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DISCLAIMER

Recovery plans delinegate actions required to recover and protect federdly listed
plant and anima species. We (the U.S. Fish and Wildlife Service) publish
recovery plans, sometimes preparing them with the assstance of recovery teams,
contractors, State agencies, and other affected and interested parties. Recovery
teams serve as independent advisors to the Fish and Wildlife Service. Draft plans
are published for public review and submitted to scientific peer review before we
adopt them. Objectives of the recovery plan will be attained and any necessary
funds made available subject to budgetary and other condraints affecting the
partiesinvolved, as well asthe need to address other priorities. Recovery plans
do not obligate other parties to undertake specific tasks and do not necessarily
represent the view, officia pogition, or gpprova of any individuds or agencies
involved in the plan formation other than our own. They represent our officid
position only after they have been sgned by the Director, Regional Director, or
Cdlifornia/Nevada Operations Manager as approved. Approved recovery plans
are subject to modification as directed by new findings, changes in pecies status,
and the completion of recovery tasks.

Literature citation should read asfollows;

U.S. Fish and Wildlife Service. 2000. Draft Recovery Plan for the Quino
Checkerspot Butterfly (Euphydryas editha quino). Portland, Oregon. x + 123 pp.
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EXECUTIVE SUMMARY

Current Status: The Quino checkerspot butterfly (Euphydryas editha quino,
Quino checkerspot) isfederdly listed as endangered. Thistaxon occursin San
Diego and Riverside Counties and severd locditiesin Bga Cdifornia Norte,
Mexico. Although some habitat is under public ownership, no known Quino
checkerspot habitat complexes are entirely protected, and the gpecies continues
to decline throughout its range.

Habitat Requirements and Limiting Factors: The Quino checkerspot isfound in
association with topographicaly diverse landscapes that contain low to moderate
levels of nonnative vegetation. Vegetation types that support the Quino
checkerspot are coastal sage scrub, open chaparra, juniper woodland, forblands,
and native grasdand. Soil and climatic conditions, aswell as ecologicd and
physica factors, affect the suitability of habitat within the species range. Urban
and agriculturd development, invasion of nonnative species, habitat
fragmentation and degradation, increased fire frequency, and other human-
caused disturbances have resulted in substantia losses of habitat throughout the
species higtoric range. Conservation needs include protection and management
of suitable and restorable habitat; habitat restoration and enhancement; and
establishment of Quino checkerspot captive breeding program. This plan
identifies Sx Recovery Units. Recovery Units are geographically bounded areas
containing extant Quino checkerspot populations that are the focus of recovery
actions or tasks. Recovery Units contain both lands that are considered essentid
to the long-term conservation of the Quino checkerspot (e.g., networks of
suitable habitat patches and connecting lands) and lands that are not considered
essentid (i.e. lands not used by the butterfly such as urban development).

Recovery Priority: 6C, per criteria published in the Federa Register (48 FR
43098; September 21, 1983). The priority is based on its being a subspecies
(rather than afull species) with ahigh degree of threat, a moderate to low
potentia for recovery, and existing conflict between the species conservation
and development.

Objectives. The overal objective of this recovery plan isto reclassfy the Quino
checkerspot to threatened and ensure the species’ long-term conservation.
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Interim goas include (1) protecting habitat supporting known current population
digtributions (habitat complexes), (2) stabilizing populations within known
population distributions (described habitat complexes), and (3) conducting
research necessary to refine recovery criteria. Reclassfication is gppropriate
when ataxon is no longer in danger throughout a significant portion of its range.
Because data upon which to base decisions about reclassfication are incomplete,
downligting criteriain this plan are necessxily preliminary. There are

insufficient data on which to base ddigting criteria a thistime.

Recovery Criteria:

1) Permanently protect habitat patches supporting known extant population
distributions (habitat complexes) and possible landscape connectivity areas
among them  Adequate habitat reserve area sSizes are estimated to be between
1,200-4,000 hectares (3,000-10,000 acres) tota per habitat complex. Recovery
Units and habitat complexes described in this recovery plan are. Northwest
Riversde Recovery Unit, containing the Gavilan Hills habitat complex;
Southwest Riversde Recovery Unit, containing the Warm Springs Creek and
Skinner/Johnson habitat complexes, South Riverside Recovery Unit, containing
the Oak Mountain/VVal Lake, Sage Road/Billygoat Mountain, and Brown
Canyon habitat complexes, South Riversde/North San Diego Recovery Unit,
containing the Silverado and Dameron Valey/Oak Grove habitat complexes,
Southwest San Diego Recovery Unit, containing the San Diego Nationa
Wildlife Refuge, Otay Lakes, Otay Foothills, Otay Mesa, Marron Vdley, and
Tecate habitat complexes, and Southeast San Diego Recovery Unit, containing
the Jacumba Peak habitat complex.

2) Permanently provide for and implement management of described habitat
complexesto restore habitat qudity, including maintenance of hostplant
populations, maintenance of diverse nectar sources and pollinators, control of
nonnative plant invasion, and maintenance of internd landscgpe connectivity.
The number of known occupied habitat patches and the dengity of butterflies
within each Recovery Unit should be increased if declines are documented for 2
consecutive years of average to high annua precipitation (based on the past 20
years of loca data). Management must be adaptive: i.e., ongoing surveys and
monitoring must be conducted to refine management drategies and ddimit
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tempora and geographic patterns of Quino checkerspot exchange among
suitable habitat patches.

3) Edtablish and maintain a captive propagation program for purposes of re-
introduction and augmentation of wild populations, maintenance of refugia
populations, and research.

4) Initiate and implement a cooperative educationd outreach program targeting
areas where Quino checkerspot populations are most threatened.

5) Two additional populations or metapopulations must be documented or
introduced in the remaining undevel oped coastd areas of the Quino

checkerspot’ s historic range. Undeveloped coastal areas include the western and
northern sopes of the Santa Ana Mountains (northern dope, see proposed North
Orange Recovery Unit description in Recovery Strategy section below), the
northwest corner of San Diego County (see proposed Northwest San Diego
Recovery Unit below), and undeveloped mesas and hills within the cities of San
Diego, Poway, and Santee, and adjacent unincorporated land within San Diego
County (see proposed South-central San Diego Recovery Unit below). Well-
managed coasta preserves in San Diego or Orange County may be able to
support stable populations of the Quino checkerspot butterfly. One of the two
additiona populations must include habitat within 10 kilometers (6 miles) of the
ocean to maximize the stable marine dimate influence and minimize

susceptibility to drought. If new coasta populations are not documented by
2004, experimenta populations should be established and maintained until
downligting criteriaare refined. Additiond inland (east of coastd areas

described above) habitat complexes documented outside of Recovery Units will
not be counted as one of the two additiona populations specified here, but
should be considered important to recovery and addressed when delisting criteria
are developed.

6) The managed, protected population or metgpopulation segments within
currently described habitat complexes must demondtrate stability (constancy or
resilience) without augmentation. When metgpopulation digtributions are
determined by future research (one or more habitat complexes may belong to a
single metapopulation) or defined by reserve boundaries, the unit monitored for

Vi



sability becomes the metapopulation. Stable Quino checkerspot populations are
defined by this recovery plan as those in which decreasesin the number of
occupied habitat patches are followed by increases of equal or grester magnitude
within the 15 year period. The percent of patches that are occupied should be
estimated by surveys for pre-digpause larval clusters (to demonstrate
recruitment) in asample of no less than 50 percent of the total number of patches
identified within a population or metapopulation distribution. The surveyed
sample of habitat patches must be distributed as equaly as possible across the
metapopulation ditribution to avoid potentia error caused by correlation of
suitability among nearby patches.

7) Conduct research including: determining the distribution of extant
metapopulations; conducting preliminary modding of metapopulation dynamics,
investigating the function of hilltops as a resource for Quino checkergpot
populations; investigating the contribution of multiple-year digpause to
metgpopulation stability; monitoring populations for further evidence of dimate-
driven range shifts; determining the effects of evated atmospheric carbon
dioxide and nitrogen fertilization on the Quino checkerspot and its hostplant;
determining the magnitude of threats from over-collection and non-native natura
enemies.

Actions needed:

1) Protect habitat within the distribution of described habitat complexes.

2) Restore habitat patches and enhance landscape connectivity within the
digtribution of the habitat complexes

3) Erect barriers to prevent dispersa from habitat patches into adjacent
high-traffic surface roads.

4) Reduce off-road vehicle activity within the distribution of habitet
complexes and identified metapopulations

5) Continue yearly reviews, monitoring and augmentation until stable
metgpopul ations have been maintained for 15 years without
augmentation.

6) Establish and maintain a captive propagation program.

7) Initiate and implement an educationd outreach program.

8) Conduct biologica research needed to refine recovery criteriaand guide
conservation efforts.
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9) Manage activity on trails where habitat occursin recreationd use aress,
particularly during the active season for Quino checkerspot larvae and
adults.

10)  Locate or introduce two populations or metgpopulaions in the remaining
undevel oped coastal areas of the Quino checkerspot’s historic range.

11)  Survey for habitat and undocumented metgpopulationsin undeveloped
aress outside of Recovery Units.

12)  Reducefirefrequency and illegd trash dumping in habitet aress

13)  Enter into adidogue with governmenta and nongovernmental
organizations in Bga Cdifornia, Mexico.

14)  Enter into diaogue with the Cahuilla Band of Mission Indians.

Total Edtimated Cost to Mest Interim Recovery Objectives: $7,678,000+. The
estimated cogts for many tasks remain to be determined; therefore, total costs
listed are lower than the tota required to achieve recovery objectives. Some
tasks (e.g, habitat protection) will benefit multiple listed speciesin addition to
the Quino checkerspot, so their costs are not whoally attributable to this species.

Date of Recovery: Downlisting could beinitiated in 2020, if recovery criteria
are met.
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. INTRODUCTION
A. Brief Overview

The distribution and abundance of the Quino checkerspot butterfly (Euphydryas
editha quino) have been dramaticaly reduced during the past century as aresult
of agricultura and urban development and other land-use changes in southern
Cdifornia. Immediate protection and management of the habitats that support
the species, initiation of a captive propagation program, and development of the
monitoring scheme and research agenda described in this recovery plan will be
necessary to prevent extinction of the Quino checkerspot.

The Quino checkerspot (Figure 1) isnow known only from western Riverside
County, southern San Diego County, and northern Bgja Cdifornia, Mexico,
athough the hitoric range of this taxon included much of coastd Cdifornia
south of Ventura County and inland valeys south of the Tehachapi Mountains
(U.S. Fish and Wildlife Service database). More than 75 percent of the Quino
checkerspot’ s historic range has been lost (Brown 1991, U.S. Fish and Wildlife
Service database), including more than 90 percent of the coastal mesa and bl uff
distribution. Quino checkerspot populations have been reduced in number and
Size by more than 95 percent range-wide primarily due to direct and indirect
human impacts including habitat |oss and fragmentation, invason of nonnetive
plant species, and disrupted fire regimes (D. Bauer, D. Murphy, and M. Singer,
pers. comm.).

This recovery plan describes six geographic areas (Recovery Units) containing
habitat that supports extant Quino checkerspot populations (Figure 2, Figure 3).
Recovery Units contain both lands that are consdered essential and lands that
are not consdered essentia to the conservation of the species. Determination of
management needs and digtribution of habitat required for long-term persstence
of the gpecies will require further surveys, monitoring, modeling, and other
research described in the recovery task portion of this document. Habitat within
the current known distribution of the pecies ranges from moderately to highly



Figure 1. Quino checkerspot butterfly. Photo used by permission of Guy

Bruyea.
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disturbed and invaded by nonnative species. No prigtine habitat remains for the
butterfly north of the internationa border (D. Murphy, G. Pratt, M. Dodero, and
C. Parmesan, pers. comm.).

We listed the Quino checkerspot butterfly as an endangered species on January
16, 1997 (62 FR 2313). Because we concluded that designation of critical
habitat was not prudent at that time, critica habitat has not been designated.
However, the Ninth Circuit Court has ordered the U.S. Fish and Wildlife Service
to reassess the finding of prudency and either publish anotice of determination
reaffirming that critical habitat is not prudent by June 1, 2001, or to propose
critica habitat by February 1, 2001, with afind determination due by October 1,
2001.

This species has a Recovery Priority of 6C, based on the classfication system
published in the Federa Register (48 FR 43098; September 21, 1983). This
priority number reflects the subspecific Satus of the butterfly, ahigh degree of
threat, alow potentia for recovery, and exigting conflict with congtruction or
other land development. This recovery plan attempts to reduce the risk of
Species extinction by recommending protection and long-term management of
habitat necessary to support stable populations or metapopulations. Current
habitat conditions are so degraded and population sizes are so low range-wide
that long-term adaptive management will dso be required. Protection of high-
qudity habitats with stable Quino checkerspot populations or metapopulationsin
Bga Cdifornia, Mexico, is aso needed.

B. Description and Taxonomy

The Quino checkerspot butterfly is a member of the family Nymphdidae (brush-
footed butterflies) and the subfamily Mdlitaginae (checkerspots and fritillaries).
The Quino checkerspot is a subspecies of Euphydryas editha; it differs from
other subspeciesin avariety of characteristics including Sze, wing coloration,
and larval and pupd phenotype (Mattoni et al. 1997).

The butterfly species now commonly caled the Quino checkerspot has
undergone severd nomenclatura changes. It was origindly described as
Melitaea quino (Behr 1863). Gunder (1929) reduced it to a subspecies of
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Euphydryas chalcedona. At the same time, he described Euphydryas editha
wrighti from a checkerspot specimen collected in San Diego. After reexamining
Behr's descriptions and specimens, Emmel et al. (1998) concluded that the
Quino checkerspot should be associated with E. editha, not E. chalcedona, and
that it was synonymous with E. editha wrighti. Because E. editha wrighti isa
junior synonym for the Quino checkerspot, E. editha quino is now the accepted
scientific name.

The adult Quino checkerspot butterfly (Figure 1), has awingspan of
approximately 4 centimeters (1.5 inches). The dorsd (top) sides of the wings
have ared, black, and cream colored checkered pattern; the ventra (bottom)
Sdes are dominated by red and cream. The abdomen of Quino checkerspots has
red stripes across the top.  Quino checkerspot larvae are black with arow of nine
orange tubercles (fleshy/hairy extensons) on their back. Pupae are mottled

black on a pae blue-gray background, and extremely cryptic. Two butterflies
that co-occur with the Quino checkerspot and are most morphologicaly smilar
are the chacedon or variable checkerspot (Euphydryas chalcedona) and Gabb's
checkerspot (Chlosyne gabbi). Inexperienced surveyorsin the fiedld may aso
confuse the Quino checkerspot with other butterfly species that have smilar
coloration and behavior patterns, such as Wright' s checkerspot (Thessalia
leanira wrighti). Chalcedon checkerspot adults are darker and often larger than
Quino checkerspots, and have white abdominal stripes and spots instead of red
dripes. Mde and female Gabb's checkerspot adults have a more orange
gppearance than Quino checkerspots, but female coloration is higher contrast and
may closely resemble Quino checkerspots. Gabb's checkerspots may be
differentiated from Quino checkerspots by slver-white spots on their

underwings, the lack of red abdomina stripes, and a scalloped (dightly indented)
forewing margin. Because adult morphology of Euphydryas butterfly speciesis
variable, a combination of morphologica characters should be used to

diginguish them from amilar speciesin thefied.



C. Digtribution and Habitat Considerations

The Quino checkerspot was historically distributed throughout the coastal dope
of southern California, including Los Angeles, Orange, Riverside, San Diego,
and San Bernardino counties, and northern Bgja Cdlifornia, Mexico (Mattoni et
al. 1997, U.S. Fish and Wildlife Service database). That distribution included
the westernmost dopes of the Santa Monica Mountains, the Los Angdles plain
and Transverse Ranges to the edge of the upper Anza-Borrego desert, and south
to El Rosario in Bga Cdifornia, Mexico (Emmed and Emme 1973, Mattoni et
al. 1997, U.S. Fish and Wildlife Service database). Although historical
collection records alow for an estimate of a species range, such records usualy
underestimate the number of historical Stes and extent of loca digtributions.
Collectors tended to frequent well-known sites, and no systematic or
comprehengive surveys for the Quino checkerspot have ever been conducted
(Mattoni et al. 1997).

As recently as the 1950's, collectors described the Quino checkerspot as
occurring on every coastd bluff, inland mesatop, and lower mountain dopein
San Diego County and coastdl northern Bgja California (D. Bauer, pers. comm.).
These observations indicate that the Quino checkerspot was historically
widespread throughout the southern California landscape, and occurred in a
variety of vegetation types, including coastal sage scrub, open chaparrd, juniper
woodland, forblands, and grasdands. By the 1970's, most of the coasta bluff
and mesa habitats in southern Cdifornia had been urbanized or otherwise
disturbed. However, the butterfly till occupied known habitat locationsinland
and a higher devations including Dictionary Hill, Otay Lakes, and San Migue
Mountain in San Diego County, and the Gavilan Hillsin Riversde County. By
the middle 1980's the species was thought to have disappeared from the known
locations; the petition to list the species in 1988 suggested that it might be
extinct. Nonetheless, new populations were discovered in Riverside County, the
butterfly was rediscovered in San Diego County, and the species continued to
survive in northern Bga Cdlifornia, Mexico (D. Murphy and M. Singer, pers.
comm.). Current information suggests that the butterfly has been extirpated
from Los Angeles, Orange, and San Bernardino Counties (Figure 2). Most
Cdifornia populations probably occur in margind habitat on the periphery of
historic metapopulation centers (Parmesan 1996; D. Murphy, pers. comm.).
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The Quino checkerspot butterfly primarily inhabits grasdand, forbland, juniper
woodland, and open scrub and chaparrd communities that support native species
of plantain (Plantago erecta and P. patagonica, its primary larva hogplants),
and avariety of adult nectar resources. It is possible that some populations
exclusvely use other native plant species such as owl’s clover (Castillgja
exserta) as primary hostplants when Plantago is absent; however, this possibility
has not been confirmed (G. Pratt, pers. comm.). These areas tend to be
distributed as patches in amaosaic of vegetation communities. Habitat patch
suitability is determined primarily by larva host plant dengity, topographic
diversity, nectar resource availability, and climatic conditions (Singer 1972,
Murphy 1982, Weiss et al. 1988, Murphy et al. 1990). Combined, these varying
habitat features result in loca butterfly population density fluctuations and

periodic extirpation events within patches of habitat (Ehrlich 1965). Osborne
and Redak’ s (2000) larva microhabitat use study indicated that patches of
exposed soil with abundant solar insolation and host plants, combined with
interspersed shrub cover and topographic heterogeneity, provides additiona
long-term gtability to Quino checkerspot populations.

Occupancy of anetwork of habitat patches by Euphydryas editha populations
over the long term requires a metgpopul ation dynamic - an exchange of
individuals between patches - allowing for recolonization of habitat patches that
may be temporarily unoccupied by larvae following locd extirpation events
(Harrison et al. 1988, Harrison 1989, Thomas 1994, Singer and Thomas 1996).
Dedtruction, isolation, or disturbance of habitat patches temporarily not occupied
by larvae can disrupt metapopulation structure, reducing the likelihood of
recolonization and making extirpation events permanent (Hanski 1999).
Metapopulation stability requires a minimum number of habitat patches
connected by dispersal corridors (landscape connectivity), below which local
pergstenceisno longer possble. Unfortunately, determining which, if any,
habitat patches are not essentid is a complex and time-consuming research
question. All known Quino checkerspot habitat patch complexes (belonging to
as yet undescribed metgpopulation digtributions) in southern Cdifornia have

been disrupted, resulting in ingtability and loss of metgpopulations (Figure 2)

(D. Murphy, pers. comm.).



Disturbances that have compromised Quino checkerspot metapopulation
integrity include conversion of habitat by development or vegetation-type
changes, grazing, trampling, fragmentation of habitat, and reduction or
condraining of the landscape connectivity that facilitates habitat recol onization.
Linkage of suitable habitat patches by adult dispersa corridors (landscape
connectivity) is crucid to metgpopulation stability. Habitat linkaege areas should
connect as many habitat patches as possible to optimize metapopulation
dynamics (Thomas 1994). Habitat patches with fewer and/or longer distance
linkages to other patches have lower probability of natural recolonization
following local extirpation events. Linkages greater than 1 kilometer (0.6 mile)
are not likely to be used by dispersang Euphydryas editha adults (Harrison et al.
1989). By definition, linkage areas do not support larval host plantsin dengties
sufficient to be considered habitat, but may support nectar sources used by
dispersng adult butterflies. Linkage areas must be free of dispersd barriers
(artificid structures, dense stands of trees or tal shrubs) and mortaity sinks (e.g.
high-traffic roads).

Simply preventing agricultura or urban development and grazing in occupied
habitat will not be sufficient to protect resdent populations. Undeveloped lands
infused with or completely surrounded by devel opment experience direct and
indirect human disturbance including trampling, off road vehicle use, dumping,
pollution, and enhanced nonnative species invasion, al impacts that reduce
population stability. Protected areas larger than habitat patch boundaries or
highly managed interfaces between development and habitat patches are needed
within the distribution of a metapopulation (often referred to asthe
metapopulation “footprint” [e.g. Launer and Murphy 1994]). The need to protect
habitat from indirect effects of nearby or intruding development is evidenced by
the gpparent extirpation of loca populations in the Lake Hodges and Dictionary
Hill areas, where butterflies have not been recorded since the 1980's (Figure 2),
despite focused efforts to find them (Caltrans 2000; City of San Diego 2000,
Faulkner 1998; G. Pratt, pers. comm.) and periodic visits by loca lepidopterists
(D. Faulkner and K. Williams, pers. comm.). Lake Hodges and Dictionary Hill
were large, primarily undeveloped areas with higorica records indicating long-
term stable occupancy prior to isolation by development (Figure 2). Habitat
suitability may be conserved by preservation of undeveloped land between
development and habitat areas requiring minima management, or, if intervening
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natura lands are absent, by costly perpetua management to restrict human
traffic, control nonnative species invasion, and augment butterfly populations.

Spatidly clustered Quino checkerspot observations (see Figure 2) are cdled
habitat complexesin this recovery plan. Habitat complexes indicate the
gpproximate distribution of linked habitat patch networks within the ditribution
of extant metapopulations. Metgpopulation distributions (currently undescribed)
may include more than one habitat complex and are likdly to be greater than the
digtribution of the habitat complexes described below. Further researchis
required to determine the maximum distribution of metgpopulations required for
sability. Habitat consgderations listed below are largely drawn from persona
observations of our staff and the Recovery Team..

Gavilan Hills habitat complex: Quino checkerspot individuas were observed in
Harford Springs County Park in 1998, a Site that was once part of amore
extensve, well documented distribution (Figure 2). Quino checkerspot
butterflies were last observed at the southern margin of Lake Mathews in 1986
(Figure 2). The Quino checkerspot was higoricaly abundant in this area, with
consstently high densities reported by collectors from the 1950's to the mid
1980's (Orsak 1978; K. Oshorne and G. Pratt, pers. comm.). Therefore the
Gavilan Hills habitat complex digtribution includes the vicinity of Harford
Springs park and also habitat areas south of Lake Mathews that are part of the
documented higtorical distribution (Figure 2).

Habitat Consderations:.

The Gavilan Hills areais characterized by high-qudity habitat patches with
dense, extengve stands of plantain (Plantago spp.) in open spaces, juniper
woodland, coastal sage scrub, and grasdand. Landscape connectivity is
compromised primarily by Caaco road. Landscape connectivity gtill exists
between Harford Springs County Park and Lake Mathews, and apparently
suitable habitat containing dense stands of plantain exists south of Lake
Mathews in the vicinity of Black Rocks, west of Monument Peak (K. Osborne,
pers. comm.). Stands of plantain dso occur in the vicinities of Estelle Mountain,
Railroad Canyon Reservoir, and the town of Sun City (G. Pratt, pers. comm.). It
is possible that the Black Rocks habitat patch was a historica source of
butterflies for other habitat patchesin the area (K. Osborne, pers. comm.).
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The Gavilan Hills area exhibits diverse topography and vegetation thet is
dominated by chamise chaparrd and juniper woodlands. Clay soils are present
throughout. Rounded hills provide gentle south- and northwest-facing dopes as
well as shallow soils aong rock faces where dwarf (or dot-seed) plantain
(Plantago erecta), the primary hostplant in this area, islocaly abundant.
Flattened ridge tops may also serve as suitable habitats. Nearby open juniper
woodland provides additiona habitat.

