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Executive Summary

San Bruno Mountai{SBM)s currentlyhome to three species of butterflies listed as endangesed
threatenedby theU.S. Fish and Wildlifeervic USFWSJ}he mission blue butterflyl¢aricia icarioides
missiorensig, the San Bruno elfin butterflCéllophrys mossii bayensiand the callippe silverspot
butterfly (Speyeria callippe callippeHabitat for these butterflies &BMis protected in perpetuity as a
part of the San Bruno Mountain Habitat Conservaftdan(HCP)Portions ofSan Bruno Mountaiwere
identified as critical habitat for thBay checkerspot butterfliEuphydryas editha bayens(@CBjn the
HCP based on known histodccurrence®f this butterfly. Unfortunately,in the mid1980s, soonafter
the HCRapproval the BCB was considered extirpated from SBM.

USFWS stafDavid Kelley, Joseph Terry, and othé@veexpressed interest in investigating whether it
is feasible to reintroduc8CBo San Bruno Mountairgiven recent success inimgroduction at
Edgewood Natural Preserire Redwood Citand Tulare Hill in San Jdsg Creekside Scien¢Niederer
and Weis014 Niederer et al. 2016 The purpose of thistudywas to determine whethesufficient
suitable BCBabitatexists on SBMard consider how such a reintroduction could work.

Habitat sirveys in spring 20fLand 205 mapped numerousmall patches of th&CBhative annual host
plant Plantago erectawhile observing neaubiquitousstandsof the nonnative perenniaPlantago
lanceolata The extant patches d&?. erectado not provide enough habitat fax viable populatiorof BCB.
P. lanceolataouldlikely provide enough habitat to susta@npopulation of BCBhe last postdiapause
larvae(1983)were observed feeding oR. laneolataalong the ridgetop roadWeiss persobs),
therefore we anticipate that hosswitching was already occurring before the extirpation of the BCB
from SBM Euphydryas edithasp.taylori populations in Oregon and Washingt¢8everns and Grosboll
201)F YR Ay GKS {ASNN} bS@I Rl P{labdéofathds R Bostiai(Ealién R2 4 0
and Hanski 2002 P. lanceolatavassuccessfully used in several laboratexyperimentswith BCEat the
Stanford Department of Biological Sciences in 1®@88iss pers. obs P. lanceolatais a robust
biennial/perennial species that remains green many weeks longer than the fatemecta

Assuminghat BCBadult females oviposit oR. lanceolatan the field(likely giverits ubiquity and BCB
behavio), and thatprediapauseand postdiapuse larvae surviven it (experimentally confirmed)
potential BCB habitat occui@cross much of the grassland on SBMere appear to be sufficient nectar
sources during the MareRpril flight season.The mountain is large artdpographicallyclimaticaly
diverse similar to Coyote Ridge where a healthy, thriving population of BCB pefsist8CB
reintroductionareas are proposeih this study andadditional areas may bappropriate in the future

Euphydryas edith&s an adaptablspeciesReintroducing the BCB to San Bruno Mountain with the
expectation they will switch to a nemative hostplant is a conservation experiment that raises many
interesting ecological and policy issues rapidly changing environmerithis project could show #t

we are able to reintroduce extirpated species without the technical difficulties and expense of restoring
all historical conditions.

Funding for this feasibility study wgsaciouslyprovided by the San Francisco Bay Wildlife Society.
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Background

The Bay checkerspot butterffiBCB)s a mediursizedbutterfly with a wingspan of about 2 inch@sthe
family Nymphalidae, the brustooted butterflies BCBorewings have black bands along the veins in the
upper wing with brighred, yellow, and white spots (see cover phot&emales lay masses of-360

eggs on or nedrlantagoerectain the spring (usually Marehpril). The eggs hatch in about 2 weeks,

and early instar lan@often live communally in a silken tent through their first couple of instars.
Prediapause larvae are in a race to complete thest three molts before the host plants dry out. If

their food supply lastsupon moltingintothe4A y & G NE € | NI S gAft Sy _idSNI RAL
under rocks andh the soil.Although triggers for breaking diapause are not completely understde, t
larvae typically emerge iNovember or December when the rains commence, feeding as individuals on
suitablenative host plants P. erecta, Castillejdensiflorassp.densiflora, C. eserta ssp.exserta) until

they pupate after their 7 instar. Adults emerge usually2lweeks after pupation, mate immediately,

and thenfemalesbegin laying egg massdsven before the invasion of narative plants, this species

may have been colonial, occurring in local hotspots where host plants andredtétr sources were
abundant, likely associated with disturbance (Ehrlich and Hanski 2004).

