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EXECUTIVE SUMMARY

CurrentSpeciesStatus:Twentyof thetaxaaddressedin this planarefederallylisted as
endangeredandone,Argyroxiphiumsandwicensessp.macrocephalum,is listedas
threatened.Numbersofknownremainingpopulationsandindividualsareasfollows (# of
populations,# ofindividuals):

Acaenaexigua(lastseenin 1957),
Alectryonmacrococcus(28, 500),

Argyroxiphiumsandwicensessp.macrocephalum(1, >64,000),
Bidensmicranthassp.kalealaha(4, 2,000),

Clermontiaoblongifoliassp.maujensis(1, 1),
Cyanealobata (lastseenin 1982),
Cyaneamceldowneyi(6, >144),
Geraniumarboreum(4, 300),
Geraniummuitfiorum(11, <3,000),
Hedyotiscoriacea(2, <20),

p14J 4~~4z,Yn~i (6<300),
Lipochaetakamolensis(2, severalhundred),
Lysimachialydgatei(3, 150-250),
Melicopeadscendens(1, 16),
Melicopeballoui (1, <300),
Melicopemucronulata(1, 3),
Melicopeovalis (1, >300),
Remyamaujensis(2, 9),

Scaevolacoriacea(4, <340),
Schiedeahaleakalensis(3, 100-200)and
Tetramolopiumcapillare (2-4, <200).

Distributions: All ofthe21 Maui clustertaxaoccuron the islandofMaui. Twelveare
endemicto the islandofMaui. Bidensmicranthassp.kalealaha,Ckrmontiaoblongifolia
ssp.maujensisandCyanealobatawereformerly foundon theislandofLanai,andAcaena
exigila wasfoundon theislandofKauai. Hedyotiscoriaceais also foundon the islandof
Hawaii, andMelicopemucronulatais alsofoundon the islandofMolokai. Huperzia
manniiwasformerly foundon Kauaiandis still extanton Hawaii. Scaevolacoriacea
formerlyoccurredon Kauai, Oahu, Lanai, Hawaii andNiihau; andAlectryonmacrococcus
is alsoextanton Kauai, OahuandMolokai.
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HabitatRequirementsand Limiting Factors:The21 taxaincludedin this recovery
plangrowin avarietyofvegetationcommunities(forests,shrubland,andvolcaniccliffs),
elevationzones(coastalto high cliff faces),andmoistureregimes(dry to wet). Thesetaxa
andtheir habitatshavebeenvariouslyaffectedorarecurrentlythreatenedby oneor more
of thefollowing: trampling,predation,andhabitatdestructionby introducedanimals;
habitatdegradationandcompetitionfor space,light, water, andnutrientsby naturalized,
alien vegetation;habitatlossfromfires; alieninsects;disease;smallnumberofindividuals
andpopulations;andlossofpollinators. A few ofthesetaxamayhavebeensubjectedto
over collectionandaresubjectto tramplingby humanbeingsalongtrails. Becauseofthe
small numberof extantindividualsandseverelyrestricteddistributions,populationsof
thesetaxaaresubjectto an increasedlikelihood ofextinctionfrom stochasticevents.

RecoveryObjectives: Delist all taxa. Interim downlistinganddelistingobjectivesare
provided.

RecoveryCriteria:

• Interim Objectivesfor the20 EndangeredTaxa

Theinterim objectiveis to stabilizeall existingpopulationsoftheMaui taxa. To be
consideredstable,eachtaxonmustbe managedto controlthreats(e.g., fenced)and be
representedin an exsitu collection. In addition, aminimumtotal of threepopulationsof
eachtaxonshouldbe documentedon Maui and, if possible,atleastoneotherislandwhere
theynow occuroroccurredhistorically. Eachofthesepopulationsmustbenaturally
reproducingandincreasingin number,with a minimumof 25 matureindividualsper
populationfor long-lived perennialsandaminimum of 50 matureindividualsper
populationfor short-livedperennials.

