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EXECUTIVE SUMMARY

CurrentStatus: Thenumberof individualsandthehabitatof theDelhi Sandsflower-lovingfly has

beendramaticallyreducedin recentyears.It is listedas endangered,andoccursattwelve separate
renmantsofthe ColtonDunesin SanBernardinoCounty,California. Occupiedhabitatis secureat

portionsof only two of thesesites. SomerestorablehabitatoccursinwesternRiversideCounty. An

estimated1,200acrescontainoccupiedor restorablehabitatfor thisendangeredspecies. Immediate

action, as prescribed in thisrecoveryplan,is neededto preventtheextinctionof thisanimal.

Habitat Requirementsand Limiting Factors: TheDelhi Sandsflower-loving fly is endemicto the

Colton Dunes(Delhi seriessoils) in areasthatcontainsuitableconditionsfor thesubterraneanearly

stages,adultnectarsources,andadult feeding,breeding,andperchingareas. Soil andclimatic

conditions,andotherecologicalandphysicalfactorscontributeto themaintenanceof opensand
areaswithin thespecies’range. Urbandevelopment,agriculturalconversion,sandmining,invasion

by exoticspecies,dumpingof cowmanureandtrashhavecausedsignificantloss andmodificationof

thespecies’habitat. Otherthreatsincludeoff-roadvehiclesandcollecting. Conservationneeds

includeprotectionandmanagementofoccupiedandrestorablehabitat,removalofexoticvegetation,

captivebreedingandrelease,andreductionof otherthreatsto thespeciesand/orits habitat.

RecoveryObjective: Down-listingto Threatenedstatus.

RecoveryCriteria: TheDelhi Sandsflower-lovingfly canbeconsideredfor reclassificationto

threatenedstatuswhen:

1) At leasteightpopulationsin thethreeRecoveryUnits (RUs)—Colton,Jurupa,and

Ontario—arepermanentlyprotected.Thepopulationthatinhabitsthelargestremainingblock

of ColtonDunes(locatedeastof RiversideAvenue,southof Interstate10,northof the Santa

AnaRiver, andwestofthe cementplant)mustbeprotected.A total of atleastfour
populationsmustbein the ColtonRU; two oftheselocatednorthof Interstate10 (including

theSanBernardinoHospitalReserve),andtwo southof Interstate10. In theJurupaRU, the

JurupaHills populationin the Cityof Fontanamustbesecured.Thelocationof theremaining

populationswill bedeterminedusinginformationcollectedduringimplementationofthis
recoveryplan. Dispersalcorridorsmustbemaintainedbetweenthepopulations.

2) Thesitesof all 8 populationsanddispersalcorridorsconnectingthesitesaremanagedto

maintainperpetualsandsupplyandsparsetotalnativevegetativecover(no morethan20

percent)dominatedby nativespeciessuchas Californiabuckwheat,Californiacroton,and

telegraphweed;and

3) As determinedby scientificallycrediblemonitoring,eachoftheeightpopulationsmustexhibit



a statisticallysignificantupwardtrendfor at least15 years(approximatelysevenfly
generations)andhasanestimatedadultpopulationof atleast200individuals.

4) Thepublic is informedabouttheDelhi Sandsflower-lovingfly anditshabitatandlandowners

are encouraged to cooperate to manage protected sites efficiently.

Actions Neededandtheir costs:

1. Protectexistinghabitatanddeterminespeciesneeds. Cost: $215,000

2. Establishcaptivebreedingandreleaseprogram 218,000

3. Restoreandmanagehabitat 653,000

4. Monitorpopulations 425,000

5. Coordinatewithpublic 92.000

total $1,603,000

Thecostexcludeslandacquisitioncostsandoperationalcostsfor managementof lands. If land

acquisitionis usedto securehabitatfor thespecies,costswill needto bedetermined.

Dateof Downlisting: Dowulistingmayoccurwhenmanagementplansfor eachof threeRUs are

completedandimplemented,andmanagementhasshownits effectivenessbymaintainingrecovery

criteriafor atleastfive consecutiveyears. Downlistingshouldoccurin lessthan20 years.
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PART I. INTRODUCTION

Overview

Thenumberof individualsandthehabitatoftheDelhi Sandsflower-lovingfly (Rhaphiomidas

terminatusabdommnalis)hasbeendramaticallyreducedin recentyears. Immediatemanagementof

its habitatandtheinitiation of acaptivebreedingprogramasprescribedin thisrecoveryplanare

neededto preventthisanimal’sextinctionin thenearfuture.

TheDelhi Sandsflower-lovingfly is restricted(endemic)to the ColtonDunes(Delhi soil series)that

oncecoveredover approximately40 squaremiles innorthwesternRiversideandsouthwesternSan

BernardinoCountiesin California. Thehistoric rangeof theDelhi Sandsflower-lovingfly likely

extendedovermuchofthis area. Recentstudiesshowthatmorethan97 percentofthe area

containingDelhi seriessoil hasbeenconvertedto agriculture,developedforurbanor commercial

uses,or otherwiseadverselyalteredfor theanimal. Due to thesehumanactions,thepresent

distributionoftheDelhi Sandsflower-lovingfly is lessthantwopercentof its formerrange.

As of spring1997,12 sitesareknownto beinhabitedby theDelhi Sandsflower-lovingfly,

encompassingapproximately450 acres(190hectares)of suitablehabitat. Two additionalsites

likely areoccupiedbut havenotbeenrecentlysurveyed,andtwomorerecentlyoccupiedsitesmayno

longerbeextant(R. Mattoni, Univ. of Calif. LosAngeles,pers.obs.). Eightofthe 12 presently

documentedpopulations(equivalentto theanimalsat anoccupiedsite)appearto containfewerthan
20 breedingindividuals(adults),3 populationsnumberfewer than100breedingindividualseach,

andonly 1 populationlikely numbersmorethan100individuals. Densitiesof theDelhi Sands

flower-lovingfly areunknown,but are likely about10 peracre(24perhectare).By comparison,
otherspeciesofRhaphiomidasstudiedin desertscrubcommunitieshavestandingdensities

exceeding500adultsperacre(1,200perhectare)(R. Mattoni, R. Rogers,andJ. George,UCLA,

unpublisheddata).

TheDelhi Sandsflower-lovingfly was listedas anendangeredspeciesby theU. S. FishandWildlife

Service(Service)on September23, 1993(58 FederalRegister49881). Critical habitathasnot
beendesignatedfor this species.The Serviceconsidersthis speciesto have a high degreeofthreat
andlow potentialfor recovery,equivalentto a RecoveryPriority of6 (48 FederalRegister43098).
This recoveryplanattemptsto reducetheriskofglobalextinctionofthespeciesby spreading
protectionacrossthreeseparateRecoveryUnits (RUs) that includeadequatehabitatandarea.
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TaxonomyandDescription

TheDelhi Sandsflower-lovingfly is alargeinsectin the Dipteran family Mydidae. It has an

elongate body, much like that of a robber fly (Asilidae), but unlike asilids, it has a long tubular

proboscis(mouthparts)’thatmaybeused,asin butterflies,for extractingnectarfrom flowers. The

Delhi Sandsflower-lovingfly is approximately2.5 centimeters(1 inch) long, orange-brownin color,
andhasdarkbrownovalspotson theuppersurfaceoftheabdomen. This animalis a strongfast

flier, and,like ahummingbird,is capableof stationary,hoveringflight.

The genus Rhaphiomidasformerly was considered to be a member of the fly family Apioceridae.

However,recenttaxonomicstudiesof theinsectorderDipteraindicatethatit belongsin thefamily

Mydidae(Sinclair,Cuniming andWood 1993; Woodley1989; Ovchinnikova1989; Yeates1994).
ThedistributionofRhaphiomidasandthethreerelatedgenerais unusualandindicatesthegrouphas

greatgeologicalantiquity. Thelatterthreegeneraareeachfoundin SouthAfrica, Chile, and

Australia. This southernhemispheredistributionstronglyindicatesthattheorigin of thesegroups

lies with acommonancestorthat inhabitedthe southernlandmassknownas Gondwanabeforeits

breakup,causedby continentaldrift duringthe Mesozoiceramorethan100million yearsago.

Rhaphiomidasis aNorthAmericangenusof 19 speciesandS subspecies,whichinhabitarid regions

of thesouthwesternUnitedStatesandnorthwesternMexico(Cazier1985,Peterson1981,Rogers

andMattoni 1993). At leastonespecies,theActonflower-lovingfly (Rhaphiomidasacton) is an

importantpollinatorof theSantaAnawoolly star(Eriastrumdensifoliumssp.sanctorum)(Muiioz

1991), afederallyendangeredplant(52FederalRegister36265).

Rhaphiomidastermrnatusconsistsof two subspecies,theEl Segundoflower-lovingfly

(Rhaphiomidastermmnatusterminatus)andtheDelhi Sandsflower-lovingfly (Rhaphiomidas

terminatusabdominalis)(figure 1). SpecimensofR. terminatusweremisidentifiedas

Rhaphiomidasepiscopusby D.W. Coquillett (1891) from Los Angeles, California. Townsend

(1895)referredto thesespecimensasRhaphiomidasmellijfex.Cazier(1941)notedthatboth

identificationswerein errorandusedthe specimenscollectedby Coquillett to describeR.terminatus

as anewspecies.Laterin thesamepublication,the Delhi Sandsflower-lovingfly was describedas

Rhaphiomidasabdominalis,basedon an adultmalecollectedin August1888 in Colton,Califorma.

In 1941,whenbothR. terminatusandR. abdominaliswere described, Cazier had only two

specimensofeachtaxonavailablefor examination,andtheseindividualsappearedto represent

distinct species. However, whenthegenuswasrevised(Cazier 1985),it was determined that

abdominalisis asubspeciesofR. termmnatus,based on abdominal spot patterns and other

1 TechnicaltennsareexplainedinAppendixC attheendof thisdocument.
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morphological characters. Historically restricted to theEl Segundodunesandassociatedhabitats,

Rhaphiomidasterminatusterminatusis presumedextinct; thus,Rhaphiomidasterminatus

abdominalisis theonly extantrepresentativeof thisspecies.A completedescriptionandillustration

of thissubspeciescanbefoundin Caner(1985).

GeographicDistribution

All extantpopulationsknownoftheDelhi Sandsflower-lovingfly occurwithin an8-mile radiusof

eachother. ThedistributionstraddlesInterstate10 in thevicinity of ColtonandRialto,Riversideand
SanBernardinoCounties,California. Oneoftheremainingpopulationsitesis on landownedby the

Countyof SanBernardino,anotheris on landownedby apublicutility, andportionsof thelargest
remaininghabitatareownedby amunicipality. Theremainingsitesareon privateland. Small

patchesof restorablehabitatmayexistin remnantsof theColtonDunesin thesamecounties.

EcosystemDescription

Themostcharacteristicfeatureof all knownsitesof Rhaphiomidasterminatusabdominalisis their

fine sandysoils,oftenwhollyorpartly sanddunesstabilizedby thesparsenativevegetation.The

Coltondunesaretheresultof sandblownfrom thecanyonsin the SanGabrielandSanBernardino

Mountainsby the SantaAnawindsin thefall. Overthemillenia, thedunesgrewto coversome40

square miles. Santa Ana winds continue to carry sand down from the mountains, but the dune system

haslargelybeeneliminatedbyurbandevelopmentandagriculturalconversion.TheColtondune

soils aregenerallyclassifiedastheDelhi series(primarily Delhi fine sand). Delhi seriessoilscover

about40 squaremilesin severalirregularpatchesextendingfromthecity of Coltonto Ontarioand

Chino in northwestern Riverside and southwestern San Bernardino Counties (U. S. Soil Conservation

Service1971,1980).