Historically, the subspecies occurred in the vicinity of the San Francisco Bay area from San Bruno
Mountain (west of the Bay), Mount Diablo (east of the Bayzdyote Reservoir (south of the Bayld

even south to HollistefBlack and Vaugha2D05. The current range of the subspecies is greatly

reduced and isow restricted toserpentine grasslands or grasslands occurring on similar soil types. The
subspeciess described as having a metapopulation dynamic, which is a group of spatially distinct
populations that occasionally exchange individgldhlich and Hanski 20p4Metapopulation dynamis
predict thatsites that are unoccupied one year may bewogied he next, and vice versat the time

the recovery plamwas published in 1998 for tHgay checkerspot butterfly (Serpentine Soils Species of

the San Francisco Bay) there were two metapopulations identified; one in San Mateo County (primarily
at Edgewood R#&) and the other was scattered acrassuthernSanta Clara County, predominately at
Coyote Ridge. The butterfly numbersSan Mateo County decreased annually until the butterfly was
presumed extirpated from San Mateo Couimy2002(USFWS 1998Yeiss2002).

Regulations and Recovery of the Bay Checkerspot

The BCB was listed as a federallg#ttened species by the USFWS on September 18, 1987. The Xerces
society lists this species on its Red List: Critically Imperiled (Black and Vaughai 2a@shirant

threats to the existence of this species are: habitat loss to development, habitat loss due to a lack of
disturbance such as fire or grazing, habitat fragmentateadmospheric nitrogen depositiomnd

invasive species.

The recovery plan for the Senmine Soil Species of the San Francisco Bay (R/Y@BWS 1998)

emphasizes the need to protect, restore, and manage habitat for the Bay checkerspot butterfly at San
Bruno Mountain The plan also recommenadasintroduang the butterfly at that location, whichvill be

one of three satellite populations in San Mateo County required fdisimg the butterfly USFWS
1998:Recovery task 2.2.16).



Although the BCB went locally extirmmbund the timethe San Bruno Mountain Habitat Conservation

Plan (HCP) was adeg, BCB isne of fourcoveredbutterflies listed in the HCP{ost and nectar plants
used by the BCB are listed as Species of Concern in Exhibit C of the HCP, thus affording these plants
protection under the HCESan Bruno Mountain Habitat ConservatioarPEteering Committee 1982)

Two successful reintroduction projects with the BCB are currently under way at Edgewood Natural

Preserve (San MateBounty andat Tulare Hill/Metcalf Energy CenteBénta Clar&€ounty) (Niederer

andWeiss 2014; Niederer et &015. These reintroductions used the large robust population complex

on Coyote Ridge as source of thousands of postiiap larvae for translocatioBoth of these

reintroductions have been conducted by Creekside Science staff in association wWitBEvéS and
fryR26YSNE® / NESTAARS {OASy0S0a SELISNASYOS sAGK
reintroduction potential at San Bruno Mountain.

Historical Distribution of Bay Checkerspot on San Bruno Mountain

In preEuropean times, the Bracheckerspot butterflyvas likelya common butterfly of most open
grasslandsaround the Baylntroduced annual grasses and forbs became the dominant species in most
grasslands since the Mission periddn SBM itself, the coastal praitiestoricallysupported large stands

of P.erectaamong perennial bunchgrasses and forbs.