• DownlistingObjectivesfor the 20 EndangeredTaxa

For downlisting,atotal offive to sevenpopulationsofeachtaxon shouldbe documented
on Maui and at leastoneotherislandwheretheynow occuror occurredhistorically. Each
of thesepopulationsmustbe naturallyreproducing,stableor increasingin number,and
securefrom threats,with aminimumof 100matureindividualsperpopulationfor long-

lived perennials,andaminimumof 300matureindividualsperpopulationfor short-lived
perennials.Eachpopulationshouldpersistat this level for a minimumoffive consecutive
yearsbeforedownlistingis considered.
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• Delisting Objectivefor the20 EndangeredTaxa

For delisting, atotal of8 to 10 populationsofeachtaxonshouldbe documentedon Maui
andat leastoneotherislandwheretheynow occuror occurredhistorically. Each
populationmustbe naturallyreproducing,stableor increasingin number,andsecurefrom
threats,with aminimumof 100 matureindividualsper populationfor long-lived perennials

and aminimumof300 matureindividualsper populationfor short-livedperennials. Each
populationshouldpersistat thislevel for aminimumoffive consecutiveyears.

• Delisting ObjectiveforArgyroxiphiumsandwicensessp.macrocephalum

Delistingofthis taxonwould be appropriateif thethreatto its pollinatorsfrom thealien
Argentineant is controlledthroughmanagementaction,no otherthreatofcomparable
magnitudearisesduring thattime, andthesinglepopulationcontinuesto exceed50,000
individuals.

Actions Needed:

1. Protectcurrentpopulations,managethreatsandmonitor.
2. Conductresearchessentialto conservationofthe species.
3. Expandcurrentpopulations.
4. Establishnewpopulationsasneededto reachrecoveryobjectives.
5. Validateandreviserecoveryobjectives.

Total Estimated Cost of Recovery: $80,019,000

Dateof Recovery: To be determined oncemore is known about the biology and
populationdynamicsoftheMaui clustertaxa.
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INTRODUCTION

A. BriefOverview

Thisrecoveryplandealswith 20 endangeredandonethreatenedtaxathatoccuror occurredon

theislandof Maui, Hawaii (Figure 1) andin somecaseson otherislandsaswell. Acaenaexigua

(liliwai), Alectryonmacrococcus(mahoe),Bidensmicranthassp.kalealaha(kookoolau),Clermontia

oblong~foliassp.maujensis(oha wai), Cyanealobata(haha),Cyaneamceldowneyi(haha),Geranium

multiflorum (nohoanu),Hedyotiscoriacea(kioele),Huperziamannit(wawaciole),Lipochacta

kamolensis(nehe),Lysimachialydgatef(no commonname[NCNI), Melicopemucronulata(alani), and

Schiedeaha/eakalensis(NCN) werelistedas endangeredandArgyroxiphiumsandwicensessp.

macrocephalum(Haleakalasilversword,ahinahina)was listedasthreatenedon May 15, 1992 (USFWS

1992a). Geraniumarboreum(nohoanu),Melicopeadscendens(alani), Me/icopeba//oui (alani),

Me/icopeova/is(alani),Remyamaulensis(NCN), Scoevolacoriacea(dwarfnaupaka)and

Tetramolopiumcapil/are (NCN) werelistedas endangeredin atotaloffive listing actionsbetweenMay

1986andDecember1994 (USEWS1986; USFWS1991; USFWS 1992b;USFWS 1994a;USFWS

I994b).

Thesetaxa(hereafterreferredto asthe“Maui clustertaxa”)are scatteredthroughoutMaui in diverse

ecosystems.Twelveareendemictotheisland of Maui. Bidensmicranthassp.ka/ealaha,Clermontia

ob/ongifoliaandCyanealobatawereformerly foundontheislandof Lanai,andAcaenaexiguawas

foundon theislandof Kauai. Hedyotiscoriaceais alsofoundon theislandof Hawaii, andMe/icope

mucronulatais foundon theislandofMolokai. Huperziamannitwas formerly foundon Kauaiandis

still extanton Hawaii. Scaevolacoriaceaformerly occurredon Kauai, Oahu,Lanai,HawaiiandNiihau

andAlectryonmacrococcusis alsoextanton Kauai, OahuandMolokai.

