, but other species such as alder (Alnus glutinosa) and box elder (Acer
negundo) may be an important habitat element in some areas, including occupied sites along the
Sacramento River (Laymon 1998). Canopy cover is typically dense (averaging 97 percent at the nest)
and large patch sizes (generally greater than 50 acres) are typically required (Laymon 1998). Cuckoos
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may also nest in smaller patches of habitat. A patch size of at least 25 acres was selected based on
values used for the Lower Colorado River Multi-Species Conservation Strategy (LCR MSCP 2004).
Nesting habitat is considered to be limited to patches of habitat along the Sacramento and Feather
Rivers because these locations are within the known historical nesting range of the species. Patches of
cottonwood-willow riparian forest of at least 25 acres located along the Feather River upstream of State
Highway 70 are adjacent to urban lands and, therefore, are excluded from the model because urbanrelated disturbances would render these patches unsuitable for nesting.

A.3.8

Recovery Plan Goals

A recovery plan has not been prepared for the western yellow-billed cuckoo, and recovery goals have
not been established for the species.
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A.4

Greater Sandhill Crane
(Grus canadensis tabida)

A.4.1

Legal and Other Status

The greater sandhill crane (Grus canadensis tabida) is listed as a
threatened species under the California Endangered Species Act.
The greater sandhill crane has no federal regulatory status.

A.4.2

Species Distribution and Status

A.4.2.1

Range and Status
The greater sandhill crane is one of six
subspecies of sandhill crane that exist in
North America (Littlefield and Ivey 2000).
Three of the six subspecies are non-migratory
and occupy ranges in the southeastern United
States and Cuba. The other three subspecies
are migratory and include the lesser and
greater subspecies, both of which are further
divided into distinct populations. The greater
sandhill crane is divided into five migratory
populations, which return to the same
breeding territory and wintering sites each
year. These include the Eastern Population,
the Prairie Population, the Rocky Mountain
Population, the Lower Colorado River
Population, and the Central Valley
Population. The Central Valley Population
breeds in northeastern California, central and
eastern Oregon, southwestern Washington,
and southern British Columbia, and winters
in the Central Valley of California (Littlefield
and Ivey 2000).

A.4.2.2

Breeding

Approximately 500,000 sandhill cranes are believed to reside in North America. Roughly 62,600 of
these are thought to be greater sandhill cranes. An estimated 8,500 of these greater sandhill cranes
belong to the Central Valley population (Littlefield and Ivey 2000). Recent breeding surveys recorded
1,151 breeding pairs in Oregon, 465 breeding pairs in California, 20 pairs in Washington, and 11 pairs in
Nevada (Ivey and Herziger 2000, Ivey and Herziger 2001, Engler and Brady 2000 in Ivey and Herziger
2001). The number of breeding pairs in British Columbia remains unknown; however, Littlefield and
Ivey (2000) report approximately 2,500 individuals from that area.
Butte Regional Conservation Plan
Final

A.4-1

June 2019
ICF 00736.10

Appendix A. Species Account
Greater Sandhill Crane

The greater sandhill crane breeding distribution (summer range) in California is restricted to the
northeastern corner of the state and includes six counties: Siskiyou, Modoc, Shasta, Lassen, Plumas, and
Sierra counties (Littlefield 1982, Littlefield 1989, Ivey and Herziger 2001). Ivey and Herziger (2001)
found that the greatest number of breeding pairs are in Modoc County (54 percent) followed by Lassen
County (26 percent). A total of 91 percent of the breeding pairs were found in Modoc, Lassen, and
Siskiyou Counties (Ivey and Herziger 2001).
Early survey efforts were insufficient to accurately estimate the breeding population of the greater
sandhill crane; however, major population declines have been noted and attributed to the loss of
essential wetland habitats between 1870 and 1915 (Walkinshaw 1949). The first comprehensive
greater sandhill crane surveys were conducted in 1971, when 112 pairs were found. This was followed
by surveys in 1981 which found 129 pairs, and surveys in 1988 which found 170 pairs. This indicated a
positive trend in the breeding population during that period (Littlefield 1982, Littlefield 1989). The next
subsequent, and most recent, survey was conducted in 2000 (Ivey and Herziger 2001) when 465 pairs
were reported. This reflects an increase of 68 percent since the 1988 survey. Much of that increase
could be the result of the protection of traditional nesting areas on state and national wildlife refuges,
the lack of hunting, and a variety of management practices.

A.4.2.3

Wintering

Pogson and Lindstedt (1991) identified eight distinct wintering locations in the Central Valley from
Chico/Butte Sink on the north to Pixley National Wildlife Refuge near Delano on the south, with over 95
percent occurring within the Sacramento Valley between Butte Sink and the Sacramento-San Joaquin
River Delta (Delta). Greater sandhill crane use within this area varies seasonally. This variability could
be a function of the winter flooding regime and the availability of food resources. The Butte Sink has
been reported to support a large segment of the Central Valley greater sandhill crane population
(greater than 50 percent) during October and November. Greater sandhill crane use then shifts to the
Delta during December and January, where an estimated two-thirds of the population resides the
remainder of the winter (Pogson and Lindstedt 1988, Littlefield and Ivey 2000).
The first exhaustive winter survey was conducted in the mid-1980s (Pogson and Lindstedt 1988). This
survey estimated a wintering population of 6,000 birds; however, this estimate was adjusted in the early
1990s to 8,500 birds as a result of additional follow-up survey work in the Sacramento Valley (Littlefield
1993). Although portions of the wintering population have been monitored periodically prior to and
since the mid-1980s, no other comprehensive survey has been conducted and information has been
insufficient to reliably detect trends.

A.4.2.4

Distribution and Status in the Plan Area

There are no greater sandhill crane breeding areas within the Plan Area. The nearest breeding site is in
Plumas County, northeast of the Plan Area. The distribution of greater sandhill crane wintering habitat
in the Plan Area is presented in Figure A.4-1, Greater Sandhill Crane Recorded Occurrences.
The majority of the Sacramento Valley (Chico/Butte Basin) greater sandhill crane wintering area is
within the Plan Area. Delineated by Pogson and Lindstedt (1988), this region extends from Chico to the
Butte Sink between the Sacramento River and State Route 99. Pogson and Lindstedt (1988) estimated
that more than 50 percent of the wintering population (more than 3,000 individuals) used this area
during the early portion of the winter season in October/November.
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Later in the season (December/January), possibly in response to winter flooding and food resources,
many of these birds continued south to the Delta; however, use of the Sacramento Valley continued
throughout the winter season. Littlefield (2002) estimates that the Butte Basin frequently supports up
to 70 percent of the Central Valley crane population.
Areas of concentration within the Plan Area include the areas south and east of Chico River Road and
north of Ord Ferry Road; south of Ord Ferry Road and Pratt-Grant Road, west of Goodspeed-Watt Road,
east of Angel Slough and north of Nelson Road; between Nelson and State Route 99 along the NelsonBlavo Highway; and in the Butte Sink between Butte Creek on the east, Biggs Highway on the north, and
Graylodge Wildlife Area on the east (Figure A.4-1).

A.4.3

Habitat Requirements and Special Considerations

Sandhill cranes are largely birds of open freshwater wetlands. In California, nesting typically occurs in
open-grazed meadows; primarily, bulrush or sedge meadows adjacent to grassland or short vegetation
uplands (Littlefield and Ryder 1968, Littlefield 1982). While breeding sites occur on state and federal
refuges or U.S. Forest Service lands, more than 60 percent occur on private lands (Ivey and Herzinger
2001).
Wintering habitat is found almost entirely in agricultural fields and edges and consists of three primary
elements: foraging habitat, loafing habitat, and roosting habitat. Two principal foraging habitat types
are used during winter. In the Delta, harvested cornfields are the most commonly used foraging habitat
along with harvested wheat, alfalfa, pasture, and fallow fields (Pogson and Lindstedt 1988). In the Butte
Basin, harvested rice fields are the most commonly used foraging habitat along with winter wheat,
harvested and unharvested corn, fallow fields, and grasslands (Pogson and Lindstedt 1988, Littlefield
2002).
Loafing generally occurs during midday when birds loosely congregate along agricultural field borders,
levees, rice-checks, ditches, or in alfalfa fields or pastures. During the late afternoon and evening,
greater sandhill cranes congregate into large, dense communal groups (roost sites) where they remain
until the following morning. Roosting habitat typically consists of shallowly flooded open fields or
wetlands interspersed with uplands. Roost sites provide protection from predators during the night and
are typically within 2 to 3 miles from foraging/loafing areas. Protection and close proximity to food
sources make available roosting sites an essential component of winter habitat. When properly
managed, greater sandhill crane roost sites are often used for many years.
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Figure A.4-1. Greater Sandhill Crane Recorded Occurrences
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A.4.4

Life History

A.4.4.1

Seasonal Patterns

Greater sandhill crane nesting in their summer range generally begins in April/May and extends
through July/August. By September, the Central Valley greater sandhill crane population begins their
southwestern migration and arrives onto the wintering grounds of the Central Valley by late September,
where they remain until approximately late February/early March, when they begin their northward
migration back to the breeding grounds (Pogson 1990, Tacha et al. 1992). Local winter movements
continue throughout the winter season in response to changes in flooded habitat and the availability of
food resources. An example of this is the use of the Butte Basin during the early part of the winter
season in October and November and subsequent movement of a large segment of the population into
the Sacramento-San Joaquin Delta during December and January (Pogson and Lindstedt 1988, Littlefield
2002).

A.4.4.2

Nest Site Selection

Greater sandhill crane nesting areas are selected based on meadow size, flooding regime, the condition
of the meadow and the presence or absence of cattle, meadow vegetation composition, available food
resources, and site proximity to human disturbances (Armbruster 1987). Nests are generally
constructed as low mounds and are composed of the dominant vegetation found in the nesting area.
Nests are sometimes constructed to float in shallow water, but are also constructed on dry ground.

A.4.4.3

Reproduction

Greater sandhill crane females usually lay two eggs. Both the male and female incubate the eggs for a
period of 29 to 32 days. Young fledge at 67 to 75 days (Tacha et al. 1992).

A.4.4.4

Foraging Behavior and Diet

Greater sandhill cranes are omnivorous and search for subsurface food items by probing with their bill.
They also glean seeds and other foods on the surface (Walkinshaw 1973, Tacha 1987).
Their diet consists of tubers, seeds, grains (particularly corn and rice), small vertebrates (e.g., mice and
snakes) and a variety of invertebrates.

A.4.5

Threats

Breeding ground threats include water regime changes that lower the water table, thereby eliminating
nesting areas. In addition, cattle grazing can degrade habitat, destroy nests, and disturb nesting birds.
Mowing and haying operations can kill young cranes. Wintering ground threats include changes in
water availability, the flooding of fields for waterfowl management (reduces crane foraging habitat),
conversion of cereal cropland to vineyards or other crop types incompatible for crane use, human
disturbances, collision with power lines, and urban encroachment (Littlefield and Ivey 2000).
Greater sandhill cranes are sensitive to the presence of humans and human activities. Greater sandhill
cranes do not tolerate regular disturbances, including low-level recreational disturbances (e.g., birding,
photography); and levels of disturbance may play a role in habitat selection (Lovvorn and Kirkpatrick
1981). Excessive disturbances have caused cranes to abandon foraging and roosting sites, and repeated
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disturbance may affect their ability to feed and store the energy needed for survival. Ivey (pers. comm.
in Sacramento County 2008) found that cranes generally avoid suitable agricultural foraging habitat
near occupied dwellings. Foraging areas within 100 yards of occupied dwellings are not considered
suitable (Sacramento County 2008).
It has been noted that merely one pre-dawn disruption can cause cranes to abandon a site (Littlefield
and Ivey 2000). Disturbance from hunting also poses a threat to cranes. Hunters accessing hunt areas
during pre-dawn hours flush cranes from their roosts and hunter presence can keep cranes from
roosting or foraging in an area (Ivey and Herziger 2003). Other human disturbances such as boating,
aircraft, and operating equipment for habitat management can cause birds to abandon otherwise
suitable habitats. Flooding of agricultural fields for waterfowl hunting also reduces available foraging
habitat for wintering cranes.

A.4.6

Relevant Conservation Efforts

Efforts have been made to protect and enhance wintering habitat for greater sandhill cranes.
The Woodbridge Ecological Reserve was purchased by and is specifically managed as a crane roosting
area by the California Department of Fish and Game. Acquired in 1985, this site continues to be an
important crane roost for the wintering population.
Since 1984, a cooperative effort between the California Department of Fish and Game, The Nature
Conservancy, the Bureau of Land Management, the Wildlife Conservation Board, and Ducks Unlimited
has resulted in acquisition of lands that currently total approximately 40,000 acres on the Cosumnes
River Preserve. Portions of the preserve are managed specifically for winter crane use and have
attracted up to 20 percent of the greater sandhill crane wintering population at certain times of the
wintering season (Littlefield and Ivey 2000).
Several regional conservation plans in the Central Valley region of California already include or have
proposed to include the greater sandhill crane as a covered species: the San Joaquin County Multispecies Habitat Conservation and Open Space Plan, the South Sacramento County Habitat Conservation
Plan, and the Bay Delta Conservation Plan.

A.4.7

Species Habitat Suitability Model

A.4.7.1

Winter Roosting and Foraging Habitat

Greater sandhill crane winter roosting and foraging habitat includes all managed wetland and rice land
cover types within the Plan Area.

A.4.7.2

Assumptions

The greater sandhill crane does not breed in the Plan Area, but the Butte Basin portion of the Plan Area
is among the most important wintering areas for the Central Valley population of this subspecies
(Pogson and Lindstedt 1988). Managed wetland and rice land cover types encompass the majority of
potential crane winter use areas. While greater sandhill cranes use irrigated pasture, this land cover
type is excluded from the model because it only occurs in the eastern portion of the Plan Area (east of
State Highways 70 and 99), which is not a known crane use area. Greater sandhill cranes will also use
irrigated cropland (Littlefield 2002, Pogson and Lindstedt 1991). However, this land cover type is also
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excluded from the habitat model because in the vicinity of known crane use areas, this land cover type is
generally fragmented by orchards and vineyards and thus not likely to be used by cranes.

A.4.7.3

Traditional Upland Use Areas

These areas are delineated on the map based on discussions with experts who have knowledge of
greater sandhill crane traditional upland use areas within the Plan Area (Marr pers. comm. and Johnson
pers. comm.).

A.4.8

Recovery Plan Goals

A USFWS recovery plan has not been prepared for the greater sandhill crane and recovery goals have
not been established for the species; however, in 1997, the California Endangered Species Act (ESA) was
amended to explicitly require the California Department of Fish and Game (DFG) to develop a recovery
strategy pilot program for the greater sandhill crane (DFG 2001). A recovery strategy team was
assembled, which included representatives from state and federal agencies, local landowners,
environmental groups, and species experts, to produce a draft recovery strategy. The strategy includes
long-term recovery goals and a range of alternative management goals and activities, with an overall
goal to improve the status of the species through a variety of specific habitat protections and other
actions so the protections of the California ESA will no longer be necessary and delisting can be
proposed (DFG 2005). The draft recovery strategy has not been finalized or implemented.
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A.4.9.2

Personal Communications

Gary Ivey, Wildlife Biologist; Greater Sandhill Crane Specialist. Personal communication reference in the
South Sacramento Habitat Conservation Plan (Sacramento County 2008) regarding habitat
preferences of greater sandhill crane.
Phil Johnson, President. Altacal Audubon. Personal communication with Letty Brown on October 3,
2007. Discussion about traditional loafing habitat in the Plan Area for greater sandhill cranes.
Jenny Marr, Environmental Scientist, California Department of Fish and Game. October 3, 2007 –
personal communication with Letty Brown. Discussion about traditional loafing habitat in the
Plan Area for greater sandhill cranes.

Butte Regional Conservation Plan
Final

A.4-9

June 2019
ICF 00736.10

Appendix A. Species Account
Greater Sandhill Crane

This page is intentionally left blank.

Butte Regional Conservation Plan
Final

A.4-10

June 2019
ICF 00736.10

Appendix A. Species Account
California Black Rail

A.5

California Black Rail
(Laterallus jamaicensis
coturniculus)

A.5.1

Legal and Other Status

The California black rail (Laterallus jamaicensis coturniculus) is
listed as a threatened species under the California Endangered
Species Act. Prior to its listing as a state threatened species in
1971, it was designated as a Fully Protected species in California.
It currently retains status as both a state threatened and state fully protected species.
The California black rail has no federal regulatory status; however, it is on the USFWS Region 1 list of
Birds of Conservation Concern (BCC). BCC species are those that the USFWS considers potential
candidates for federal listing.

A.5.2

Species Distribution and Status

A.5.2.1

Range and Status
The California black rail is one of two
subspecies of black rail that inhabit North
America. The range of the California black
rail extends throughout portions of California
and Arizona. The Eastern black rail
(Laterallus jamaicensis jamaicensis) is found
along the eastern seaboard, along the Gulf
Coast, and rarely at inland sites in the
Midwest (Eddleman et al. 1994).

The historical range of the black rail in
California extended from the San Francisco
Bay, throughout the Sacramento-San Joaquin
Delta, along the coast to northern Baja
California, other Southern California locales
such as the Salton Sea, and along the lower
Colorado River. Loss of tidal marsh habitat
has extirpated populations from much of its
coastal range, particularly in Southern
California and much of the San Francisco Bay.
The species persists in remaining tidal
marshes in the northern San Francisco Bay
estuary, Tomales Bay, Bolinas Lagoon,
Sacramento-San Joaquin Delta, Morro Bay, the Salton Sea, and the Lower Colorado River (Manolis 1978,
Evens et al. 1991, Eddleman et al. 1994). The species has also been found more recently at about 100
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freshwater sites in the Sierra Nevada foothills in Butte, Yuba, and Nevada Counties (Richmond et al.
2010, Tecklin 1999, Aigner et al. 1995). Additional detections have been made recently at the Cosumnes
River Preserve in South Sacramento County and Bidwell Park in Chico, Butte County (Central Valley Bird
Club Site Guides).
Evens et al. (1991) examined relative abundance of rails at various locations within the species’ range
and determined that more than 80 percent of the remaining population is confined to the northern
reaches of the San Francisco Bay estuary. They also determined that the species was subject to
continuing and ongoing population decline due to habitat loss and/or degradation.

A.5.2.2

Distribution and Status in the Plan Area

Until 1994, the black rail was unknown from the Sacramento Valley or Sierra foothills, except for a single
winter record at the California Department of Fish and Game’s (DFG) Gray Lodge Wildlife Area in Butte
County. In 1994, a population of the rail was found occupying a freshwater marsh at the University of
California's Sierra Field Station in Yuba County (Aigner et al. 1995). Further examination revealed that
the species could be breeding at four separate freshwater marsh ponds within approximately 4 miles (6
kilometers) of each other. As a result, DFG provided funding for a more regional survey effort that
resulted in observation of additional occurrences in Butte, Yuba, and Nevada Counties (Tecklin 1999).
Since then, the University of California has continued with a study, the California Black Rail Study
Project, that continues to locate additional subpopulations in their Sierra Nevada foothill study area and
that is examining how each of these isolated subpopulations are functioning as a metapopulation.
As of 2005, this ongoing study included 168 wetland sites in their sample, with 54 percent of these
occupied by black rails (The California Black Rail Project 2005). Richmond et al. (2010) note 158
emergent wetland sites where black rails have been detected at least once since their surveys began in
2002, the majority with irrigation canals as their primary water source. These populations, and
presumably others that remain undetected in the region, are considered to be year-round residents. Up
to 12 locations of black rails have been verified for Butte County (Richmond et al. 2008). Known
populations within Butte County are located just north of La Porte Road southeast of Oroville (Figure
A.5-1, California Black Rail Recorded Occurrences). Given the geographic extent of this metapopulation
and the consistently high occupancy rate detected over the last five years, it is likely that additional
subpopulations occur further north and possibly west into Butte County. Additional recent occurrences
of California black rail are reported from seep spring sites in the eastern foothills of the Plan Area (P.
Johnson and S. Huber pers. comm.), including sites at Upper Bidwell Park, Butte Creek Canyon, and at
the Base of Table Mountain; in emergent marsh at the BCAG/Caltrans mitigation project site at the
intersection of Highways 70 and 149; and a possible detection near the picnic grounds of Thermalito
Forebay (J. Sterling pers. comm.) (Figure A.5-1).
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Figure A.5-1. California Black Rail Recorded Occurrences
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A.5.3

Habitat Requirements and Special Considerations

California black rails inhabit saltwater, brackish, and freshwater marshes. A highly secretive and rarely
observed bird, there appears to be a preference in coastal areas for tidal salt marshes dominated by
dense pickleweed (Salicornia spp.) with an open structure below. This provides a dense canopy for
protective cover while providing nesting habitat and accessibility below the canopy (Evens and Page
1983). Rails are susceptible to predation by herons, egrets, Northern harriers, short-eared owls, and
several mammalian species. A dense canopy that provides optimal cover is essential for survival.
Freshwater marshes, including occupied sites in the Plan Area, are typically densely vegetated and
dominated by emergent plant species, such as Typha latifolia, T. domingensis, Juncus effusus, J. balticus,
Scirpus acutus, Paspalum dilatatum, Epilobium ciliatum, Leersia oryzoides, and Eleocharis macrostachya
(Richmond et al. 2008). These sites are very shallow (usually less than 3 centimeters) but require a
perennial water source. A relatively narrow range of conditions is required for occupancy and
successful breeding. Too much water will prevent nesting and too little water will lead to abandonment
of the site until the water source is reestablished. Patch sizes of occupied wetlands are typically small
and range from 0.2 to 35 acres (Richmond et al. 2008). Black rails in the Sierra Nevada foothills are
positively associated with larger emergent wetlands, flowing water, dense vegetation, and irrigation
water as a primary source (Richmond et al. 2010).

A.5.4

Life History

A.5.4.1

Seasonal Patterns

Populations within the study area are thought to be year-round residents. Very little information is
available on seasonal patterns, timing of reproduction, dispersal, or other activities. The breeding
season begins as early as February with pair formation. Egg-laying peaks around May 1, with a 17- to
20-day incubation period (Eddleman et al. 1994). Although rails are considered year-round residents in
the Sierra Nevada foothills, seasonal movements including juvenile dispersal and adult relocation to
other wetland breeding sites occur each year sometime during the nonbreeding season between
approximately August and February.

A.5.4.2

Nest Site Selection

Factors influencing nest site selection include size of wetland, cover density, wetland species
composition, water levels, and food availability. Nests are concealed in dense vegetation and consist of a
small, deep, loose cup of woven reeds or grasses and built at ground level or several inches above the
ground.

A.5.4.3

Reproduction

Rails in California usually lay one single brood with an average clutch size of six eggs (range = 3 to 8)
(Eddleman et al. 1994). Both adults apparently incubate the eggs (Flores and Eddleman 1993);
however, there is very limited data. No information is available on length of brooding period, timing of
fledging, parental care, or reproductive success.
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A.5.4.4

Foraging Behavior and Diet

Very little information is available on foraging behavior, but the black rail is assumed to be an
opportunistic daytime feeder. Black rails forage exclusively within the wetland habitat, presumably on
or near substrate at edges of emergent vegetation (Eddleman et al. 1994). Diet consists of insects, small
mollusks, amphipods and other invertebrates, and some seeds.

A.5.5

Threats

Throughout its range, the primary threat to the California black rail is the loss and fragmentation of
habitat from urbanization, flood control projects, agricultural practices, and hydrologic changes that
affect water regimes. The most significant historical threat was the draining of tidal marshes, which
may be responsible for over 90 percent the population declines of this species, and which is still
occurring in some areas, albeit at a slower rate.
Within the Plan Area, agricultural practices, livestock grazing, and urbanization may threaten individual
subpopulations. Use of pesticides, including those used for mosquito control programs may also have
unintended consequences for black rails. These isolated subpopulations are also susceptible to
metapopulation dynamics and stochastic variables (Evens et al. 1991).
Other potential threats include increased predation by domestic cats and by native predators as a result
of hydrologic and vegetation changes that increase susceptibility of predation; pollution and its effect on
freshwater marshes; and collision with automobiles and utility lines.

A.5.6

Relevant Conservation Efforts

Regional conservation efforts have focused on the development and implementation of habitat
conservation plans/natural community conservation plans. Such regional conservation approaches can
be an effective tool to manage and sustain black rail populations if they protect sufficient suitable and
occupied habitat. California black rail is a covered species or a proposed covered species in several
regional conservation plans in the Central Valley region of California. These include the Placer County
Conservation Plan, the San Joaquin County Multi-species Habitat Conservation and Open Space Plan, the
Solano County Multispecies Habitat Conservation Plan, the Yolo County Natural Heritage Program Plan,
and the Bay Delta Conservation Plan. Several management plans have outlined threats to California
black rails and provided recommendations for conservation (Trulio and Evens 2000).
Recommendations focus primarily on protection of high-quality habitats. However, few actual habitat
protection or species conservation efforts specific to the California black rail have been undertaken to
date.

A.5.7

Species Habitat Suitability Model

A habitat suitability model has not been developed for California black rail because there is insufficient
information regarding the distribution of the physical attributes that supports its habitat in the Plan
Area (e.g., the location of seeps, water depths in emergent wetlands).

A.5.8

Recovery Plan Goals

A recovery plan has not been prepared for the California black rail and recovery goals have not been
established for the species.
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A.6

Swainson’s Hawk (Buteo
swainsoni)

A.6.1

Legal and Other Status

The Swainson’s hawk (Buteo swainsoni) is listed as threatened
under the California ESA. The Swainson’s hawk has no federal
regulatory status; however, the species is included on the USFWS
list of Birds of Conservation Concern (BCC) for Region 1. BCC
species are those that the U.S. Fish and Wildlife Service considers
potential candidates for federal listing.

A.6.2

Species Distribution and Status

A.6.2.1

Range and Status

The Swainson’s hawk inhabits grassland
plains and agricultural regions of western
North America during the breeding season
and winters in grassland and agricultural
regions from Central Mexico to southern
South America (England et al. 1997, Bradbury
et al. in prep.). Early accounts described
Swainson’s hawk as one of the most common
raptors in California, occurring throughout
much of lowland California including the
Central Valley, coastal valleys, Southern
California deserts, and Great Basin deserts
east of the Sierra Nevada (Sharp 1902). Since
the mid-1800s, native grassland foraging
habitats and woodland nesting habitats that
supported the species have been converted
for agricultural and urban uses. Today, native
grassland habitats, riparian forests, and oak
woodlands have been substantially reduced
(Katibah 1983), which has caused a
substantial reduction in the breeding range
and in the size of the breeding population of
Swainson’s hawk in California (Bloom 1980,
England et al. 1997). Formerly occurring through all of the lowland areas of the state, the current range
is restricted primarily to the Central Valley and Great Basin deserts of northeast and eastern California.
The most recent statewide population estimate for California is 2,081 breeding pairs, based on a
statistically valid statewide survey effort conducted in 2005 and 2006 (Anderson et al. 2007).

Butte Regional Conservation Plan
Final

A.6-1

June 2019
ICF 00736.10

Appendix A. Species Account
Swainson’s Hawk

In California, the majority of nesting Swainson’s hawks are found in the Central Valley (estimated at
between 600 and 900 breeding pairs) from Tehama County south to Tulare and Kings Counties. The
optimum foraging and nesting habitat conditions in portions of Yolo, Solano, Sacramento, and San
Joaquin Counties support the bulk of the Central Valley population (Estep 1989, Estep in prep., Anderson
et al. 2006), with relatively large populations extending north to Butte County and south to Stanislaus
County. While intensively farmed for over 100 years, much of this area retains a relative abundance of
nesting habitat – narrow riparian corridors along rivers and streams, remnant oak groves and trees,
roadside trees – and an agricultural pattern that is conducive to Swainson’s hawk foraging. Thus, the
species is relatively common in the central portion of the Central Valley and, perhaps on a local basis,
even more common than it was historically.
Surrounded by the Sierra Nevada on the east and the Cascade Range on the north, the Central Valley is
geographically isolated from the rest of the species’ range, and may also be reproductively isolated
based on banding data (Anderson, Bloom, Estep, Woodbridge unpublished data) and satellite radio
telemetry studies of migratory patterns (Bradbury et al. in prep.).

A.6.2.2

Distribution and Status in the Plan Area

Within the Plan Area, nesting Swainson’s hawks occur primarily west of State Route 99. Available
nesting habitat is more abundant in this area, which includes portions of the Sacramento River, the
Feather River, and their tributaries, and agricultural land use patterns are more compatible with
Swainson’s hawk foraging requirements. Nest sites have been documented along the Sacramento River,
Feather River, Butte Creek, and other riparian corridors, and in non-riparian habitats associated with
farmlands. It is likely that nesting Swainson’s hawks also occur east of State Route 99, particularly in the
grassland habitats along the edge of the valley. CNDDB and local nesting records from the Plan Area are
shown in Figure A.6-1, Swainson’s Hawk Recorded Occurrences.

A.6.3

Habitat Requirements and Special Considerations

A.6.3.1

Nesting

Swainson’s hawks usually nest in large native trees such as cottonwood (Populus fremontia), valley oak
(Quercus lobata), walnut (Juglans californica), and willow (Salix spp.). They occasionally nest in
nonnative trees such as eucalyptus (Eucalyptus spp.). Swainson’s hawk nests occur in riparian
woodlands, roadside trees, trees along field borders, isolated trees, small groves, and on the edges of
remnant oak woodlands.
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Figure A.6-1. Swainson’s Hawk Recorded Occurrences
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Remnant riparian forests along drainages contain the majority of known nests in the Central Valley
(Estep 1984, Schlorff and Bloom 1984, England et al. 1997); however, this is a function of nest tree
availability rather than dependence on riparian forest. Nest trees are usually tall (mean height = 57.7
feet [17.6 meters (m)]), and nests are usually constructed in the upper one-third of the tree (mean
height = 47.2 feet [14.4 m]) (Estep 1989), providing protection to the nest as well as visibility from it.
Nesting pairs are highly traditional in their use of nesting trees and territories. Many Central Valley nest
sites have been occupied annually since 1979, and banding studies conducted since 1986 confirm a high
degree of nest and mate fidelity (Estep in prep.).

A.6.3.2

Foraging

Central Valley foraging habitat consists primarily of farm and pasturelands. Swainson’s hawks feed
primarily on small rodents, usually in large fields that support low vegetation cover (i.e., provides easy
access to the ground) and high densities of prey (Bechard 1982, Estep 1989). Foraging habitats include
hay fields, grain crops, certain row crops, and lightly grazed pasturelands. Fields that lack adequate
prey populations (e.g., flooded rice fields) or are inaccessible to foraging birds (e.g., vineyards and
orchards) are rarely used (Estep 1989, Babcock 1995, Swolsgard 2003). Urban expansion and
conversion to unsuitable crop types (e.g., vineyards and orchards) are responsible for a continuing
reduction of available Swainson’s hawk foraging habitat in the Central Valley.
The value of foraging habitat for Swainson’s hawk is determined by several factors. Swainson’s hawk is
sensitive to fragmented landscapes, and use of an area for foraging will decline as the parcel size
decreases (Estep and Teresa 1992). The ability of hawks to access prey is important and is dependent
upon the vegetation structure of the parcel. Prey availability (i.e., the abundance of prey populations in
a field) also determines the value of foraging habitat. In the Central Valley, agricultural land use or the
planting of a specific crop type can determine the foraging value of a field at any given time. Cover types
were evaluated by Estep (1989) and ranked based on these factors; however, suitability ranking is
based on a variety of site-specific issues and at a landscape level should be characterized only on a
general basis. On a site-specific level—important for land management purposes to maximize foraging
value—individual cover types can be assessed based on site-specific and management conditions.
In general, hay crops, particularly alfalfa, provide the highest value as Swainson’s hawk foraging habitat
because of their low vegetation structure which creates high prey accessibility, the presence of relatively
large prey populations, and because farming operations (e.g., weekly irrigation and monthly mowing
during the growing season) enhance prey accessibility. Most grain and row crops are planted in winter
or spring and have high foraging value while the vegetation remains low, but become less suitable as
vegetative cover and density increase. During harvest, vegetation cover is eliminated while prey
populations are highest, dramatically enhancing their suitability during this period. Some crop types,
such as rice, orchards, and vineyards, provide little to no foraging habitat value because of reduced
accessibility and relatively low prey populations. Uncultivated annual grasslands also provide suitable
foraging habitat, but are considered less suitable than hay and some irrigated croplands due to lower
prey densities of voles (Microtus) and other small mammal species.

Butte Regional Conservation Plan
Final

A.6-4

June 2019
ICF 00736.10

Appendix A. Species Account
Swainson’s Hawk

A.6.4

Life History

A.6.4.1

Seasonal Patterns

Swainson’s hawks arrive at the breeding grounds from early March to early April. Breeding pairs
immediately begin constructing new nests or repairing old ones. Eggs are usually laid in mid-to-late
April, and incubation continues until mid-May when young begin to hatch. The brooding period
typically continues through early to mid-July when young begin to fledge (England et al. 1997). By midAugust, breeding territories are no longer defended and Swainson’s hawks begin to form communal
groups. These groups begin their fall migration from late August to mid-September. Unlike the rest of
the species, which migrates to southern Argentina for the winter, the Central Valley population winters
primarily in Central Mexico and, to a lesser extent, throughout portions of Central and South America
(Bradbury et al. in prep.).

A.6.4.2

Nest Site Selection

Factors that influence nest site selection include tree height and structure (for nest construction and
security), proximity to disturbances, and available foraging habitat. Tall, mature trees are most often
selected (averaging approximately 57.7 feet) and nests are usually constructed high in the nest tree
(averaging approximately 47.2 feet) to maximize visibility (Estep in prep., Estep 1989).

A.6.4.3

Reproduction

Clutch size is usually three to four eggs. Eggs are incubated primarily by the female. The male
provisions the female and the young during brooding. Studies conducted in the Sacramento Valley
indicate that one or two, and occasionally three young typically fledge from successful nests, with an
average of 1.4–1.8 young per successful nest (Estep in prep.). After fledging, young remain near the nest
and are dependent on the adults for about four weeks, after which they permanently leave the breeding
territory (Anderson et al. in prep.).

A.6.4.4

Foraging Behavior and Diet

The Swainson’s hawk forages primarily on the wing. Foraging range sizes are highly variable depending
on cover type, and fluctuate seasonally and annually with changes in vegetation structure (e.g., growth,
harvest) (Estep 1989). Foraging ranges of Central Valley Swainson’s hawks range from 830 to 21,543
acres (336 to 8,718 hectares) (Estep 1989, Babcock 1995), which is quite large compared with other
buteos. Data from Estep (1989) and England et al. (1995) indicate that it remains energetically feasible
for Swainson’s hawks to successfully reproduce when food resources are limited around the nest and
large foraging ranges are required.
Meadow vole (Microtus californicus) is the principal prey item taken by Swainson’s hawks in the Central
Valley (Estep 1989), but Pocket gopher (Thomomys bottae) is also an important prey item. Other small
rodents, including deer mouse (Peromyscus californicus) and house mouse (Mus musculus) are also
taken, along with a variety of small birds, reptiles, and insects.
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A.6.5

Threats

A.6.5.1

Urbanization and Agricultural Crop Conversion

In California, the primary causes of Swainson’s hawk population decline are believed to be the loss of
nesting habitat (Schlorff and Bloom 1984) and the loss of foraging habitat to urban development and to
conversion to unsuitable agriculture, such as orchards and vineyards (England et al. 1995, 1997).
Agricultural lands continue to be converted to urban uses at a high rate throughout the Swainson’s
hawk’s range. This results in permanent loss of habitat and fragmentation of landscapes, resulting in a
reduction of available foraging habitat for the Swainson’s hawk. Conversion from compatible to
incompatible crop patterns reduces available foraging habitat and influences the distribution of nesting
Swainson’s hawks. Large regions of the Central Valley have been converted to rice, vineyards, orchards,
cotton, and other incompatible crop types that support few nesting hawks. Continued conversion of hay,
row, and grain crop agriculture to vineyards, orchards, and other incompatible crop types reduces
available foraging habitat on a local and regional basis. The inundation of agricultural lands or seasonal
wetland habitats in the spring and summer also reduces foraging habitat availability.

A.6.5.2

Other Threats

Other threats to local and regional Swainson’s hawk populations include the following:







Loss and lack of regeneration of valley oak and other native trees;
Loss of riparian vegetation from levee projects, agricultural practices, and local development along
watercourses;
Nestling mortality;
Poisoning in wintering grounds;
Shooting; and
Disturbances related to proximity to expanding urban areas.

The loss of riparian areas and other Swainson’s hawk nesting habitat continues throughout the Central
Valley as a result of levee projects, agricultural practices, and local development along watercourses. In
addition, the loss and lack of regeneration of valley oak and other native trees is an ongoing problem in
areas that have continued to support remnant valley oaks and oak groves. The nesting habitat available
for Swainson’s hawk declines as these trees and small groves die off or are removed and are not
replaced through natural regeneration or replanting.
Swainson’s hawk nestlings are vulnerable to starvation, fratricide (i.e., larger nestlings kill smaller
nestlings in times of food stress), and predation from crows, ravens, and other raptors. The natural
population cycles of voles in central California may be a major factor in Swainson’s hawk reproductive
success. Vole population crashes may suppress Swainson’s hawk reproduction or lead to increased
starvation rates of nestlings. In addition, insecticides and rodenticides may contribute to food scarcity
by reducing prey abundance.
There is little evidence that adult Swainson’s hawks are killed by natural predators, but collisions with
moving vehicles and illegal shooting and trapping have been identified as sources of mortality (England
et al. 1997). The mass poisoning of hundreds or thousands of Swainson’s hawks wintering in Argentina
(Woodbridge et al. 1995, Goldstein et al. 1996) have led to that country’s ban of an insecticide
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(organophosphate monocrotophos) used on alfalfa and sunflower fields to control grasshopper
populations.

A.6.6

Relevant Conservation Efforts

Swainson’s hawk conservation efforts focus on the development and implementation of habitat
conservation plans/natural community conservation plans. These regional conservation approaches
can be effective at managing and sustaining Swainson’s hawk populations if sufficient suitable landscape
is preserved (Estep and Teresa 1992). Swainson’s hawk is a covered species or a proposed covered
species in several regional conservation plans in the Central Valley region of California including the
Placer County Conservation Plan, San Joaquin County Multi-species Habitat Conservation and Open
Space Plan, the East Contra Costa County Habitat Conservation Plan/Natural Community Conservation
Plan, the Natomas Basin Habitat Conservation Plan, the South Sacramento County Habitat Conservation
Plan, the Solano County Multi-species Habitat Conservation Plan, the Yolo County Natural Heritage
Program Plan, and the Bay Delta Conservation Plan.
DFG is currently finalizing a management strategy for the Swainson’s hawk that is designed to
coordinate conservation planning efforts to facilitate a comprehensive and consistent approach to
managing landscapes to sustain Swainson’s hawk populations in the Central Valley (DFG in
preparation).

A.6.7

Species Habitat Suitability Model

A.6.7.1

Nesting Habitat

Nesting habitat includes all cottonwood-willow riparian forest, valley oak riparian forest, willow scrub,
and dredger tailings with riparian located in open terrain. Open terrain is defined as areas where these
land cover types are located west of the slope break between the eastern foothills and the valley floor.
East of this slope break, these land cover types are primarily confined by steeply sloped terrain that
would not be expected to be used for nesting by Swainson’s hawks. Because this slope break does not
correspond to a consistent elevation from north to south within the Plan Area, it was visually delineated
from topographic maps.

Assumptions
In the Central Valley, Swainson’s hawks typically nest in large native trees such as cottonwood, willow,
and valley oak. These trees (and thus most nest sites) are most often found along stringers of remnant
valley and foothill riparian forest and the edges of oak woodland habitats (Estep 1984, Schlorff and
Bloom 1984, England et al. 1997). However, Swainson’s hawks also nest in a variety of other native and
nonnative trees and habitats such as roadside trees, windbreaks, oak groves, isolated trees, and trees
around rural residences. These potential nesting sites are not captured in the habitat model if their
spatial extent is smaller than the minimum HCP/NCCP land cover type mapping unit. Consequently, this
model may not encompass every possible nesting site. The extent of nesting habitat not captured by the
model is considered to be relatively small compared to the extent of nesting habitat that is captured by
the model.
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A.6.7.2

Foraging Habitat

Swainson’s hawk foraging habitat includes all irrigated cropland, irrigated pasture, grassland (all types),
vernal and altered vernal pools contained by grassland (all types), and managed wetland land cover
types within 10 miles of known nest sites and modeled nesting habitat.

Assumptions
In the Central Valley, foraging habitat consists primarily of crop lands and pasturelands. Swainson’s
hawks feed primarily on small rodents, usually in large fields that support low vegetative cover (to
provide access to the ground) and high densities of prey (Bechard 1982; Estep 1989). These habitats
include hay fields, grain crops, certain row crops, and lightly grazed pasturelands. Fields lacking
adequate prey populations (e.g., flooded rice fields) or those that are inaccessible to foraging birds (e.g.,
vineyards and orchards) are rarely used (Estep 1989, Babcock 1995, Swolsgard 2003). Although
nesting Swainson’s hawks may forage to distances greater than 10 miles from nest sites, the California
Department of Fish and Game uses a flight distance of 10 miles between active nest sites and foraging
habitat as a standard for conducting analysis of impacts on foraging habitat.

A.6.7.3

Nesting and Foraging Habitat

Swainson’s hawk nesting and foraging habitat consists of blue oak savanna. Blue oak savanna provides
Swainson’s hawks with nesting trees immediately adjacent to suitable grassland foraging habitat due to
the scattered distribution of trees and openness of the surrounding terrain.