The Delhiseriessoilsareabiologicallysensitiveandveryrareenvironment,andareinhabitedby a

numberofplantandanimalspeciesof specialconcern.Theregion,alsoknownastheColtonDunes,

is thelargestinlandsandduneformationin southernCalifornia, exclusiveofthedesert2. The

vegetationoftheseduneshasbeendefinedastheDesertSand-verbenaseriesin Sav~yerandKeeler-

Wolf 1993. Plantsonthe ColtonDunesincludeCaliforniabuckwheat(Eriogonumfasiculatum
sspp.),Californiacroton(Crotoncalifornicus),deerweed(Lotusscopariusvar.scoparius),and

Californiaeveningprimrose(Oenotheracalifornica ssp.californica). Thehabitatsupportsseveral

plantsandanimalsof limited distribution,includingtheleglesslizard (Anniellapulchra),SanDiego

2 The floraandvegetationof“cismontane”Californiafromthecoastto theSierraNevada—alsocalledthe
CaliforniaFlonsiticProvince—aredistinctfromthetrausmontaneDesertandGreatBasinfloristic provinces.Hickman
(1993)providesanoverview.
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hornedlizard (Phrynosomacoronatum blainviliii), Delhi Sandsmetalmarkbutterfly(Apodemia
mormo newsubspecies),Delhi SandsJerusalemcricket (Stenopelmatusnewspecies),convergent

apioceridfly (Apiocera convergens), Delhi Sandssandroach(Arenivaganewspecies)and,
potentially,Pringle’smonardella(Monardellapringlei).

Muchof theColtonDunesareahasbeenusedfor agriculture,chieflygrapesandcitrus sincethe

1800’s. Morerecently,nearlyall theremainingareahasbeenusedfor dairies,housingtracts,and

commercial/industrialsites. Mostoftheremainingareawith restorationpotentialis degradedto

somedegree. Thepresentdistributionof theDelhi Sandsflower-lovingfly representslessthantwo
percentof its formerrange;thehabitatexistingtodayis approximatelyhalfofwhatexistedin 1975
(Ballmerin litt. August24, 1991). BeforeEuropeansettlement,theDelhi Sandsflower-lovingfly
likely occurredthroughoutmuchor all oftheColtonDunesin SanBernardinoandRiverside

Counties,California,an assumptionthat is basedontheanimal’sbiology andrecordsofmuseum
specimensofthe Delhi Sandsflower-lovingfly, which extendfrom theeasternmarginoftheDelhi
sandformationin Coltonto nearits westernlimit in Mira Loma.

TheothersubspeciesofR. terminatus,theEl Segundoflower-lovingfly, is almostcertainlyextinct.
It wasconfinedto theEl Segundosanddunes,thecoastalprairie eastofthedunes,andportionsof

thesandyalluvial plainoftheLos AngelesRiver. This subspecieswasrecordedfrom Huntington
ParkneardowntownLos Angelesin 1940, a regionthathadbeenconnectedto theEl Segundosand
dunesviathecorridoroftheLosAngelesRiverwhenit dischargedto theseaatPlayadel Reyprior
to 1830. TheEl Segundosubspecieswaslastcollectedin 1965 (Hogue1967),althoughtheanimal
likely continuedto bepresenton a sandduneremnantin HermosaBeachthroughthelate 1960’s(R.
Rogers,pers.obs). TheEl Segundosanddunessystemhasbeenvirtually eliminatedas aresultof

urbandevelopment(Mattoni 1992). TheAirport Dunesandassociatedcoastaldunefragment,which
containedthelastknownviablehabitatthatcouldhavesupportedapopulationoftheEl Segundo

flower-lovingfly washighly degradedbyconstructionactivitiesassociatedwith theLosAngeles

InternationalAirport in the 1960’s. ExtensivesurveysoftheremainingEl Segundosandduneshave

failed toproduceanyobservationsofthis animal(Mattoni 1990).

Life History

Thelife history, ecology,andbehavioroftheDelhi Sandsflower-lovingfly andothermembersof the

genusRhaphiomidaswerediscussedby Rogersand Mattoni (1993). Kingsley(1996)summarized

their workandseveralstudieson membersof therelatedfly family Apioceridae,andpresentedsome

additionalobservationsmadeattheSanBernardinoHospitalreserve.

TheDelhi Sandsflower-lovingfly undergoesacompletemetamorphosis(egg,larva,pupa,andadult)
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(figure2). Thelife spanofthis animalis unknown,but thelarval stagemaylasttwoyearsor longer,

dependingon availability offood, temperature,rainfall, andotherenvironmentalconditions. The

adultsareactivein thelatesummerandtheearlystagescanbe foundthroughouttheyear. Except

for the adults,the animalspendsits entirelife cycleunderground.Theadultsemergeandbecome

activein thelatesummer.

Mating amongthemembersofthis genuswasdescribedby RogersandMattom(1993). After

mating,thefemaleslay theireggsinsuitablesandysoil. RogersandMattoni(1993)describedtheir

observationsof twomaleandtwofemalecaptiveDelhi Sandsflower-lovingflies. Themaleslived

for 3 daysin captivityandwouldnot eat. Thefemaleslived for 5 and8 days,respectively.The

femalesbecameactiveat 10:00 a.m. Pacific Daylighttime(PDT) eachday,regardlessoflight
conditionsandbecameinactiveabout5:00PDT, exceptwhenovipositing.

Oneofthe femaleswasobservedto ovipositatabout7:30 p. m. PDT. Shelaid atotalof 40 eggsin

thesand. Theeggswereabout1.5 x 3 millimeters (lessthan0.1 squareinch),almostkidney-shaped,

andpurewhitewith aslightpink iridescence.

Femaleflower-lovingflies possessspecializedegg-layingorganson thelastsegmentontheir

abdomens(acanthophontes).A singleacanthophoriteconsistsof acircleof strongspinesthat canbe
rapidlyrevolvedto serveas adrill adaptedto boringthroughsandysoils,enablingtheabdomento be

insertedalmostcompletelyunderground.The abdomenandthe ovipositorareextensibleandthe

eggscanbeplacedbetween3 and5 centimeters(1 to 2 inches)beneaththesurfaceofthesand. This

adaptionassuresthattheeggsareplacedin acoolerandmoistureenvironmentthanthesurfaceofthe

sand. Mostovipositiontakesplacein theshadeof shrubs,suchas thetelegraphweed(Heterotheca

grandiflora) (RogersandMattoni 1993). Thelarvaehatchedfromtheeggsin 11 to 12 days.

Theearlystagesof theDelhi Sandsflower-lovingfly arespecializedfor afossorial(burrowing)

existencein substrateswith ahighsandfraction. Thebodyshapeandstructuresenablethelarvato
burrowthroughthesand. Theheadof thepupapossessalargespinethatmaybeusefulin tunneling

throughthesoil for emergence.

The larvaeoftheDelhi Sandsflower-lovingfly andtwo otherRhaphiomidasspecieswereheldin

captivityby RogersandMattoni (1993). All itemsof food, includingsyntheticdietsthatwere

offeredto theanimals,wererejected. RogersandMattom(1993)reportedthatcaptivelarvaerefused

to feedon smallbeetlelarvaecollectedfrom thesanddunes,fruit fly larvae,or sanddunecockroach
nymphs. Noneof thefly larvaebecamecannibalistic,evenwhenstarving. Thelarvaeall diedwithin

15 days. It remainsunclearas to whethertheearlystagesof Rhaphiomidasareherbivores,

detrivores,or carnivores.
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Hogue(1967)describedtheemergenceof anadultEl Segundoflower-lovingfly atasite in Hermosa

Beachin 1965. Basedon thisandotherobservations,it appearsthatthepupaearelocated

underground.RogersandMattom(1993) found alargenumberof thepupalcasesof threedesert

speciesofRhaphiomidas. In all instances,thepupalcaseswerefoundonthe surfaceof hardened

sandin openareasatleast5 feet(1.5 m) fromperennialplants. Whentheyemerge,thepupaeextend

only their anteriorhalf from thesoil substrate,creatingdistinctiveemergenceholesthatareclearly
nottheburrowsof otheranimals.

Theflight seasonof theDelhi Sandsflower-lovingfly extendsfrom earlyAugustto earlySeptember.

Theadultsareactive duringthewarmestportionsof thedayduringperiodsof directsunlight,

generallyfrom 10:00 a.mto 2:00p. m. PDT (Ballmerin litt. August24, 1991). Adultshavenot

beenobservedto fly duringcloudy,overcast,or rainyconditions(Ballmer, ibid). Theanimalsrarely

fly duringwindy orbreezyconditions,whichtypically occurin theafternoon. However,duringthese

periodstheyhavebeenlocatedbydisturbingthevegetationwheretheyareperching(Ballmer, ibid).

Ovipositinghasonly beenobservedfrom mid to lateafternoon,between2:00 and5:00 p. in., when

temperaturesstartto cool.

Delhi Sandsflower-lovingflies haverarelybeenobservedtakingnectarandhavenotbeenseen

takingotherfluids. Thenectaringeventshavebeenbrief, on theorderof 2-10 seconds,andhaveall

beenrestrictedto flowersof thecommonbuckwheat(Ermogonumfasciculatum)(R. Rogers,pers.

obs.). Theonly otherflowersavailableduringtheflight timearecroton(Croton calijfornmcus)and

telegraphweed(Heterothecagrandiflora),butvisitationsto theseplantshavenotbeennoted.

TheintroducedArgentineant (Iriodomyrmexhumilis)hasbeenobservedto attackandkill arecently

emergedadultDelhi Sandsflower-loving fly (R. Rogers,pers.obs.). RogersandMattoni(1993)and

Cazier(1985)reportthatlargeasilid flies in the generaProctocanthusandPromachuspreyupon
Rhaphiomidasflies. Otherpredatorsof the adultflies likely includedragonfliesandinsectivorous

birds. Theearlystagesmaybeeatenby ants,subterraneanpredatoryinsects,andreptiles.

HabitatRequirementsandPopulationDynamics

Areascontainingsandysubstrateswith asparsecoverof perennialshrubsandothervegetation
constitutetheprimaryhabitatrequirementforRhaphiomidasflies. Basedon observationsof several

othermembersofthisgenus,optimalvegetationcover is sparse,usuallylessthan50 percent,and
usuallyin therangeof 10-20percent.

Severalcorrelationshavebeennotedbetweenthefly andvegetationwithin its habitat,as follows: 1)

threeindicator plantspeciesareusuallypresentin occupiedDelhi Sandsflower-lovingfly habitat:
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commonbuckwheat(Eriogonumfasiculatum),telegraphweed(Heterothecagrandiflora),and

croton(Croton cahfornicus). Theplantsmaybepresentin low density,asexemplifiedbyonlythree

buckwheatplantson two occupiedhabitatpatches.2) Adults donot appearto useareasof dense

vegetation,eitherof buckwheatorwhereannualgrassesprovidemorethan50 percentcover. 3)
Sightingsof adultsaremorelikely in relativelyundisturbedhabitats,asindicatedby thepresenceof

nativeannualsandperennials,includingEriastrumsapphmrinum,Opuntiaparryi,two annual

buckwheats,anda suiteof othernativeplants(SeeAppendixE).

Thenumberoffliesobservedin apopulationfluctuatesgreatlyfrom dayto dayandfrom yearto year

atagivenlocality (Balliner ibid). Ballmer(ibid) foundthatno Delhi Sandsflower-lovingflieswere

observedata site in 1989,whereasa singlemalewasobservedduringasurveylastingatotalof

approximatelyfive hoursthatwasconductedover atbreedayperiodin August1990. Moreover,
Ballinerobservedfourmalesandasingle femaleatthis samelocationduringaonehourperiodon a

singledayin August1991. Environmentalconditions,suchas air temperature,wind speed,and

cloudcover,maysignificantlyaffect theactivitiesoftheseanimals. It is alsopossiblethattheearly

stagesof thefly canaestivatefor longperiods.

ThepastabundanceoftheDelhi Sandsflower-loving fly maybe inferredfrommuseumspecimens.