TheBCBpopulationon SB/ crashed during the drought of 1978977, when no individuals were
observed. They were encountered again in 1978, and gtesiat low numbers through 198TRA
(1985b) documentthree years with low BCB sightingisom 19821984, and a change to BCB habitat
after a major grassland fire in July 1984

G{dzoadlyaAalrf LRNIOA2Yya 2F yIriA@S K2ad LI IyGaz L
ridge, appeato have been eliminated and replaced with weeds (Eriodium sp.) [sic].This latter
I NBF KIFIa STFSOuAa@gSte oSSy ft2ad ra .re& [/ KSO|USN&

The habitat did not recover from the fire and weed invasion. The distribution and abundance of larval
hostplantsP.erectg Castilleja densiflorand C. exsertzontinued to declineA study ceauthored by

Weiss (reported in TRA 1986) proposed the possibility that BCB was extinct on San Bruno Mountain,
with no documentedsightings sinc&984

Historical observationgarly 1980spf BCB and their two main host plariis erectaand Castilleja
[Orthocarpu$ spp.)are shown in Figureka,b,c TRA 1985aButterfliesand hostplantsvere found
along the ridgetop, and hoglantsextended downslopeseveral hundred metersito open grasslands
andfurther downslopealong roads The observed butterfliesxhibited hilltopping behaviorwhere
males aggregate on hillto@sd unmated females fly upslope to mathus the mapped distributionf
adultsmay rot indicate occupiedhostplanthabitat lower on the slopes of SBM

The last postdiapause larvae observed (1983) were feediriy lanceolataalong the ridgetop roaat

the con@ntration of adult sightings the red circle irFigurela This indicates potential hostplant

shift. Postdiapause larvae are opportunisticd can disperse tens of meters per day, amitl feed on a
5



much wider variety of potential hostplan{Plantaginaceae and Orobanchacetien prediapause
larvag especially when they neddrge quantities of fresh food in the final instd?.lanceolata
appearedmuch lessabundant(but still widely distributed) across the entire mountainthe time BCB
were extirpated but was locally common along the disturbed fire r@edeiss pers. obk.

The low number of observations in 1982, 1983, and 1984 indicated a small population in the hundreds
(at most) occupying deteriorating and fragmenting habitat, and focused on hilltops. Extremely low
numbers of butterflies foiled attempts at markcagure studes. Small populations of BCB on small
patches of habitat are at high risk of rapid extinction, as observed at Jasper Ridge Biological Preserve in
the 1990s and at Edgewood Natural Preserve in the early 200t lack of incidental sightings Ry
Langston, S. Weiss, P. Kobernus, and other biologists working in the former habitdtreeetecades is
strong proof of local extirpation.



Figure 1aFrom TRA 1985a.

FIGURE IV - 4

INCIDENTAL OBSERVATIONS OF BAY CHECKERSPOT -— 1982-1984
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2014-2015 Surveys and Habitat Analysis

BCB Host Plants

Surveysn spring2014 and2015 found smaltliscontinuougpatches ofP.erectaon the main ridge
(Figure2). Many of thecontinuousstands ofP. erectafrom 1984(Figure 1above)have been lost

either completely eliminatedrom scruband annual gras&rodiumencroachmentor persisting as small
patches {ens ofsquare meters at mosglong the ridge trail The ridge trail ab serves as a fire road
that has beeroccasionallyscraped creating egellent conditions foP.erectaandother native annuals.
Now, brush encroachment has narrowed the open roadsides in many pEweEsumand annual
grasses continue to occupy most of the grasslatagnslope from the ridgetopespecially on the south
slope. P. erectastands albeit patchy and low densitgtill existdown on the northslopes above
Owl/Buckeye and BrisbanB. erectastandsoff roadsides were generally in high quality coastal prairie
with thin eroding soils. The high productivity of native and introduced grasslands greatly re3tricts
erectahabitat.

Figure2

San Bruno Mountain: Bay Checkerspot Host Plant Locations

| Legend
[ Designated Bay Checkerspot Critical Habitat USFWS
| Host Plant locations
| X NoP erecta observed
® Castilleja species
O P.erecta
© P lanceolata mapped (plant is ubiquitous in grasslands)
+  Plantago erecta, 2001 TRA survey
=umum HCP boundary

T L IMeters
0 250 500
1in = 254 meters

| Notes: Dwarf plantain (Plantago erecta) and other Bay

Checkerspot butterfly host plants were mapped where it was

| encountered in 2015. The data presented here are NOT exhaustive,
but they do present a fairly accurate picture of the refugia where
dwarf plaintain persists. We expect that 2001 TRA surveys may not
have extended up towards the SE ridge trail where the majority of the
dwarf plantain was mapped. Total extant acerage of dwarf plantain
across the mountain is 3-5 acres. P. lanceolata is ubiquitous along
road edges and common throughout all San Bruno Mountain
grasslands.