Assumptions
In the Central Valley, while Swainson’s hawks typically nest in large native trees such as cottonwood,
willow, and valley oak that are commonly associated with riparian habitat, other trees and habitats
including, oak groves and isolated trees are also used. Trees in blue oak savanna would fall into the
latter categories. These potential nesting sites are not captured in the habitat model if their spatial
extent is smaller than the minimum HCP/NCCP land cover type mapping unit. Consequently, this model
may not encompass every possible nesting site. The extent of nesting habitat not captured by the model
is considered to be relatively small compared to the extent of nesting habitat that is captured by the
model. Suitable foraging habitat for Swainson’s hawk is characterized by low vegetative cover (to
provide access to the ground) and high densities of prey (Bechard 1982, Estep 1989). Grasslands
immediately adjacent to blue oak savanna have these characteristics.

A.6.8

Recovery Plan Goals

A recovery plan has not been prepared for the Swainson’s hawk and recovery goals have not been
established for the species.
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A.7

White-Tailed Kite
(Elanus leucurus)

A.7.1

Legal and Other Status

The white-tailed kite is designated as a state Fully Protected
species pursuant to California Department of Fish and Game Code
Section 3511. Nest sites are protected in California under Fish
and Game Code Section 3503.5.
The white-tailed kite has no federal regulatory status; however,
the species is protected under the federal Migratory Bird Treaty
Act.

A.7.2

Species Distribution and Status

A.7.2.1

Range and Status
The white-tailed kite was threatened with
extinction in North America during the early
1900s (Eisenmann 1971). Until the 1960s,
the species was declining throughout its
North American range, but it has since
recovered in some areas. Its current
distribution includes the east coast and
southeast United States, the southwest
United States from Texas to California, and
north to Washington State, and from Mexico
to South America (Dunk 1995). Relatively
stable resident populations occur in
California, parts of coastal Oregon and
Washington, southern Florida, southern
Texas, and parts of northern Mexico. Whitetailed kite is considered rare in the remaining
portions of its North American range. Range
expansion has also been noted in some
Central American areas (Eisenmann 1971).

Prior to the 1960s, California populations
were thought to be seriously declining, likely
due to habitat loss, shooting, and possible egg
collecting (Pickwell 1930, Waian and Stendell 1970). Populations and distribution increased from the
1940s to the 1970s (Fry 1966, Waian and Stendall 1970, Eisenmann 1971), due to protection from
shooting and possibly due to increasing agricultural development, which may have increased rodent
habitat and expanded the foraging range of white-tailed kite (Eisenmann 1971, Small 1994). In the
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Sacramento Valley, white-tailed kite populations have increased significantly in irrigated agricultural
areas where meadow vole (Microtus californicus) populations are found (Warner and Rudd 1975).
California is currently considered the stronghold for white-tailed kite in North America, with nearly all
areas up to the western Sierra Nevada foothills and southeast deserts occupied (Small 1994, Dunk
1995). It is a common to uncommon year-round resident in the Central Valley, other lowland valleys,
and along the entire length of the coast (Dunk 1995).
Although white-tailed kite is likely resident throughout most of its breeding range, dispersal occurs
during the non-breeding season, leading to a winter range expansion that includes most of California
(Small 1994, Dunk 1995).

A.7.2.2

Distribution and Status in the Plan Area

The California Natural Diversity Database reports few records of white-tailed kite in Butte County;
however, the species has been reported in various environmental documents, birders notes, and from a
variety of other official and unofficial sources (see Figure A.7-1, White-Tailed Kite Recorded Occurrences).
The species is known to occur along the Sacramento River, Feather River, Butte Creek, Big Chico Creek,
and at Gray Lodge Wildlife Area, and various other locales throughout most of Butte County, from the
Sierra Nevada foothills to the Sacramento River. While the area likely supports more nesting pairs than
were present prior to the 1960s, it is still considered uncommon throughout much of Butte County. The
species is expected to occur in low densities throughout much of the Plan Area.

A.7.3

Habitat Requirements and Special Considerations

White-tailed kite inhabit low elevation, open grasslands, savanna-like habitats, agricultural areas,
wetlands, and oak woodlands (Dunk 1995). They usually nest in trees with a dense canopy, but nest
trees can vary from single, isolated trees to trees within large woodlands. Factors that influence nest
site selection and nesting distribution include habitat structure (usually a dense canopy) and prey
abundance and availability (primarily the association with meadow vole), while the association with
specific vegetation types (e.g., riparian, oak woodland, etc.) seems to be less important (Erichsen 1995,
Dunk 1995).
Territory size is regulated ultimately by prey abundance, though kites may respond more directly to the
abundance of interspecific and intraspecific competitors (Dunk 1995). Reported average territory sizes
are 4 to 53 acres (1.6–21.5 hectares [ha]) (Dunk and Cooper 1994), 47 to 130 acres (19–52 ha) (Waian
1973), and 42 to 297 acres (17–120 ha) (Henry 1983). Some ranges may overlap, and foraging may be
limited to a small portion of the total area (Henry 1983). Communal roosts are used during the
nonbreeding season (Waian and Stendell 1970).
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Figure A.7-1. White-Tailed Kite Recorded Occurrences
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A.7.3.1

Nesting

White-tailed kite nests have been documented in a variety of tree species, including valley oak (Quercus
lobata), Fremont cottonwood (Populus fremontii), willow (Salix spp.), live oak (Quercus wislizenii),
boxelder (Acer negundo), ornamental trees including olive and pine trees, and occasionally in tall shrubs
(Dixon et al. 1957, Dunk 1995). Nest trees appear to be selected on the basis of structure and security,
and therefore usually have a dense canopy or are within a dense group of trees, such as riparian forest
or oak woodland. Kites occasionally use isolated trees, but this is relatively rare. Most nests in the
Sacramento Valley are found in oak/cottonwood riparian forests, valley oak woodlands, or other groups
of trees and are usually associated with compatible agricultural foraging habitat, such as pasture and
hay crops, compatible row and grain crops, or natural vegetation such as seasonal wetlands and annual
grasslands (Erichsen 1995).
White-tailed kites often nest in close association with other nesting kites and with other raptors,
including Swainson’s hawk (Buteo swainsoni), red-tailed hawk (Buteo jamaicensis), and red-shouldered
hawk (Buteo lineatus), particularly in riparian habitats of the Sacramento Valley.

A.7.3.2

Foraging

While a variety of foraging habitat types are used, those that support larger and more accessible prey
populations are most suitable. The presence of meadow voles is strongly correlated with the presence
and abundance of white-tailed kites (Stendell 1972). As a result, population cycles of meadow voles can
also influence nesting and wintering abundance of kites. Preferred cover types include alfalfa and other
hay crops, irrigated pastures, and some cultivated habitats, particularly sugar beets and tomatoes, both
of which can support relatively large populations of voles (Estep 1989) and which have been highly
correlated with kite nest site densities (Erichsen 1995). Dry pastures, annual grasslands, rice stubble
fields, and occasionally orchards, are also used by kites as foraging habitat (Erichsen 1995).
Winter foraging habitat is similar to breeding season foraging habitat, particularly the association with
agricultural habitats and vole populations. However, there is less association with riparian forests and
woodlands.

A.7.4

Life History

A.7.4.1

Seasonal Patterns

Although considered a resident throughout most of its breeding range, white-tailed kite dispersal occurs
during the nonbreeding season and results in some range expansion during winter. Stendell (1972)
believed the white-tailed kite to be resident, yet becomes nomadic during periods of low prey
abundance. While population changes and local and regional movements seem to be somewhat
predictable based on vole and other rodent cycles, in northern California it is unknown whether this
constitutes a migration movement or nomadic response to changes in the prey populations (Dunk and
Cooper 1994).

A.7.4.2

Reproduction

The breeding season occurs from about January to October with peak activity occurring from May
through August (Dunk 1995). Nests are loosely piled sticks and twigs that are lined with grass, straw, or
rootlets. The nest is placed near the top of a dense oak, willow, or other tree; usually 20 to 65 feet (6 to
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20 meters [m]) above ground in trees that vary from 10 to 164 feet (3 to 50 m) in height (Dixon et al.
1957). Females lay a clutch of four eggs, with a range of three to six eggs. The female is the only parent
that incubates and also performs most of the brooding, while the male provisions the female and
nestlings. Eggs are incubated for about 28 days. Young fledge in 35 to 40 days following hatching, with
the peak fledging period occurring from May to June (Erichsen 1995).

A.7.4.3

Foraging Behavior and Diet

White-tailed kites typically hunt from a central perch over areas as large as 1.1 square miles (3 square
kilometers [km]) (Warner and Rudd 1975), but foraging usually occurs within 0.3 square miles (0.8 km)
from the nest during the breeding season (Hawbecker 1942). While kites are not particularly territorial,
the nest site and the immediate surrounding area are defended against crows and other raptors
(Pickwell 1930, Dixon et al. 1957), and small defended wintering territories of about 0.04 square miles
(0.10 km) have been documented (Bammann 1975).
Voles are the main prey of white-tailed kite, but they also other small, diurnal mammals, and
occasionally birds, insects, reptiles, and amphibians. Small mammal prey comprises 95 percent of the
kite diet (Dunk 1995). Kites forage in undisturbed, open grasslands, meadows, farmlands and emergent
wetlands, ungrazed grasslands, fence rows and irrigation ditches adjacent to grazed lands (Dunk 1995).
It soars, glides, and hovers less than 100 feet (30 m) above the ground while searching for prey and
hunts almost exclusively by hovering from16 to 82 feet (5 to 25 m) in the air, with hovering bouts
lasting up to 60 seconds. During this time, kites scan the ground searching for prey and watching for
potential competitors or predators. Hovering ends in a dive to the ground for prey, flight to another
location, soaring, interacting with another bird, or flight to the perch (Warner and Rudd 1975).

A.7.5

Threats

A.7.5.1

Urbanization/Fragmentation

Urbanization, including residential and commercial development and infrastructure development
(roads and oil, water, gas, and electrical conveyance facilities), is one of the principal causes of
continuing white-tailed kite habitat loss and is a continuing threat to remaining populations, particularly
in rapidly urbanizing areas in the Sacramento Valley. Urbanization permanently removes habitat and
results in the permanent abandonment of nesting territories. Proximity to urban areas also influences
kite occurrence. While there are a few examples of kites nesting and roosting in urban areas, in general,
the species is intolerant of noise and human activities and will abandon nesting areas that are subject to
high levels of human disturbances. Kites are also sensitive to habitat fragmentation. Low density
urbanization or isolation of habitats, even if relatively large patches remain undisturbed, also leads to
territory abandonment.

A.7.5.2

Agricultural Crop Conversion

White-tailed kite populations are closely associated with rodent abundance and accessibility, which can
be influenced by crop patterns. Kite populations have recovered to some extent in California due in part
to the expansion of compatible agricultural types. Conversion to crop patterns that do not support
sufficient rodent prey or that restrict accessibility to prey can result in the abandonment of traditionally
active territories.
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A.7.6

Relevant Conservation Efforts

Few conservation efforts have been undertaken to conserve white-tailed kite populations, and the lack
of state or federal listing limits the extent of regulatory influence. However, conservation of white-tailed
kite would be aided by filling current data gaps regarding population status and trends, migration,
dispersal from nesting sites, and other aspects of annual movements
Protection of white-tailed kite usually occurs at the local project level pursuant to the California
Environmental Quality Act (CEQA). While project level mitigation may address protection of active sites
and avoidance of take of this fully protected species, they do not address conservation or protection at a
regional level.
Regional conservation efforts have focused on the development and implementation of habitat
conservation plans/natural community conservation plans. Such regional conservation approaches can
be an effective tool to manage and sustain white-tailed kite populations if they protect sufficient suitable
and occupied habitat. These approved and proposed plans include the San Joaquin County Multi-species
Habitat Conservation and Open Space Plan, the South Sacramento County Habitat Conservation Plan, the
Yolo County Natural Heritage Program Plan, and the Bay Delta Conservation Plan.

A.7.7

Species Habitat Suitability Model

A.7.7.1

Nesting Habitat

Nesting habitat for the white-tailed kite includes the following:






Cottonwood-willow riparian forest, valley oak riparian forest, and dredger tailings with riparian;
Undeveloped/undisturbed land cover types that fall within the Cherokee Canal (the area between
the two levees);
Blue oak woodland, mixed oak woodland, and interior live oak woodland land cover types in the
Plan Area within 100 feet of adjacent patches of grassland, grassland with vernal swale complex,
irrigated cropland, rice, and irrigated pasture land cover types that are at least 27 acres; and
Blue oak savanna with a minimum patch size of 27 acres or patches that are adjacent to grassland,
grassland with vernal swale complex, irrigated cropland, irrigated pasture, rice, and managed
wetlands that are at least 27 acres.

Assumptions
White-tailed kites nest in a variety of woodland habitat types. Primary nesting habitat on the valley
floor includes all riparian forest and scrub habitats regardless of width or density. On the valley floor,
kites also nest in isolated trees along irrigation canals, wind breaks and other tree rows, roadside trees,
and in trees around rural residences (Erichsen 1995). With the exception of habitat along the Cherokee
Canal, these potential nesting sites are not captured in the habitat model if their spatial extent is smaller
than the minimum HCP/NCCP land cover type mapping unit. Consequently, this model may not
encompass every possible nesting site. The extent of nesting habitat that is not captured by the model is
considered to be relatively small compared to the extent of nesting habitat that is captured by the model.
Kites also nest at higher foothill elevations and can be found throughout the eastern portion of the Plan
Area where available foraging habitat exists. Kites will nest in a variety of woodland habitats at higher
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elevations, but are restricted to areas that support sufficient open grassland or pastureland foraging
habitat. In these areas, kites nest along the edges of woodlands (assumed to be within 100 feet) at the
woodland-grassland interface and avoid the interior. A minimum patch size to represent suitable
foraging habitat associated with higher elevation woodland nesting habitat is not available. As a
surrogate for establishing this threshold, the average kite territory size of 27 acres in northern
California is used (Dunk 1995).

A.7.7.2

Year-Round Foraging Habitat

White-tailed kite foraging habitat includes grassland, grassland with vernal swale complex, vernal pool,
altered vernal pool, managed wetland, irrigated cropland, irrigated pasture, and rice land cover types.

Assumptions
During the nonbreeding season, kites are not confined to the limits of breeding territories and can be
found throughout the Plan Area where they will forage in the land cover types listed above.

A.7.7.3

Breeding Season Foraging Habitat

White-tailed kite breeding season foraging habitat includes grassland, grassland with vernal swale
complex, vernal pool, altered vernal pool, managed wetland, irrigated cropland, irrigated pasture, and
rice land cover types located within one-half mile of nesting habitat.

Assumptions
During the breeding season, kites forage on the same land cover types as they do year-round, but
generally restrict their foraging territories to an approximately 1 square mile area around the nest
(Warner and Rudd 1975). To date, very few white-tailed kite nest sites have been reported for Butte
County and no nest site occurrences are shown on the map.

A.7.8

Recovery Plan Goals

Currently there is no recovery plan for the white-tailed kite.
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A.8

Giant Garter Snake
(Thamnophis gigas)

A.8.1

Legal and Other Status

The giant garter snake is listed as threatened under the ESA (58
FR 54053) and California ESA (DFG 2011). Critical habitat has
not been designated for this species.

A.8.2

Species Distribution and Status

A.8.2.1

Range and Status
The giant garter snake is endemic to
wetlands in the Sacramento and San Joaquin
valleys and was historically distributed
throughout the San Joaquin Valley from the
vicinity of Sacramento and Antioch
southward to Buena Vista and the Tulare
Lake Basin (DFG 2000). Currently, this
species’ distribution extends from near Chico,
Butte County, to the vicinity of Burrel, Fresno
County. Due to the direct loss of natural
habitat, the giant garter snake relies heavily
on rice fields in the Sacramento Valley but
also uses managed marsh areas in federal and
state wildlife refuges. Only a few recent
sightings of giant garter snakes have been
reported in the San Joaquin Valley.

A.8.2.2 Distribution and Status
in the Plan Area
In 1996, surveys were conducted in the rice
fields of Butte Basin near Butte Sink (Butte
County) and no giant garter snakes were
found (USFWS 2006a). Three occurrences of the species were recently discovered in the vicinity of the
City of Chico (USFWS 2006a). The giant garter snake has been found in numerous locations in the
western portion of Butte County area near the Sacramento River, south of Chico and west of Biggs and
Gridley, in the 1990s (CNDDB 2011) (see Figure A.8-1, Giant Garter Snake Recorded Occurrences).
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Figure A.8-1. Giant Garter Snake Recorded Occurrences

Butte Regional Conservation Plan
Final

A.8-2

June 2019
ICF 00736.10

Appendix A. Species Account
Giant Garter Snake

In addition to CNDDB data, USGS research projects have documented the species based on captures and
recaptures along 44 transects along linear canals within rice fields and in managed wetlands in Butte
and Glenn County from 2008 through 2010 (Wylie et al. 2011).

A.8.3

Habitat Requirements and Special Considerations

Giant garter snakes are strongly associated with aquatic habitats such as marshes, ponds, sloughs, small
lakes, low gradient streams, and other waterways, and in agricultural wetlands, including irrigation and
drainage canals, rice fields, and the adjacent uplands (USFWS 1993). Typically, giant garter snakes
overwinter in burrows and crevices near their active season foraging habitat (Hansen 2004).
Individuals have been noted using burrows as far as 164 feet (50 meters) from marsh edges during the
active season, and retreating as far as 820 feet (250 meters) from the edge of wetland habitats while
overwintering, presumably to reach hibernacula above the annual high watermark (Hansen 1986, Wylie
et al. 1997, USFWS 1999).
Habitat requirements include (1) adequate water during the snake's active season (early spring through
mid-fall) to provide food and cover; (2) emergent, herbaceous wetland vegetation, such as cattails and
bulrushes, for escape cover and foraging habitat during the active season; (3) basking habitat of grassy
banks and openings in waterside vegetation; and (4) higher elevation uplands for cover and refuge from
flood waters during the snake’s dormant season in the winter (USFWS 2006b). The giant garter snake
resides in small mammal burrows and soil crevices located above prevailing flood elevations throughout
its winter dormancy period (USFWS 2006b). Adequate burrows are typically located in sunny
exposures along south and west facing slopes.
Due to lack of habitat and emergent vegetation cover, giant garter snakes generally are not present in
larger rivers and wetlands with sand, gravel, or rock substrates. In addition, the major rivers have been
highly channelized, removing oxbows and backwater areas that probably at one time provided suitable
habitat. Riparian woodlands can provide suitable habitat, but it is not likely because most have
excessive shade, lack of basking sites, and absence of prey populations (USFWS 2006b). In some ricegrowing areas, giant garter snakes have adapted well to vegetated, artificial waterways and associated
rice fields (Hansen and Brode 1993).
Changing agricultural regimes, development, and other shifts in land use create an ever-changing mosaic
of available habitat. Giant garter snakes move around in response to these changes in order to find
suitable sources of food, cover, and prey. Connectivity between regions is therefore extremely
important for providing access to available habitat and for genetic interchange. In an agricultural
setting, giant garter snakes rely largely upon the interconnected network of canals and ditches that
provide irrigation and drainage to provide this connectivity.

A.8.4

Life History

Cool winter months are spent in dormancy or periods of reduced activity, and giant garter snakes
typically emerge from late March to early April. With breeding taking place from March through early
May, females give birth to live young from late July through early September. Activity peaks during
spring emergence and declines significantly after courtship behavior declines towards the end of June,
after which a second peak of activity is observed after females give birth to their young (Hansen and
Brode 1993, Wylie et al. 1997, USFWS 1999, Hansen 2004). Giant garter snakes remain active through
October, foraging and occasionally courting, until the onset of cooler fall temperatures.
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Brood size is variable, ranging from 10 to 46 young, with a mean of 23. Young immediately scatter into
dense cover and absorb their yolk sacs, after which they begin feeding on their own. Although growth
rates are variable, young typically more than double in size within the first year. Sexual maturity
averages three years for males and five years for females. Daily activity consists of emerging from
burrows after sunrise, basking to warm bodies to active temperatures, and foraging or courting for the
remainder of the day (Hansen and Brode 1993). Radiotelemetry studies show that the giant garter
snake home range varies by location. Median home range estimates vary between 23 acres in a seminative perennial marsh system and 131 acres in a managed refuge (USFWS 1999).
Giant garter snakes feed on small fishes, tadpoles, and small frogs (USFWS 1999), specializing in
ambushing prey underwater (Brode 1988). Historically, giant garter snakes preyed on native species
such as the thick-tailed chub (Gila crassicauda) and California red-legged frog (Rana aurora draytonii)
(which have been extirpated from the giant garter snake’s current range), as well as the pacific treefrog
(Pseudacris regilla) and Sacramento blackfish (Orthodox microlepidus) (Cunningham 1959, Rossman et
al. 1996, USFWS 1999). Giant garter snakes now utilize introduced species, such as small bullfrogs
(Rana catesbeiana) and their larvae, carp (Cyprinus carpio), and mosquitofish (Gambusia affinis). While
juveniles probably consume insects and other small invertebrates, giant garter snakes are not known to
consume larger terrestrial prey such as small mammals or birds.

A.8.4.1

Plan Area Population

Population Density – Existing Information
Abundances and densities of giant garter snakes vary with context of habitat; they are lowest in
managed seasonal marshes (dry in summer, flooded in winter for waterfowl habitat), greatest in natural
marshes, and intermediate in rice fields (Wylie et al. 2011). In general, giant garter snakes select areas
with a dense network of canals, often in close proximity to rice agriculture, with a relatively low density
of streams and closer to open water and wetlands, compared to available environments in the
Sacramento Valley (Halstead et al. 2010).
Most density estimates for giant garter snakes have been derived from linear trapping transects along
canals, linear wetlands, or ecotones between deep water and upland habitat. Standard survey
methodology for giant garter snake entails transects consisting of 50 floating aquatic funnel traps
(Casazza et al. 2000) located along the open water/terrestrial or open water/emergent vegetation
interface in areas of standing or slow-moving water and, where possible, emergent aquatic vegetation.
Traps are spaced approximately 10 meters (33 feet) apart, resulting in traplines of approximately 500
meters (1,640 feet).
Hansen and Brode (1993) estimated a local population size of 1,000 snakes per square mile (1.56 snakes
per acre) of rice lands based on year-to-year mark recapture rates (USFWS 1999). Giant Garter snake
population densities (snakes per lineal mile of rice irrigation canal) in Yolo county ranged from 13 (95%
confidence interval [C.I.] = 11 to 32) to 92 (95% C.I. = 72 to 135) in the Yolo Wildlife Area; 8 (95% C.I. =
8 to 8 ) to 27 (95% C.I. = 19 to 63) in the adjacent ricelands; and from 42 (95% C.I. = 18 to 193) to 108
(95% C.I. = 35to 518) within the Davis Wetlands Complex (Hansen in. litt. 2006, 2007, 2008). For the
Colusa Drain and adjacent rice habitat, a mean density of 22.6 snakes per lineal mile of survey was
determined for three consecutive years (Wylie and Amarello 2008). USGS (Wylie and Casazza 2000a,
2000b, Wylie et al. 2004) reported linear densities in selected trapping areas ranging from 13 (95% C.I.
= 10–19) to 88 (95% C.I. not reported) giant garter snakes per linear mile from 1999 to 2003 in the
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Natomas Basin. Mean landscape-level densities of giant garter snakes reported from the Natomas Basin
(all habitats combined) range from 5.1 to 22.7 giant garter snakes per linear mile (Table A.8-1, Giant
Garter Snake Densities (individuals captured per mile surveyed) Reported in Rice and Other Wetland
Habitats from Various Sites in the Sacramento Valley, 1999-2010) and have fluctuated considerably
among the years.

Table A.8-1. Giant Garter Snake Densities (individuals captured per mile surveyed) Reported in Rice
and Other Wetland Habitats from Various Sites in the Sacramento Valley, 1999-2010
Individuals
Captured

Miles

Individuals/
Mile

Natural
wetlands
Managed
wetlands
Restored
wetlands
Rice

103

0.5

221.0

Wylie et al. 2010

22

1.1

20.2

Wylie et al. 2010

NA

NA

48–194

Wylie et al. 2002

67

1.8

37.8

Wylie et al. 2010

Rice
Rice
Rice
Rice
Rice
All

40
24
30
141
28
NA

2.4
2.4
2.4
4.1
3.5
NA

16.8
10.0
12.4
34.1
7.5
22.7

All
All

155
112

19. 3
22.1

8.0
5.1

Wylie and Amarello 2008
Wylie and Amarello 2008
Wylie and Amarello 2008
Wylie et al. 2010
Wylie et al. 2011
Jones & Stokes 2005a and
b
ICF 2010
ICF 2011

Location

Habitat

Badger Creek (southern
Sacramento County)
Colusa NWR
Colusa NWR
Gilsizer Slough (Sutter
County)
Colusa Drain (2003)
Colusa Drain (2004)
Colusa Drain (2006)
Natomas Basin
Butte and Glenn Counties
Natomas Basin Average
(1999-2004)
Natomas Basin 2009
Natomas Basin 2010

Reference

NA = not applicable.

In general, higher densities of snakes were recorded in linear drainage and irrigation features associated
with rice, compared with managed or seasonal marsh habitats (ICF 2011). The availability of managed
marsh habitat has been deemed important for giant garter snakes when they emerge from winter
dormancy and begin feeding, dispersing, and mating – at which times rice fields and other aquatic
habitats are not available (ICF 2011). Core home range size of radio-tagged female garter snakes
(Valcarel 2011) were smaller in rice habitats and overlapped considerably more, compared to those in
restored wetlands in Gilsizer Slough (Sutter County).

Habitat Types and Population Densities in the BRCP Area
Aquatic habitat availability is the primary determinant of giant garter snake abundance. Therefore,
aquatic habitats are considered an obligate habitat prerequisite for the species. Aquatic habitat types
and their corresponding landscape level population densities of giant garter snakes1 are described
below and are categorized as follows:
Population estimates presented here are based for evaluations of the impacts and conservation effects only. These
estimates are based on the currently available, best scientific information, from the published literature. However, they
are intended for “order-of-magnitude comparisons only.”
1
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Rice: Within the giant garter snake focal areas of the BRCP Plan Area (i.e., predominantly in the western
portion of Butte County area near the Sacramento River, south of Chico and west of Biggs and Gridley),
rice land habitat is an important element of the species’ life history. Wylie et al. (2011) provide the
currently best available landscape level estimates of giant garter snake density in the rice-dominated
agricultural areas of Butte County, based on captures and recaptures at 44 transects along linear canals
within rice fields and in managed wetlands in Butte and Glenn County from 2008 through 2010. They
developed a habitat suitability model (Halstead et al. 2010), which predicted that relatively little
suitable habitat exists east of California highway 99 or north of California Highway 32. Extensive
sampling in the southwestern portion of Butte County (i.e., Butte Sink area) did not yield any captures,
because of the flood-proneness of the area. To estimate average giant garter snakes across the
landscape and to make the results of Wylie et al. (2011) more applicable to the rice in the Plan Area, the
total density of snakes per lineal mile of canal habitat from all transects, including those that did not
result in snake captures was x̅ = 7.48, (standard deviation [sd] = 8.10, range = 0 to 19.65; Wylie et al.
2011). These estimates are lower than those of other recent studies in adjacent areas (Table A.8-1), but
probably are realistic estimates for a large landscape area, since Wylie’s et al. (2011) study included
transects that did not yield captures. Wylie et al. (2011) established a lower confidence interval
boundary of 0.2 snakes per ha (= 0.49 per acre) at the study site with the lowest overall density of
snakes (excluding sites that had no snake captures), which translates into a low estimate of 6.34
snakes/mile for occupied sites. This estimate is also well within the range of data for giant garter snakes
in Sacramento Valley (Table A.8-1). An upper estimate of snake density was derived as the mean plus
one standard deviation from Wylie et al. (2011). Thus, a high estimate of the area-wide density of
snakes was calculated as (xˉ + sd) = 15.58 snakes/mile. The distribution of giant garter snakes in the
Plan Area is probably clumped and likely disjunct (Glenn Wylie, pers. comm.), with large areas of
unoccupied habitat interspersed by patches of higher population densities. Such distributions have
been related to historical (Paquin et al. 2006) and spatial dynamics of habitat manipulations and
conveyance management (Hansen and Brode 1993). In addition, the presence and abundance of prey
and non-native and native predators (e.g., bull frogs, predatory fish, egrets, and herons) may also affect
the metapopulation structure of giant garter snakes in the Plan Area.
The total length of conveyances (in miles) that are potential habitat for giant garter snakes multiplied
with the conservative mean estimate of 7.48 snakes per lineal mile of canals, yields an estimate of giant
garter snakes for the entire 120,225 acres of rice habitat of the BRCP Area, containing a total of 578
miles of canals, is 4,323 (mean) to 9,002 (high) giant garter snakes (or 0.039 to 0.075 snakes per acre on
a landscape level).
Irrigated croplands: Although the habitat model for giant garter snake included also irrigated croplands,
for the purpose of estimating snake population size this habitat type was assumed not to provide yearround stable habitat and thus was not included for the calculation of a population estimate.
Emergent wetlands: The BPRCP Area contains 3,787 acres of modeled emergent wetlands. Natural
emergent wetlands are thought to represent the original habitat type in which the giant garter snake
evolved and to which it is adapted. Some of the highest density of giant garter snakes have been
reported for natural wetlands (Wylie et al. 2010), reaching up to 221 individuals per mile (2.76 snakes
per acre). However, the BRCP modeled emergent wetland habitat category contains an unknown
proportion of high-functioning natural wetlands and emergent wetlands that are degraded (e.g., by
invasive predators) and not suitable to support giant garter snakes. No landscape level estimates of
giant garter snakes in natural emergent wetlands exist. For the purpose of density analyses, it was
assumed that only 10 percent of these wetlands consistently provide habitat functions to sustain
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resident garter snakes in densities comparable to natural wetlands. Thus, the density of giant garter
snakes on a landscape-level was estimated to .276 snakes per acre. The sensitivity of the overall impact
and conservation outcome estimates to this density estimate is considered low as only very few acres of
natural wetlands will be affected by covered activities.
Summer Flooded/Perennial Wetlands: A total of 29,480 acres of managed wetland, managed seasonal
wetland, and major canal land cover types supporting wetlands are present within the Plan area, the
majority of which are managed and managed seasonal wetlands (27,583 acres). Only a fraction of
managed wetlands and managed seasonal wetlands, however, are managed in a way conducive to snake
hibernation habitat and summer foraging habitat, thus providing year-round habitat. Wetlands that are
flooded during summer or are perennial provide the highest quality habitat for giant garter snake. Since
existing summer-flooded, perennial or natural wetlands could not be distinguished from the fresh
emergent wetland data layer in the BRCP GIS database, it was necessary to estimate the proportion of
summer flooded wetlands that potentially provide garter snake habitat functions. Based on a similar
evaluation for Yolo County and using visual estimates from summer aerial imagery (September 2011),
approximately 20% of all mapped managed wetlands are summer flooded and may provide sufficient
warm-water habitat for the species. Assuming that at least 20 percent of managed wetlands in the Plan
Area are suitable, the estimated actual acreage of managed wetlands that provide suitable year-round
habitat for garter snakes at 20% or 5,896 acres. Only one local density estimate (i.e., 20.2 snakes/mile of
transect) exists for giant garter snakes in managed wetlands from a study on the Colusa NWR, which
was translated into a density of 0.25 individuals/acre (based on a 100 m buffer on each side of the
transect as described by Wylie et. al 2011). Much of Colusa NWR was formerly agricultural fields but has
largely been restored to wetlands managed for multiple species, vernal pools, and wintering waterfowl
habitat.
Seasonal/Managed Wetlands – winter-flooded: These seasonal wetlands comprise approximately 80% of
the mapped aquatic habitat for the giant garter snake; the habitat is usually flooded in winter and thus
potentially put snakes at risk of drowning in their hibernacula. Consequently, snake densities were
assumed to be zero for winter flooded habitats
Restored Wetlands: Wetlands restored specifically for giant garter snake habitat provide an opportunity
to produce high densities of snakes. Ideally, these habitats function as natural perennial wetlands and
provide year-round habitat function for the species. Studies of restored wetlands specifically as habitat
for giant garter snake are only just beginning. Local density estimates for giant garter snakes in restored
wetlands in the Colusa Wildlife Refuge range from 48 to 194 snakes per mile depending on the trapping
location on the Refuge, similar to values in a previous year (87-169/mile, Wylie et al. 2002). Framed by
a minimum density estimate of 0.063 snakes/acre (or 5.8 snakes/mile; ICF 2010, 2011) and a
conservative maximum density value of 0.46 snakes/acre (37.6 snakes/mile; Wylie et al. 2010), an
average landscape-level density estimates from all studies (except natural wetlands, Wylie et al. 2010)
results in a mean of 0.21 snakes/acre of restored wetland (sd=0.137), with a low to high estimate (𝑥̅ ±
sd) of 0.073 to 0.348 snakes/acre.
Connected waterways: This habitat type does not provide “stand-alone” support for giant garter snakes,
but is a vital element in seasonal wetlands and rice agriculture. Most covered activities do not
completely eliminate connected waterways, but re-route or modify them, while still maintaining their
conveyance functions. Thus, no density estimate was assigned to the acreage of connected waterways
that would be lost/removed under the BRCP.
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A.8.4.2

Plan Area Population Estimate

No systematic density evaluation or survey of giant garter snakes in the BRCP Plan Area has been
conducted to date. Thus, an estimate of a total population size of giant garter snakes cannot be derived
based on systematic demographic studies. Instead, landscape-level densities observed in multiple
studies to estimate population sizes, based on the acreage or spatial extent of the respective habitat type
were applied. Population estimation was separated by habitat type, based on the different observed
densities of giant garter snakes in rice and seasonal/managed wetlands. The acreage of giant garter
snake aquatic habitat types and resulting population estimates are presented in Table A.8-2.

Table A.8-2. Acreage of Giant Garter Snake Aquatic Habitat and Corresponding Estimates of Giant
Garter Snakes

Aquatic Habitat Type
Rice
Managed/seasonal wetland summer flooded and major
canal land cover types 1
Emergent wetland
Total

Acres
120,225
5,896

Average
Snake
Density/Acre
0.036
0.25

Estimated
Number of
Snakes
4,328
1,474

3,787
153,492

0.276
0.045

1,045
6,847

1 Estimated

to be 20 percent of managed wetland, managed seasonal wetland, and major canal land cover types within
modeled giant garter snake habitat areas.

A.8.5

Threats

Habitat loss and fragmentation, flood control activities, changes in agricultural and land management
practices, predation from introduced species, parasites, and water pollution are the main causes for the
decline of giant garter snake. Continued loss of wetland or other suitable habitat resulting from
agricultural and urban development is the greatest threat to giant garter snake. Conversion of Central
Valley wetlands for agriculture and urban uses has destroyed approximately 95 percent of historical
giant garter snake habitat (Wylie et al. 1997). Where this species has adapted to agriculture,
maintenance activities such as vegetation and rodent control, bankside grading or dredging, and
discharge of pollutants, threaten their survival (Hansen and Brode 1993, USFWS 1999, Wylie et al.
2004). In developed areas, the threat of road mortality is increased. Paved roads may pose a greater
threat due to increased traffic and traveling speeds. Approximately 31 giant garter snake traffic
mortalities were reported during a four-year period in the Natomas Basin (Hansen and Brode 1993).
Giant garter snakes are also threatened by the introduction of exotic species. Gut content studies
confirm that introduced bullfrogs (Rana catesbeiana) prey on juvenile giant garter snakes throughout
their range (Treanor 1983, Dickert 2003, Wylie et al. 2003). While the extent of this predation is not
well understood, preliminary data from a study conducted at Colusa National Wildlife Refuge suggests
that 22 percent of newborn giant garter snakes succumb to bullfrog predation (Wylie et al. 2003).

A.8.6

Relevant Conservation Efforts

Conservation efforts for the giant garter snake include restoration activities on wildlife refuges and
mitigation banking. Due to continued loss of habitat, this species has become increasingly dependent on
10 refuges and wildlife management areas in the Central Valley (Czech 2006). The absence of giant
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garter snake in apparently suitable habitat in the refuge system suggests that factors such as winter
flooding and predation (especially by nonnative species such as bullfrogs) may be limiting in some
areas. Giant garter snake prefers summer flooding and winter drying, but Central Valley refuge system
properties are likely managed intensively for wintering waterfowl with a reversed water regime,
resulting in habitat features that are problematic for giant garter snake conservation. These opposing
requirements suggest that separate conservation areas for the snake are necessary.
Efforts to restore the ecological integrity of the land at Colusa National Wildlife Refuge have proven
beneficial to giant garter snake, and some mitigation banks designed specifically for giant garter snake,
including the 565-acre (229-hectare) Gilsizer Slough South Giant Garter Snake Conservation Bank in
Sutter County, are also beneficial for giant garter snake. Giant garter snake is a covered species or a
proposed covered species in several regional conservation plans in the Central Valley region of
California, including the Placer County Conservation Plan, the Natomas Basin Habitat Conservation Plan,
the San Joaquin County Multi-Species Habitat Conservation and Open Space Plan, and the East Contra
Costa County Habitat Conservation Plan/Natural Community Conservation Plan, the Solano County
Multispecies Habitat Conservation Plan, the South Sacramento County Habitat Conservation Plan, the
Yolo Natural Heritage Program Plan, and the Bay Delta Conservation Plan.

A.8.7

Habitat Suitability Model

A.8.7.1

Breeding and Movement Habitat

Breeding and movement habitat for the giant garter snake includes the following land cover types and
conditions that are present below 200 feet mean sea level:







Rice;
Managed wetland;
Emergent wetland;
Willow scrub;
Irrigated cropland adjoining rice, managed wetland, emergent wetland, and willow scrub; and
Canals, sloughs, and permanent or intermittent low-gradient streams (except the Sacramento River,
Feather River, and Big Chico Creek) that are within 8 kilometers (km) of patches of rice, managed
wetland, emergent wetland, and willow scrub. Portions of streams internal to patches of rice,
managed wetland, emergent wetland, and willow scrub have not been included within the aquatic
model because this linear extent is accounted for within the land cover type that encompasses the
stream feature.

Additionally, patches of habitat identified based on the above model that were less than 50 acres and
greater than 1 mile from larger patches of habitat were not considered to function as habitat because
they are isolated and not likely to support giant garter snakes.

A.8.7.2

Assumptions

Giant garter snakes inhabit marshes, ponds, sloughs, small lakes, low gradient streams, and other
waterways, and agricultural wetlands, including irrigation and drainage canals, rice fields, and the
adjacent uplands (USFWS 2006b). In the Sacramento Valley, their habitat requirements include (1)
adequate water during the snake’s active season (early spring through mid-fall) to provide food and
cover; (2) emergent herbaceous wetland vegetation for escape cover and foraging habitat during the
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active season; (3) basking habitat of grassy banks and openings in waterside vegetation; and (4) higher
elevation uplands for cover and refuge from flood waters during the snake’s dormant season in the
winter (USFWS 2006b). Due to lack of habitat and emergent vegetative cover, giant garter snakes
generally are not present in larger rivers with sand, rock, and gravel substrates (e.g., the Sacramento
River, Feather River, and Big Chico Creek). Riparian woodlands are unlikely to provide suitable habitat
due to excessive shade, lack of basking sites, and absence of prey populations (USFWS 2006b). Irrigated
cropland adjoining rice, managed wetland, emergent wetland, and willow scrub is included as habitat
because canals associated with irrigated cropland in close proximity to these other habitat types may
also be used by giant garter snakes.
The giant garter snake has been observed to relocate to new resource patches during the breeding
season and when threatened (Wylie pers. comm., Hansen pers. comm.). Under extreme situations the
snake has been known to migrate up 8 km along low gradient stream corridors (Wylie pers. comm.,
Hansen pers. comm.). To address this potential movement, low gradient waterways that are
hydrologically connected to identified breeding and movement habitat (excluding the Sacramento River,
Feather River, and Big Chico Creek) have been included as movement habitat. All streams within 8 km
of identified breeding and movement habitat, and with a gradient of less than 2 percent were classified
as movement habitat. Portions of streams internal to breeding and movement habitat have not been
included within the model because this linear extent is accounted for within the landcover type that
encompasses the stream feature.

A.8.8

Recovery Plan Goals

In 1999 the Draft Recovery Plan for the Giant Garter Snake was prepared by the U.S. Fish and Wildlife
Service. The overall objective of this recovery plan is to delist the giant garter snake. The goals are (1)
stabilizing and protecting existing populations, and (2) conducting research necessary to further refine
recovery criteria. Recovery criteria in this plan are in the preliminary stages because at the time there
was not enough data of the giant garter snake population dynamics upon which to base decisions.
The recovery plan divided the Central Valley into four recovery units to aid in the recovery process.
These units are (1) the Sacramento Valley Unit, extending from the vicinity of Red Bluff south to the
confluence of the Sacramento and Feather Rivers; (2) the Mid-Valley Unit, extending from the American
and Yolo Basins south to Duck Slough near the City of Stockton; (3) the San Joaquin Valley Unit,
extending south of Duck Slough to the Kings River; and (4) the South Valley Unit, extending south of the
Kings River to the Kern River Basin.
Butte County populations of giant garter snake are included in the Sacramento Valley Unit. Recovery
criteria for this unit are as follows:
1. Monitoring shows that in 17 out of 20 years, 90 percent of the subpopulations in the recovery unit
contain both adults and young.
2. The three existing populations within the recovery unit are protected from threats that limit
populations.
3. Supporting habitat within the recovery unit is adaptively managed and monitored.
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Eric Hansen, Consulting Environmental Biologist. December 5, 2007 – phone conversation with Letty
Brown (SAIC).
Glenn Wylie, Research Wildlife Biologist. USGS, Western Ecological Science Center. November 30, 2007 –
phone conversation with Letty Brown (SAIC).
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A.9 Western Pond Turtle
(Actinemys marmorata)
A.9.1

Legal and Other Status

The western pond turtle previously included two subspecies, the
northwestern pond turtle (Clemmys marmorata marmorata) and
the southwestern pond turtle (C. m. pallida). Both were petitioned
for federal listing as endangered or threatened on January 29, 1992.
In 1993, the U.S. Fish and Wildlife Service (USFWS) determined that
there was insufficient information to propose listing. Recent
phylogenetic research combines the two subspecies into a single
species (A. marmorata) (Bury and Germano 2008, Spinks and Shaffer 2005). The western pond turtle is
a California Species of Special Concern.