Thelargestsingledaycollectionsare 15, 13,and13 individualsfrom Cotton(1986),Mira Loma

(1941),andRialto (1956),respectively.However,thelack ofdataconcerningthesizeofthehabitat,
timeperiods,andintensityof collectingprecludesadefinitive analysisbasedsolelyon these

specimens.RogersandMattoni(1993)notethatthepopulationdensitiesof theDelhi Sandsflower-
loving fly mayhaveapproachedthe lowhundredsatsomesites. However,theyreportedthatareas

containingsignificanthabitatfor this specieshadbeeneliminatedby 1989. Thelargest1-day

numberof Delhi Sandsflower-lovingfliesin 1989was 13 animalsobservedon approximately20

acres(8 hectares)in theCity ofColton. Theanimalsweremostabundantin anareathat containeda
highpercentageofnativevegetation(low levelsofintroducedplants)andmorethan60 percentopen

sandsubstrate.

Estimatesofthelocal populationsizeof theDelhi Sandsflower-loving fly havebeenreportedfor a

few sites(Ballmer 1989,KiyamEnvironmentalConsultants1994,RogersandMattom1993). The

studiesinvolveddirectcountsof theanimalsin thefield. At theSanBernardinoHospitalpreserve,a
populationsizeof 12-20flies wasestimatedduringthe 1994flight season(Kiyani Environmental

Consultants1994). At anothersite adirectcountof 13 individualswasmadewithin ahalfhourover
a 10 acre(4 hectare)sampleof the 150 acre(60hectare)site. This information,incorporatedinto a

populationmodel,providedthebasisfor theconclusionthatthetotalpopulationsizewasin thelow
hundreds. However,portionsofthis sitehavebeendeveloped,andit is unlikely thepopulation

currentlycontainsnumbersin thisrange.
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Threats and Listing Rationale

Thehumanpopulationof Californiaexperiencedespeciallyrapidgrowthduringthe 1960sand

1970s,andit continuesto growbeyondthe30 million mark(U.S. Dept. of Commerce1990). A

significantportionofthis growthhasoccurredin the SanBernardinoCountyarea(California
Departmentof Finance1993). Thewesternthird ofRiversideCountycurrentlycontains

approximately800,000people,which ispredictedto increaseto 1.4million by 2010 (Monroeetal.

1992).

Historically, landsin SanBernardinoandRiversideCountiescontainingDelhi seriessoil havebeen

usedfor agriculture. Currentlandalteringactivitiesin thisareathatadverselyaffecttheDelhi Sands

flower-loving fly includesurfacemining for sand,andresidentialandcommercialdevelopment.

Unauthorizedcollectingof theDelhi Sandsflower-loving fly by insectcollectorsis athreatto the

species.Critical Habitatwas notdesignatedbecauseof thedangerposedby insectcollectors. Since

theanimalwas listed,constructionofahospital,commercialdevelopment,anddumpingof cow
manureandothertrashhaveeliminatedpopulationsandrestorablehabitat.

Invasiveexoticvegetationseverelydegradesor eliminatesthehabitatofthe Delhi Sandsflower-

loving fly. Non-nativeplantsof concernincludeRussianthistle(Salsolatragus),horehound

(Marrubium vulgare),mustard(Brassicatournefordi),cheeseweed(Malvaparviflora), andmany

speciesofintroducedgassessuchas ripgut (Bromusdiandrus)andredbrome(Bromusmadritensis

ssp.rubens). Theseplantslikely altertheamountof soil moistureor makethesubstratephysically

unsuitablefor thesurvival oftheDelhi Sandsflower-lovingfly andothernativesubterranean
invertebrates.Thediversityandabundanceofarthropodshavebeenfoundto be significantly

reducedor absentin coastalduneareascontaimngexoticplantsversusareaswith nativevegetation

(Naganoetal. 1981,NaganoandHogue1982,SlobodchikoffandDoyen1977).

Tonsof cow manurefrom local dairieshavebeendumpedon severalsitescontainingrestorable

habitatfor theDelhi Sandsflower-lovingfly, oftenapparentlywithoutpermissionofthelandowners.

Themanuresmothersthe animals,plants,andhabitatwhereit is dumped.Themanurealsoprovides

high levelsofnutrientsfor invasiveexoticplants,suchas cheeseweed(Malvaparviflora). The

organicmatterandnutrientscanonly beremovedatlargeexpenseover alongtimeperiod.

Restorationof manuredsites,althoughpossible,is ofthe lowestpriority, eventhoughmanuredsites

underpowerlinerights-of-waywouldotherwiseprovideidealhabitat.

Off-roadvehicles(ORVs)haveanegativeimpacton theDelhi Sandsflower-lovingfly andtheother

plantsandanimalsfound in this habitat. ORVs compactthesoil, crushingandkilling subterranean
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species;flattenanddestroyvegetation,thusremovingfood andcover;alternaturalbehavioral

patternsof animals;andincreaseratesof erosion. The environmentaldamagecausedby ORYshas

beendescribedby HardyandAndrews(1976),Powell (1981),andWeaver(1978). Theuseof even

lownumbersof ORVslikely disturbsthefeeding,breeding,andrestingbehaviorof adultDelhi

Sandsflower-lovingflies.

Trampling,or disruptionofthe substrate,is aconcernusuallyoverlookedfor dunesystems.

Tramplingis deleteriousbecauseit destroysthecryptofloracrust,whichis importantto resisting

invasivemicroorganismsandmaintainingsoil ecosystemintegrity (Belnap1994).

Theimpactof parasitesanddiseaseon theDelhi Sandsflower-lovingis unknown.

In additionto directlydestroyinghabitat,agriculturalconversion,andresidentialandcommercial

developmentlikely affectthedispersalofthe Delhi Sandsflower-lovingfly. Roadshavebeenfound

to beabarrierto themovementsof butterflies,beetles,andotherarthropods(Mader1984,Thomas

ReidAssociates1982). Although, adultDelhi Sandsflower-loving flieshavebeenobservedto turn

orreversethedirection of their flightuponencounteringpavedroadways(R. Rogers,pers.obs.), the

animalslikely disperseacrossthesebarriers.

Althoughflies in generalarenot especiallypopularwith insectcollectors,Rhaphiomidasfliesare

prizedbecauseoftheir unusualsizeandrarity. Specimensof theDelhi Sandsflower-lovingflies

havebeensoldby acommercialinsectdealer(Taylor 1993). ThecollectionoftheDelhi Sands

flower-lovingfly is athreatbecausethespeciesexistsin verysmallpopulationsandhandlingand

marking,and/orremovalof evenafew individualswouldseriouslydamagethespeciesthroughloss

of individualsandgeneticvariability. Collectionof femalescould alsosignificantlyreducethe

probabilitythatnewcolonieswouldbefounded.

Thestatusof theDelhi Sandsflower-lovingfly hasdramaticallydeclinedin thelastfew years. One

populationofthe animalwasextirpatedby urbandevelopmentsince1990; anotherwaspartially

destroyedby sandminingbetween1991-1992;onelargeformerpopulationisnowbisectedby a

countypark; anotherlargepopulationwasrecentlydiscedfor fire protection,andatleastfour sites

are for sale. Betweenthepublicationof theproposedrule to list this speciesin 1992 andthe

issuanceofthefinal rule in 1993,about45 acresof occupiedhabitatweredestroyed.This

representedaloss of 6-13percentof the extanthabitatthatexistedatthetime oftheproposedrule.

Thereis presentlyanestimated1,200acresof habitatthatcan supportthespecies.Althoughseveral

hundredpotentiallyrestorableacresexist, restorationis expensiveandnot withoutunresolved

problems.Of theremainingpristinehabitat,only two acres(0.8hectare)of aten-acre(fourhectare)

site (comprisingtheSanBernardinoCountyhospitalpreserve)is permanentlyprotected.At this
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preserve,thespeciesis in imminentdangerofextirpation,becausetheeffectivesizeofthebreeding
populationis only aboutfive (MaceandLande1991).

RecoveryUnits

Areasknownto beinhabitedby theDelhi Sandsflower-lovingfly or areasthat containrestorable

habitatfor theanimalhavebeengroupedinto threeRecoveryUnits(RUs)basedon geographic

proximity, similarityofhabitat,andpotentialgeneticexchange(Figure3). EachRUincludes
occupiedhabitatcontainingoneor morepopulationsoftheDelhi Sandsflower-lovingfly and/or

restorablehabitatfor atleastonepopulation. Theoccupiedandrestorablehabitatin theRUs
includesonly thoseareasthatcontainDelhi Seriessoils. Thedistributionofhistoricalrecords

suggeststhatthefly occurredextensivelythroughoutthesethreeunits. NotethattheRUs do not
includeresidentialandcommercialdevelopment,nor areasthathaveotherwisebeenpermanently

alteredbyhumanactions.

ColtonRecoveryUnit (figure4) — All buttwo oftheknownpopulationsof theanimalare located

in theColtonRU. This RecoveryUnit is boundedto thewestbyCedarAvenue,to theeastby
PennsylvaniaAvenuein SanBernardinoCounty,extendingalonga straightline to thewestsideof
Interstate215,to thenorthby BaselineRoad,andto thesouthby theSantaAnaRiver.

TheSanBernardinoCountyHospitalpreserve,approximately10 acresin size,is in theColtonRU.
This isoneoftheonlypermanentlyprotectedlocationsfor theDelhi Sandsflower-lovingfly.
Restorablehabitatis locatedalongtheSouthernCaliforniaEdisonpowerlineright-of-wayand
severalotherlocationsin theColtonRU.

Activities thathaveeliminatedDelhi Sandsflower-lovingfliesandtheirhabitatin theColtonRU
includesurfacemining, commercialandresidentialdevelopment,dumpingof cowmanure,and
invasiveexoticplants. This recoveryunitis threatenedby intensedevelopmentpressurewithin an

areaknownastheAguaMansaEnterpriseZone.

JurupaRecoveryUnit (figure5) — This RU isboundedon thenorthby Valley Boulevard,by

CedarAvenueon theeast,HemlockAvenuein SanBernardinoCountyandPedleyRoadin Riverside
Countyonthewest,andtheSantaAnaRiverto thesouth. This RU is locatedin theCities of
FontanaandRiverside,andunincorporatedareasofRiversideCounty. An extantpopulationis in an
unnamedcanyonin theJurupaHills in theCityofFontana.Thesitehasbeenproposedfor
residentialdevelopment(ThomasOlsenAssociates1996a, I 996b).

ThemajorityofDelhi Sandsflower-lovingflies andtheirhabitatsin theJurupaRUhavebeen
eliminatedby commercialandresidentialdevelopment,dumpingofcowmanure,andinvasiveexotic
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vegetation.A site in this RU wasdiscedshortly aftera biological studyindicatedit likely contained

thefly. Restorablehabitatis locatedalongtheSouthernCaliforniaEdisonpowerlineright-of-way
andafew otherlocationsin theJurupaRU.

OntarioHabitatRecoveryUnit (figure6) — This areahistoricallycontainedthelargestblockof
theColtonDunes,however,mostoftheareahasbeenconvertedto agriculture,or developedfor
commercialandresidentialprojects.

The easternborderoftheOntarioRU is boundedby HemlockAvenuein SanBernardinoCountyand

PedleyRoad inRiversideCounty,to thewestby CentralAvenueextendingto Highway71,to the

northby BaselineRoad,andto thesouthby a line extendingfromtheintersectionofCentralAvenue

andHighway71, eastto thesouthbankoftheSantaAnaRiver. The Delhi seriessoilsarefoundin
theCitiesofCucamonga,Ontario,ChinoandRiverside,andunincorporatedareasofSanBernardino
andRiversideCounties.

Basedon museumspecimens,oneof thepopulationscontainingthehighestdensitiesof Delhi Sands

flower-loving fly waslocatedat Mira Lomain the OntarioRU.

ThemajorityofDelhi Sandsflower-lovingfly habitatin theOntarioRU hasbeeneliminatedby long-
standingagriculturallanduses.Recentactionsthathaveeliminatedtheanimalandits habitatinclude

commercialandresidentialdevelopment,dumpingofcowmanure,andinvasiveexoticvegetation.