The Maui clustertaxaandtheir habitatshavebeenadverselyaffectedinvariousdegreesby oneor

moreof thefollowing: trampling,grazing,andhabitatdestructionby introducedungul.ates;habitat

degradationandcompetitionfor space,light, water,andnutrientsby alienvegetation;habitatloss from

fires; insectsanddisease;predationby rodentsandslugs;andlossofpollinators. A few ofthesetaxamay

havebeensubjectedto overcollection,primarilyfor scientificor horticulturalpurposes,andaresubjectto

tramplingby humanbeingsalongtrails. Becauseofthe depauperatenumberof extantindividualsand

severelyrestricteddistributions,populationsofthesetaxaaresubjectto anincreasedlikelihoodof

extinctionfrom stochastic(chance)events.
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The land thatsupportstheMaui clustertaxais ownedby the Stateof Hawaii(including land

classifiedasNaturalAreaReserve(NAR), ForestReserve,StatePark,HawaiianHomeLands(HHL) and

PlantSanctuarylands),theCity andCountyof Honolulu,the Federalgovernment,andvariousprivate

parties. Muchof theFederallandoccupiedby thesetaxais ownedandmanagedby theNationalPark

Serviceas HaleakalaNationalPark. Other Federallandssupportingthesetaxaarecontrolledby theU.S.

Army andU.S. Navy.

PartI of thisplanhasbeenconstructedin a species-by-speciesformat,allowing thereaderto find all

informationaboutaparticulartaxonin onesection,andallowing for efficient revisionto includeother

Maui taxaasthey arelisted. This formatwill eventuallyproduceonelarge,coordinatedmasterplanfor

recoveryof plantsontheislandof Maui, includingacomprehensiveanalysisofthethreatsto Maui

ecosystemsandspeciesasawhole,andspecies-by-speciesenumerationofactionsneededfor stabilization

andrecovery. Taxacouldthenbe groupedwithin ecosystemtypes,sinceseveraltaxawithin such

ecosystemgroupscould sometimesbe benefittedby a singlerecoveryaction. Multispeciesprojects,such

as theoneoutlinedinAppendixB, shouldbedevelopedto makethispossible.

TheMaui clustertaxacanbe divided into four groups,basedontheir status:

Group#1 -- Eighttaxavery nearextinction:Acaenaexigua,Clermontiaoblongfolia var. mauiensis,

Cyanealobata,Hedyotiscoriacea,Me/icopead~cendens,Melicopemucronu/ata,Remyamauiensis,

andTetramolopiumcapil/are. Thesetaxaappeartobe at,beyond,ornearthepointofno returnin the

direction ofextinction.Some(Acaenaexigua,Cyanealobata) mayalreadybe extinct,sinceno

individualsareknownto exist, althoughcarefulsearchingoveraperiod ofyearsis warranted. Others

(Clermontiaoblong~fo/iavar. mauiensis,Hedyotiscoriacea,Melicopeadscendens,Melicope

mucronulata)have(orhadwhenmostrecentlysurveyed)fewer thanfive knownindividuals.

Group #2 -- Fourtaxathat, basedon currenttrends,are clearlydecliningandmaybe beyondthepointof

noreturnwithin 5-10yearswithoutpromptactionto savethem:Alectryonmacrococcus,Cyanea

mceldowneyi,Scaevolacoriacea,andSchiedeahaleakalensis.

Group #3 -- Threetaxathat, thoughby no meansstabilized,appeartobehangingonwith thehelpof

positiveconservationeffortsunderway: Geraniumarboreum,Huperziamannii, Lipochaetakamo/ensis.

Group#4 -- Six taxathat,thoughrareand/orvery localized,arealreadyatleastpartially stabilized,

largelyasaresultofhighly effectivestewardshipeffortsalreadybeingimplemented:Argyrox(phium
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sandwicense ssp.macrocephalum,Bidensmicranthavar.kalealaha,Geraniummultfiorum,

Lysimachia lydgatef,Melicopeballoui, andMelicopeova/is.