Basemap: 2012 1m NAIP imagery
| Draft date: 8/7/2015

‘| Map by Lech Naumovich and
| Dr. Stuart Weiss, Creekside Science

Upper Juncus

The largest remnant patch &f.erectafound on San Bruno Mountaiis locatedin the black circléo the
east ofUpperJuncus Ravinend?2/3 of the way tothe summit(Figure3). This photo illustrates that
even the largest patch ¢%.erectais not very big£1000 n3, 0.25acre).This patchis surrounded by
native scrub, which in the absence of disturbance is likelgvadefurther, but the shallowest soils near

10



the rocks would likely remain grasslar@kveral other small stands Bferect in the nearby
scrub/grassland mosaare mapped as welland there are likely small patchebP.erectaon some of
the other ridges to the east

This patch is high quality coastal praitagely native, with many native annual and perennial forbs,
most notablyLupinus albifronsand native perennial grass@sigure4). Erodiumsp. is the most
abundant nonnative, andOxalispescapraewas noted at low densitiesMany of thesesmall
inaccessibl®penings in the scrub mosaic on the upper South Sipehigh quality prairie and likely
support some small stands Bf erecta

This areas mapped as lowest prioriggrasslanchabitat inthe 30-Year RevieWeiss et al. 2015pased
on lack of covered butterflgightings and resourcedistance to grassland habitand high scrub cover
(Read more on scrubvasion in Risks section beldvilhis area is also the invasion front fdxalis
Backpack herbicide treatment of the leading edgeasionhas occurredM. Forbert.pers. comm.)The
high numbers of.. albifronssuggest thati K A & 3 Nhioéity He bipgrRdadi

Figure3.The largestlensepopulation ofP.erectafound onSan Bruno MountairNote author in
foreground, and larger context of scrub invasion.
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Figure4. Closeup of samdocation as above, photograph from upper portion of grassland patch
showingP.erectaand other associated specieblote also thd..albifronsand a highcover anddiversity
of native forbs but also somé&rodium

Lower Tank-Juncus

Lower Tankluncus supportdense stands dP.lanceolatg smallstands ofP.erectg andsparse
Castillejaspp (Figure 2) TheP. erectgpatchesare only foundon extremely shallow soils around rock
outcrops(Figureb). In 2001, larger stands &f. erectahad beermappedalong the roads and trails
this area(M. Forbert pers. comm), but were notobservedin 2014 and 2015.

P.lanceolatais particularly dens along trail sides (Figuf, isnearly ubiquitous in open grasslandsd
is thriving in the recent burned are@Sigure J. Rough visual density estimates inufig7 are on the
order of 1 plant/nf (quantitative surveys are eventually needed)

TankJuncus contains a local hilltop with dense standB.dénceolatahat can attract and retain adult
butterflies. At the upper end of the open grasslantetscrub perimetefseen in Figuré) would likely
act as gartial barrierto emigration. BCBmoving uphilipast the scrub boundaryould encounter more
P. erectaandP.lanceolatain openingsear the ridgetopand could join any population established on
the ridgetop

12



The 30Year Review (Weiss et al. 2015) classified -Dankus a&ssential @ssland for habitat
management L.albifronsandViolapedunculatastands support Mission blue and callippe silverspot
butterflies. Essential grasslands are priority management areas for covered butterflies and grassland
maintenance (native scrub controlThs area burned in 2018yith subsequentargeted weed
managemen{Oxalisfennel, and other3and scrub control.

This area is also in the highest nitrogen deposition zufrieBMbecause of proximity to upwind urban
areas (Weiss et a2015).N-depositiondrivesvigorous regrowth of annual grasses (especialtgna

spp.) and reducsehostplants and nectar sourseP. lanceolatawill persist in the understory but may be
less accessible to BCB adultéany stands oP. lanceolatare in shallow soils and on roadsidesd will
remain opernwithout additional management

Figure5. Rock outcrop at upper end of Juncus/Tank grassland with small st&hdedctaa few square
meters) Note the dominance of scrun slopes above.