Warm Springs Creek habitat complex: Recent Quino checkerspot observetions
are distributed between Interstate 215 and State Route 79 north of Murrieta Hot
Springs Road to at least Scott Road concentrated in the vicinity of Warm Springs
Creek (Figure 2), dthough much of the habitat a the southern end of the
Hogbacks, where butterflies were recently observed, was disturbed in 1998,

Habitat Considerations.

Western connectivity is congtrained by Interstate 215. Landscape connectivity is
fragmented by ongoing development in this metapopulation, particularly in the
vicinity of Murrieta Hot Springs Road. The extent of landscape connectivity to
the north is not known. Quino checkerspot habitat is associated with openingsin
coastd sage scrub and typified by low rounded hills, clay soil lenses, and
cryptogamic soil crusts. Dwarf plantain (Plantago erecta) is the primary larva
host plant in thisarea.

Skinner/Johnson habitat complex: Recent Quino checkerspot observations are
distributed throughout Southwest Riverside County Multiple Species Reserve,

and are concentrated around Lake Skinner and south of Benton and Borel Roads
(Johnson Ranch) (Figure 2). Although Quino checkerspots have aso recently
been observed in eastern Temecula, north and east of Butterfield Stage Road,
primarily in the Crowne Hill area (Figure 2), thisareais completely isolated by
development and authorized for further development (U.S. Fish and Wildlife
Service 2000).

Habitat Considerations.

L andscape connectivity within the habitat complex is compromised by surface
roads such as Washington Street and Borel Road, which may now or in the
future be mortdity sinks during periods of high traffic. Any landscape

11



connectivity that may have existed between other occupied habitat patches and
the Crowne Hill habitat area has been congtrained by development, leaving the
habitat isolated and subject to rapid degradation. Landscape connectivity
between the Warm Springs Creek and Skinner/Johnson habitat complexes has
been congtrained by State Route 79 and associated development. Although State
Route 79 separates the Warm Springs Creek habitat complex from the
Skinner/Johnson habitat complex, the two complexes might function as one
metapopulation if landscape connectivity were restored. Restoration of
connectivity between the Skinner/Johnson and Warm Springs Creek habitat
complexes could help stabilize populations associated with both habitat
complexes. Quino habitat Stesarein openingsin coasta sage scrub and typified
by low rounded hills, clay soil lenses, and soil crusts. Dwarf plantain (Plantago
erecta) isthe primary host plant found in thisarea.

Oak Mountain/Vail Lake, Sage Road/Billy Goat Mountain, and Brown Canyon
habitat complexes: Recent Quino checkerspot butterfly observations are
concentrated in the vicinities of Oak Mountain, Vail Lake, Pauba Vdley (Figure
2), and in the vicinity of Sage Road from Magee Hills and the town of Sage
south and east to Wilson Valey and Billy Goat Mountain (Figure 2). One
possibly isolated population occurs just southeast of Hemet in Brown Canyon
(Figure 2).

Habitat Considerations.

The dte just southeast of Hemet may be isolated from documented

metapopul ations to the south by intervening areas of contiguous dense chaparrd.
L andscape connectivity in the habitat complex areas is generaly good, and
habitat is largdy unfragmented. Landscape connectivity mogt likely exists
between the Oak Mountain/Val Lake and Sage Road/Billy Goat Mountain
habitat complexes. Quino checkerspot habitat in these areas is characterized by
rounded hills with gabbro day lenses and soils in the west blending with granitic
soilsto the east. Hahitat patches also occur on stable soil crudts, especidly in
granitic soil areas, and red clay lenses (U.S. Fish and Wildlife Service 1997b).
Dwarf plantain (Plantago erecta) and woally plantain (P. patagonica) are the
primary host plants found in these aress.
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Silverado and Dameron Valey/Oak Grove habitat complexes: Recent Quino
checkerspot observations are distributed across Bureau of Land Management
holdings and the Silverado Ranch Mitigation Bank south of the Cahuilla Indian
Reservation (Figure 2). Increased survey effortsin 2000 expanded the Silverado
habitat complex digtribution, though much of the arearemains to be surveyed.
Two recent butterfly observation stes are found distant from the Silverado
mitigation bank, one in northern Dameron Valley south of State Route 79, and
one just south of that in Oak Grove Vdley (Figure 2).

Habitat Consderations.

Habitat patches appear to be well connected in the Silverado Ranch area, and
habitat patches are largely unfragmented. The known digtribution of this
metapopulation is relatively well protected. Habitat areas are primarily owned

by the Bureau of Land Management and Silverado Ranch Mitigation Bank

(Pratt, 2000). The Oak Grove Vdley ishighly invaded by nonnative grasses at
lower eevations, but much habitat gppears to remain on the hills and habitat in
areas surrounding Oak Grove remains reatively undeve oped, including the
adjacent Chihuahua Valey to the east. Elevation and other habitat ementsin
the Chihuahua Vdley arearesemble those found in habitat to the north.
Landscape connectivity probably exists between the Dameron Valley/Oak Grove
Vadley and Silverado Ranch habitat complexes. Apparently suitable habitat has
aso been observed in the hillsaong Lot Vdley Road just north of State Route
79 near Warner Springs, and may aso exist in the Chihuahua Vdley. Habitat in
these areas is characterized by rounded hills with gabbro clay lenses and soils on
the west Sde blending with granitic soilsto the east. Habitat patches also occur
on red clay lenses and stable soil crusts (especidly in granitic soil areas) (U.S.
Fish and Wildlife Service 1997a). Woolly plantain (Plantago patagonica) isthe
only primary host plant found in the Silverado area (Pratt 2000), athough dwarf
plantain (P. erecta) isfound to the south and the east.

Marron Valey and Tecate habitat complexes: Recent Quino checkerspot
observations are concentrated on the eastern dope of Otay Mountain and
ridgdines dong the internationa border in the vicinity of Marron Valey (Figure
2). Occupancy likely extends south across the internationa border, and it is
possible that the mgority of the population digtribution isin Bga Cdifornia,
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Mexico. Another recent record islocated east of Marron Valley near the town of
Tecate (Figure 2).

Habitat Considerations.

Habitat patches within this complex remain relatively well connected. In
addition, some degree of landscape connectivity may exist north and south of
Otay Mountain between the Otay Mesa and Marron Valley habitat complexes.
Most occupied habitat in this area occur on public owned land. Generally, most
occupancy is found aong the upper rounded ridgelines, and soils that most often
support the Quino checkerspot arered or gray colored clay. Dwarf plantain
(Plantago erecta) isthe primary hogt plant found in this area.

San Diego Nationa Wildlife Refuge, Otay L ake, Otay Mesa, and Otay Mountain
Foothills habitat complexes. Recent Quino checkerspot observationsin the area
are concentrated northeast and southeeast of Otay Lakes (Figure 2), with asmaller
cluster concentrated a ong the southwestern dope of Otay Mountain (Figure 2).
Other recent butterfly observations are located on the San Diego Nationa
Wildlife Refuge northeast of Sweetwater Reservoir, and aong the mesarim
above the Otay River and at the Salt Creek confluence (Figure 2). The Otay
Lakes area higtorically supported alarge population that extended south to Otay
Mesa and across the international border (Figure 2, Murphy and White 1984).
The historic population distribution extended across the entire mesa with high
dengities being reported from the vicinity of Brown Field. Quino checkerspot
habitat restoration activities are currently being undertaken adjacent to a recent
Quino checkerspot observation on the mesarim just west of Johnson Canyon
(Figure 2). Restoration of vernd pool habitat that includes essential € ements of
Quino checkerspot habitat is aso ongoing at the Site of a collection record on the
mesa top between Dennery and Spring canyons (U.S. Fish and Wildlife Service
19974). Therefore the Otay Mesa habitat complex distribution includes Otay
Valey from the Sdt Creek confluence to Dennary Canyon, and the adjacent
undevel oped mesa tops, canyons and ridges south of Otay Vdley (in the vicinity
of Brown Feld).

Habitat Consderations.
Surviva of loca Quino checkerspot populations now occupying the Otay Lake
habitat patch complex (Figure 2) isdue, in part, to the lack of adjacent
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development. Protection of undeveloped areas dong the eastern Otay Lake
margin and within the habitat patches east of the lake are necessary for continued
occupancy of nearby habitat patches (see Lake Hodges and Dictionary Hill
discussion above). Habitat patches northeast of the lakes are till well connected.
Landscape connectivity dong the western margin of Otay Lake is constrained by
the Olympic Training Center and other development, although some habitat
remains aong the Salt Creek drainage. Landscape connectivity on the eastern
margin of Otay Lake is congtrained by stands of woodland vegetation dominated
by nonnative species. Higtoric records indicate that habitat (now in the San
Diego Nationa Wildlife Refuge) near Swestwater River was, and gppearsto il
be, connected to Proctor Valey, San Migud Mountain, and thus to currently
occupied habitat around Otay Lakes (Figure 2). Landscape connectivity on the
mesas northeast of Brown Field and southwest of lower Otay Lake is reduced,
athough no significant dispersd barriersexist. Therefore landscape connectivity
could be restored where distance between habitat patches is now too grest to
provide adequate linkage. Mesatop habitats dong the northern margin of Otay
Mesa can aso possibly be reconnected. Soilsin the areathat are most often
observed to support Quino checkerspots are red or gray colored clay. Dwarf
plantain (Plantago erecta) isthe primary hogt plant found in this area.

Jacumba Peak habitat complex: Recent Quino checkerspot observations are
concentrated northwest of the community of Jacumba (Figure 2). Sitesin
Jacumba and El Condor in Bga Cdifornia, Mexico (see below) are about 6
kilometers (4 miles) gpart.

Current habitat and landscape connectivity in the Jacumba area are relatively
intact. A higtoric butterfly record occurs north of Interstate 8 in the Table
Mountain area (Figure 2). The Table Mountain Ste and apparently suitable
surrounding habitat areas (G. Pratt, pers. comm.) are within the Jacumba
National Cooperative Land and Wildlife Management Area, therefore no habitat
fragmentation or congtraining of landscape connectivity has occurred or is likely
to occur in that area. Landscape connectivity between Table Mountain and
Jacumba Peak is constrained by Interstate 8. However, connectivity likely exists
between the Jacumba Peak habitat complex and El Condor in Bgja Cdifornia,
Mexico. Although degraded by grazing in some aress, gpparently suitable
hebitat also exigtsin the vicinity of McCain Vdley. Habitat patches containing
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dwarf plantain (Plantago erecta) can be found on clay lenses scattered
throughout open juniper woodland. Woolly plantain (P. patagonica) isaso
found in the area, primarily on granitic soils and along roadsides.

BgaCdifornia, Mexico digributiort All populations of Quino checkerspot near
the ocean in Bgja Cdifornia appear to have been extirpated by urban
development. Many sites farther inland, however, appear to support excellent
habitat and dense populations. Unlike most Cdifornia populations, which
probably occur in marginad habitat on the periphery of historic metapopulation
centers, mogt of the extant Bgja Cdlifornia populations occur in gpparently high-
quality habitat.

Quino checkerspot populations currently exist in suitable habitat in northern Baja
Cdifornia, Mexico. Thereis one population south of El Testerazo aong

Highway 3. A second population exists a Mesa Redonda (also known as Table
Mountain) just east of the city of Rosarita. Thethird population in Vdle de
Trinidad was known as “Los Agugjitos’ in museum records, but the areais now
caled “Los Positos.” The three Quino checkerspot populations south of the Otay
and Marron habitat complexes are distant from each other and probably
independent populations. A population aso exists south of the Jacumba area,
about 6 kilometers (4 miles) south of the town of El Condor.

D. LifeHistory

Few specific studies of Quino checkerspot biology have been conducted. A few
older papers reported observations of Quino checkerspot population dynamics
(e.g. Murphy and White 1984). More recently, only one quantitative larval
habitat use study (Oshorne and Redak 2000) and one distribution study
(Parmesan 1996) have been published. Therefore, most information in this
section is drawn from the abundant literature reporting research on other
subspecies of Euphydryas editha. Although it is generdly true that different
subspecies of Euphydryas editha have smilar life higtories, such assumptions
must be made with caution, especidly with regard to population dynamics
(Ehrlich 1992).

1. LifeCycle
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The life cycle of Quino checkerspot (Appendix 1) typicaly includes one
generation of adults per year, with a4- to 6- week flight period beginning
between late February and May, depending on weether conditions (Emme and
Emmd 1977). If sufficient rain falsin late summer or early fdl, arare second
generation of reduced numbers may occur (Mattoni et al. 1997). Femaes are
usualy mated on the day they emerge from pupae, and lay one or two egg
clusters per day for most of their adult life. Adultslive from 10-14 days,
however, adult emergence from pupae is saggered, resulting in a 1- to 2-month
flight season. Peak emergence in most butterfly species (and probably for Quino
checkerspots as well) occurs shortly after the beginning of the flight season,
usudly in the second week (Zonneveld 1991). Eggs deposited by adults on
hostplants hatch in 10- 14 days.

The periods between molts (shedding skin) are called ingtars. Larvae that hatch
from eggs are in the firg ingtar, and may undergo as many as 7 indars prior to
pupation. During the first two ingtars, predigpause larvae cannot move more
than afew centimeters and are usudly redtricted to the plant on which the eggs
were laid (primary hostplant species). Prediapause larvae spin aweb and feed
gregarioudy. Webs are fairly conspicuous and associated with visible feeding
damage to the plant. During the third instar (about 10 days after hatching),
larvae are able to move among individud hogplants. Third ingtar larvae usudly
wander independently in search of food, and may switch from feeding on the
plant on which they hatched to another plant of the same species, or another
hostplant species (secondary hostplant). During development, the hostplants
age, eventudly drying out and becoming inedible. At the time of hostplant
senescence, if larvae have accumulated sufficient reserves, they are able to enter
digpause. Larvae have been observed entering digpause in the lab as early as
second ingtar, and surviving to the next season (K. Osborne and G. Prétt, pers.
comm.)

Digpause is alow-metabalic resting state that enables larvae to survive for
months during the summer without feeding. While in digpause, larvae are much
less sengitive to climatic extremes and can tolerate temperatures from over 49
degrees Celsus (120 degrees Fahrenheit) to below freezing (M. Singer, pers.
comm.). Thelarva exterior, or skin, is distinctive during digpause, becoming
much blacker with denser “hairs’ (setae) than earlier ingars (Appendix 1).
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Digpausing Euphydryas editha larvae have been observed curled up under rocks
or sticks, and enclosed in alight webbing (C. Parmesan and M. Singer, pers.
comm.). Although the location of digpausing Quino checkerspot larvae in the
fied is undocumented, the presence of clusters of post digpause larvae found

near dense grass and shrub cover indicates they may digpause in these areas
(Oshorne and Redak 2000).

Like many other rdated butterflies, Euphydryas editha larvee can live for severd
years. One mechanism that generates longevity is repeated digpause (Singer and
Ehrlich 1979). This occurs when larvae emerge from digpause, feed, and then
re-enter digpause, postponing development until the next year. It has been
suggested that Quino checkerspot larvae may aso be able to survive without
breaking digpause in extremely dry years (G. Pratt, pers. comm.).

It isnot known if Quino checkerspot larvae can store enough energy reserves for
prolonged digpause of more than ayear. However, the Quino checkerspot’s
ability to undergo repeated digpause is well-documented. Laboratory studies
have repeatedly shown that post-digpause larvae feeding in early spring are able
to re-enter digpause and postpone development another season if food resources
are exhausted (G. Pratt and M. Singer, pers. comm.). However, repeated
digpause in the field has not been studied, and the Recovery Team did not agree
on how prevaent it might be under typical environmental conditions. There

have been rare field observations of larvae that had re-entered digpause (D.
Murphy and M. Singer, pers. comm.). For example, M. Singer (pers. comm.)
found more than 50 larvae that had re-entered digpause in the middle of apatch
of hogt plants that had been totally consumed. Re-entering digpause may aso
occur under conditions when plants are unusudly dry or developmentaly
advanced, because poor host plant conditions indicate high larva mortality. The
Recovery Team did agree that under exceptionaly poor conditions, most or even
dl larvee a a Ste may re-enter digpause, dthough this occurrence has not been
documented in thefidd. Larvae gppear to have anarrow window of time during
which digpause may be re-entered. Last instar larvae do not appear to be able to
re-enter digpause, and repeated digpause has only rarely been observed in next-to
lagt ingtar larvae (G. Prait, pers. comm.). Also, there is probably a sgnificant
mortality risk during digpause (Moore 1989), s0 the likelihood of successful
development and reproduction must be lower than the probability of surviving a
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second season of digpause for repeated diapause to have a fithess benefit.
Because Quino checkerspot larvae can re-enter digpause, it is possible that an
adult flight period may only include a portion of the origind larva population or
may not occur at al in some occupied Sites under adverse conditions. From the
perspective of judging whether a population has been extirpated, it isimportant
to know that arobust population may generate no adults at al under poor
environmental conditions.

Sufficient rainfal, usualy during November or December, causes larvae to break
digpause. Records of late second flight seasons following unusuad summer rains
indicate that the Quino checkerspot does not require winter chilling to break
digpause, and may not digpause a al under some circumstances (Mattoni et al.
1997). Rain stimulates germination and growth of the hostplants fed upon by
postdiapause larvae, which can crawl up to severd metersin search of food.
Postdigpause larva dispersal has been well documented in the bay checkerspot
butterfly; larvae have been observed to travel up to 3.5 meters (11.5 feet)during a
4-day period (Weiss et al. 1987). Greater dispersal distances were rare, but
movement up to 10 meters (33 feet) per day has been recorded (Weiss et al.
1988). Postdigpause larvae seek microclimates with high solar radiation, which
hel ps speed development (White 1975, Weiss et d. 1987, Osborne and Redak
2000).

Because of variable weather during winter and early spring, the time between
digpause termination and pupation can range from 2 weeks if conditions are
warm and sunny, to 2 or 3 months if cold, rainy conditions prevail (G. Pratt,
pers. comm.). Postdiapause larvae undergo three to as many as seven indars
prior to pupating in Slken shelters near ground level.  Adults emerge from pupae
after gpproximately 10 days, again depending on weather (Mattoni et al. 1997).

2. Adult Behavior and Resource Use

Adult Quino checkergpot butterflies spend time searching for mates, basking in
the sun to thermoregulate, feeding on nectar, defending territories, and (in the
case of femaes) searching for ovipostion sites and depoditing eggs. The Quino
checkerspot is ectothermic, using air temperatures and sunshine to increase body
temperatures to levels required for flight. If air temperatureis cool, clear skies
and bright sunshine may provide enough therma power for flight, but flight is
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not possible below about 16 degrees Celsius (60 degrees Fahrenheit). In warmer
ar temperatures, flight may gill be possible with scattered clouds or light

overcast conditions, but has not been observed in very cloudy, overcadt, or foggy
westher. Adults remain hidden (often roosting in bushes or trees) during fog,
drizzle, or rain, and usudly avoid flying in windy conditions (sustained winds
greater than 24 kilometers (15 miles) per hour). Quino checkerspot butterflies
generdly fly close to the ground in ardatively dow, meandering flight pattern

(M. Singer, pers. comm.).

The Quino checkerspot, like other subspecies of Euphydryas editha, show a
preference for barren spotsin their habitat of low-growing vegetation (Osborne
and Redak 2000). Quino checkerspots tend to avoid flying over trees, buildings,
or other objectstaler than 1.8-2.4 meters (6-8 feet) (G. Pratt, C. Parmesan, and
K. Osborne, pers. comm.). Quino checkerspot thermodynamic requirements and
natural avoidance of shaded areas detersflight in densaly wooded areas and
other types of closed-canopy vegetation (M. Singer, pers. comm.).

Male Quino checkerspots, and to alesser extent femaes, are frequently observed
on hilltops and ridgelines (U.S. Fish and Wildlife Service database), and a
number of behaviors characteristics of species known to hilltop have been
documented (K. Osborne and G. Pratt, pers. comm.). Largely untested
explanations for this behavior include: 1) the active dispersa of mae and

femde butterflies to locd hilltops or ridgeines during years of low adult dengty
where the probability of finding mates isincreased (facultative hilltopping
behavior); 2) the presence of areas of exposed soil resulting in warmer
microclimates and superior basking Stes than surrounding vegetated dopes and
valeys, and 3) the attraction of maesto the activities of other butterfly species
on hilltops. Hilltops may aso represent centers of Quino checkerspot population
density in some areas. Because Quino checkerspot adults are frequently
observed on hilltops (U.S. Fish and Wildlife Service database), even in the
absence of nearby larva hostplants (K. Osborne and G. Pratt, pers. comm.),
hilltops and ridgelines should be searched during presence/absence surveys and
conddered for inclusion in reserve design.

Data from mark-recapture studies indicate that long-distance dispersa (greater
than 1 kilometer (0.6 miles)) in Euphydryas editha israre. Nonetheless, Murphy
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and White (1984) suggested that long-distance dispersa events associated with
population outbresks may contribute significantly to colonization or

recol onization of unoccupied areas and hence to long-term surviva of the Quino
checkerspot.

Most Euphydryas editha subspecies exhibit generdly sedentary behavior, with
adults frequently remaining in the same habitat patch in which they developed as
larvae (Ehrlich 1961, 1965; Boughton 1999, 2000). However, femae bay
checkerspots were found to be more likdly to emigrate than males (Ehrlich et dl.
1984). Adult dispersd by the bay checkerspot (Euphydryas editha bayensis), is
typicaly lessthan 150 meters (490 feet) between recaptures (Ehrlich 1961,
Ehrlich 1965, Gilbert and Singer 1973). Though astudy of the Quino
checkerspot a Otay Lakesin San Diego County included an estimate of less than
100-meter (330-foot) dispersal distances (White and Levin 1981), this study was
not designed to detect long-distance dispersa. Harrison (1989) recaptured bay
checkerspots greater than 1 kilometer (0.6 mile) from the point of release in only
5 percent of cases. Long-distance dispersal in bay checkerspot butterflies has
been documented as far as 7.6 km (4.7 miles) (D. Murphy pers. comm.), 5.6 km
(35 miles) (1 mae), and 3 km (2 miles) (1 femae) (Harrison 1989).

Long-distance habitat patch colonization may be achieved within asingle season
through long-distance dispersal of individud butterflies, or over severd seasons
through stepping-stone habitat patch colonization events. 1n a study of the
Morgan Hill bay checkerspot idand-mainland type metapopulation, no
unoccupied habitat patches farther than 4.5 kilometers (2.8 miles) from the
source popul ation were colonized over a 10- year period (Harrison et al. 1988).
A model, which was conservative with respect to extinction, predicted habitat
patches a a distance grester than 7 to 8 kilometers (4 to 5 miles) from the
primary source population were not likely to support populations (Harrison et
al. 1988).

The sdection of specific plants by Euphydryas editha on which to oviposit
(deposit eggs) is geneticaly determined and strong naturd selection can lead to
rgpid changesin diet (Singer et al. 1993). The ability of Euphydryas editha
larvae to grow and survive on particular hostplant speciesis variable anong
individud larvae (Singer et al. 1988) and among larva populations (Singer et al.
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1994, Rausher 1982). Singer et al. (1991) found that dwarf plantain (Plantago
erecta) was preferred over chinese houses (Collinsia tinctoria) by Quino
checkerspots from the lower Otay lakes area. When female Euphydryas editha
butterflies fail to encounter preferred hostplants, the likelihood of emigration to
other suitable habitat patches increases (Thomas and Singer 1987). Host
preference in females can be quantified by measuring the amount of time a
butterfly searches before it will deposit eggs on less preferred hostplants (Singer
et al. 1992).