B. OverallReasonsfor Decline andCurrentThreats

A generaldescriptionof thethreatsfacingthe Maui clustertaxais givenhere. Particularthreats

facingindividual taxaaregiven in the speciesnarrativesin thefollowing sectionandaresummarizedin

Table 1.

Theprimarythreatsto theendangeredMaui taxa arecoastaldevelopmentandalienanimalsand

plants. The residenthumanpopulationoftheisland of Mauihasincreasedrapidly in therecentpast—

from 39,000in 1970to 95,000in 1990. Annualtouristvisitationto Maui hasincreasedfrom 169,000

visitorsin 1957to over2 million in thelate-1 980s(U.S. DepartmentoftheInterior, NationalPark

Service1994).

Rapid growthof thelocal populationon Maui andever-increasingcommercebetweenMaui and

otherislandsandcontinentsare causingacceleratedintroductionofpotentialinvaders. Sincethe 1 970s,

anaverageof 20 new speciesofalieninvertebratesaloneget establishedin theHawaiianIslandsevery

year (TheNatureConservancyof Hawaii (TNCH) andtheNaturalResourcesDefenseCouncil (NRDC)

1992). Morethan8,000 speciesof alienplantshavealreadybeenbrought into Hawaiiandintroductions

continue(Smith 1985). Fortunately,not all of themwill adverselyaffect survivingnativebiota and

relatively few will threatenthepristine,high-elevationnativeecosystems.Increasingly,concertedefforts

arebeingmadeto slowthe flow of alienspeciesthroughquarantineprocedures,etc.,but serious“leaks”

still occur(TNCH andNRDC 1992). An expandedinternationalairportat Kahului, Maui, still in the

planningstagesbut scheduledto becomeareality within thenextfew years,is likely to increasethese

“leaks.”

Rapidresidentialdevelopmentandgrowthin tourismon Maui since1970 haveresultedin

obliterationof extensivecoastalandotherlow-elevationhabitats,someof whichstill harborednative

species. Mostnotableamongthehabitatsaffectedarethesandhills ofWailuku. Alien animalsand

plantshavebeenresponsiblefor drasticchangesto nearlyeveryareaofthe HawaiianIslands,including

thehabitatsoftheMaui clustertaxa(Wagneretal. 1990). In manycases,theyaretheprimarycausesof

thehistoricaldeclinesof theMaui clustertaxa, andtheycontinueto beprimarythreatsto survivaland

recovery(USEWS1986; USFWS 1991; USEWS 1992a;USFWS1992b;USFWS 1994a;USFWS

1994b). Detaileddescriptionsof eachof thealienanimalsandplantsthatthreatenthe Maui clustertaxa,

andananalysisof themechanismof their impacts,aregivenin AppendixH. Alien speciesofparticular

concernto individualMaui clustertaxaarealsodescribedin the SpeciesAccountssection.
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Table 1. Summaryof threatsto theMaui clustertaxa.

Alien Alien Disease! Human
Taxon Animals Plants Fire Pollinators Impacts

Acaenaexigua p, s?,r? X X X

Alectryonmacrococcus p, g, c, r, i X X X

Argyroxiphiumsandwicense

ssp.macrocephalum g, i X X
Bidensmicrantha

ssp.kalealaha p, g,, c X X

Clermontiaoblongifolia

ssp.mauiensis p, s’?, r? X
Cyanealobata p x
Cyaneamceldowneyi p, s?,r? X

Geraniumarboreum p, g, c, r X X X

Gera,iiummuitfiorum p, g X

Hedyotiscoriacea X X X

Huperziamannii p, g, c X

Lipochaetakamolensis g, c X X

Lysimachialydgatei p, g X X X

Me/icopeadscendens p, g, c, i X X

Melicopeba/lout p. i X

Melicopemucronulata g, i X X

Melicopeova/is p, r, i X
Remyamautensis p, g X X X
Scaevo/acoriacea c X X

Schiedeahaleaka/ensis s, i, g X

Tetramolopiumcapt//are X X

Total Number of
TaxaAffected 19* 17 11 6 6

* Taxaaffectedby: Pigs - 14, Goats-12, Cattle- 7

Key: p-pigs
g - goats
c - cattle

r - rats
s - slugs

- insects(notably,Argentineant)
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Fireandchangesin microclimatearealsopartially responsiblefor thedeclinesof theMaui cluster