A.9.2

Species Distribution and Status

A.9.2.1

Range and Status

Historically, the western pond turtle was relatively continuous in most Pacific slope drainages from
Washington along the Columbia River to northern Baja California, Mexico (Jennings and Hayes 1994). In
California, this species historically occurred in most Pacific slope drainages between the Oregon and
Mexican borders and in only two drainages on
the desert slope: the Mojave River (San
Bernardino County) and Andreas Canyon
(Riverside County) (Jennings and Hayes 1994).
The northwestern pond turtle is the
subspecies present in the Plan Area.
Populations throughout the western pond
turtle range have shown declines. Bury and
Germano (2008) report declines in the
northernmost and southernmost portions of
western pond turtle range, but not in the core
of the range from central California to
southern Oregon. Hays et al. (1999) also
report stable populations in southern Oregon
while northern Oregon populations have
suffered severe declines. Most populations in
the state of Washington have been extirpated;
however, some progress has occurred through
implementation of the Western Pond Turtle
Recovery Plan (Hays et al. 1999). The
California distribution of the western pond
turtle currently extends from the Oregon
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border to the San Francisco Bay Area through San Joaquin and Tuolumne County to the east and Santa
Clara County south to the Mexican border. The elevation range for this species extends from near sea
level to 4,690 feet (1,430 meters) (Jennings and Hayes 1994).

A.9.2.2

Distribution and Status in the Plan Area

California Department of Fish and Game has five records of the western pond turtle within Butte County
(CNDDB 2006). Two records are located west of Gridley, one within the Gray Lodge Wildlife Area and
the other in the Butte Sink area southeast of Butte Creek.
The remaining three are located near Oroville; one is 0.5 mile north of the Thermalito Diversion Dam,
and another is north-northeast of South Table Mountain in the ephemeral Chevereaux ponds. The final
record is located along Gold Run Creek, east of Highway 99, north of Cottonwood Road, and about 7
miles northwest of Oroville (see Figure A.9-1, Western Pond Turtle Recorded Occurrences).

A.9.3

Habitat Requirements and Special Considerations

The western pond turtle requires stagnant or slow-moving water in aquatic habitats. This species is
uncommon in high gradient streams most likely due to low water temperatures, high current velocity,
and low food resources, which may limit their local distribution (Jennings and Hayes 1994). Habitat
quality may be dependent on the availability of basking sites, such as locations along the bank or in
shallow water where the turtles can bask in the sun. Local populations of western pond turtles can
increase according to the availability of basking sites (Jennings and Hayes 1994). Hatchlings forage in
shallow water areas with dense submergent or short emergent vegetation, where small aquatic
organisms are likely to be in abundance.
For reproduction, the western pond turtle requires upland habitat adjacent to the aquatic habitat for
oviposition (egg-laying). Suitable oviposition sites must have the proper thermal and hydric
environment for incubation of the eggs (Jennings and Hayes 1994). The eggs are best suited for
development in dry, warm places because of their thin shells. The female typically digs the nest in soil
with high clay or silt content on an unshaded slope. The slope with the nest is most likely south-facing
to ensure that the substrate temperatures will be warm enough from the direct sunlight to incubate the
eggs (Jennings and Hayes 1994). Proximity of the nesting site to aquatic habitat is reliant on availability,
and the nest site is generally within 656 feet (200 meters) from the aquatic habitat, but can be up to
1,319 feet (402 meters) away (Storer 1930, Jennings and Hayes 1994).
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Figure A.9-1. Western Pond Turtle Recorded Occurrences

Butte Regional Conservation Plan
Final

A.9-3

June 2019
ICF 00736.10

Appendix A. Species Account
Western Pond Turtle

A.9.4

Life History

The western pond turtle is primarily aquatic and leaves the water only to reproduce, aestivate, and to
overwinter (Jennings and Hayes 1994). The activity level of the western pond turtle dramatically
increases when the surface water temperature reaches 15°C (59°F) consistently (Jennings and Hayes
1994); in northern California, this temperature regime occurs in March or April. In October or
November, the turtles disappear to find adequate sites to spend the winter. Daily behavior of the
western pond turtle revolves around thermoregulation. Turtles consistently bask on logs and other
objects protruding from the water surface when the air temperatures are warmer than the water
temperatures (Holland 1985, Jennings and Hayes 1994). Mats of submergent vegetation also create
good water basking locations because the dense vegetation traps surface water allowing higher surface
water temperatures (Holland 1985). When air temperatures rise above 40°C (104°F), western pond
turtles typically bask in the warmer surface water (Holland 1985). Turtles tend to avoid water with
temperatures greater than 39°C–40°C (103–104°F) (Jennings and Hayes 1994).
Mating usually occurs in late April or early May and oviposition can occur as early as late April and as
late as early August, but most eggs are deposited during May and June (Jennings and Hayes 1994).
Females leave the aquatic habitat to find an upland location to nest. The female will construct the nest
about 3.9–4.7 inches (10–12 centimeters) deep and deposit one to 13 eggs with a thin, hard outer shell
(Jennings and Hayes 1994). Females can lay more than one clutch a year (Jennings and Hayes 1994).
After the eggs hatch, the hatchlings appear to remain in the nest through the fall and winter because
there have been very few observations of hatchlings during this time (Holland 1985). Most hatchlings
will emerge in the spring from the nest and move to aquatic habitats. The young turtles will spend most
of their time feeding in shallow waters with dense vegetation on small aquatic organisms. Young turtles
tend to grow slower when food resources are scarce and at higher latitudes and altitudes. Typically,
hatchlings will double in size during the first year and continue to increase in size over the following
four to five years (Storer 1930, Holland 1985). Turtles reach sexual maturity at seven to 11 years of age.
Turtles in Northern California mature later and at a larger size compared to turtles in the south.
Western pond turtles are thought to be long-lived.
Western pond turtles are dietary generalists and highly opportunistic and will consume almost anything
that they are able to catch and overpower (Jennings and Hayes 1994). The turtles pursue their prey
relatively slowly, thus their diet typically consists of relatively slow-moving aquatic invertebrates (e.g.,
the larvae of many aquatic insects), carrion, and aquatic vegetation (Jennings and Hayes 1994).

A.9.5

Threats

The main factors contributing to the decline of the western pond turtle population include loss of
aquatic and nesting habitat from urban development and conversion of native habitats to agricultural
lands; the increase of introduced nonnative predators (i.e., exotic turtles); predation on young,
especially by raccoons; and commercial harvest (Jennings and Hayes 1994, Gale 2004).

A.9.5.1

Habitat Loss and Fragmentation

In California, Jennings and Hayes (1994) consider the western pond turtle as endangered from the
Mokelumne River south and threatened elsewhere within the state. Loss of habitat is the most
significant factor in western pond turtle declines. Over 90 percent of the historical wetlands in
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California have been drained, filled, or diked to support agricultural and urban development (Frayer et
al. 1989).
Habitat loss and fragmentation produce small populations that are increasingly isolated and limited in
space, thus reducing the movement of individuals and genetic exchange between populations. These
small, isolated populations are highly susceptible to extinction caused by catastrophic or stochastic
events. Isolation limits the ability of the population to recolonize areas with suitable habitat where
western pond turtles may have been present in the past.
Agricultural practices such as disking, intensive livestock grazing, and trampling have degraded many
remaining vernal pools and wetland habitats, as have off-road vehicle use and contaminated runoff.
Turtle nests may be inundated during floods and irrigation of agricultural fields. The egg shells absorb
water and can crack or explode from internal pressure (Feldman 1982). Therefore, nest success and
recruitment may be reduced in flood-prone or active agricultural areas.
Roads can create barriers to dispersal movements of western pond turtle and contribute to the isolation
of populations. Contaminants from road materials, leaks, and spills could further degrade aquatic
habitats used by this species. Corridors from aquatic habitat to historical and long-term nesting sites
can be blocked by roads and development. Movement of adult females to and from the nesting location
and the movement of hatchlings from nests to aquatic sites can be impeded and impacted (Jennings and
Hayes 1994).

A.9.5.2

Predation

Predation, especially of hatchlings and eggs, is a major mortality factor for western pond turtles
(Holland 1994). Raccoons (Procyon lotor), bullfrogs (Rana catesbeiana), largemouth bass (Micropterus
salmoides), gray fox (Urocyon cineroargenteus), coyote (Canis latrans), and feral and domestic dogs
(Canis familiaris) are known to be major predators of western pond turtles (Holland 1994). Other
known predators include osprey (Pandion haliaetus), bald eagle (Haliaetus leucocephalus), river otter
(Lutra canadensis), and mink (Mustela vison) (Manning 1990 in Holland 1994). It is though that many
other fish, amphibian, bird, and mammal species also prey on western pond turtle (Holland 1994).
Raccoons, in particular, are known to depredate nests, sometimes destroying all nests in an entire
communal nesting area (Yolo Natural Heritage Program 2009). In urban areas, litter and pet food can
increase the presence of some predators, potentially leading to increased predation on turtles.

A.9.5.3

Exotic Species

Western pond turtles can be crowded out of suitable aquatic habitat by invasive, nonnative turtles.
These exotic turtles are the descendants of released household pets (Gale 2004). “Red-eared sliders”
and spiny softshell turtles can introduce diseases to the western pond turtle and compete for resources.
Bullfrogs and nonnative large predatory fish (e.g., largemouth bass) compete with western pond turtles
for invertebrate prey. Carp alter or eliminate emergent vegetation needed as microhabitat by hatchlings
(Holland 1994).

A.9.6

Relevant Conservation Efforts

Conservation efforts for the western pond turtle are largely limited to those proposed under habitat
conservation planning efforts. Conservation actions can include preservation of occupied and
potentially occupied habitats; management of watercourses and water bodies to protect existing
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populations and encourage reestablishment of populations; and restoration or enhancement of channel,
riparian, and adjacent upland habitats to benefit pond turtles. The western pond turtle is a covered
species under several plans, including the Placer County Conservation Plan, the Natomas Basin Habitat
Conservation Plan, the East Contra Costa County Habitat Conservation Plan/Natural Community
Conservation Plan, and the San Joaquin County Multi-Species Habitat Conservation and Open Space Plan,
and is proposed for coverage under the South Sacramento County Habitat Conservation Plan, Yolo
County Natural Heritage Program Plan, Solano County Multispecies Habitat Conservation Plan, and Bay
Delta Conservation Plan. DFG recently commissioned the U.S. Forest Service’s Redwood Sciences Lab to
prepare a conservation strategy for the western pond turtle in California.

A.9.7

Species Habitat suitability Model

A.9.7.1

Aquatic Habitat

Foraging habitat for the western pond turtle includes the following land cover types and conditions:





Perennial streams, excluding the Sacramento and Feather Rivers;
Managed wetland (Aquatic, Nesting, and Movement Habitat);
Emergent wetland; and
Stock ponds located in blue oak savanna, grassland, and grassland with vernal swale complex land
cover types.

A.9.7.2

Assumptions

Western pond turtles reside in stagnant or slow-moving water in aquatic habitats. Portions of perennial
streams internal aquatic habitat have not been included within the model because this linear extent is
accounted for by the land cover type that encompasses the stream feature.
The species is uncommon in high gradient streams (Jennings and Hayes 1994). High gradient streams,
however, cannot be distinguished from low gradient streams in the GIS database. Consequently, the
model likely overestimates the extent of stream habitat. The Sacramento River and Feather River are
excluded from the model because, with perhaps the exception of low velocity backwater areas, flow
velocities are considered to be too high to provide habitat. Perennial stock ponds also provide habitat
when located within blue oak savanna and grassland land cover types that support nesting habitat (see
below). The model overestimates the extent of stock pond habitat because stock ponds that maintain
water perennially cannot be distinguished from ponds that maintain water intermittently in the GIS
database.

A.9.7.3

Nesting and Movement Habitat

Nesting habitat for the western pond turtle includes blue oak savanna, managed wetland (designated as
Aquatic, Nesting, and Movement Habitat), grassland, grassland with vernal swale complex and
associated vernal and altered vernal pools, cottonwood-willow forest, valley oak riparian forest, and
willow scrub adjoining and within 500 meters of aquatic habitat (see above). Portions of perennial
streams internal aquatic habitat have not been included within the model because this linear extent is
accounted for by the land cover type that encompasses the stream feature.
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A.9.7.4

Assumptions

The western pond turtle is primarily aquatic and leaves the water only to reproduce, aestivate, and
overwinter (Jennings and Hayes 1994). Females leave the aquatic habitat to find an upland location to
nest; proximity of the nesting site to aquatic habitat is dependent on availability, and the nest site is
generally within 200 meters from the aquatic habitat, but can be up to 402 meters away (Storer 1930,
Jennings and Hayes 1994). A distance of 500 meters from aquatic habitat was selected to better ensure
that all likely habitat used for movement among aquatic habitat areas as well as nesting habitat was
encompassed in the model. Agricultural, urban, disturbed, orchard and vineyard land cover types are
not considered to support nesting habitat because they are subject to regular disturbances that could
destroy nests.

A.9.8

Recovery Plan Goals

A recovery plan has not been prepared for the western pond turtle because it is not federally listed as
threatened or endangered.
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A.10 Foothill Yellow-Legged Frog
(Rana boylii)
A.10.1 Legal and Other Status
The foothill yellow-legged frog is considered a species of concern
by the U.S. Fish and Wildlife Service. It is also a California Species
of Special Concern, and is listed as a Protected Amphibian under
the California Code of Regulations.

A.10.2 Species Distribution and Status
A.10.2.1 Range and Status
Historically, foothill yellow-legged frogs ranged from west of the crest of the Cascade Mountains in
Oregon south to the Transverse Ranges in Los Angeles County, and in the Sierra Nevada foothills south
to Kern County (Zweifel 1955, Stebbins 1985). An isolated population was reported in Sierra San Pedro
Mártir, Baja Mexico (Loomis 1965). The current range excludes coastal areas south of northern San Luis
Obispo County and foothill areas south of Fresno County where the species is apparently extirpated
(Jennings and Hayes 1994). Its known elevation range extends from near sea level to approximately
2,040 meters above sea level (Stebbins 1985).
Jennings and Hayes (1994) consider the
species to be endangered in central and
Southern California. It no longer occurs in the
extreme southern portions of its historical
range and populations on the west slope of
the Sierra Nevada are limited (Drost and
Fellers 1996). The species has been reported
as threatened in the west slope drainages of
the Sierra Nevada and southern Cascade
Mountains east of the Sacramento-San
Joaquin River axis (Jennings and Hayes 1994).
Foothill yellow-legged frog has not been
observed for nearly 20 years in at least 19
historical localities on the west slope of the
southern Sierra Nevada, and localities at
which this species is extant on the western
slope of the northern Sierra Nevada and the
extreme southern Cascades appear widely
scattered (Jennings and Hayes 1994).
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A.10.2.2 Distribution and Status in the Plan Area
Jennings and Hayes note at least five extant populations in eastern Butte County based on verified
museum records and 12 extinct populations in western Butte County (Jennings and Hayes 1994).
Within the Plan Area, populations have been observed in Big Chico Creek along the upper reaches of
Upper Bidwell Park, and in Mud Creek and Rock Creek (Maslin pers. comm.). At least one occurrence
has been detected along Butte Creek (Engstrom pers. comm.) (see Figure A.10-1, Foothill Yellow-Legged
Frog Recorded Occurrences). In addition, California Department of Fish and Game snorkel surveys have
identified juvenile, larval and breeding adults in Big Chico Creek, Butte Creek, and Feather River in
almost every year of survey report from 2001 to 2006 (Garman pers. comm.). There are no California
Natural Diversity Database (CNDDB) recorded occurrences of the foothill yellow-legged frog within the
Plan Area, but several occurrences are known from above the Plan Area boundary in Butte County
(CNDDB 2007, Shedd pers. comm.) (see Figure A.10-1).

A.10.3 Habitat Requirements and Special Considerations
The foothill yellow-legged frog is a medium-sized frog, typically reaching 1.5 to 3.2 inches (3.7 to 8.2
centimeters [cm]) (snout to vent length) (Stebbins 1985). Its color ranges from grey, brown, reddish, or
olive above, either plain or mottled, often harmonizing with the prevailing color of rocks and soil. As the
name indicates, the undersides of the hind legs are yellow, the color often extending onto the abdomen.
Foothill yellow-legged frogs are found in or near clear, cool rocky streams in a variety of habitats,
including valley-foothill hardwood, valley-foothill hardwood-conifer, valley-foothill riparian, ponderosa
pine, mixed conifer, coastal scrub, mixed chaparral, and wet meadow types. They can occur in a range of
waterways from small intermittent creeks to large river systems.
Foothill yellow-legged frogs favor shallow, flowing water in small to moderate-sized streams with at
least some cobble-sized substrate (Hayes and Jennings 1988, Jennings 1988). This habitat is believed to
aid oviposition (Storer 1925, Fitch 1936, Zweifel 1955) and refuge habitat for larvae and
postmetamorphs (Hayes and Jennings 1988, Jennings 1988). This species has been found in streams
without cobble (Fitch 1938, Zweifel 1955), but it is not clear whether these habitats are regularly used
(Hayes and Jennings 1988, Jennings and Hayes 1994).
Foothill yellow-legged frogs prefer sunny and partly shaded banks for basking. Adults are usually found
near water and prefer some riffle habitat or cascade and pool areas with rocky banks. They can persist
in pools in otherwise dry streams, but are more vulnerable to predation there (Moyle 1973).
Breeding sites are typically shallow, low velocity areas close to shore. Egg masses are typically attached
in shallow water from 3 to 16 inches (8 to 40 centimeters) (Lind et al. 1996).
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Figure A.10-1. Foothill Yellow-Legged Frog Recorded Occurrences
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Stream velocity is important because faster flows can wash away egg masses or tadpoles. Research has
shown that velocity should be less than 0.66 feet per second (0.2 meters/second) (Kupferberg 1996).
Egg masses have been found in water ranging from 48°F to 71°F (9°C to 21.5°C). Breeding is probably
restricted to sites and to time intervals where eggs can avoid lethal temperatures (Hayes and Jennings
1986). Warm edge-water habitat is especially important for developing tadpoles. Hayes and Jennings
(1988) reported that foothill yellow-legged frogs are found more frequently at stream sites with at least
20 percent, but not more than 90 percent shading.
They are also found in sites with more than 40 percent riffles, and where more than 40 percent of the
substrate is at least cobble-sized (where cobbles are defined as ranging from 3 to 10 inches). Boulders
that do not move under bank-full conditions are found to be important habitat (Kupferberg 1996);
boulders serve as both basking sites and as escape cover (Jennings 1988). Additional geomorphologic
stream characteristics typically associated with foothill yellow-legged frog habitat include low-gradient
sections (less than 6.5 percent grade), areas with a high meander-to-width ratio, areas with a high
width-to-depth ratio, and sites with a cross-sectional configuration that includes side channels
(Kupferberg 1996, Lind et al. 1996). In addition, research indicates that occurrence of the foothill
yellow-legged frog is positively correlated with sections of creeks or rivers that are near (preferably
within 0.25 miles [0.4 kilometer]) confluences with tributaries (Kupferberg 1996). These frogs are
likely to breed in the main stems of rivers or creeks and overwinter in tributaries, perhaps to avoid
higher flows in the main stems.
Foothill yellow-legged frogs are usually absent from habitats where introduced aquatic predators such
as centrarchid (sunfish-like) fishes and bullfrogs are present, probably because their aquatic
developmental stages are vulnerable to such predators (Hayes and Jennings 1986, Hayes and Jennings
1988, Kupferberg 1994, Jennings and Hayes 1994).

A.10.4 Life History
The species deposits its egg masses on the downstream side of cobbles and boulders over which a
relatively thin, gentle flow of water exists (Storer 1925, Fitch 1936, Zweifel 1955). The timing of
oviposition typically follows the period of high flow discharge from winter rainfall and snowmelt,
resulting in oviposition between late March and early June (Jennings and Hayes 1994). The embryos
have a critical thermal maximum temperature of 26ºC (Zweifel 1955). After oviposition, a minimum of
roughly 15 weeks is needed to attain metamorphosis, which typically occurs between July and
September (Storer 1925, Jennings 1988). Two years are thought to be required to reach adult size
(Storer 1925), but no data are available on longevity. Postmetamorphs probably eat both aquatic and
terrestrial insects, but few dietary data exist for this species (Storer 1925, Fitch 1936). Red-sided,
western terrestrial, and Oregon garter snakes have been reported as feeding on the post-hatching stages
(Fitch 1941, Zweifel 1955, Lind 1990), and Evenden (1948) reported rough-skinned newt predation of
the eggs of foothill yellow-legged frog.

A.10.4.1 Dispersal Behavior
Adult foothill yellow-legged frogs are primarily diurnal and occupy small home ranges. Frogs can be
active all year in warm localities, but become inactive or hibernate in colder areas. Significant seasonal
movements from breeding areas have not been reported. These frogs probably spend most of their time
in or near streams during all seasons.
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Adults often bask on exposed rock surfaces near streams. When disturbed, they dive into the water and
take refuge among stones, silt, or vegetation (Stebbins 1985). Although most individuals remain active
year-round, some exhibit periods of inactivity, especially during cold weather. During these periods of
inactivity, individuals seek cover beneath various cover types (i.e., rocks, overhanging vegetation, leaf
litter) on shore within a few meters of water, or in streams partly or totally submerged (Van Wagner
1996). Nussbaum et al. (1983) found frogs underground and beneath surface objects more than 155
feet (50 meters) from water in April.

A.10.5 Threats
Habitat loss and degradation (often by livestock), introduction of exotic predators, and toxic chemicals
(including pesticides) pose continued and increasing threats to the long-term viability of amphibians
throughout California (Jennings and Hayes 1994). In addition, poorly timed water releases from
upstream reservoirs can scour egg masses of this species from their oviposition substrates (Jennings
and Hayes 1994), and decreased flows can force adult frogs to move into permanent pools, where they
may be more susceptible to predation (Hayes and Jennings 1988).
According to Hayes and Jennings (1996), the primary factor in the decline of the species in the Sierra
Nevada is the introduction of nonnative predators. Competition and predation by introduced bullfrogs
and fish have greatly contributed to the decline of the species. Moyle (1973) also implicated the bullfrog
in the observed reduction of foothill yellow-legged frog populations in the Sierra Nevada. These frogs
were present at only three of the 95 localities where bullfrogs were also observed (Moyle 1973).
Nonnative centrarchid (sunfish-like) fishes readily eat ranid eggs (Werschkul and Christensen 1977),
and, where introduced into foothill streams, could also contribute to the elimination of the species.
Stock ponds and other human-made ponds are harmful, as they promote bullfrog populations.
Habitat loss and degradation, particularly in the Sierra Nevada foothills, have also been major factors in
declining foothill yellow-legged frog populations (Hayes and Jennings 1996). Habitat alterations have
occurred as a result of dam and canal construction, agriculture, urbanization, mining, and grazing
practices. Besides eliminating habitat, these alterations have resulted in reduced riparian habitat,
decreases in suitable stream substrates, habitat fragmentation, elimination of travel corridors, and
detrimental flow regimes. Low flows, in combination with loss of riparian habitat, tend to warm the
water and foster nonnative predators. Prolonged droughts may have also impacted populations of these
frogs.

A.10.6 Relevant Conservation Efforts
Foothill yellow-legged frog is a covered species under several HCP/NCCPs, including the San Joaquin
County Multi-species Habitat Conservation Plan and Open Space Plan (SJMSCP), East Contra Costa
County HCP/NCCP, Yolo Natural Heritage Program, and Placer County Conservation Plan. In addition,
the Northern California Regional Land Trust (NCRLT) has acquired two conservation easements totaling
approximately 7,000 acres in nearby Tehama County that serve as habitat for foothill yellow-legged frog.
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A.10.7 Species Habitat Suitability Model
A.10.7.1 Breeding Habitat
Breeding habitat for the foothill yellow-legged frog includes the following land cover types and
conditions that are present above 300 feet mean sea level:



Perennial and intermittent streams; and
All HCP/NCCP land cover types except urban and disturbed ground within 130 feet of perennial and
intermittent streams.

A.10.7.2 Assumptions
Foothill yellow-legged frogs reside in or near clear, cool rocky streams in a variety of habitats. They
favor shallow, flowing water in small to moderate-sized streams with at least some cobble-sized
substrate (Hayes and Jennings 1988). However, they can occur in a range of waterways from small
intermittent creeks to large river systems (Stebbins 1985). Breeding sites are typically shallow, low
velocity areas close to shore (Lind et al. 1996).
The diel and seasonal movement ecology and behavior of adults are largely unknown, though they are
thought to occupy small home ranges (Hayes and Jennings 1988). Significant seasonal movements from
breeding areas have not been reported in the literature. A recent unpublished radio telemetry study
found that frogs rarely ventured more than 12 meters (39 feet), and were found at a maximum distance
of 40 meters (131 feet), from the wetted stream channel (Bourque pers. comm.). Maslin (pers. comm.
2007) has found foothill yellow-legged frogs ranging as much as approximately one-half mile from
streams during non-breeding periods.
Foothill yellow-legged frogs are infrequent or absent in habitats where introduced aquatic predators
(i.e., various fishes and bullfrogs) are present (Hayes and Jennings 1988, Kupferberg 1994). These
introduced species inhabit many lower elevations, lower flow reaches of waterways in the Plan Area,
though bullfrogs can expand their range upstream in lower precipitation years (Maslin pers. comm.).
Habitat for the foothill yellow-legged frog is assumed to only be present above 300 feet in elevation
because at lower elevations channels are primarily located on the valley floor where channels would
likely lack cobble substrates, water temperatures would be warmer, and nonnative predators would
likely be more abundant. In addition, this elevational limit approximates the range of the frog in Butte
County identified by DFG (California Habitat Relationships System 1995).

A.10.8 Recovery Plan Goals
No recovery plan has been prepared for this species.
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conclusions of his Humboldt State master’s thesis. This was a radio telemetry study of the
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A.11 Western Spadefoot Toad
(Spea hammondii)
A.11.1 Legal and Other Status
The western spadefoot toad is a California designated Species of
Special Concern. This species currently does not have any federal
listing status.
Although this species is not federally listed, it is addressed in the
Recovery Plan for Vernal Pool Ecosystems of California and
Southern Oregon (USFWS 2005).

A.11.2 Species Distribution and Status
A.11.2.1 Range and Status
The western spadefoot toad historically ranged from Redding in Shasta County, California, to
northwestern Baja California, Mexico (Stebbins 1985). This species was known to occur throughout the
Central Valley and the Coast Ranges and along
the coastal lowlands from San Francisco Bay
to Mexico (Jennings and Hayes 1994).
The western spadefoot toad has been
extirpated throughout most southern
California lowlands (Stebbins 1985) and from
many historical locations within the Central
Valley (Jennings and Hayes 1994, Fisher and
Shaffer 1996). It has severely declined in the
Sacramento Valley, and their density has been
reduced in eastern San Joaquin Valley (Fisher
and Shaffer 1996). While the species has
declined in the Coast Range, they appear
healthier and more resilient than those in the
valleys. The population status and trends of
the western spadefoot toad outside of
California (i.e., Baja California, Mexico) are not
well known.
This species occurs mostly below 900 meters
(3,000 feet) in elevation (Stebbins 1985). The
average elevation of sites where the species
still occurs is significantly higher than the average elevation for historical sites, suggesting that declines
have been more pronounced in lowlands (USFWS 2005).
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A.11.2.2 Distribution and Status in the Plan Area
CNDDB (2006) has five records of occurrences of western spadefoot toad within the Plan Area. Two are
within the city limits of Chico (one is along Intermittent Creek), another is reported from the vicinity of
Wyandotte Creek south of Oroville (J. Shedd pers. comm.; see Figure A.11-1, Western Spadefoot Toad
Modeled Habitat and Recorded Occurrences), another is from the TNC Vina Plains Preserve, and another
is from the DFG Stone Ridge Ecological Reserve.

A.11.3 Habitat Requirements and Special Considerations
Western spadefoot toads require two distinct habitat components to complete their life cycle, and these
habitats may need to be in close proximity (USFWS 2005). These components are presence of an
aquatic habitat for breeding and a terrestrial habitat for feeding and aestivation. Western spadefoot
toads are mostly terrestrial using upland habitats to feed and burrow in for their long dry-season
dormancy. Further research is needed to determine the distance this species may travel from aquatic
habitats to upland habitats for dispersal and aestivation. Current research on amphibian conservation
suggests that average terrestrial habitat use is within 368 meters (1,207 feet) of aquatic habitats
(Semlitsch and Brodie 2003).
Western spadefoot toads lay their eggs in a variety of permanent and temporary wetlands such as rivers,
creeks, pools in intermittent streams, vernal pools, and temporary rain pools (CNDDB 2006), as well as
stock ponds. It reproduces in water when temperatures are between 9°C and 30°C (48°F and 86°F), and
water must be present for more than three weeks for the toad to undergo complete metamorphosis
(Jennings and Hayes 1994). Optimal habitat, including vernal pools and other temporary wetlands used
for reproduction, is free of native and nonnative predators such as fish, bullfrogs, and crayfish. The
presence of these predators may impair recruitment by western spadefoot toad (Jennings and Hayes
1994).
Western spadefoot toads typically inhabit lowland habitats such as washes, river floodplains, alluvial fans,
playas, and alkali flats (Stebbins 1985). This species can also be found in the foothills and mountains (USFWS
2005). They select areas with sandy or gravelly soil with open vegetation and short grasses. Vegetation
communities where this species may occur include valley and foothill grasslands, open chaparral, and pineoak woodland (USFWS 2005).
Adult toads feed on of insects, worms, and other invertebrates, including grasshoppers, true bugs,
moths, ground beetles, predaceous diving beetles, ladybird beetles, click beetles, flies, ants, and
earthworms (Morey and Guinn 1992, USFWS 2005). Tadpoles forage on planktonic organisms, algae,
small invertebrates (Bragg 1964), and dead aquatic larvae of amphibians, even their own species.
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Figure A.11-1. Western Spadefoot Toad Recorded Occurrences
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A.11.4 Life History
The western spadefoot toad is primarily a terrestrial amphibian that enters the water mainly for
reproduction. This species becomes active following warm rains occurring in the winter and spring.
The toads emerge from burrows constructed in loose soil that are at least 1 meter (3 feet) deep
(Stebbins 1972) and become active on the surface from October through April when enough rain has
fallen (Morey and Guinn 1992).
Western spadefoot toads breed from January to May. Breeding aggregations can form with over 1,000
individuals, but are usually much smaller. These groups are highly vocal, and their breeding calls can be
heard at great distances. These calls help individuals find each other to form breeding aggregations and
suitable breeding sites (Stebbins 1985). Oviposition (egg-laying) does not occur until water
temperatures reach the critical thermal minimum of 9°C (48°F), typically between late February and late
May (Jennings and Hayes 1994). Females deposit their eggs in many small irregularly cylindrical
clusters of 10 to 42 eggs with an average of 24 (Storer 1925) on stems or pieces of detritus in temporary
rain pools, or sometimes in pools of ephemeral stream courses (Storer 1925, Stebbins 1985).
Depending on temperature and food availability, eggs hatch within 0.6 to six days after oviposition and larvae
can complete development in three to 11 weeks (Jennings and Hayes 1994). If the water temperature is too
high (above 21°C [70°F]), egg hatching success may decrease by half, possibly because this temperature is
more favorable for destructive fungus (Storer 1925).
Metamorphosing larvae may leave the water before their tails fully disappear (Storer 1925). Larvae
benefit from longer periods of development with persisting water and adequate temperatures because
juveniles are allowed to reach larger sizes with greater fat reserves at metamorphosis (Morey 1998).
After juveniles emerge from the water they take refuge in the surrounding area and may remain nearby
for several days before dispersing to adjacent upland habitat. These individuals will then construct
subterranean burrows and remain dormant for the following eight to nine months during the warm
summer to avoid desiccation. Individuals may need at least two years to reach sexual maturity
(Jennings and Hayes 1994).

A.11.5 Threats
The main reasons for the decline of western spadefoot toad are loss of habitat from urban development
and conversion of native habitats to agricultural lands, the increase of nonnative predators (e.g.,
mosquitofish and bullfrogs, which consume western spadefoot toad eggs and larvae), and stochastic
events that particularly impact small, isolated populations (USFWS 2006).

A.11.5.1 Habitat Loss and Fragmentation
Habitat loss and fragmentation produce small populations that are increasingly isolated and limited in
space, which reduces the movement of individuals and genetic exchange between populations. Small,
isolated populations are highly susceptible to extinction caused by catastrophic or stochastic events.
Isolation also limits the ability of the population to recolonize areas with suitable habitat where western
spadefoot toads may have been present in the past.
Agricultural practices such as disking, intensive livestock grazing, and trampling have degraded many
remaining vernal pool and wetland habitats, along with off-road vehicle use and contaminated runoff.
Roads can create barriers to dispersal for western spadefoot toads and isolate populations.
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Contaminants from road materials, leaks, and spills may further degrade aquatic habitats used by this
species.

A.11.5.2 Nonnative Predators
Nonnative invasive species prey upon and compete with the western spadefoot toad. The predation of
spadefoot toad eggs and larvae by mosquitofish that are introduced into vernal pools through mosquito
abatement programs may threaten some populations (Jennings and Hayes 1994). Bullfrogs have been
reported to emigrate to some western spadefoot toad breeding pools and may threaten those
populations through predation of spadefoot toad eggs and larvae. Exotic predators such as mosquitofish
may also compete with western spadefoot toad larvae for limited food resources.

A.11.5.3 Noise and Vibration
Low frequency noise and vibration in or near western spadefoot toad habitat may be harmful, even fatal,
to this species. Spadefoot toads are extremely sensitive to such disturbance, which causes them to break
dormancy and emerge from their burrows (Dimmitt and Ruibal 1980). This could result in mortality or
reduced productivity if it causes western spadefoot toads to emerge at inappropriate times (USFWS
2005).

A.11.6 Relevant Conservation Efforts
Habitat protection is the primary strategy for conserving the western spadefoot toad. However,
Jennings and Hayes (1994) contend that more research is required to better understand the species’
habitat requirements with respect to patch sizes, movement corridors, and other elements of
conservation design strategies. Understanding the life history and important habitat requirements of
the western spadefoot toad is also essential for conservation of the species (Jennings and Hayes 1994),
with the most significant data gap being the relationship between habitat fragmentation and
metapopulation structure.
Western spadefoot toad is a covered species under the San Joaquin County Multi-Species Habitat
Conservation and Open Space Plan, and the Natomas Basin Habitat Conservation Plan. It is a proposed
for coverage under the South Sacramento County Habitat Conservation Plan, the Yolo County Natural
Heritage Program Plan, the Placer County Conservation Plan, and the Bay Delta Conservation Plan.

A.11.7 Species Habitat Suitability Model
A.11.7.1 Breeding Habitat
Western spadefoot toads lay eggs and rear larvae in aquatic habitats. Breeding habitat for the western
spadefoot toad includes the following land cover types and conditions:




Grassland with vernal swale complex (Breeding and Upland Habitat);
Stock ponds located in grassland, grassland with vernal swale complex, and blue oak savanna;
Segments of permanent and intermittent drainages (excluding the Sacramento and Feather Rivers)
located within grassland, grasslands with vernal swale complex, vernal pools, altered vernal pools,
and blue oak savanna;
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Segments of permanent and intermittent drainages (excluding the Sacramento and Feather Rivers)
located within emergent wetlands that are adjoining or within grassland, grassland with vernal
swale complex, vernal pools, altered vernal pools, and blue oak savanna; and
Emergent wetlands adjoining grassland, grassland with vernal swale complex, vernal pools, altered
vernal pools, and blue oak savanna.

Assumptions
Western spadefoot toads lay their eggs in a variety of permanent, semipermanent and temporary
wetlands including rivers, creeks, pools in intermittent streams, vernal pools, and temporary rain pools
(CNDDB 2006), as well as stock ponds. Western spadefoot toads typically inhabit lowland habitats such
as washes, floodplains of rivers, alluvial fans, playas, and alkali flats (Stebbins 1985). This species may
also be found in the foothills and mountains (USFWS 2005). Vegetation communities where this species
may occur include valley and foothill grasslands, open chaparral, and pine-oak woodlands (USFWS
2005).

A.11.7.2 Upland Habitat
Western spadefoot toads use upland habitats for foraging, movement, and aestivation. Upland habitat
for the western spadefoot toad includes the following land cover types and conditions:



Grassland with vernal swale complex, vernal pool, and altered vernal pool, (Breeding and Upland
Habitat); and
Grassland and blue oak savanna adjoining and extending 1 mile from stock ponds, emergent
wetlands, and permanent and intermittent streams (excluding the Sacramento and Feather Rivers).

Assumptions
To complete their life cycle, the western spadefoot toad requires aquatic habitat for breeding and
terrestrial habitat for feeding and aestivation (USFWS 2005). Further research is needed to determine
the distance this species may travel from aquatic habitats into upland habitats. The western spadefoot
habitat model assumes that grassland and savanna habitats up to 1 mile from breeding habitat may be
used by the spadefoot. Although the distance that western spadefoot toads may travel from aquatic
habitat is uncertain, a travel distance of 1 mile is consistent with known travel distances for other
amphibians.1

A.11.8 Recovery Plan Goals
The western spadefoot toad was included in the “Recovery Plan for Vernal Pool Ecosystems of California
and Southern Oregon” (USFWS 2005). The primary focus of the Recovery Plan is protection of vernal
pool habitat, in the largest blocks possible, from loss, fragmentation, degradation, and incompatible uses
(USFWS 2005). For the western spadefoot toad, the Recovery Plan calls for the following:


1

Conducting research on juvenile and adult dispersal to and from breeding locations;

USFWS defines uplands within 0.7 mile between occupied habitats as dispersal habitat for California red-legged frog (USFWS
2005) and California tiger salamanders may travel up to 1 mile from breeding pools (69 FR 3064).
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Conducting research on the effects of habitat management practices on the western spadefoot toad
and their habitat to determine the limiting factors with respect to determining minimum reserve
sizes;
Studying the impacts of low-frequency noises and vibrations; and
Determining the influence of nonnative aquatic vertebrate predators (e.g., bullfrogs and
mosquitofish) on population dynamics.

Overall goals, which includes the western spadefoot toad, are to “achieve and protect in perpetuity selfsustaining populations throughout the full ecological, geographical, and genetic range of each listed
species by ameliorating or eliminating the threats that caused the species to be listed” (USFWS 2005).
Specifically for western spadefoot toad, the goal is to ensure long-term conservation. The Vernal Pool
Recovery Plan concluded the following:
Based on calculations from upland habitat use data analyzed by Semlitsch and Brodie (2003), a
minimum conservation area to preserve the ecological processes required for the conservation of
amphibians may fall within a distance of approximately 368 meters (1,207 feet) from suitable breeding
wetlands. Given a square preserve surrounding a single breeding pond, this estimate would suggest a
minimum preserve size of approximately 54.2 hectares (134 acres). In any given western spadefoot
toad metapopulation, we expect that some subpopulations will disappear, but the habitat they
occupied will eventually be recolonized if it remains acceptable. To enable natural recolonization of
unoccupied habitat, and to allow for gene flow that is vital for preventing inbreeding, opportunities for
dispersal and interbreeding among subpopulations of the western spadefoot toad must be maintained.
Where possible, habitat corridors between breeding sites should be protected and maintained.”
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A.12 Central Valley Steelhead
(Oncorhynchus mykiss)
A.12.1 Legal and Other Status
The Central Valley steelhead evolutionarily significant unit (ESU)1 was federally listed as threatened on
March 19, 1998 (63 FR 13347). This listing included, “only natural spawned populations of steelhead
(and their progeny) residing below naturally and manmade impassable barriers (e.g., impassible
waterfalls and dams)... in the Sacramento and San Joaquin Rivers and their tributaries” (63 FR 13347).
Steelhead in San Pablo and San Francisco Bays and their tributaries were not included in this ESU. On
June 14, 2004, the National Marine Fisheries Service (NMFS) proposed that all West Coast steelhead be
reclassified from ESUs to Distinct Population Segments (DPS)2 and proposed to retain Central Valley
steelhead as threatened (69 FR 33102). Threatened status of the Central Valley DPS was reaffirmed on
January 5, 2006 (71 FR 834). This decision included the Coleman National Fish Hatchery and Feather
River Hatchery steelhead populations. Although previously included in the ESU, these populations were
not deemed essential for conservation and were, therefore, not included in the listed steelhead
population.
Critical habitat for the Central Valley steelhead
was designated throughout the Central Valley on
September 2, 2005 (70 FR 52488). Critical
habitat was further characterized in the Federal
Register Final Rule for steelhead on January 5,
2006 (71 FR 834). Critical habitat for the species
is divided into 22 hydrologic units by
watersheds. Of these, two occur in Butte County
and include the Marshville and Butte Creek
Hydrologic Units. These units include the
Feather River through Oroville and Little Chico,
Butte, Little Butte, and Little Dry creeks near
Paradise.
Central Valley steelhead are not listed under the
California Endangered Species Act but are
designated as a California Species of Special
Concern.