Most Quino checkerspot oviposition has been documented on dwarf plantain
(Plantago erecta). However, egg clusters and pre-digpauise larvae were recently
documented on wooally plantain (P. patagonica), which appearsto be the sole
primary host for the Silverado metapopulation in southern Riversde County

(Pratt 2000). Bird’s-beak (Cordylanthus rigidus) was observed on two occasions
in 1999 to have recelved egg clugters in southern San Diego county (G. Pratt

pers. comm.).

Dwarf plantain (Plantago erecta) occurs in annua forbland, coastal sage scrub,
and open chaparrd. 1t can be found on soils with and without cryptogamic
crusts, and is often associated with fine-textured clay soils from gabbro and
basdlt parent materids. Whether the species has an affinity for these soils or
whether the soils reduce competition from invasive nonnative annua forbs and
grassesis unknown. Dwarf plantain does not appear to have any specid
requirements for germination associated with fire. For instance, its seed coat
imbibes moisture and forms mucilage (A. Sanders, pers. comm.), whichisnot a
trait of the hard-coated seedstypica of obligate fire-following species.

However, it may become more abundant immediately after afire because of the
reduction of canopy cover and other changes that favor the species. Seed bank
persistence and dynamics in dwarf plantain are not well understood, but seed set
may have mgor impacts on Quino checkerspot populations and so warrants
research. An gpparent high degree of annud turnover of P. insularis seed was
observed at Jasper Ridge (N. Chiaridlo, pers. comm.). However, thereislittle
annud turnover in dwarf plantain (P. erecta) seed in southern San Diego County;
at Lower Otay Lakes bouts of total defoliation prior to seed set were followed by
dense germination the following year, demondrating that the seed bank perssts
at least 2 yearsin that area (Murphy and White 1984).
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The two most important factors affecting the suitability of hostplants for Quino
checkerspot ovipostion are exposure to solar radiation and phenology, (timing
of the plant’s development). Quino checkerspots deposit eggs on plants located
in full sun, preferably surrounded by bare ground or sparse, low vegetation.
Plants shaded through the midday hours (1100 to 1400) or embedded in taler
vegetation appear to be lesslikely targets for oviposition, probably because of
high temperature requirements of developing larvae (Weisset al. 1987, 1988;
Osborne and Redak 2000). Primary hostplants must remain edible for
approximately 4 weeks after eggs are laid (2 weeks for egg maturation and 2
weeks for larval feeding) (Singer 1972, Singer and Ehrlich 1979). Areaswith
hostplant populations that do not remain edible for sufficient time after
ovipogition can not provide suitable habitat that season. Adult female butterflies
are adept at selecting those plants that receive adequate sunshine and will remain
edible the longest (McKay 1985, Parmesan 1991, Singer 1994, Parmesan et al.
1995).

Euphydryas editha egg clusters typicaly contain 20-150 eggs (M. Singer, C.
Parmesan, and G. Pratt, pers. comm.). Destruction of eggs by predators and
physical disturbance can be substantiad. Even o, it would be unusud for an
individud Plantago plant to support an entire larval cluster to digpause.
Normally pre-digpause larvae consume the plant on which they hatch, and then
migrate in search for new plants. Ther ability to search is quite limited,
especidly prior to thethird indar. First and second ingtar larvae can find hosts
within 30 centimeters (1 foot) of their origind hogt plant. By mid-third indar,
larvae can find hosts up to 1 meter (3.3 feet) away (G. Pratt, pers. comm.).
Therefore, high loca host dengity is necessary for high larva survivd, but
hostplants must occur in sufficient open areas with high solar exposure (Osborne
and Redak 2000). Where secondary hosts are nearby, the amount of primary
host that is needed may be reduced, but must be sufficient for larvaeto reach a
Size at which they can disperse to the secondary host.

Secondary larva hosts may be important both before and after digpause. Some
metapopulations of this subspecies may be dependent for perdgstence on
secondary hogts, but thriving Quino checkerspot metapopulationsin Bgja
Cdifornia have persasted for long periods with no other possible host but
Plantago spp. (C. Parmesan and M. Singer, pers. comm.). Typicdly,
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prediapause secondary hogts are important when the primary hosts undergo
senescence before larvae can respond by entering digpause. Such isthecasein
many populations of the bay checkerspot, where dwarf plantain (Plantago
erecta) isthe primary hogt, but most larvae survive to digpause by migrating to
owl’ s-clover (Castillgja exserta). Predigpause larvae feed on C. exserta uril
digpause, then return to feeding on P. erecta when they bresk digpause in winter
(Singer 1972, Ehrlich et al. 1975).

Euphydryas editha butterflies use a much wider range of plants for adult nectar
feeding than for larvad foliage feeding. These butterflies apparently learn to
aight on and find nectar in particular flower species, demondirating some degree
of nectar source constancy (McNedy and Singer in press). Euphydryas editha
has a short tongue, and cannot feed on flowers that have deep corolla tubes or
flowers evolved to be opened by bees (M. Singer, pers. comm.). Euphydryas
editha prefers flowers with a platform-like surface on which they can remain
upright while feeding (D. Murphy, G. Pratt, and M. Singer, pers. comm.). The
butterflies frequently take nectar from lomatium (Lomatium spp.), goldenstar
(Muilla spp.), milfail or yarrow (Achillea millefolium), fiddleneck (Amsinckia
$p.), goldfidds (Lasthenia spp.), popcorn flowers (Plagiobothrys and
Cryptantha spp.), gilia (Gilia spp), Cdifornia buckwheat (Eriogonum
fasciculatum), onion (Allium spp.), and yerba santa (Eriodictyon spp.) (D.
Murphy and G. Pratt, pers. comm.). Quino checkerspots have been observed
flying several hundred meters from the nearest larva habitat patch to nectar
sources, however, bay checkerspot studies found butterflies tended to deposit
eggs on hogts that are close to, rather than farther from, adult nectar sources
(Murphy 1982, Murphy et al. 1983).

3. Climatic Effects

L epidopterists have documented the extirpation of Euphydryas editha

popul ations associated with unusud climatic events (Singer and Ehrlich 1979,
Ehrlich et al. 1980, Singer and Thomas 1996). For example, the severe drought
in Cdiforniafrom 1975 through 1977 caused the apparent extirpation of 24
percent of surveyed populations of Euphydryas editha (Singer and Ehrlich 1979,
Ehrlich et al. 1980). Observations and experiments suggest that the relationship
between westher and survivd of Euphydryas editha is mediated by the timing of
itslife cycle rdative to that of its host and nectar plants (Singer 1972, Ehrlich et
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al. 1975, Boughton 2000). A phenologica mismatch was observed in southern
Cdiforniain 1996 when firg ingtar larvae were found on plants that were
dready dying, making it highly unlikely that they would support the larvae to
digpause (Parmesan, in press). In genera, weather conditions that speed the
plant life cycle rdative to that of the insect, such aswarm, cloudy westher,
causes increased larval mortdity (Singer 1983, Boughton 1999). Conversdly,
conditions that dow the plant life cycle relative to that of the insect increase
larva surviva. Microtopographic heterogeneity and associated microclimate
heterogeneity, on ascale that dlows larvae and ovipositing adults to select
among sites, should help prolong occupancy of habitat patches (Singer 1972,
Singer and Ehrlich 1979; Weiss et al. 1987, 1988; Osborne and Redak 2000).

4. Metapopulation Structure

Digtribution of the Quino checkerspot butterfly is patchy a many geographic
scales. Locd resources are not evenly distributed on the scae of meters, clusters
of hostplant micro-patches are unevenly distributed to form habitat patches at the
scae of kilometers, and these in turn are patchily digtributed at even larger scales
to form networks of connected habitat patches. Occupancy of habitats at each
scaeisinfluenced by habitat patch colonization and extirpation rates at that

scae.

Loca habitat patch occupancy can be maintained on a set of smal patches of
hostplant (micro-patches) within a habitat patch separated by open ground or
chaparrd, provided that the host micro-patches are within the typicd flight range
of the butterflies (about 50-200 meters (160-660 feet)). At thisscde, adult
butterflies could be expected to move among micro-patches each season. To
estimate the amount of food resources necessary to maintain aloca paich,
assume that 100 adults, with a balanced sex ratio, might be typica within a
habitat patch. Life-history datafrom the field (Singer 1972, Moore 1989)
indicate that in a population that is neither increasing nor decreasing, each mated
femae would produce, on average, 3 to 4 adults, some of which would emigrate
or fail to reproduce. If amated femde lays 3 to 4 clugters, then each egg cluster
would generate, on average, asingle adult. Based on these assumptions, in a
population of 100 adults, 50 femaes would each need to find 3to 4
micro-patches, so alocal habitat patch would need 50 x (3 to 4), or 150-200
suitable micro-patches of 20 (or more) plants to support the habitat patch's
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population of predigpause larvae. Larger host patches could accommodate more
egg clugters, but no evidence exigts to suggest that Euphydryas edithas spatialy
digtribute egg massesin a manner that would maximize offspring surviva. On

the contrary, individua females often gpparently independently sdect the same
ovipostion Stes, leading to high mortdity of larvae from competition (Rausher

et al. 1981, Boughton 1999).

Each successful post-digpause larva consumes severd hundred Plantago
seedlings, and the impact on a plant population can be severe. Thus
post-digpause larva feeding has three consequences for habitat assessments. 1)
Plantago dengity estimates made during seedling stages, when post-digpause
larvae have not yet finished feeding, must consider future post-digpause feeding
needs, 2) the number of plantsin a Plantago population that currently support
Quino checkerspot larvae will be lower than the number in the same population
without the butterflies, and 3) measurements of Plantago densty in unoccupied
habitat may overestimate the ability of habitat patches to support a butterfly
population. Also, if larvae commonly re-enter digpause during dry years,
hostplant density (habitat suitability) may be underestimated due to low
germination rates that do not affect the population of larvae. Notethat a
substantial amount of food, primary or secondary hogtplants, must remain after
the post-digpause larvae have finished feeding if a habitat patch is to support
clugters of pre-digpause larvee clugters. If too few primary hostplants remain,
adults must disperse to seek new habitat patches for oviposition.

Locd habitats done are generdly not sufficient to ensure the long-term
persstence of the butterfly. A loca population may be expected to persst on the
time scde of years. Persstence for longer terms derives from the interaction of
sets of loca habitat patch populations at larger geographic scales. These sets of
populations are known as metapopulations. For the bay checkerspot butterfly, a
metapopulation was described as. "...a set of populations (i.e., independent
demographic units, Ehrlich 1965) that are interdependent over ecologica time.
That is, dthough member populaions may change in size independently, their
probabilities of existing a a given time are not independent of one another
because they are linked by processes of extirpation and mutua recolonization,
processes that occur, say, on the order of every 10 to 100 generations.” (Harrison
et al. 1988). The ability and propengty of larvae to undergo multiple-year
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digpause in thefidd, and survivd rates during repeated digpause (currently
unknown), will also affect the persstence time of loca populations.

The timescale of extirpation and recolonization depends on the geographic scae
of the metapopulation. Smaller metgpopulations, composed of sets of local
habitat patches described above, should be stable over the course of decades,
with habitat patches recolonized within afew years of extirpation. The distance
between habitat patches determines the colonization rate, and for smadll
metapopulations this distance is likely to be under 1 kilometer (0.6 mile). Larva
occupancy blinksin and out within the habitat patches, but the metapopulation as
awhole remains sable, provided extirpations offset recolonizations. An
example of asmall bay checkerspot metapopulation isthat at Jasper Ridge. At
larger geographic scales, sets of smal metgpopulations can be nested within
larger metapopulations. Networks of small metapopulations are separated by
greater distances than habitat patches, and these networks experience extirpation
and colonization on the scale of centuries rather than decades. However,
long-term persistence of species with metapopulation dynamics depends on
maintenance of the patches and sets of habitat patches or rare long-distance
dispersd eventsthat link larger metgpopul ations together.

Rare examplesexist of Euphydryas editha populations that apparently do not
require a metapopulation structure for long-term persstence. One exampleisthe
smdl population a Surf, north of Santa Barbara near Point Sal. Thislocal

coadta population has perssted in gpparent isolation for more than 50 yearsin a
habitat patch no larger than 30 square meters (320 square feet) (Parmesan 1996),
perhaps due to the stable marine climate influence.  Although the Brown Canyon
habitat complex may be smdl and largely independent (G. Pratt, pers. comm.),
most current Quino checkerspot populations probably have alarge
metapopulation structure (Recovery Team, K. Osborne, pers. comm.).

Two types of metapopulation structure have been described, the idand-mainland
and Levinstypes. The bay checkerspot Morgan Hill metapopulation represents
an example of asmdl idand-mainland type in which occupancy of asingle large
source habitat patch perssts through time while surrounding smal habitat

patches regularly are extirpated and must be recolonized by the source

population (Harrison et al. 1988). However, presence of a"source” habitat patch
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does not necessarily mean that small surrounding habitat patches are not required
to have long-term viahility. Non-source habitat patches may well act as
temporary refugia during rare geographicaly specific catastrophic events such as
fire, dlowing recolonization of an extirpated source patch population. The
Euphydryas editha nubigena metgpopulation aong the Generd's Highway
represents a Levins type structure in which each habitat patch (except those
disturbed by logging) has amore or less equa probability of extirpation (Thomas
et al. 1996). Not al larva habitat patches occupancy is extirpated
smultaneoudy, and occupied patches regularly provide migrants for
recolonization of empty habitat patches (Singer and Thomas 1996; Thomas et al.
1996; Boughton 1999, 2000). When functioning naturdly, both metapopulation
sructures result in arelatively constant number of habitat patches occupied by
larvee. Of courseit is possible for metapopulation structure to fal somewhere
between the two extremes. It isnot known which type of metapopulation
sructure is most common in the Quino checkerspot.

Using metapopulation theory, reserves should be designed to provide sufficient
numbers of habitat patches such that: 1) only asmal number of habitat patches
will likely be extirpated in asingle year, and 2) patches are close enough that
netura recolonization can occur & arate sufficient to maintain arddively
constant number of patches occupied by larvae. In generd, the more frequent
the extirpations, the more patches that are necessary to support a metapopulation
for agiven length of time (Harrison and Quinn 1989). Environmentd diversity
among habitat patches should aso reduce the probability of smultaneous
extirpation of habitat patches (Harrison and Quinn 1989).

Fragmentation of Quino checkerspot habitat has isolated many habitat patches
and smd| networks by more than 5 kilometers (3 miles) from other habitat
patches and networks. Extirpation of isolated populationsis likely, given that
periodic extirpations on asmdl scale are normd in Euphydryas editha (Ehrlich
et al. 1975). All esebeing equd, the probability of asmall metgpopulation
being extirpated within afew decades is higher than alarger one because of the
increased probability of smultaneous extirpation of each habitat patch. Unlessa
stable mainland " source" population can be established, Quino checkerspot
reserves should be designed to protect presumed Levins-style metapopulation
dynamics, in which ardatively constant number of linked habitat patches
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occupied by larvae persist and natural recolonization of suitable and restored
habitat patches occur. Where neither is possible, population augmentation will
be necessary after widespread extirpation events.

Table 1. Bay checkerspot metapopulations distribution scales.
Habitat patch ~ Small metapopulation Large metapopulation

Example AreaH Jasper Ridge Morgan Hill and
environs

Edimate lessthan 25 25-400 hectares 400-40,000 hectares

of hectares (0.10-1.5squaremiles)  (1.5-150 sguare

example (0.10 square miles)

area mile)

Edtimated 50-500 500-2,000 over 2,000

number of

individuas

Estimated Years Decades Centuries

persistence

time

E. Reasonsfor Declineand Current Threats

The Quino checkerspot is threatened primarily by urban and agriculture
development, invasve nonnative species, off-road vehicle use, grazing, and fire
management practices (62 FR 2313). Quino checkerspot population decline
likely has been, and will continue to be, caused in part by enhanced nitrogen
depostion (Allen et al. 1997), elevated atmospheric carbon dioxide
concentrations (Covidlaand Trumble 1998), and climate change (Parmesan
1996, Fidd et al. 1999). Nonetheless, urban devel opment poses the greatest
threat and exacerbates other threats. Asaresult, careful planning that restricts
development in the proximity of Quino checkerspot metapopulations will be the
key to long-term conservation of the species. Any activity resulting in habitat
fragmentation, or host or nectar plant remova reduces habitat qudity and
increases the probability of Quino checkerspot extinction. Stamp (1984) and
White (1986) examined parasitism and predation of the genus Euphydryas,
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dthough it is not clear whether these mortaity factors pose a significant threet to
the species. Predation by Argentine ants (Iridomyrmex humilis) has been
observed in Quino checkerspot laboratory colonies (G. Pratt, pers. comm.), and
predation by imported Brazilian fire ants (Solenopsis invicta) islikdy if they
were to co-occur with Quino checkerspot (Porter and Savignano 1990).
Brazilian fire ants were discovered in 1998 in the vicinity of historic Quino
checkergpot habitat in Orange County, and have subsequently been found in San
Diego, Riversde and Los Angees counties (Cdifornia Department of Food and
Agriculture, see http://mww.cdfg.cagov). lllegd trash dumping is a problem for
some populations (G. Pratt, pers. comm.). Over-collection by butterfly
collectorsis dso athreat (62 FR 2313), dthough the current prevalence of this
threet is unknown.

1. Loss and Fragmentation of Habitat and Landscape Connectivity

More than 90 percent of the Quino checkerspot’ s historic range has been lost due
to habitat degradation or destruction (D. Murphy, pers. comm.) Most of the
species preferred habitat, mesatops in particular, has been destroyed or is
currently threstened by residentid, urban, and industria development and
associated indirect impacts on adjacent undevel oped aress.

The probability that suitable habitat patches not occupied by larvae will be
recolonized is decreased as metgpopul ation distributions become smaler (fewer
occupied larva habitat patches) and habitat becomes more fragmented. Low
population densities aso reduce dispersd rates and generdly make

metapopul ations more vulnerable to extirpation. Small, isolated, or poorly
interconnected metgpopulations are subject to higher rates of genetic drift and
inbreeding depression, resulting in reduced genetic variability. Inbreeding
depression, or lowered fitness resulting from breeding among closely related
individuas, has been documented in the Glanvillefritillary (Melitaea cinxia), a
relative of the Quino checkerspot (Sacchieri et al. 1998, Niemen et al. in press).
Reduced genetic diversity usudly decreases the ability of a speciesto adapt to
changing environmenta conditions. A large, well-connected metgpopulation
alows the genetic exchange among habitat patches needed to maintain a
gendticdly diverse pool of individuds.
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Research has demongtrated that intact landscape and habitat connectivity
promotes persistence of other subspecies of Euphydryas editha across a
landscape (Murphy and White 1984, Harrison et al. 1988, Harrison 1989, Singer
and Thomas 1996). Although ayear of extremely high rainfall appearsto have
prompted active long-distance dispersa in Quino checkerspot (Murphy and
White 1984), the apparent rarity of this event, generdly sedentary nature of the
butterfly, current low population numbers, and reduced population distribution
(Figure 2), decrease the probability that such naturd, long-distance dispersal
could reestablish occupancy in most habitat patches.

2. Invasion by Nonnative Plants

Nonnative annua grasses and forbs have invaded Quino checkerspot habitat and
dominate many areas throughout the range of the butterfly. Both native shrubs
and forbs have been displaced (Freudenberger et al. 1987, Minnich and Dezzani
1998, Stylinski and Allen 1999). Nonnative plants invade more rgpidly
following fire or other disturbance and can displace dwarf plantain (Plantago
erecta), which appearsto be apoor competitor against nonnative grasses. The
few exiging experimentd studies on dwarf plantain have been carried out in
northern Caifornia on serpentine grasdand. After early fdl rains dwarf plantain
germinated later than a nonnative grass, soft chess (Bromus mollis (=B.
hordeaceus)) (Gulmon 1992). Similarly, dwarf plantain decreased during years
of high rainfall, corrdlated with high productivity of soft chess (Hobbs and
Mooney 1991). Soft chess was more competitive than dwarf plantainin
greenhouse experiments (Koide et al. 1987), and nitrogen fertilization decreased
the 9ze and dengity of dwarf plantain (Koide et al. 1988). These sudies indicate
that weed competition will reduce the occurrence of dwarf plantain in exotic
annud grasdand. The most abundant nonnatives include species of brome grass
(Bromus), oat grass (Avena), foxtail barley (Hordeum), mustard (Brassica), and
red-stem filaree (Erodium). In addition to displacing larva hogiplants, nonnative
annuas have been replacing nectar plants, including dominant shrubs of coastal
sage scrub, throughout the historic range of Quino checkerspot (Freudenberger et
al. 1984, Minnich and Dezzani 1998, Stylinski and Allen 1999).

Converson from native vegetation to nonnative annud grasdand will bethe
greatest threat to Quino checkerspot reserves based on observations of the large
scae invasions throughout the range (Freudenberger et al. 1984, Minnich and
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Dezzani 1998, Stylinski and Allen 1999). The increased dominance of nonnative
species may reduce the abundance of Quino checkerspot foodplants (Koide et al.
1987), and habitat fragmentation exacerbates vegetation type conversion because
ground disturbance and edge effects in fragments with large edge-to-area ratios
experience higher rates of invason. Corridors of human activity through
unfragmented natural areas such as unpaved roads, trails, and pipelines are dso
conduits of nonnative seed dispersal (Zink et al. 1995). Other causes of
vegetation type converdon include fire, grazing, off-road vehicle activity, and
increased nitrogen deposition (Allen et al. 2000).

Once invasion by nonnatives has occurred, natural succession likely will not
alow for the complete recovery of the site to a pre-disturbance state. For
example, after surveying 25 coastal sage scrub and chaparrd sites disturbed up
to 70 years ago in San Diego County, Stylinski and Allen (1999) concluded that
dl the origind plant communities were significantly dtered by nonnative plant
invason. These steswere primarily disturbed by mechanicd means such as
agriculture, landfills, and grading, but sites that have been subject to disturbances
that remove vegetation without disrupting the soil, such as frequent fire, dso
contain perdgstent stands of nonnative vegetation (Freudenberger et al. 1984,
Minnich and Dezzani 1998). These kinds of studies indicate thet active
restoration will be required to control nonnative annuals and reestablish native
vegetation. Even disturbance events that do not directly threaten Quino
checkerspot populations do so indirectly by exacerbating nonnative invasion, as
explained below.

3. Off-road Vehicle Activity

Quino checkerspot populations are threatened in some areas by frequent off-road
vehicle use, both for recreationa and professond (such as Border Patrol
activity) purposes. Theleve of off-road vehicle damage and its effects on Quino
checkerspot populations are increasing as the amount of available undevel oped
land decreases. Off-road vehicle use compacts soil, destroys hostplants,
increases erosion and fire frequency, createstrails that are conduits of nonnative
plant invasion (Frenkd 1970), and gresetly increases the probability of egg and
larval mortaity. Although off-road vehicles can destroy suitable habitat and
damage butterfly populations, they can adso create habitat if the traffic reduces
canopy cover in unoccupied areas (Osborne and Redak 2000; G. Pratt, pers.
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comm.). However, continued use of subsequently occupied habitat created by
off-road vehiclesislikdly to create amortdity snk. Destruction of eggs and
larvaeis of particular concern because the occurrence of Quino checkerspot

larval and egg distribution is correlated with bare or sparsely vegetated areas
(Oshborne and Redak 2000, Pratt 2000) where off-road vehicle and other traffic is
most likely to occur.