taxa, andcontinueto bemimediatethreats. In mostterrestrialenviromnentsof theworld, fire hasbeen

apervasivedisturbancestronglyshapingtheevolutionof plantsandanimals. In contrast,fire doesnot

appearto haveplayedanimportantevolutionaryrole in nativeecosystemsof theHawaiianIslands,and

few endemicplantspossessadaptationsto fire. Lightning is relativelyuncommonon oceanicislands

becausetheir smalllandmassis notconduciveto convectivebuildupofthunderheads.Manynative

Hawaiianecosystemsmayhavelackedadequatefuel to carryfires ignited by lightningor vulcanism.

Fires in modemHawaii aremostlyhuman-caused,arefueledprimarilyby aliengrasses,andarehighly

destructiveto mostspeciesof nativeplants. Opportunisticinvasiveplantspecies,onthe otherhand,

especiallyMe/mismmnutifloraandPennisetumsetaceum,spreadrapidlyfollowing fire or other

disturbance.In naturalareasofHawaii, fire is thereforeconsidereda negativeinfluencethat mustbe

suppressedto theextentpossible(HaleakalaNationalPark 1990). Maui clustertaxaparticularly

vulnerableto fire includeLipochaetakamo/ensisandRemyamautensis.

Therecanbe little doubtthatthemicroclimatefor nativedrylandforestregenerationon leewardEast

Maui hasbeendrasticallyalteredby loss of over95%of theforest. Canopyopeninghasresultedin

increasedsolarradiationreachingtheground,highertemperatures,andlower relativehumidity—a

desiccatingenvironmentthatmayprecludeseedlingestablishment.The soil environmenthasalsobeen

substantiallyalteredby coverof kikuyu grassandotheralien grasses.

C. OverallConservationEfforts

1. FederalActions

The 21 taxain this recoveryplanwere listedunderthe EndangeredSpeciesAct onMay 16, 1986

(USFWS1986),January14, 1991 (USFWS 1991),May 15, 1992 (USFWS1992a),May 13, 1992

(USEWS1992b),September30, 1994 (USEWS 1994a),andDecember5, 1994 (USFWS1994b),and

therefore,are affordedtheprotectionofthis Act. Critical habitatwas not deemedprudentbecauseof the

possibleincreasedthreatto theplantsby vandalism,researchers,curiosityseekers,or collectorsofrare

plantsdueto themandatedpublicationofprecisemapsanddescriptionsofcritical habitatin local

newspapers.

The U.S. Army hasset asideareaswithin thePohakuloaTrainingAreafor protectionofrareplants,

includingthe Maui clustertaxonHedyotiscortacea. Managementandfire suppressionplansfor these

areasarebeing developedby theArmy.
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ManyoftheMaui clustertaxaoccurin HaleakalaNationalPark,administeredby theNational Park

Service. ThePark Servicehasconductedextensivemanagementactionsthatbenefittaxaof theMaui

cluster,including fencingandremovalof goatsfromthe entirePark andcontinuedpig control. In

addition,theParkServiceconductspropagationandresearcheffortsfor severalofthetaxa.

2. StateActions

The 21 taxain thisrecoveryplanarelistedunderStateof Hawaii legislation(Hawaii Revised

Statutes(HRS) Chapter195 D). Statelaw prohibitstaking of endangeredflora andencourages

conservationby Stategovernmentagencies.~‘Take”as definedby Hawaii Statelaw means“to harass,

harm. . . , wound,kill. . . ,or collectendangeredor threatened.. . species.. . orto cut,collect,uproot,

destroy,injure, or possessendangeredor ~eatened... speciesof. . . landplants,or to attemptto engage

in any suchconduct”(HRS 195D).