1
2

An ESU is defined as a population that: 1) is substantially reproductively isolated from conspecific populations and 2)
represents an important component in the evolutionary legacy of the species” (Johnson et al. 1994).
A DPS is a vertebrate population or group of populations that is discrete from other populations of the species and
significant in relation to the entire species. The ESA provides for listing species, subspecies, or distinct population
segments of vertebrate species (NOAA 2011).
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A.12.2 Species Distribution and Status
A.12.2.1 Range and Status
West Coast steelhead occur in Washington, Oregon, Idaho, and throughout California as far south as San
Mateo Creek in San Diego County (McEwan 2001). The Central Valley steelhead DPS was once
widespread throughout the Central Valley. Historically, steelhead likely occurred from the McCloud
River and other northern tributaries in the Central Valley to Tulare Lake and the Kings River in the
southern San Joaquin Valley (McEwan 2001, Good et al. 2005). More than 95 percent of historical
spawning habitat is currently inaccessible to steelhead; before major dam construction, between 1 and 2
million steelhead may have spawned in Central Valley waterways (McEwan 2001).
No reliable estimates of historical Central Valley steelhead population size currently exist. Based on
monitoring below the confluence of the Sacramento and San Joaquin rivers at Chipps Island in 1997 to
1999 and calculations reported in Good et al. (2005) using generous assumptions, roughly 100,000–
300,000 steelhead juveniles are produced naturally each year in the Central Valley. In the 1950s, the
average estimated spawning population size above the mouth of the Feather River in the Sacramento
River system was 20,540 fish (McEwan and Jackson 1996). In 1991–1992, the annual run size for the
total Sacramento River system was likely less than 10,000 adult fish.
The population numbers returning to the Red Bluff Diversion Dam fish ladders have decreased
substantially since 1966. In the late 1960s, roughly 20,000 fish passed through the fish ladders; in 1994,
only 2,000 returned (Good et al. 2005). These statistics include hatchery fish from Coleman National
Fish Hatchery.
The present distribution of Central Valley steelhead is greatly reduced from their historical range,
mostly due to impassible dams that block access to spawning and rearing habitat. Naturally spawning
populations that support anadromy have been found in the upper Sacramento River and tributaries,
Mill, Deer, and Butte creeks, and the Feather, Yuba, Mokelumne, Calaveras, and Stanislaus rivers
(McEwan 2001). Incidental captures of juvenile steelhead during Chinook salmon monitoring in the
Cosumnes, Tuolumne, and Merced rivers confirm a widespread distribution of steelhead in accessible
streams and rivers (Good et al. 2005).

A.12.2.2 Distribution and Status in the Plan Area
Central Valley steelhead have been observed spawning in the Plan Area in the Feather River upstream of
the Thermalito Afterbay outlet to the Fish Diversion Dam (DWR 1999, NMFS 2005); Big Chico Creek
(DFG 1993, NMFS 2005); Butte Creek upstream of
River Mile (RM) 13 to upstream of the Plan Area (USFWS 2000); Little Dry Creek throughout its length
in the Plan Area (NMFS 2005); Little Chico Creek throughout its length in the Plan Area (NMFS 2005);
and Mud Creek (NMFS 2005) (Figure A.17-1, Central Valley Steelhead Modeled Habitat). Juvenile rearing
occurs in all of these waterways as well as in Rock Creek and Lindo Channel. Although the California
Natural Diversity Database (CNDDB 2006) has no records of Central Valley steelhead within Butte
County, critical habitat has been identified by NMFS to include the Feather River, Little Chico Creek,
Butte Creek, Little Butte Creek, and Little Dry Creek (NMFS 2005).
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A.12.3 Habitat Requirements and Special Considerations
Optimal habitat for steelhead throughout its range on the Pacific Coast can generally be characterized by
clear, cool water with abundant instream cover, well-vegetated stream banks, relatively stable water
flow, and a 50:50 pool-to-riffle ratio (Raleigh et al. 1984). Although optimal water temperatures for
steelhead are considered to range from 53.8ºF to 68ºF (12ºC to 20ºC), various sources document
southern steelhead as persisting in streams with water temperatures ranging from 58ºF to 80ºF (14.4ºC
to 25.5ºC) during the summer and early fall months of drought years (Titus et al. in preparation). The
critical thermal maximum is reported to be up to 85ºF (29.4ºC) (Lee and Rinne 1980). Maximum water
temperature thresholds have been established by NMFS (2009b) for spawning and egg incubation at
56°F and for juvenile rearing and juvenile and adult migration at 65°F.
In fresh water, steelhead use freshwater habitat for spawning, rearing, and migration (65 FR 7764).
Essential features of steelhead habitat include adequate substrate, water quality and quantity, water
temperature, water velocity, cover/shelter, food, riparian vegetation, space, and safe passage conditions.
In general, appropriate stream flow, water temperature, and water chemistry (e.g., high dissolved
oxygen and low turbidity) are necessary for adult migration to spawning areas and juvenile migration to
the ocean. Suitable water depth, velocity, and substrate composition are the primary requirements for
spawning, although water temperature and turbidity are also important. Dissolved oxygen, pH, and
water temperature all affect survival of incubating embryos. Fine sediment particles (sand and smaller)
can settle into the spaces between larger substrate particles (such as gravel and cobbles) in the redd,
which reduces water flow and dissolved oxygen concentrations.
For juvenile steelhead, living space (defined by water depth and velocity), shelter from predators and
adverse environmental conditions, a food supply, and suitable water quality and quantity are necessary
for survival and development while in fresh water. Young-of-the-year steelhead use shallow water and
constituent habitats, whereas larger, older juveniles use deeper water for ontogeny and survival (A.
Spina no date). All age classes, however, may seek cover and cool water in pools during the summer
(Nielsen et al. 1994), especially when flow, and consequently space, decline during the summer and fall
(Kraft 1972).
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Figure A.12-1. Central Valley Steelhead Modeled Habitat
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The four primary constituent elements of freshwater critical habitat for steelhead include:







Freshwater spawning sites (i.e., providing suitable water temperatures and instream flows for
successful spawning in the upstream reaches of the tributary rivers);
Freshwater rearing sites (i.e., providing suitable water quality for juvenile rearing, instream flows to
support physical habitat, connectivity with floodplains, tidal habitat, channel margin habitat, and
other juvenile rearing areas, and providing suitable food resources for juvenile rearing);
Freshwater migration corridors (i.e., reducing and avoiding passage barriers and impediments,
providing suitable water quality and instream flows to support access and connectivity for
migration within the tributary rivers, seasonally inundated floodplains and tidal habitats, and
migration pathways through the Delta); and
Estuarine areas (i.e., providing unobstructed migration and rearing opportunities, suitable water
quality with salinity conditions that support juvenile and adult physiological transitions between
freshwater and saltwater, and providing food resources to support juvenile growth and survival)
(70 FR 52488, 71 FR 834).

A.12.4 Life History
Steelhead are the anadromous form of rainbow trout, migrating from the Pacific Ocean to upstream
rivers and streams to spawning grounds. Adult steelhead enter creeks in the winter (September
through March), usually after the first substantial rainfall, and move upstream to suitable spawning
areas. Spawning can occur in winter to spring (January through March, or April in some years),
generally in riffle areas or the tails of pools. Suitable spawning gravels generally are 0.5 to 3 inches in
diameter, are not heavily compacted, and have low amounts of sand or silt in them; however, steelhead
can successfully spawn in gravels not meeting these characteristics. Females dig a nest, or redd, in the
gravel and deposit their eggs, the males fertilize the eggs, and the female covers the nest with gravel.
After eggs hatch (three and one-half to five weeks), fry emerge from the gravel in two to six weeks in late
May to early June, and disperse throughout the creek, typically occupying shallow areas along stream
margins. Juvenile steelhead often move to deeper water as they grow and will remain in freshwater for
an average of two years before migrating to the ocean (62 FR 43937). Downstream movement of kelts3
generally occurs from January through April. Downstream juvenile migration usually occurs from
October to May. Photoperiod, stream flow, and temperature appear to influence emigration timing
(Shapovalov and Taft 1954, Bjornn and Reiser 1991, Holubetz and Leth 1997). Juvenile steelhead may
spend several weeks in the coastal lagoon or estuary of a stream before entering the ocean. They reside
in the ocean for two to three years before returning to their natal stream to spawn (62 FR 43937),
although in wet years steelhead may return to spawn after only one year in the ocean (Moyle et al.
1995). Adults can spawn more than once, although most do not spawn more than twice (62 FR 43937).

A.12.5 Threats
Steelhead populations have been most significantly impacted by the construction of dams that block
access to headwaters of the main stem Sacramento and San Joaquin rivers and all the major tributaries
(McEwan and Jackson 1996). The construction of barrier dams along the migratory streams has blocked
steelhead passage to many natal tributaries, resulting in the loss of spawning and holding habitat.
Compared to historical extent, the spawning and rearing habitat accessible to steelhead has been
3

“Kelt” is the name given to adult salmon and steelhead after they have spawned.
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substantially reduced. Dam-regulated low flow periods and alterations in river flows are other limiting
factors for steelhead migration and reproduction. During low flows, fish are unable to reach natal
spawning habitat or become disconnected and isolated from flowing water. In dry years, some
individuals may be blocked from their streams and forced to remain in main rivers where breeding
habitat is marginal.
Elevated water temperatures are the result of inadequate carryover storage in Shasta and other
reservoirs and warm agricultural runoff (McEwan and Jackson 1996). Steelhead require cool water
temperatures, and increases in water temperatures negatively impact the rate of survival. Land use
activities associated with logging, road construction, urban development, mining, livestock grazing,
agriculture, and recreation are causing a decline in quantity and quality of fish habitat by changing
streambank and channel morphology, altering water temperatures, degrading water quality, and
blocking access to spawning areas (McEwan and Jackson 1996).
Artificial propagation of steelhead at multiple Central Valley hatcheries presents threats to the wild
steelhead population (NMFS 2009b). A major concern is genetic introgression by hatchery origin fish
that spawn naturally and interbreed with wild fish (McEwan and Jackson 1996). Genetic introgression
is thought to introduce maladaptive traits to wild stocks that can reduce their survival and fitness (Araki
et al. 2007). Straying of hatchery fish is also a significant problem within the DPS that reduced the
genetic integrity of local populations (Hallock 1989). There is thought to be significant local genetic
structure of steelhead populations in the Central Valley (NMFS 2009b).

A.12.6 Relevant Conservation Efforts
Several efforts have been established by DFG to conserve and restore steelhead throughout California,
including 100 percent marking of hatchery-produced steelhead, zero bag limit for unmarked steelhead,
gear restrictions, harvest closures, and size limits.
Biological opinions for State Water Project (SWP) and Central Valley Project (CVP) operations (e.g.,
NMFS 2009a) and other federal projects involving irrigation, water diversion, and fish passage have
improved or minimized adverse impacts on steelhead in the Central Valley. In 1992, an amendment to
the authority of the CVP through the Central Valley Project Improvement Act (CVPIA) was enacted to
give protection of fish and wildlife equal priority with other Central Valley Project objectives. From this
Act arose several programs that have benefited listed salmonids. The USFWS’s Anadromous Fish
Restoration Program is engaged in monitoring, education, and restoration projects designed to
contribute toward doubling the natural populations of select anadromous fish species residing in the
Central Valley, including steelhead. Restoration projects funded through the program include fish
passage, fish screening, riparian easement and land acquisition, development of watershed planning
groups, instream and riparian habitat improvement, and gravel replenishment.
The CALFED Ecosystem Restoration Program (ERP) has conducted restoration actions that include
installation of fish screens, modification of barriers to improve fish passage, habitat acquisition, and
instream habitat restoration. A major CALFED ERP action currently underway is the Battle Creek
Salmon and Steelhead Restoration Project. This project will restore 77 kilometers (km) (48 miles) of
habitat in Battle Creek to support steelhead and Chinook salmon spawning and juvenile rearing at a cost
of more than $130 million. The project includes removal of five small hydropower diversion dams,
construction of new fish screens and ladders on another three dams, and construction of several
hydropower facility modifications to ensure continued hydropower operations. This restoration effort,
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which began in 2009 and is expected to be completed in 2015, is believed to be the largest cold water
restoration project to date in North America.
Since about 1992, state and federal resource agencies, including CALFED, DFG, and AFRP, in cooperation
with various environmental groups and water agencies have conducted numerous restoration activities
in Butte Creek primarily focusing on anadromous fish. Restoration activities have included removing six
dams that blocked passage, screening several water diversions to reduce the risk of entrainment, and
installing fish ladders and water control structures to aid in migration.
Oroville Dam Federal Energy Regulatory Commission (FERC) relicensing efforts on the Feather River
have considered instream flows and temperature management for steelhead spawning and juvenile
rearing downstream of the dam.
In August 2011, the Red Bluff Diversion Dam’s gates were raised for the final time as part of the Fish
Passage Improvement Project. A new pumping facility is being built to provide reliable water supply for
high-valued crops in Tehama, Glenn, Colusa, and northern Yolo counties while providing year-round
unimpeded fish passage. Gate closures at the dam have historically interrupted the passage of steelhead
and other migratory species.
The Bay Delta Conservation Plan is under development to contribute to the recovery of Central Valley
steelhead and other fish species. Proposed conservation measures under the plan that would benefit
steelhead include restoration of up to 65,000 acres of tidal wetland, 10,000 acres of floodplain, and 10
linear miles of channel margin habitat; reductions in predation; improvements in dissolved oxygen
levels in the Stockton Deep Water Ship Channel; reductions in illegal harvest; improvements in fisheries
in the Yolo Bypass; and contributions to hatchery and genetic management plans at Central Valley
hatcheries.
Mitigation under the Delta Fish Agreement has increased the number of wardens enforcing harvest
regulations for steelhead and other fish in the Bay-Delta and upstream tributaries by creating the Delta
Bay Enhanced Enforcement Program (DBEEP). Initiated in 1994, DBEEP currently consists of nine
wardens and a supervisor.
Many smaller tributaries to the Sacramento and San Joaquin rivers have local watershed conservancies
with master plans to contribute to conservation and recovery of steelhead and other salmonids.

A.12.7 Species Habitat Suitability Model
Steelhead migration, spawning, and rearing habitats are defined as migration, spawning, and rearing
habitats delineated by NMFS (2005) and GIC (1999) (Figure A.17-1).

A.12.7.1 Spawning Habitat
Spawning habitat of Central Valley steelhead exists in multiple waterways throughout the Plan Area.
Spawning occurs in the Plan Area throughout Mud Creek, Little Chico Creek, Big Chico Creek, and Little
Dry Creek, in Butte Creek upstream of river mile (RM) 13 to outside the Plan Area, and in the Feather
River upstream of the Thermalito Afterbay Outlet to the Fish Diversion Dam.

A.12.7.2 Adult Migration Habitat
Adult migration habitat occurs in and downstream of all spawning habitat locations in the Plan Area.
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A.12.7.3 Juvenile Rearing and Migration Habitat
Juvenile rearing and migration habitat occurs throughout adult spawning and migration habitat. Some
nonnatal juvenile steelhead rearing has also been observed in Rock Creek, a tributary to Big Chico Creek.

A.12.7.4 Assumptions
Data from NMFS were used for this model because NMFS is the federal agency responsible for managing
steelhead and, as such, is considered to be the authority on the distribution of the species and its habitat.
Data gaps in the NMFS (2005) GIS database were augmented with information from Chico State
University’s Geographic Information Center (1999).

A.12.8 Recovery Plan Goals
The Public Draft Recovery Plan for Central Valley salmonids, including steelhead, was released by NMFS
on October 19, 2009. Although not final, the overarching goal in the public draft is the removal of,
among other listed salmonids, the Central Valley steelhead DPS from the Federal List of Endangered and
Threatened Wildlife (NMFS 2009b). Several objectives and related criteria represent the components of
the recovery goal, including the establishment of at least two viable populations within each historical
diversity group, as well as other measurable biological criteria.

A.12.9 References
A.12.9.1 Literature Cited
Araki, H., B. Cooper, and M. S. Blouin. 2007. Genetic Effects of Captive Breeding Cause a Rapid,
Cumulative Fitness Decline in the Wild. Science 318:100–103.
Bjornn, T. C., and D. W. Reiser. 1991. Habitat Requirements of Salmonids in Streams. Pages 83–138 in
Influences of Forest and Rangeland Management on Salmonid Fishes and their Habitats, edited
by W. R. Meehan. American Fisheries Society Special Publication 19.

DFG (California Department of Fish and Game). 1993. Restoring Central Valley Streams: A
Plan for Action.
DWR (California Department of Water Resources). 1999. Feather River Study, Chinook Salmon
Emigration Survey, December 1997–June 1998.
CNDDB (California Natural Diversity Database). 2006. Sacramento: California Department of Fish and
Game.
GIC (Geographic Information Center). 1999. California State University, Chico.
Good, T. P., R. S. Waples, and P. Adams, eds. 2005. Updated Status of Federally Listed ESUs of West Coast
Salmon and Steelhead. NMFS-NWFSC-66. U.S. Department of Commerce. National Oceanic and
Atmospheric Administration (NOAA) Technical Memo.
Hallock, R. J. 1989. Upper Sacramento River Steelhead, Onchorhynchus mykiss, 1952-1988. A Report to
the U.S. Fish and Wildlife Service.
Holubetz, T. B., and B. D. Leth. 1997. Evaluation and Monitoring of Wild/Natural Steelhead Trout
Production. Annual Progress Report: January 1, 1995–December 31, 1995. Prepared for U. S.
Department of Energy, Bonneville Power Administration, Portland, OR.

Butte Regional Conservation Plan
Final

A.12-8

June 2019
ICF 00736.10

Appendix A. Species Account
Central Valley Steelhead

Johnson, O. W., R. S. Waples, T. C. Wainwright, K. G. Neely, F. W. Waknitz, and L. T. Parker. 1994. Status
Review for Oregon’s Umpqua River Sea-Run Cutthroat Trout. NMFS-VWFSC-15. U.S. Department
of Commerce. National Oceanic and Atmospheric Administration (NOAA) Technical Memo.
Kraft, M. E. 1972. Effects of Controlled Flow Reduction on a Trout Stream. Journal of the Fisheries
Research Board of Canada 29:1405–1411.
Lee, R. M., and J. N. Rinne. 1980. Critical Thermal Maxima of Five Trout Species in the Southwestern
United States. Transactions of the American Fisheries Society 109:632–635.
McEwan, D. R. 2001. Central Valley Steelhead. Pages 1–43 in Contributions to the Biology of Central
Valley Salmonids, Vol. 1, edited by R. L. Brown. Fish Bulletin 179. Sacramento: California
Department of Fish and Game.
McEwan, D. and T. A. Jackson. 1996. Steelhead Restoration and Management Plan for California. Inland
Fisheries Division, California Department of Fish and Game.
Moore, T. L. 2001. Steelhead Survey Report for Antelope, Deer, Beegum and Mill Creeks, 2001. California
Department of Fish and Game, Sacramento River Salmon and Steelhead Assessment Program.
Sacramento, CA.
Moyle, P. B., R. M. Yoshiyama, J. E. Williams, and E. D. Wikramanayake. 1995. Fish Species of Special
Concern in California. 2nd ed. Contract No. 2128IF. Prepared for California Department of Fish
and Game, Rancho Cordova.

NMFS (National Marine Fisheries Service). 2005. NMFS Southwest Regional Office GIS Data. Available:
http://swr.nmfs.noaa.gov/salmon/layers/finalgis.htm.
NMFS (National Marine Fisheries Service). 2009a. Biological Opinion and Conference Opinion on the
Long-term Operations of the Central Valley Project and State Water Project. June 4. Available:
http://swr.nmfs.noaa.gov/ocap.htm.
NMFS (National Marine Fisheries Service). 2009b. Public Draft Recovery Plan for the Evolutionarily
Significant Units of Sacramento River Winter-run Chinook Salmon and Central Valley Spring-run
Chinook Salmon and the Distinct Population Segment of Central Valley Steelhead. Sacramento
Protected Resources Division. October.
NOAA (National Oceanic and Atmospheric Administration). 2011. NOAA Fisheries Service Protected
Resources Glossary. Available at:
http://www.nmfs.noaa.gov/pr/glossary.htm#d
Nielsen, J. L., T. E. Lisle, and V. Ozaki. 1994. Thermally Stratified Pools and Their Use by Steelhead in
Northern California Streams. Transactions of the American Fisheries Society 123:613–626.
Raleigh, R. F., T. Hickman, R. C. Solomon, and P. C. Nelson. 1984. Habitat Suitability Information: Rainbow
Trout. FWS/OBS-82/10.60. Department of Interior, U.S. Fish and Wildlife Service, Washington,
DC.
Shapovalov, L., and A. C. Taft. 1954. The Life Histories of the Steelhead Rainbow Trout (Salmo gairdneri
gairdneri) and Silver Salmon (Oncorhynchus kisutch) with Special Reference to Waddell Creek,
California, and Recommendations Regarding their Management. Fish Bulletin 98. Sacramento:
California Department of Fish and Game.
Spina, A. No date. Unpublished information provided by NOAA Fisheries to SAIC.
Titus, R. G., D. C. Erman, and W. M. Snider. In preparation. History and Status of Steelhead in California
Coastal Drainages South of San Francisco Bay.

Butte Regional Conservation Plan
Final

A.12-9

June 2019
ICF 00736.10

Appendix A. Species Account
Central Valley Steelhead

USFWS (U.S. Fish and Wildlife Service). 2000. Anadromous fish restoration actions in the Butte Creek
Watershed. Programmatic environmental assessment. Available:
http://www.delta.dfg.ca.gov/afrp/documents/Buttepea.pdf. Accessed: May 2007.

A.12.9.2 Federal Register
62 FR 43937. 1997. Endangered and Threatened Species: Listing of Several Evolutionary Significant
Units (ESUs) of West Coast Steelhead: Final Rule. Federal Register 62: 43937.
63 FR 13347. 1998. Endangered and Threatened Species; Threatened Status for Two Evolutionarily
Significant Units of Steelhead in Washington, Oregon, and California; Final Rule. Federal Register
63: 13347.
65 FR 7764. 2000. Designated Critical Habitat: Critical Habitat for 19 Evolutionarily Significant Units of
Salmon and Steelhead in Washington, Oregon, Idaho, and California: Final Rule. Federal Register
65:7764.
69 FR 33102. 2004. Endangered and Threatened Species; Proposed Listing Determinations for 27 ESUs
of West Coast Salmonids; Proposed Rule. Federal Register 69: 33102.
70 FR 52488. 2005. Endangered and Threatened Species; Designation of Critical Habitat for Seven
Evolutionarily Significant Units of Pacific Salmon and Steelhead in California; Final Rule. Federal
Register 70: 52488.
71 FR 834. 2006. Endangered and Threatened Species; Final Listing Determinations for 10 Distinct
Populations Segments of West Coast Steelhead; Final Rule. Federal Register 71: 834.

Butte Regional Conservation Plan
Final

A.12-10

June 2019
ICF 00736.10

Appendix A. Species Account
Central Valley Spring-Run Chinook Salmon

A.13 Central Valley Spring-Run
Chinook Salmon
(Oncorhynchus tshawytscha)
A.13.1 Legal and Other Status
Central Valley Chinook salmon are composed of several genetically distinct races, or evolutionarily
significant units (ESU)1. This account focuses on the Central Valley spring-run Chinook salmon ESU,
which occurs in the BRCP Plan Area.
The Central Valley spring-run Chinook salmon ESU was listed as a threatened species under the
Endangered Species Act (ESA) on September 16, 1999, and the threatened status was affirmed on June
28, 2005 (64 FR 50394, 70 FR 37160). In the 2005 decision, the ESU included all naturally spawned
populations of spring-run Chinook salmon in the Sacramento River and its tributaries in California,
including the Feather River, as well as the Feather River Hatchery spring-run Chinook salmon program
(70 FR 37160). Before this decision, Feather River Hatchery spring-run Chinook salmon were not
included in the ESU, despite fish from the hatchery being genetically distinct from other populations in
Mill, Deer, and Butte creeks.
Critical habitat was established on September
2, 2005, and became effective on January 2,
2006 (70 FR 52488) (see Figure A.13-1,
Central Valley Spring-Run Chinook Salmon
Recorded Occurrences within the Plan Area).
Spring-run Chinook salmon was listed as a
threatened species under the California ESA
on February 5, 1999.

A.13.2 Species Distribution
and Status
A.13.2.1 Range and Status
The distribution and status information
below was taken from the DFG (1995) unless
otherwise noted.

1

An ESU is defined as “a population that 1) is substantially reproductively isolated from conspecific populations and 2)
represents an important component in the evolutionary legacy of the species” (Johnson et al. 1994).
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Figure A.13-1. Central Valley Spring-Run Chinook Salmon Recorded Occurrences
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Spring-run Chinook salmon can be found in rivers throughout Alaska, British Columbia, Washington,
Idaho, Oregon, and California, but have depleted populations throughout this range. In the SacramentoSan Joaquin drainage, the principal holding and spawning areas were historically in the middle reaches
of the San Joaquin, American, Yuba, Feather, Upper Sacramento, McCloud, and Pit rivers, presumably
with smaller populations in most other tributaries that were large and cold enough to support adults
through the summer. The main populations were all extirpated with the construction of dams, primarily
in the 1940s and 1950s, which blocked access to holding areas (DFG 1995). Currently, the most
consistent self-sustaining, wild populations reside in Deer and Mill Creeks, Tehama County, and a few
fish are present in Antelope, Battle, Big Chico, Clear, Cottonwood, and Beegum creeks and the Feather
and Yuba rivers (DFG 1995, 2001). Substantial numbers of spring-run Chinook salmon are also located
in Butte Creek with high variability (10 to 20,259 fish between 1979 and 2011) (DFG 2012).
Historically, spring-run Chinook salmon were one of the largest salmonid runs on the Pacific coast. In
1885, commercial fisheries harvested over 600,000 fish in the Central Valley. The population was never
estimated historically, but in 1955 the San Joaquin drainage was estimated by the DFG to sustain
210,000 wild Chinook salmon per year with proper management. In 1945, a total of 56,000 fish
migrated up the San Joaquin River; this would be the last large run for the species. After the
construction of Friant Dam in 1948 and the resulting loss of habitat, the spring-run Chinook salmon
population in the San Joaquin River was locally extirpated, leaving those from the Sacramento River
watershed as the primary stock for the run.
Spring-run Chinook salmon populations in the Sacramento drainage were drastically reduced following
construction of barrier dams. Historical estimates of run size for the Sacramento River and its
tributaries averaged over 15,000 fish in the McCloud River, Pit River, Little Sacramento River above
Shasta Dam; 8,000 to 20,000 fish in the Feather River above Oroville Dam; 6,000 to 10,000 fish in the
Yuba River above Englebright Dam; and over 10,000 fish in the American River above Folsom Dam (DFG
1995). The entire Sacramento River drainage supported an estimate exceeding 100,000 fish in many
years between the late 1800s and 1940s, which was possibly low by a factor of 3 or 4 (DFG 1995).
Currently, the only waterways that support viable spring-run populations are Butte, Deer, and Mill
Creeks (DFG 1998). In addition, adult spring-run return to the Feather River Hatchery on the Feather
River. Preliminary 2011 Butte Creek snorkel survey data indicate that there were 2,130 adult springrun Chinook salmon in Butte Creek (DFG 2012). Prior to 2011, population size estimates had declined
every year since 2005, in which 10,625 adults were observed in snorkel surveys. Preliminary
population estimates of spring-run during 2011 in Mill and Deer creeks were 366 and 271 individuals,
respectively. Population numbers have generally declined since 2005–2006 in both of these creeks. The
preliminary population estimate of spring-run during 2011 in the Feather River, all of which were
hatchery fish, was 1,969 individuals. Population size in the Feather River generally declined from 2003
to 2009, but has increased during 2010 and 2011.

A.13.2.2 Distribution and Status in the Plan Area
Spring-run Chinook salmon have been recorded in three main drainages in Butte County, including Big
Chico Creek, Butte Creek, and the Feather River (CNDDB 2006), as shown in Figure A.13-1.
Along Big Chico Creek, individuals have been observed from Bidwell Park, 6 miles (9.65 kilometers
[km]) west-northwest of Paradise, to Higgings Hole 0.5 mile (0.8 km) upstream of Ponderosa Way
Crossing. Along Butte Creek, individuals have been found from the Parrot-Phelan diversion dam
upstream to the Centerville diversion dam west of De Sabla. Along the Feather River, individuals have
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been observed from the Thermalito Afterbay outlet to the fish barrier at the Feather River Hatchery
upstream.

A.13.3 Habitat Requirements and Special Considerations
The success of immigration and spawning is dependent on water movement and velocity, water depth,
substrate composition, and temperature (Resources Agency et al. 1998). Spawning takes place in swift,
moderately shallow riffles or in areas along fast moving banks with plentiful, gravelly substrate. The
gravel needs to be clean, loose, and stable for the duration of the larval stage. Pre-spawning activity of
Chinook salmon requires a territory of 200 to 650 square feet (18.6 to 60.4 square meters) depending
on the density of the population. The female will dig a redd, or nest, in the gravel with an average size of
165 square feet (15.3 square meters), and she will deposit several packets of eggs and bury them after
they have been fertilized by the male.
Spawning locations have a particular balance of water velocity and depth. Water velocity is more critical
to the viability of the habitat than water depth. Incubating embryos buried in the gravel require
sufficient water flow through the gravel for the supply of oxygen and removal of metabolic wastes. This
water flow is governed by the velocity of the water. Water velocity in Chinook salmon spawning areas
ranges from 1.0 to 3.5 feet per second (fps) and the optimum velocity is 1.5 fps. Overly high water
velocity may lead to redd scour, in which spawning gravels or eggs become mobilized. Spawning depths
fall between 1 to 5 feet (0.3 to 1.5 meter) with a maximum depth observed of 20 feet. A depth shallower
than 6 inches can be restrictive to Chinook salmon movement.
Substrate composition has other key implications in spawning success. The embryos and alevins (newly
hatched fish with the yolk sacs still attached) require adequate water movement through the substrate.
This movement can be inhibited by the accumulation of fines and sand. Higher amounts of sand and
fines may prohibit successful embryo incubation and emergence of alevins from the substrate.
Generally, the redd should contain less than 5 percent fines (The Resources Agency et al. 1998).
The water temperature is also critical for immigration and spawning of Chinook salmon. This species
prefers well-oxygenated water within a range of 57ºF to 67ºF (8.3ºC to 13.9ºC) for upstream migration
and between 42ºF and 56ºF (5.6ºC and 13.3ºC) for spawning (The Resources Agency et al. 1998).
Typically, a temperature of 52ºF (11.1ºC) is preferred for spawning. Temperatures outside of these
thresholds decrease reproductive success.

A.13.4 Life History
The runs of Chinook salmon in California are distinguished by several physical and temporal properties,
including the maturity of fish entering fresh water, time of spawning migrations and holding periods,
spawning areas, incubation times, incubation temperature requirements, and migration timing of
juveniles (DFG 1995).
Spring-run Chinook salmon migrate great distances to spawning habitat. The spring-run Chinook
salmon leave the ocean and enter the rivers between late January and September during the spring
snow-melt runoff, primarily in May and June (DFG 1998, Moyle 2002). The majority of the immigrating
fish is three years old, but can range from two to five years of age. During the migration to their natal
streams, adults will spend their time through the summer in suitable holding habitat of deep pools.
Suitable holding habitat requirements include: (1) sufficiently deep pools to allow adults to oversummer, (2) sufficient cover, such as bubble curtains, (3) close proximity to spawning grounds, and (4)
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adequate water temperatures and dissolved oxygen concentrations (DFG 1998). Spawning occurs in
mid-August to early October, peaking in September (DFG 1995, The Resources Agency et al. 1998, Moyle
2002). The duration of embryo incubation depends on water temperature, but juvenile emergence
generally takes place during November through March. Once hatched, alevins remain in the gravel
substrate for two to three weeks until the yolk sac is fully absorbed (DFG 1995). Emigration of fry and
smolts generally occurs during late November through April; however, emigration timing is variable
among and within creeks (NMFS 2009). Juveniles can move downstream just after hatching or they can
remain until the following fall. They may also hold in the Sacramento River or San Francisco Bay estuary
and increase their size before reaching the ocean. Most spring-run salmon smolts have presumably left
the system by mid-May (DFG 1995).
Historically, spawning adults consisted of mostly larger fish that were likely four or five years of age.
However, recently, these older individuals are far less abundant due to intense ocean fishing of the
largest fish within the population (DFG 1995). Thus, the most prevalent spawning fish are younger and
average three years old, based on size.

A.13.5 Threats
The three major threats to spring-run Chinook salmon include loss of historical spawning habitat,
degradation of remaining habitat, and genetic threats from Feather River hatchery practices (Good et al.
2005, NMFS 2009).

A.13.5.1 Spawning Habitat Loss
The construction of dams and water diversions for agriculture, flood control, and domestic and
hydropower purposes along migratory streams has blocked the passage to many natal tributaries for
spring-run Chinook salmon and has resulted in a reduction in the number of natural spawning
populations from an estimated 17 to three (Good et al. 2005). Suitable summer water temperatures for
spring-run Chinook salmon are found at elevations between 492 to 1,640 feet (150 to 500 meters);
however, most of the waterways are currently blocked by impassible dams.

A.13.5.2 Habitat Degradation
Existing suitable habitat is limited to a small number of tributaries on the Sacramento River, but has
been further degraded by elevated water temperatures and agricultural and municipal diversions,
entrainment into unscreened or poorly screened diversions, predation by nonnative species, and
restricted and regulated flows. Dam-regulated low flow periods and alterations in river flows are other
limiting factors for salmon migration and reproduction. During times of low or no flows, fish are unable
to reach natal spawning habitat or become disconnected and isolated from flowing water.

A.13.5.3 Loss of Genetic Diversity
Interbreeding of wild spring-run Chinook salmon with both wild and hatchery fall-run Chinook salmon
has the potential to dilute and eventually eliminate the adaptive genetic distinctiveness of the few
remaining naturally reproducing populations (DFG 1995). Spring and fall runs of Chinook salmon were
historically isolated in time and space in the past; however, the construction of dams has eliminated
access to historical spawning areas of spring-run fish in the upper tributaries and streams. This forces
spring-run fish to spawn in lower elevation areas also used by fall-run fish, likely resulting in
hybridization of the two races. Further, the Feather River Hatchery spring-run salmon program releases
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their fish far downstream of the hatchery (San Pablo Bay), which increases the rate of straying adults
migrating back upstream (DFG 2001). Recent efforts by DFG, however, have reduced straying, and,
therefore, the potential for hybridization (McReynolds et al. 2006). Half of the production fish are now
released in the Feather River at Live Oak.

A.13.6 Relevant Conservation Efforts
Many conservation efforts have arisen from management actions meant to minimize the potential
effects of State Water Project and Central Valley Project water diversions in the Delta. Section 7
Biological Opinions and Reasonable and Prudent Alternatives (RPAs) (e.g., NMFS 2009) and other
federal projects have led to the establishment of large programs to conserve Central Valley salmonids.
In 1992, an amendment to the authority of the CVP through the Central Valley Project Improvement Act
(CVPIA) was enacted and gave rise to the Anadromous Fish Restoration Program (AFRP). The AFRP has
been engaged in monitoring, education, and funding restoration projects towards the goal of doubling
the natural populations of select anadromous fish species in the Central Valley. Restoration projects
funded through the AFRP include fish passage, fish screening, riparian easement and land acquisition,
development of watershed planning groups, instream and riparian habitat improvement, and gravel
replenishment.
Several actions have addressed habitat issues with Central Valley salmonids through ESA section 7 RPAs
addressing temperature, flow, and operations of the CVP and SWP; actions by EPA to minimize acid mine
runoff from Iron Mountain Mine; and Central Valley Regional Water Quality Control Board decisions to
require compliance with Sacramento River water quality objectives, which resulted in the installation of
the Shasta Temperature Control Device in 1998.
DWR’s Delta Fish Agreement Program has provided approximately $49 million for projects that benefit
salmon and steelhead production in the Sacramento-San Joaquin basins and Delta since 1986. Delta Fish
Agreement projects that benefit Central Valley spring-run Chinook salmon include water exchange
programs on Mill and Deer creeks; enhanced law enforcement efforts from San Francisco Estuary
upstream to the Sacramento and San Joaquin rivers and their tributaries; design and construction of fish
screens and ladders on Butte Creek; and, screening of diversions in Suisun Marsh and San Joaquin River
tributaries. The Spring-Run Salmon Increased Protection Project provides overtime wages for DFG
wardens to focus on reducing illegal take and illegal water diversions on upper Sacramento River
tributaries and adult holding areas, where the fish are vulnerable to poaching. This project covers Mill,
Deer, Antelope, Butte, Big Chico, Cottonwood, and Battle creeks, and has been in effect since 1996.
The CALFED Ecosystem Restoration Program (ERP) has conducted restoration actions that include
installation of fish screens, modification of barriers to improve fish passage, habitat acquisition, and
instream habitat restoration. A major CALFED ERP action currently underway is the Battle Creek
Salmon and Steelhead Restoration Project. This project will restore 77 km (48 miles) of habitat in Battle
Creek to support steelhead and Chinook salmon spawning and juvenile rearing at a cost of more than
$130 million. The project includes removal of five small hydropower diversion dams, construction of
new fish screens and ladders on another three dams, and construction of several hydropower facility
modifications to ensure continued hydropower operations. This restoration effort, which began in 2009
and is expected to be completed in 2015, is believed to be the largest cold water restoration project to
date in North America.
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Since about 1992, state and federal resource agencies, including CALFED, DFG, and AFRP, in cooperation
with various environmental groups and water agencies have conducted numerous restoration activities
in Butte Creek primarily focusing on anadromous fish. Restoration activities have included removing six
dams that blocked passage, screening several water diversions to reduce the risk of entrainment, and
installing fish ladders and water control structures to aid in migration. The spring-run population
dramatically increased following the start of these restoration activities.
The Feather River Fish Hatchery is making efforts to segregate spring-run from fall-run Chinook salmon
to enhance and restore the spring-run Chinook salmon genotype in the Feather River, including
changing release locations of juveniles and developing a Hatchery and Genetic Management Plan (DFG
2001, McReynolds et al. 2006).
In August 2011, the Red Bluff Diversion Dam’s gates were raised for the final time as part of the Fish
Passage Improvement Project. A new pumping facility is being built to provide reliable water supply for
high-valued crops in Tehama, Glenn, Colusa, and northern Yolo counties while providing year-round
unimpeded fish passage. Gate closures at the dam have historically interrupted the passage of springrun Chinook salmon and other migratory species.
Seasonal constraints on sport and commercial fisheries south of Point Arena and in-river constraints on
sport fishing by DFG, as well as enhanced enforcement efforts to reduce illegal harvest, have reduced
harvest on spring-run Chinook salmon.
The Bay Delta Conservation Plan is under development to contribute to the recovery of Central Valley
spring-run Chinook salmon. Proposed conservation measures under the plan that would benefit springrun Chinook salmon include restoring up to 65,000 acres of tidal wetland, 10,000 acres of floodplain,
and 10 linear miles of channel margin habitat; reductions in predation; improvements in dissolved
oxygen levels in the Stockton Deep Water Ship Channel; reducing illegal harvest; improving fisheries in
the Yolo Bypass; and contributing to hatchery and genetic management plans at Central Valley
hatcheries.
Many smaller tributaries to the Sacramento and San Joaquin rivers have local watershed conservancies
with master plans to contribute to conservation and recovery of salmonids.

A.13.7 Species Habitat Suitability Model
Spring-run Chinook salmon migration, holding, spawning, and rearing habitats are defined as migration,
holding, spawning, and rearing habitats delineated by CNDDB (2007), NMFS (2005), GIC (1999), and C.
Garman (pers. comm.) (Figure A.13-1).

A.13.7.1 Spawning and Holding Habitat
Spring-run Chinook salmon spawning and holding has been recorded in three main drainages in the
Plan Area, including Big Chico Creek, Butte Creek, and the Feather River. Spawning habitat occurs in Big
Chico Creek from river mile (RM) 13 to Bidwell Park, in Butte Creek from RM 44 to outside the Plan Area
(RM 22), and in the Feather River from the Thermalito Afterbay Outlet to the Fish Barrier Dam.
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A.13.7.2 Adult Migration Habitat
Adult migration habitat of spring-run Chinook salmon is located in waterways within of spawning
habitat in Big Chico and Butte Creeks, Feather River, and on the mainstem Sacramento River.

A.13.7.3 Juvenile Migration Habitat
Spring-run Chinook salmon juveniles migrate downstream towards the Pacific Ocean throughout all
spawning and adult migration habitat in the Plan Area.

A.13.7.4 Juvenile Rearing Habitat
Juvenile rearing habitat consists of all adult spawning and juvenile/adult migration habitat discussed
above, but can also include nonnatal streams in Big Chico Creek, such as Mud, Rock, Pine, and Singer
Creeks to rear.

A.13.7.5 Assumptions
Data from DFG (CNDDB 2007) and NMFS (2005) were used for this model because these agencies are
the state and federal agencies, respectively, responsible for managing spring-run Chinook salmon and,
as such, are considered to be the authorities on the distribution of the species and its habitat. Data gaps
in the CNDDB (2007) and NMFS (2005) GIS databases were augmented with information from Chico
State University’s Geographic Information Center (1999) and C. Garman (pers. comm.).

A.13.8 Recovery Plan Goals
The Public Draft Recovery Plan for Central Valley salmonids, including spring-run Chinook salmon, was
released by NMFS on October 19, 2009. Although not final, the overarching goal in the public draft is the
removal of, among other listed salmonids, spring-run Chinook salmon from the federal list of
Endangered and Threatened Wildlife (NMFS 2009). Several objectives and related criteria represent the
components of the recovery goal, including the establishment of at least two viable populations within
each historical diversity group, as well as other measurable biological criteria.
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A.14 Central Valley Fall-/Late FallRun Chinook Salmon
(Oncorhynchus tshawytscha)
A.14.1 Legal and Other Status
The Central Valley fall-/late fall-run Chinook salmon evolutionarily significant unit (ESU)1 comprises
two runs: fall and late fall. The National Marine Fisheries Service (NMFS) found that listing the ESU was
not warranted on September 16, 1999 (64 FR 50394), but the ESU was classified as a Species of Concern
on April 15, 2004 (69 FR 19975) due to specific risk factors.
The Sacramento River late fall-run Chinook salmon is a California Species of Special Concern (Moyle et
al. 1995).