13



Figure6. Dense stands &*.lanceolataalong trailside in Juncus/Tank area.

Figure?7. Lower slopes of Tarkuncus withP.lanceolatathroughout the grassland, along with stands of
L.albifrons This area had burned the previous sumr(2013)

14



Upper Buckeye

Several hectaresf open grasslandn northerly slopesbove Buckeye Cany@Rigure8) supportpatchy
but extensivestands ofP.erecta(Figure 9)P.lanceolatais plentiful in the more disturbed grasslands
Castillejaspp. were nodirectly observedherein 2014, but wee known to be present in other years
(Weiss, pers. obs.)The sparse distribution and abundanceGastillejavas Ikely affectedby drought in
2014 and 2015, and it may be more widespread and dense in wetter years.

Upper Buckeyés alsoclassifiedas essntial grassland, because it is a high quality coastal prairie with
ViolaandLupinughat supportcore populations o€allippesilverspotand Mission blue butterflies. Scrub
encroachment risks areurrently low; becauséJpper Buckeye is one of seveealrly scrub control

areas The vast majority of scattered interior shrubs have been removed, and the boundaees
secured Similar scrub control is planned along the main ridge, especially on thefacitiy slopes.

Figure8. Upper Buckeye vietdwardsnorth. Coastal prairie habitawith patchy low densityP.erecta
throughout grasslandNote the lack of interior scrub and well defined grassland/scrub boundaries
because of recent scrub control. Note also the thin rocky soils.

15



Figure9. A smalbut relatively high density patch éf.erectain Upper Buckeye

B RS
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Southeast Ridge/Brisbane Acres

Small patches d?. erectawvere found on thin soils on the nortfacing slopes above Brisbane Acres
(Figure 10pnd can be considereah extension of the Upper Buckeye habifat.lanceolatavas also
common on these slopes, especially close to roads and trails. These areas are classified as Essential
Grasslands and are a high priority for scrub control.

Figurel0. Upper slopes above Bhane. Small patches d?. erectaare present in the thin soils.

17



Nectar Sources
Nectar sources wereidespread and includedhe following species:

goldfields (asthenia californiga
jeweled onion Allium serra

blue dicks Dichelostemma capitatujn
yarrow (Achilleamillefolium)

tidy tips Cayiaspp)

desert parsleyl{omatiumspp.)

1 saniclegSaniculaspp.)

=A =4 =4 4 -4 4

Nectar sources were n@xplicitymapped because they wediverseand abundat In addition, nectar
resources ardess importantor populationviabilityas compared with host plantand do not appear to
be a limiting factor in BCB reintroductions.

18



Initial Site Selection for Analysis

Based on these field survexpert opinion, and initial GIS analy+igp areas were delineated as
potentialinitial introduction sites, Lower Tankuncus and Upper Buckefféigure 11) Both areas
containhostplantsand nectar sourcesire within the designate@CB Criticdflabitat andthereforeare
the foci for further discussion. Thlenphasion thesetwo sitesshouldnot imply that other sites on
SBM are nopotential habitat, and a brief discussion of the full potential ranggvenlater inthis

document.

19



Figure 11.
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Topoclimate: Insolation and Wind Exposure

BCB populationsespond tolocal topoclimates (topographically driven microclimates) on scales of tens
of meters. Groundevel temperaturesare strongly driven by insolation (solar radiation on slopes), and
affectlarval and hostplant phenologyphenological differences of >4 wekare possible across

extreme north and southfacing slopes. Wind exposyr@n important issue on SBian limit adult

flight activity. Indices of solar radiation and wind exposure were generdteh a 10-m Digital Elevation
Model (DEM).

March 21 cleasky insolation was calculated with ARCGIS Solar Analyst (ERyuké&sual inspection of
the mapsand the histograms (FigurE3) show amix of insolation values dioth sites. pper Buckeye
has the most coatlopesthat coincide with some of the bestasids ofP. erecta The southern exposure
of the P. erectaon Upper Juncus makes this area less suitable.
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Figure 12
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Figurel3.