The primary problem is the combination of off-road vehicle use patterns and
Quino checkerspot behavior. Off-road vehicle usersliketo travel aong
preexigting dirt paths and/or form new ones, particularly dong ridgdlines. Adult
Quino checkerspots dso fly up and down these open trails, especidly those
aongridges. Femaes dso prefer to deposit eggs on Plantago growing in open
soil, the same type of soil created by off-road vehicle disturbance (Pratt, 2000).
Eggs, which take 2 weeks to develop, and predigpause larvae, which can take an
additiona 2 weeks, are susceptible to being crushed by off-road vehicle traffic.
Predigpause larvae cannot travel great distances and are restricted to asmall area
near the plant where their mother deposited her eggs. Since postdiapause larvae
aso tend to bask on open soils and pupate in this type of habitat (Osborne and
Redak, 2000), they are also susceptible to being crushed.

Detrimental effects of off-road vehicle use have been observed at the Wilson
Vdley stein Riversde County where motorcycles destroyed plants with egg
and larvd clusters. At Oak Mountain, one clay lens habitat where Quino
checkerspot femaes had been observed the previous spring was thoroughly
destroyed by off-road vehicles (as evidenced by many tire-tracks), and no
Plantago could be found there the following spring (G. Pratt, pers. comm.).

4. Grazing

The impacts of grazing on Quino checkerspot habitat vary depending on the
pecies of grazer and the timing, intengty, and duration of grazing. Generdly
impactsinclude larval hostplant destruction, soil compaction, cryptogamic crust
degradation, and egg and larva trampling (M. Dodero, pers. comm.). Sheep and
goat grazing precludes Quino checkerspot surviva, dthough grazing may be of
some short-term benefit to Plantago populations, presumably through
preferential feeding on nonnatives (G. Pratt, pers. comm.).
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Consumption of nonnative plants by domestic animals has been used asatool to
prevent further deterioration of aready degraded bay checkerspot habitat
(restricted to serpentine soils).  In the short term, cattle may reduce non-native
grassinvason rates in dready degraded habitat through preferentia grazing and
enhanced nitrogen exportation (Weiss 1999). However, in Quino checkerspot
habitat cattle have aso been observed to cause disturbance to soil crusts that
contributes to initid invasion rates (M. Dodero, pers. comm.). Livestock have
been found to contribute to non-native plant invasion in the arid western U.S. by:
1) trangporting seedsinto uninfested Sites, 2) preferentidly grazing native plant
species (athough this has not been observed in Euphydryas editha habitat), 3)
cregting bare, disturbed patches of soil and destroying crusts, 4) increasing soil
nitrogen concentration (if they are not managed to enhance exportation), 5)
reducing soil mycorrhizee, and 6) accelerating soil eroson (Belsky and Gelbard
2000). Observations of coastal sage scrub in the Western Riverside County
Multiple Species Reserve found that native forbs were readily consumed if
grazing was done at the time of year when they were abundant and flowering

(E. Allen, pers. comm.). It is doubtful that even carefully controlled grazing can
effectively reduce nonnative plant invasion in the variety of habitets that harbor
the Quino checkerspot, and it should be phased out and replaced by other less
destructive nonnative plant control methods. Intact cryptogamic crusts appear to
exclude nonnative plant invasion better than caitle grazing (M. Dodero, pers.
comm.)

5. Fire

Increased fire frequency is acause of native Cdifornia plant community decline,
and therefore a threat to Quino checkerspot surviva. Frequent fireis caused by
increased human populations (increased ignition sources), and by increased
habitat fragmentation and trangportetion corridors thet alow highly flammable
nonnative plants to penetrate undevel oped lands. Studies have shown that short
fireintervals of 5 years or less cause conversion of shrubland to grasdand,
enhancing nonnative grassinvason (Zedler et al. 1983, Maanson 1985,
Cdloway and Davis 1993). Thetypicd firereturn interva in coasta sage scrub
is approximately 30 years (Kedley and Kedey 1984, Westman and O'Leary
1986). Under shorter fireintervals, shrubs, unlike annuas, cannot grow to
meaturity and reproduce. Urban parksin western Riverside County (such as Box
Springs Mountain and Mount Rubidoux, which were dominated by coastal sage
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scrub 20 years ago) are now largely annual grasdands because of fires that
burned at 2- or 3-year intervas (Minnich 1988). Thus, frequent fire resultsin the
loss of shrubland in urban reserves where ignitions are frequent. Nonnative
annua grasses contribute to increased fire frequency by forming continuous fuel
more flammable than native shrublands.

The overdl impact of fire on Quino checkerspot habitat depends on the intengity,
frequency, season of occurrence, and Sze of the invasive nonnative seed bank
(Mattoni et al. 1997). Given the regtricted and fragmented Quino checkerspot
digtribution, and low population dengties, even higtoric naturd fire frequency
could extirpate occupancy of remaining isolated habitat patches that have little
chance of naturd recolonization. Although fire may have higoricdly played a
positive role in metgpopulation dynamics by creating openings for new habitat
patches, this Stuation does not gpply where weed invasion followsfire. Also,
dense populations of dwarf plantain (Plantago erecta) have not been observed
following fire, indicating the species either lacks a dormant seed bank or requires
alight burn for seed surviva (J. Kedey, pers. comm.). Firesare paticularly
common near southern Quino checkerspot populations near the internationa
border.

6. Enhanced Soil Nitrogen

Ancther factor that influences nonnative plant invason is soil fertility, as

invadve species are often better competitors for soil nutrients than native plant
species (Allen et al. 1998). Sailsin urbanized and agricultura regions are being
fertilized by excess nitrogen generated by human activities. Burning of fossl
fuds, production of fertilizer, and cultivation of nitrogen-fixing crops now add
as much nitrogen to global terrestrid ecosystems asdo al natura processes
combined (Vitousek et al. 1997).

Nitrogen deposition has been found to cause conversions from high-diversity
shrub-grasdands to low-diversity grasdands in other regions of the world,

notably the Netherlands where as much as 90 kilograms of nitrogen is deposited
per hectare per year (80 pounds per acre per year) (Bobbink and Willems 1987).
Southern Cdifornia currently experiences up to 45 kilograms per hectare per

year (40 pounds per acre per year) of nitrogen deposition, compared to the
background level of about 1 kilogram per hectare per year (0.9 pounds per acre
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per year) (Bytnerowicz et al. 1987, Fenn et al. 1996). Most nitrogen arrives
during the dry season as nitrate dryfal (particulate and ion deposition to
surfaces) produced by internd combustion engines. Soilsin the most polluted
regions near Riversde have more than 80 parts per million (weight) extractable
nitrogen, a value more than 4 times that detected in naturd, unpolluted soils
(Allenet al. 1998, Padgett et al. 1999).

Nitrogen fertilization experiments near Lake Skinner (where ar pallution is
relaively low) demonstrated that after 4 years the cover and biomass of
nonnative grasses increased and native shrub canopy decreased (Allen et al.
2000). These experiments suggest that the rate of loss and degradation of Quino
checkerspot habitat will continue, and may increase, in and near nitrogen
polluted lands. Nitrogen deposition in southern Cdiforniaisless saverein

coadtd than inland areas because prevailing winds move pollution inland

(Padgett et al. 1999). High emissons from nitrogen sources in Mexico could
threaten adjacent Quino checkerspot populationsin Cdifornia.

7. Effects of Increasing Atmospheric Carbon Dioxide Concentration
Increasing carbon dioxide gas has direct effects upon the vegetation and indirect
effects on associated insects. Atmospheric concentrations of carbon dioxide
have risen from a stable 270 parts per million volume prior to the 1900's, to 364
parts per million volume today, and continue to rise a arate of 0.4 percent per
year (IPCC 1996). Unlike atmospheric nitrate or ammonium that deposit dong
gradients from the source of emissons, carbon dioxide is globaly mixed and
thus has global impacts (IPCC 1996). Carbon dioxide has been shown to affect
plants primarily through increased growth and photosynthesis rates, an increase
in leaf tissue (foliar) carbon to nitrogen ratio (C:N), and increased production of
carbon-based defense compounds (IPCC 1996, Coviellaand Trumble 1999).
Increased plant productivity and biomassin chaparra (Oechel et al. 1995) and
coadtal sage scrub will likely contribute to increased canopy closure and
reduction of habitat favored by the Quino checkerspot. Chemica changesin
plant tissue have been found to affect food quadlity for herbivores, and often
resulted in reduced performance of |eaf-eating insects (reviews by Lindroth
1995, Bezemer and Jones 1998, Covidlaand Trumble 1999, and Whittaker
1999).
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Responses to carbon dioxide increases by larvae of the buckeye butterfly
(Junonia coenia, a co-occurring relaive of the Quino checkerspot), feeding on
English plantain (Plantago lanceolata, a co-occurring close relative of P.
erecta), are particularly relevant. When the current atmospheric carbon dioxide
concentration was approximately doubled, recorded effects included a 36 percent
increasein larva mortaity, increased development time, and decreased biomass
(Fajer 1989, 1991; Fajer et al. 1989). Growth of early ingtar (younger) larvee
was more reduced than that of later instars (Fgjer 1989, Fajer et al. 1989).
Buckeye butterfly results are generdly consstent with those of other studies
encompassing taxonomically diverse representatives of the order Lepidoptera,
suggesting smilarly negative effects on Quino checkerspot populations. An
extended development time in early indtar predigpause larvae would increase
probability of mortality factors prior to reproduction due to early hostplant
decline (see Climate Effects section above and Climate Change section directly
below).

8. Climate Change

Climate change is likely affecting the Quino checkerspot. A trend toward globa
warming in the last century has been linked to elevated greenhouse gases (Karl
et al. 1996, IPCC 1996, Easterling et al. 1997). For Mexico and southern
Cdifornia, the first warming appears to have started in the 1930's (Parmesan in
press). Despite increased El Nifio event frequency and intensity (IPCC 1996),
southern Cdliforniais one of the few regions gpparently receiving less overal
precipitation (Karl et al. 1996). Even if more frequent El Nifio events eventudly
result in increased total precipitation, warmer temperatures and increased
evaporation rates could till cause habitats to be drier during the crucid late
spring months, and hostplants would decline more quickly than in the past (Field
et al. 1999).

Using historical records and recent field surveys, Parmesan (1996) compared the
digtribution of Euphydryas editha in the early part of the twentieth century to

that in 1994-1996. She found the southernmost populations had the highest
gpparent extinction rate (80 percent) while northernmost populations had the
lowest (less than 20 percent) Populations had apparently been extirpated in areas
where habitat patches were otherwise (at least currently) suitable. This skewed
extirpation pattern resulted in the apparent contraction of the southern boundary
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by dmost 100 miles, and shifted the average location of a Euphydryas editha
populaion northward by 92 km, closdly matching the shift in mean yearly
temperature. Apparent extirpation rates were also reduced at the highest
elevations. These observations suggest that the Quino checkerspot may be at
substantia risk to the effects of continuing regional warming and drying. A

likely explanation for the apparent extirpation patternsis that climate trends
contributed to increased predigpause larva degth due to early hostplant aging at
the southern range edge, and that this process is contributing to the gpparent high
Quino checkerspot extirpation rate.

It isdifficult to conclusvely demondrate butterfly absence, dthough Parmesan’s
(1996) census method was designed to maximize detection and included
searching for dl life sages. The possibility of multiple-year digpause further
complicates interpretation of negetive survey results. Nonetheless, Parmesan’s
conclusons with regard to arange contraction are valid whether data reflect
actual extirpations or declining population densties, and whether or not they are
attributable to climate change. Even if Quino checkerspot butterflies are more
likely to re-enter and survive digpause than other sub-species of Euphydryas
editha, the population mortdity rate would gtill be higher in years the mgority
re-enter digpause than it would be in favorable years when they do not.
Therefore, undetectable adult denstiesindicate adeclinein loca population
dengity even if most larvae remain in or return to digpause. The likelihood of
range shifts occurring in North American butterfly speciesis aso supported by
the recent documentation of range-shifts by one-third of European butterfly
species with amuch more extensive monitoring history (Parmesan et al. 1999).
These European species are Smilar to the Quino checkerspot in being generdly
non-migratory, fairly sedentary, and host plant specidigis.

In light of the probakility of future range shifts, prudent design of reserves

should include protected corridors for range shifts northward and upward in
elevation. Populations inhabiting large undevel oped areas with a gable

(typicaly marine influenced) climate and a high degree of topographic diversity
should be the least affected by climate change. Should the current climate and
extirpation trends continue, Quino checkerspot populations adong the
southernmost boundary (in Mexico) are at the greatest risk. Unfortunately, these
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are also the habitats that appear to have the greatest hostplant density and the
lowest degree of threat from development.

F. Current and Evolving Conservation Measures

Since the 1997 ligting of the Quino checkerspot butterfly, severa conservation
efforts have been undertaken by various Federd, State, and locd agencies and
private organizations. The following briefly describe statutory protectionsand a
variety of on-the-ground conservation efforts.

Section 9 of the Endangered Species Act of 1973 (the Act), as amended,
prohibits any person subject to the jurisdiction of the United States from taking
(i.e, harassing, harming, pursuing, hunting, shooting, wounding, killing,
trapping, capturing, or collecting) listed wildlife species. It isaso unlawful to
attempt such acts, solicit another to commit such acts, or cause such actsto be
committed. Regulations implementing the Endangered Species Act (50 CFR
17.3) define "harm”" to include significant habitat modification or degradation
that resultsin the killing or injury of wildlife, and intentiond or negligent
"harassment” as acts that Sgnificantly impair essentia behaviora patterns (i.e,
breeding, feeding).

Section 10(8)(1)(A) of the Endangered Species Act and related regulations
provide for permits that may be granted to authorize activities otherwise
prohibited under section 9, for scientific purposes or to enhance the propagation
or survivd of alisted species. Section 10(a)(1)(B) of the Act dlows permitsto
be issued for take that is "incidental to, and not the purpose of, carrying out an
otherwise lawful activity" if we determine that certain conditions have been met
that will minimize the impacts to the liged species. Under this section, an
applicant must prepare a habitat conservation plan that specifies the impacts of
the proposed project and the steps the gpplicant will take to minimize and
mitigate the impacts. The Quino checkerspot is currently addressed in four
approved habitat conservation plans. the Orange County Centra-Coastal
Natura Community Conservation Plan (described below), the Lake Mathews
Habitat Conservation and Impact Mitigation Program, the Assessment Didtrict
161 Subregiond Habitat Conservation Plan, and the Rancho Bella Vista Habitat
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Consarvation Plan. Severad other plans that include measures to protect the
Quino checkerspot are being devel oped.

Section 7(8)(2) of the Endangered Species Act requires Federa agenciesto
consult with the U.S. Fish and Wildlife Service prior to authorizing, funding, or
carrying out activities that may affect listed species. The section 7(8)(2)
consultation process is designed to ensure that Federa actions do not jeopardize
the continued existence of the species and provides protection for the Quino
checkerspot through reasonable and prudent measures that minimize the adverse
effects of take of the species due to project impacts.

Mesasures generated through forma section 7 consultation for State Route 125
South congruction in the Otay area identified severd activities to be undertaken,
including habitat protection and restoration and a captive breeding program
(Service 1999). These activities are currently being implemented. The
Riversde County Assessment Digtrict 161 Subregiona Habitat Conservation
Plan mitigation package includes a generd program integrating habitat
protection, habitat restoration research, educational outreach, and captive
propagation (Service 2000). Although it isnot currently known from within the
reserve boundaries, the Quino checkerspot is conditionally covered by the Lake
Mathews Multiple Species Habitat Conservation Plar/Natura Community
Conservetion Plan.

Recovery Units (see Recovery Strategy section below and Figure 2) serve only
to focus recovery actions or tasks; they do not designate essential Quino
checkerspot habitat that must be protected or preserved.

1. Regional Planning

In 1991, the State of Cdifornia enacted the Naturd Community Conservation
Panning Act to address regional conservation needs throughout the State. The
San Diego Multiple Species Conservation Program and Multiple Habitat
Conservation Program, initiated by the locd jurisdictionsincluding the City of
San Diego, County of San Diego, other cities, and private interests are being
integrated as a component of the Natural Community Conservation Plan and will
extend protection to many natura habitat communities. The Multiple Species
Conservation Program encompasses approximately 236,000 hectares (582,000
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acres) of southwestern San Diego County, and involves multiple jurisdictions.
Approximately 69,600 hectares (172,000 acres) are targeted to be conserved
within the preserve. The U.S. Fish and Wildlife Service and Cdifornia
Department of Fish and Game approved the overdl Multiple Species
Conservation Program and the City of San Diego’s Subarea Plan in July 1997.
The City of Poway’s plan was gpproved in 1996; the County of San Diego’'sin
1998; San Diego Gas and Electric in 1995; and the City of La Mesain 2000.
Other jurigdictions, including the City of Chula Vidta, are expected to complete
their subarea planning processes in the future. The Quino checkerspot is not a
covered species for any of the subarea plans within the Multiple Species
Conservation Program, athough both the County of San Diego and San Diego
Gas and Electric are developing amendments to their permits to gain permit
coverage for the Quino checkerspot. The Multiple Habitat Conservation
Program encompasses roughly 48,118 hectares (118,852 acres) in northwestern
San Diego County, and involves saven jurisdictions. This planisgill being
developed, dthough the City of Carlsbad has proceeded ahead of the overdl plan
and has goplied for permits from the Fish and Wildlife Service and Cdifornia
Department of Fish and Game. An estimated 8,100 hectares (20,000 acres) are
targeted for conservation within the proposed preserve for the Multiple Habitat
Conservation Program. The Quino checkerspot is one of the species being
evauated for permit coverage, however no find determination has been made at
thistime. The Quino checkerspot is dso atarget species for the County of San
Diego North Multiple Species Conservation Program plan which encompasses
unincorporated lands east of the existing Multiple Habitat Conservation Program
and north of the Multiple Species Conservation Program planning aress.

The Western Riverside Multiple Species Habitat Conservation Plan was initiated
by the County of Riverside on October 8, 1998. The planning area encompasses
530,000 hectares (1.3 million acres) and is proposed to include conservation
measures for over 100 species, including the Quino checkerspot. Currently, 12
cities within the western portion of the County have endorsed the planning effort
and will participate in the planning efforts. A draft Multiple Species Habitat
Conservation Plan is proposed to be released for public review in late 2001.

The U.S. Fish and Wildlife Service and Cdifornia Department of Fish and Game
approved the Orange County Central-Coastal Natura Community Conservation
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Planin July of 1996. No extant Quino checkerspot populations are known in the
subregion, and the Quino checkerspot is conditionaly covered by the Natura
Community Conservation Plan. The Naturd Community Conservation Plan
authorizesthe loss of habitat occupied by smal and/or satellite populations,
reintroduced populations, or populations that have expanded due to Natural
Community Conservation Plan management. Loss of habitat supporting
populations that play an essentid role in the didribution of the Quino

checkerspot in the subregion and adjoining areas is not authorized by the Natura
Community Conservation Plan. Should planned activities affect Quino
checkerspot habitat, the Natural Community Conservation Plan requires that a
mitigation plan be prepared that includes design modifications and other on site
measures, compensation for habitat losses, and monitoring and adaptive
management of Quino checkergpot and its habitat in a manner that meets the
gpprova of the U.S. Fish and Wildlife Service.

2. San Diego National Wildlife Refuge

Habitat conservation efforts include protection of resident Quino checkerspot
populations on the San Diego Nationa Wildlife Refuge. The San Diego
Nationa Wildlife Refuge was established in 1996 with the acquidtion of 745
hectares (1840 acres) at Rancho San Diego in San Diego County. Acquisitions
average about 490 hectares (1,200 acres) per year, with 2941 hectares (7,268
acres) currently owned by the U.S. Fish and Wildlife Service. Funding for
acquigition from the Land and Water Conservation Fund has remained steedy at
about $3 million per year. Our staff have conducted annua Quino checkerspot
surveys on the Refuge, with assistance from other certified volunteers, at
selected locations. These locations are primarily hilltops and areas with known
concentrations of hostplants. Habitat assessments for the Quino checkerspot are
generdly conducted in conjunction with other surveys, and during some focused
surveys for host and nectar sources in the spring.  Locations with hostplants are
mapped whenever they are found. Surveys to date indicate that the San Diego
Nationd Wildlife Refuge has a smdl Quino checkerspot population on the
Rancho San Diego tract, athough no adults or larvae were observed in 2000.

In addition to surveying of the Refuge for the Quino checkerspot and its habitat,
we are storing hogt plant and other native plant seedsin a seed bank for future
enhancement projects. A smdl greenhouse is planned to produce more seed
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from this stock. Refuge Operating Needs System projects for Quino checkerspot
habitat restoration funding have been submitted. We anticipate that future Quino
checkerspot conservation efforts will increase as staff and volunteer resources
grow, and new lands are acquired. Past efforts include a smal enhancement
project where nonnative grasses were removed, and hostplant and nectar sources
were planted. Research needed to identify Quino checkerspot habitat restoration
methods for the Refuge have been identified, including a plan written by the U.S.
Fish and Wildlife Service and the Recovery Team.

3. Captive Propagation

Captive propagation efforts to date consst of asmall population maintained by
Dr. Gordon Pratt at University of CdiforniaRiversde. This population conssts
of sock from Marron Valley collected in 1996. We are currently working with
Dr. Prait and Dr. Mike Singer to expand and improve current efforts and
establish aforma program. Plansinclude collecting stock (older males and
femdeslate in the flight season) and maintaining lines from dl possble
metapopulations, providing new qudity facilities in Riversde County, and
establishing a second captive propagetion Ste. Butterfly “ranching” within the
distribution of an extant population, possibly Southwest Riverside County
Multiple Species Reserve, has dso been proposed (U.S. Fish and Wildlife
Sarvice 1999). Ranching involves wild adults that lay eggs on hogt plant in
managed habitat. Only the larvae are captive, and are reared in a protected
Stuation, traditional propagation methods use captive adults and are referred to
as“farming” (B. Toon, pers. comm.).

4. California Department of Fish and Game

The Cdifornia Department of Fish and Game funds Quino population and
habitat monitoring activities usng funds dlocated by the U.S. Fish and Wildlife
Service under section 6 of the Endangered Species Act. Also, under the
Cdifornia Environmentd Qudity Act an anadlyds of direct, indirect, and
cumulative project impacts to biologica resources, including the Quino
checkerspot, occurs. The Cdifornia Environmenta Quality Act sometimes
requires development and implementation of mitigation plans for projects that
result in loss of habitat.
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G. Recovery Strategy

The surviva and recovery of the Quino checkerspot depends on protection and
restoration of habitat patches within the distribution of metapopulations,
augmentation of extant populations, and reintroduction or discovery of
metapopulationsin areas not known to be currently occupied. Recovery efforts
would be greetly facilitated, and ongoing threets reduced, by the advent of a
large-scale educationd outreach program involving loca cooperative
partnerships. Because extant metapopulations are unique, and their dynamics
and distributions have not been studied, adaptive management practices and
monitoring will be key aspects of recovery. Due primarily to the high degree of
threst imposed by nonnative plant species invasion, management of al
populations will be required into the foreseegble future (Foin et al. 1998).
Habitat areas that need protection consist of al areas occupied by the butterflies,
including patches of larva hogtplants and sites used by adults during breeding,
oviposgition, nectaring, and dispersal. Stable metapopulation structure requires
preservation of habitat patches that may be temporarily unoccupied by larvae so
they can continue to support loca populations in the future. By the time habitat
patches are naturaly recolonized, larva occupancy of other patchesislikely to
have been naturaly extirpated (see Metapopulation Structure section above).

The best available information indicates the Quino checkerspot is highly
endangered: it was at such low densties prior to listing that it was thought to
possibly be extinct (62 FR 2315), it currently is only known from gpproximately
10 percent of its former digtribution, it is known to undergo large population
fluctuations related to weether (Murphy and White 1984, see Climate Change
section above), and most current populations are threastened by ongoing
development (see Threats section above). Under current conditions the Quino
checkergpot may go extinct in the foreseegble future. Therefore, further losses of
auitable or restorable habitat patches that are near or within the distribution of
habitat complexesidentified in this plan likdy will adversdy affect the long-

term conservation of the Quino checkerspot (see Digtribution and Habitat
Condderations section above and Figure 2).