A.14.2 Species Distribution and Status
A.14.2.1 Range and Status
Fall-/late fall-run Chinook salmon can be found
in the ocean along the west coast of North
America from south of Monterey, California, to
Alaska, but the southern extent of spawning is in
the San Joaquin and Kings rivers (Moyle 2002).
Historically, fall-run Chinook salmon used rivers
and their tributaries in the Central Valley from
the Kings River in the south to the Pit and
McCloud rivers in the north (Schick et al. 2005).
Late fall-run Chinook salmon probably used the
Sacramento River and tributaries above Shasta
Dam (Moyle et al. 1995). The late fall-run was
identified as separate from the fall-run in the
Sacramento River after the Red Bluff Diversion
Dam was constructed in 1966 and fish counts
could be more accurately made at the fish ladder
there.
Fall-run, as well as some late fall-run Chinook
salmon in the Sacramento River have been
artificially propagated in hatcheries and
released into the rivers and bays since 1872
(BRT 1997). In the last 50 years, 1.6 billion fall-run fish have been released from hatcheries into Central
Valley waterways. State hatcheries on the American and Feather rivers now transport young fish to salt
1

An ESU is defined as “a population that 1) is substantially reproductively isolated from conspecific populations and 2)
represents an important component in the evolutionary legacy of the species” (Johnson et al. 1994).
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water to avoid mortality in the Delta, but it is thought that this increases straying of adults when they
return to spawn.
Fall-run Chinook salmon are the most abundant run in the Central Valley (Moyle 2002). From 1981 to
2011, in-river (non-hatchery) adult escapement averaged 237,198 per year (DFG 2012). Escapement
peaked in 2002 (766,668 individuals) and declined to historical lows in 2009 (30,426 individuals) and
has since recovered slightly. In 2011, in-river adult escapement was estimated at 123,917 fish (DFG
2012).
Late fall-run in-river adult escapement averaged 10,154 individuals between 1980/81 and 2009/10
spawning seasons, except during the 1996/97 season for which there are no data (DFG 2012).
Escapement of in-river adults was 48 in 1995/96 but peaked at 39,340 individuals in 1997/98.
Escapement during 2010/11 spawning season was 3,783 individuals, which is only 37% of the average
escapement over the past 31 years.

A.14.2.2 Distribution and Status in the Plan Area
Although no California Natural Diversity Database (CNDDB) occurrences of Central Valley fall/late fallrun Chinook salmon have been reported from Butte County (see Figure A.14-1, Central Valley Fall-/Late
Fall-Run Chinook Salmon Modeled Habitat), fall-run Chinook salmon are thought to use the Feather River
to Oroville, Butte Creek, Big Chico Creek, Little Chico Creek, Rock Creek, Mud Creek, and the Sacramento
River (Maslin et al. 1997, GIC 1999, NMFS 1999) (Figure A.14-1). The length of historical stream habitat
was 6.8 kilometers (km) in Big Chico Creek and 25.7 km in Butte Creek. Fall-run Chinook salmon
population size in Big Chico Creek was estimated at 50 fish in 1957, but removal of a barrier in 1958
opened 15 miles (24 km) of spawning habitat (Fry 1961). However, no adults have returned to Big
Chico Creek since 1985. Butte Creek has had consistent returns of 2,000–5,000 fall-run adults between
2001 and 2005, but returns have declined to fewer than 400 individuals during the past three years
(2008–2010) (DFG 2011).

A.14.3 Habitat Requirements and Special Considerations
Fall-/late fall-run Chinook salmon require gravel and cobble areas, primarily in moderately shallow
riffles, with water flow through the substrate for spawning. Gravel and cobble sizes can range from 0.1
to 6 inches (SWRI 2003). Preferred water velocity for spawning is 1.2 to 3.8 feet per second. The gravel
needs to be clean, loose, and stable for the duration of the larval stage.
Adults tolerate water temperatures between 51ºF and 67ºF (10.6ºC and 19.4ºC), while juveniles
tolerate temperatures of 32ºF to 75.2ºF (0ºC to 24ºC). Juvenile rearing habitat optimally contains space
(a large enough area to allow growth), instream and overhead cover, and an adequate food supply
(aquatic and terrestrial invertebrates) with suitable water velocities and depth (SWRI 2003). The
optimal dissolved oxygen concentration is above 9 milligrams per liter, and pH is optimal between 6.8
and 8.0.
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Figure A.14-1. Central Valley Fall-/Late Fall-Run Chinook Salmon Modeled Habitat
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Low turbidity is preferred, although both juveniles and adults can tolerate turbidity up to 1,000 and
4,000 parts per million, respectively (SWRI 2003). Migratory routes must be free of barriers that can
impede or prevent movement upstream and downstream.

A.14.4 Life History
Chinook salmon are anadromous, migrating from the ocean up rivers and streams to spawning grounds.
Adult fall-run Chinook salmon migrate upstream from July through December and spawn from October
through December. Peak spawning occurs during October and November. Late fall-run adults migrate
upstream from October through April and spawn one to three months later during January to April.
Peak spawning occurs in February and March. During spawning, females dig a shallow depression (or
redd) in gravel to lay their eggs, and the males fertilize the eggs. A single female in the Sacramento River
can produce up to 5,800 eggs (Moyle 2002). Late fall-run Chinook salmon do not eat during their
migration to spawning areas or during holding before spawning (Moyle et al. 1995). The eggs hatch in
three to four months, and the larvae remain in the gravel for another two to three weeks before
emerging. Fry emergence typically occurs at night. Newly emerged fry seek streamside habitat with
riparian habitat that provides food (aquatic and terrestrial invertebrates), cover from predators, and
slower water velocity (NMFS 1996).
Fall-run Chinook salmon fry typically emerge between December and March, with emigration to the
ocean occurring December through June. Peak downstream migration trends appear to be correlated
with high winter flows. Late fall-run Chinook salmon fry generally emerge from April through June and
rear from April until the following April.
Central Valley Chinook salmon enter the ocean near the Gulf of the Farrallones and then distribute north
and south along the continental shelf mostly between Point Conception and Washington (Healey 1991).
Chinook salmon grow rapidly in the ocean for two to five years. Fall-run Chinook salmon mature in the
ocean before returning to freshwater to spawn. Late fall-run Chinook salmon may return to freshwater
as immature adults as indicated by a one- to three-month delay in spawning once reaching the spawning
grounds.

A.14.5 Threats
Access to the upper extent of the historical upstream spawning habitat for fall-/late fall-run Chinook
salmon has been eliminated or degraded by manmade structures (e.g., dams and weirs) associated with
water storage and conveyance, flood control, and diversions and exports for municipal, industrial,
agricultural, and hydropower purposes (Yoshiyama et al. 1998). Over 80 percent of salmon holding and
spawning habitat is no longer accessible (Moyle 2002).
Upstream diversions and dams have decreased downstream flows and altered the seasonal hydrologic
patterns. These factors have been identified as contributing to delays in upstream migration by adults,
increased mortality of out-migrating juveniles, and responsible for making some streams uninhabitable
by fall-run Chinook salmon (Yoshiyama et al. 1998). Unscreened or poorly screened diversions are also
responsible for entrainment of salmon fry and juveniles.
Much of the migration corridors for fall- and late fall-run Chinook salmon has been leveed, channelized,
and modified with riprap for thereby reducing and degrading the quality and availability of natural
habitat for rearing and emigrating juvenile Chinook salmon (Brandes and McLain 2001).
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Predation on juvenile salmon by nonnative fish has been identified as an important threat to fall- and
late fall-run Chinook salmon in areas with high densities of nonnative fish (e.g., small and large mouth
bass, striped bass, and catfish) that prey on out-migrating juvenile salmon (Lindley and Mohr 2003).
Upstream gravel pits and flooded ponds attract nonnative predators because of their depth and lack of
cover for juvenile salmon (DWR 2005).
Coastal marine waters offshore of San Francisco Bay support a mixed stock fishery comprised of both
wild and hatchery-produced salmon. Commercial and recreational harvest, therefore, targets both
hatchery and wild salmon. It is believed that harvest is having detrimental effects to wild spawners in
this mixed stock fishery, although few data are available. Naturally reproducing Chinook salmon
populations are less able to withstand high harvest rates compared to hatchery-based stocks due to
differences in population size (Knudsen et al. 1999).
Artificial propagation programs (hatchery production) for fall-/late fall-run Chinook salmon in the
Central Valley present multiple threats to wild (in-river spawning) Chinook salmon populations,
including genetic introgression by hatchery origin fish that spawn naturally and interbreed with local
wild populations (USFWS 2001, Reclamation 2004, Goodman 2005). It is now recognized that Central
Valley hatcheries are a significant and persistent threat to wild Chinook salmon and steelhead
populations and fisheries (NMFS 2009a). Interbreeding with hatchery fish contributes directly to
reduced genetic diversity and introduces maladaptive genetic changes to the wild population (DFG
1995, CALFED 2004, Myers et al. 2004, Araki et al. 2007). In addition, releasing hatchery smolts
downstream of hatcheries has resulted in an increase in straying rates, further reducing genetic
diversity among populations (Williamson and May 2005).
The loss of fish to entrainment mortality at the State Water Project (SWP) and Central Valley Project
(CVP) diversion in the south Delta has been identified as an impact to Chinook salmon populations
(Kjelson and Brandes 1989). In addition, unscreened and poorly screened diversions found throughout
the freshwater range of fall- and late-fall run Chinook salmon (Herren and Kawasaki 2001) contribute to
entrainment mortality of juvenile salmon.
Concern regarding exposure of Chinook salmon to toxic substances, including mercury, selenium,
copper, pyrethroids, and endocrine disruptors, includes waterborne chronic and acute exposure, as well
as bioaccumulation and chronic dietary exposure. Sublethal concentrations of toxins may interact with
other stressors to cause adverse effects to salmonids, such as increasing their vulnerability to mortality
as a result of exposure to seasonally elevated water temperatures, predation, or disease (Werner 2007).
For example, Clifford et al. (2005) found in a laboratory setting that juvenile fall-run Chinook salmon
exposed to sublethal levels of a common parathyroid, esfenvalerate, were more susceptible to infectious
hematopoietic necrosis virus than those not exposed to esfenvalerate.

A.14.6 Relevant Conservation Efforts
Many conservation efforts have arisen from management actions meant to minimize the potential
effects of SWP and CVP water diversions in the Delta. Section 7 Biological Opinions and Reasonable and
Prudent Alternatives (RPAs) (e.g., NMFS 2009b) and other federal projects have led to the establishment
of large programs to conserve Central Valley salmonids. In 1992, an amendment to the authority of the
CVP through the Central Valley Project Improvement Act (CVPIA) was enacted and gave rise to the
Anadromous Fish Restoration Program (AFRP). The AFRP has been engaged in monitoring, education,
and funding restoration projects towards the goal of doubling the natural populations of select
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anadromous fish species in the Central Valley. Restoration projects funded through the AFRP include
fish passage, fish screening, riparian easement and land acquisition, development of watershed planning
groups, instream and riparian habitat improvement, and gravel replenishment.
Several actions have addressed habitat issues with Central Valley salmonids through ESA section 7
Reasonable and Prudent Alternatives addressing temperature, flow, and operations of the CVP and SWP;
actions by EPA to minimize acid mine runoff from Iron Mountain Mine; and Central Valley Regional
Water Quality Control Board decisions to require compliance with Sacramento River water quality
objectives, which resulted in the installation of the Shasta Temperature Control Device in 1998.
DWR’s Delta Fish Agreement Program has provided approximately $49 million for projects that benefit
salmon and steelhead production in the Sacramento-San Joaquin basins and Delta since 1986. Delta Fish
Agreement projects that benefit Central Valley spring-run Chinook salmon include water exchange
programs on Mill and Deer creeks; enhanced law enforcement efforts from San Francisco Estuary
upstream to the Sacramento and San Joaquin rivers and their tributaries; design and construction of fish
screens and ladders on Butte Creek; and screening of diversions in Suisun Marsh and San Joaquin River
tributaries.
The CALFED Ecosystem Restoration Program (ERP) has conducted restoration actions that include
installation of fish screens, modification of barriers to improve fish passage, habitat acquisition, and
instream habitat restoration. A major CALFED ERP action currently underway is the Battle Creek
Salmon and Steelhead Restoration Project. This project will restore 77 km (48 miles) of habitat in Battle
Creek to support steelhead and Chinook salmon spawning and juvenile rearing at a cost of more than
$130 million. The project includes removal of five small hydropower diversion dams, construction of
new fish screens and ladders on another three dams, and construction of several hydropower facility
modifications to ensure continued hydropower operations. This restoration effort, which began in 2009
and is expected to be completed in 2015, is believed to be the largest cold water restoration project to
date in North America.
Since about 1992, state and federal resource agencies, including CALFED, DFG, and AFRP, in cooperation
with various environmental groups and water agencies have conducted numerous restoration activities
in Butte Creek primarily focusing on anadromous fish. Restoration activities have included removing six
dams that blocked passage, screening several water diversions to reduce the risk of entrainment, and
installing fish ladders and water control structures to aid in migration.
The Feather River Fish Hatchery is making efforts to segregate spring-run from fall-run Chinook salmon
to enhance and restore the spring-run Chinook salmon genotype in the Feather River, including
changing release locations of juveniles and developing a Hatchery and Genetic Management Plan (DFG
2001, McReynolds et al. 2006).
In August 2011, the Red Bluff Diversion Dam’s gates were raised for the final time as part of the Fish
Passage Improvement Project. A new pumping facility is being built to provide reliable water supply for
high-valued crops in Tehama, Glenn, Colusa, and northern Yolo counties while providing year-round
unimpeded fish passage. Gate closures at the dam have historically interrupted the passage of fall-/late
fall-run Chinook salmon and other migratory species.
Seasonal constraints on sport and commercial fisheries south of Point Arena and in-river constraints on
sport fishing by DFG, as well as enhanced enforcement efforts to reduce illegal harvest, have reduced
harvest on fall-/late fall-run Chinook salmon.
Butte Regional Conservation Plan
Final

A.14-6

June 2019
ICF 00736.10

Appendix A. Species Account
Central Valley Fall-/Late Fall –Run Chinook Salmon

The Bay Delta Conservation Plan is under development to contribute to the recovery of Central Valley
fall-/late fall-run Chinook salmon and other fish species. Proposed conservation measures under the
plan that would benefit fall-/late fall-run Chinook salmon include restoring up to 65,000 acres of tidal
wetland, 10,000 acres of floodplain, and 10 linear miles of channel margin habitat; reductions in
predation; improvements in dissolved oxygen levels in the Stockton Deep Water Ship Channel; reducing
illegal harvest; improving fisheries in the Yolo Bypass; and contributing to hatchery and genetic
management plans at Central Valley hatcheries.
Many smaller tributaries to the Sacramento and San Joaquin rivers have local watershed conservancies
with master plans to contribute to conservation and recovery of salmonids.

A.14.7 Species Habitat Suitability Model
Fall-/late fall-run Chinook salmon habitats are defined as fall-/late fall-run Chinook salmon habitats
delineated by CNDDB (2007), NMFS (1999), GIC (1999), and C. Garman (pers. comm.).

A.14.7.1 Adult Migration and Holding, Spawning, and Juvenile Rearing and
Migration Habitats
Fall-/late fall-run Chinook salmon migrate, hold, spawn, and rear throughout the entire reaches of Butte,
Big Chico, and Little Chico creeks within the Plan Area. Fall-/late fall-run Chinook salmon also migrate,
hold, spawn, and rear in the Feather River upstream to the Fish Diversion Dam, which serves as a
barrier to movement further upstream. Nonnatal juvenile rearing occurs in lower portions of Mud
Creek and Big Chico Creek (Maslin et al. 1997).

A.14.7.2 Assumptions
Data from DFG (CNDDB 2007) and NMFS (1999) were used for this model because these agencies are
the state and federal agencies, respectively, responsible for managing fall-/late fall-run Chinook salmon
and, as such, are considered to be the authorities on the distribution of the species and its habitat. Data
gaps in the DFG (CNDDB 2007) and NMFS (1999) GIS databases were augmented with information from
Chico State University’s Geographic Information Center and C. Garman (pers. comm.).

A.14.8 Recovery Plan Goals
A recovery plan has not been prepared and recovery plan goals have not been established for Central
Valley fall-/late fall-run Chinook salmon because it is not federally listed as threatened or endangered.
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A.15 Green Sturgeon
(Acipenser medirostris)
A.15.1 Legal and Other Status
Green sturgeon are composed of two Distinct Population Segments
(DPS): the northern DPS includes all populations in the Eel River
and northward; the southern DPS includes all populations south of
the Eel River. In this document, we discuss only the southern DPS.
After a status review was completed in 2002 (Adams et al. 2002),
National Marine Fisheries Service (NMFS) determined that neither the southern or northern DPS
warranted listing as threatened or endangered but should be added to the Species of Concern List. The
“not warranted” determination was challenged on April 7, 2003. NMFS updated their status review on
February 22, 2005, and determined that the southern DPS should be listed as threatened under the
Endangered Species Act (Biological Review Team 2005). NMFS published a final rule on April 7, 2006,
indicating that the southern DPS was threatened, which took effect on June 6, 2006 (71 FR 17757). On
October 9, 2009, NMFS (74 FR 52300) designated critical habitat for the green sturgeon Southern DPS
throughout most of its occupied range. The species is a Class 1 (qualifying as threatened under the
California ESA) Species of Special Concern in California (DFG 2003).

A.15.2 Species Distribution and Status
A.15.2.1 Range and Status
Green sturgeon have been recorded from
Ensenada, Mexico, to the Bering Sea in North
America (Moyle 2002). Their current
distribution, however, is in rivers from the
Sacramento River to British Columbia. The
only current spawning population of the
southern DPS is in the Sacramento River,
while spawning in the northern DPS occurs in
the Klamath-Trinity River system and in the
Rogue River, with infrequent spawning in the
Umpqua River and possibly in the Eel River
(Biological Review Team 2005). Since green
sturgeon have been documented spawning in
the Feather River, a major tributary of the
Sacramento River. This is considered the first
documentation of green sturgeon spawning in
the Feather River (Seesholtz et al. 2014).
Population size is unknown.
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A.15.2.2 Distribution and Status in the Plan Area
Green sturgeon use the Sacramento River along the western boundary of Butte County and several have
been recorded in the Feather River up to the Thermalito Afterbay (SWRI 2003, Beamesderfer et al.
2004) (see Figure A.15-1, Green Sturgeon Modeled Habitat and Recorded Occurrences). The California
Natural Diversity Database has no records of green sturgeon within Butte County (CNDDB 2006) (see
Figure A.15-1).

A.15.3 Habitat Requirements and Special Considerations
Green sturgeon reside in both freshwater and saltwater habitat. Individuals spawn in deep pools or
“holes” in large, turbulent, freshwater river mainstems (Adams et al. 2002). Although specific spawning
habitat preferences are unknown, it is thought that eggs are broadcast preferably over large cobble
substrates, but can range from clean sand to bedrock substrates (Moyle et al. 1995). It is likely that cold,
clean water is important for proper embryonic development. Optimal temperatures for eggs and larvae
are 15ºC to 19ºC, and temperatures above 20ºC are lethal to embryos (Adams et al. 2002, Biological
Review Team 2005). Non-spawning adults live in oceanic waters, bays, and estuaries.

A.15.4 Life History
Green sturgeon are anadromous with adults entering rivers to spawn in deep pools in large, turbulent
rivers, probably over large cobbles, in March to July with the peak in mid-April to mid-June (Adams et al.
2002). Juveniles remain in fresh water for one to three years before migrating to the ocean where they
remain near estuaries for a while but then move long distances (Moyle 2002). Males mature at
approximately 15 years of age while females mature at about 17 years, and females can produce 60,000
to 140,000 eggs (Moyle et al. 1992, Adams et al. 2002). The maximum age is estimated to be 60 to 70
years or more (Moyle 2002). Juveniles and adults are benthic feeders, feeding primarily on
invertebrates, although some small fish may also be eaten.

A.15.5 Threats
Green sturgeon are large in size, mature late, have a low productivity and long life span, and are
anadromous. All these characteristics make them vulnerable to habitat degradation and
overexploitation (NMFS 2006). The primary threat to the southern DPS is the reduction of the spawning
area to one population in the Sacramento River. This reduction in range makes green sturgeon
vulnerable to catastrophic events.
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Figure A.15-1. Green Sturgeon Modeled Habitat and Recorded Occurrences
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Loss of habitat due to dams (such as Keswick, Shasta, and Oroville) have already occurred, and
continuing threats include migration barriers, insufficient flow, increased water temperatures, juvenile
entrainment in water export facilities, nonnative forage species, competitors, and predators, poaching,
pesticides and heavy metals, and local harvest (Biological Review Team 2005).

A.15.6 Relevant Conservation Efforts
The Central Valley Project Improvement Act’s Anadromous Fish Restoration Program has the goal of
supporting efforts that lead to doubling the natural production of anadromous fish in the Central Valley
at a sustainable, long-term basis, at levels not less than twice the average levels attained during the
period of 1967 to 1991. Although most efforts of the Anadromous Fish Restoration Program have
focused on salmon as a result of their listing history and status, sturgeon may receive some unknown
amount of incidental benefit from these restoration efforts. For example, the acquisition of water for
flow enhancement on tributaries to the Sacramento River, fish screening for the protection of Chinook
salmon and Central Valley steelhead, spawning gravel augmentation, or riparian revegetation and
instream restoration projects would likely have some ancillary benefits to sturgeon. The Anadromous
Fish Restoration Program has also invested in a green sturgeon research project that has helped
improve our understanding of the life history requirements and temporal patterns of the southern DPS
of North American green sturgeon.
Many beneficial actions have originated from and been funded by the CALFED program, including such
projects as floodplain and instream restoration, riparian habitat protection, fish screening and passage
projects, research on nonnative invasive species and contaminants, restoration methods, watershed
stewardship, and education and outreach programs. Prior Federal Register notices have reviewed the
details of the Central Valley Project Improvement Act (CVPIA) and CALFED programs and potential
benefits for anadromous fish, particularly Chinook salmon and Central Valley steelhead (69 FR 33102).
Projects potentially benefiting sturgeon primarily consist of fish screen evaluation and construction
projects, restoration evaluation and enhancement activities, and contaminant studies.
In response to passage impediment concerns to green sturgeon and other migratory species, operations
of the Red Bluff Diversion Dam (RBDD) have been modified since its construction in 1964 to reduce the
“gates-in” period. In 2009, Reclamation received funding for the Fish Passage Improvement Project at
the RBDD to build a pumping facility to provide reliable water supply for high-valued crops in Tehama,
Glenn, Colusa, and northern Yolo counties while providing year-round unimpeded fish passage. This
project, which is expected to be completed in late 2012, will eliminate passage issues for sturgeon and
other migratory species.
The combination of increased law enforcement and new sport fishing regulations adopted over the past
several years specifically to protect sturgeon and reduce their harvest is expected to further reduce
illegal fishing practices as well as the effects of incidental harvest of green sturgeon by recreational
anglers throughout the range of the species. Mitigation under the Delta Fish Agreement has increased
the number of wardens enforcing harvest regulations for steelhead and other fish in the Bay-Delta and
upstream tributaries by creating the Delta Bay Enhanced Enforcement Program (DBEEP).
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A.15.7 Species Habitat Suitability Model
A.15.7.1 Adult Upstream Migration/Potential Spawning/Rearing Habitat
Green sturgeon migration and potential spawning habitat is defined as migration, potential spawning,
and rearing habitat delineated by NMFS (2007). Upstream migration and potential spawning habitat
includes the Sacramento River along the western edge of the Plan Area and the Feather River up to the
Thermalito Afterbay Outlet.

A.15.7.2 Assumptions
NMFS is the federal agency responsible for managing green sturgeon and as such is considered to be the
authority on the distribution of the species and its habitat. Green sturgeon migrate up the Sacramento
River to Keswick Dam through the western border of the Plan Area. They are known to spawn upstream
of Hamilton City and below Keswick Dam in the Sacramento River. Preferred spawning habitats are
thought to contain large cobble in deep and cool pools with turbulent water (DFG 2002, Moyle 2002,
Adams et al. 2002). The scale of this habitat model limits the ability to distinguish between preferred
spawning habitat and other habitat.
There are at least two confirmed observations that green sturgeon exist in the Feather River inside the
Plan Area. In 1993, a University of California, Davis graduate student obtained descriptions of green
sturgeon from anglers and saw pictures of green sturgeon in a local bait shop caught by anglers fishing
in the Thermalito Afterbay Outlet (Beamesderfer et al. 2004). In 2006, A. Seesholtz (pers. comm.)
observed 12 green sturgeon pulled out of the water by nearby salmon creel field crew. One of these fish
was approximately 6.5 feet long and easily distinguishable as a green sturgeon.
Green sturgeon may spawn in the Feather River during high flow years (DFG 2002), although no
indication of spawning has been documented despite intensive sampling efforts (Niggemyer and Duster
2003). Overall, it appears that green sturgeon use the Feather River almost exclusively in high flow
years because of natural and manmade barriers, such as the bench at Shanghai Bend, that are harder to
pass during drier years. Historical use of the Feather River (before construction of Oroville Dam) is
unknown.

A.15.8 Recovery Plan Goals
A recovery plan has not been prepared for the green sturgeon, and recovery goals have not been
established for the species.
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A.15.9.3 Personal Communications
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A.16 Valley Elderberry Longhorn
Beetle (Desmocerus
californicus dimorphus)
A.16.1 Legal and Other Status
The Valley elderberry longhorn beetle is listed as threatened
under the ESA (45 FR 52803). The U.S. Fish and Wildlife Service
(USFWS) announced a recommendation for this species to be
removed from the endangered species list on October 2, 2006
(USFWS 2006a).
While critical habitat was designated for this species, none exists in Butte County.

A.16.2 Species Distribution and Status
A.16.2.1 Range and Status
Historically, valley elderberry longhorn beetle occurred throughout the Central Valley of California.
While little is known about the historical abundance of this species, the extensive destruction of its
habitat suggests that the beetle’s range has been greatly reduced and fragmented (USFWS 1984). The
beetle tends to be located in population clusters that are not evenly distributed across the Central Valley.

A.16.2.2 Distribution and Status in the Plan Area
Valley elderberry longhorn beetle has been recorded
from several locations along the Sacramento River and a
few along Big Chico Creek and Butte Creek between 1986
and 1998. The habitat at these locations consists of
riparian woodland with elderberry dominant or present
within cottonwoods and willows; valley oak riparian
surrounded by fallow fields; and savanna-like areas with
herbs, grasses, and massive clusters of elderberry
scattered throughout.
Adult beetles have been observed, along with numerous
accounts of old and new exit holes from the stems of
elderberry. No California Natural Diversity Database
(CNDDB) recorded observations have been made (see
Figure A.16-1, Valley Elderberry Longhorn Beetle
Recorded Occurrences).
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A.16.3 Habitat Requirements and Special Considerations
Valley elderberry longhorn beetle is endemic to moist valley oak riparian corridors in the lower
Sacramento and lower San Joaquin Valleys (USFWS 1984). It is closely associated with a few species of
elderberry (Sambucus spp.), which are obligate host plants for larvae and necessary for the completion
of the life cycle. The two main species of elderberry utilized by this species are the blue elderberry (S.
mexicana) and red elderberry (S. racemosa). Both of these species occur in Butte County. The existing
remnants of riparian woodland and forest within the distribution of valley elderberry longhorn beetle
are a collection of various canopy layers and dominant species. The optimal riparian ecosystem consists
of several canopy layers with dense understory. Fremont cottonwood (Populus fremontii), California
sycamore (Platanus racemosa), willow (Salix spp.), and valley oak (Quercus lobata) typically compose
the upper canopy of the (USFWS 1984). Common species contributing to the intermediate canopy
include box elder (Acer negundo var. californicum), Oregon ash (Fraxinus latifolia), elderberries, and
several willows. The understory can be widely diverse and includes many nonnative species (USFWS
1984). In some areas, the margins of riparian woodlands and forests are lined with elderberry savanna
with S. mexicana as the dominant species (Holland 1986).

A.16.4 Life History
Little research has been conducted on the life cycle of valley elderberry longhorn beetle. Therefore,
current knowledge has been gathered from individual field observations and assumed similarities with
closely related taxa. The following account of the life cycle chronicles the one reported in the USFWS
Recovery Plan (1984).
Valley elderberry longhorn beetle is found from mid-March through early-June, but is most active from
late-April to mid-May. Adult beetles feed on the elderberry foliage, and possibly its flowers. During this
time of activity, the beetles mate, and the females lay eggs on living elderberry plants. Eggs are placed
individually or in small clusters within crevices in the bark or junctions of the stem and truck or leaf
petiole and stem. Eggs hatch after a short time and the larvae will bore into the stem of the elderberry.
Larvae tunnel through the trunks and roots, eating the pith as their only source of food.
Before larvae form pupas in the pith of the elderberry, they tunnel to the surface and open an emergence
hole through the bark. One or two years later, the adults emerge through these exit holes in the bark. The
exit holes are distinctive and typically are the only sign of the beetle’s presence. The timing of adult
emergence is similar to the flowering season of the elderberry host.
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Figure A.16-1. Valley Elderberry Longhorn Beetle Recorded Occurrences
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A.16.5 Threats
Valley elderberry longhorn beetle is in long-term decline caused by human activities that have resulted
in widespread alteration and fragmentation of riparian habitats, and, to a lesser extent, upland habitats,
which support the beetle.
The primary threats to survival of the beetle include loss and alteration of habitat by agricultural
conversion; inappropriate grazing; levee construction; stream and river channelization; removal of
riparian vegetation; rip-rapping of shorelines; nonnative species such as the Argentine ant (Linepithema
humile), a predator of the early phases of the beetle; and recreational, industrial, and urban
development.
The beetle’s distribution may be limited by the use of insecticide and herbicide in agricultural areas and
along roadways. Declining quality and maturity of elderberry shrubs/trees as individuals and stands
may be another cause of the beetle’s limited distribution (USFWS 1984).

A.16.6 Relevant Conservation Efforts
Conservation Guidelines for the Valley Elderberry Longhorn Beetle were established by the USFWS in
1999 (USFWS 1999). They were designed primarily to mitigate development-related impacts on valley
elderberry longhorn beetle habitat. Using a formula based on stem sizes, habitat association, and
presence of emergence holes, the guidelines require losses of elderberry shrubs that meet the minimum
standard for potential occupancy to be mitigated through a program that: 1) identifies and secures
suitable and approved mitigation land, and 2) includes transplanting of mature elderberry shrubs to the
mitigation site, and replacement compensation using a standardized stem replacement formula.
Numerous private valley elderberry longhorn beetle mitigation banks have become established
throughout the Sacramento region in response to the increasing need for valley elderberry longhorn
beetle mitigation. While the USFWS valley elderberry longhorn beetle mitigation compensates for the
loss of elderberry shrubs (USFWS 1999), there is no evidence that it has been successful at
compensating for the loss of occupied valley elderberry longhorn beetle habitat or mitigating direct
impacts on valley elderberry longhorn beetle.
Several regional conservation plans have also addressed the conservation of valley elderberry longhorn
beetle. It is a covered species under the San Joaquin County Multi-Species Habitat Conservation and
Open Space Plan and the Natomas Basin Habitat Conservation Plan, as well as proposed for coverage
under the South Sacramento Habitat Conservation Plan, the Solano County Multispecies Habitat
Conservation Plan, the Yolo County Natural Heritage Program Plan, the Placer County Conservation Plan,
and the Bay Delta Conservation Plan.

A.16.7 Species Habitat Suitability Models
A.16.7.1 Habitat
Habitat for the valley elderberry longhorn beetle in the Plan Area consists of the following:
1. Riparian vegetation (the cottonwood-willow riparian forest, valley oak riparian forest, willow scrub
and dredger tailings with riparian land cover types).
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2. Grassland adjacent to riparian vegetation:




Grasslands within one quarter mile of the cottonwood-willow riparian forest, valley oak riparian
forest, and willow scrub riparian land cover types and riparian vegetation land cover types
listed above; and
Grasslands within one quarter mile from perennial streams.

3. Undeveloped/undisturbed land cover types alongside and within the Cherokee Canal (e.g., within
the levees on either sides of the canals).

A.16.7.2 Assumptions
As stated before, the valley elderberry longhorn beetle is endemic to moist valley oak riparian corridors
in the Sacramento and San Joaquin Valleys (USFWS 1984). It is completely dependent on its host plant,
the elderberry (Sambucus species) (Collinge et al. 2001). The model identifies habitat for the valley
elderberry longhorn beetle as locations where elderberry shrubs are expected to be in the Plan Area.
Elderberry is a common component of the remaining riparian forests and woodlands of the Central
Valley (USFWS 1984). Fremont cottonwood (Populus fremontii), California sycamore (Platanus
racemosa), willow (Salix spp.), and valley oak (Quercus lobata) commonly compose the upper canopy of
these forests (USFWS 1984). The cottonwood-willow riparian forest, valley oak riparian forest and
willow scrub land cover types encompass these forests and woodlands. Elderberry is also found in
grassland adjacent to riparian forests and woodlands (Barr 1991). Therefore, this model designates
additional habitat as grasslands within one quarter mile of perennial streams (with and without riparian
vegetation). Finally, areas contained by and within 50 feet of the Cherokee Canal are known to harbor
elderberry shrubs and are also included in the model (Estep pers. comm.).

A.16.8 Recovery Plan Goals
The Recovery plan for valley elderberry longhorn beetle was established in 1984 (USFWS 1984). Due to
limited knowledge of the species requirements, recovery objectives were restricted to these: (1)
preserve and protect known habitat sites to provide adequate conditions for the beetle; (2) survey
riparian vegetation along certain Central Valley rivers for remaining colonies and habitat; (3) determine
ecological requirements and management needs; (4) preserve and protect newly discovered habitat to
provide suitable conditions for the species; (5) reestablish the species at rehabilitated habitat sites
within the presumed historical range; (6) increase public awareness of the species through education
and information programs; and (7) enforce laws and regulations to protect the species.
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A.17 Vernal Pool Tadpole Shrimp
(Lepidurus packardi)
A.17.1 Legal and Other Status
The vernal pool tadpole shrimp is listed as endangered under the
ESA throughout its range (59 FR 48136).
Critical habitat has been designated for vernal pool tadpole
shrimp, including sites in the Butte Regional HCP/NCCP Plan
Area. Critical habitat has been designated for vernal pool tadpole
shrimp, including areas in the Butte Regional HCP/NCCP Plan
Area. Critical habitat includes 59,015 acres (23,883 hectares) in Unit 3 (Vina Plains Unit), a portion of
which is in Butte County, and all of which is on private property. The Vina Plains Unit is located in the
northeast portion of the Sacramento Valley from Deer Creek in Tehama County to Chico in Butte County
(71 FR 7118).

A.17.2 Species Distribution and Status
A.17.2.1 Range and Status
The vernal pool tadpole shrimp is currently distributed across the Central Valley of California and in the
San Francisco Bay area. Populations are found in 18 vernal pool complexes in the Sacramento Valley
from east of Redding in Shasta County south
through the Central Valley to the San Luis
National Wildlife Refuge in Merced County. It
also occurs in a single vernal pool complex
located on the San Francisco Bay National
Wildlife Refuge in the City of Fremont,
Alameda County. The easternmost known
location is around 1,065 meters (3,500 feet)
in elevation in the central Sierra Nevada
foothills (Merced County), with the
westernmost known locations in the San
Francisco Bay Area (Alameda County). The
Bay Area location is the only known
population outside of the Central Valley (59
FR 48136). The largest concentration of
vernal pool tadpole shrimp occurrences is in
the Southeastern Sacramento Vernal Pool
Region, where the species occurs on a
number of public and private lands in
Sacramento County (USFWS 2005).
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A.17.2.2 Distribution and Status in the Plan Area
In the Northeastern Sacramento Vernal Pool Region, vernal pool tadpole shrimp have been documented
on private land in the vicinity of Chico in Butte County and in Tehama County at the Vina Plains
Preserve, the Dales Lake Ecological Reserve, and on Caltrans land (USFWS 2005). There are 18
presumed extant CNDDB records of observations for the vernal pool tadpole shrimp in Butte County,
with some locations noting the species present in several pools. Occurrences have also been reported
from other sources (Figure A.17-1, Vernal Pool Tadpole Shrimp Recorded Occurrences). Along Highway
99 and Cana Highway, this species was reported from seven locations in 24 pools (with most reports
from 1993 and 1995). The species was also reported from three locations in the vicinity of Highway
149. In the vicinity of Chico, vernal pool tadpole shrimp are reported from five separate locations, most
of them small complexes or isolated pools, with the exception of a mitigation site on private property
where, in 1995, the species was reported to occur in 86 of the 196 mitigation pools. In 1998, vernal pool
tadpole shrimp were reported from the Vina Plains Preserve in Butte and Tehama counties, although the
number of individuals was not provided. It was also found in 2002 at vernal pool complex northeast of
Shippee and northwest of Thermalito Forebay, and one individual was reported from Bidwell Park in
2003 (CNDDB 2006) (Figure A.17-1).

A.17.3 Habitat Requirements and Special Considerations
Vernal pool tadpole shrimp typically inhabit vernal pools containing clear to highly turbid water,
although the species may occur in a variety of natural and artificial ephemeral wetland habitats, such as
ephemeral drainages, stock ponds, reservoirs, ditches, backhoe pits, and ruts caused by vehicular
activities. None are known to occur in running or marine waters or other permanent bodies of water
(59 FR 48136, USFWS 2002, 2005). Vernal pool tadpole shrimp are sporadic in their distribution, often
inhabiting only one or a few vernal pools in otherwise more widespread pool complexes. Pools within a
complex typically are separated by distances on the order of meters and may form dense,
interconnected mosaics of small pools or a sparser scattering of larger pools (USFWS 2002). The species
has been collected in vernal pools ranging from 2 to 356,253 square meters (6.5 square feet to 88 acres)
in surface area. Some of these vernal pools may be too small to remain inundated for the entire life cycle
of the tadpole shrimp, but the vernal pool tadpole shrimp may be able to tolerate temporary drying
conditions. Vernal pool tadpole shrimp have been found in pools with water temperatures ranging from
50ºF (10ºC) to 84ºF (29ºC) and pH ranging from 6.2 to 8.5; however, vernal pools exhibit daily and
seasonal fluctuations in pH, temperature, dissolved oxygen, and other water chemistry characteristics.
Determining the vernal pool tadpole shrimp’s habitat requirements is not possible based on anecdotal
evidence, and the tolerances of this species to specific environmental conditions have yet to be
determined (USFWS 2005). Vernal pools with vernal pool tadpole shrimp are most commonly located in
grass bottomed swales of grasslands in old alluvial soils underlain by hardpan or in mud-bottomed
pools containing highly turbid water (59 FR 48136).

Butte Regional Conservation Plan
Final

A.17-2

June 2019
ICF 00736.10

Appendix A. Species Account
Vernal Pool Tadpole Shrimp

Figure A.17-1. Vernal Pool Tadpole Shrimp Recorded Occurrences
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Community Associations. The vernal pool tadpole shrimp occupy the same vernal pool habitats as
many of the other vernal pool species, including several other rare and endangered vernal pool
crustaceans (USFWS 2005). In Butte County, plant species that have been found in the same vernal pool
habitats as the vernal pool tadpole shrimp include blennosperma (Blennosperma nanum), coyote thistle
(Eryngium vaseyi), and goldfields (Lasthenia sp.) (CNDDB 2006).

A.17.4 Life History
Vernal pool tadpole shrimp are ecologically dependent on seasonal fluctuations in their habitat, such as
absence or presence of water during specific times of the year, duration of inundation, and other
environmental factors that include specific salinity, conductivity, dissolved solids, and pH levels (USFWS
2002). Although the vernal pool tadpole shrimp is adapted to survive in seasonally available habitat, the
species has a relatively long lifespan compared to other vernal pool crustaceans. Vernal pool tadpole
shrimp continue growing throughout their lives, periodically molting their shells, which can often be
found in vernal pools where this species occurs. Vernal pool tadpole shrimp take a minimum of 25 days
to mature, and the mean age at first reproduction is 54 days. Other researchers have observed that
vernal pool tadpole shrimp generally take between 3 and 4 weeks to mature and found that
reproduction did not begin until individuals were larger than 10 millimeters (0.4 inch) in carapace
length. Variation in growth and maturation rates may be a result of differences in water temperature,
which strongly influences the growth rates of aquatic invertebrates (USFWS 2005).
Vernal pool tadpole shrimp have relatively high reproductive rates and also may be hermaphroditic. Sex
ratios can also vary, perhaps in response to changes in water temperature. After winter rains fill their
vernal pool habitats, dormant vernal pool tadpole shrimp cysts may hatch in as little as 4 days.
Additional cysts produced by adult tadpole shrimp during the wet season may hatch without going
through a dormant period (USFWS 2005). Vernal pool tadpole shrimp emerge from their cysts as
metanauplii, a stage that lasts for 1.5 to 2 hours. Then they molt into a larval form resembling the adult.
Multiple hatching within the same wet season allows vernal pool tadpole shrimp to persist within vernal
pools as long as these habitats remain inundated, sometimes for 6 months or more. Vernal pool tadpole
shrimp hatching is temperature dependent, with optimal hatching between 50 to 59ºF (10 to 15ºC), and
hatching rates becoming significantly lower at temperatures above 68ºF (20ºC) (USFWS 2005).
Population Structure. Genetic variation among vernal pool tadpole shrimp was studied in populations
at 20 different sites in the Central Valley. The results found that 96 percent of the genetic variation
measured was due to differences between sites. This result corresponds with the findings of other
researchers that vernal pool crustaceans have low rates of gene flow between separated sites. The low
rate of exchange between vernal pool tadpole shrimp populations is probably a result of the spatial
isolation of their habitats and their reliance on passive dispersal mechanisms. However, the studies also
found that gene flow between pools within the same vernal pool complex is much higher. This indicates
that vernal pool tadpole shrimp populations, like most vernal pool crustacean populations, are defined
by vernal pool complexes and not by individual vernal pools (USFWS 2005).