Histograms of Insolation in BCB Reintroduction
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Wind Exposure

Flight time is greatly reduced by high winds, so a topographic wind analysis was done to map patterns of
wind exposure and shelter, with a focus on the proposed reintroduction andésd roses for San

Francisco AirporfNRCS 201%)nd a Wind Exposure Index were combined in a GIS analiisid.

exposure was calculated as the difference between the elevation of each BIEAhd the mean

elevation in a 150 m radius wedge from 270° (W) to 315° (&NWepsically exposure to the NNW at a

scale where local wind interacts with terrain.

Prevailing winds duringhe flight season (Marcipril), especially during clear weathete strongly
NNW (Figurd4). While there are many hours of wind >5m/s (tph, the bluegreencyan parts of the
graph) there are many hours of relative calm (the red and yellow).

23



Figureld. Windroses for San Francisco Airport for March and ANRCS 2015).
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In Figurels, positive values (red) ammore windexposed areaen ridgelinesTheyextend downslope

on the NNWfacing slopesNegative valuearein canyons and sheltered slopes (blue). Badposed
reintroduction site has a mix of wind exposure, utthg sheltered area@=igurel6). Hilltops naturally

are high exposure areas. BCB can fly close to the ground under surprisingly windy conditions under full
sun, so wind is not likely twompletely suppress flight activity.
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Figurel5. Map of Wind Eposure Index (WEI NNW 150m)
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Figurel6. Histogram of WEI values in proposed reintroduction areas.
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Upper Buckeye Lower Tank-Juncus

Summary of Proposed Stes

Characteristics of the two favored sites are compared in Tablehlle Upper Buckeye appears to have
the higher habitat quality, we propose releasing at both sites to hedge our bets against interannual
weather variability and unknown factors.

Table 1.Comparison of Upper Buckeye and Lower Taunkcus as BCB reintrodigot sites.

BCB Habitat Criteria Upper Buckeye Lower TankJuncus

In designated Critical Habitat Yes Yes

Within last known range of BCB on SB| Yes No

Still supportsP. erecta Yes, over several acres on nortl Only miniscule patches
facing slopes onthinnest soils

P. lanceolataabundant and widespread| Yes Yes

Mix of insolation, including cool,-N Yes Yes, butéw cool slopes

facing slopes

Wind-sheltered areas present Some Yes

Hilltop present for aggregations Yes Yesbut local hilltoponly

SBM Essenti&grassland targeted for | Yes Yes

scrub control

Low Ndeposition zone (less need for | Yes No

grass management)

Opportunities for dispersing butterflies | High Medium/Low

to colonize adjacent habitat
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Other potential sites
If the host switch is successfuhetpotential range of BCB across SBM includes nearly all open grasslands
that supportP.lanceolata We have notedeveralother areas, includingout not limited to)

1) Northeast Ridge

2) McKesson slopes below Guadalupe Canyon Parkway
3) Lower OwABuckeye Canyon

4) Southeast Ridge above Brisbane

5) South Slope

If the reintroduction takes in the first twproposedsites, these additional areahouldbe considered
for subsequent reintroductions after more detailed habitat assessments.

Reintroduction Issues

Our assessment is that the current distribution and abundande efectaand Castilleja sppon SBM is
insufficient to support a BCB population. The large population compléx.(f ihdividuals) on Coyote
Ridge occupies several thousand acres of topplgically diverse serpentine grassland. At Edgewood
Natural Preserve a reintroduced population in the low thousands currently occupies ~15 ha (35 ac) of
restored/managed habitat. The small Jasper Ridge populations (2 ha and 10 ha) proved inviable in the
longterm, as did a series of populations along the San Francisco Per(idsufzhy and Weiss 1988)

The closest analog toEuphydryas edithpopulation persisting in the existirg, erectehabitat would

be Euphydryas editha qud in Southern California, where diffuse and highly variable metapopulations
persist among networks of small patches (A@MO+ m) of P. erectaspread over hundreds of square
kilometers. SBM is too small aRderectais too patchyfor this type of metappulation dynamics.

Habitat Restoration with Native Hostplants

Could the distribution and abundance Pferectaand Castilleja sppbe increased enough to support a
BCB populationThe maps of historical distributions show mugltire patches, and a neaomtinuous
distribution along the fire road. This distribution has been reduced by an order of magnitude or more.
P. erectacannot compete in high productivity grasslands, and either requires nearly continual
disturbance by erosion, grazing, fire, or e, or the presence oéxtremely thin soilsuch as those
around rock outcrops. In the context of current financial and management constraints at &&Nhgs

and then maintaining additional muléicre patches oP. erectas not feasible.