Any proposed project that might reduce the area of suitable or restorable habitat
should be carefully evaluated, and conservation messures that fully protect
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and/or restore habitat of greater value should be included in the design. Project
proponents are encouraged to begin working with usin the early stages of
project design to avoid and minimize project impacts and time delays. A crucid
agpect of consarving existing metapopulationsis the protection of linkage areas
between habitat patches, especidly given the high degree of urbanization
throughout the current Quino checkerspot range. Protection of landscape
connectivity in a configuration that assures metapopulation dability is essentid.
All habitat areas that support extant Quino checkerspot metapopulations will
require management and some degree of retoration. Restoration efforts should
be guided in part by modedling efforts to predict metapopulation stability in
dternative habitat patch networks. The find management program for a
particular habitat complex or metapopulation must be preceded by:

« Crestion of detailed maps of habitat patches and linkage areas on a spétial
scae that captures the essentia landscape connectivity and known distribution
of each populations or metgpopulation (habitat complex).

» Modding of metgpopulation dynamics for each habitat complex.

« Assessment of varying restoration needs among Recovery Units and habitat
patches.

« |dentification of Sgnificant mortdity snks, such as high-traffic roads.

» Design of management tools and practices to reconstruct essential landscape
connectivity and prevent dispersd into mortality snks.

» Edimation of cogs associated with aternative metapopul ation management
designs.

As management plans are implemented, monitoring will provide the ultimate test
of effectiveness. Census surveys should be coordinated to extend over at least a
sub-sample of habitat patches throughout the entire metgpopulation distribution
(see Murphy and Weiss 1988 and Recovery Criteria below), and may be
combined with presence-absence surveys to determine habitat patch occupancy
patterns. Collection of census data over a period of severd years (approximately
15) will be required to reasonably encompass variability of current

environmenta conditions experienced by the species and associated density
fluctuations (Murphy et al. 1990).
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Along with protecting habitat, equaly high priority is assgned to the urgently
needed program to augment existing metapopulations and to establish new ones.
The likelihood of extinction remains high unless habitat protection, captive
breeding, and population augmentation programs are initiated without delay.

1. Modeling

Spatidly explicit theoretical models have been successfully used to guide
consarvation effortsin the Glanvillefritillary (Melitaea cinxia),a close relative of
the Quino checkerspot (Hanski et al. 1996, Wahlberg et al. 1996). This
approach used the incidence function mode to predict specific habitat patches
crucia to metapopulation stability (Wahlberg et al. 1996), and habitat patch
sructure resulting in the highest probability of metgpopulation persistence
(Thomas and Hanski 1997). Other types of spatidly explicit models that require
less detailed biological data may be more appropriate for Quino checkerspot
recovery. Modes should not assume that extirpation probabilities of habitat
patches are independent, and should incorporate environmental correlation
whenever possible (Harrison and Quinn 1989). The specific type and
complexity of the model used will be dependant on available data and time
condraints for recovery implementation.

With habitat quality and local climate varying from the location of one
metapopulation to another, acreage needed to sustain stable metapopulations will
aso vary. Additional andyses of conditions contributing to metapopulation
gability (from modeing) and restoration potentia of each habitat areamust be
made before further refinement of metapopulation preserve design and analyses
of population viahility can be accomplished. Complete data needed to determine
specific habitat acreage objectives for each (as yet undescribed) metapopulation
arenot yet available. It ispossible that modeing efforts may require some
additiona data on Ste-specific population and life history characteridtics of the
Quino checkerspot.

2. Restoring Landscape Connectivity

Habitat patches should be connected to as many other patches as possible to
enhance digpersal and increase the probability of recolonization following
extirpation events. Habitat networks should aso be buffered (i.e., imbedded in
natural aress as large as possible) to reduce indirect impacts of development and
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the need for future or ongoing restoration in occupied habitat. Restoration of
connectivity in developed areas that till sustain the species will require
innovative technology or perpetua management. Obstacles of particular concern
are high-traffic roads. The Trangportation Equity Act for the 21st Century
(TEA-21) offers an opportunity for Federal agencies to facilitate reduction of
highway impects on wildlife, particularly through innovative dispersd corridor
technology. Technology that may enhance Quino checkerspot landscape
connectivity includes road overpasses coupled with barriers to prevent mortaity
and channd dispersal. Similar road overpasses and barriers have been used
successfully to reduce vertebrate wildlife mortdity (e.g. Page et al. 1996, Keller
and Pfister 1997). A dua recreationa use and habitat corridor overpass that
would serve as a reasonable model for butterfly overpasses is currently under
congtruction in Florida (Berrios 2000). Possible barriersincludetal (3- to 10-
meter (10- to 33-foot) fences or tall, dense, woody vegetation (G. Pratt, pers.
comm.). Overpass linkages should require little more than nectar resources and
relaively bare ground resembling habitat areasincluding hilltops. It may be
possible to manipulate butterfly behavior and direct Quino checkerspot dispersd
across overpasses (G. Pratt, C. Parmesan, and M. Singer, pers. comm.).
Underpasses are less likely to improve dispersal because Quino checkerspots
tend to avoid shaded areas (see Adult Behavior and Resource Use above).

3. Habitat Restoration

The ultimate god of restoration efforts will be self-sugtaining functiond native
ecosystems smilar to those that historically supported Quino checkerspot
metapopulations. Restoration efforts must focus on restoring as many habitat
components as possible. Effort can range from minimum, such as adding seed of
larvd food and adult nectar plants to enhance existing resources, to extensive,
such as reetablishing native plant communitiesin falow agriculturd fidds
Site-specific ecosystem restoration planning should include data on natural
vegetation community compodtion and physical habitat Sructurein the vicinity.
Other habitat attributes that should be considered include soils and associated
plant and anima populations (Osborne and Redak 2000). This information can
often be obtained through historical notes and records, maps, photographs, and
andyses of nearby rdaively undtered native communities. Data on historic
conditions should be used to determine the species compostion of each site
whenever possible.
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In areas targeted for Quino checkerspot habitat restoration, natural physica and
biologica attributes must be restored. Large-scale monoculture planting of
Plantago is unlikely to be successful because other vegetation components are
essentid, including nectar plants and pollinators. Other habitat components,
such as agppropriate larval digpause and pupation sites (see Osborne and Redak
2000), are dso essentid. High potentid for recolonization exists particularly
where native vegetation and historic topography has dready been restored.
Habitat can be partidly or wholly restored using methods that vary in labor
intengity, disruption to existing vegetation and soils, and potentia for impacts on
nontarget plants and animas. Methods should be specificaly chosen to meet the
needs of each habitat patch (Appendix I1). Research may provide additiona
methods and successful combinations of existing ones. Only localy collected
Plantago seed should be used for restoration until a better understanding of
Plantago ecology and geneticsis available. Commercid supplies may not be
reliable (M. Dodero and B. McMillan, pers. comm.).

4. Surveys and Monitoring

Butterfly conservation biologists have developed a variety of non-destructive
monitoring methods for estimating population numbers and long-term dengty
trends (Pollard 1977, Thomas 1983, Murphy and Weiss 1988, Zonneveld 1991,
Van Strien et al. 1997). These monitoring techniques do not rely on standard
mark-recapture methods, but on either adult or on egg cluster/larval web
observations. Two different techniques should be adopted, one to measure
changesin locd dengties, and another to determine habitat patch occupancy
patterns. The second technique would focus on presence/absence rather than
densty and maximize area covered in agiven time (see Recovery Criteria
below).

5. Captive Propagation

The Quino checkerspot butterfly captive propagation program should consist of
two separate |aboratory facilities (65 FR 56916); and, if possible, include lines
from all described habitat complexes. Genetic stock from each habitat complex
should be kept separate until further research determines extent of historic or
appropriate gene flow between them. Annua augmentation of captive stock
with asmall number of wild-captured individuas will be necessary to reduce
selection for captive conditions and inbreeding depression. Collection of older
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femaes and maes at the end of the adult flight season is recommended, and
should not significantly affect metapopulation persistence (Cushman et al.

1994). Captured females that have aready deposited most of their eggs can be
induced to produce and deposit more eggs than would naturaly occur (G. Prait,
pers. comm.). Captive augmentation facilities should aso include butterfly
ranches within the distribution of extant metgpopulations. Buitterfly ranches
would consst of semi-naturad areas designed and managed to produce high
dengty populations that could disperse naturdly or be manudly distributed to
augment extant metapopulations (B. Toon, pers. comm.).

6. Multiple Species Reserves and the Quino Checker spot

For invertebrates, including the vast number of poorly described or undescribed
species that are undoubtedly aso endangered but not listed (Redak 2000), the
quality of habitat preserved is more crucid than the extent (Ehrlich 1992). Thus
mitigation ratios based solely on acreage are not likely to be valid. However,
losses of lower quality Quino checkerspot habitat may threaten the preservation
of other species, even if butterfly populations are not likely to be jeopardized.
Euphydryas editha butterflies are good indicators of biodiversity and habitat
quality because they are closdly tied to the taxonomic diversity of vegetation
(Launer and Murphy 1994); more so than, for example, birds (Ehrlich 1992).
Euphydryas editha is probably sengtive to pegticides and responsive to various
other general aspects of habitat quality that are not dways gpparent (Ehrlich
1992). Launer and Murphy (1994) found that if only Stes supporting the largest
Euphydryas editha populations were preserved, or if portions of a Ste classfied
as“margind” butterfly habitat were lot, the proportion of protected plant
species dropped subgtantialy. Also, dthough it istrue that insect populations
typicaly require smaler habitat areas than populations of |large vertebrates
(Ehrlich 1992), Euphydryas editha requires relatively large aress of conserved
landscape connectivity. That is, maintenance of digpersal corridorslinking a
network of habitat patches over alarge areawill be required to conserve Quino
checkerspot metapopulations.

Undevel oped wildlands adjacent to and among Quino checkerspot
metapopulation distributions (or habitat complexes if metapopulation
digtributions are not described) should be maintained becauise they contain
landscape connectivity essentia to other species that are part of the Quino
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checkerspot habitat community. Areas of interface between developed and
undeveloped lands require active management to reduce direct and indirect
impacts of development on fragmented wildlands.

Restoration of Quino checkerspot habitat patch networks within a multi-species
reserve systems can be accomplished, but it will require: 1) ensuring thet the
reserve system contains a sufficient number of linked suitable or restorable
habitat patches, 2) coordinated adaptive management; 3) regulation of activities
that affect al habitat patches including those temporarily unoccupied by larvae
essentia to long-term metgpopulation surviva (Murphy and Rehm 1990,
Murphy and White 1984); and 4) coordination of habitat restoration to reduce
and resolve potentia biologica conflicts. Conflicts may arise when
management drategies for different sengtive species, such as coastd Cdifornia
gnatcatchers (Polioptila californica), require somewhat denser shrub cover than
the Quino checkerspot. Plans should be designed to include a mosaic of shrub-
dominated areas interspersed with open habitat patches occupied by native
annud and perennid herbs, which together can support multiple sengtive
species. Deveopment permits should include provisons dlowing or requiring
opportunities for sdvage of biologica materia from habitat that will be
destroyed. To assure gppropriate mitigation, habitat acquisitions should occur
within the same Recovery Unit in which take is authorized.

7. Recovery Units

Recovery Units identified in this recovery plan are geographicaly bounded areas
that are the focus of recovery actions or tasks. These Recovery Units contain
known occupied habitat and intervening and adjacent lands that may be
periodicaly used by the Quino checkerspot in the future, including linkage areas
for dispersa and habitat patches that may be restored or enhanced for the long-
term conservation of the species. However, Recovery Units also contain areas
that do not support the Quino checkerspot, including large areas of closed
canopy chaparrd, coniferous forests, agriculturd fieds, urban development, and
other lands not suitable for the species. Asaresult, Recovery Unitsinclude
lands both essentid and not essentid to the long-term conservation of the Quino
checkerspot. Recovery Unit boundaries may change if and when additiona
populations are documented or introduced.
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Based on unigque components of habitat suitability essentia to Quino checkerspot
protection and recovery, the sx Recovery Units are assigned to four regiona
environmenta groupings. Generad descriptions of ecologica regions and
Recovery Units are based on the persona observations of Recovery Team
members and our saff who are most familiar with the geographic aress.

Western Riverside County Region

This region includes two Recovery Units divided by Interstate 215, and is
located in western Riverside County east of Interstate 15 (Figure 2). Quino
checkergpot metgpopulations in this region are most commonly, but not
exclusively, associated with low rounded, gently doped, and open exposed
southern dopes. Openings in grasdand and coastal sage scrub provide habitats
for Quino checkerspot throughout most of the region. These habitats typically
support scattered shrubs and abundant dwarf plantain (Plantago erecta) on
exposed soil patches. The Northwest Riverside Recovery Unit exhibits diverse
vegetation types including chamise chaparrd and juniper woodlands.

Quino checkerspot occupancy is often associated with clay and red soilsin this
region, particularly dark clay gabbro soils. Cryptogamic crusts have become
rarein theregion. Acarospora schleicheri (athick ydlow lichen) and
Acarospora thelococcoides (a cream white, donut-shaped lichen) are commonly
associated with cryptogamic crusts in Quino checkerspot habitat. A.
thelococcoides israre in southern Cdifornia, but is often found a known Quino
checkerspot sites. Bulb species such as blue dicks (Dichel ostemma capitatum)
and chocolate lilies (Fritillaria biflora), and the annuals peppergrass (Lepidium
nitidum), tidy-tips (Layia platyglossa), goldfields (Lasthenia californica), pygmy
weed (Crassula connata), and tarplant (Hemizonia sp.) are commonly found on
occupied habitat in thisregion. Tarplant may be a good field reference for clay
lens habitat because it forms dense stands visible a great distances long after
senescence. Another species associated with clay soil is many-stemmed dudleya
(Dudleya multicaulis).

Y dlow composites such as goldfields (Lasthenia spp.), goldenbush (Ericameria
$op.), and golden yarrow (Eriophyllum spp.) are probably among the most
important genera used as nectar sources. Early blooming individuas of yerba
santa (Eriodictyon spp.) may aso be used. Nectaring on sugar bush (Rhus
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ovata), fiddleneck (Amsinckia spp.), and phacdlia (Phacelia spp.) has also been
observed. Dwarf plantain (Plantago erecta) isthe primary hostplant in this
region.

Northwest Riversde Recovery Unit:
The Recovery Unit is located south of Lake Mathews, East of Interstate 15, and
west of Interstate 215 as mapped (Figure 4). 1t contains one habitat complex,
Gavilan Hills, digtributed from the south margin of Lake Mathewsinto the
Gavilan Hills (Figure 2). The closest other Recovery Units are the adjacent
Southwest Riverside Recovery Unit to the south, and the proposed North Orange
Recovery Unit to the north west. Landscape connectivity may be restorable
from the Gavilan Hills to the Southwest Riverside Recovery Unit border,
athough dispersd is currently congtrained by Interstate 215.

Threats. High; primarily habitat destruction and fragmentation due to
development, and habitat degradation due to nonnative plant invasion.

Southwest Riversde Recovery Unit:
This Recovery Unit islocated in southwestern Riverside County east of
Interstate 15 and Interstate 215, north of the east-west oriented section of State
Route 79, south of the Santa Fe Railroad line and Scott road (south of State
Route 74), and west of Sage Road and Oak Mountain areas as mapped (Figure
5). It contains two habitat complexes, Warm Springs Creek and
Skinner/Johnson, divided by State Route 79 (Figure 2). State Route 79 is
probably a significant mortaity sink, but not currently an impassable barrier
between remaining habitat patches on either sde. This Recovery Unit is
generdly contiguous with the South Riverside Recovery Unit to the esst.
Potential landscape and ecologica connections with the Northwest Riverside
Recovery Unit are congtrained primarily by Interstate 215 and associated
development.

Threats. High; primarily habitat destruction, degradation, and fragmentation
associated with development outside of Southwest Riversde County Multiple
Species Resarve. Within Southwest Riverside County Multiple Species Reserve,
nonnative plant species invasion poses the greatest thregt.
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South Riverside Region

This region contains two Recovery Units, separated by State Route 371 as
mapped (Figure 2). In thisregion Quino checkerspots are generally associated
with gently doped, and open southern exposures. Most Quino checkerspot
occupancy is aong the upper rounded ridgelines. Habitat occurs in the coastal
sage scrub openings in the west, and a higher eevationsin the east, habitat
opening arein chamise or red shank chaparrd. These open habitats principaly
contain annuas and Cdifornia buckwhegt (Eriogonum fasciculatum). Blue dicks
(Dichel ostemma capitatum) is common at mog of the Stes. Cdlifornia
buckwheat, sugar bush (Rhus ovata), and jojoba (Smmondsia chinensis) are the
dominant shrubsin the western portions of the region below 920 meters (3000
feet) in evation and red shank (Adenostoma spar sifolium) and Cdifornia
buckwhest are the dominant shrubs above 920 meters (3000 feet) in elevation.
Rainfdl in the Silverado habitat complex is higher than a any other known

Quino checkerspot stes (G. Pratt unpubl. data), averaging approximately 50
centimeters (20 inches) per year (Oregon Climate Service 1995; see
http://Amww.nws.mbay.net/ CA_SOUTH.GIF).

Goldenbush (Ericameria linearis), popcorn flowers (Cryptantha and
Plagiobothrys spp.), goldfields (Lasthenia sp.), sugar bush (Rhus ovata), onion
(Allium spp.), linanthus (Linanthus spp.), layia (Layia spp.), goldenbush
(Ericameria spp.), golden yarrow (Eriophyllum spp.), and species of Asteracae
are probably most frequently used as nectar sources. Clay soils and gabbro clay
lens habitat in the west trangtion into granitic soilsin the eest (U.S. Fish and
Wildlife Service 1998). Below 920 meters (3000 feet) in elevation, lichens are
associated with the cryptogamic crusts, but are rare at higher elevations, where
spike-moss (Selaginella bigelovii) is more common. The granitic soil crudsin
this region are more easily disturbed than those on clay soils. The eastern sites
extend to above 1220 meters (4000 feet) in elevation, where known larva habitat
is characterized by undisturbed low ridges and broad washes lacking a clay soil
component.

Dwarf plantain (Plantago erecta) is the primary larval hostplant species a
western Sites, trangitioning to woolly plantain (P. patagonica) in the east above
920 meters (3000 feet). Secondary use of owl’s clover (Castillgja exserta)
occurs at certain locdities, particularly Oak Mountain. Chinese houses
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(Callinsia concolor) occursin smal numbersin the Vail Lake areajust south of
Oak Mountain and may also be used.

South Riversde Recovery Unit:
This Recovery Unit is located south of State Route 74, east of Sage Road and
Oak Mountain, west of State Route 371, and west of the desert’ s edge as mapped
(Figure 6). This Recovery Unit contains three habitat complexes, Oak
Mountain/VVall Lake, Sage Road/Billygoat Mountain, and Brown Canyon to the
north (Figure 2). The closest Recovery Units are the Southwest Riverside
Recovery Unit and the South Riversde/North San Diego Recovery Unit.
Landscape and ecologica connectivity with the Southwest Riversde Recovery
Unit to the west is thregtened by incressing development. The Recovery Unit is
contiguous with the South Riversde/North San Diego Recovery Unit and with
relatively undeveloped areas to the south including the north dope of Mount
Palomar.

Threats. Medium; this areais threatened by proposed development, off road
vehicle activity, and illegd trash dumping (G. Pratt, pers. comm.).

South Riversde/North San Diego Recovery Unit:
This Recovery Unit islocated south of State Route 371 in Riverside and San
Diego Counties, east of Aguanga and Mount Palomar, north of Warner Springs,
and west of the Anza Borrego Desert as mapped (Figure 7). This Recovery Unit
contains two habitat complexes: the Silverado habitat complex, distributed on a
proposed mitigation bank and Bureau of Land Management property south of the
CahuillaIndian Reservation; and the Dameron Valey/Oak Grove habitat
complex (Figure 2). This Recovery Unit is contiguous with the South Riversde
Recovery Unit to the west, and aso has southern ecologica connectivity with
surrounding undevel oped aress.

Digribution of historic Quino checkerspot records and habitat characteristics to
the south indicate the likelihood of landscape connectivity well into San Diego
County. On the southwest side of Mount Palomar between 1220 and 1520
meters (4000 and 5000 feet) in elevation there are two historic Quino
checkerspot records, one from 1952 and another 23 years later in 1975 (Figure



2), suggesting the presence of a higtoricaly persstent metgpopulation in
northern San Diego County.

Thregis Low; primarily nonnative plant invasion and fire.

Southwestern San Diego Region

This region contains one Recovery Unit, centered around Otay Mountain,
bounded to the south by the internationa border and to the north by State Route
94 as mapped (Figure 2). Habitat in this region primarily congsts of low
rounded hills and gently doped open southern exposures. Quino checkerspot
habitats in thisregion are largely clay soil openingsin coastd sage scrub and
chamise chaparrd. Higtorically the Quino checkerspot widdly used grasdands
associated with vernad pools and mima mounds, ridge tops, and mountain dopes
supporting stands of dwarf plantain (P. erecta). The vegetation of clay lens
habitats commonly occupied by the Quino checkerspot includes many bulbs:
wavy-leaf sogp plant (Chlorogalum parviflorum), brodiaea (Brodiaea sp.), blue
dicks (Dichel ostemma capitatum), San Diego goldengtar (Muilla clevelandii),
red-skinned onion (Allium hematochiton), and fritillary (Fritillaria biflora).
Annua herbaceous plants include shooting star (Dodecatheon clevelandii) and
mesa saxifrage (Jepsonia parryi). Other species associated with clay habitat
include variegated dudleya (Dudleya variegata), aclay lens endemic that ranges
from centra coastal San Diego County south into northern Bgja California
Tarplants (Deinandra and Centromadia spp.) may prove to be good indicators of
habitat in southern San Diego County. Most current Quino checkerspot
occupancy is found aong the upper rounded ridgdines. Soilsin this region most
often observed to support the Quino checkerspot are red or gray clay soils.

Onion (Allium spp.), goldfields (Lasthenia spp.), and linanthus (Linanthus spp.)
are the most commonly observed nectar sourcesin the region. Dwarf plantain
(Plantago erecta) isthe primary hostplant in thisregion. Owl’s-clover
(Castillgja exserta) is dso abundant around the remaining Otay Mesa vernd
pool areas. Bird’s-beak (Cordylanthus rigidus) and chinese houses (Collinsia
heterophylla) may be infrequently used as secondary hosts.

Southwest San Diego Recovery Unit;
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This Recovery Unit islocated in southern San Diego County south of State
Route 94, east of Interstate 805 and associated urban areas, and west of the city
of Tecate as mapped (Figure 8). It contains six habitat complexes. San Diego
Nationd Wildlife Refuge near Sweetwater Reservoir, Otay Lakes, Otay Foothills
(western dope of Otay Mountain), Otay Mesa (northern rim of the mesa
including Otay Valey), Marron Vdley, and Tecate (Figure 2). The closest
Recovery Units are the Proposed South-centra San Diego Recovery Unit to the
north and the Southeast San Diego Recovery Unit to the east. There may be
some degree of landscape connectivity with the Proposed South-central San
Diego Recovery Unit through undeveloped lands in centrdl and eastern portions
of the county. There may aso be landscape connectivity to the Southeast San
Diego Recovery Unit through landsin Bgja Cdifornia, Mexico, restricted
primarily by development in the Tecate area, and through undeveloped land
north of State Route 94. There may be suitable and/or occupied Quino
checkerspot habitat in relatively undeveloped lands north of State Route 94.
Currently State Route 94 is only atwo-lane highway in that area, and would not
preclude Quino checkerspot dispersal.

Threats. High; primarily habitat destruction, degradation, and fragmentation
associated with development in the western Otay area. Most historical habitats
have been developed or heavily disturbed by agriculture, grazing, road grading,
off-road vehicle and Border Patrol activity, and pipdine congruction. These
disturbances have dso resulted in serious nonnative plant invason problems.