A.17.5 Threats
Threats to vernal pool habitat, and vernal pool species in general (including vernal pool tadpole shrimp),
were identified in the Recovery Plan (USFWS 2005). In addition, the Recovery Plan identified several
threats specific to the vernal pool tadpole shrimp.
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A.17.5.1 Habitat Loss and Fragmentation
Habitat loss and fragmentation were identified as the largest threats to the survival and recovery of
vernal pool species. Habitat loss is generally a result of urbanization, agricultural conversion, and
mining and can also occur 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 offroad vehicles and hiking), erosion, climatic and environmental change, and contamination. Habitat
fragmentation is also related to habitat loss when individual vernal pools become disconnected and
isolated as a result of result of activities such as road development and other infrastructure projects.
Widespread urbanization and the construction of infrastructure are major contributors to the loss of
vernal pool habitats and their associated species. In addition, gravel and clay mining operations needed
to support urban development, including roads and other infrastructure, have resulted in the
destruction of vernal pools (USFWS 2005, 2006).
The CNDDB lists numerous occurrences of vernal pool tadpole shrimp as threatened by development and
agricultural conversions throughout its range. In the Northeastern Sacramento Valley Vernal Pool Region,
several of the known occurrences of the vernal pool tadpole shrimp are located on Caltrans rights-of-way
and are threatened by future road improvement projects in this region (USFWS 2005). In Butte County, 10
of the 18 locations where vernal pool tadpole shrimp have been recorded, including several larger vernal
pool complexes, are within the Caltrans right-of-way along Highways 99 and 149 and could be threatened
by future expansion of these roads. Seven known occurrences in Butte County are on private property or
the owner/manager is unknown, including one in The Nature Conservancy’s Vina Plains Preserve. One
occurrence is in Bidwell Park, which is owned/managed by the City of Chico (CNDDB 2006).

A.17.5.2 Agricultural Conversion and Incompatible Livestock Grazing Practices
Land use conversion, such as from grasslands or pastures, to more intensive agricultural uses, such as
croplands or from one crop type to another, has contributed and continues to contribute to the decline
of vernal pools in general. Although not identified as the primary threat to the vernal pool tadpole
shrimp populations in Butte County, changes in grazing practices could alter the vernal pool habitat
making it unsuitable for this species (USFWS 2005).

A.17.5.3 Competition from Invasive Species
Vernal pool plant species have declined due to the introduction of invasive, nonnative plant and animal
species. Waxy mannagrass (Glyceria declinata), an invasive aquatic grass (Gerlach et al. 2009), greatly
increases the amount of decomposing biomass in vernal pools and may result in higher respiratory
oxygen consumption relative to photosynthetic oxygen generation (Rogers 1998). In addition, upland
biomass of invasive species such as medusahead (Taeniatherum caput-medusae) can produce dense
vegetation and thatch, shortening the ponding duration of some pools (Marty 2004, Pyke and Marty
2005). Increasing dominance by competitors may also contribute to changes in hydrology and livestock
grazing practices. Introduction of the bullfrog (Rana catesbeiana), a voracious predator on many species
of native and nonnative animals, to areas inhabited by the vernal pool tadpole shrimp appears to be a
threat to this species where perennial water bodies suitable for bullfrog breeding are near seasonal
water bodies suitable for shrimp (USFWS 2002). Vernal pool tadpole shrimp are known to have been
parasitized by flukes (Trematoda) of an undetermined species at the Vina Plains Preserve, Tehama
County, which may be a limiting factor affecting reproduction of this species in this area. In addition,
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vernal pool tadpole shrimp are threatened by the encroachment of nonnative annual grasses on the San
Francisco Bay National Wildlife Refuge (USFWS 2005).

A.17.5.4 Altered Hydrology
Changes in hydrology that result in a change in the timing, frequency, and duration of inundation in
vernal pools can create conditions that render existing vernal pools unsuitable for vernal pool species
(USFWS 2005). The vernal pool complexes in areas proposed for road improvements could be affected
by alteration of hydrology which could diminish habitat for vernal pool tadpole shrimp (CNDDB 2006).

A.17.5.5 Contamination
Slight changes in water chemistry directly affect sensitive vernal pool species, especially vernal pool
crustaceans. Water contamination can occur from herbicides, fertilizers, and other chemicals commonly
used in urban and agricultural settings. Pesticide applications for combating West Nile virus, a disease
transmitted by infected mosquitoes, may also affect fairy shrimp species. Fertilizers may also contribute
to the growth of invasive plants (USFWS 2005). Vernal pool tadpole shrimp populations on the Stone
Corral Ecological Reserve in Tulare County may be threatened by pesticide drift from adjacent
farmlands.

A.17.5.6 Other Threats
Several other threats to vernal pools and their associate species in general were identified in the
Recovery Plan. Although not specifically identified as a threat to vernal pool tadpole shrimp, these
threats contribute to the decline of vernal pool habitats, which will affect all species that are dependent
on functional vernal pool habitats for survival. Human use and recreational activities, such as off-road
vehicle use, hiking, and bicycling, threaten vernal pool ecosystems. When access is through vernal pool
complexes, hydrological functions may be impaired by displaced soil causing erosion or interrupting
swale connectivity. Also, off-road enthusiasts, such as bicyclists, may create dirt jump ramps, which also
could result in the burial of seeds and cysts of plants and animals or soil compaction. Recreational users
also may introduce, or facilitate spread of, invasive plants or dispose waste and debris into vernal pool
habitat and alter the ecology (USFWS 2005).
Habitat alteration may also occur due to large-scale climate and environmental changes, such as global
warming, which lead to changes in the precipitation pattern and atmospheric conditions. Most of the
populations of vernal pool tadpole shrimp are isolated from other populations and are distributed in
discontinuous vernal pool systems; small, isolated populations are vulnerable, which could result in
extirpation from a particular area (USFWS 2005, 2006).

A.17.6 Relevant Conservation Efforts
The vernal pool tadpole shrimp is protected as a threatened species under the Endangered Species Act.
In the Northeastern Sacramento Valley region, vernal pool tadpole shrimp are protected on a private
mitigation area and on land owned by The Nature Conservancy (USFWS 2005, CNDDB 2006).
Although conservation efforts have been taken for vernal pool ecosystems in general, very few actions
have been taken specifically to benefit the vernal pool tadpole shrimp. An example of one of these
actions is a grazing program at the Stone Corral Ecological Reserve for the benefit of vernal pool
crustaceans that is being monitored by California Department of Fish and Game staff (USFWS 2005).
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A.17.7 Species Habitat Suitability Model
A.17.7.1 Habitat
Vernal pool tadpole shrimp habitat includes the following BRCP mapped land cover types:




Vernal pool;
Altered vernal pool; and
Grassland with vernal swale complex.

Vernal pools that may support vernal pool tadpole shrimp habitat may also occur as inclusions in
mapped grassland, blue oak savanna, ranchettes–open, and disturbed ground land cover types. These
inclusions were not mapped because they did not meet the mapping criteria for vernal pool, altered
vernal pool, and grassland with vernal swale complex land cover types.

A.17.7.2 Assumptions
The vernal pool tadpole shrimp is found only in ephemeral freshwater habitats, including alkaline pools,
clay flats, vernal lakes, vernal pools, vernal swales, and other seasonal wetlands (USFWS 2007). Vernal
pool tadpole shrimp typically inhabit vernal pools containing clear to highly turbid water, although the
species may occur in a variety of natural and artificial ephemeral wetland habitats, such as ephemeral
drainages, stock ponds, reservoirs, ditches, backhoe pits, and ruts caused by vehicular activities (USFWS
2006). None are known to occur in running or marine waters or other permanent bodies of water
(USFWS 2005). The species has been collected in vernal pools ranging from 6.5 square feet to 88 acres
(USFWS 2005).
Given these habitat preferences, suitable habitat for the vernal pool tadpole shrimp is defined as any
vernal pool, altered vernal pool, and grassland with vernal swale complex within the Plan Area.

A.17.8 Recovery Plan Goals
A general statement for recovery of vernal pool tadpole shrimp is presented in the Recovery Plan: to
ensure protection of the full geographic, genetic and ecological extent of this species and to improve the
circumstances that caused it to be listed in the first place. Accomplishment of this goal would be
achieved by protecting 80 percent of this species existing occurrences and 100 percent of reintroduced
populations throughout its range. Ninety-five percent of this species suitable habitat is to be protected
within 13 Core Areas, including Chico, Oroville and Vina Plains in the Northeast Sacramento Valley
Vernal Pool Region, which included Butte County, and 85 percent of suitable habitat in 11 Core Areas,
including Dales and Doe Mill in the Northeast Sacramento Valley Vernal Pool Region. In addition, the
species would be reintroduced into vernal pool regions and soil types from which surveys indicate that
it has been eradicated (USFWS 2005).
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A.18 Conservancy Fairy Shrimp
(Branchinecta conservatio)
A.18.1 Legal and Other Status
The Conservancy fairy shrimp is listed as endangered under the
ESA throughout its range (59 FR 48136). Critical habitat has been
designated for the Conservancy fairy shrimp in Butte County,
including areas in the Butte Regional HCP/NCCP Plan Area. Critical
habitat includes 20,546 acres (16,182 hectares) in Unit 1 (Vina Plains Unit), a portion of which is in
Butte County, and all of which is on private property. The Vina Plains Unit extends from Deer Creek in
Tehama County to North of Rock Creek and the Chico Airport near the City of Chico in Butte County (71
FR 7118).

A.18.2 Species Distribution and Status
A.18.2.1 Range and Status
The historical distribution of the Conservancy
fairy shrimp is not known; however, the
distribution of vernal pool habitats in the
areas where the species is now known to
occur was once more continuous and larger in
area than today. It is likely the Conservancy
fairy shrimp once occupied vernal pool
habitats throughout a large portion of the
Central Valley and southern coastal regions of
California, and it may still exist in unsurveyed
pools within this region (USFWS 2006). The
species is currently known from several
disjunct populations: the Vina Plains in
Tehama County, south of Chico in Butte
County, several areas in Solano County,
Sacramento National Wildlife Refuge in Glenn
County, San Luis National Wildlife Refuge and
the Haystack mountain/Yosemite Lake area in
Merced County, in the Tule Ranch unit of the
California Department of Fish and Game Yolo
Basin Wildlife Area in Yolo County, on Maps
Ranch in Stanislaus County, and on Beale Air
Force Base in Yuba County (CNDDB 2006).
The Conservancy fairy shrimp is also found at two locations on the Los Padres National Forest in
Ventura County (USFWS 2005, 2006).
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A.18.2.2 Distribution and Status in the Plan Area
In the Northeastern Sacramento Valley Vernal Pool Region (Keeler-Wolf et al. 1998), four populations of
Conservancy fairy shrimp are found in the Vina Plains area in Tehama County, just north of Butte
County, and one reported population comprised of three occurrences is within Plan Area. The Plan Area
location is within Caltrans property along both sides of Highway 99 about 1.1 kilometers (0.7 mile)
north of the intersection with Cana Highway (CNDDB 2006) (Figure A.18-1, Conservancy Fairy Shrimp
Recorded Occurrences).

A.18.3 Habitat Requirements and Special Considerations
Conservancy fairy shrimp inhabit rather large, cool-water vernal pools with moderately turbid water.
None are known to occur in running or marine waters or other permanent bodies of water. The pools
generally last until June, but the Conservancy shrimp adult life stage has typically been completed before
then. They have been collected from early November to early April (59 FR 48136, USFWS 2002, 2005).
As with other vernal pool crustaceans, Conservancy fairly shrimp are sporadic in their distribution,
often inhabiting only one or a few vernal pools in otherwise more widespread pool complexes. Pools
within a complex typically are separated by distances on the order of 5 or more feet and may form
dense, interconnected mosaics of small pools or a sparser scattering of larger pools (USFWS 2002).
Conservancy fairy shrimp have been found in vernal pools that range in size from 323 square feet to 88
acres (30 square meters to 36 hectares) at elevations ranging from 16 to 5,577 feet (5 to 1,700 meters).
The species has been found at sites that are low in alkalinity (16 to 47 parts per million) and total
dissolved solids (20 to 60 parts per million), with pH near 7, and at water temperatures as high as 23ºC
(73ºF). The Conservancy fairy shrimp occurs in vernal pools found on several different landforms,
geologic formations, and soil types (USFWS 2005). In Butte County, this species was found in unstable
pools located in swales formed by old, braided alluvium that are filled by winter/spring rains and last
until June (CNDDB 2006).

A.18.3.1 Community Associations
The Conservancy fairy shrimp occupies the same vernal pool habitats as many of the other vernal pool
species, including several other rare and endangered vernal pool crustaceans. This species has been
found in association with the vernal pool fairy shrimp (Brachinecta lynchi, federally listed as
threatened), vernal pool tadpole shrimp (Lepidurus packardii, federally listed as endangered), and
California fairy shrimp (Linderiella occidentalis, a species of concern). Although these species may all be
found in one general location, they have rarely been collected from the same pool at the same time. In
general, Conservancy fairy shrimp have very large populations within a given pool, and it is usually the
most abundant fairy shrimp when more than one species is present. They feed on algae, bacteria,
protozoa, rotifers, and bits of detritus (Johnson and Williams 2006). The Conservancy fairy shrimp is a
prey species for the vernal pool tadpole shrimp as well as a variety of insect and vertebrate predator
species (USFWS 2005).
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Figure A.18-1. Conservancy Fairy Shrimp Recorded Occurrences

Butte Regional Conservation Plan
Final

A.18-3

June 2019
ICF 00736.10

Appendix A. Species Account
Conservancy Fairy Shrimp

In Butte County, plant species that have been found in the same vernal pool habitats as the Conservancy
fairy shrimp include blennosperma (Blennosperma nanum) and coyote thistle (Eryngium vaseyi) (CNDDB
2006).
The Conservancy fairy shrimp probably has a similar diet to other fairy shrimp, consisting of algae,
bacteria, protozoa, rotifers, and bits of detritus (Pennak 1989 as cited in USFWS 2002).

A.18.4 Life History
Like other vernal pool crustaceans, the life history of the Conservancy fairy shrimp is uniquely adapted
to the ephemeral conditions of its vernal pool habitat. It is usually collected at cool temperatures and
appears to be relatively long-lived (59 FR 48136). Conservancy fairy shrimp reach maturity in an
average of 46 days, and live for as long as 154 days; however, aquatic invertebrate growth rates are
largely controlled by water temperature and can vary greatly. For example, in warmer pools, the
Conservancy fairy shrimp can reach maturity in as little as 19 days (USFWS 2006). Conservancy fairy
shrimp produce one large cohort of offspring each wet season (USFWS 2005).
A key adaptation of all fairy shrimp, including the Conservancy fairy shrimp, is the production of
drought-resistant eggs. Female fairy shrimp carry their eggs in a ventral brood sac, and the eggs are
either dropped to the pool bottom or remain in the brood sac until the mother dies and sinks. When the
pool dries out, so do the eggs (these are known as cysts). The cysts remain in the dry pool bed until
rains and other environmental stimuli induce them to hatch. The cysts are capable of withstanding heat,
cold, and prolonged desiccation. When the pools refill, some, but not all, of the cysts may hatch and a
cyst bank in the soil may contain cysts from several years of breeding. Hatching can begin within the
same week that a pool starts to fill.

A.18.5 Threats
Threats to vernal pool habitat, and vernal pool species in general (including Conservancy fairy shrimp),
were identified in the Recovery Plan (USFWS 2005). In addition, the Recovery Plan identified several
threats specific to the Conservancy fairy shrimp.

A.18.5.1 Habitat Loss and Fragmentation
Habitat loss and fragmentation were identified as the largest threats to the survival and recovery of
vernal pool species. Habitat loss is generally a result of urbanization, agricultural conversion, and
mining and can also occur 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 offroad vehicles and hiking), erosion, climatic and environmental change, and contamination. Habitat
fragmentation is also related to habitat loss when individual vernal pools become disconnected and
isolated as a result of activities such as road development and other infrastructure projects. Widespread
urbanization and the construction of infrastructure are major contributors to the loss of vernal pool
habitats and their associated species. In addition, gravel and clay mining operations needed to support
urban development, including roads and other infrastructure, have resulted in the destruction of vernal
pools (USFWS 2005, 2006).
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The CNDDB lists numerous occurrences of Conservancy fairy shrimp as threatened by development and
agricultural conversions throughout its range. In the Northeastern Sacramento Valley Vernal Pool
Region, several of the known occurrences of the Conservancy fairy shrimp are located on Caltrans
rights-of-way and are threatened by future road improvement projects in this region (USFWS 2005). In
Butte County, the only reported occurrence of this species is in a large vernal pool complex within the
Caltrans right-of-way along Highway 99, and it is threatened by possible expansion of this road (CNDDB
2006).

A.18.5.2 Agricultural Conversion and Incompatible Livestock Grazing Practices
Conversion of land use, such as from grasslands or pastures to more intensive agricultural uses, such as
croplands, or from one crop type to another, has contributed and continues to contribute to the decline
of vernal pools in general. Although not identified as the primary threat to the Conservancy fairy shrimp
populations in Butte County, changes in grazing practices could alter the vernal pool habitat, making it
unsuitable for this species (USFWS 2005).

A.18.5.3 Competition from Invasive Species
Vernal pool plant species have declined due to the introduction of invasive nonnative plant and animal
species. Waxy mannagrass (Glyceria declinata), an invasive aquatic grass (Gerlach et al. 2009), greatly
increases the amount of decomposing biomass in vernal pools and may result in higher respiratory
oxygen consumption relative to photosynthetic oxygen generation (Rogers 1998). In addition, upland
biomass of invasive species such as medusahead (Taeniatherum caput-medusae) can produce dense
vegetation and thatch, shortening the ponding duration of some pools (Marty 2004, Pyke and Marty
2005). Increasing dominance by competitors may also contribute to changes in hydrology and livestock
grazing practices. Introduction of species, such as bullfrogs, that may prey on fairy shrimp can be a
threat to the species where vernal pool habitat occurs near suitable bullfrog habitat (USFWS 2005).

A.18.5.4 Altered Hydrology
Changes in hydrology that result in a change in the timing, frequency, and duration of inundation in
vernal pools can create conditions that render existing vernal pools unsuitable for vernal pool species.
The vernal pool complexes in areas proposed for road improvements could be affected by alteration of
hydrology, which could diminish habitat for Conservancy fairy shrimp (USFWS 2005).

A.18.5.5 Contamination
Slight changes in water chemistry directly affect sensitive vernal pool species, especially vernal pool
crustaceans. Water contamination can occur from herbicides, fertilizers, and other chemicals commonly
used in urban and agricultural settings. Pesticide applications for controlling West Nile virus, a disease
transmitted by infected mosquitoes, may also affect fairy shrimp species. Fertilizers may also contribute
to the growth of invasive plants (USFWS 2005).

A.18.5.6 Other Threats
Several other threats to vernal pools, and their associate species in general, were identified in the
Recovery Plan (USFWS 2005). Although not specifically identified as a threat to Conservancy fairy
shrimp, these threats contribute to the decline of vernal pool habitats, which will affect all species that
are dependent on functional vernal pool habitats for survival. Human use and recreational activities,
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such as off-road vehicle use, hiking, and bicycling, threaten vernal pool ecosystems. When access is
through vernal pool complexes, hydrological functions may be impaired by displaced soil, causing
erosion or interrupting swale connectivity. Also, off-road enthusiasts, such as bicyclists, may create dirt
jump ramps, which could result in the burial of seeds and cysts of plants and animals or soil compaction.
Recreational users also may introduce, or facilitate spread of, invasive plants or dispose waste and
debris into vernal pool habitat and alter the ecology (USFWS 2005).
Habitat alteration may also occur due to large-scale climate and environmental changes, such as global
warming, which lead to changes in the precipitation pattern and atmospheric conditions. Most of the
populations of Conservancy fairy shrimp are isolated from other populations and are distributed in
discontinuous vernal pool systems; small, isolated populations are vulnerable, which could result in
extirpation from a particular area (USFWS 2005, 2006).

A.18.6 Relevant Conservation Efforts
Throughout the range of the species, vernal pool habitats supporting populations of Conservancy fairy
shrimp have been protected through a variety of other means, including preserves, refuges, and
protections on private lands. Within the Northeastern Sacramento Vernal Pool Region, the Conservancy
fairy shrimp is protected at the Vina Plains Preserve owned by The Nature Conservancy. Although
Conservancy fairy shrimp populations are protected from development on these locations, it is not
known if specific management and monitoring for the species is currently being conducted at these sites
(USFWS 2005).

A.18.7 Species Habitat Suitability Model
A habitat suitability model has not been developed for Conservancy shrimp because its known
occurrences are disjunct and it does not occur in many vernal pools that otherwise appear to support
suitable habitat.

A.18.8 Recovery Plan Goals
A general statement for recovery of Conservancy fairy shrimp is presented in the Recovery Plan: to
ensure protection of the full geographic, genetic, and ecological extent of this species and to improve the
circumstances that caused it to be listed in the first place. Accomplishment of this goal would be
achieved by protecting 100 percent of this species’ occurrences throughout its range, including 95
percent of its suitable habitat in the Vina Plains, Caswell, Grassland Ecological Area, Ventura County,
Jepson Prairie, Sacramento National Wildlife Reserve, and Madera Core Areas. In addition, the species
would be reintroduced into vernal pool regions and soil types from which surveys indicate that it has
been eradicated.
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71:7118.
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A.19 Vernal Pool Fairy Shrimp
(Branchinecta lynchi)
A.19.1 Legal and Other Status
The vernal pool fairy shrimp is listed as threatened under the ESA
throughout its range (59 FR 48136).
Critical habitat has been designated for vernal pool fairy shrimp,
including areas in the Butte Regional HCP/NCCP Plan Area. Critical habitat includes 59,015 acres
(23,883 hectares) in Unit 7 (the Vina Plains Unit), a portion of which is in Butte County, and all of which
is on private property. The Vina Plains Unit is located in the northeast portion of the Sacramento Valley
from Deer Creek in Tehama County to Chico in Butte County (70 FR 46924).

A.19.2 Species Distribution and Status
A.19.2.1 Range and Status
The vernal pool fairy shrimp was identified relatively recently, in 1990, and there is little information on
the historical range of the species; however, it is likely the historical distribution of this species
coincides with the historical distribution of vernal pools in California’s Central Valley and southern
Oregon. The current distribution of the vernal pool fairy shrimp in the Central Valley may be similar to
its historical distribution in extent, but
remaining populations are now considerably
more fragmented and isolated than in preagricultural times. The species is currently
found in disjunct and fragmented habitats
across the Central Valley of California from
Shasta County to Tulare County and the
central and southern Coast Ranges from
northern Solano County to Ventura County,
California. Additional disjunct occurrences
have been found in southern California and in
Jackson County, Oregon. Although the vernal
pool fairy shrimp is distributed more widely
than most other fairy shrimp species, it is
generally uncommon throughout its range
and rarely abundant where it does occur (68
FR 46684, USFWS 2005). The vernal pool
fairy shrimp is currently found in 28 counties
in California where it occupies a variety of
vernal pool habitats and occurs in 11 of the 17
vernal pool regions identified in California
(Keeler-Wolf et al. 1998). The Agate Desert of
southern Oregon comprises the northern
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extent of the range for the vernal pool fairy shrimp. In California, the vernal pool fairy shrimp occurs on
the Thomes Creek Ecological Reserve and the Stillwater Plains preservation bank in Tehama County,
and at isolated locations in Glenn and Shasta counties in the Northwestern Sacramento Valley Vernal
Pool Region. In the Northeastern Sacramento Valley Vernal Pool Region, the species occurs in the
vicinity of Vina Plains and the City of Chico in Tehama and Butte counties, respectively. The greatest
numbers of known occurrences of the vernal pool fairy shrimp are found in the Southeastern
Sacramento Vernal Pool Region in Placer, Sacramento, and San Joaquin counties, in the vicinity of Beale
Air Force Base in Yuba County, and at a single location in El Dorado County. In the Solano-Colusa Vernal
Pool Region, the vernal pool fairy shrimp is known from the vicinity of Jepson Prairie and the cities of
Vacaville and Dixon in Solano County. In the San Joaquin Valley Vernal Pool Region, the vernal pool fairy
shrimp is found at the Grasslands Ecological Area in Merced County, at the Pixley National Wildlife
Refuge in Tulare County, and at isolated locations in Kings and Stanislaus counties. In the Southern
Sierra Foothills Vernal Pool Region, the vernal pool fairy shrimp is known from the Stone Corral
Ecological Reserve and the Hogwallow Preserve in Tulare County and from scattered locations on
private land in Stanislaus, San Joaquin, Fresno, Madera, and Merced counties (USFWS 2005).

A.19.2.2 Distribution and Status in the Plan Area
There are 14 CNNDB-reported records of observations for the vernal pool fairy shrimp in Butte County,
with some locations noting the species present in several pools (CNNDB 2006) (Figure A.19-1, Vernal
Pool Fairy Shrimp Recorded Occurrences). Occurrences have also been reported from other sources
(Figure A.19-1). Along Highway 99 and Cana Highway, this species was reported from four locations in
11 pools in 1995, with fairy shrimp populations ranging from five to 50 individuals. In 1995 and 1996,
this species was reported at the Foothill Park Mitigation Area vernal pools where it occurred in 57 and
97 of the vernal pools, respectively. In 1998, vernal pool fairy shrimp were reported from the Vina
Plains Preserve in Butte and Tehama counties, although the number of individuals was not provided.
Around Oroville, this species was recorded at six separate locations in 2004, 2005, and 2006. It was also
found in 2002 at an isolated seasonal wetland northwest of Shippee, and there is a 1993 report of this
species west of Themalito Afterbay, near the intersection of Highway 99 and Richvale East Road (CNDDB
2006).

A.19.3 Habitat Requirements and Special Considerations
The vernal pool fairy shrimp generally inhabits vernal pools with clear to tea-colored water in grass or
mud-bottomed swales or basalt flow depression pools in unplowed grasslands, although there are a few
populations in sandstone rock outcrops and alkaline vernal pools (59 FR 48136).
Due to local topography and geology, the vernal pool depressions are typically part of an undulating
landscape, where soil mounds are interspersed with basins, swales, and drainages. Water movement
within complexes allows vernal pool fairy shrimp to move between individual pools. These movement
patterns, as well as genetic evidence, indicate that vernal pool fairy shrimp populations exist within, and
are defined by, entire vernal pool complexes, rather than individual vernal pools (70 FR 46924, USFWS
2005). Vernal pool fairy shrimp are sporadically distributed within the vernal pool complexes, and
some or many of the pools in a complex may not be inhabited during any one year (59 FR 48136).
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Figure A.19-1. Vernal Pool Fairy Shrimp Recorded Occurrences
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Although the species has been collected from large vernal pools, it tends to occur primarily in smaller
pools and is most frequently found in pools measuring less than 0.02 hectare (0.05 acre) in area. The
vernal pool fairy shrimp typically occurs at elevations from 10 meters (33 feet) to 1,220 meters (4,003
feet), although two sites in the Los Padres National Forest have been found to contain the species at an
elevation of 1,700 meters (5,600 feet). The vernal pool fairy shrimp has been collected at water
temperatures as low as 0ºF (4.5ºC), and has not been found in water temperatures above about 73ºF
(23ºC) (USFWS 2005). The water in these pools typically has low total dissolved solids, conductivity,
alkalinity, and chloride. Soils beneath the vernal pools that support this species are extremely variable
and typically are not the same as soils mapped by soil surveys, but are usually hydric inclusions that
vary by location (59 FR 48136).

A.19.3.1 Community Associations
The vernal pool fairy shrimp occupies the same vernal pool habitats as many of the other vernal pool
species, including several other rare and endangered vernal pool crustaceans. This species has been
found in association with the vernal pool tadpole shrimp (Lepidurus packardii), Conservancy fairy
shrimp (Brachinecta conservatio), and longhorn fairy shrimp (Brachinecta longiantenna), all federally
listed endangered; as well as the midvalley fairy shrimp (Branchinecta mesovallensis) and California
fairy shrimp (Linderiella occidentalis), both USFWS species of concern. Where they coexist with other
shrimp species, the vernal pool fairy shrimp tends to occur in pools of longer ponding duration and are
often less abundant than the other fairy shrimp species. Given the apparently wide distribution of the
vernal pool fairy shrimp and its tolerance for a wide range of conditions, it is possible that the absence of
this species in certain habitats is explained by competitive exclusion by other fairy shrimp. Vernal pool
tadpole shrimp are predators of vernal pool fairy shrimp, whereas vernal pool fairy shrimp feed on
algae, bacteria, protozoa, rotifers, and bits of detritus (USFWS 2005).
The vernal pool fairy shrimp occurs in the same vernal pool habitats as the California tiger salamander
(federally listed as threatened or endangered, depending upon the subject population) and the western
spadefoot toad, a DFG Species of Special Concern. Vernal pool fairy shrimp provide an important food
source for a number of species, including the western spadefoot toad. Vernal pool fairy shrimp are also
a major prey item for waterfowl, such as ducks. In turn, waterfowl and other migratory birds are
important dispersal agents for this and other vernal pool species (USFWS 2005).
In Butte County, plant species that have been found in the same vernal pool habitats as the vernal pool
fairy shrimp include blennosperma (Blennosperma nanum), coyote thistle (Eryngium vaseyi), and
goldfields (Lasthenia sp.). Other plant species often found in association with the vernal pool fairy
shrimp include the Orcutt grasses (Orcuttia spp.), the rare plant species Hoover’s spurge (Chamaesyce
hooveri), Butte County meadowfoam (Limnanthes floccosa ssp. californica), and Greene’s tuctoria
(Tuctoria greenei) (USFWS 2005, CNDDB 2006).

A.19.4 Life History
Vernal pool fairy shrimp are highly adapted to the environmental conditions of their ephemeral habitats.
They are ecologically dependent on seasonal fluctuations in their habitat, such as absence or presence of
water during specific times of the year, duration of inundation, and other environmental factors that
include specific salinity, conductivity, dissolved solids, and pH levels (USFWS 2002). The ability of the
vernal pool fairy shrimp eggs, or cysts, to remain dormant in the soil when their vernal pool habitats are
dry allows offspring to survive after the death of parent shrimp. Cysts survive the hot, dry summers and
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cold, wet winters that follow pool dessication until the vernal pools and swales fill with rainwater and
conditions are adequate for hatching. When pools refill in the same or subsequent seasons some, but
not all, of the eggs may hatch. The egg bank in the soil may be made up of eggs from several years of
breeding (USFWS 2006). Another important adaptation is that the vernal pool fairy shrimp has a
relatively short life span, allowing it to hatch, mature to adulthood, and reproduce during the short time
period when vernal pools contain water. The vernal pool fairy shrimp can reach sexual maturity in as
few as 18 days at optimal conditions of 68ºF (20ºC), and can complete its life cycle in as little as 9 weeks;
however, maturation and reproduction rates of vernal pool crustaceans are controlled by water
temperature and can vary greatly (USFWS 2005).

A.19.5 Threats
Threats to vernal pool habitat, and vernal pool species in general (including vernal pool fairy shrimp),
were identified in the Recovery Plan (USFWS 2005). In addition, the Recovery Plan identified several
threats specific to the vernal pool fairy shrimp. More than half of known populations of vernal pool fairy
shrimp are threatened by development or agricultural conversion. Several populations are found on
military bases, and although not an immediate threat, military activities may result in the alteration of
pool characteristics, including the introduction of nonnative plant species (USFWS 2005).

A.19.5.1 Habitat Loss and Fragmentation
Habitat loss and fragmentation were identified as the largest threats to the survival and recovery of
vernal pool species. Habitat loss generally is a result of urbanization, agricultural conversion, and
mining and can also occur 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 offroad vehicles and hiking), erosion, climatic and environmental change, and contamination. Habitat
fragmentation is also related to habitat loss when individual vernal pools become disconnected and
isolated as a result of activities such as road development and other infrastructure projects. Widespread
urbanization and the construction of infrastructure are major contributors to the loss of vernal pool
habitats and their associated species. In addition, gravel and clay mining operations needed to support
urban development, including roads and other infrastructure, have resulted in the destruction of vernal
pools (USFWS 2005).
In the Northeastern Sacramento Valley Vernal Pool Region, several of the known occurrences of the
vernal pool fairy shrimp are located on Caltrans rights-of-way and could be threatened by future road
improvement projects in this region (USFWS 2005). In Butte County, four of the larger vernal pool
complexes where vernal pool fairy shrimp have been observed in multiple pools are within the Caltrans
right-of-way along Highway 99 and could be threatened by future expansion of Highway 99. The
remaining 10 known occurrences in Butte County are on private property, including one in The Nature
Conservancy’s Vina Plains Preserve. Three of those populations are considered threatened by
development, either through direct loss of habitat or indirectly though alternation of hydrology or other
factors (CNDDB 2006).

A.19.5.2 Agricultural Conversion and Incompatible Livestock Grazing Practices
Land use conversion, such as from grasslands or pastures to more intensive agricultural uses, such as
croplands or from one crop type to another, has contributed and continues to contribute to the decline
of vernal pools in general. Although not identified as the primary threat to the vernal pool fairy shrimp
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populations in Butte County, several populations are in areas that are currently grazed, and changes in
grazing practices could alter the vernal pool habitat making it unsuitable for this species (USFWS 2005).

A.19.5.3 Competition from Invasive Species
Vernal pool plant species have declined due to the introduction of invasive nonnative plant and animal
species. Increasing dominance by competitors may also contribute to changes in hydrology and
livestock grazing practices. At Camp Roberts, in San Luis Obispo County, the nonnative invasive medusa
head (Taeniatherum caput-medusae), which also occurs in Butte County, threatened to diminish the pool
area available to vernal pool fairy shrimp in two of three plots that were fenced to protect vernal pools
from training activities (USFWS 2005).

A.19.5.4 Altered Hydrology
Changes in hydrology that result in a change in the timing, frequency, and duration of inundation in
vernal pools can create conditions that render existing vernal pools unsuitable for vernal pool species
(USFWS 2005). The vernal pool complexes in areas proposed for road improvements could be affected
by alteration of hydrology which could diminish habitat for vernal pool fairly shrimp (CNDDB 2006).

A.19.5.5 Contamination
Slight changes in water chemistry directly affect sensitive vernal pool species, especially vernal pool
crustaceans. Water contamination can occur from herbicides, fertilizers, and other chemicals commonly
used in urban and agricultural settings. Pesticide applications for combating West Nile virus, a disease
transmitted by infected mosquitoes, may also affect fairy shrimp species. Fertilizers may also contribute
to the growth of invasive plants (USFWS 2005).

A.19.5.6 Other Threats
Several other threats to vernal pools and their associate species in general were identified in the
Recovery Plan. Although not specifically identified as a threat to vernal pool fairy shrimp, these threats
contribute to the decline of vernal pool habitats, which will affect all species that are dependent on
functional vernal pool habitats for survival. Human use and recreational activities, such as off-road
vehicle use, hiking, and bicycling, threaten vernal pool ecosystems. When access roads or trails are
through vernal pool complexes, hydrological functions may be impaired by displaced soil causing
erosion or interrupting swale connectivity. Also, off-road enthusiasts, such as bicyclists, may create dirt
jump ramps, which also could result in the burial of seeds and cysts of plants and animals or soil
compaction. Recreational users also may introduce, or facilitate spread of, invasive plants or dispose
waste and debris into vernal pool habitat and alter the ecology (USFWS 2005).
Habitat alteration may also occur due to large-scale climate and environmental changes, such as global
warming, which lead to changes in the precipitation pattern and atmospheric conditions. Most of the
populations of vernal pool fairy shrimp are isolated from other populations and are distributed in
discontinuous vernal pool systems. Small, isolated populations are vulnerable, which could result in
extirpation from a particular area (USFWS 2005, 2006).
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A.19.6 Relevant Conservation Efforts
The vernal pool fairy shrimp is protected as a threatened species under the Endangered Species Act.
Approximately 13,000 acres (5,261 hectares) of vernal pool habitats, including mitigation banks, have
been set aside for the vernal pool fairy shrimp specifically as terms and conditions of section 7
consultations. These areas are scattered throughout the Central Valley and represent important
building blocks toward recovery of the vernal pool fairy shrimp. Throughout the range of the species,
vernal pool habitats supporting populations of vernal pool fairy shrimp have been protected through a
variety of other means, including preserves, refuges, and protections on private lands. In the
Northeastern Sacramento Valley region, vernal pool fairy shrimp are protected on a private mitigation
area and on land owned by The Nature Conservancy (USFWS 2005, CNDDB 2006).
Vernal pool habitats have been the focus of much research. Although there are numerous anecdotal
accounts of the habitat requirements of the vernal pool fairy shrimp, little specific information about the
conservation needs of the species has been accumulated (USFWS 2005).

A.19.7 Species Habitat Suitability Model
A.19.7.1 Habitat
Vernal pool fairy shrimp habitat includes the following BRCP mapped land cover types:




Vernal pool;
Altered vernal pool; and
Grassland with vernal swale complex.

Vernal pools that may support vernal pool fairy shrimp habitat may also occur as inclusions in mapped
grassland, blue oak savanna, ranchettes–open, and disturbed ground land cover types. These inclusions
were not mapped because they did not meet the mapping criteria for vernal pool, altered vernal pool,
and grassland with vernal swale complex land cover types.

A.19.7.2 Assumptions
The vernal pool fairy shrimp typically inhabits smaller, shallower pools within vernal pool complexes
(USFWS 2007). They inhabit vernal pools with clear to tea-colored water, in grass or mud-bottomed
swales or basalt-flow depression pools in unplowed grasslands (59 FR 48136). A few populations are
also known from sandstone rock outcrops and alkaline vernal pools (59 FR 48136). Genetic evidence
and movement ecology patterns indicate that vernal pool fairy shrimp populations exist within, and are
defined by entire vernal pool complexes, rather than by individual pools (70 FR 46924, USFWS 2005).
Given these habitat preferences, suitable habitat for the vernal pool tadpole shrimp is defined as any
vernal pool, altered vernal pool, and grassland with vernal swale complex within the Plan Area.

A.19.8 Recovery Plan Goals
A general statement for recovery of vernal pool fairy shrimp is presented in the USFWS (2005) Recovery
Plan: to ensure protection of the full geographic, genetic, and ecological extent of this species and to
improve the circumstances that caused it to be listed in the first place. Accomplishment of this goal
would be achieved by protecting 80 percent of species occurrences throughout its range, including 85
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percent of its suitable habitat in 38 Core Areas, including Chico, Oroville, Vina Plains, and Doe Mill in the
Northeast Sacramento Vernal Pool Region, which includes the vernal pools in Butte County. In addition,
the species would be reintroduced into vernal pool regions and soil types from which surveys indicate
that it has been eradicated.
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A.20 Hoover’s Spurge
(Chamaesyce hooveri)
A.20.1 Legal and Other Status
Hoover’s spurge (Chamaesyce hooveri) is federally listed as
threatened under the Endangered Species Act throughout its
range. Hoover’s spurge has no status under the California
Endangered Species Act (DFG 2011). The California Native Plant
Society (CNPS) includes Hoover’s spurge on California Rare Plant
Rank 1B (formerly List 1B): Plants Rare, Threatened, or Endangered in California and Elsewhere (CNPS
2010).
Critical habitat has been designated for Hoover’s spurge, including one location in Butte County. In the
Butte Regional HCP/NCCP Plan Area, 8 acres (3 hectares) of critical habitat have been designated for
Hoover’s spurge (Unit 2) (71 FR 7118). This location is on private property south of Chico along
Highway 99 and 0.4 mile south of the junction with Pentz Road. This location includes the only reported
location for Hoover’s spurge in Butte County.

A.20.2 Species Distribution and Status
A.20.2.1 Range and Status
Hoover’s spurge is found in vernal pools on
remnant alluvial fans and depositional stream
terraces over a distance of 528 kilometers (km)
(240 miles) along the eastern margin of the
Central Valley (62 FR 14338).
Historically, Hoover’s spurge was known to occur
in Northeastern Sacramento Valley, San Joaquin
Valley, Solano-Colusa, and Southern Sierra
Foothills Vernal Pool Regions. In the 1930s and
1940s, the species was known from collections in
only three locations: Yettem and Visalia in Tulare
County, and near Vina in Tehama County. From
1974 through 1987, 21 additional occurrences
were reported, most from Tehama County and one
to three occurrences were found in each of Butte,
Merced, Stanislaus, and Tulare counties (USFWS
2005). As of October 2006, the California Natural
Diversity Database (CNDDB) lists 30 occurrences
of Hoover’s spurge. Of these, one each in Tehama
and Tulare counties are classified as extirpated
and two, one each in Butte and Tehama counties,
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are “possibly extirpated” because the species had not been observed for two consecutive years during
surveys in the mid-1980s. Of the 26 occurrences presumed to be extant, 14 occur in the Vina Plains of
Tehama and Butte counties within the Northeastern Sacramento Valley Vernal Pool Region, with the
majority of these (12) in Tehama County. The remaining 12 occurrences are five in vernal pools in
Tulare County, three in Glenn County, two in Stanislaus County, one in Merced County, and one other
location in Butte County (USFWS 2005, CNDDB 2006).

A.20.2.2 Distribution and Status in the Plan Area
Four locations of Hoover’s spurge have been recorded in Butte County, three extant and one possibly
extirpated (see Figure A.20-1, Hoover’s Spurge Recorded Occurrences). In 1987, populations were found
at two locations north of Chico. One population contained 500 plants in a heavily grazed area and was
located at Vina Plains in a vernal pool bed that had been scraped previously by a bulldozer, northwest of
Chico and 0.5 mile (0.8 km) southwest of the intersection of Highway 99 and Cana Highway. The second
population was 2.3 miles (3.7 km) south-southwest of the intersection of Highway 99 and Rowles Road
and contained at least 10,000 plants within a vernal pool formed in an intermittent drainage. Both of
these populations are considered threatened by grazing. The third population is located south of Chico
at Pentz vernal pool area, southeast of the junction of Pentz Road and Highway 99. This population
contained 1,000–2,000 individuals, and the record noted that, although the population is in a heavily
grazed area, it appears to be “large and probably stable” under the current grazing practices (CNDDB
2006). The trend for these populations was unknown (CNDDB 2006).
An additional population noted at Wurlitzer Ranch, just south of Haille Road, is believed to be extirpated.
Fewer than 20 plants were recorded at this location in 1978, and none were seen in 1986 and 1987.
This is a large, isolated vernal pool in a winter grazed pasture that is heavily trampled (CNDDB 2006).