Theprimarymanagementof theMaui clustertaxaby the Stateof Hawaii includestheprotectionof

somehabitatareasfromfire andferal ungulates.Someweedingof alienplantspeciesoccursin Natural

Area Reserves,andtheStateassistsin the collectionof seedsfor thepropagationofmanyof theMaui

clustertaxa. In addition,the Statehasbeeninvolved in small-scalefencingprojectsfor theprotectionof

severalofthesetaxa.

3. City andCountyandNongovenunentalActions

Seedsand/orplantsof manyoftheMaui clustertaxahavebeencollectedby theNationalTropical

BotanicalGarden(NTBG), andsomehavebeensuccessfullypropagatedin their facilities (propagation

detailsaregivenin thefollowing speciesaccounts).Plansfor theseholdingsincludecontinued

propagationresearchandstudyofthefeasibility of long-termseedstorage(DianeRagone,NTBG,

personalcommunication1994). A summaryof exsitu conservationsactionsis providedin Table2.

D. SneciesAccounts

Figuresdepictingthecurrentandhistoricalrangesofeachtaxonmaybefoundin AppendixC.

Recoverypriority numbersreferredto in thespeciesaccountsarebasedondegreeofthreat,recovery

potential, andtaxonomiclevel, as describedin AppendixI. Habitattypesandspeciesassociatedwith the

Maui clustertaxaaresummarizedin Appendix E, andland ownershipandmanagementaresummarized

in AppendixF.
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Following eachspeciesaccountaresuggestedspecies-specificrecoveryactions. Thesedonot reflect

theorderin which recoveryactionsshouldbe accomplishedor establishpriority overotherrecoverytasks.

Pleasereferto the StepdownNarrativesectionofthis planfor the overall recoverystrategy.

1.Acaenae.xigua Gray

(Hawaiian name: liliwai) RecoveryPriority # 5 (on USFWS scaleof I to 18)

a. Descriution

AppendixD containsaline drawingofAcaenaextgua.

Acaenaextguais a smallperennialrosetteherb in therosefamily (Rosaceae)with narrow,fern-like,

divided leavesandslenderflowering stalks5-15 centimeters(2-5.9inches)long. It is easilyhidden

amongtheotherlow, tuftedbogplantswith which it grows. Thenarrow,oblongleavesareusually1 0-25

millimeters (0.4-1.0inch) long with 6-17 leaflets 1-4millimeters (0.04-0.16inches)longand 1-2

millimeters (0.04-0.08inch)wide. Theleafletontheendis wider (to 3 millimeters [0.12 inches]).

Theuppersurfaceoftheleavesis glossywith conspicuousveins; the lower surfaceis whitish.

The flowers lack petalsandarearrangedin short,densespikes5-10millimeters (0.2-0.4inch) longheld

on slender,sparselyleaI~stalks5-15 centimeters(2-6 inches)tall. Thebaseof theflower is urn-shaped,

sometimeswith very shortspinesor bristles,andenclosesasingle cone-shapeddry fruit (achene)1

millimeter(0.04 inches)long.

b. Taxonomy

Acaenaextguawasdescribedby Asa Grayin 1854basedon specimenscollectedin 1840 “on the

table-landofthemountainsof Kauai,in a marsh”(Gray 1854),likely the Alakai swamp,by plant

collectorsofthe U.S. ExploringExpedition. Bitter (1910-1911),inareviewof thegenusAcaena,

describedthreevarietiesof theHawaiianspecies(var. glabriuscula,var. subtusstrtgu/osa,and

var. g/aberrtma). Thecurrenttaxonomictreatment(Wagneret a/. 1990)treatsA. extguaasa single,

variabletaxonanddoesnotrecognizevarieties.