Eastern San Diego Region
This region contains one Recovery Unit located in the southeastern corner of San

Diego County near the community of Jacumba (Figure 2). The habitaisin this
region are composed primarily, but not exclusively, of dark brown clay lenses
and adjoining sandy, rockier areas on open gentle north-facing dopes. Habitat
patches are in open juniper woodlands characterized by scattered shrubs. Barren
soilsin more exposed aress (i.e. without the woodland vegetation), do not
support hogtplants. The vegetation in this areais a diverse mixture of desert and
coagtd dope communities. Cdifornia buckwheet (Eriogonum fasciculatum),
catclaw (Acacia greggii), Cdiforniajuniper (Juniperus californica), holly-leaf
cherry (Prunus fremontii), sugar bush (Rhus ovata), and jojoba (Smmondsia
chinensis) are the dominant trees and shrubs. Soils associated with Quino
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checkerspot occupancy in this ecoregion are composed of brown clay lenses and
sandy soil. Habitat gppears to be characterized by cryptogamic crusts with
associated (unidentified) lichen and moss species and open patches of barren soil
lacking vegetation.

Goldenbush (Ericameria linearis) appears to be the mgor nectar resource
throughout most of thisregion. Sugar bush and holly-lesf cherry may be
important nectar sourcesin drier years. Dwarf plantain (Plantago erecta) isthe
only documented primary hostplant in this region, but woolly plantain (P.
patagonica) is aso present.

Southeast San Diego Recovery Unit:
The location of this Recovery Unit is centered around the community of
Jacumba in southeastern San Diego County east of the Imperid County line and
north of the International Border, south of State Route 94 and Interstate 8 and
east of Campo as mapped. This Recovery Unit dso includes the Table Mountain
areanorth of Interstate 8 (Figure 9). It contains one habitat complex, Jacumba
Peak in the vicinity of Jacumbaand Table Mountain (Figure 2). The closest
other Recovery Unit is the Southwest San Diego Recovery Unit; landscape
connectivity between them is restricted primarily by Interstate 8, State Route 94,
and development in the Tecate and Campo areas. There may be alandscape
connection with the South Riversde/North San Diego Recovery Unit to the north
aong the western dope of the Laguna Mountains.

Thrests Medium; primarily habitat destruction, degradation, and fragmentation
associated with development, off-road vehicles, and Border Petrol activities.

8. Proposed Recovery Units

The three Recovery Units described below are proposed to contain the two
additiond metapopulations specified by recovery criteriabelow. Thetwo
populations or metapopulations may be located in one or two future Recovery
Units. The proposed Recovery Units do not appear to be currently occupied by
the Quino checkerspot, but either historically supported populations (Figure 2) or
appear to have high potentia to support stable metapopul ations based on genera
habitat characteristics. The proposed Recovery Units are within the only
remaining large undeveloped coastal areas of Orange and San Diego Counties,
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but research is needed to determine the extent and location of undocumented
populations and suitable or restorable habitat for reintroduction. Although
unlikely, it is possible that surveys may identify occupied or restorable habitat
patch networks partidly or entirely outside the proposed Recovery Unit locations
described below, however they must fal within the western coastal areas to meet
recovery criteria (see Recovery Criteriabeow). The purpose of adding the two
additiona populationsisto re-establish a portion of the former coasta Quino
checkerspot distribution where the more stable maritime climate should promote
popultion gability.

Proposed South-central San Diego Recovery Unit:

This proposed Recovery Unit in San Diego County includes the verna pool
habitat on Kearny Mesa, MiraMesa, Dd Mar Mesa, and Lopez Ridge; and
Sycamore and Little Sycamore Canyons, Iron Mountain and San Vicente
Reservoir areas east of State Route 67, and the Fortuna Mountain area. There
are historic records of Quino checkerspot scattered throughout this Recovery
Unit, however no occupancy has been confirmed in recent years (Figure 2).

This proposed Recovery Unit contains high-qudity, historic habitat of the Quino
checkerspot smilar to the historic condition of Otay Mesa (see Murphy and
White 1984). Recent surveys reported cryptogamic crusts and verna pool
complexes supporting extensve dwarf plantain (Plantago erecta) stands on mesa
tops east of Interstate 805 (Osborne 2000). Maritime climatic influence should
help protect larva food plants from heet and drought, thus dlowing higher
pre-digpause larva surviva than in more variable inland regions (see Life

History section).

The generd ecological description of the Southwestern San Diego region above
also describes this proposed Recovery Unit. The mesa areas contain high qudity
vernd pool and mima mound habitat patches on predominantly reddish and clays
soils. Habitat areas in the eastern portions contain cryptogamic crusts and dense
patches of dwarf plantain (Plantago erecta) mixed with abundant owl’ s-clover
(Castillgja exserta). In northeastern areas of this Recovery Unit, apparently
suitable Quino checkerspot habitat can be found distributed extensively across
open ridge tops of mixed chaparra/coasta sage scrub. Ridge top habitat in the
eastern portions of the proposed Recovery Unit may be difficult to detect and

58



access because surrounding dopes are sometimes covered with dense chaparrd.
However, such rdatively narrow zones (severa meters) of closed-canopy
chaparra are not considered to pose a significant barrier to Quino checkerspot
dispersal (K. Oshorne, G. Pratt, C. Parmesan, and M. Singer, pers. comm.).

The proposed Recovery Unit is designed to provide landscape connectivity
within the least developed central-coastal San Diego mesas and foothills, and is
entirdy within the San Diego County Multiple Species Habitat Planning Area.
Interstates 5, 805, and 15, State Routes 52 and 67; and development in Mira
Mesa, Ranch Penasquitos, and Scripps Miramar Ranch congtrain the landscape
connectivity of a network of otherwise suitable or restorable habitat patches. It
may be possible to maintain landscape connectivity between Dd Mar Mesaand
Marine Corps Air Station Miramar via Los Penasguitos Canyon. Restoration of
landscape connectivity (or the equivaent of it) throughout the proposed
Recovery Unit would require either technologica solutions (see Restoration of
Landscape Connectivity section above), or very active management in
perpetuity. The possibility of landscape connectivity with Recovery Unitsto the
south and east depends on:  protection of open space and enhancement of
landscape connectivity east of the proposed Recovery Unit in the vicinity of
State Route 67, San Vicente Reservoair, and Black Mountain, and the unknown
condition of landscape connectivity to the southeast of the proposed Recovery
Unit (may require retoration). Most lowland areas from San Vicente Reservoir
north to Iron Mountain and Mount Woodson are currently proposed for land
development. To the maximum extent possible, the ecologica connectivity of
this Recovery Unit to eastern wildlands should aso be maintained to protect
againg indirect effects of nearby human occupancy and decrease the need for
active management.

Proposed Northwest San Diego Recovery Unit:

This proposed Recovery Unit islocated in northwestern San Diego and southern
Orange Counties, including Marine Corps Base Camp Pendleton and adjacent
reserve lands and undeveloped areas. No records of the Quino checkerspot are
known from this proposed Recovery Unit; however, it has (or formerly had)
characteristics of habitats that appear to have historicaly supported high

dengties of the Quino checkerspot in Southwestern San Diego County (Murphy
and White 1984). The possbility of former occupancy by the Quino checkerspot
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within the proposed Recovery Unit is suggested by historica records and
accounts (see Digtribution and Habitat Considerations section above). Historica
collection records near the proposed Recovery Unit (to the northwest in Dana
Point, and to the south in Vista) suggest the proposed Recovery Unit lands
between them were aso formerly occupied (Figure 2).

Thelack of historica records isto be expected; Camp Pendleton has been
restricted from amateur biological collection since its establishment in 1942,
Camp Pendleton management contracted a general base-wide habitat survey in
1996 and 1997, as well as severd subsequent site-specific butterfly surveys
(Redak 1999). Surveyors stated they found abundant “optimal and adequate
Quino checkerspot habitat.” However, surveyors did not detect butterflies, and
did not conduct comprehensive surveys base-wide.

Huerero soils and clay lenses support verna pools on coastd terracesin the
western portion of this proposed Recovery Unit. Historically, the coastd terrace
area ds0 supported mima mounds and verna pools. Although most verna pool
topography has been degraded or destroyed, it is restorable (M. Dodero, pers.
comm.). Other topographic features indicative of Quino checkerspot habitat
include messs, rolling hills, and ridge lines. Vegetation congsts of mixed

coastd sage scrub and chaparrd, with grasdand inclusons. Dwarf plantain
(Plantago erecta) is abundant in patches (Redak 1999, Osborne 2000), but the
extent of Quino checkerspot hostplant distribution within the proposed Recovery
Unit is unknown. Quino checkerspot nectar plants are aso abundant (Redak
1999, Osborne 2000). Similar to the Southwest San Diego Recovery Unit, this
proposed Recovery Unit should provide a more stable marine climate influence.
Amdioration of hot, dry cimatic conditions and its diverse unfragmented
topography should make the Proposed Northwest San Diego Recovery Unit a
crucid one with regard to climate (see Life History section above).

Efforts to restore habitat or establish experimental populations of the Quino
checkerspot could be undertaken on the coastd terrace from the Santa Margarita
River north to San Mateo Creek. Theinterior of the Recovery Unit should be
surveyed for Quino checkerspot habitat and occupancy. The coastal sage scrub
and mixed chaparra of Camp Pendleton and the area where Orange, Riverside,
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and San Diego counties intersect have interdtitial native grasdands that could
currently harbor, or be reintroduction sites for the species.

The closest Recovery Units are the Southwest Riverside Recovery Unit to the
east, and the proposed North Orange Recovery Unit to the north. There may be
landscape connectivity to the eastern dope of the Santa Ana Mountains,
particularly through the lower Santa Margarita River watershed, however no
habitat surveys have been done. Murphy and Bomkamp (1999) found smal
patches of Plantago scattered across the southern sub-region of Orange County,
including the transportation corridor option. They concluded that resources are
currently insufficient to support Quino checkerspot populations, however
restoration potential exists. The western dope of the Santa Ana Mountains
appearsto hold the possibility of landscape connectivity with the proposed North
Orange Recovery Unit and would include land in and dong the lower elevation
portions of the Cleveland Nationd Forest. Habitat buffering and possibly
metgpopulation augmentation could be achieved by using public open space
aress such as the Limestone Canyon Regiond Park ste, Whiting Ranch
Wilderness Park, Oneill Regiona Park, and Ronald W. Caspers Wilderness Park.
This buffering and connectivity could be further enhanced using private lands
associated with the National Audubon Society Starr Ranch Sanctuary, Rancho
Misson Vigo Land Consarvancy and land in the Foothill Trabuco area

Proposed North Orange Recovery Unit:

This proposed Recovery Unit is located on the northern dope of the Santa Ana
Mountains in Orange County, including the area around Irvine Lake, Black Star
Canyon, Gypsum Canyon, Fremont Canyon, Baker Canyon, Weir Canyon, Coal
Canyon, Windy Ridge, Upper Blind Canyon and al intervening ridge lines. The
Recovery Unit is located west of the Riverside/Orange County line and north of
Loma Ridge-Limestone Canyon area. The areaaround Irvine Lake isthe Site of
ahistoricaly stable Quino checkerspot population (Orsak 1978, Figure 2).
Occupancy was mogt recently documented in 1967 in Black Star Canyon (Figure
2), but was apparently extirpated by a fire soon thereafter (Orsak 1978).
Informa private re-introduction efforts using Quino checkerspot butterflies from
the Gavilan Hills were conducted in there in 1974 (Orsak 1978). It is unknown
whether any of the transplanted butterflies released in 1974 established
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occupancy. Most of the upper canyons have been historically poorly surveyed
for wildlife

The Irvine Lake areano longer supports sustainable resources due to habitat
degradation, and restoration is needed before Quino checkerspot

metapopul ations can be reestablished (D. Murphy, pers. comm.). However, the
diverse, unfragmented montane topography in much of this proposed Recovery
Unit make the area a good candidate to support a reintroduced population (see
Life History section above).
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Insert Figure 6
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Insert Figure 7
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Insert Figure 8
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Insert Figure 9
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II. RECOVERY
A. Objectives

The overdl objective of this recovery plan isto reclassify the Quino checkerspot
to threaetened and ensure the species’ long-term conservation. Interim goals
include (1) protect habitat supporting known current population distributions
(habitat complexes), and (2) stabilize populations within the described habitat
complexes, and (3) conduct research necessary to refine recovery criteria.
Reclassification is gppropriate when ataxon is no longer in danger throughout a
significant portion of itsrange. Because data upon which to base decisions about
reclassfication isincomplete, downlisting criteriain this plan are necessarily
preliminary. There are insufficient data on which to base ddigting criteria at this
time.

B. Recovery Criteria

1) Permanently protect habitat patches supporting known extant population
digtributions (habitat complexes) and possible landscape connectivity areas
among them. Adequate habitat reserve area Sizes are estimated to be between
1,200-4,000 hectares (3,000-10,000 acres) total per habitat complex. Recovery
Units and habitat complexes described in this recovery plan are: Northwest
Riversde Recovery Unit containing the Gavilan Hills habitat complex,

Southwest Riverside Recovery Unit containing the Warm Springs Creek and
Skinner/Johnson habitat complexes, South Riverside Recovery Unit containing
the Oak Mountain/\VVail Lake, Sage Road/Billygoat Mountain, and Brown
Canyon habitat complexes, South Riversde/North San Diego Recovery Unit
containing the Silverado and Dameron Valey/Oak Grove habitat complexes,
Southwest San Diego Recovery Unit containing the San Diego Nationd Wildlife
Refuge, Otay Lakes, Otay Foothills, Otay Mesa, Marron Vdley, and Tecate
habitat complexes, and Southeast San Diego Recovery Unit containing the
Jacumba Peak habitat complex.

2) Permanently provide for and implement management of described habitat
complexesto restore habitat qudity, including maintenance of hostplant
populations, maintenance of diverse nectar sources and pollinators, control of
nonnative plant invasion, and maintenance of interna |andscape connectivity.
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The number of known occupied habitat patches and the dengty of butterflies
within each Recovery Unit should be increased if declines are documented for 2
consecutive years of average to high annua precipitation (based on the past 20
years of loca data). Management must be adaptive: i.e., ongoing surveys and
monitoring must be conducted to refine management drategies and ddimit
tempora and geographic patterns of Quino checkerspot exchange among
suitable habitat patches.

3) Edtablish and maintain a captive propagation program for purposes of re-
introduction and augmentation of wild populations, maintenance of refugia
populations, and research.

4) Initiate and implement a cooperative educationa outreach program targeting
areas where Quino checkerspot populations are most threatened.

5) Two additiond populations or metgpopulations must be documented or
introduced in the remaining undevel oped coastd areas of the Quino

checkerspot’ s historic range. Undeveloped coastal areas include the western and
northern dopes of the Santa Ana Mountains (northern dope, see proposed North
Orange Recovery Unit description in Recovery Strategy section), the northwest
corner of San Diego County (see proposed Northwest San Diego Recovery Unit
in Recovery Strategy section), and undeveloped mesas and hills within the cities
of San Diego, Poway, and Santee, and adjacent unincorporated land within San
Diego County (see proposed South-centra San Diego Recovery Unit in
Recovery Strategy section). It is possible that well-managed coastal preserves
in San Diego or Orange County may be able to support stable populations of the
Quino checkerspot butterfly. One of the two additiona population distributions
must include habitat within 10 kilometers (6 miles) of the ocean to maximize the
stable marine climate influence and reduce susceptibility to drought. If new
coastal populations are not documented by 2004, experimental populations
should be established and maintained until downlisting criteria are refined.
Additiona inland (east of coastal areas described above) habitat complexes
documented outside of Recovery Units will not be counted as one of the two
additional populations specified here, but should be considered important to
recovery and addressed when ddlisting criteria are devel oped.
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6) The managed, protected population or metgpopul ation segments within
currently described habitat complexes must demondtrate stability (constancy or
resilience) without augmentation. \When metgpopulation digtributions are
determined by future research (one or more habitat complexes may belong to a
single metapopulation) or defined by reserve boundaries, the unit monitored for
stability becomes the metapopulation. Stable Quino checkerspot populations are
defined by this recovery plan as those in which decreases in the number of
occupied habitat patches are followed by increases of equa or grester magnitude
within the 15 year period. The percent of patches that are occupied should be
estimated by surveys for pre-digpause larval clugters (to demongtrate
recruitment) in a sample of no less than 50 percent of the total number of patches
identified within a population or metapopulation distribution. The surveyed
sample of habitat patches must be distributed as equdly as possible across the
metapopul ation distribution to avoid error from possible correlation of suitability
among patches that are near each other.

7) Conduct research including: determining the distribution of extant
metapopulations; conducting preliminary modding of metapopulation dynamics,
investigating the function of hilltops as a resource for Quino checkerspot
populations; investigating the contribution of multiple-year digpause to
metagpopulation stability; monitoring populations for further evidence of climate-
driven range shifts; determining the effects of eevated atmospheric carbon
dioxide and nitrogen fertilization on the Quino checkerspot and its hostplant;
determining the magnitude of threets from over-collection and non-native naturd
enemies.

Downligting of the Quino checkerspot butterfly is conditioned on the above
criteriaand the rules sat forth under section 4 of the Endangered Species Act. In
making any downligting determinations the Service will condder the following:
(1) present or threatened destruction, modification, or fragmentation of its

habitat or range; (2) invasion of non-native plant and anima species, (3)
overcollection; (4) off-road vehicle use and other recreationa activities; (5)
detrimentd fire management practices; (6) anthropogenic globa change factors
(i.e. enhanced nitrogen deposition, elevated atmospheric carbon dioxide
concentrations, and climate change).
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C. Recovery Task Narrative

Priority 1 recommendations:

1. Protect via acquisition, conservation easement, or other means and provide

management in perpetuity to enhance habitat and stabilize populations within
described habitat complexes.

1.1. Protect habitat within the digtribution of described habitat complexes.
1.1.1. Northwest Riversde Recovery Unit: protect as much remaining
undeveloped suitable and restorable habitat that is part of the known
historic Gavilan Hills/Lake Mathews metapopul ation distribution (Figure
2) as possible in a configuration designed to support astable
metapopulation (approximately 3,600 additiona hectares (9,000 acres)
are needed).

1.1.2. Southwest Riversde Recovery Unit: Develop a comprehensive
plan for Southwest Riverside County Multiple Species Reserve and an
additiond reservein the vicinity of Warm Springs Creek to preserve
dynamics of the exigting populations (2 or more). Current needs include
continued reserve expansion.
1.1.2.1. Warm Springs Creek area between the Hogbacks and
State Route 79: protect as much remaining undeveloped suitable
and restorable linked habitat patches (Figure 2) as possible
(approximately 1,600 additiond hectares (4,000 acres) excluding
Assessment Didtrict 161 mitigation acquiSitions).
1.1.2.2. Lake Skinner and Johnson Ranch area: protect as much
remaining undevel oped suitable and restorable linked habitat
patches (Figure 2) as possible (approximately 800 additiona
hectares (2,000 acres) excluding Assessment District 161
mitigation acquisitions).
1.1.3. South Riversde Recovery Unit: protect as much remaining
undevel oped suitable and restorable linked habitat patches within and
between the three habitat complexes (Figure 2) as possible
(Sage/Billygoat Mountain, Oak Mountain/Vail Lake, and Brown
Canyon).
1.1.4. South Riverside/North San Diego Recovery Unit: protect as much
remaining undeveloped suitable and restorable linked habitat patches
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within and between the two habitat complexes (Figure 2) as possible
(Silverado and Dameron Valey/Oak Grove).
1.1.5. Southwest San Diego Recovery Unit: protect and manage as much
remaining undeveloped suitable and restorable linked habitat patches
within and between the six habitat complexes (Figure 2) as possible.
1.1.5.1. San Diego Nationd Wildlife Refuge habitat complex:
Protect and manage landscape connectivity through Proctor
Valey between the habitats in San Diego Nationa Wildlife
Refuge and the Otay Lakes area.
1.1.5.2. Otay Lakes habitat complex: Protect and manage as
much remaining undevel oped suitable and restorable habitat that
is part of the known higtoric population digtribution (Figure 2), as
possible, in a configuration designed to support astable
population. Enhance landscape connectivity dong the western
and eastern margins of Otay Lake.
1.1.5.3. Otay Mesa habitat complex: Protect and manage mesa
areas contiguous with the Otay River Valey. Enhance landscape
connectivity between the north rim (above the Otay River) and
western mesatop of Otay Mesa.
1.1.5.4. Otay Mountain Foothills habitat complex: protect and
manage as much remaining suitable and restorable habitat thet is
part of the known population distribution.
1.1.5.5. Marron habitat complex: protect and manage, in
cooperation with public land owners, as much remaining suitable
and restorable habitat that is part of the known population
digtribution.
1.1.5.6. Tecae protect and manage as much remaining suitable
and regtorable habitat that is part of the known population
digribution.
1.1.6. Southeast San Diego Recovery Unit: protect and manage as much
remaining undeveloped suitable and restorable linked habitat patchesin
the vicinity of Jacumba Peak and Table Mountain (Figure 2) as possible
(Jacumba habitat complex).
1.2. Regtore habitat patches and enhance landscape connectivity within and
between the didribution of the habitat complexes.
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1.2.1. Enhance or restore landscape connectivity between isolated habitat
patches in developed areas of habitat complexes (primarily Southwestern
Riversde and Southwestern San Diego Recovery Units).
1.2.1.1. Determine where habitat patches and linkage areas would
most effectively connect occupied habitat patches.
1.2.1.2. Restoreintervening habitat patches and remove any
barriers from linkage aress.
1.2.2. Remove cattle and phase in weed control where habitat is currently
grazed.
1.2.3. Restore degraded habitat patches occupied by larvae.
1.3. Erect barriers to prevent dispersal from habitat patchesinto adjacent
high-traffic surface roads.
1.4. Reduce off-road vehicle activity within the digtribution of described
habitat complexes.
2. Continue yearly reviews, monitoring and augmentation until stable habitat
complexes, populations, or metapopulations have been maintained for 15 years
without augmentation
2.1. Design and conduct yearly status reviews/monitoring of habitat
complexes or identified metapopulations for 15 or more years (see criteria
above).
2.2. Augment lowest density populations as needed to help establish sability.
3._Edtablish and maintain a captive propagation program usng gendticaly
diverse butterfly culturesin two separate facilities to provide butterflies for
research, population augmentation, and re-introduction (65 FR 56916).

Priority 2 recommendations:

4. Initiate and implement an educationa outreach program to inform the public
about the biology of the Quino checkerspot and the ecologica significance of its
decline (thet is, as an indicator of ecosystem decline, Ehrlich 1992). Other
important educationa subjects include the ecosystem services concept (Ehrlich
1992, Fidd et al. 1999), regulatory incentives such as Safe Harbor Agreements
and local cooperative partnerships, and habitat retoration techniques. Itis
important that educationa outreach efforts focus on research results over
anecdota accountsin order to remain unbiased and credible. Integration with
biological curricula of loca high schools emphasizing scientific ecologica
methodology and hands-on restoration activitiesis advised.
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4.1. Develop and implement the proposed Vista Murrieta High School project
(Helix 2000), in the Murrieta area. Restore and maintain occupied habitat
adjacent to the high school, augment and monitor populations.
4.2. Initiate a pilot program Smilar to that proposed for Vista Murrieta High
Schooal in the Otay ares, associated with the San Diego Nationd Wildlife
Refuge complex.
4.3. Initiate further cooperative outreach efforts with local nongovernmental
organizations, educationd ingitutions, and loca museums.
5. Conduct biologica research needed to refine recovery criteriaand guide
conservation efforts
5.1. Conduct preliminary modeling of metgpopulation dynamics for the
Southwest Riverside and Southwest San Diego Recovery Unit habitat
complexes.
5.2. Invedtigate the function of hilltops as a resource for Quino checkerspot
populations.
5.3. Investigate the contribution of multiple-year digpause to metapopulation
dability.
5.4. Monitor populations for further evidence of climate-driven range shifts.
5.5. Determine the effect of elevated atmospheric carbon dioxide and nitrogen
fertilization on the Quino checkerspot and its hostplant.
5.6. Survey aress between and around habitat complexes to determine where
thereisintervening and/or additiona |andscape connectivity (apossble
greater metapopulation digtribution). Surveys should be conducted in dl
areas within 7.5 kilometers (4.7 miles) of recent butterfly observations
because: 1) The existence of undocumented occupied habitat patchesis
highly probable, and 2) current population distributions are greetly reduced
relaive to historic densities and distributions, and occupied habitat patches
will be sources of former and future population expansions needed for
metapopulation stability (see metapopulation footprint model estimatesin
Harrison 1989).
5.7. Map habitat complex attributes. Areas that need to be mapped are:
habitat patches occupied by larvae, suitable or restorable habitat patches not
currently occupied by larvae, habitat linkage areas needed for landscape
connectivity, and buffer areas needed to insulate habitat patches from impacts
of nearby development. Information gathered concurrently during surveys
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should include, degree of nonnative species invasion, presence of loca
threats.
5.8. Northwest Riverside Recovery Unit: Investigete the possibility of
remaining occupied or suitable habitat near the (now developed) Quino
checkerspot location near Murrieta (Figure 2).
6. Manage activity on trails where habitat occurs in recregtiond use aress,
particularly during the active season for Quino checkerspot larvae and adults (i.e.
November through May).
7. Locate or introduce two populations or metapopulaionsin the remaining
undeveloped coastal aress of the Quino checkerspot's historic range.
Populations may be reintroduced experimenta ones or newly documented.
8. Reducefire frequency and illegd trash dumping in habitet aress.