A.20.3 Habitat Requirements and Special Considerations
Hoover’s spurge is restricted to vernal pools and, in Butte County, occurs in valley and foothill
grasslands on volcanic mudflow or clay substrate at 75 to 400 feet (25 to 130 meters) elevation (CNDDB
2006). Natural pools in which the plant occurs are primarily classified as Northern Hardpan vernal
pools and Northern Claypan vernal pools (Sawyer and Keeler-Wolf 1995). In the Northeastern
Sacramento Valley Vernal Pool Region, occupied pools are generally on acidic soils over iron-silica
cemented hardpan. Previous studies indicated the pools supporting this species varied in size from 0.47
to 600 acres (0.19 to 243 hectares), with a median area of 1.43 acres (0.58 hectares).
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Figure A.20-1. Hoover’s Spurge Recorded Occurrences
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The species may occur along the margins or in the deepest portions of the dried pool-bed, although
deeper pools seemed to provide better habitat because the duration of inundation is longer and other
vegetation would be less likely to establish in the deeper portions, which would limit competition from
other plants (USFWS 2005).Two of the most frequent associates of Hoover’s spurge are rare vernal pool
grasses, Greene’s tuctoria (Tuctoria greenei) and hairy Orcutt grass (Orcuttia pilosa), both found in Butte
County vernal pools. Other native plant species found growing with Hoover’s spurge in Butte County
include water shamrock (Marsilea vestita), wooly marbles (Psilocarpus brevissimus), dowingia (Dowingia
spp.), spike rush (Eleocharis spp.), coyote thistle (Eryngium vaseyi), annual hair grass (Deschamsia
danthonioides), adobe allocarya (Plagiobothryus acanthocarpus), navarretia (Navarretia leucocephala),
Tehama navarretia (Navarretia heteranda), and clover (Trifolium variegatum). Nonnative plants include
prickle grass (Crypsis spp.), common unicorn plant (Proboscidea louisianica), and Mediterranean barley
(Hordeum marinum ssp. gussoneanum) (CNDDB 2006).

A.20.4 Life History
Hoover’s spurge is an annual, prostrate, spreading, herbaceous plant that forms gray-green mats 2.0 to
39.4 inches (5 to 100 centimeters [cm]) in diameter. The fruit is a spherical capsule 0.08 inch (2
millimeters [mm]) in diameter on a stalk that hangs over the edge of the cup. The capsule typically
contains one to two tiny white seeds in each of three locules (capsule chambers). The blooming time for
Hoover’s spurge is July to August, with one cyathium located between each pair of leaves (Hickman
1993, USFWS 2005).
Hoover’s spurge is a summer annual, with the seeds germinating after the water evaporates from the
pools. The plants cannot grow in standing water. Plants have an indeterminate growth pattern that
allows them to continue growing as long as sufficient moisture is available. The proportion of surviving
seedlings to reproduction has not been documented, but in years of below-normal rainfall, seedling
survival was characterized as low. The flowering time varies among the populations with those in
Merced and Tulare counties typically flowering in late May through July, whereas those farther north in
Stanislaus County and the Sacramento Valley flower from mid-June into October. Seed set apparently
begins soon after flowering and seed production has not been quantified or studied in relation to
environmental factors; large plants may produce several hundred seeds, which can remain dormant
until the appropriate temperature and moisture conditions occur. Several types of insects were
observed visiting the flowers of Hoover’s spurge and may potentially serve as pollinators. Related
species in the spurge family are pollinated by flies, and the glands on the cyathium produce nectar,
which is attractive to insects. Related species in the genus Euphorbia typically are cross-pollinated
because the female flowers on each plant mature before the male, although it is not known if this is the
case for Hoover’s spurge (USFWS 2005).

A.20.5 Threats
Threats to vernal pool habitat and species in general, including Hoover’s spurge, 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 the following:


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
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activities (such as off-highway vehicles and hiking), erosion, climatic and environmental change, and
contamination.
Conversion of land uses such as from grasslands or pastures to more intensive agricultural uses,
such as croplands or from one crop type to another, has contributed and continues to contribute to
the decline of vernal pools in general and is identified as a specific threat to Hoover’s spurge,
especially in Stanislaus County (USFWS 2005). Three extant locations for Hoover’s spurge in Butte
County are located on private property that is used for grazing (CNDDB 2006). While livestock do
not typically graze on this species, as it grows low to the ground and contains toxic milky sap, cattle
trampling has been identified as a reason for the decline of this species at two locations, including
one of the populations in Butte County.
Competition from invasive species. In addition, native plant species that occupy the same
microhabitat can also compete with Hoover’s spurge. Native competitors of Hoover’s spurge include
coyote thistle (Eryngium spp.), alkali mallow (Malvella leprosa), lippia (Phylanodiflora sp.), hardstemmed tule (Scirpus acutus var. occidentalis), alkali bulrush (Scirpus maritimus), and cocklebur
(Xanthium strumarium). Nonnative competitors include bindweed (Convolvulus arvensis) and
swamp grass (Crypsis schoenoides). Competition from invasive native and nonnative plant species is
identified as a threat to nine of the extant occurrences of Hoover’s spurge, including eight in Vina
Plains in Tehama County and one in Glenn County (CNDDB 2006). Increasing dominance by
competitors may also contribute to changes in hydrology and livestock grazing practices (USFWS
2005).
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.
Five of the reported occurrences of this species are considered threatened by changed in hydrologic
regime; four are in the San Joaquin Valley, in Tulare and Merced counties, and the fifth is in the Vina
Plains in Tehama County (CNDDB 2006). The hydrology in the vicinity of these pools or pool
complexes has been altered by construction of flood control structures, such as levees and other
water barriers, and changes in runoff, such as irrigation or construction of roads and culverts.
Although no occurrences have been completely extirpated due to hydrologic changes, the species
has been eliminated from one or more individual pools at several sites, and a number of the
remaining populations appear to be in decline (USFWS 2005).
The decline of pollinator species due to habitat fragmentation and the loss of upland habitats that
support pollinators. Specific insects that pollinate Hoover’s spurge have not yet been identified;
therefore, it is not possible at this time to assess their status and determine if protection of
pollinators or their habitat is necessary. If essential pollinators are declining through habitat loss,
Hoover’s spurge may be declining in response (USFWS 2005).
At least five of the 30 known occurrences of Hoover’s spurge total fewer than 100 individuals
(CNDDB 2006). Two other occurrences have populations of only a few hundred individuals. 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).
Several other threats to vernal pools and their associated 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 (62 FR 14338). Habitat alteration may
also occur due to large-scale climate and environmental changes, such as global warming, which
lead to changes in the precipitation pattern and atmospheric conditions (USFWS 2005).
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A.20.6 Relevant Conservation Efforts
Ten occurrences of Hoover’s spurge are in preserves or on public land. The Vina Plains Preserve,
managed by The Nature Conservancy, includes four of the extant occurrences (in Tehama County) and
one presumed extirpated occurrence (in Butte County). The California Department of Fish and Game
manages two of the extant occurrences in Tulare County as part of the Stone Corral Ecological Reserve
complex. Three occurrences are in Glenn County on the Sacramento National Wildlife Refuge (CNDDB
2006). One additional occurrence in Merced County is on private land (the Bert Crane Ranch) that is
protected from development by a conservation easement (USFWS 2005). The three extant occurrences
of Hoover’s spurge in Butte County are on private lands (CNDDB 2006).

A.20.7 Species Habitat Suitability Model
A.20.7.1 Habitat
Hoover’s spurge habitat includes areas with suitable soil type in the following BRCP mapped land cover
types:




Vernal pools;
Altered vernal pools; and
Grassland with vernal swale complex.

Vernal pools that may support Hoover’s spurge habitat may also occur as inclusions in mapped
grassland, blue oak savanna, ranchettes—open, and disturbed ground land cover types. These
inclusions were not mapped because they did not meet the mapping criteria for vernal pool, altered
vernal pool, and grassland with vernal swale complex land cover types.

A.20.7.2 Assumptions
Hoover’s spurge is restricted to vernal pools and, in Butte County, occurs in valley and foothill
grasslands on volcanic mudflow or clay substrate (CNDDB 2011). Natural pools in which the plant
occurs are primarily classified as Northern Hardpan and Northern Claypan vernal pools within annual
grassland (Sawyer and Keeler-Wolf 1995). The species may occur along the margins or in the deepest
portions of the dried pool-bed, although deeper pools seem to provide better habitat because the
duration of inundation is longer and other vegetation would be less likely to establish in the deeper
portions, which would limit competition with other plants (USFWS 2005).
Given these habitat preferences, suitable habitat for the Hoover’s spurge is defined as any mapped
vernal pool or altered vernal pool within the Plan Area. Additionally, the grassland with vernal swale
complex land cover type is included in the model. This type may include areas that pool in a given year
but that were not captured as individual vernal pools in the GIC/SAIC vernal pool mapping effort.
Because vernal elements were identified based on photo interpretation of aerial photography from
winter 2002 (an average rainfall year), an above average rainfall year may result in more areas of
ponded water within the Plan Area.
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A.20.8 Recovery Plan Goals
A general statement for recovery of Hoover’s spurge is presented in the Recovery Plan to ensure
protection of the full geographic, genetic and ecological extent of this species and to improve the
circumstances that caused it to be listed in the first place. Accomplishment of this goal would be
achieved by protecting 80 percent of known occurrences throughout its range, including 95 percent of
suitable habitat in the Oroville, Vina Plains, Grasslands Ecological Area in San Joaquin Valley,
Sacramento NWR, and Merced Core Areas, and 85 percent of suitable habitat in the Cottonwood Creek,
Tulare, and Turlock Core Areas. In addition, seed would be banked from at least one population in each
core area. Historical locations would be investigated and the species would be reintroduced where it
has been extirpated.
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A.21 Butte County Meadowfoam
(Limnanthes floccosa ssp.
californica)
A.21.1 Legal and Other Status
Butte County meadowfoam (Limnanthes floccosa ssp. californica)
is listed as endangered under both the federal Endangered
Species Act (ESA) (57 FR 24192) and California Endangered
Species Act (CESA)
(CDFW 2016a).
The California Native Plant Society (CNPS) and California Natural Diversity Database (CNDDB) include
Butte County meadowfoam on California Rare Plant Rank 1B.1 : Plants Rare, Threatened, or Endangered
in California and Elsewhere, with a state rank of S.1 and a global rank of G4T1: subspecies critically
imperiled at the state level (CDFW 2016b).
Critical habitat has been designated for this species, all of which is located in the Butte Regional
HCP/NCCP Plan 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 (71 FR
7118).

A.21.2 Species Distribution
and Status
A.21.2.1

Range and Status

Butte County meadowfoam occurs within a
narrow 30-mile (50-kilometer) strip along the
eastern margin of the Sacramento Valley from
central Butte County to near the northern
border of Butte County at elevations from 150
to 2,800 feet (50 to 930 meters). The extent
of its range has not changed substantially
since it was identified as a distinct taxon
(Arroyo 1973a), but information on the
number of populations, the area occupied, and
the extent of available habitat within its range
has substantially increased over the last 43
years (Jokerst 1989, 57 FR 24192, USFWS
2008, CDFW 2016c).
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A.21.2.2 Distribution and Status in the Plan Area
Butte County meadowfoam’s distribution is fragmented, with the largest populations clustered in
central Butte County near the City of Chico. Although never extensive in range, Butte County
meadowfoam populations have been substantially reduced in number and fragmented by development
in the Chico area (USFWS 2006). The USFWS has compiled Butte County meadowfoam known
population information from CNDDB data, available data from botanical surveys, and USFWS file data.
Primary sources of survey data include: academic papers (Dole and Sun 1992; Sloop et al. 2011); a draft
conservation plan (Jokerst 1989); a Butte County meadowfoam field survey for the City of Chico (Dole
1988); a Farm Credit project (Kelly and Associates 1991); the Greater Chico urban redevelopment
project (Jones & Stokes 1993); the Rock Creek-Keefer Slough flood control project (USACE 1999); the
Canyon View High School Butte County meadowfoam biological surveys (Jones & Stokes 2002), the
Butte 70/149/99/191 Highway improvement biological surveys (Caltrans 2004); the Cohasset Road
widening Butte County Meadowfoam survey (Gallaway 2006a); the Bidwell Ranch Butte County
meadowfoam survey (Gallaway 2006b); the Meriam Park biological assessment (Gallaway 2006c); the
Thomasson Ranch biological survey (Restoration Resources 20010); a genetic analysis report (Sloop
2009); and, the CNDDB (CDFW 2016c). Additional data generated by the USFWS through the
Endangered Species Act section 7 consultations were obtained from the USFWS during a series of
technical meetings (USFWS 2011). Butte County meadowfoam population data gathered from the
available information is presented in Table A.21-1 and depicted in Figures A.21-1, Butte County
Meadowfoam Modeled Habitat and Recorded Occurrences and A.21-2, Butte County Meadowfoam
Population Groupings, Occurrences, Modeled Habitat, and Population Estimates. Note that data provided
by the USFWS (2011) defines “occurrences” differently than the CNDDB (CDFW 2016), and to reduce the
potential for confusion, USFWS occurrences are referred to as numbered populations and are crossreferenced to the CNDDB occurrences in Table A.21-1.
In addition to the naturally occurring populations, an experimental population of Butte County meadowfoam
was introduced on the Tuscan (Wurlitzer) Preserve near the northwestern limit of its range (USFWS 2005),
but no data were obtained regarding its persistence and seasonal fluctuations in the number of individuals.
Throughout this species account, the term “population grouping” is used to designate groups of populations
sharing similar landforms and separated from other such groupings by physical barriers, which is consistent
with the concept of “ecological paradigm” (Waples and Gaggiotti 2006). The Rock Creek, Chico A, Chico B,
and Chico C population groupings occur on a similar landform but are separated from each other by
westward running streams. The Gold Run Creek and Table Mountain groupings each occur on different
landforms. These landforms and other habitat parameters are discussed below.
The CNDDB (CDFW 2016c) currently groups Butte County meadowfoam into 21 occurrences, which are
geographically-based groups determined by proximity (stands more than 0.25 miles apart would be
placed in separate occurrences). All of these occurrences are considered to be extant, although parts of
some occurrences have been removed or highly disturbed. Occurrence 6 was once thought to have been
extirpated, although plants may still persist in small areas of habitat along Gold Run Creek where Butte
County meadowfoam was collected in 1988 and 1991 (CDFW 2016c). Table A.21-1 identifies individual
parts of the occurrences (“Populations”) that were originally based on isolated observations or site
surveys or that have been lost to habitat conversion. Population trends for most occurrences are
unknown, although the CNDDB lists three occurrences as “decreasing,” due to the loss of part of the
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Figure A.21-1. Butte County Meadowfoam Modeled Habitat and Recorded Occurrences
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Figure A.21-2. Butte County Meadowfoam Population Groupings, Occurrences, and Modeled Habitat
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occurrences to habitat conversion. The CNDDB also ranks the occurrences on the quality of the habitat
and condition of the populations; ten occurrences are ranked “Excellent” or “Good”, six are ranked “Fair”
or “Poor”, and five occurrences are ranked as “Unknown” (insufficient information to rank).
Population trends are difficult to determine for Butte County meadowfoam from existing data because
the occurrences are not regularly censused and because population numbers vary from year to year. In
addition, existing population numbers have been determined by different methods, some of which were
fairly accurate (all plants counted or estimated in occupied habitat), and others that were highly
inaccurate (transect sampling). For example Dole (1988) used a transect method that greatly
overestimated the amount of occupied habitat and number of plants present and Sloop (2009) used a
transect method that underestimated the amount of occupied habitat and number of plants present.
Table A.21-1 provides data on the number of plants present from the CNDDB (CDFW 2016c) and various
other sources.

A.21.3 Habitat Requirements and Special Considerations
A.21.3.1 Geomorphology
Overlaying the occurrence data on the Geologic Map of the Chico Quadrangle (Divisions of Mines and
Geology 1992) shows that Butte County meadowfoam occurs almost exclusively on three geological
formations: (1) Red Bluff pediment (and inclusions of Tuscan formation); (2) strath terraces, and; (3)
Lovejoy basalt. Based on landscape characteristics that would tend to isolate plants from breeding (see
Life History section of this account), Butte County meadowfoam was separated into six geographically
characterized population groupings: four population groupings on Red Bluff pediment (Rock Creek
population and Chico populations A, and C), one population grouping on an inclusion of Tuscan
formation along the border of the Red Bluff pediment (Chico B), one population grouping on the strath
terraces (Gold Run Creek population near State Route 149), and one population grouping on Lovejoy
basalt (Table Mountain). The Red Bluff pediment is a gently sloping plain formed by the deposit of
materials eroded from the hills and mountains adjacent to the north end of the Sacramento Valley; in the
Plan area, the material was eroded from the Tuscan Formation and the Sierra Nevada (Helley and
Jaworoksi 1985). Strath terreaces on which Butte County meadowfoam occurs were formed along a
broad river valley that was an ancient channel of the Feather River, with alluvial material deposited on
the terraces originated both from the Tuscan formation as well as the Lovejoy and Ione formations of
Table Mountain (Helley and Harwood 1985, Division of Mines 1992). Lovejoy basalt refers to outcrops
of basalt that originated from volcanic flows from an area west of Honey Lake, on the Plumas/Lassen
County border about 15 million years ago (Durrell 1959; Garrison et al. 2008).
Surface exposures of the Red Bluff pediment on which Butte County meadowfoam habitat occurs are not
continuous but are periodically broken into smaller areas through stream incision or isolated by
surficial alluvium carried by westward-trending foothill streams such as Pine Creek and Butte Creek.
Additionally, drainages originating on the Red Bluff pediment or small drainages originating
immediately upslope on the Tuscan formation have established local areas of incision and recent
alluvium on top of the Red Bluff pediment. These streams and alluvial deposits create physical barriers
between the populations.
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A.21.3.2 Soils
All of the large populations of Butte County meadowfoam, historical and current, are found on Redswale
soil within two soil map units: Redtough-Redswale complex 0 to 2 percent slopes, and RedtoughRedswale-Anita, gravelly duripan, complex 0 to 5 percent slopes. Redswale is a cobbly loam, underlain
by a duripan generally at a depth of 7 inches and has swale microtopography. Where the soil complex
abuts the Tuscan formation, such as at the Doe Mill Preserve, the soil is underlain by volcanic lahar and
tuff bedrock (O’Geen et al. 2008). The Redswale soil, because of its shallow depth, coarse texture, and
large cobble content, has a very low water holding capacity of 0.7 inch of water.
The Chico B population grouping and the eastern edge of the Chico C population grouping are on an
inclusion of the Tuscan formation on the Doemill-Jokerst complex 0 to 3 percent and Doemill-Jokerst
complex 3 to 8 percent soils map units. The Jokerst cobbly loam (40 percent of the extent of the
complex) soil component of the complex is more important in supporting Butte County meadowfoam
habitat characteristics, as it has the appropriate mound and swale microtopography and a typical
bedrock contact depth of 4 inches, which restricts the percolation of water and ensures soil saturation.
Another soil closely associated with the Redtough-Redswale soil complex that supports populations of
Butte County meadowfoam on the Red Bluff pediment is the Wafap-Hamslough complex, 0 to 2 percent
slopes map unit, which occurs in the abandoned channels of local drainages between Pine Creek in the
north to Butte Creek in the south. Butte County meadowfoam habitat is likely restricted to the
Hamslough clay soil component of the complex, where the water-restrictive layer consists of deposited
clay material overlying a cemented cobbly and gravelly alluvium.
In the strath terrace area, another soil closely associated with the Redtough-Redswale-Anita soil
complex is the durixeralfs-typic petraquepts complex, 0 to 2 percent slopes map unit. This complex
consists of loams deposited on clays which overlie duripans on strath terraces. The water restrictive
layer is composed of clay materials.

A.21.3.3 Hydrology
Butte County meadowfoam is restricted to areas with saturated soils during winter and early spring that
may occasionally pond or flood for short periods of time and which dry rapidly in mid-spring. Local
hydrology that supports the saturated soils is determined by many factors that include slope steepness;
slope shape (concave, etc.); slope position (toe, tread, etc.); soil water holding capacity (soil texture and
soil profile thickness); continuity of and depth to restrictive layer; microtopography (swale, etc.); and
watershed extent. Butte County meadowfoam does not persist in vernal pools or swales that are
inundated for prolonged periods during the wet season or are wet during the dry season, nor does it
persist in drainages where water flows swiftly. The seasonal dynamics of the wetting and drying
periods are extremely variable in response to El Niño southern oscillation and Pacific decadal oscillation
events (Minnich 2007). Topography
Butte County meadowfoam generally occurs on level to gently sloping terrain. The populations are only
found in areas where the slope steepness is 2 percent or less and the slope is convex. It is found
primarily in vernal swales and along the margins of vernal pools on alluvial terraces in annual
grasslands that may or may not have mima mound topography. Swales in which Butte County
meadowfoam occurs 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 mima mounds. In vernal pools, the
plants more often grow along the margins than on the bottom, but the pattern is reversed in swales,
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with the plants more often growing along the bottom of the swale. It typically occurs in long, narrow
bands in connected swales or along pool margins but can also 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).

A.21.3.4 Plant Associations
Vernal pools and swales in which Butte County Meadowfoam are present in grasslands and, to a lesser
extent, in blue oak savannah. Common plant species that co-occur with Butte County meadowfoam vary
by location. In most of the sites near the City of Chico, Butte County meadowfoam 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 castrense) are
common co-occurring species. In some locations, Butte County meadowfoam co-occurs with other
Limnanthes species, including L. alba and L. douglasii ssp. rosea. The woolly meadowfoam (L. floccosa
ssp. floccosa) is a conspecific of Butte County meadowfoam and has been observed growing with
populations of Butte County meadowfoam in three locations, but there is no evidence that the two
subspecies were hybridizing (USFWS 2005, CDFW 2016c).

A.21.4 Life History
Most of the information on the life history of Butte County meadowfoam is anecdotal, as no life history
study has been done specifically for that subspecies. However, other species in the genus Limnanthes
have been studied, and inferences from these studies can be made on the life history of Butte County
meadowfoam.
Butte County meadowfoam is a winter annual. The seeds 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 closely-related woolly meadowfoam, two-thirds of the seed remained dormant even after
exposure to favorable conditions, and some ungerminated seed remained in soil samples after 3 years
(Ritland and Jain 1984). 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 3 days (Hauptli et al. 1978). 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 ground-nesting bees, honeybees, beetles, flies, true bugs
(order Hemiptera), butterflies, and moths. Butte County meadowfoam has floral adaptations that allow for
cross-pollination by insects, but self-pollination can take place (semi-autogamous breeding system)
(Arroyo 1973b). The stamens begin shedding pollen one day before the stigma is receptive, and during this
period, flowers cannot not self-pollinate. If pollen remains in the anthers when the stigma matures, it can
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come into contact with the stigma, which is at the same level as the anthers, and result in self-pollination. The
rate of self-pollination may vary among years or among sites, depending on the size of insect populations.
Butte County meadowfoam is has a very short lifespan that is closely correlated with the mean
hydrologic characteristics of the habitat (Arroyo 1973b, Dole and Sun 1992). To offset the variability of
the wetting and drying periods, Butte County meadowfoam possesses a phenotypically plastic flowering
time which, combined with its semi-autogamous breeding system, allows Butte County meadowfoam
plants to reproduce even within very short growing seasons (Dole and Sun 1992). Dole and Sun (1992)
found that each Butte County meadowfoam flower generally produces three seeds under ideal
conditions but that plants subjected to water stress produce few or no seeds. With the combined
evolutionary strategies of a semi-autogamous breeding system, phenotypic plasticity in life history
traits, and a persistent soil seed bank, Butte County meadowfoam populations are able to persist in the
face of significant seasonal climatic variations (Ritland and Jain 1984). Dole and Sun identified three
centers of population density, north, northeast, and southeast, which correspond to the Chico A, B, and C
populations identified for the BRCP, respectively.
Dole and Sun (1992) found low levels of genetic variation within the Butte County meadowfoam
populations in their study, suggesting that this was attributable to genetic drift or inbreeding. A recent
study (Sloop 2009, Sloop et al. 2011) using neutral microsatellite genetic markers, confirmed the low
level of genetic diversity within populations but argued that this was best explained as a consequence of
inbreeding. Although these studies do not directly assess whether the amount of genetic variation
present is sufficient for the populations to adapt to changing habitat conditions, they do suggest that
small population sizes and lack of gene flow between populations could have adverse consequences,
such as inbreeding depression or the inability to track variable habitat conditions. .

A.21.5 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 (57 FR 24192, CNPS 2012, USFWS 2006). Loss of habitat has
been identified as the primary threat to Butte County meadowfoam. Overgrazing and trampling have
been identified as threats to several populations, and others could be threatened if grazing were
increased in areas occupied by Butte County meadowfoam, although this has not identified as a primary
threat to this subspecies. Insufficient grazing may also be a threat in areas where Butte County
meadowfoam may be out-competed by nonnative grasses (USFWS 2005). Small population size and
inbreeding could also be a threat if loss of genetic diversity leaves the populations unable to survive
changing site conditions (2009; Sloop et al. 2011).
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) (USFWS 2005). The Recovery Plan data and other data sources state that threats
include the following:


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
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activities (such as off-highway vehicles and hiking), erosion, climatic and environmental change, and
contamination.
Competition from invasive species. Non-native plants that invade Butte County meadowfoam
habitat may compete for space and resources with Butte County meadowfoam and reduce its
abundance. Increasing dominance by competitors may also contribute to changes in hydrology and
livestock grazing practices. Competition from grasses and weedy species, including the nonnative
filaree (Erodium botrys), was identified as a threat at some of the locations that support Butte
County meadowfoam (CDFW 2016). At the Doe Mill Preserve, competition from the nonnative,
invasive medusahead (Taeniatherum caput-medusae) had reduced populations and seed set in Butte
County meadowfoam (USFWS 2005).
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 identified protection of the watersheds that contribute 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 2006). 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 (CDFW 2016).
The decline of pollinator species due to habitat fragmentation and the loss of upland habitat that
supports pollinators. 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; however, the extent of this and its effect on the species can’t be evaluated at this time
(USFWS 2005).
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 2005). Habitat alteration may
also occur due to large-scale climate and environmental changes such as global warming, which lead
to local changes in the precipitation pattern and atmospheric conditions (USFWS 2005).

A.21.6 Relevant Conservation Efforts
Several areas identified as Category 1 PEHL lands protect Butte County meadowfoam. These areas
include: Population 5 (Wildlife Conservation Board), Population 8, 10, 11, 14, and 19 (City of Chico
Preserves), Population 20 (Chico State University), Population 25 (Wurlitzer Land and Farming Inc.);
Populations 26 through 30 (Loafer Creek LLC and Sierra View Landscape Inc.), and; Population 33
(Wildlife Conservation Board).

A.21.7 Species Habitat Suitability Model
The combined effect of the geomorphic surface, landscape position, duripan or bedrock impermeable
layer, cobble content, and coarse texture creates the unique hydrologic microhabitat that tends to
support Butte County meadowfoam. The habitat suitability model for Butte County meadowfoam was
based, therefore, on information available for these parameters.
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Suitable habitat is defined as the extent of suitable soil types on the three geological formations on
which Butte County meadowfoam occurs, where vernal pool, altered vernal pool, grassland with vernal
swale complex, grassland, and blue oak savanna land are present. The habitat model was constructed as
a GIS project in which specific NRCS soil map units (SSURGO GIS soil data) were intersected with the
vernal swale complex, grassland, and blue oak savanna land cover types from the BRCP GIS vegetation
layer, for the Red Bluff pediment, strath terraces, and Lovejoy basalt geological formations. Although
slope was not a direct parameter utilized in the model, the soil map units selected generally occur in
level to nearly level terrain (0 to 2% slopes). Modeled suitable habitat is shown in Figure A.21-2.

A.21.7.1 Red Bluff Pediment
The habitat suitability model for the Chico A, B, C, and Rock Creek population groupings used the
following soil map units:









302-Redtough-Redswale, 0 to 2 percent slope soils
301-Wafap-Hamslough complex, 0 to 2 percent slopes
321-durixeralfs-typic petraquepts complex, 0 to 2 percent slopes
614-Doemill-Jokerst complex 0 to 3 percent slopes soil polygons adjoining 302-Redtough-Redswale
0 to 2 percent slopes complex soils, including 1,000-foot buffers into any adjoining 615-DoemillJokerst complex 3 to 8 percent slopes1
South of the Chico C population grouping and north of the Gold Run Creek population grouping, no
Butte County meadowfoam populations have been recorded. However, suitable soils, and vegetation
types are present, and the habitat model identified potentially suitable habitat. The following soil
map units were used: 302-Redtough-Redswale, 0 to 2 percent slope soils
614-Doemill-Jokerst complex 0 to 3 percent slopes soil polygons adjoining 302-Redtough-Redswale
0 to 2 percent slopes complex soils, including 1,000-foot buffers into any adjoining 615-DoemillJokerst complex 3 to 8 percent slopes2

Soil type 301-Wafap-Hamslough complex, 0 to 2 percent slopes was not included as suitable habitat, as
it is distributed in discrete linear streambeds and not closely interspersed with soil type 302 as is the
case northward.

A.21.7.2 Strath Terraces
The habitat suitability model for Gold Run Creek population groupings used the following soil
map units:



1

305-Redtough-Redswale-Anita, 0 to 2 percent slope soils
321-durixeralfs-typic petraquepts complex, 0 to 2 percent slopes

The 1,000-foot buffer distance was determined by using Google Earth imagery (2010) and the Google Earth distance
measurement tool to determine the maximum distance of the slope change from 2 percent to 3 percent using the
mapped soil polygons, digital elevation models, and topographic maps and was verified during a site visit. The digital
elevation models and topographic maps were not at a fine enough resolution to map the extent of the transition area
and the 1,000-foot buffer was used as an alternative to capture the slope break and the corresponding change in
hydrological conditions.
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A.21.7.3 Lovejoy Basalt
The Table Mountain population grouping used the following soil map units:




341-Elsey-Beatsonhollow-Campbellhills-rock outcrop complex, 2 to 5 percent slopes where those
complexes occur on flat areas on top of North Table Mountain and not on the weathered and
rounded tops of features elsewhere
340-rock outcrop-thermalrocks-Campbellhills complex, 2 to 15 percent slopes, where those
complexes occur on flat areas on top of North Table Mountain and not on the weathered and
rounded tops of features elsewhere.

A.21.7.4 Model Adjustments
The final model output was compared to recent aerial imagery to assess its accuracy. Habitat was
manually removed in cases where developed areas were observed, which were too fine scale to be
captured by the land cover dataset (e.g., isolated developed parcels, roadways and other urban
infrastructure). Additional suitable habitat was digitized in at the north end of the Chico Airport.
Because the existing Land Cover dataset categorized all of the Chico Airport lands as “Developed,”
including areas that are grassland, these areas not included during the process of intersecting suitable
soils with the suitable landcover. To ensure that these grassland areas were included in as suitable
habitat, they were manually added to the model. The Chico Recovery Core Unit boundary was used to
define the inner boundary near the runway feature and the area of grassland with suitable soils was
added to the suitable habitat.
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Table A.21-1. Butte County Meadowfoam Population Information
FWS
Population
Occurrence
#
Grouping
Name
Primary Population Information
1
Chico A
Airport North

Others Name(s)
Used

Reported
# of Plants

CNDDB 37

7,8191,2
72-41113
1053
2201

2

Chico A

Airport North

CNDDB 38

3

Chico A

Airport West

CNDDB 44

4

Chico A

Airport South

CNDDB 36

5

Chico A

Cohasset

6

Chico A

Cohasset

7

Chico A

Diesel

CNDDB 38, Stone
Ridge ER, Airport
Northeast
Cohasset Road
widening, CNDDB
38, Stone Ridge ER,
Airport Northeast
CNDDB 39

8

Chico B

Rancho
Arroyo
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West Rancho
Arroyo, Bidwell
Ranch, CNDDB 35

Population
Size
(acres)7
7

ND

Plants growing at low density in area without natural
swale microtopography.
Previously associated with CNDDB 37 as Airport North.
Population numbers grouped with Airport North in
report but part of updated CNDDB 38 record for
Cohasset.
A variable population.

1,000,254014
71-70213
473
1,5202
89514
423-4,18513
1173
>150,0004

13.0

Historically this has been a dense occurrence but the
number of plants has dropped substantially in recent
years.

202.0

A consistently large and dense population on the DFG
Stone Ridge Ecological Reserve property.

ND5

ND

Along both sides of Cohasset Road and east of the stone
wall on the western perimeter of the DFG Stone Ridge
Ecological Reserve property. Galloway survey in 2006.

<1006
167

15.0

1,7571,2
4,0006
5,00013
161,8388

29.0

Two small patches: one mapped by Jokerst in 1980 and
the other by Galloway & Associates in 2010 per CNDDB
(We assume that the record was submitted by the Chico
Herbarium in the name of Elena Alfieri-Gregg. Jokerst’s
collection record for the 1980 collection indicates that
the characteristics of the plants were between ssp.
californica and ssp. floccosa.
Consistently large and dense population on the City of
Chico Preserve.
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FWS
Occurrence
Name
Stilson Canyon

Population
Size
(acres)7
ND

Others Name(s)
Used
Bruce-Stilson
Canyon, CNDDB 7
Meriam Park BCM
Preserve, Bruce and
Hwy 32, Church,
CNDDB 7

Reported
# of Plants
22,9801,2
7,7806
9,0009

NA

45,6891
10,03715
1,0653

57.0

A moderately large population growing at a relatively
high density in swales. Acreage for Occurrence 7,
includes populations 9-13.

NA

NA

Field survey map by David Kelley included in Galloway
Hwy 32 widening report. A small population located in a
scraped area near the center of the parcel.
Extirpated. Has or will be extirpated under existing ESA
/CESA authorizations. A few scattered patches in the
portion of the Meriam Park project that will be
developed.
A moderately large population growing at moderate
density in swales across the property. Acreage for
Occurrence 20, includes populations 14-17.

#
9

Population
Grouping
Chico C

10

Chico C

11

Chico C

Stilson
Canyon,
Church
Property,
Chico Crossing
North Enloe

12

Chico C

Creekside

Meriam Park Project
and Meriam Park
BCM Preserve,
CNDDB 7
Creekside, CNDDB 7

13

Chico C

North Enloe

Meriam Park Project

20215

NA

14

Chico C

Doe Mill
Preserve

Doe Mill Preserve,
Stonegate, CNDDB
20

54.0

15

Chico C

Schmidbauer East,
Doe Mill, CNDDB 20

NA

A small population growing in a few patches.

16

Chico C

Schmidbauer,
Schmidbauer
Southeast,
CNDDB 43
Schmidbauer
West

8,7132
8,1773
15,4549
2959
28415

NA

A large to moderate size population growing at moderate
density in swales across the property.

17

Chico C

Schmidbauer

Bruce and Skyway,
CNDDB 20

NA

A small population consisting of two patches.

18

Chico C

CNDDB 51

Schuster

3541
7,0009
47015
4523
19310,15
2003
NA

NA

Small population with less than 100 plants. Population
size data not available at this time.

Butte Regional Conservation Plan
Final

Canyon View High
School, CNDDB 20

A.21-13

Comments
A moderate sized population with a medium density. No
seasonal information is available regarding its variability.
A moderate sized population growing at high density on
a small parcel.

June 2019
ICF 00736.10

Appendix A. Species Account
Butte County Meadowfoam

Butte County Association of Governments

FWS
Occurrence
Name
None

#
19

Population
Grouping
Chico C

20

Rock Creek

Rock Creek
CNDDB 13

21

Rock Creek

Rock Creek
CNDDB 41

22

Rock Creek

Rock Creek
Section 21

23
24
25

Rock Creek
Rock Creek
Rock Creek

CNDDB 53
CNDDB 52
Wurlitzer

26

Gold Run
Creek
Gold Run
Creek

Dove Ridge

28

29

27

Others Name(s)
Used
Farm Credit (east of
Chico Diversion
Channel) Bruce
Road-Warfield Lane
Nord Population,
Unnamed Rock
Creek Population;
Thomasson Ranch,
Loafer Creek
Upper Rock Creek,
Thomasson Ranch,
CNDDB 13
Thomasson Ranch,
Loafer Creek,
CNDDB 13

Reported
# of Plants
NA

Population
Size
(acres)7
NA

Comments
Extirpated. All plants removed by approved
development with ESA/CESA authorization.

1,63911
10911

NA

A small number of individuals growing at low density in
swales.

39111

NA

A small number of plants growing in Rock Creek.

NA

NA

Plants are growing along fence line and in nearby swales.

7.0
NA
17.0

Population scattered among 11 small polygons.
Small population observed in 2010.
Mitigation translocation experimental population.
Large numbers from early years of translocation (USFWS
2005), no recent data.

CNDDB 48

757
NA
200,0004
1,5004
6,0783
3,0003

5.0

Small population in the Dove Ridge mitigation site.

HWY 149
North

CNDDB 1, Hwy 99
and Western Canal

17,57512
1,1673

58.0

Moderately large population growing in swales at a
moderate density on a mitigation site. Acreage for
Occurrence 1, includes populations 27-28.

Gold Run
Creek

HWY 149
South, Dove
Ridge (N, W,
SW, SE, E)

6003

NA

Gold Run
Creek

CNDDB 5

CNDDB 1, Dove
Ridge (N, W, SW, SE)
Mitigation Bank,
HWY 149 South
Population
Shippee Road

NA

NA
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#
30

Population
Grouping
Gold Run
Creek

FWS
Occurrence
Name
CNDDB 5

Others Name(s)
Used
Shippee Road

Reported
# of Plants
1593

Population
Size
(acres)7
8.0

31

Gold Run
Creek

None

CNDDB 6, Type
Population, 229A

NA

NA

32

None
Assigned

CNDDB 31

2007

NA

33

Table
Mountain

Table
Mountain

Shippee Road, North
of Thermalito;
Southern-most
known population
CNDDB 42, CNDDB
50, Table Mtn
Population

577
2103

5.0

Comments
This occurrence was on both sides of the road. This is the
remaining southern portion of the Shippee Road
population that is on the Dove Ridge Preserve. A small
population.
Extirpated by intensive agricultural development.
GoogleEarth historical imagery from 1998-2005 shows a
leveled farm planted to an orchard from 2006-2011.
Small number of plants growing on the freeway right of
way and in the drainage ditch along the right of way.
Small population in a very limited area.

Dole (1988). Survey conducted from March 23 through April 3, 1988.
Dole and Sun (1992). Survey conducted from March 23 through April 3, 1988. Based on genetic distances amongst occurrences, three centers of genetic diversity
(north, northeast, and southeast) and five smaller genetic units were found.
3 Sloop (2009), Sloop et al. (2011). Survey conducted from March 24 through April 2, 1988. Surveys for populations 1-3 are total counts while surveys for the other
populations are estimates from a single transect.
4 Sellers (2006). Summary of various surveys.
5 Galloway & Assoc. (2006a). Cohasset Road widening project survey conducted in spring 2006.
6 Jokerst 1989. Surveys conducted at various times from 1980 through 1988.
7 CDFW (2016).
8 Galloway & Assoc. (2006b). Bidwell Ranch Butte County meadowfoam survey conducted on April 5 and 6, 2006.
9 Kelley & Assoc. (1991). Survey conducted from March through May, 1991.
10 CDFW CNDDB data 02/01/2010 for CNDDB occurrence 20 which was subsequently consolidated with occurrences 34 and 43.
11 400 plants are known from Occurrence #13 and # 41 (CDFW 2016). The relative number of plants in each occurrence was assigned based on the relative areas of
the occurrences according to the CNDDB.
12 Caltrans (2004).
13 Foothill Associates (1998).
14 Jones and Stokes (1994).
15 Jones & Stokes (2004).
15 Jones & Stokes (2002).
1
2
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A.22 Hairy Orcutt Grass
(Orcuttia pilosa)
A.22.1 Legal and Other Status
Hairy Orcutt grass (Orcuttia pilosa) is listed as endangered under
the federal Endangered Species Act (ESA) throughout its range
and is listed as endangered under the California ESA (DFG 2011).
The California Native Plant Society (CNPS) includes Hairy Orcutt
grass on California Rare Plant Rank 1B (formerly List 1B): Plants
Rare, Threatened, or Endangered in California and Elsewhere
(CNPS 2010).
Critical habitat has been designated for Hairy Orcutt grass, including one location in Butte County. In
Butte County, 8 acres (3 hectares) of critical habitat have been designated for hairy Orcutt grass (Unit 2)
(71 FR 7118). This location is on private property south of Chico along Highway 99 and 0.4 mile (0.64
kilometers [km]) south of the junction with Pentz Road. This location includes the only reported
location for hairy Orcutt grass in Butte County.