Therearesignificantblocksof ColtonDunesin theOntarioAirport area.An extantpopulationis
locatedsouthof Interstate10 in thevicinity oftheOntarioAirport.

Restorablehabitatis locatedalongthe SouthernCaliforniaEdisonpowerlineright-of-wayandafew

otherlocationsin theOntarioRU. Othersitescontainingrestorablehabitatfor theDelhi Sands
flower-lovingfly arelocatedon landsin thevicinity ofOntarioAirport, theJurupaHills, andalonga
shallow washlocatedin southwesternOntarioownedby SouthernCaliforniaEdisonCompany.

ConservationandManagement

Themechanismsfor conservationandmanagementof theDelhi-sandsflower-lovingfly include

actionsby landownersthatareeithervoluntaryor mandatedby law. The Serviceencourages
voluntaryactionsto conserveandmanagelistedspeciesthroughoutreachefforts,technicaland

funding assistance,andcooperativeagreements.To date,few privatelandownershavetaken

voluntaryactionsto conserveor managetheDelhi Sandsflower-lovingfly.
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Mostconservationandmanagementactionshaveoccurreddueto aregulatorymechanism.The

Serviceenforcestheregulatoryprohibitionagainsttakein section9 oftheAct. Section7 oftheAct
requiresFederalagenciesto consultwith theServiceif theiractionsmayaffectlistedspeciesor

adverselymodifydesignatedcriticalhabitat. Federalagenciesreceiveauthorizationfor takethrough
theincidentaltakestatementoftheService’sbiologicalopiniononproposedFederalactions.

Forproposedprojectswithouta Federalnexusthatmaytakea listed speciesincidentalto an

otherwiselawful activity, theServiceissuesincidentaltakepermitsafterapprovinghabitat
conservationplanspursuantto section10 oftheAct. HCPs arekey to theconservationoftheDelhi

Sandsflower-lovingfly becausethreatsto thespecies’habitatare largelyfrom privatedevelopment

on privateland,andfew landownershavetakenstepsto conservethis animalthroughvoluntary

actions.The ServicehasapprovedoneHCPto dateandis workingwith privatelandownersand
local govermnentson anumberof otherHCPsthatwill addresstheneedsof theDelhi Sandsflower-

loving fly. In particular,MemorandumsofUnderstanding(MOUs) havebeensignedto developtwo
HCPsthatwill beessentialto thefly’s recovery.

OnNovember22, 1996,theServicesigneda MOUwith themembersofAMIGA (AguaMansa

IndustrialGrowthAssociation): thecitiesof Colton,Rialto, andRiversideandtheCountiesof

RiversideandSanBernardino.AMIGA administerstheAMEZ orAguaMansaEnterpriseZone.
ThepurposeoftheAMEZ is toencourageindustrialdevelopmentoftheareathroughvarioustax and
othereconomicincentives. Thedesignationof theenterprisezonehasledto considerableinterestin

the developmentof additionalcommercialfacilities in theColtonRU. At leastonepopulationofthe

Delhi Sandsflower-lovingfly hasbeensignificantly impactedby therecentconstructionof

commercialdevelopmentandassociatedinfrastructurein theAguaMansaEnterpriseZone. The

AMEZ~s area is approximately10,700acres,including approximately4,000acresofvacantland.

Ofthis 4,000acresofvacantland,theServiceestimatesthat360acresofcontiguoushabitatis key
to meetingtheconservationneedsofthe Delhi Sandsflower-lovingfly within theColtonRU. The

largestknownpopulationofthefly occursin this area. Dueto thesizeofthis area,landusehistory,
andecosystemintegrity (blowing sandand shiftingdunes),this site couldrepresentthebest
opportunityto savethefly from extinctionthroughcreationof a corereserve.

TheMOU with themembersofAMIGA is a critical first stepin theconservationstrategyfor the
Delhi Sandsflower-lovingfly within theColtonRU. TheMOU outlinesstepsfor preparationofa
regionalHCP. ThegoaloftheMOU is to assistin thesurvival andrecoveryoftheDelhi Sands

flower-lovingfly by assuringtheconservationof appropriatehabitatwithin theAMEZ (subjectto

theconservationandmanagementofall qualityhabitatandcontiguoussupportinglandsthatare
designatedby a cohesivereservedesignprocess)in exchangefor theServicegrantingauthorization

to developtheremainingvacantlands in theAMEZ. Theconservationareais roughlyboundedby
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theAMEZ boundaryto thenorthnearInterstate10, RiversideAvenueon thewest,AguaMansa

Roadon thesouth,andthe CaliforniaPortlandCementoperationto theeast(approximately310

acres),plusapproximately50 acresofexistingqualityhabitatneartheintersectionoftheSouthern

CaliforniaEdisoneasementandRiversideAvenue. Sideagreementsexecutedas partoftheMOU
allowedthreeprojectsto moveforwardwithproposedmitigation. The Servicealsorecently
negotiatedwith the Cityof Coltontheopportumtyto securethecoreof thisreserveandits sand

sourceaspartof developmentof anHCP for aproposedpaperrecyclingplant.

A regionalHCP in SanBernardinoCountyalsowill bekeyto theconservationstrategyfor the Delhi

Sandflower-lovingfly. Managementofhabitatfor thefly couldbeconsolidatedthroughthis
regionaleffort. In 1995, SanBernardinoCountyandapproximately15 localjurisdictionssigneda

MOU to developa Multiple SpeciesHabitatConservationPlan/NaturalCommunityConservation
Planto addressapproximately80 specieson over500,000acrestbroughoutthesouthwesternportion

ofthecounty. The Delhi Sandsflower-lovingfly is oneofthefocalspeciesfor this planningeffort.
Fieldsurveysareunderwayto determinethedistributionofsensitivespecieswithin theplanning
area. The Servicehasallocated$400,000in supportofthis planningeffortto date.

In addition,theServicehasapprovedone small-scaleHCP for thefly. The Cityof Colton
constructeda transmissionline andelectricalsubstationbetweenInterstate10 andtheSantaAna
Riverwithin theColtonRU. This projectresultedin thetakeof Delhi Sandsflower-loving flies
occupying4.6 acresof habitat;2.4 acresof habitatwerepermanentlylostand2.2 acreswere

temporarilydisturbed. The Cityof Colton implementedseveralactionsto minimizetheadverse
effectsofthisproject, includingno constructionduring thebreedingseasonandconductingfly

surveysto detenninepoleplacementandaccessroutesthatminimizeddisturbanceto theanimaland
its habitat. In addition,to compensatefor thetemporaryandpermanenthabitatloss associatedwith

this project,the Cityownsandwill granta conservationeasementto theServicefor 7.5 acresof

occupiedhabitat,on which Delhi Sandsflower-loving flieswill bemanagedandmonitoredin
perpetuity(ENSRConsultingandEngineering1995). In view of theseconsiderations,the Service
issuedanincidentaltakepermitfor thisproject.

TheimplementationofHCPscanbeexpeditedthroughmitigationbanking,which canhelpassure

thatparcelsof Delhi Sandflower-lovingfly habitatthataresetasideareadequatelylargeto support

populationsandbemanageable.TheServicesupportsdevelopmentanduseofmitigationbanks

within theRecoveryUnitsfor theDelhi Sandsflower-lovingfly. Suchconservationbanking
agreementsestablishedon Delhi Sandsflower-loving fly habitatwouldprovidepermanent

managementandprotectionofthemostvaluableremaininghabitatwhile allowingothernon-

essentialhabitatto be developedandtheimpactsfully mitigated. Thisprocessprovidesfor an

economicreturnonthebankedproperty.
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TheSanBernardinoCountyHospitalestablisheda 10-acrepreservefor the Delhi Sandsflower-

loving fly on its property,sothathospitalexpansionwouldnotrisk takingthis species.Therewas

thusno needfor aHabitatConservationPlan. Thus far, managementandmonitoringefforts for the

fly havebeeninitiatedatthis site, andtheprogramhasproducedsomeinformationon thebiology
andecologyoftheanimal,as summarizedin theLife Historysectionabove.

Californiastatelawprovidessomeadditionalregulatorybenefitsto theDelhi Sandsflower-loving

fly. TheenvironmentalreviewprocessundertheCaliforniaEnvironmentalQuality Act forprojects

thatresultin lossofhabitatfor theDelhi Sandsflower-lovingfly sometimesrequiredevelopmentand
implementationofmitigationplans. However,theeffectivenessofthis statuteinprotectingColton

Duneshasnotbeenconsistentamongprojects. As documentedabove,habitatfor thislistedspecies

typically hasbeeneliminatedwithoutoffsettingmeasures.

Finally, undersection6 oftheAct, theServicemayestablishCooperativeAgreementswith statesfor

conservationof listedspecies.TheCaliforniaDepartmentofFishandGame(CDFG)hasindicated

it doesnothavethe authorityto protectinsects(PeteBontadelliin litt. February20, 1990). If the

CDFGcouldprotectinsectstheServicecouldenterinto a CooperativeAgreementwith that agency.
Sucha CooperativeAgreementwould fund CDFG conservationprogramsfor theDelhi Sands

flower-lovingfly andqualify CDFGto applyfor Federalfundsthroughsection6 oftheAct. These

fundscouldsupportresearchprojects,surveys,andrecoveryactions.

RecoveryStrategy

Reducingtheimmediaterisk ofextinctionoftheDelhi Sandsflower-lovingfly will require: (1)
workingwith theappropriatelandownersand localgovernmentsto preserveandenhancethe

presentlyoccupiedhabitat;(2) implementingaprogramto restorelandswith thehighestpotential;
and(3) initiating a captivebreedingandreleaseprogram.

Any proposedprojectthatmightreducetheareaofhabitatusedby thespeciesshouldbecarefully

evaluated,andcompensationthat fully protectsand/orrestoresColtonDuneshouldbeincludedin
theprojectdesign. Projectproponentsshouldbeencouragedto beginworkingwith theServicein the
earlystagesofprojectdesignto avoidandminimizeprojectimpactsandtime delays.

The survival andrecoveryoftheDelhi Sandsflower-lovingfly is dependentonprotectionof
occupiedandrestorablehabitat. Occupiedhabitatcontainsindividualsofthespeciesandassociated
habitatusedfor breeding,feeding,shelter,and/orasa dispersalcorridor. Restorablehabitatconsists

ofareasthat containDelhi seriessoil andarenot currentlyoccupiedby theanimal,but couldbe
managedfor thespecies.Colonizationofrestoredareasby thefly would resultin increasednumbers
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ofindividuals,ultimatelyexpandingthenumberandsizeof populationsuntil the speciesreachesthe

point whereit canbedownlisted.

Approachestohabitatrestorationwill vary from simple,relativelyinexpensive,andpredictably

successful(in casesof enhancingpartiallyoccupiedsitesthatareweedovergrown)to complex,

costlyandunpredictable(in casesof manuredor importedfill sites). Isolatedsitesmayrequirere-

introductionof thefly. A functional foodwebwithmanyotherinvertebratespecies,includingthe

unknownfood sourcesof the Delhi Sandsflower-loving fly larvae,shouldberestoredaroundthe

approximately50 nativeplantspeciesthatdefinethenativevegetation.

ThethreeRecoveryUnits (RUs)mustbeconservedto maintainthespecies’distributionandits

geneticdiversitythroughoutits presentrange. At leasteightpopulationsacrossthethreeRUsare
neededto reducetherisk ofextinctionfrom randomeventsthat mayaffectanyonelocal area. Line

transectcountsshouldbeconductedateachsiteto measuretherelativepopulationabundanceofthe

flies. Thismethod,asdescribedby Gall (1985),Pollard(1977),andPollardetal. (1986)will

provideanestimateoftherelativenumberof adultanimalsateachsite.

With habitatqualityvaryingfromthe locationof onepopulationandRU to another,acreageneeded
to sustainviablepopulationsalsovariesfrom siteto site. However,thedataneededto detennine

specifichabitatacreageobjectivesfor eachRU arenotavailableatthis time. Additional datawill be
neededon reproductionandmortality rates,dispersal,andhabitatvariablesbeforefurtherrefinement

of RU boundaries,developmentofalternativeRU preservedesigns,andanalysesofpopulation

viability canbemade.