Priority 3 recommendations:
9. Survey for habitat and undocumented populations in undeveloped aress
outsde of Recovery Units.
9.1. Between the South Riverside/North San Diego Recovery Unit and the
Southeast San Diego Recovery Unit in eastern San Diego County, particularly
the dopes of the Laguna Mountains and the dopes of Mount Palomar.
9.2. Between State Route 94 and Interstate 8 in southern San Diego County.
9.3. In proposed Recovery Units.
9.4. The eastern dope of the Santa Ana Mountains, south of Lake Elsinore on
and around the vicinity of the Santa Rosa Plateau.
10. Survey other areas within Recovery Units (not covered by surveysto
determine the extent of metapopulation distributions) to determine whether there
is suitable habitat or undocumented populations.
10.1. Northwest and Southwest Riverside Recovery Units. Survey
undeveloped areas in the southern portion of the Recovery Unit.
10.2. Southwest and South Riverside Recovery Units. Survey areas between
the Brown Canyon sSite (near Hemet) and the Silverado and Skinner/Johnson
habitat complexes.
10.3. South Riverside/North San Diego Recovery Unit: Survey areas south of
the Silverado habitat complex and the Oak Grove site.
10.4. Southeast San Diego Recovery Unit: Survey areas west, north, and east
of the Jacumba habitat complex.
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11. Enter into didogue with Bga Cdifornia, Mexico nongovernmental
organizetions and local governments. Discussion topics include beginning
surveys to determine the extent of the Otay foothills, Marron Vdley, and
Jacumba habitat complex population distributions across the border, and
discussing possible protective measures for dl Mexican populations.

12. Enter into didogue with the Cahuilla Band of Misson Indians. Discussion
topics include investigating the extent of the Silverado habitat complex
population digtribution within the Cahuilla Indian Reservation and possble
protective measures.

D. Preliminary Recommendationsfor Proposed Recovery Units

Proposed South-central San Diego Recovery Unit:

1. Map distribution and suitability of habitat.

2. Restore vernal pools and other habitat where needed.

3. Survey for butterflies in the highest-qudity habitat Stes during years of
confirmed high Quino checkerspot density in nearby reference metgpopulations.
4. Maintain connectivity with undevel oped areas to reduce indirect impacts of
development.

5. Determine habitat distribution and landscape connectivity potentia in
undeveloped areas between the Recovery Unit and the Laguna Mountains.

Proposed Northwest San Diego Recovery Unit:

6. Map digtribution and suitability of habitat.

7. Conduct focused surveys for butterflies in the highest-quaity habitat Sites
during years of confirmed high Quino checkerspot dengity in Riverside County
reference populations.

8. Determine what military activities are most likely to affect Quino checkerspot
populations and how best to minimize conflict between metgpopulation
management and essentid ongoing military training.

9. Determine extent of imported fire ant (Solenopsis invicta) didribution and
possible impacts on the native community.

10. Determine extent of landscape habitat connectivity with Proposed North
Orange Recovery Unit through the eastern dope of the Santa AnaMountains.

Proposed North Orange Recovery Unit:

77



11. Protect the remaining undevel oped suitable habitat areas in higher elevations.
12. Remove cattle grazing from Black Star Canyon and phase in weed control.
13. Restore habitat around Irvine Lake and reintroduce the Quino checkerspot.
14. Determine extent, suitability, and landscape connectivity of habitat along the
western dope of the Santa Ana Mountains south of the Recovery Unit asfar as
the proposed Northwest San Diego Recovery Unit..

15. Conduct focused surveys for butterflies in the highest-qudity habitat Stes
during years of confirmed high Quino checkerspot dengty in reference
populations.

16. Determine extent of imported fire ant distribution and possible impacts on
netive communities,
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V. IMPLEMENTATION SCHEDULE

The schedule that follows is a summary of actions and estimated cogts for the
Quino checkerspot recovery program. It isaguide to meet the objectives of the
draft recovery plan as elaborated in Part |1, Step-Down Narrative section. This
schedule indicates task priorities, task numbers, task descriptions, duration of
tasks, responsible agencies, and estimated costs. These actions, when
accomplished, should achieve the recovery objectives. The estimated costs for
many tasks remain to be determined; therefore, tota costs listed are lower than
the totd required to achieve recovery objectives. Some tasks (e.g., habitat
protection) will benefit multiple listed speciesin addition to the Quino
checkerspot, so their costs are not wholly attributable to this species. Service
daff sdary isnot included in cost estimates. Responsible party listings are based
primarily on recent (1997 and later) Quino observetion Site land ownership data,
jurisdictiond authority, and responsibility for road and highway construction.
Cogt is not separated by responsible agency, cost distribution isto be determined.
The list of respongible partiesis not exhaudtive. Any party thet is a proponent of
or has authority over projects that affect the Quino checkerspot has some
responsibility under the Endangered Species Act for listed tasks related to their
project.
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Definitions and Abbreviations Used in the Implementation Schedule:

Priorities in column one were assgned as follows:
1 = An action that must be taken to prevent extinction or to prevent the species
from declining irreversibly in the foreseesble future.
2 = An action that must be taken to prevent a Significant decline in species
population, habitat quality, or some other sgnificant negative impact short of
extinction.
3 = All other actions necessary to meet the recovery objectives.

Key to Acronyms used in the Implementation Schedule:

BLM Bureau of Land Management

BP Border Patrol

CdTrans Cdlifornia Department of Transportation

CCH City of ChulaViga

CDF Cdlifornia Department of Forestry

CDPR Cdifornia Department of Parks and Recrestion
CsD City of San Diego

LMRMC Lake Mathews Reserve Management Committee
RC Riversde County

SDC San Diego County

SDSU San Diego State University

TNC The Nature Conservancy

UCR University of Cdiforniaa Riversde

USFWS U.S. Fish and Wildlife Service
USMCCP U.S. Marine Corps - Camp Pendleton
USMCASM  U.S. Marine Corps - Air Station Miramar
TBD To be determined.
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IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Task Total Cost ($1,000's)
Priority] Task Task Description Duratior Responsible Estimated
Cost
# # (Years) Agencies ($1,000's) FY FY FY FY FY
01 02 03 04 05
1 111 | Northwest Riverside Recovery 3 USFWS*, TBD TBD TBD TBD
Unit: protect as much remaining LMRMC, RC
undevel oped suitable and
restorable habitat that is part of the
known historic Gavilan Hills/Lake
Mathews metapopulation
distribution as possible
1 11.2.1| Warm Springs Creek area between 3 USFWS*, RC TBD TBD TBD TBD
the Hogbacks and State Route 79:
protect as much remaining
undevel oped suitable and
restorable linked habitat patches ag
possible.




76

IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Priority

Task

Task Total Cost ($1,000's)
Task Description Duratior Responsible Estimated
Cost

(Years) Agencies (%$1,000's) FY FY FY
01 02 03

FY

FY
05

1122

L ake Skinner and Johnson Ranch 3 USFWS*, RC, UCR TBD TBD TBD TBD
area. protect as much remaining
undevel oped suitable and
restorable linked habitat patches as
possible.

1.13.

South Riverside Recovery Unit: 3 USFWS*, BLM, SDC TBD TBD TBD TBD
protect as much remaining
undeveloped suitable and restorable
linked habitat patches within and
between the two habitat complexes as
possible

114

South Riverside/North San Diego 3 USFWS*, BLM, RC, TBD TBD TBD TBD
Recovery Unit: protect as much as SbC
remaining undevel oped suitable and
restorable habitat patches within and
between the two habitat complexes as
possible.

1151,

Protect and manage landscape 2 USFWS*, SDC TBD TBD TBD
connectivity through Proctor Valley
between the habitats in San Diego
National Wildlife Refuge and the Otay
Lakesarea.
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IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Priority

Task

Task Total Cost ($1,000's)
Task Description Duratior Responsible Estimated
Cost

(Years) Agencies (%$1,000's) FY FY FY
01 02 03

FY

FY
05

1152

Otay Lakes habitat complex: Protect 4 USFWS*, SDC TBD TBD TBD TBD
and manage as much remaining
undeveloped suitable and restorable
habitat that is part of the known
historic population distribution (Figure
2) aspossible, in a configuration
designed to support a stable
population. Enhance landscape
connectivity along the western and
eastern margins of Otay Lake.

TBD

1153

Otay Mesa habitat complex: Protect TBD USFWS*, SDC TBD
and manage mesa areas contiguous
with the Otay River Valley. Enhance
landscape connectivity between the
north rim (above the Otay River) and
western mesa top of Otay Mesa.

1.154.

Otay Mountain Foothills habitat 3 USFWS*, SDC TBD TBD TBD TBD
complex: protect and manage as much
remaining suitable and restorable
habitat that is part of the known
population distribution.
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IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Priority

Task

Task Description

Task
Duration

(Years)

Responsible

Agencies

Total
Estimated
Cost

($1,000'5)

Cost ($1,000's)

FY
01

FY FY
02 03

FY

FY
05

1155.

Marron Habitat Complex: protect and
manage, in cooperation with public
landowners, as much remaining
suitable and restorable habitat that is
part of the known popul ation
distribution as possible.

USFWS*, SDC,
USFS, CSD, BLM

TBD

TBD

TBD TBD

115.6.

Tecate habitat complex: protect and
manage as much remaining suitable

and restorable habitat that is part of the

known population distribution as
possible.

USFWS*, SDC

TBD

TBD

TBD

1.1.6.

Southeast San Diego Recovery Unit:
protect as much remaining
undeveloped suitable and restorable
linked habitat patches as possible

USFWS*, CDPR,
SDC

TBD

TBD

TBD TBD

1.2.1.1.

All Recovery Units: Determine where
habitat patches and linkage areas
would most effectively connect
occupied habitat patches.

TBD

USFWS*, SDC

TBD

1.2.1.2.

Restore intervening habitat patches and
remove any barriers from linkage
areas. Start with VistaMurrieta High
School and Johnson Ranch areas (in 2-

3years).

TBD

USFWS*, SDC

TBD

TBD

TBD TBD

TBD

TBD
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IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Task Total Cost ($1,000's)
Priority|  Task Task Description Duratior Responsible Estimated
Cost
# # (Years) Agencies (%$1,000's) FY FY FY FY FY
01 02 03 04 05
1 1.2.2. | Remove cattle and phase in weed 2 USFWS*, CSD, CDF, TBD TBD TBD
control where habitat is currently BLM
grazed.
1 1.2.3. | Restore and manage degraded habitat Ongoing USFWS*, CDF, TBD TBD TBD TBD TBD TBD
patches occupied by larvae. CDPR, BLM,
LMRMC, RC, SDC
1 13. Erect barriers to prevent dispersal from 3 CalTrans*, RC, SDC, TBD TBD TBD TBD
habitat patches into adjacent USFWS
high-traffic surface roads.
1 14. Reduce off-road vehicle activity withinf  Ongoing USFWS*, CDF, TBD TBD TBD TBD TBD TBD
the distribution of described habitat CDPR, BLM,
complexes. LMRMC, RC, SDC
1 2.1 Design and conduct yearly status Ongoing USFWS*, CDFG 200 10 10 10 10 10
reviews/monitoring of habitat
complexes or identified
metapopulations for 15 or more years.
1 2.2. | Augment lowest density populations as 3 USFWS*, UCR TBD TBD TBD TBD
needed to help establish stability.
1 3. Establish and maintain a captive Ongoing USFWS*, UCR 1,162 6 6 130 60 60
propagation program.
1 4.1. Develop and implement the proposed | Ongoing USFWS*, UCR, Vistd 2,150 130 130 105 105 105

Vista Murrieta High School education

project.

Murrieta High School
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IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Priority

Task

Task Description

Task
Duration

(Years)

Responsible

Agencies

Total
Estimated
Cost

($1,000'5)

Cost ($1,000's)

FY
01

FY FY FY
02 03 04

FY
05

4.2.

Initiate a pilot program similar to that
proposed for Vista Murrieta High
School in the Otay area, associated
with the San Diego National Wildlife
Refuge complex.

Ongoing

USFWS*, UCR, Vidts
Murrieta High School

2,150

130

130 105 105

105

4.3.

Initiate further cooperative outreach
efforts with local nongovernmental
organizations, educational institutions,
and local museums.

Ongoing

USFWS*, UCR

51

Conduct preliminary modeling of
metapopulation dynamics for the
Southwest Riverside and Southwest
San Diego Recovery Unit habitat
complexes.

USFWS*

20

10

5.2.

Investigate the function of hilltopsas g
resource for Quino checkerspot
populations.

USFWS*

53.

Investigate the contribution of
multiple-year diapause to
metapopul ation stability.

USFWS*

35

10

54.

Monitor populations for further
evidence of climate-driven range

shifts.

Ongoing

USFWS*

TBD

TBD

TBD TBD TBD

TBD
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IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Task Total Cost ($1,000's)
Priority|  Task Task Description Duratior Responsible Estimated
Cost
# # (Years) Agencies (%$1,000's) FY FY FY FY FY
01 02 03 04 05
2 5.5. Determine the effect of elevated 3 USFWS* 120 40 40 40
atmospheric carbon dioxide and
nitrogen.
2 5.6. | Survey areas between and around TBD USFWS* TBD
habitat complexes to determine where
there isintervening and/or additional
landscape connectivity.
2 5.7. Map habitat complex attributes TBD USFWS* TBD
2 5.8. Northwest Riverside Recovery Unit: 3 USFWS* 36 12 12 12
Investigate the possibility of remaining
occupied or suitable habitat proximal
to the (subsequently devel oped) Quind
checkerspot population near Murrieta
2 6 Manage activity on trails where habitatf Ongoing USFWS*, RC, TBD TBD TBD TBD TBD TBD
occurs in recrestional use aress, LMRMC, SC, CDPR
particularly during the active season
for Quino checkerspot larvae and
adults (i.e. November through May)
2 7. Locate or introduce two populations ol TBD USFWS*, USMCCP, TBD
metapopulations in the remaining USMCASM, CSD
undevel oped coasta areas of the Quind
checkerspot’s historic range.
2 8. Reduce fire frequency and illegal trash | Ongoing USFWS*, RC, SDC, TBD TBD TBD TBD TBD TBD
dumping in habitat areas BLM




00T

IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Task Total Cost ($1,000's)
Priority|  Task Task Description Duratior Responsible Estimated
Cost
# # (Years) Agencies (%$1,000's) FY FY FY FY FY
01 02 03 04 05
3 9.1. Survey for butterflies and habitat TBD USFWS*, BLM, TBD
between the South Riverside/North USFS, SDC, RC,
San Diego Recovery Unit and the SDSU
Southeast San Diego Recovery Unit in
eastern San Diego County.
3 9.2. Survey for butterflies and habitat TBD USFWS* TBD
between State Route 94 and Interstate BLM, USFS, CSD,
8 in southern San Diego County. sDC
3 9.3. | Survey for butterflies and habitat in 4 USFWS* TBD TBD TBD TBD TBD
proposed Recovery Units USFS, USMCCP,
USMCASM, CSD,
OC, SbC
3 9.4. | Survey for butterflies and habitat aong 4 USFWS*, TBD TBD TBD TBD TBD
the eastern slope of the Santa Ana USFS, SDSU, TNC
Mountains, south of Lake Elsinore
3 10.1. | Northwest Riverside Recovery Unit: 3 USFWS*, SDC, BLM 506 169 169 168
Survey undeveloped areasin the CsD
southern portion of the Recovery Unit
3 10.2. | Southwest and South Riverside 3 USFWS*, RC 700 234 233 233
Recovery Units: Survey areas betweer
the Brown Canyon site (near Hemet)
and the Silverado and Skinner/Johnson
habitat complexes.
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IMPLEMENTATION SCHEDULE FOR QUINO CHECKERSPOT RECOVERY PLAN

Task Total Cost ($1,000's)
Priority|  Task Task Description Duratior Responsible Estimated
Cost
# # (Years) Agencies (%$1,000's) FY FY FY FY FY
01 02 03 04 05
3 10.3. | South Riverside/North San Diego 2 USFWS*, RC, BLM 363 182 181
Recovery Unit: Survey areas south of
the Silverado habitat complex and the
Oak Grove site.
3 10.4. | Southeast San Diego Recovery Unit: 2 USFWS*, RC, BLM 228 114 114
Survey areas west, north, and east of
the Jacumba habitat complex.
3 11. Enter into dialogue with Baja 2 USFWS TBD TBD TBD
Cdlifornia, Mexico nongovernmental
organizations and local governments.
3 12. Enter into dialogue with the Cahuilla 2 USFWS TBD TBD TBD
Band of Mission Indians

Total Estimated Cost of Recovery Through FY 2020: $7,678,000 +




APPENDIX |
Quino Checker spot Butterfly Life Cycle Diagram

Prepared by Dr. Gordon Pratt.
Photographs by Greg Ballmer.
Reproduced with permission from the authors.

This diagram represents the typicd life cycle. Thereis overlgp in the life sages
due to population variability. Seasond timing is aso variable, depending on

annud fluctuations in climate (particularly precipitation). Photographs are not to
scae.
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Insert life cycle picture. (Pdf tif)
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APPENDIX 1

Habitat Restoration M ethods
Prepared by Mark Dodero

The conservation and recovery of the Quino checkerspot butterfly requires not
only the preservation of currently suitable, but also the restoration of degraded,
habitat for re-establishment of fully functioning metapopulaions. Stabilization
and re-establishment of the species (within even asmall fraction of its historic
range) will require long-term restoration and management efforts, possbly in
perpetuity. Thisarticle discusses avariety of methodsinvolved in, and issues
related to, restoration, including: restoring occupied habitat; removing and
contralling nonnative (or native) plant species; preparing the Site; sdlecting
native plant species; collecting native plant seed; restoring cryptogamic crusts,
using sdvaged materids, monitoring and maintaining the restored habitat,
implementing adaptive management techniques, and the potentia costs
associated with these activities.

Restoring Occupied Habitat

A primary god of most habitat restoration programsis to connect and enlarge
suitable habitat patches by removing nonnative plantsin adjacent areas. Specia
precautions need to be taken if the Siteis occupied by the Quino checkerspot or
other listed species. Usudly, workers should begin removing nonnative plants at
the center of occupied habitat patches and work outward, concentrically
enlarging and connecting the habitat patches. Thiswork will require on-site
monitoring by a biologist familiar with the digtribution of Quino checkerspot and
other listed or sengitive plant and anima species.

Nonnative plant remova strategies should be ste-specific to take advantage of
habitat breaks such as those created by large shrub patches, canyon edges, rock
outcrops, or roads. These breaks can serve as buffer zones from adjacent areas
that are dominated by nonnative plants. Designing the complete restoration of
metapopulation habitat patch networks by taking advantage of existing breaks
will enable managers to use nonnative plant remova funds most efficiently.
Initidly concentrating effortsin occupied habitat patches will improve the
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habitat quality until resources are available to restore larger areas. After
nonnative plant remova, populations of native annuas may be enhanced or
re-established in and between existing habitat patches by hand seeding.

Restoring Occupied Habitat Dominated by Nonnative Plants when Native
Species are Still Present

Native plant communities invaded by nonnative species can be weeded using
different methods, depending on the site conditions and the presence of sengtive
resources. Some habitat patches will require only spot herbicide spraying, and
possibly hand remova of individua nonnative plants. Other methods can dso
be used, dthough some nonnative plant control methods, such as the use of
pre-emergent or other herbicides, may not be appropriate in Quino checkerspot
habitat. Site-gpecific nonnative plant control strategies will be needed. Timing
of nonnative plant control effortsis crucia to success. If nonnative plants are
not killed prior to seed s&t, then remova effort and cost will remain high over
time. Ancther crucid component of the nonnative plant remova method
described below is that workers must be trained to distinguish between native
and nonnative plants for restoration to be successful.

This method of restoring native plant communities described below, involving
removal of dead plant thatch using hand tools and “weed eaters” and return
vigtsfor spraying with glyphosate (a selective herbicide), appearsto be
successful on sitesin central and southern San Diego County. Thick thatch can
prevent native species from germinating and/or competing successfully for light
and space with nonnatives.

If nonnative plants are present a moderate to high levelsin areas thet ill have
sgnificant numbers of native species present, the following de-thatching
technique can be used to restore or enhance these stes. De-thatching should be
used in areas that have a buildup of organic matter on the soil surface, such as
dead mustard or annua grasses.

De-thatch and Repeat Spray Method (in order):
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» Cut thatch and dead nonnative plants with "weedeaters." This cutting can be
done during the summer or early fdl.

* Rake up and collect nonnative plant thatch.

« Remove thaich from ste and digpose of it in dumpsters, alandfill, or an area
where it can be composted nearby to reduce disposal costs.

« Return to Site and soray Roundup (or more sdlective herbicide) on nonnative
plant seedlings after sufficient rains have fadlen in winter and spring.

 Repeat oraying as necessary to prevent seed set. Other optionsinclude the
use of pre-emergent herbicide prior to the first Sgnificant rain.

« Repeat gpraying as necessary to maintain nonnative plant dengity to alow
level. If nonnative plants are controlled each season prior to flowering and
setting seed, the leve of effort required should decresse.

The nonnative plant removal process must be carefully monitored because
frequently, as the dominant nonnative plant species are removed, other nonnative
plant species multiply rapidly and replace the formerly dominant nonnative
species. Repeated nonnative plant removal visits are necessary, and adaptive
management strategies must quickly address control of newly dominant
nonnative pecies. Frequent Site vists are necessary during the growing season
to assess nonnative plant removal efforts and to determine whether changes are
needed in the strategy being used or the intensity of nonnative plant removal
efforts. Thistype of nonnative plant remova effort requires control efforts prior
to flowering and seed development. As nonnative plants are controlled over the
firs few years, natives will return to dominance. Remova of nonnative plants
by hand may be required around smal populations of herbaceous natives.
Expangion of herbaceous annuds, including goldfields (Lasthenia) and plantain
(Plantago), which may be localy rare because of nonnative plant competition,
may require population augmentation and careful hand remova of nonnatives.

Restoring Unoccupied Habitat Completely Dominated by Nonnative Plants

If nonnative plants dominate a heavily disturbed restoration site completely (few
or no native plant species occur) and the thatch iswell incorporated into the soil,
it can be more cost-effective to use heavy equipment over alarge areato remove
thatch and nonnative plant seed banks. Soil scraping probably works best if
there are existing patches of native habitat adjacent to the Steto dlow
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immigration of native floraand fauna. Thistype of honnative plant control
technique can be used for fdlow agricultura fidds. Bulldozers or other
mechanica scraping equipment can be used to remove the top organic thatch-
covered layers of soil (afew inches or moreif necessary. The god of scraping is
to reach the upper sub-soil, which does not have organic buildup, unnaturaly
high nutrient levels, or nonnative plant seeds. Soil can be removed from the site
and used asfill. If the soil cannot be removed from the Site, it should be deeply
buried to reduce the likelihood of nonnative plant seed dispersal.