A.22.2 Species Distribution and Status
A.22.3 Range and Status
Hairy Orcutt grass inhabits vernal pools in rolling
topography on remnant alluvial fans and stream
terraces in the Central Valley of California. It is
known to occur over a distance of 223 miles (490
km) along the eastern margin of the San Joaquin
and Sacramento valleys from Tehama County
south to Stanislaus County and through Merced
and Madera counties (62 FR 14338). Prior to
surveys conducted in the 1980s, this species had
been reported from 25 sites, primarily in the
Northeastern Sacramento Valley and Southern
Sierra Foothills Vernal Pool Regions in Tehama,
Stanislaus, Madera, and Merced counties,
California. There is also a historical report of a
specimen collected in the Solano-Colusa Vernal
Pool Region in Glenn County in 1937. During the
late 1980s, surveys determined that 12 historical
occurrences had been extirpated, and three
additional populations were reported in Madera,
Stanislaus, and Tehama counties. Recently
(within the past decade), 10 new natural
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occurrences of hairy Orcutt grass have been discovered in Madera, Tehama, and Stanislaus counties, and
this species has been introduced into a recreated pool in Madera County (USFWS 2005, CNDDB 2006).
Of the 39 Element Occurrences currently included in the California Natural Diversity Database (CNDDB
2006), 27 natural occurrences and the introduced population are presumed to be extant. Nine of the
extant and one of the possibly extirpated populations are in the Vina Plains area in Tehama County,
which is in the Northeastern Sacramento Valley Vernal Pool Region. An additional isolated occurrence
in this same region is in central Butte County. Eleven extant occurrences are in the Southern Sierra
Foothills Vernal Pool Region, including nine in Madera County and two in eastern Stanislaus County. Six
extant occurrences are in the Solano-Colusa Vernal Pool Region on the Sacramento National Wildlife
Refuge in Glenn County (USFWS 2005, CNDDB 2006).
The overall trend for this species is declining due to loss of vernal pool habitat (DFG 2000, USFWS 2005,
2006).

A.22.3.1 Distribution and Status in the Plan Area
There is only one record of occurrence for this species in Butte County (see Figure A.22-1, Hairy Orcutt
Grass Recorded Occurrences), on private property south of Chico along Highway 99 and 0.4 mile (0.64
kilometer [km]) south of the junction of Pentz Road; however, the information is from a 1986 recorded
observation for Hoover’s spurge, and the presence of hairy Orcutt grass has not been confirmed. The
number of plants and trend for this location are unknown, although it is presumed to be extant (CNDDB
2006). This species does occur in vernal pools on the Vina Plains in Tehama County, just north of Butte
County.

A.22.4 Habitat Requirements and Special Considerations
Hairy Orcutt grass is restricted to vernal pools and, in Butte County, occurs in valley and foothill
grasslands on volcanic mudflow or clay substrate at 75 to 375 feet (25 to 125 meters) elevation (CNDDB
2006). This species is typically found on high or low stream terraces and alluvial fans in Northern Basalt
Flow, Northern Claypan, and Northern Hardpan vernal pools within annual grasslands (Sawyer-Keeler
Wolf 1995, CNDDB 2006). Previous studies indicated the median size of occupied pools measured was
4.2 acres (1.7 hectares), with a range of 0.8 to 617.5 acres (0.34 to 250 hectares). At the Vina Plains, this
species was found growing only in pools that held water until May, June, or July in 1995, and not in those
that had dried by April. Hairy Orcutt grass is found on both acidic and saline-alkaline soils, in pools with
an iron-silica cemented hardpan or claypan (USFWS 2005).
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Figure A.22-1. Hairy Orcutt Grass Recorded Occurrences
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Common associates of hairy Orcutt grass throughout its range include coyote thistle (Eryngium species)
and popcorn flower (Plagiobothrys stipitatus), and this species often occurs with other rare vernal pool
plant species, including Hoover’s spurge and Greene’s tuctoria (Tuctoria greenei) in the Sacramento
Valley (USFWS 2005). In the one location where hairy Orcutt grass was reported in Butte County, it
occurred with Hoover’s spurge and Greene’s tuctoria.
Other native plant species found growing with hairy Orcutt grass at the Butte County location included
annual hair grass (Deschamsia danthonioides), adobe allocarya (Plagiobothryus acanthocarpus),
navarretia (Navarretia leucocephala), Tehama navarretia (Navarretia heteranda), dowingia (Dowingia
spp.), and clover (Trifolium variegatum). Nonnative plants included prickle grass (Crypsis spp.), common
unicorn plant (Proboscidea louisianica), and Mediterranean barley (Hordeum marinum ssp.
gussoneanum) (CNDDB 2006).

A.22.5 Life History
Hairy Orcutt grass blooms from May to September. The life history characteristics of hairy Orcutt grass
are common to all members of the species within this group (tribe Orcuttieae). They are all annuals and
wind-pollinated, although the pollen probably is not carried long distances between populations. Local
seed dispersal is by water, which breaks up the inflorescences. It is speculated that long distance
dispersal is unlikely, but seed may have historically been carried by waterfowl or other animals that
visit the vernal pools. The seeds can remain dormant for an undetermined length of time (at least 3 to 4
years) and germinate underwater after they have been immersed for prolonged periods (USFWS 2005).

A.22.6 Threats
The CNPS states this species is seriously threatened by agriculture, urbanization, overgrazing, nonnative
species, and trampling (CNPS 2006). The 11 extirpated or presumed extirpated populations in Madera,
Merced, Stanislaus, and Tehama counties were lost due to agricultural land conversion, urbanization,
and intensive cattle grazing (62 FR 14338). Small population size has been identified as a specific
problem for hairy Orcutt grass. Six of the extant populations of this species had fewer than 100 plants
when reported (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).
The size of the population in Butte County is unknown (CNDDB 2006).
Threats to vernal pool habitat and species in general, including hairy Orcutt grass, 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). These threats are as follows:




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.
Conversion of land use, such as from grasslands or pastures, to more intensive agricultural uses,
such as croplands or from one crop type to another, has contributed and continues to contribute to
the decline of vernal pools in general and is identified as one of the major threats to the remaining

Butte Regional Conservation Plan
Final

A.22-4

June 2019
ICF 00736.10

Appendix A. Species Account
Hairy Orcutt Grass







populations of hairy Orcutt grass (USFWS 2005). The one occurrence of hairy Orcutt grass in Butte
County is located on private property that is used for grazing (CNDDB 2006). Hairy Orcutt grass can
tolerate some grazing, but ecologically appropriate livestock numbers, timing, and intensity are
unknown (DFG 2000).
Competition from invasive species. In addition, native plant species that occupy the same
microhabitat can also compete with vernal pool plants such as hairy Orcutt grass. Native
competitors include coyote thistle (Eryngium species.), alkali mallow (Malvella leprosa), lippia
(Phylanodiflora species), hard-stemmed tule (Scirpus acutus var. occidentalis), alkali bulrush (Scirpus
maritimus), and cocklebur (Xanthium strumarium). Nonnative competitors include bindweed
(Convolvulus arvensis) and swamp grass (Crypsis schoenoides). Competition from invasive plant
species is identified as an increasing problem throughout the range of hairy Orcutt grass. Increasing
dominance by competitors may also contribute to changes in hydrology and livestock grazing
practices (USFWS 2005).
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.
Several of the reported occurrences of this species were extirpated due to changes in hydrology
from agricultural practices (CNDDB 2006).
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 (62 FR 14338). 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.22.7 Relevant Conservation Efforts
Five extant populations of hairy Orcutt grass are protected at The Nature Conservancy’s Vina Plains
Preserve in Tehama County and an additional six populations are in the Sacramento National Wildlife
Refuge in Glenn County. The introduced population is within a Department of Transportation mitigation
site in Madera County on U.S. Bureau of Reclamation property. The remaining extant populations are on
private property, or the owner/manager is unknown, including the location in Butte County (CNDDB
2006).

A.22.8 Species Habitat Suitability Model
A.22.8.1 Habitat
Hairy Orcutt grass habitat includes the following BRCP mapped land cover types:




Vernal pool;
Altered vernal pool; and
Grassland with vernal swale complex

Vernal pools that may support hairy Orcutt grass habitat may also occur as inclusions in mapped
grassland, blue oak savanna, ranchettes–open, and disturbed ground land cover types. These inclusions
were not mapped because they did not meet the mapping criteria for vernal pool, altered vernal pool,
and grassland with vernal swale complex land cover types.
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A.22.8.2 Assumptions
Hairy Orcutt grass is typically found on high or low stream terraces and alluvial fans in Northern Basalt
Flow, Northern Claypan, and Northern Hardpan vernal pools within annual grasslands (Sawyer and
Keeler Wolf 1995). It occurs in valley and foothill grassland on volcanic mudflow or clay substrate
(CNDDB 2006).
Given these habitat preferences, suitable habitat for the Hairy Orcutt grass is defined as any mapped
vernal pool or altered vernal pool within the Plan Area. Additionally, the grassland with vernal swale
complex land cover type is included in the model. This type may include areas that pool in a given year
but that were not captured as individual vernal pools in the GIC/SAIC vernal pool mapping effort.
Because vernal elements were identified based on photo interpretation of aerial photography from
winter 2002 (an average rainfall year), an above average rainfall year may result in more areas of
ponded water within the Plan Area.

A.22.9 Recovery Plan Goals
A general statement for recovery of hairy Orcutt grass is presented in the Recovery Plan: to ensure
protection of the full geographic, genetic and ecological extent of this species and to improve the
circumstances that caused it to be listed in the first place. Accomplishment of this goal would be
achieved by protecting 90 percent of known occurrences throughout its range, including 95 percent of
suitable habitat in the Oroville, Vina Plains, Sacramento National Wildlife Refuge, Madera, and Merced
Core Areas and 85 percent of suitable habitat in the Turlock Core Area. In addition, seed would be
banked from at least one population in each core area. Historical locations would be investigated and
the species would be reintroduced where it has been extirpated.
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A.23 Slender Orcutt Grass
(Orcuttia tenuis)
A.23.1 Legal and Other Status
Slender Orcutt grass (Orcuttia pilosa) is listed as threatened
under the federal ESA and is listed as endangered under the
California ESA (DFG 2011). The California Native Plant Society
(CNPS) includes slender Orcutt grass on California Rare Plant
Rank 1B (formerly List 1B): Plants Rare, Threatened, or
Endangered in California and Elsewhere (CNPS 2010).
Critical habitat has been designated for the slender Orcutt grass;
however, none of this critical habitat occurs within Butte County
(71 FR 7118).

A.23.2 Species Distribution and Status
A.23.2.1 Range and Status
Slender Orcutt grass occurs in valley grassland and blue oak woodland where it grows in vernal pools on
remnant alluvial fans, high stream terraces and recent basalt flows (USFWS 2006). It has some ability to
colonize artificial habitats, such as the
margins of stock ponds. A total of 82
occurrences are known, of which 76 are
presumed extant, two are possibly extirpated,
and four are extirpated (CNDDB 2008).
Slender Orcutt grass is reported in
Sacramento, Lake, Tehama, Shasta, Siskiyou,
Lassen, Modoc, Butte, and Plumas Counties.
The primary area of concentration for slender
Orcutt grass is Tehama County, where 27
natural occurrences and the three introduced
populations are extant. Those 30
occurrences and the four at the Vina Plains in
Tehama County are all in the Northeastern
Sacramento Valley Vernal Pool Region
(Keeler-Wolf et al. 1998). A secondary area
of concentration is the Modoc Plateau Vernal
Pool Region in Lassen, Plumas, Shasta, and
Siskiyou Counties, with 25 extant
occurrences. The portion of Shasta County
that is in the Northwestern Sacramento
Valley Vernal Pool Region has 12 extant
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occurrences. The Lake-Napa Vernal Pool Region accounts for two extant occurrences, both in Lake
County; three occurrences are in Sacramento County, in the Southeastern Sacramento Valley Vernal Pool
Region; and the one remaining occurrence, in Shasta County (Occurrence No. 69), is outside of mapped
vernal pool regions (CNDDB 2008). The overall trend for this species is declining due to loss of vernal
pool habitat (USFWS 2005).

A.23.2.2 Distribution and Status in the Plan Area
There are two records of occurrence for this species in Butte County (see Figure A.23-1, Slender Orcutt
Grass Recorded Occurrences); both are along the roadside of State Route 70 south of Oroville. The first
occurrence is along the east side of State Route 70, approximately 0.15 mile (0.24 kilometer [km]) north
of the junction with Palermo Road. The second occurrence is along the east side of State Route 70,
approximately 0.5 mile (0.8 km) north of the junction with Palermo Road. Both records were submitted
in 2000 to the CNDDB with an estimate of 500 plants between the two occurrence sites (CNDDB 2008).
In addition to the CNDDB recorded occurrences, two vernal pools were casually seeded in 1978 but
there are no follow-up data on the success of the seeding (USFWS 2005).

A.23.3 Habitat Requirements and Special Considerations
Slender Orcutt grass is found primarily on substrates of volcanic origin, classified as Northern Volcanic
Ashflow and Northern Volcanic Mudflow vernal pools (USFWS 2005). However, this species has also
been reported from other natural and artificially created seasonal wetlands such as creek floodplains,
stock ponds, and borrow pits. Based on one study, the median area of pools occupied by slender Orcutt
grass was 0.65 hectare (1.6 acres) and ranged from 0.08 to 45 hectares (0.2 to 111 acres) (USFWS
2005). On the Modoc Plateau, occupied pools known as of 1989 ranged in size from 2 to 40 hectares (5
to 100 acres) and were typically at least 30 centimeters (11.8 inches) deep; this species was restricted to
the deepest areas of these pools (Corbin and Schoolcraft 1989). Slender Orcutt grass occurs across a
wide range of elevations corresponding to its broad geographical range.
Associated species vary throughout the range of slender Orcutt grass. Among the most common
associates in the Sacramento Valley are stalked popcorn flower (Plagiobothrys stipitatus), pale spikerush
(Eleocharis macrostachya), eryngo (Eryngium spp.), white-headed navarretia (Navarretia leucocephala),
and water clover (Marsilea vestita) (USFWS 2005).

A.23.4 Life History
Peak flowering of this species typically occurs in May in the Central Valley (USFWS 2005). The life
history characteristics of slender Orcutt grass are common to all species of Orcutt grasses (tribe
Orcuttieae). They are all annuals and wind-pollinated, although the pollen probably is not carried long
distances between populations. Local seed dispersal is by water, which breaks up the inflorescences. It
is speculated that long distance dispersal is unlikely, but seed may have historically been carried by
waterfowl or other animals that visit vernal pools. The seeds can remain dormant for an undetermined
length of time (at least 3 to 4 years) and germinate underwater after they have been immersed for
prolonged periods (USFWS 2005).
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Figure A.23-1. Slender Orcutt Grass Recorded Occurrences
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A.23.5 Threats
A number of specific active threats are identified for this species. In particular, urbanization is a
continuing threat to slender Orcutt grass populations in the vicinity of Redding and Sacramento. Offroad vehicle use is a problem near Redding and in forested areas of the Modoc Plateau. Despite the
comparatively wide range of slender Orcutt grass, small population size is of concern in the Lake Napa
Vernal Pool Region and the Millville Plains-Stillwater Plains area of the Northeastern and Northwestern
Sacramento Valley Vernal Pool Regions.
Threats to vernal pool habitat and all vernal pool species in general, including slender Orcutt grass, 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). Threats consist of the
following:










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.
Conversion of land use, such as from grasslands or pastures, to more intensive agricultural uses,
such as croplands or from one crop type to another, has contributed and continues to contribute to
the decline of vernal pools in general and is identified as one of the major threats to the remaining
populations of slender Orcutt grass (USFWS 2005).
Competition from invasive species. Native and nonnative plant species that occupy the same
microhabitat as slender Orcutt grass can compete for light and space. Native competitors include
coyote thistle (Eryngium spp.), alkali mallow (Malvella leprosa), lippia (Phylanodiflora spp.), hardstemmed tule (Scirpus acutus var. occidentalis), alkali bulrush (Scirpus maritimus), and cocklebur
(Xanthium strumarium). Nonnative competitors include bindweed (Convolvulus arvensis) and
swamp grass (Crypsis schoenoides). Competition from invasive plant species is identified as an
increasing problem throughout the range of slender Orcutt grass. Increasing dominance by
competitors may also contribute to changes in hydrology and livestock grazing practices (USFWS
2005).
Changes in hydrology that result in a change in the timing, frequency, and duration of inundation in
vernal pools can create conditions that render vernal pools unsuitable for vernal pool species.
Several of the reported occurrences of slender Orcutt grass were extirpated due to changes in
hydrology from agricultural practices (CNDDB 2008).
Several other threats to vernal pools and vernal pool species were identified in the Recovery Plan.
Water contamination can result 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 that compete with native species (USFWS 2005). Increased human presence may lead to
overuse, trampling (by walking or off-road vehicles), vandalism, and dumping (62 FR 14338).
Habitat alteration may also result from large-scale climate and environmental changes, such as
global warming, that lead to changes in the precipitation patterns, evaporation/transpiration rates,
and atmospheric conditions (USFWS 2005).

Butte Regional Conservation Plan
Final

A.23-4

June 2019
ICF 00736.10

Appendix A. Species Account
Slender Orcutt Grass

A.23.6 Relevant Conservation Efforts
Four natural occurrences of slender Orcutt grass are in designated preserves. These include the Trust
for Wildland Communities’ Boggs Lake Preserve in Lake County, The Nature Conservancy’s Vina Plains
Preserve in Tehama County, and two occurrences on the California Department of Fish and Game’s Dales
Lake Ecological Reserve in Tehama County (USFWS 2005). Introductions of slender Orcutt grass have
been attempted at two privately owned sites. In 1978, slender Orcutt grass was seeded into two
adjacent “ponds” in Chico, Butte County. Fewer than 100 plants grew in the two ponds that year or in
1979, which was the last time the population size was reported (USFWS 2005). The other introduction
was in 1982, when slender Orcutt grass was seeded into an artificial pool in Shasta County. As of 1987,
the population was thriving (CNDDB 2008), but its current size is not known.
Slender Orcutt grass is proposed as a covered species under the draft South Sacramento County HCP
(Sacramento County 2008).

A.23.7 Species Habitat Suitability Model
A.23.7.1 Habitat
Slender Orcutt grass habitat includes areas in the following BRCP mapped land cover types:




Vernal pools;
Altered vernal pools; and
Grassland with vernal swale complex.

Vernal pools that may support slender Orcutt grass habitat may also occur as inclusions in mapped
grassland, blue oak savanna, ranchettes–open, and disturbed ground land cover types. These inclusions
were not mapped because they did not meet the mapping criteria for vernal pool, altered vernal pool,
and grassland with vernal swale complex land cover types.

A.23.7.2 Assumptions
Slender Orcutt Grass is restricted to swales and shallow areas within low elevation Northern Basalt
Flow, Northern Claypan, Northern Hardpan, and Northern Volcanic Mudflow vernal pool types (Sawyer
and Keeler-Wolf 1995, USFWS 2005). The species specialize on higher, less mesic edges of vernal pools
but has also been documented in deeper parts of vernal pools (USFWS 2005). Microhabitats from which
the plants have been reported are the edges of vernal pools, bottoms of intermittent drainages, and on
pocket gopher (Thomomys species) and ground squirrel (Spermophilus species) mounds (USFWS 2005).
Given these habitat preferences, suitable habitat for the slender Orcutt grass is defined as the vernal
pool, altered vernal pool, and grassland with vernal swale complex land cover types within the Plan
Area.

A.23.8 Recovery Plan Goals
A general statement for recovery of slender Orcutt grass is presented in the Recovery Plan: to ensure
protection of the full geographic, genetic and ecological extent of this species and to improve the
circumstances that caused it to be listed in the first place (USFWS 2005).
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A.24 Butte County Checkerbloom
(Sidalcea robusta)
A.24.1 Legal and Other Status
The Butte County checkerbloom (Sidalcea robusta) currently has
no status under the federal or the California Endangered Species
Act (DFG 2011).
The California Native Plant Society (CNPS) includes the Butte
County checkerbloom on California Rare Plant Rank 1B.2
(formerly List 1B.2): Plants Rare, Threatened, or Endangered in
California and Elsewhere (2010). Under CNPS, it has a state ranking of S2, meaning there are between
six and 20 occurrences or 1,000 to 3,000 individuals, or it is known to occupy from 2,000 to 10,000
acres (CNPS 2007).

A.24.2 Species Distribution and Status
A.24.2.1 Range and Status
The Butte County checkerbloom is endemic to Butte County. It lives in the foothills of the Southern
Cascades, inhabiting partial shade in foothill woodlands (often with a chaparral component intermixed)
and blue oak savanna, on Tuscan Formation
derived soils at 300 to 1,200 feet (100 to 400
meters) elevation (BLM 2007).
It is found in a narrow band along the eastern
margin of the Sacramento Valley, east and
south of the city of Chico. All populations are
found within a strip approximately 2.2 miles
(3.5 kilometers [km]) wide by 3.8 miles (6.1
km), running northwest to southeast from
Upper Bidwell Park to Pentz Road near Butte
College (Hantelman 2004).
The Butte County checkerbloom’s original
distribution is unknown (Hantelman 2004).
It was first collected in 1846 during John C.
Fremont’s third expedition to explore the
west (Roush 1931). Its first description in the
botanical literature was in 1931, and it has
always been considered a distinct taxonomic
entity (Roush 1931).
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A.24.2.2 Distribution and Status in the Plan Area
A total of 126 occurrences of Butte County checkerbloom have been reported from the Plan Area (see
Figure A.24-1, Butte County Checkerbloom Modeled Habitat and Recorded Occurrences). The Butte
County checkerbloom is known from 22 CNDDB-reported occurrences within the Cherokee, Hamlin
Canyon, Chico, Cohasset, Paradise West, and Richardson Springs quadrangles (CNDDB 2007) (see Figure
A.24-1). Most of these are found between the city of Chico and the town of Paradise, on a mix of public
and private lands. Some occurrences are found east of the Plan Area, while most are within it. Many
occurrences are within Upper Bidwell Park (nos. 14, 27, 28, 29, and 30), including the largest known
population (no. 27) with approximately 1,500 plants at last census. Other occurrences are found east of
Chico between Highway 32 and the Skyway, including a large population (no. 2), ranked excellent with
600 plants at last census (CNDDB 2007). Many of the CNDDB occurrences are comprised of fewer than
20 clumps (Hantelman 2004). Genetic individuals are impossible to determine in the field; molecular
work is necessary to determine the numbers of remaining populations (Hantelman 2004).
Of the 22 occurrences, at least three (nos. 10, 11, and 17) have not been relocated since 1930 or before,
suggesting that they were either recorded at the wrong locality or are now locally extinct. While most occur
on private land, some are located on BLM or City of Chico land (CNDDB 2007).

A.24.3 Habitat Requirements and Special Considerations
Limited information exists on the specific habitat requirements of the Butte County checkerbloom.
Mapping of known and historical occurrences show that the species is restricted to the relatively young
soils of the Tuscan Formation mudflows in the southern Cascade Range foothills (Oswald 2002). It is
found in foothill woodland and savanna, often dominated by blue oaks, and occasionally at the ecotone
with chaparral. It is commonly found in the shade of oaks or growing beneath shrubs; it can also be
found within ephemeral drainages. The checkerbloom appears to exhibit microsite preferences that
include under blue oak trees (at the dripline or the base of the trunk), against rocks or at the base of
ledges or rock benches, in small drainages, and under the dripline of shrubs (Hantelman 2004). It is
found more frequently on north-facing slopes and of slopes of 20 percent or more, although it has been
mapped on all aspects (Hantelman 2004). It is less likely to occur on south-facing slopes, in grassland
without canopy cover, or where grazing by livestock occurs (Hantelman 2004).
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Figure A.24-1. Butte County Checkerbloom Recorded Occurrences
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Butte County checkerbloom is a component of the herbaceous understory, and is never a dominant
species. Tree associates include blue oak (Quercus douglasii), interior live oak (Quercus wislenzenii),
foothill pine (Pinus sabiniana), and occasionally California buckeye (Aesculus californica). Shrub
associates include Sierra buckbrush (Ceanothus cuneatus), poison oak (Toxicodendron diversilobum),
redberry (Rhamnus ilicifolia), as well as toyon (Heteromeles arbutifolia) and common manzanita
(Arctostaphylus manzanita spp. manzanita).
Forb associates include purple sanicle (Sanicula bipinnatifida), California clusterlily (Brodiaea
californica), twining snakelily (Dichelostemma volubile), rose clover (Trifolium hirtum), and forest clarkia
(Clarkia rhomboidea). Nonnative annual grasses such as wild rye (Lolium multiflorum), oat grass (Avena
barbata), dogtail grass (Cynosorus echinatus), ripgut brome (Bromus diandrus) and soft chess (Bromus
hordeaceus) commonly co-occur as well (CNDDB 2007). These are the most frequently occurring
vascular plant associates in one study (Hantelman 2004).

A.24.4 Life History
The life history of the Butte County checkerbloom has not been studied in detail. Most information on
phenology and reproductive biology of the plant come from one thesis based on 2 years of data at two
sites (Hantelman 2004). The checkerbloom is a long-lived rhizomatous perennial that flowers from
April to June (BLM 2007). It is assumed, because it possesses rhizomes, to be capable of reproducing
vegetatively.
Pollen vectors, most likely bees and beetles, are needed for seed production to occur. Plants appear to be
pollinator-limited, as shown in hand out-crossing experiments that resulted in a higher seedset than open
pollination. Seeds can be produced geitonogamously, but seed production is significantly higher when outcrossing occurs. Seeds have a seed coat–imposed physical dormancy and must be scarified or otherwise
broken (often by summer heat) for germination to occur. In Hantelman’s study, most ungerminated seeds
(80 percent) remained viable, implying the checkerbloom forms a seed bank. Early hot, dry conditions in
2004 resulted in almost zero seed set for the two study populations, suggesting reproductive output is
greatly impacted by rainfall.
In general, the plant has a limited seed output and appears to have almost no recruitment of new
individuals by seed (Hantelman 2004). Seed dispersal in the plant has not been studied, though it
appears to have no special morphological adaptations for dispersal. Episodic recruitment may occur
when high seed production and favorable environmental conditions for germination and establishment
coincide.

A.24.5 Threats
Threats to the Butte County checkerbloom have not been studied extensively but include habitat
fragmentation, lack of recruitment, competitive exclusion by nonnative annual grasses, and possibly
grazing. Additional threats are posed by residential development and fire suppression (CNPS 2007).
The very limited geographic distribution of the checkerbloom makes the plant particularly vulnerable.
Impacts associated with urban expansion are increasing rapidly in blue oak savanna, blue oak woodland,
foothill woodland, and chaparral (Shevock 1996), the same ecosystems to which the checkerbloom is
endemic.
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Survival of the long-lived adults is particularly important as existing evidence suggests the Butte County
checkerbloom has a limited seed output and, therefore, limited dispersal ability. Potential reasons for
this include pollinator limitation and high seed predation. Additionally, adult plants are subject to
predation by deer and rabbits, which have been observed directly “nipping” the flower stems before
anthesis, resulting in zero reproductive output for those plants (Hantelman 2004). When seeds are
produced, anecdotal evidence suggests that nonnative grasses and thatch (potentially increased in
amount and extent by fire suppression) prevent the establishment of seedlings and also compete with
adults (Hantelman 2004).
In perennial plants like the Butte County checkerbloom, sexual reproduction need not occur every year
as individuals may persist without producing seeds. However, some recruitment of new individuals
from seed is necessary to maintain genetic variability within the population and to replace older plants
as they die.

A.24.6 Relevant Conservation Efforts
A 27-acre conservation easement in the foothills east of Chico (Canyon Oaks) protects a large population
of Butte County checkerbloom.

A.24.7 Species Habitat Suitability Model
A.24.7.1 Habitat
Butte County checkerbloom habitat includes areas with suitable soil type in the following land cover
types:








Blue oak savanna;
Blue oak woodland;
Interior live oak woodland;
Mixed oak woodland;
Valley oak riparian forest;
Ranchette–wooded; and
Grassland and grassland with vernal swale complex, and chaparral within 400 feet of the above
listed land cover types.

Soil survey map units that are considered to be suitable soil types for Butte County checkerbloom are
found within the middle and upper elevation Tuscan Formation. These are located within the following
General soil map units:




Lucksev, Butteside, Carhart (16);
Xerorthents, Shallow-Typic Haploxeralfs-Doemill (18); and
Rockstripe-Ultic Haploxeralfs, Mesic-Ultic Haploxeralfs (25).

A.24.7.2 Assumptions
Butte County checkerbloom is found as a component of the herbaceous understory in partial shade
within blue oak woodland and foothill woodland communities (Hantelman 2004). It is also found in
foothill savanna and occasionally at the ecotone with chaparral (CNDDB 2007). It appears to exhibit
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microsite preferences that include under blue oak trees (at the dripline or the base of the trunk), against
rocks or at the base of ledges or rock benches, in small drainages, or under the dripline of shrubs
(Hantelman 2004). Given these habitat preferences, suitable habitat for Butte County checkerbloom is
defined as the blue oak woodland, blue oak savanna, interior live oak woodland, mixed oak woodland,
and ranchette–wooded land cover types. Additionally, to capture the ecotonal habitat between
woodland and grassland or chaparral, grassland, grassland with vernal swale complex, and chaparral
within 400 feet of the woodland types listed above were selected. The distance of 400 feet is the
greatest distance Butte County checkerbloom has been found from an oak woodland edge. Suitable
habitat for Butte County checkerbloom was selected by intersecting these land cover types with selected
Tuscan Formation soil map units.
The Natural Resources Conservation Service (NRCS) Soil Survey for Butte County was used to select
suitable soils within the Plan Area (NRCS 2006). Mapping of known and historical occurrences of the
species show that it is restricted to the Tuscan Formation mudflow soils in the southern Cascade Range
foothills (Oswald 2002). To determine suitable soils within the Plan Area, a detailed dataset (Hantelman
2007) was used to initially identify the relationship between Butte County checkerbloom occurrences
and soil units. Selected soils were those that support either historical or current occurrences within or
outside the Plan Area. Physical characteristics (e.g., soil depth, parent material) were used to both verify
these selected soils and to identify additional suitable soils within the Plan Area (NRCS 2006). All soils
were cross-referenced with existing research on the plant. NRCS staff was consulted to confirm that
appropriate soils were chosen within the Plan Area (Conlin pers. comm.).

A.24.8 Recovery Plan Goals
A recovery plan and recovery goals have not been prepared for this species.
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A.24.9.2 Supplemental Dataset
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sheets, CNDDB occurrences, personal observations from 2002–2004, and maps shared with
Hantelman by other consulting botanists.

A.24.9.3 Personal Communications
Andrew Conlin, Soil Scientist. USDA - Natural Resources Conservation Service (NRCS). December 4, 2008
– phone conference with Drs. Paul Cylinder and Letty Brown.
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A.25 Greene’s Tuctoria
(Tuctoria greenei)
A.25.1 Legal and Other Status
Greene’s tuctoria or Greene’s Orcutt grass (Tuctoria greenei) is
listed as endangered under the federal Endangered Species Act
(ESA) throughout its range and is listed as rare under the
California ESA (DFG 2011). The California Native Plant Society (CNPS) includes Greene’s tuctoria in its
California Rare Plant Rank 1B (formerly List 1B): Plants Rare, Threatened, or Endangered in California
and Elsewhere (CNPS 2010).
Critical habitat has been designated under ESA for Greene’s tuctoria, including one location in Butte
County, on private property south of Chico along Highway 99 and 0.4 mile (0.64 kilometer [km]) south
of the junction of Pentz Road (71 FR 7118).

A.25.2 Species Distribution and Status
A.25.2.1 Range and Status
The current range of this species extends 258
miles (567 km) in Butte, Merced, Tehama,
Shasta, and Glenn counties (62 FR 14338).
Historically, the species was also reported
from Fresno, Madera, San Joaquin, Stanislaus,
and Tulare counties, but these populations
are believed to have been extirpated (CNPS
2006). There are currently 25 extant
reported occurrences for this species, 17 of
which are in the Northeastern Sacramento
Valley Vernal Pool Region, including 10 in the
vicinity of Vina Plains in Tehama County and
7 in Butte County. The next largest
concentration is in the Southern Sierra
Foothills Vernal Pool Region, with seven
extant occurrences in eastern Merced County.
The other extant occurrence is in the Modoc
Plateau Vernal Pool Region in Shasta County
(CNDDB 2006). There is also a report of this
species in Glenn County, in the Solano-Colusa
Vernal Pool Region (USFWS 2005). Nearly all
the extant populations are on private lands,
including five on the Nature Conservancy’s
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(TNC) Vina Plains Preserve (CNDDB 2006). The three occurrences on the USFWS Sacramento NWR
were intentionally introduced in 2011 (Witham 2013). The general trend for the species is one of
decline due to habitat alteration and destruction (62 FR 14338).

A.25.2.2 Distribution and Status in the Plan Area
Greene’s tuctoria is reported from four extant locations in Butte County (see Figure A.25-1, Greene’s
Tuctoria Recorded Occurrences). Two locations are on private property south of Chico along Highway
99: the first is about 0.4 mile (0.64 km) south of the junction of Pentz Road, which is the same reported
location for Hoover’s spurge (Chaemasyce hooveri) and hairy Orcutt grass (Orcuttia pilosa); and the
second is in the Richvale Vernal Pools about 0.75 mile (1.2 km) south of the junction of Highway 163. A
small population is located east/northeast of Shippee, north of Cottonwood Road, just west of a
substation. And another small population is reported to occur in the Wurlitzer Unit of TNC’s Vina Plains
Preserve. These populations are threatened by grazing, trampling and invasive plant species (CNDDB
2006).

A.25.3 Habitat Requirements and Special Considerations
Greene’s tuctoria has been found on both low and high terraces in Northern Basalt Flow, Northern
Claypan, and Northern Hardpan vernal pools (USFWS 2005, Sawyer and Keeler-Wolf 1995). Of pools
where the species was known to be extant in 1987, the median size was 1.5 acres (0.6 hectare), with a
range of 0.01 acre (50 square meters) to 8.4 acres (3.4 hectares). It was noted that this species grew in
shallower pools than other members of the tribe or on the shallow margins of deeper pools, although
pool depth was not quantified. At Vina Plains, Greene’s tuctoria grew in pools of “intermediate” size,
which dried in April or early May of 1995. The Central Valley pools containing this species were in
grasslands at elevations of 110 to 440 feet (33.5 to 134 meters). The Shasta County occurrence is
surrounded by pine forest at 3,500 feet (1,067 meters) (USFWS 2005, CNDDB 2006).
At the Vina Plains Preserve, frequent associates of Greene’s tuctoria are coyote thistle (Eryngium
castrense) and water shamrock (Marsilea vestita). Other associates in the Butte County locations include
popcorn flower (Plagiobothrys stipitatus), annual hair grass (Deschamsia danthonioides), adobe allocarya
(Plagiobothryus acanthocarpus), navarretia (Navarretia leucocephala), Tehama navarretia (Navarretia
heteranda), dowingia (Dowingia spp.), and whitetip clover (Trifolium variegatum). Nonnative plants
included prickle grass (Crypsis spp.), common unicorn plant (Proboscidea louisianica), and
Mediterranean barley (Hordeum marinum ssp. gussoneanum). At one location in Butte County, this
species occurred with other rare species including Hoover’s spurge and hairy Orcutt grass (USFWS
2005, CNDDB 2006).
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Figure A.25-1. Greene’s Tuctoria Recorded Occurrences
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A.25.4 Life History
Greene’s tuctoria is in the grass family (Poaceae) in the tribe Orcuttieae and was formerly included in
the genus Orcuttia. It has similar life history characteristics of other members of this group. The
Orcuttieae are all annuals and wind-pollinated, although the pollen probably is not carried long
distances between populations. Local seed dispersal is by water, which breaks up the inflorescences. It
is speculated that long distance dispersal is unlikely, but seed may have historically been carried by
waterfowl or other animals that visit the vernal pools. The seeds can remain dormant for an
undetermined length of time (at least 3 to 4 years) and germinate underwater after they have been
immersed for prolonged periods (USFWS 2005).
Optimum germination of Greene’s tuctoria seed occurs when the seed is exposed to light and anaerobic
conditions after stratification. Germination occurs about two months following inundation. Seedlings of
Tuctoria do not develop floating juvenile leaves, as Orcuttia does, and the plants apparently do not
tolerate inundation. Greene’s tuctoria flowers from May to July, with peak flowering in June and July. As
with other vernal pool annuals, population size varies widely from year to year, and populations that
have no visible plants one year can reappear in large numbers in later years. Population fluctuations
may be due to annual variations in weather, particularly rainfall, to changes in management, or
combinations of the two. Populations that decline to zero may not always be capable of rebounding
from the soil seed bank and the population is likely extirpated if the plants do not reappear under
favorable conditions. A study of genetic partitioning in five species of Orcuttia and Tuctoria revealed
that Greene’s tuctoria had the lowest genetic diversity (50 percent) of the species studied and indicated
low levels of gene flow between populations, but high levels of gene flow within populations (USFWS
2005).

A.25.5 Threats
Greene’s tuctoria is threatened by destruction of vernal pools through agriculture, urban developments,
and overgrazing. Additional threats include competition from introduced annual grasses and other
nonnative species. Despite intensive surveys of vernal pools during the past 10 years, only five new
occurrences have been located (DFG 2000, USFWS 2005, CNPS 2010). Threats to vernal pool habitat
and species in general, including Greene’s tuctoria, were identified in the Recovery Plan (USFWS 2005).
In addition, the Recovery Plan identified several threats specific to Greene’s tuctoria.
Conversion of land use, such as from grasslands or pastures to more intensive agricultural uses, such as
croplands or from one crop type to another, has contributed and continues to contribute to the decline
of vernal pools in general (USFWS 2005). Over half of the nearly 40 historically reported occurrences of
Greene’s tuctoria were extirpated through habitat conversion to irrigated agriculture and intensive
cattle grazing. Greene’s tuctoria is particularly sensitive to livestock trampling because it germinates as
the pool water is receding, whereas many other vernal pool plants are already established at this phase
(DFG 2000). Most of the remaining populations of Greene’s tuctoria are subject to grazing (CNDDB
2006). However, grazing can also help control invasive species if timed correctly. Research is currently
being conducted on the effects of grazing (DFG 2000).
One potential factor that may affect Greene’s tuctoria is decimation by grasshopper outbreaks.
Grasshoppers have been noted consuming entire populations of Greene’s tuctoria before they set seed.
However, sampling analysis conducted at the Vina Plains Preserve in Tehama County indicated the seed
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bank allowed for some recovery of the species after total destruction by grasshoppers (USFWS 2005,
2006).
Small population size has been identified as a specific problem for some occurrences. Small population
size poses a continuing threat to seven occurrences including three in Butte County. These populations
are generally small except for the Penz vernal pool, which had 81,000 plants in 2010 and 156,000 plants
in 2011 (Lacey pers. comm.). 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,
CNDDB 2006).
Threats to vernal pool habitat and species in general, including Greene’s tuctoria, 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). Threats include the following:








Habitat loss and fragmentation generally resulting from urbanization, agricultural conversion,
mining, and 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 offhighway vehicles and hiking), erosion, climatic and environmental change, and contamination.
Competition from invasive species. In addition, native plant species that occupy the same
microhabitat can also compete with vernal pool plants such as Greene’s tuctoria. Threats to
Greene’s tuctoria include competition from introduced annual grasses and other nonnative species,
particularly cocklebur (Xanthium spp.) and swamp grass or swamp timothy (Cripsis schoenoides).
Increasing dominance by competitors may also contribute to changes in hydrology and livestock
grazing practices (USFWS 2005).
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
(CNDDB 2006).
Several other threats to vernal pools and their associate species in general were identified in the
Recovery Plan. Slight changes in water chemistry directly affect sensitive vernal pool species, such
as crustaceans. 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 (62 FR 14338). Habitat alteration may
also occur due to large-scale climate and environmental changes, such as global warming, which
lead to changes in the precipitation pattern and atmospheric conditions (USFWS 2005).

A.25.6 Relevant Conservation Efforts
Five extant populations of Greene’s tuctoria are protected at TNC’s Vina Plains Preserve, including four
in Tehama County and one in Butte County (CNDDB 2006). A population in Glenn County is in the
Sacramento National Wildlife Refuge (USFWS 2005). The two remaining extant populations in Butte
County are on private property (CNDDB 2006).
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A.25.7 Species Habitat Suitability Model
A.25.7.1 Habitat
Greene’s tuctoria habitat includes areas with suitable soil type in the following BRCP mapped land cover
types:




Vernal pools;
Altered vernal pools; and
Grassland with vernal swale complex.

Vernal pools that may support Greene’s tuctoria habitat may also occur as inclusions in mapped
grassland, blue oak savanna, ranchettes – open, and disturbed ground land cover types. These
inclusions were not mapped because they did not meet the mapping criteria for vernal pool, altered
vernal pool, and grassland with vernal swale complex land cover types.

A.25.7.2 Assumptions
Greene’s tuctoria has been found on both low and high terraces in three types of vernal pools: Northern
Basalt Flow, Northern Claypan, and Northern Hardpan (Sawyer and Keeler-Wolf 1995, USFWS 2005).
Occupied pools are or were underlain by iron-silica cemented hardpan, tuffaceous alluvium, or claypan
(USFWS 2005). Pool depth has not been quantified, but it was noted that the species can grow along
shallow margins of deeper pools or dry bottoms of vernal pools in open grasslands (CNDDB 2007).
Given these habitat preferences, suitable habitat for the Greene’s tuctoria is defined as any mapped
vernal pool or altered vernal pool within the Plan Area. Additionally, the grassland with vernal swale
complex land cover type is included in the model. This type may include areas that pool in a given year
but that were not captured as individual vernal pools in the GIC/SAIC vernal pool mapping effort.
Because vernal elements were identified based on photo interpretation of aerial photography from
winter 2002 (an average rainfall year), an above average rainfall year may result in more areas of
ponded water within the Plan Area.

A.25.8 Recovery Plan Goals
A general statement for recovery of Greene’s tuctoria is presented in the Recovery Plan: to ensure
protection of the full geographic, genetic and ecological extent of this species and to improve the
circumstances that caused it to be listed in the first place. Accomplishment of this goal would be
achieved by protecting 80 percent of this species’ occurrences throughout its range, including 85
percent of its suitable habitat in the Western Modoc Plateau, Richvale, Fresno, and Waterford Core Areas
and 95 percent of suitable habitat in the Oroville, Vina Plains, Sacramento National Wildlife Refuge,
Madera, and Merced Core Areas. In addition, seed from each vernal pool region with its distribution
would be banked. The Recovery Plan also includes five introductions into vernal pool regions, counties,
and soil types from which surveys indicate that it has been eradicated, including in Fresno, San Joaquin,
Stanislaus, and Tulare Counties.
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