Until suchdataareobtained,thehighestpriority will beto protectexistingpopulationsof theDelhi

Sandsflower-lovingfly. Habitatmaybeprotectedthroughfee acquisitions,conservationeasements,
andvoluntarymanagementagreements.Additional habitatsurveysanddetailedinventoriesto

identify sitesneedingprotectionareessential,particularlyattheJurupaandtheOntarioRUs. Partof

protectingexistingpopulationsis theprotectionof dispersalcorridorsbetweenthepopulations.

Dispersalcorridorslikely arecritical formovementoftheDelhi Sandsflower-loving fly, especially

giventhenearlytotalurbanizationthroughoutits distribution.

Along withprotectingexistingpopulations,equallyhighpriority is assignedto theurgently-needed

programto augmentexistingpopulationsandto establishnewpopulationsof the Delhi Sands

flower-lovingfly. Recentstudiesindicatethenumberof individualsattheknownsitesis extremely

low incomparisonwithpopulationsizesof relatedspecieswith similarecologicalandlife history

strategies(R. Mattoni, R. Rogers,andJ. George,UCLA unpublisheddata). The likelihoodof

extinction remainshighunlessthehabitatprotectionandcaptivebreedingandreleaseprogramsare
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mitiatedwithoutdelay. Neitherreintroductionnoraugmentationis anappropriatemeansof

mitigatinghabitatlossbecausetheanimal’sprospectsfor recoveryarealreadyseverelylimited by

lackof habitat. Similarly, themaintenanceofthis animalincaptivity doesnotsubstitutefor the

maintenanceof wild populations.

Asmanagementplansarestarted,monitoringofDelhi Sandsflower-lovingfly populationswill
providetheultimatetestof managementeffectiveness.Censussurveysshouldbecoordinatedto

extendoverthespeciesrangewheneverpossible. Monitoringmethodsshouldbeappliedconsistently

over asufficientperiod,andmonitoringshouldbecoupledwithalong-termprogramfor

managementofthespecies’habitatto evaluateits status. Thecollectionofcensusdataover aperiod

of severalyears(possibly15) will beneededto includethevariability ofenvironmentalconditions

experiencedby the species.

As existingpopulationsareprotectedandmanaged,emphasisin conservationfor thespecieswill
shift towarddeterminingwhetheror notviablepopulationsarebeingsustained.Therewill beaneed

toprotectadditionalhabitatif populationdataindicatethatpopulationsarenot viableandathigh
risk for extirpationor extinction.

TheDelhi Sandsflower-lovingfly is soughtby someinsectcollectors. TheServiceenforcesthe

EndangeredSpeciesAct’s prohibitionagainsttake(includingcollection) andcommercein this

species.

Althoughthisplanemphasizesthebiological aspectsof conservingthis animalandits habitat,the

actualwork of conservinghabitatis in thehandsoflandowners,soitis very importantthat

landownerscooperateto find cost-effectivesolutionsto guaranteesurvival oftheDelhi Sands

ecosystemon protectedportionsoftheirlands. Conservationof theDelhi Sandsalsodependson an

informedgeneralpublic.
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PART II. RECOVERY

ObjectivesandCriteria

TheDelhi Sandsflower-lovingfly canbeconsideredfor reclassificationto threatenedstatuswhen:

1) At leasteightpopulationsin thethreeRecoveryUnits (RUs),i.e., Colton,Jurupa,and

Ontario,arepermanentlyprotected. Thepopulationthatinhabitsthelargestremaining

blockof ColtonDuneslocatedeastof RiversideAvenue,southofInterstate10,northof the

SantaAnaRiver, andwestof thecementplant,mustbeprotected. At leastfour

populationsmustbein theColtonRU, two ofthemnorthof Interstate10 (includingthe San

BernardinoHospitalReserve),andtwo southofInterstate10. In theJurupaRU, theJurupa

Hills populationin theCity of Fontanamustbesecured.Thelocationoftheremaining

populationswill bedeterminedusinginformationcollectedduringimplementationofthis

recoveryplan. Dispersalcorridorsmustbemaintainedbetweenthepopulations.

2) Eachofthe 8 populationsites anddispersalcorridorsaremanagedto maintainperpetual

sandsupplyandsparsetotalvegetationcover(nomorethan20 percent)dominatedby

nativespeciessuchas Californiabuckwheat,Californiacroton,andtelegraphweed.

3) As determinedbyscientificallycrediblemonitoring,eachofthe 8 populationsmustexhibit

astatisticallysignificantupwardtrendfor atleast15 years(approximately7 fly

generations)andhasanestimatedadultpopulationof atleast200individuals.

4) A programis initiatedto informthepublicaboutthe Delhi Sandsflower-lovingfly andits

habitat. Thisoutreacheffortshouldgarnerpublicsupportfor conservationof thesand

dunesystemuponwhichtheDelhi Sandsflower-lovingfly depends.

Narrative

1.Protectandrestoreexisting andpotentiallysuitablehabitatin eachofthethreeRecovery
Units (Colton,Jurupa,andOntario).

RecoveryoftheDelhi Sandsflower-lovingfly andtheassociatedendemicandrarespecies
inhabitingtheColtonDunesrequiresa comprehensiveprogramdesignedto reestablishnatural
communitydynamics(seePartI, EcosystemDescription). Themostimportantrequirementfor

thesurvivalofthesespeciesispreventingactivitiesthatreducepopulationsbydestroyingor
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damagingColtonDunehabitat. Controlof invasivenon-nativeplantsis alsoof utmost

importance.

Themajorityof habitatin theColtonRU is inprivateownership.The ColtonRU containsthe

only two sitesthathavebeenpermanentlydesignatedfor protectionofthe animal. In 1993,the

CountyofSanBernardinosetaside,and ismanaging,abouttenacresfortheDelhi Sands
flower-lovingfly as partofmitigationfor the SanBernardinoCountyHospitalsite in Colton.

Managementof thehospitalsite mustincluderemovalof exoticinvasiveplantsand

conservationof the sandsupply. Otherhabitatis foundon the SouthernCaliforniaEdison

right-of-way. Additional landscritical to the Coltonpopulationmustbeidentifiedbasedon

understandingtheanimal’secologicalandbiologicalrequirementsthroughscientificresearch

andobservations.Additional habitatshouldbeprotectedthroughfeeacquisition,conservation

easements,voluntarymanagementagreements,andhabitatconservationplans.

Themajority ofthe Delhi Sandsflower-loving fly habitatin theJurupaandOntarioRUs is

alsoinprivateownership. Habitatsuitablefor flower-loving fly populationswithin the

JurupaandOntarioRUs shouldbeidentified. Additionalhabitatshouldbeprotected

throughfee acquisition,conservationeasements,voluntarymanagementplans’andhabitat

conservationplans.

Therecoveryactionsenumeratedbelowmaybecarriedoutjointly, or individually within

eachRU, dependinguponfunding andlocal participation.

1.1 Maphabitatareasanddispersalcorridors

Occupiedandrestorablehabitat,and dispersalcorridorsin theRUs mustbemapped.
Mappingmaybeexpeditedby using a GeographicInformationSystem(GIS). Thedata

also will beprovidedto theNaturalDiversityDataBaseof theCalifornia Departmentof
FishandGame. Mappingofunoccupiedhabitatsuitablefortheanimalis for

informational,notregulatory,purposes.

1.2 Determinewillingnessof landownersto participatein recoveryoftheDelhi Sands

flower-loving fly

Ownershipinformationwill becompiledfor occupiedandrestorablehabitatareasand

dispersalcorridors. Landownerswill becontactedby the Serviceandqueriedasto their
interestin participatingin therecoveryof theDelhi Sandsflower-loving fly. Restoration

ofunoccupiedhabitatdependsentirelyon thevoluntaryparticipationof landowners.
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1.3 SelectDelhi Sandsflower-loving fly habitatwithin theRUsfor protection

To achievedownlisting,areascontainingoccupiedand/orrestorablehabitatanddispersal

corridorsneedto beevaluatedrelativeto theextentofdistributionpatternsnecessaryto

supportsecurepopulations(seetask2). Sitesto beprotectedshouldbeselectedbasedon

habitatneedsof adultsandlarvae,andwillingnessof landownerstoparticipatein recovery

efforts. Determinationofthebestpossiblesitesfor restorationandreintroductionmay
requireintensiveandlong-termfieldwork.

1.4 Protecthabitatsidentifiedin 1.3

Muchof thenecessaryhabitatconservationin theRUswill bearrangedthroughthe

HabitatConservationPlans. In general,habitatneededforbreeding,feeding,and/orthe

developmentof earlystagesshouldbeacquiredin fee. Dispersalcorridorsmaybe

protectedthrougheasementsandvoluntarymanagementagreements.Mitigationbanking

is likely to beeffective. Themeansof habitatprotectionwill be arrangedindividually for

eachtractandlandowner.

1.4.1. EmploytheHabitatConservationPlanprocess

Supportthepreparationandimplementationof HCPsthatcovertheDelhi Sands

flower-loving fly, especiallyregionalor ecosystem-basedHCPsthatconserve
remnantsofthe ColtonDunesecosystem(e.g.,AMIGA HCP andSanBernardino

CountyMultiple SpeciesHCP). This processis themosteffectiveway to developa

coherentsystemof protectedhabitat.

1.4.2. Seekconservationthroughnon-HCPmeans

Probably,not all tractsneededor desiredfor conservationofthis animalwill be

protectedthroughHCPs. Selectprotectionmethodsindividually for theseparcels,

incooperationwith landownersandwith regardto themanagementneedsofthe

habitats.Apart from feetitle, protectioncanbe arrangedthroughconservation

easementsandvoluntarymanagementagreementsby Federal,State,or local

governmentsor non-profitconservationorganizations.Voluntarymanagement

agreementsshouldincludeadescriptionof eachentity’s commitmentandrole in the

recoveryof theDelhi Sandsflower-loving fly.
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1.4.3. Identify fundingsourcesfor landacquisition

TheFishandWildlife Serviceis authorizedby the EndangeredSpeciesAct to

acquirelandfor conservationof endangeredandthreatenedspecies.HCPsand

mitigationbankingwill alsoprovidenecessarysupport.

1.5 Developmanagementplanfor habitatsprotectedin 1.4

Eachmanagementunitneedsasite-specificplanto addresshabitatmanagementneedsand

threatsto thehabitatorpopulation.Habitatrestorationmayfigure prominentlyin

managementplans,particularlyin areaswherefly populationshavebeenextirpatedor

reduced.Eachmanagementplanshouldsetgeneral/qualitativegoalsandcontainsite-

specific,measurableobjectives.Eachplanshouldspecifyhowandwhento achievethose

objectives,identifying fundingsources.Themanagementplanshouldbecoupledwith a
monitoringplan(seetask3). Managementplansshouldbereviewedperiodically,or after

significantchangesin threats,management,research,orstatusofthespeciesoccur,and

revisedasappropriate.

1.6 Implementmanagementplansdevelopedin 1.5

Althoughimplementationwill varydependingon theplan,themajorcomponentsto be

addressedinmanagementareasfollows:

1.6.1 Enhanceoccupiedsites

Habitatenhancementwithin occupiedorpartiallyoccupiedsitesinvolves

conservationof sandsourcesandremovalofnon-nativeweeds—suchas
tumbleweed,mustard,horehound,andgrasses—thatinvadethedunehabitat,

crowdingoutnectarplants,nativevegetation,and,especially,openareas

neededby thefly. Techniquesusedto removethenon-nativespeciesshould

beselectedto avoidhanningthefly andassociatednativeecosystem

components.Followingweedremoval,somerevegetationwith nativespecies

mayberequired(seebelow). Efforts shouldbemadeto minimizetrampling

of thesubstrateduringhabitatenhancementactivities. Enhancementshould

beprioritizedandcoordinatedbothwithin andamongRecoveryUnits.
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1.6.2 Restorepresentlyunoccupiedsites

UnoccupiedhabitatacrossmostoftheRUs hasahistoryofdegradationfrom a

varietyoflanduses.Restorationusuallywill takeseveralyears.For most

unoccupiedsites,revegetationto localnativespeciescanproceedonly afterremoval

of alienplantsas afirst step. Reductionof excessivenutrientlevelsandstate-of-

the-artrevegetationtechniqueswill beimplementedto establishappropriatenative
plantsrepresentinglocal ecotypes.Completerestorationmayrequirere-introducing

someminimumassemblageof invertebratesthatcannotbeexpectedto migrate

naturallyto theseareas.