After scraping away the thatch and the top organic layers of soil, salvaged
topsoil with aminima nonnative seedbank can be obtained from other areas and
can be spread over the restoration site. This procedure will provide the site with
s0il microorganisms, fungi, invertebrates, and seeds of native species. After
scraping, winter rains will cause nonnative weed seeds to germinate, requiring
nonnative plant control efforts. Repeat spraying vidts can be used as described
above and can be very effective, especidly if used in conjunction with
high-qudity salvaged topsoil.

Heavily disturbed habitats that have not been used for agriculture may contain
native plant species such as bunchgrasses and bulbs. To evauate what methods
should be used to remove weed thatch from a gte, it isimportant to vist the Site
during the spring prior to scraping to determine whether native bulbs or other
pecies are present. These native plants might be missed during a summer vigt.
This problem should not exist for agriculturd fidds, only for heavily disturbed
areas that were not farmed and may ill have natives. If amal numbers of native
plants are present, they can be avoided or salvaged prior to scraping and then
replanted or used for propagation. If no undisturbed aress exist adjacent to the
Ste, or if sgnificant numbers of native species are present, the area should be
de-thatched with hand tools as described above to reduce the impacts of weed
remova on the soil fauna. It isimportant that nonnative plant control methods
minimize impacts to the native invertebrate fauna
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Native Plantsfor Habitat Restoration and Enhancement

Seeds of native plant species used in each restoration project should be localy
collected whenever possible. If aplant species was historicaly present in an
area but can no longer be found, it should be reintroduced from the locality
nearest the restoration Site. Loca collection of seed is especialy important with
regard to Quino checkerspot host and nectar plants, but should be done for as
many other species as possible. Localy adapted plants are better competitors
than plants introduced from a different climate zone. Seed collection should
generdly occur within 8 kilometers (5 miles) of a proposed restoration or
enhancement ste. If collecting within this distance is not possible, it is best to
collect seeds as close as possible within the same generd climate zone. Generd
climate zones outlined in the Sunset Western Garden Book (Sunset Publishing
Corporation 1995) can be used asaguide. Reciproca transplant experiments
have shown that plants of genotypes that are not localy adapted are inferior
competitors when they are moved to a different climate zone. In addition,
introducing plants that are not localy adapted can be detrimentd to local
herbivorous insects.

Much of the plant materid required for restoration of Quino checkerspot habitat
will include annuas and bulbs. Many of these species will be difficult to collect
from the wild in sufficient quantity to seed the restored areas. Collecting from
the wild must be limited so it will not adversdy affect source plant populations.
To ensure that adequate seed is available, seed bulking (growing seed in
cultivation to increase the amount of seeds) of annuds, including Plantago and
nectar plants, will be necessary. This seed bulking should be done at growing
aress that can provide reproductive isolation from related plants from different
regions. Plants from different source regions should not be dlowed to hybridize
at acommon growing facility, but localy adapted genotypes for plants should be
maintained as much as possible. It can take 3 yearsto grow bulbsfrom seedto a
Szelarge enough to plant and gill have high survivorship when they are planted
out. Therefore, restoration of diverse grasdand sites, for instance, can require
severd years of planting.
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Enhancement of Pollinator Populations

Providing adequate habitat for pollinator assemblagesis crucid to the success of
any Quino checkerspot restoration project. Pollinators are required to ensure that
Quino checkerspot nectar plants have high seed set and persist over the long
term. In arid environments, many potentid pollinators, including netive bee
Species, require open ground for nesting (Buchmann and Nabhan 1996).
Extensve nonnative plant cover continues to invade and dominate current and
historic Quino checkerspot habitat in Southern Cdifornia, resulting in aloss of
open ground suitable for ground nesting pollinators. By reducing available

nesting sites, the nonnative plant growth is causing a decline in pollinator

numbers and diversity, with negetive implications for the entire ecosystem.

Aswdl as reducing the extent of open areas required for ground nesting
pollinators, competitive interactions between nonnative and native plant species,
induding dwarf plantain (Plantago erecta), goldfieds (Lasthenia s.), bulbs, and
rare plants are causing declinesin the biologicd diversity of natura

communities. In order to support a diverse assemblage of potentia pollinators
and native plant Species, areas of open ground within associated native plant
communities must be restored to support ground nesting bees and other
invertebrates. The goa of having open ground for pollinators is compatible with
Quino checkerspot restoration efforts because Quino checkerspot larval food and
adult nectar plants require open ground for successful reproduction and

long-term persstence.

Regtoration plantings should include nectar-producing plant species with
overlgpping flowering periods that extend throughout the typical Southern
Cdiforniagrowing season. Although there are exceptions, in generd many of
the nectar producing plants of arid Southwest environments (including coastdl
sage, grasdands and vernd pools habitats in Southern Cdlifornia) are visited by
generdist pallinating insects (Buchmann and Nabhan 1996). Generdist
pollinators visit more than one plant species for their nectar and pollen. To
support pollinator assembl ages throughout the flowering season,
re-establishment and enhancement of nectar-producing plant populations may be
required as part of restoration efforts. Even though a primary god of Quino
checkerspot habitat restoration is to enhance nectar resources specifically used
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by Quino checkerspot, generdist pollinators may require additiond temporally
overlapping nectar resources to support their populations throughout the year.
At aminimum, restoration should include severa nectar-producing plant species
that in combination flower from early spring through late summer, as seeniin
relatively undisturbed natura ecosystems in Southern Cdifornia

For example, species that provide good nectar resources include goldfields
(Lasthenia sp.) and tidy tips (Layia §.), which flower in early oring; gumplant
(Grindelia sp.), which flowers later but overlaps with goldfields, and other herbs
such astarplants (Hemizonia p.) and shrubby species such as goldenbush
(Isocoma sp.), which flower in late spring and during the summer. The
re-establishment of these or other appropriate species on arestoration project site
will provide a continuous nectar source to keep local pollinator assemblages
supplied with resources until the fal, when many pollinating insects become
dormant or enter another phase of ther life cycle. Each region will hasits own
st of nectar-producing plants, and restoration projects should be designed on a
ste-gpecific basis with the god of supporting viable populations of potentia
pollinators.

Restoration of Cryptogamic Crusts

Although the stience of restoring cryptogamic crugtsis ill initsinfancy and the
regeneration process requires along time for full development, there are known
techniques to promote conditions that are gppropriate for the growth of these
biotic crusts. Observations of older disturbed habitat in San Diego County and
elsewhere indicate that soil crusts can recover following a disturbance. The
process takes many years and proceeds more dowly in xeric environments than
in more mesic Stes. Redevelopment of biotic crust on disturbed Stesislikely to
produce more species diversity when intact soil crusts exist adjacent to the
disturbed area. Moisture and soil conditions are the most important factors to
congder when promoting crust growth.

Benap et al. (1999) ligted five factors that increase moisture on the soil surface
and therefore promote crust development: 1) closaly spaced plants, 2) flat areas
(depositiond surfaces rather than erosiond surfaces); 3) limited surface rocks,
roots, or light plant litter to dow water and wind; 4) soilswith inherently high
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dability (slt/clay>sandy>dhrink-swell clay); and 5) stable microhabitats (under
shrubs, away from smdl washes). As soil gability increases and human-related
disturbances decrease, rich communities of cyanobacteria, mosses, and lichens
become more widespread, covering al surfaces not occupied by vascular plants
and rocks.

Recent attempts have been made to reintroduce soil crust organismsto
retoration sites on Otay Mesa, in San Diego County. Crust organisms such as
ashy spike-moss (Sdlaginella cinerascens) and other associated crust flora such
as liverworts, mosses, fungi, and lichens have been salvaged from recently

devel oped areas and planted into restoration sites. One way to trand ocate spike-
maossisto cut it into squares about the Size of a greenhouse flat using hand tools
and place the squares into the flats for trangport or temporary storage. When
soils a the restoration Site are moist, the spike-moss can be planted into shalow
holes excavated in the shape of theflat. The spike-moss is planted in the hole so
that it isflush with or dightly below the surrounding soil surface. This

placement reduces the chance that erosion will break agpart the crust. New crust
organisms have been grown on asmall scae by placing sadvaged native topsoil

in greenhouse flats and then keegping them continually moigt in a sheded growing
structure.

These smdl-scale biotic crust restoration trids have produced actively growing
liverworts, mosses, and ashy spike-moss. Large-scae production could be used
to grow many units of crust, which can be planted at the restoration Stes after
nonnative plants are removed or under control. Salvaged brush is adso being
used to promote the growth of crusts by placing branches on open ground after
the steiswell weeded. The branches dter the soil moisture conditions by
reducing evaporation. Mosses and algae have been observed growing under the
brancheswithin 1 year after the branches have been put in place. Future efforts
to promote crust development will include salvaging crust from development
impact stes during the summer dry season and then using the powdered dry soils
to sprinkle over stable soil areasthat are lightly covered with branches.

Using Salvaged Materials

Topsoil
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Savaged topsoil can aso be used from nearby congtruction sites to enhance the
restoration areas, including bringing in native plant propagules and soil fauna.
Topsoil should only be salvaged from areas that are not infested with nonnative
plants. Savaged topsoil must be placed at the recipient Site as soon as possible
to maintain the maximum diversity of seeds and other soil organisms. The
greatest chance of success in using sdvaged topsoil isto collect soil inthe
summer or early fal dry period. If soils are wet when moved and spread grester
damage to the native seed bank and soil organisms will occur than if the sail is
dry and organisms are dormant. Soil should be stockpiled only if absolutely
necessary because the longer the soil is stored the greater the loss of seeds and
soil fauna. If soil must be stockpiled, it should be kept dry. The depth of pilesin
storage should not exceed 90 centimeters (3 feet) to avoid composting effects,
and a depth of 30 to 60 centimeters (1 to 2 feet) is preferable for maintaining
seed banks. The topsoil trandocation site should be prepared prior to topsoil
Odlivery.

Brush and Rocks

The following techniques can be used to increase the Structurd diversity of the
restoration areato provide cover Stes for invertebrates, including Quino
checkerspot. Brush piles, scattered sticks, branches, and rock cobbles can be
brought to the retoration Site to increase the available cover for many animals,
and will provide potentia digpause and pupation Sites for Quino checkerspot.
Brush can be obtained from nearby congtruction stes, either from brush habitat
affected by development or from brush management activities adjacent to
structures. Because brush materia is consdered awaste product and hasto be
chipped and removed to alandfill, most construction supervisors will truck the
materia to your retoration Steif it is near the congtruction area. This approach
can save the developer cogts associated with trucking the materid to alandfill.
Creative partnerships with developers can result in increased structurd diversity
of your restoration Site.

Placement of decaying wood and brush in the restoration site can provide
immediate cover for many animas, including larvae and pupae of Quino
checkerspot. By bringing in brush and rocks (if appropriate to the specific Site)
it ispossbleto "jump start" restoration by providing cover that would take many
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yearsto develop or accumulate otherwise. The use of one or two restoration
enhancement techniques, such as placement of brush and rocks, can benefit
multiple species when done using an integrated ecosystemn gpproach. For
example, brush piles and sticks, which should benefit Quino checkerspot, can
aso provide food for termites that are the primary food source for orange-
throated whiptails, a sengtive specieslikely to be included in a multiple species
conservation program. The use of structural enhancement techniques that
benefit multiple species will increase the chance of successful implementation of
restoration for multiple species habitat conservetion plans.

Native Plants

Many species of native plants can be salvaged from construction impact aress
prior to development. Trandocation of native shrubs and herbaceous perennias
Ismost successful under cool moist weather conditions after rains have started
native plant growth and just prior to anticipated rainfall. Bulbs can be excavated
from the soil as they become dormant in late spring after flowering has ceased.
Bulbs can be stored until the fall when they can be planted after sgnificant rains.

Restoration Costs

Habitat restoration costs vary per Site, depending on Site preparation costs,
maintenance and monitoring requirements and the number of sengitive species
needed to be present reintroduced and managed for to meet specific project
standards. For Quino checkerspot restoration, maintenance of the site should last
aminimum of 5 years, probably longer for converted agriculturd fieds, with a
monitoring period of 10 years before determination of project success for
mitigation purposes. Many of the degraded habitats will require a lesst 3 years
of restoration work before reintroduction of the Quino checkerspot can be
initiated. In Stesthat have been completdy reconstructed, such as former
agriculturd fidds, at least 15 yearswill be required to determine if effortsto
re-establish Quino checkerspot have been successful.

De-thatching and Herbicide Spraying
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Costs associated with removing thatch and spraying nonnative plants with a
sdective herbicide vary among restoration Sites, but depend primarily on the
degree to which the naturd habitat has been degraded, including the extent of
nonnative plant invasion. The cogt of removing nonnativesis generdly lowest
for areas tha require only spot spraying of individua plants. Removing plants
by hand is codtly, especidly for large areas. However, hand "weeding” may be
necessary for sites occupied by Quino checkerspot. The de-thatching technique
can be usad in conjunction with return vidits to spray individua nonnaive plants;
and in someingtances a“weed eater” can be used instead of spraying.

The de-thatching technique is typically used only during the first year as part of
the Site preparation. A crew of approximately ten workers has been used to de-
thatch nonnative plants, accomplishing severd tasks Smultaneoudy. Activities
include weed-whipping the site (4-5 weed-whips can work at one time), raking
thatch into piles, collecting thatch and placing it into burlap bundles, and taking
the bundlesto trucks for removal from the Ste. Estimated costs per unit areaare
given below for using the de-thatch and repeat spraying method for sites
dominated by nonnative plants, but which gill have native plants present.

Using this method, 10 workers can de-thatch approximately 0.4 hectare (1 acre)
per day. Costs for the de-thatching range from $4,000 to $5,000 per hectare
($1,600 to $2,000 per acre) (based on a average $20 per hour billing rate for the
laborers and supervison time). The work can be physically demanding,
especidly if the thatch materid has to be hauled out of steep canyons. If
removing the materid is not possible, it can be placed into piles and composted
onthedte. The nonnative plantsthat germinate later from the pileswill need to
be controlled because some nonnative plant seeds will remain. After sufficient
rains have falen in winter, nonnative plant seedlings will require control by

return vists to spray Roundup®© or other, more sdlective, herbicides to prevent
the plants from maturing and producing seeds. Care must be taken to minimize
over-gpray onto native species. It isimperative that workers are able to
recognize nonnative plants and distinguish them from native plants.

For the first 2 seasons after de-thatching, repeat Spraying with an appropriate
herbicide up to five timesin a season costs gpproximately $8,400 per hectare
($3,400 per acre)in labor (four workers making five spraying visits) and an
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additional cost of approximately $500 per hectare ($200 per acre) for herbicide
(to spray the entire areaonce). The amount of spray required will be reduced as
the season progresses and fewer nonnative plants are present. After thefirst 2
years, weeding costs decrease each year if the spraying program is timed to kill
the nonnative plants before they set seed. Approximate costs of subsequent
yearsrelative to the first year of restoration activities are asfollows. year 3, 75
percent; year 4, 50 percent; year 5, 33 percent. These proportions of decreasing
costs are gpproximate and will depend on how weedy the steisinitialy and how
diligently follow-up nonnative plant control efforts are completed. If nonnatives
are not killed prior to seeding, costs will not decrease as anticipated. The
biologist monitoring the project must ensure that subcontractors or volunteers
complete work on schedule and that nonnative plants are controlled prior to seed
s for the effort to be effective.

For Quino checkerspot preserve aress, periodic maintenance will likely be
required a low levelsin perpetuity after the areais turned over to along-term
stemanager. The ultimate god of restoration effortsis to create self-sustaining
Quino checkerspot habitat areas. However, management endowments will
likely be needed indefinitely to fund periodic nonnative plant control activities
and other habitat management tasks.

One restoration planning sirategy to reduce long-term management costs is
ensuring that native species occupy the newly opened ground as nonnative plants
are controlled. Established native plants provide resstance to nonnative plant
invasion because the spaceis aready occupied, but careful planning isrequired
to ensure that appropriate plant species are selected for the restoration sites. For
example, certain native shrub species can quickly outcompete small herbaceous
annuds such as plantain (Plantago) and goldenbush (Lasthenia), which are
important to Quino checkerspots. Shrubs, including Caifornia sagebrush
(Artemisia californica), can quickly dominate a restoration site recently opened
up by nonnative plant control effortsif the sagebrush are seeded densdly or are
present in adjacent areas.

Many restoration projects tend to encourage growth of native species that
provide fast-growing shrub cover. Many restoration and revegetation projects
require quick cover to minimize eroson. However, the god of providing dense
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cover is quite different from the goals of a Quino checkerspot restoration project
because areas intended for Quino checkerspot must remain open. Therefore,
careful selection of plant materiad must be incorporated early in the restoration
planning process. If not carefully planned, arestoration Ste can be inadvertently
directed toward rapid succession from open ground to dense shrub cover, a
habitat unsuitable for Quino checkerspot. Long-term needs of the Quino
checkerspot must be considered in the restoration planning process. For
example, a Ste that gppears suitable for Quino checkerspot after 2 or 3 years
could be completely dominated by shrubsin 10 yearsif the project is not planned
correctly or appropriate maintenance is not conducted. In this Situation, the Site
would no longer provide suitable habitat because shrub density would be
excessve. To avoid losing recently restored habitat, long-term monitoring of
Quino checkerspot restoration sites and remediad measures implemented to dow
or reverse successon will be needed.

Totd Cods Of Hahitat Restoration Maintenance and Monitoring

In addition to nonnative plant remova and control costs, restoration efforts for
heavily disturbed sites may aso include costs for additiond Site preparation.
This preparation may include grading or recontouring the soil to reconstruct
mima mound topography in former vernal pool aress that have been disturbed by
agriculturd ectivities, off-road vehicle traffic, or grazing. Costs for the transport
and placement of rock cobbles may be included if appropriate to the Site. For
complete reconstruction of Quino checkerspot habitat (Ste preparation and
implementation, plant production, planting, weeding, monitoring and annud
reporting) the costs can range from $75,000 to $125,000 per hectare ($30,000 to
$50,000 per acre) (or possibly more for agricultura fields) for 5 years of
maintenance and monitoring. Existing occupied or unoccupied habitat thet is
relatively intact (with mostly native species) will be less expensive and may

range from $12,000 to $50,000 per hectare ($5,000 to $20,000 per acre)
depending on the specific Ste conditions.

Adaptive Management

Adaptive management strategies should be used to ded with unforeseen
crcumgtances. Thisflexibility is especialy important in restoration Stes that
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require complete recongruction from old agriculturd fields. Adaptive
management can include management/control of selected native pecies, such as
Cdlifornia sagebrush or other native plant species in Quino checkerspot
restoration Stes, so that they don't dominate the vegetation. Until the
appropriate Quino checkerspot larva food and adult nectar plants are fully
established, monitoring and control of aggressve native species may be required
in addition to controlling nonnative nonnative plants. Rapid succession from an
open-ground habitat to a dense shrub-dominated community can exclude Quino
checkerspot food plants through competition.

Restoration techniques such as heavy mulching of newly planted containers or
entire Stes are promoted by some ecologists but are usudly ingppropriate for
smdl naive annuds. Similarly, a heavy mulching strategy is not gppropriate for
restoration of most rare annua and perennia herbs, or for Quino checkerspot
food plants, such as Plantago and Lasthenia. The use of light, naturd mulch
made up of savaged native sticks and branchesis acceptable, but a thick mulch
IS unnecessary to grow many of the native shrubs and annuds.
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APPENDIX 11

The Annual Forbland Hypothesis: An extinct
vegetation typein remnant Quino habitat?

Prepared by Dr. Edith Allen.

The Quino checkerspot uses exotic annua grasdands that ill have a component
of nativeforbs. Itislikely that the bottomlands that have mostly been disturbed
by agriculture and continuous grazing were once dominated by native forbs
rather than exotic grasses. This hypothesisis controversd, as the potentia
natural vegetation of the Los Angeles Basin and the Riverside-Perris plain was
considered by Kiichler to be coastal sage scrub (Barbour and Mgjor 1977).
However, early Spanish explorers such as de Anzain 1775 (from the diary of
Friar Font, trandated by Bolton 1930) noted that this region had colorful fields
of flowers. Smilar observations were made during the late 1700's in northern
Bga Cdifornia; springtime brought alarge diversty of colorful flowersto the
bottomlands, while shrubs were mentioned for the hillier uplands (Minnich and
Franco 1998). It isapparent that if these forblands once existed, they are now a
virtualy extinct vegetation type. A present day anadogue to these forblands
exigs in the Cdifornia Poppy Reserve on the west edge of the Antelope Valley,
and in the Carrizo Plain of the San Joaquin Valey. These aress are il
dominated by native wildflowersin the spring rather than shrubs or grasdand,
athough exctics are alarge component of the vegetation. By contrat, in the
Perris Plain, Otay Mesa, and Marron Valey the exotic annuas dominate in the
lowlands. Dwarf plantain (Plantago erecta) is often consdered a plant of clay
s0ils (athough Jepson states that it ranges from sand to clay, and it occurs
locally in decomposed granites). In areas where dwarf plantain is restricted to
clay outcrops, it would be interesting to test the hypothesis that it is restricted
there by weed competition.
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APPENDIX IV

Glossary of Terms

Diapause; A low-metabolic resting state Smilar to hibernation that enables
larvae to survive for months during the summer without feeding.

Ecologica connectivity: The amount of undevel oped wildlands between two
aress. May or may not include landscape connectivity between habitat patches.
Habitat areas or populations lacking ecological connectivity are termed
completely isolated.

Extinction: Globa disappearance of a species (or subspecies as used in this
recovery plan).

Extirpation: Disappearance of aloca population.

Forbland: A vegetation community dominated by forbs (broad-leaved
herbaceous plants).

Habitat connectivity: The degree of fragmentation within habitet paiches. If
roads or other development occurs within a habitat patch to the point that adults
cannot move fregly between micro-patches of larva hostplants and other
required resources, then one habitat patch may effectively become two or more
with intervening areas becoming dispersa corridors or linkage areas that support
limited exchange between habitat patches. Habitat patches with poor habitat
connectivity are termed fragmented, and are generdly prone to higher levels of
ongoing degradation.

Habitat complex: A spatialy clustered set of confirmed Quino checkerspot
observation or collection records that delineste at least part of a currently
undescribed population or metgpopulation distribution.

Ingtar: The period between hatching from the egg to first molt (shedding skin) in
larvae, and between molts after that.
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Landscape connectivity: The degree of linkage between habitat patches joined
by dispersad corridors or linkage areas. The number of linked habitat patches
and their distance from each other determines the landscape connectivity of an
area or ametapopulation. Habitat patches completely lacking landscape
connectivity are termed isolated.

Lava A caerpillar.

Lava hodplant: Any plant that caterpillars consume.

Metapopulation digtribution: The maximum long-term “footprint” of a
metapopulation. Thisisthe area covered by a network of habitat patches (both
occupied and temporarily not occupied by larvae), including al the habitat
patches that could be occupied by larvae over an gpproximate time-scale of 50
years. It isassumed that long-term metgpopulation stability requires butterfly
dengties periodicdly to reach their maximum, and therefore the maximum
number of occupied habitat patches. The location of occupied habitat patches
will shift from year-to-year, changing the shagpe of the extant footprint over time,
but the metapopulation distribution does not change.

Mortdity Snk: A location where butterflies experience a high degth rate.

Primary hostplant species. Species of hostplant on which adult femae
butterflies depost eggs, and which caterpillars consume when they hatch.

Pupa: A chrysdis, sometimes mistakenly called a cocoon (cocoons are pupae
with an outer slken layer soun by moth caterpillars).

Secondary hostplant species: Species of hostplants that caterpillars consume, but
adult femae butterflies do not deposit eggs on.
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