IncreasingCastillejadensifloraand C. exsertalensities in Upper Buckeykrough seedingnay be worth
considering.C. exsertan particulat is an excellent prediapause hostplant with an extended growing
season on SBM (well into Mdwne). It does not serve as postdiapause food because of low density,
high interannual variability, and later vegetative growth (fiér). However, absent largeontinuous
stands ofP. erectathese annuaCastillejawould play aminor role in providing BCB habitat.

Plantago lanceolata
San Bruno Mountain could support a population of Bay checkerspot butterfly if they were to swich to

lanceolata The BCB have a good chance to switclPttanceolatabecause:
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1) Other populations oEuphydryas edithhave made theswitch. At least foupopulations of
SYRIFIYaSNBR ¢l e&f2NRa OKSO]l SNA LRedfromyatve NS 32y | YR
perennialCastillejahispidusto primarily P. lanceolata A population in the Sierra Nevada at
{ OKYASRSNRA YSI R2 gColinsioPOdhSeRatafHIRpMNt sy yy dzI- €
checkerspots can be quite flexible and has heritable companentier strong selection
pressureg(Ehrlich and Hanski 20p4

2) All BCB lifestages have been reared onntthe labat the Stanford Department of Biological
Sciencespers. obs1985)

3) Adult females will readily encounter it when alighting in grasslands in search of oviposition sites
(seedensity d P. lanceolata ifrigure?).

4) The females wilikely oviposit on it, especially whéifi they do not encounteP. erectaor
Castilleja spp(Ehrlich and Hanski 20p4

5) The longr lifespan and freshness of this perenniéil increase there-diapause feeding period
andreduce starvabn mortality, the critical bottleneck in the life cycle

6) Postdiapause larvasere observedinding andreadily consuming on SBM in 1983
Postdiapause larvae offered pottéd lanceolataon Coyote Ridgi 2015quickly consumed it.

7) We can introduce thosands of postdiapause larvamyer multiple years, increasing the chances
that a population can establisdnd adapt tait.

Regulatory and Permitting Issues

All necessary permits would be acquired, includitdSFWS recovery permit and San Mateo County
Reseach Permit. The experience with Edgewood Natural Preserve provides a template for BCB
reintroductions, and all activities need to be consistent with the San Bruno Mountain HCP.

Given the novelty of the situation, it might be worth considering designatirgjntroduced BCB

L2 Lddzf F GA2Yy | & GSELISNAYSyGlEté (G2 AyONBLFasS Tt SEAOACL
fly3dzZ 3S 6St2¢6 GKIFIG Al ¢2dzZ R &adovefed sp&iesiuntiBrithd SR | &
SBM HCPSome further considetan of this option with USFWS as part of the permitting process is

suggested.

Code of Federal Regulations. Title 50. Wildlife and Fisheries. Chapter I. United States Fish and
Wildlife Service, Department of the Interior. Subchapter B. Taking, Posselgsingportation,

Sale, Purchase, Barter, Exportation, and Importation of Wildlife and Plants. Part 17. Endangered
and Threatened Wildlife and Plants. Subpart H. Experimental Populations

Summary (fronhttps://www.animallaw.info/administrative/usendangeredspeciesact-
subparth-experimentalpopulations#s8p:

G ¢ KS&S 9 {réd SpedigsRdt)yeguhations relate to "experimental populations,” an
introduced and/or designated population that has been so designated in accordance with the
procedures of this subpart but only when, and at such times as the population is wholly

separat geographically from nonexperimental populations of the same species. The Secretary
may designate as an experimental population a population of endangered or threatened species
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that has been or will be released into suitable natural habitat outside pleeiss' current
natural range (but within its probable historic range, absent a finding by the Director in the
extreme case that the primary habitat of the species has been unsuitably and irreversibly
altered or destroyed). Any population determined by tBecretary to be an experimental
population shall be treated as if it were listed as a threatened species for purposes of
establishing protective regulations under section 4(d) of the Act with respect to such

L2 Lddzf F G A2y dé

The wholdaw on experimental poglations can be accessed at the website above.