1.6.3 Determineeffectsof selectedmanagementmethodson habitatneedsof

non-targetspecies

TheremainingColtonDunesinhabitedby theDelhi Sandsflower-lovingfly

harborauniqueassemblageof endemicspecies,including SanDiegohorned

lizard, Delhi Sandsmetalmarkbutterfly, Delhi SandsJerusalemcricket,

convergentapioceridfly, Delhi Sandssandroach,and,potentially,Pringle’s

monardella.Habitatrequirementsofthesespecies,andtheeffectsof

managementfor theDelhi Sandsflower-lovingfly, will bestudiedsothat

detrimentalimpactscanbeavoided.

2. Determineecologicalrequirements,populationconstraints,andpopulationaugmentation

needsandmethodsfor theDelhi Sandsflower-lovingfly

To ensuresurvival andrecoveryoftheDelhi Sandsflower-lovingfly, thefollowing shouldbe

undertaken:

2.1 Refineunderstandingof habitatrequirementsof theDelhi sandsflower-lovingfly for

thepurposesofconservationplanning.

A betterunderstandingoftheanimal’secologicalrequirementswill facilitatedevelopment
ofrecoveryactionsandsite-specificplans.
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2.1.1 Clarify the extent and condition of habitat areas necessaryto provide

for developmentof the early stages,breeding,nectaring, and shelterby

the Delhi Sandsflower-loving fly

Habitat areasthat support the Delhi Sandsflower-loving fly needtobe

identified for eachlife stage. The environmental correlates of fly distribution
andabundance,consideringsoiltype,vegetationcompositionandstructure,

andhistoricalmanagementneedto bedetennined.Theecology,including

distributionandhabitatrequirementsof theeggs,pupae,andespeciallythe

larvaeneedto bedetermined.

2.1.2 Determinelarval food sources,andtheir distributionandhabitat

requirements

The food sourcesutilized by the larvae needto bedetermined,asdo the

distribution and habitat requirementsof preyor hostplants,includingall food

web components.

2.1.3 Identify dispersalpatterns (distances,direction) and dispersalhabitat

characteristicsof the Delhi Sandsflower-loving fly to facilitate

movementbetweenRUs and populations

Dispersalpatternsof adultsneedto beanalyzed,usingdirect observation to
identify dispersalroutesbetweenhabitatareas. Mark-recapturemaybe

utilized if it canbedonewithoutharmingthe animals,andonly atsiteswith

populations greater than 200animals. The length, width, andstructural

characteristicsofroutes likely to beusedby mostof the dispersingindividuals

shouldbedetermined.

2.2 Determinemethodsof introducingfliesto augmentextantpopulationsor into

restorablehabitat

Reintroductionandpopulationaugmentationareessentialto therecoveryoftheDelhi

Sandsflower-lovingfly. Techniquesmustbedevelopedto successfullyintroduce
animalsto augmentextantpopulationsor into siteswith restorablehabitatand

willing landowners.
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2.2.1 Determinemethodsfor captivebreedingandrearingof theDelhi Sands

flower-loving fly

Techniquesfor successfulcaptivebreedingandrearingoftheDelhi Sands

flower-lovingfly shouldbeperfectedimmediately. Initial researchwouldbe

conductedusingrelatedspeciesof Rhaphiomidas. Thedifficulties with study

of Rhaphiomidasreproductionto datehavebeenloweggyields, poor

hatchability,andfoodrejection,leadingto starvationoflarvae. Although

Rhaphiotnidasclearlyareachallenge,it is likely thatartificial rearingwill be

possibleoncetherequirementsof theearlystagesareunderstood.The

difficulties in rearingneedto bestudiedin thefield andthelaboratory.
Fieldworkwould involve markingmanyovipositionsitesofrelated
Rhaphiomidasspeciesandreturningfrequentlyto follow life stages,if

possible.In thelaboratory,determiningthefeedingrequirementsofneonate
larvaeshouldbestudiedby confininglargernumbersof femalesin controlled

chamberswith awider arrayofhostchoicesthanhaspreviouslybeen

attempted(RogersandMattoni 1993). Bothnaturalandartificial diets

shouldbetested.Thepossibilityofearlyinstardiapausealsorequires

inves~gation.

2.2.2 Determinemethodsfor thereleaseofpropagatedDelhi Sandsflower-

loving flies into restored or unoccupiedhabitat

Variablesto beconsideredincludeoptimal season,life stage,numbers,and
placementmethodsfor release.Handlingandtransportationtechniques

shouldbecarefullydesignedto minimizemortality.

2.3 Implementcaptivepropagationandreleaseof Delhi Sandsflower-lovingflies,as

appropriate

To meetrecoveryobjectives,captivebredanimalsshouldbeintroducedto siteswith

suitablehabitatownedby willing parties. Augmentationofexistingpopulationsalso
likely maybenecessary.

2.3.1 Implement captivepropagation program

Methodsperfectedin task2.2.1 shouldbeusedto establishanongoingcaptive

propagationprogram. Ideally, thisprogramwouldbeconductedataminimum
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of two facilities, to decreasethepossibilityof accidentallossoftheentire

captivepopulation. Sizesof captivecoloniesandpercentofvariouslife stages

to bemaintainedwill bebasedon theresultsoftask2.2.1 andthedemandfor
population augmentationor reintroduction.

2.3.2 Implementintroductionprogram,if appropriate

Methodsdevelopedin task2.2.2will beusedto reintroduceindividualsto sites

detenninedin task1.3 and1.6.2. Reintroductionsshouldbeconductedoverat
leasta 3-yearperiodateachsiteto increasetheprobabilityofpopulation

establishment.

3. Monitor the status of the Delhi Sandsflower-loving fly and its habitat

Thepurposeofmonitoringis to trackthestatus(distributionandabundance)ofthe
speciesandprogresstowardrecoveryobjectives. BecausetheDelhi sandsflower-loving

fly inhabitssanddunehabitatthatcanchangerapidly,theresultsofhabitatmanagement
actionsshouldalsobetracked. Parametersneedto beselected,methodsandtechniques
determined,andaplandevelopedandimplemented.

3.1 Developmonitoringguidelinesandtechniquesfor trackingpopulationstatus

and habitat trends

Populationmonitoringshould: 1) haveanacceptablelevelofaccuracy,2) berepeatable
overtime andamongobservers,3) havealow impactonthefly andits habitat.

Monitoring guidelinesshouldspecifythemethodsandequipment,thefrequencyand

timing ofthemonitoringactivity, andskills andexperienceneededby observerscollecting

data.

Standardized recordsmustbe maintained of all managementactions,including a

descriptionof whatwas done,where,andwhen. This informationwill beimportantin
helpingto evaluatetheeffectivenessof managementactionsandin accurate

implementationofmanagementplans.

3.2 Developa monitoring program for eachpopulation

Monitoring programsfor eachknownpopulationwill conformto theguidelines
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developedin task3.1. Slightvariationsin techniquesmayberequiredateachsiteto
accommodatelocal conditions,butaboveall, techniqueswill beconsistent,sothat
resultsamongsitesarecomparable.Monitoringprotocolsshouldbe developedfor

eachsitewithin eachoftherecoveryunits thathasa currentpopulationor any
ongoinghabitatrestorationproject. Althoughthedevelopmentofmonitoring
programsis notconsidereda separatetaskforeachRU, theseprogramsmaybe
developedindividually, dependingon priority and/orlocal interest.

Themonitoringprogramwill describethespecific methodsfor eachsite,how andwhenit

will beimplemented,wheredatawill bestoredandwhatpersonnelwill beinvolved. The
programsshouldbereviewedandupdatedeverythreeyearsor asnewinformationand/or
modificationsaremadeto theprogram. Effortsmustbemadeto coordinatemonitoring
betweensitesto maximizetheirusefulness.

3.3 Implementmonitoringprogramfor eachRU

Datagatheredwill beusedto evaluatetheeffectivenessofmanagementactivitiesand

to trackrecoveryandpopulationtrendsoftheDelhi sandsflower-loving fly. The
reports,originalfield notes,photographsandall associatedmaterialshouldbe
providedto theService.Copiesofall reportsmustbeprovidedtotheCalifornia
DepartmentofFish andGameNaturalDiversity DataBase. Althoughthe

implementationofmonitoringprogramsis notconsideredaseparatetaskforeach
RU, monitoringmaybeimplementedindividually for eachRU, dependingon priority
and/orlocal interest.

Datashouldbegatheredaccordingto themethodsoutlined in themonitoringprogram.

Anydeviationsfrom theplanshouldbenoted. Datashouldbereviewedannuallyand
summarizedin thereport. A summaryofmonitoringefforts shouldbecompiledannually
andprovidedto theServiceandanyinterestedStateagenciesfor furtherreviewand
assessmentofpopulationsand habitatstatus.Any newthreatsto speciesshouldbe
identified.

4. Coordinatewith thepublic

Coordinationwith thepublic is particularlyimportantforrecoveryoftheDelhi Sands
flower-lovingfly, in orderto reducetake,dispelmisconceptions,andfosterpartnerships

with landowners.
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4.1 Establish landowner committees

Within eachRU, landownercommitteesshouldbeestablished,to createateam

approachto finding cost-effectivesolutionsthat guaranteesurvivaloftheunique

Delhi Sandecosystem.Onemajorcorporationhasalreadyindicatedwillingnessto

supporthabitatprotectionmeasures.

4.2 Conduct public outreach

Publicoutreachefforts shouldfocuson theuniqueandvanishingecosystemthat the
Delhi Sandsflower-lovingfly represents.A specificeducationaleffortshouldbe

aimedatdispellingthepublic’s automaticassociationwith, anddisdainfor, house
flies. Rhaphiomidas terminatus abdominalis is auniqueanimalcapableof

commandinggreatpublic interest,if thefacts areproperlypresented(Booth 1997).

Two programs,onetargetingelementaryandmiddleschool-agechildrenandthe

othertargetinghighschoolthroughadults,shouldbepreparedandpresentedat

schoolsandotherlocal venues. This outreacheffort alsoshouldserveasa
clearinghousefor informationin responseto erroneousstatementsmadeaboutthefly

in themedia. Finally,public outreachneedsto includeeffectivewarningsto insect

collectorswhomight betemptedto takespecimensin violation oftheEndangered

SpeciesAct, whichprovidesbothcriminalandcivil penalties.

ThevolunteerprogramRhapsodyin Green,whichhasbeensuccessfulinprotecting

two Los Angelesareainsects,hasarecordofpromotingpublicparticipationand
awarenessin naturalareaenhancement.Suchvolunteerinvolvementis not only

economical,but alsoestablishesapositivepublic imagefor theparticipating
organizations.Rhapsodyin Green,highly experiencedin generatingfavorablepublic

relations,is willing to establishagrassrootseffortfor theDelhi Sandsecosystem.
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PART III. IMPLEMENTATION SCHEDULE

The implementationSchedulethatfollows outlinesactionsandestimatedcostsfor theDelhi Sands

flower-loving fly recoveryprogram,assetforthin thisrecoveryplan. It is aguide formeetingthe

objectivesdiscussedinPartII of thisPlan. This scheduleindicatestaskpriority, tasknumbers,task
descriptions,durationoftasks,the agenciesresponsiblefor committing funds,andlastly, estimated

costs. Theagenciesresponsiblecommittingfundsarenot, necessarily,theentitiesthatwill carryout
thetasks.Whenmorethanoneagencyis listedastheresponsibleparty,anasteriskis usedto

identify theleadentity.