The genusAcaenacompnsesapproximately100species,centeredprimarily in the Southern

Hemisphere(Wagneret a/. 1990). The soleHawaiianspeciesofthe genusAcaenais distinguishedfrom

otherHawaiianmembersoftherosefamily in that it is a small,compact,high-elevationbog specieswith
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flowers thatlack petals. Thespecificepithet,exigua,means“small, short,poor,scanty,”presumablydue

to the small sizeofthe species.

c. CurrentandHistoric RangeandPonulationStatus

No individualsofthis speciesarecurrentlyknown to exist. Historically,Acaenaextguawasknown

from Puu-kukuionWestMaui andfrom Mount Waialealeon Kauai. On Kauai,Acaenaextguawaslast

collectedby Wawrain 1869-1870;it hasnot beenseentherein this century(Wagneret al. 1990). Rock

(1913) states,(regardingWestMaui): ‘Acaenaexigua,which is very scarceonWaialeale,is here

exceedinglycommon,togetherwith Viola mautensis.” OnWestMaui, Acaenaextguahasnot been

collectedsince1957(Wagneret al. 1990). Botanistshavebeensearchingfor this speciesfor years,but

havenotbeensuccessful,despitefinding severalotherrareplantassociates(R. W. Hobdy, Division of

ForestryandWildlife, Hawaii Departmentof LandandNaturalResources,personalcommunication

1990).

d. Life Historv

No details areknown.

e. HabitatDescrintion

Acaenaextguais knownonly frommontanebogsatelevationsof1,600-1,800meters(5,250-5,906

feet). This habitatis characterizedby a thick peatsubstrateoverlyinganimperviousclaysubstrate,with

hummocksofsedgesand grasses,stuntedtrees,andshrubs. Associatednativespeciesincludethenative

sedgesandgrassesDeschampstanubigena,Dichanthe/tumcynodon,Dichanthe/tumhi//ebrandianum,

Dtchanthe/iumisachnoides,andOreobo/usfurcatus,andthenative shrubsMetrosiderospolymorpha

and Vaccinium sp. Alien speciesincludeHolcus/anatus,Juncusp/an~o/tus,Cyperusha/pan,and

Saccia/episindica.

f ReasonsforDecline andCurrentThreats

The reasonfor thedisappearanceofthis speciesis not known. Thoughimpactfrom herbivoryand

rootingby pigs is assumedandoften cited,feralpigshavebecomeestablishedatWainleale(Kauni) only
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within thepasttwo decades.Theotherknownhabitat,Puu-kukui (WestMaui), is pig-freeandapparently

hasalwaysbeenso.

Themaincurrentthreatsto Acaenaextgua,if it exists,arebelievedto include:

1) Smallpopulationsize

BecauseAcaenaexigua,if it still existsatall, presumablyoccursatsuchlow population

levelsandin sucharestrictedareaa singlesevereenvironmentaldisturbance,suchasa prolonged

drought,couldresultin its extinction. Inaddition, the lack of geneticdiversitycould depressthe

reproductivevigor or adaptabilityofthe species.

2) Humanimpacts(collectingand sitedegradation)

Tramplingofassociatednativeplant speciesandintroduction(long-distanceandregional)of

invasivealienplant speciesin its montaneboghabitatarethreatstoAcaenaextguacausedby

excessivehumanvisitation.

3) Otherfactors

Thoughundocumented,consumptionofvegetativeor floral partsofthis speciesby alienslugs

and/orrats couldhavebeena factorin thedeclineofthespeciesandcouldcontinueto be a critical

limiting factor. An alienpathogensuchasa disease,fungusor nematodecouldalsobea factor,as

couldlossofpollinators,or someas-yet-undetectedmiero-environmentalchangeassociatedwith the

species’disappearance.

Potentialfuturethreatscouldinclude:

1) Feralpigs

Inthemontanebogson Kauai,habitatdegradationby feralpigs is currentlyaprimarythreatto

thenativebogplantcommunities,whichcomprisepotentialhabitatforAcaenaextgua. Puu-kukui

onWestMaui is currentlypig-free. However,it is possiblethat feralpigscouldreachthe summitof

Puu-kukuiandcauseseriousdegradationof themontaneboghabitatif not adequatelycontrolled.