Risks

The previous population of B@B SBMlisappearegdand there is always the chance this could happen
againwith an introduced poplation. We have a good chance of successfully reintroducing this butterfly
to its historical homealbet on a nonnative hostplant

Our working hypothesis is thatcombination of drought, low populationextensivefire, and nonnative
plant invasiorextirpatedthe historical BCB populatian the mid1980s P.erectadiminishedto small
patches, and at st some postdiapause larvae had begun toRsknceolata The small population
size(hundredsor les$, evidenced by the low number of adults encountered in the final years, reduced
opportunities for adaptation and hoglant switchingbefore populationextinction The numbers and
distribution ofP. lanceolatappear to have greatly increased on SBM since that time (Weiss pers. obs.).

P.lanceolataprovides the mainif not the onlyopportunity for reestablishing viable population oBCB
on SBM It is widely (and often densely) distributduashigh biomassis biennial/perennial, and has an
extendedgrowingseasorfor prediapause developmentdigh mortality(>95%xt other BCBsites is
causedby P.erectasenescenc®efore prediapause larvagalarge enough to enter diapaude.
lanceolatamaintains green, edibleeafmuch longer tharP. erectapotentially relieving this population
bottleneck If the BCB population establishes and spre@&dsyuld be a relatively common butterfly on
SBM gien the distribution and abundance Bf lanceolata

The reliance of BCB on a nonnative hargisentsmanyinteresting issuegpractical and philosophical),
of which full discussion is beyond the scope of this re@®oime people may be concerned that this
represents undervaluing native plant communities, or switching priorities away from managing
nonnative plantsThesituation is more subtle than thaldany native butterflies use introduced plants,
including buckeye butterflie€lunonia coenjeonP. laneolata, anise swallowtaildapilio zelicachon
fennel, marbled whites§uchloe ausoinidg®n mustardsTiger swallowtailsHapilio glaucuson London
plane treesamong others.The largest population af I @ f 2 N & <ok & dlita8/ NEinidg range
in south Puget Sound, aitl lanceolatasupports tens of thousands checkerspotsn a few dozen
hectares of habitat in which the density this nonnative host plant comparable to parts of San Bruno
Mountain.

There is not a realistic chancerafding San Bruno Mountain of all nonnative plants, and managers
prioritize both areas to treat and species to targetlanceolatahas not been prioritized as a particularly
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problematic weed. Certainly it is common enough that it is displasingenatives(and other non
natives) but it does not create monocultures do some invasive plantBhere may still be areas where
controllingP.lanceolatais appropriate. The presence of BCB known toRis&nceolatashould not
create a mountairwide policy oot treating it, nor should every individual or staoflP. lanceolatde

4 Lalsdteck should BC8be reintroducednd spread

While there are risks in any reintroduction projeatir best scientific assessment is thiis

reintroduction has ayoodprobalility of succasif we expose enough BCB to large standB.of
lanceolatain the near absence d¢f. erectaThe experience with Tay2 NR& OKS O S N&nLI2 i
inform the discussion of many of thoader questions (Weiss et al. 2@and references theren

Coastal Scrub Issues

Loss of grassland habitat native scrulis aprimaryconcern throughout San Bruno Mountain. Weiss et
al. (2015) estimated 1180 or fewer acres of grassland remained on San Bruno Mountain, down from
1960 in1932. An example of thionversion is shown in Figut&. In the absence of explicit scrub

control efforts, grasslands, especially moisteastal prairiavith high value to covered sped, will

continue to disappeaiSan Mateo County Parks and the SaimB MountainTechnica Advisory

Gomittee understand the problem and have a newfound commitment to maintaining grassland habitat.
The essential grasslands identified/ieiss et al. (2015re the highest quality grasslandasdwill be
targeted for scrub removal. With this commment, the BCBand other covered speciesill benefit.
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Figurel?. Photopoint showing scrub invasion of grasslandBockeye Canyon and Transmission Line
Ridge The photos from 1982 and 2006 drem the 2007 San Bruno Mountain Habitat Management
Plan (RA 2008)the 2014photois by Lech Naumovifireekside Science
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