TheimplementationScheduleshowsthepriority in schedulingtasksto meettheobjectives,which
agenciesareresponsibleto performthesetasks,a time-tablefor accomplishingthesetasks,andthe
estimatedcoststoperformthem. Initiation oftheseactionsis subjectto theavailability offunds.

Prioritiesin Column 1 ofthefollowing implementationscheduleareassignedasfollows:

Priority 1 - An actionthatmustbetakentopreventextinctionorto preventthespeciesfrom
decliningirreversibly.

Priority 2 - An actionthatmustbetakento preventasignificantdeclinein speciespopulation/habitat

qualityor someothersignificantnegativeimpactshortofextinction.

Priority 3 - All otheractionsnecessaryto providefor full recoveryofthespecies.

Key to acronymsusedin theimplementation schedule

DFG CaliforniaDepartmentof FishandGame

EWS U. S. FishandWildlife Service,CarlsbadField Office

RC RiversideCountyPlanningBoard
RIG Rhapsodyin Green

SBC SanBernardinoCountyPlanningCouncil

TBD To bedetermined
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RECOVERY PLAN IMPLEMENTATION SCHEDULE—DELHI SANDS FLOWER-LOVING FLY

Need1: Protecthabitatanddetenninespeciesrequirements

Priority

1

1

1

Task

1.1

1.2

1.3

TaskDescription

Map habitatareas

Determinewilling landowners

Selecthabitatareas,includingrelease
sites

11.41 Protecthabitatsby employingthe
HabitatConservationPlan(HCP)
process

1 1 42 Seekhabitatconservationthrough
non-HCPmeans

1 1.43 Identify fundingsourcesfor land
acquisition

2.1.1 Determineecologicalrequirements
for theDelhi Sandsflower-loving fly

1 2.1.2 Determinelarval food sourcesand
their distribution

1 2.1.3 Determinedispersalpatternsand
dispersalhabitatcharacteristicsof the
Delhi Sandsflower-lovingfly

Need 1: Subtotalof costs

DurationResponsible

(Years) Panics

1 FWS

2 FWS

cont FWS
DFG

TBD FWS
RIG
513C
RC

TI3D FWS
DFG
RIG
SBC
RC

TBD FWS
DFG
SBC
RC

4 FWS

4 FWS

4 FWS

Total

Cost

20

14

84

97

20

Estimated Cost, by tiscal year. All costs in $1 ,000’s

98 99 00 01 02 03 04 05

11 3

5 19 5 5 5 5 5 5

TBD

TBD

40 10 10 10 10

28 7 7 7 7

29 8 8 7 6

oc

06

215 45 36 32 42 5 5



RECOVERY PLAN IMPLEMENTATION SCHEDULE—DELHI SANDS FLOWER-LOVING FLY

Need2: CaptivePropagation

Task

Priority #

1

1

TaskDescription

2.2.1 Developcaptiverearingtechniques

2.2.2 Determinemethodsfor thereleaseof
captivepropagatedanimals

1 2.3.1 Implementcaptiverearingprogram

1 2.3.2 Implementreleaseprogram

Need2: Subtotalof costs

Duration Responsible Total Estimated Cost,by fiscalyear. All costsin $ 1,000’s

(Years) Parties Cost 97 98 99 00 01 02 03 04 05

2 FWS 45 25 20

4 FWS 23 10 6.5 6.5

cont FWS

cont FWS

75 5 5 5 5 5

75 5 5 5 5 5

218 25 20 20 16.5 16.5 10 10

06

5 5 5

5 5 5

10 10 10

Need3: ManageHabitat

Priority Task

1

TaskDescription

1.5 Developmanagementplansfor all 3
RUs

DurationResponsibleTotal Estimated Cost,by fiscal year. All costs in $1,000’s

(Years) Parties Cost 97 98 99 00 01 02 03 04 05 06

1 FWS 28 28
DFG

1 1.6.1 Enhanceoccupiedsites(vegetation
removal)

5 FWS 15 3 3 3 3 3

1 1.6.2 Restorepresentlyunoccupiedsites

1 1.6.3 Determineeffectsof managementon
non-targetspecies

Need3: Subtotalsof costs

cont TBD

10 EWS

450

160

30 30 30 30 30 30

10 10 10 10 10 10 10

30 30 30

10 10 10

653 13 71 43 43 43 40 40 40 40 40



RECOVERY PLAN IMPLEMENTATION SCHEDULE-DELHI SANDSFLOWER-LOVING FLY

Priority Task

2

TaskDescription

3.1 Developpopulationandhabitat
monitoringguidelines

2 3.2 Developindividualmonitoring 2

programs

2 3.3 Implementmonitoringprogramsfor cont.
eachRU

DurationResponsibleTotal Estimated Cost,by fiscal year. All costsin $1 ,0O(Ys

(Years) Parties Cost 97 98 99 00 01 02 03 04 05 06

2 FWS 10 5 5
DFG

FWS
DFG

5 2.5 2.5

FWS 410
DFG

30 30 30 30 30 30 30 30

Need4: Subtotalof costs 425 7.5 7.5 30 30 30 30 30 30 30 30

Need5: Coordinatewith Public

DurationResponsible Total Estimated Cost,by fiscalyear. All costsin $1 ,0O(Ys

(Years) Parties Cost 97 98 99 00 01 02 03 04 05 06

1 FWS 120 20
DFG
RC
SBC

14.2 Conductpublicoutreach cont. FWS 72 20 10 10 5 5 2 2 2 2 2
DFG
RIG

10 7 7 7 7 7Need5: Subtotalof costs

TOTAL COST ofrecovery
92 50 15 15 10

1,603 130.5 144.5 135 136.5 99.5 87 87 87

Priority Task

# TaskDescription

4.1 Establishlandownercommittees

87 87
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Figure 2: Line drawings of all known life histozy stagesof the Delhi Sands flower-loving fly.
1) egg at 7 days showing position of the developing larva (scale bar a 2. in); U) egg at 11 days,
a few hours before hatching; C~ larva uhotly after hatching (scale bar - S in); 0) sida view of
pupal case; I) top view of pupal case; 1) adult female; and G) adult male.
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Figure3. Distributionof theDelhi Sandsflower-lovingfly andRecoveryUnits (RU).



Figure4. ColtonRecoveryUnit
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AppendixC: Glossary

aestivate:A processwherethedry, hotmonthsarepassedin adormantstate.

cismontane:California,like RomanGaul,is divided into twop~. “This” sideof themountains

(cismontane),hasaMediterraneanclimateandthedistinctiveCalifornia flora. The“other side”

of themountains,transmontaneCalifornia, containspartsof the SonoranandMojave Deserts

andtheGreatBasin.

diapause:A periodofphysiologicallyenforceddormancy,i.e. developmentalarrestin aninsect

betweenperiodsof activity.

emergence:Exit of anadult insectfrom animmaturestage. Comparewithhatching

endemic: Confinedto aspecificgeographicareaandfoundnowhereelse.

extinction: Thecompletedisappearanceor deathof speciesfrom itstotal range. Comparewith

extirpation.

extirpation: Thedisappearanceof aspeciesfrom aparticularareabut notthetotalrange. Compare

withextinction.

fossorial: Adaptedforburrowingbeneaththesurfaceof theground.

HabitatConservationPlan(HCP): A plandevelopedfor themanagementof landsto conserve

endangeredor threatenedspeciesas aconditionofobtaininganincidentaltakepermitpursuant

to section10(a)of theEndangeredSpeciesAct of 1973,as amended.Thepermitholderis

allowedto takespecifiednumbersof specifiedspeciesincidentallyto carryingout anotherwise
lawful activity, suchasrealestatedevelopment.

hatch:Exit of animmatureinsectfromtheeggstage. Comparewithemergence.

instar:The immatureinsectbetweenmoltsduringdevelopment.

larva(plural= larvae): The immatureandwinglessform thathatchesfromtheeggof a

holometabolousinsectandthatwill eventuallytransforminto apupabeforereachingadulthood.

managementplan: A plandevelopedfor theconservationandmanagementof aspeciesor
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ecosystem.Conservationmeasuresspecifiedin amanagementplangenerallyincludebut are

notlimited to habitatprotection,habitatmanagement,andlandusepractices,but mayinclude

additionalmeasuresor methodsof conservation,suchasartificial propagation.

mandibles: Thefirst ofthepairedmouthappendagesin insectsandotherarthropods;usuallyjaw-

like (in chewingforms)or needle-like(in suckingforms).

metamorphosis:A seriesof markedandmoreor lessabruptchangesin theform of adeveloping

insect. Seeholometabolous.

occupiedhabitat: An areacontainingDelhi Sandssoils andassociatedhabitatusedfor breeding,

nectaring,shelter,and/oras adispersalcorridorby theDelhi Sandsflower-loving fly.

oviposition:Egglaying

ovipositor:An organusedby insectsfor depositingeggsin aplacesuitablefor theirdevelopment.

population:A groupof individualsat agivenlocality whichinterbreedwhenmature.

restorablehabitat: An areacontainingDelhi seriessoil withhabitatcomponentsthatarenot

currentlyoccupiedby theDelhi Sandsflower-loving fly and/oran areathatcouldbefeasibly

managedfor theDelhi Sandsflower-loving fly.

pristinehabitat: An areacontainingDelhi seriessoil withhabitatcomponentsfor theDelhi Sands

flower-lovingfly thathasbeenreceivedfew orno adverseimpactsas aresultofhuman

activities.

proboscis: Elongate,oftenextensile,mouthpartsof insectsthattakeliquid food.

pupa(plural = pupae):An intermediate,usuallyquiescent,stagein thelife cycle of aholometabolous

insectin whichtheinsectis usuallyenclosedin ahardenedcuticle(chrysalidor puparium)or in

acocoonandfrom whichthe adultwill eventuallyemerge.

RecoveryUnit (RU): An areacontainingoneor morepopulationsor restorablehabitatfor

managementof at leasttwoviablepopulations. Thedefmitionis for this recoveryplan.

(minunum)viablepopulation:A thresholdlevel atwhichthepopulationhasareasonablechanceof

survivalor sustainabilityovertime.
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APPENDIXD: Museumrecordsof theDelhi Sandsflower-lovingfly

Preservedspecimensof theDelhi Sandsflower-loving fly areknownfrom thefollowing localities:

CALIFORNIA, SanBernardinoCounty:

Bloomington:August22, 1948,no collector(1 male, 1 female)(MC)

Rialto: August17, 1938,P.D. Hurd (2 females)(MC),September24, 1938,P.D. Hurd (1

male)(MC),August 15, 1956,P.D.Hurd(1 male)(MC),August15, 1956,E.G. Linsley, P.D.Hurd

(10males,2 females)(MC),August10, 1955,J.C.Hall (1 male)(MC),August3, 1956,J.C. Hall (1

male, 1 female)(MC);

SanBernardino:August 17, 1977,Sandahl(1 male)(MC)

Colton/Rialto(southsideof SanBernardinoAvenuebetweenPepperAvenueandRiversideAvenue):

August8, 1985,G. Gorelick(2 males,1 female,about20individualsobservedonboth sidesof San

BernardinoAvenue)(RM);August21, 1985 G. Gorelick(2 males,1 female)(RM);September7,

1985 (1 malenorthsideof SanBernardinoAvenue)(RM);August8, 1986 (2 males,2

females)(RM);August 16, 1986 J. Wiseman(2 males,2 females)(RM);August21, 1987(1 male,2

females)(RM);August 12, 1988,L. Mueller(1 male, 1 female,1 pupalcase)(RM);August15, 1988

D. Colby(5 males,2 females,SanBernardinoAvenue,PepperAvenueandSloverAvenue)(RM);

August18, 1988 R. Mattoni (1 female,SanBernardinoAvenue,PepperAvenueandSlover

Avenue)(RM);August12, 1989,L. Mueller(1 female)(RM);August16, 1989,R. Rogers,G.
Balimer, andR. Mattoni(5 pupalcases)(RM)

CALIFORNIA, RiversideCounty:

Mira Loma, August24, 1941,GuyToland,J. Wilcox (10males,3 females)(MC)

Sourceof datais asfollows: MC’.’Cazier (1985),RMR. Mattoni(unpub.notes)
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APPENDIX E: PartialList of PlantSpeciesOccurringin OccupiedandRestorableDelhi Sands

Flower-lovingFly Habitat

NativePerennials

Adenostomafasciculatum

Artemisiacalifornica

Artemisiadracunclulus

Baccharispilularis
Croton cahfornica

Dichelostemmacapitatum

Encehafarinosa

Ephedrasp.

Eriogonumfasiculatum

Eriogonumfasciculatumvar.polifolium

Gutierreziacalifornica

Ericameriapalmeri(Haplopappuspalmeri)

Lessingiafilaginifolia
Lotusscoparius

Marahmacrocarpus

Mirabilis californica

Qenotheracalifornica ssp.californica

Opuntia littoralis

Opuntia Xvaseyi

Penstemonspectabilis

Prunusi/ic g’olia

Rhamnuscrocea

Rhustrilobata

Rumexhymenosepalum

Sambucusmexicana

Solanumdouglasii

Stillingia linearifolia

Urtica sp.

Nativeannuals

Ambrosiaacanthicarpa
Amsinckiarnenziesiivar. intermedia

Camissoniabisorta

Camissoniacalifornica

Camissoniahirta

Centauriumvenustum

Chaemaesycesp.

Crassulaconnata

Crypthanthaintermedia

Cryptanthasp.

Eriastrumsapphirinum
Eriogonumgracile

Eriogonumthurberi
Eucryptachrysanthemifolia

Filago californica

Gilia angelensis

Heterothecagrandiflora

Lessingiaglanduhfera

Lupinusbicolor

Lotuspurshianus

Lotusstrigosus

Oenotheracalifornica

Pectocaryalinearis

Pectocaryapenicillata

Phaceliadistans

Vulpiamyurosvar.myuros
Vulpia octofloravar. octoflora
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IntroducedSpecies

(T=tree; P=perennial;A=annual)

Agapanthusafricanus(P)

Brassica geniculata(A)

Brassicatournefortli (A)

Centaureamelitensis(A)

Chenopodiummurale (A)

Conyzacanadensis(A)

Cotulaaustra/is(A)

Cyc/olomaatrip/icifolia (A)

Erodiumbotrys(A)

Erodiumcicutarium(A)

Euphorbiasp. (A)

Filago ga//ica(A)

Helianthusannuus(A)

Herniaria hirsutassp.cinerea(A)

Hypocharisglabra (A)

Ma/vaparv~fiora (A)

Marrubiumvu/gare(P)

Medicagopo/ymorpha(A)

Medicagosativa (A)
Me/ilotusindica (A)

Oxalis sp. (A)

Paricinsoniaacu/eata(T)

Sa/solatragus(A)
Schinusmo//e(T)

Seneciovulgaris (A)

Sisymbriumorienta/e(A)

Sonchuso/eraceus(A)
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APPENDIXF: Summaryof theAgencyandPublicCommentson the Draft Delhi SandsFlower-

loving FlyRecoveryPlan

OnFebruary9, 1996,the Servicereleasedthe DraftRecoveryPlanfor the Delhi SandsFlower-

loving Fly for a60-daycommentperiodthatendedonApril 12, 1996,for Federalagencies,Stateand

local governments,andmembersof thepublic (61 FederalRegister5025).

Twelveletterswerereceived,eachcontainingvaryingnumbersofcomments.Thelocal jurisdictions

thatrespondedincludedtheCountyof SanBernardino,andtheCities ofOntario,Fontana,and
RanchoCucamonga.The Servicesentlettersto 27 expertsonthe Delhi Sandsflower-lovingfly,

mydid flies, ColtonDunes,and/orinvertebrateconservationrequestingcommentson theDraft

RecoveryPlan. Responseswerereceivedfrom four of theseexperts,whoprovidedcommentsand

recommendationson theneedto protectthehabitatof the Delhi Sandsflower-lovingfly, thevalueof

movementcorridors,thepotentialthreatfrom pathogensandparasites,andtheneedfor apublic

educationprogram.

Thenumberof lettersreceived,by affiliation:

Federalagencies 1 letter

local governments 4 letters

Business/industry 1 letter

environmentallconservationorganizations 2 letters

academia/professionals 4 letters

Summaryof SignificantCommentsandServiceResponses

The Servicereviewedall ofthecommentsreceivedduringthecommentperiod. Manyspecific

commentsre-occurredin theletters. A numberofthecommentsdealtwith mattersof opinion,or

unsubstantiatednaturalhistoryobservations,which arenotrelevantto therecoveryoftheDelhi

Sandsflower-lovingfly. Commentsupdatingtheinformationin thedraftrecoveryplanhavebeen

incorporatedinto the appropriatesectionof therecoveryplan. The substantivecommentsandthe
Service’sresponseto eacharesunimarizedasfollows:

Comment: Thebudgetis unconvincing.Wheredid thenumberscomefrom?
Response: Thenumbersin theImplementationScheduleareestimatesof whatrecovery

will cost. Thenumberswill berevisedasnewinformationbecomesavailable.

Costsfor full implementationofrecoveryactionswill bebasedon the
managementplansthatwill bedevelopedfor eachoftheeightpopulations
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andotherrecommendedactions.

Comment: Therecoveryplanshouldprovidefor specificdetailsandcriteriaon the

implementationon therecoveryplan,howhabitatwill beacquiredand

restored,andtheproposedcaptivebreedingprogram.

Response: Therecoveryplanprovidesguidanceanddirectionon theactionsneededto

protectandmanagetheDelhi Sandsflower-lovingfly sothatit is no longer

endangered.It isnot intendedto providespecific andrigid instructionsfor

theseactivities. Differingsituationswill necessarilyrequirethatthe

appropriateactivitiesbetailoredfor eachsituation.

Comment: Thetargetpopulationsize for theDelhi Sandsflower-lovingfly is specified
withoutreferenceorknowledgeof predisturbancepopulationlevels.

Response: The Serviceagreeswith thiscomment,however,thetargetdensitiesof Delhi

Sandsflower-lovingflies arebasedon related,non-listedspeciesin thegenus

Rhaphiomidas.

Comment: The Cityof RanchoCucamongarequestedthattheyberemovedfrom the

recoveryplan. Theystatedthatthe Citydoesnotcontainsuitablehabitatfor

thefly andreportedthatseveralsurveyshavenot foundevidenceof the

animal.

Response: Recoveryplansareadvisoryin natureanddo notrequireanypartyor

governmentalentityto undertakespecifictasks. However,theprohibitions

againsttakeof theDelhi Sandsflower-lovingfly applyto anypersonsubject

to thejurisdictionoftheUnitedStates. Therefore,thedeletionofRancho

Cucamongafrom therecoveryunit wouldnot alterthereviewreceivedby

projectspursuantto theEndangeredSpeciesAct. Theresearchto be

conductedunderrecoverytasks1.1 and1.2will determineif specificparcels
shouldbeincludedin theOntarioRecoveryUnit.

Comment: Publiceducationis not adequatelyaddressedin theRecoveryPlan.

Response: TheServiceagreesthatpublic informationis avital componentof Delhi

Sandsflower-lovingfly recovery. Local involvementis critically neededfor

theprotectionandmanagementofthespecies.Rhapsodyin Green,an

environmentaleducationgroup,hasbeenrestoringColtonDunehabitatsince
1996 usinglocalvolunteers. Costestimatesfordevelopmentof apublic

informationprogramareprovidedin theImplementationSchedule.
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Comment: Thepotentialimpactofpathogensandparasiteson theDelhi Sandsflower-
loving fly shouldbeaddressedby the RecoveryPlan.

Response: Theimpactof pathogensandparasiteson theanimalareunknown. However,

theseagentswill beinvestigatedaspartoftheproposedecologicalstudieson

thespecies.

Comment: Thejustificationfor thetimeperiodrequiredfor theDelhi Sandsflower-

loving fly to reachrecoveryis notclear.

Response: Tooallow for periodsof droughtorotheradversenaturalenvironmental

conditions,theeightpopulationsmustexhibitastatisticallysignificant

upwardtrendfor atleastfifteenyears,asdeterminedby scientificallycredible

monitoring.

Comment: Thedraftrecoveryplanrecommendedline-transectcountsto measurethe

populationsizeofthe species.Line transectcountsweredesignedfor
butterfliesandmark-recaptureof the Delhi Sandsflower-loving fly shouldbe

allowedby theServicebecauseit is amoreaccuratemeansof estimating

populationsize.
Response: Theuseof line transectcountsis anaccuratetechniquefor obtainingrelative

populationsizesofnot onlybutterflies,but otheranimalspeciesas well (Gall
1985),includingtheDelhi Sandsflower-lovingfly. Despiteits hardy

appearance,theDelhi Sandsflower-loving fly caneasilybekilled or injured

whencapturedandhandled. Therecoveryplanstipulatesthatmark-recapture

techniquesmustfirst beperfectedon non-listedsurrogatespeciesof

Rhaphiomidas.

Comment: TheDepartmentofthe Interior andthe Serviceshouldacquireall of the
remainingDelhi Sandshabitat.

Response: Both theDepartmentof theInterior andthe Servicewill, subjecttobudgetary

constraints,attemptto acquiresitescontainingtheDelhi Sandsflower-loving

fly andassociatedhabitatfrom willing landowners.The Servicealsowill

workwith Stateandlocaljurisdictions,andprivatepartnersto protectthe

animal.

Comment: The Serviceshouldrefrain from issuingsection7 andsection10(a)(l)(B)

incidentaltakepermitsunderall circumstances.
Response: The Servicehasto consultif requested(section7) or considerpermit

applications(section10). In determiningwhetherto issue“nojeopardy”
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biologicalopinions(section7) orpermits,theServiceis boundby the
EndangeredSpeciesAct’s requirementto insurethatanyactionauthorized,

funded,or carriedoutbya Federalagencyis notlikely to jeopardizethe
continuedexistenceofthis species(section7),andby theAct’s section10

requirementthatanincidentaltakepermitbegrantedonly if the applicant’s

proposedhabitatconservationplan“would not appreciablyreducethe

likelihoodofthe survivalandrecoveryof thespeciesin thewild.”

Comment: Thedraftrecoveryplanincorrectlyemphasizescaptivebreedingas arecovery

tool for theDelhi Sandsflower-lovingfly. All efforts to datehavefailedto

successfullybreedthefly andthereis no datato supportits “urgency.’t

Response: Augmentationof individualsto severalofthe extantpopulationslikely is

appropriate,giventhelow numbersof theDelhi Sandsflower-lovingfly at

thesesites,or to reintroducetheanimalto locationscontainingsuitable
habitat. Inbreedingincreasesthelikelihoodof extinction(Frankham1995).

Reintroductionhasbeenusedas aconservationtool for otherinsects,suchas

thelargebluebutterfly(BarnettandWarren1995)andtheendangered

northeasternbeachtigerbeetle(Clancy 1996). The Serviceis confidentthat

on-goingresearchon surrogatespeciesofRhaphiomidasholdspromisethat

will allow thesuccessfulcaptivebreedingandreleaseoftheDelhi Sands

flower-lovingfly.

Comment: Threecommentersfelt that stdispersalroutes”is ahypotheticalconceptthat

shouldbeeliminatedfrom therecoveryplan. Expressinga contrary

viewpoint,arecognizedentomologiststatedthatdispersalcorridorsare
importantfor adequategeneflow betweenpopulationsandshouldbe

protected.

Response: Thebiological importanceofdispersalcorridorsandtheneedfor their
protectionis addressedin therecoveryplan. Dispersalcorridorsprovide

opportunityfor theDelhi Sandsflower-loving flies to movebetweentheir

populationsandthusmaintaingeneticdiversity.
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