2) Alienplant species

Accompanyingferalpig activity onWaialealeis a substantiallossofnativeplantcover,dramatic

increasesin bareground,andtheprogressiveinvasionofseveralinvasiveplantspecies,especially

therushJuncusplanfo/tus(Juncaceae).

g~flQn

None
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h. NeededRecovervActions

The reasonsfor declineofAcaena,apparentlysometimebetween1920andthepresent,are

unknown. Chronicimpactsofferal pigsandincreasedcoverof alienplantspeciesin themontanebogsof

Kauaihaveoccurredonly within thepasttwodecades,long after thedeclineof this species. TheWest

Mauibogcomplexesof PuuKukui andEkearevirtually pristine,havingneverbeendamagedby feral

pigs. Neitheris therereasonto believethatthebogshavebeenchemicallyaltered,asevidencedby the

continuedpresenceof otherbog-dependentplant associates(R. W. Hobdy,personalcommunication

1990). LfAcaenaexiguais relocated,determiningthecauseof its declinewill beahighpriority recovery

action. If the speciescannotbe relocatedafterextensivesearches,delistingdueto extinctionmaybe

proposed.

1) Searchfor anyindividuals ofthis speciesin theformerhabitat.

Habitatis limited. Somesearchinghasbeendoneonan adhocbasis,but acompletesearchof

formerhabitatsis needed.Theplant is diminutive andeasilyoverlooked. However,althoughthe

plant is small,theleafandrosettemorphologyaresodistinctiveas to beunmistakable.

2) If plants arefound, initiateresearchon limiting factors.

Researchshouldinvestigatewhatmoresubtlethreats,suchaslack ofpollinators,alienslugs,

rodentsordisease,arelimiting factorsto thesurvival ofthis species. Thesearelikely to bethesame

unknownfactorsthatcausedthe declineofthe speciesin thefirstplace.

3) If plantsarefound, protectandenhanceexistingpopulation(s)andcreatenewpopulations.

If plantsarefound,eitheron WestMaui or on Kauai, stepsshouldbetakento protectthese

plantsfrom knownandpossiblethreats. Additionally, the speciesshouldbeoutplantedin available

protectedhabitatwithin an existingreserve(WestMauiNAR jjNaturalAreasReservel,PuuKukui

Watershedownedby Maui Land andPineapple,or KapunakeaPreservemanagedby TNCH) on

WestMaui. Thenaturalandre-establishedpopulationsshouldbeintensivelymonitoredforvigor

andreproductiveviability, to ensuretheir continuedexistenceandpossiblyto shedlight onthe

original causeof decline.
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2.Alectryon macrococcusRadikofer

(Hawaiian names:mahoe,alaalahua) RecoveryPriority # - 5

var. macrococcus RecoveryPriority # - 3

var. auwahiensis RecoveryPriority # - 6

Inthe original designationofendangeredstatsfor this taxon,thespeciesasa whole waslisted.

However, for thepurposesof recovery,thetwo subspeciesarebeingconsideredas separatetaxa, dueto

the greatdisparity in their status,distribution,andrecoveryneeds.

a. Descrintion

AppendixD containsaline drawingofAlectryonmacrococcus.

Alectryonmacrococcusis atreein the soapberryfamily (Sapindaceae)consistingoftwo varieties,

macrococcusand auwahiensis.Both reachheightsof 3-11 meters(10-36feet),with reddish-brown

branchesandnet-veinedpaper-or leather-likeleaves20-55centimeters(8-22 inches)long,withoneto

five pairsofsometimesasymmetricalegg-shapedleaflets 10-28centimeters(4-11 inches)longby 4-12

centimeters(1.6-4.7inches)wide. Theuppersurfaceofthe leafis glossyandsmooth. Theundersideof

theleafhasdensebrownhairs,only whenyoungin Alectryonmacrococcusvar. macrococcus,and

whetheryoungor mature(persistent)inAlectryonmacrococcusvar. auwahiensis(Linney 1987). Flower

clustersup to 30 centimeters(12 inches)longconsistofcup-shaped,small flowers 1.5-2.5 millimeters

(0.06-0.1 inches)longwith unequallobeson short,individual stalks. The flowershaveno petalsand

sometimeslackfemaleparts. Fruits consistof oneor two nearlysphericalparts,the secondoftwo often

abortive;theinsideof theseedcoatis irregularlyscarlet. Thehardseedsare5-10 millimeters (0.2-0.4

inches)longandglossypalebrownwith irregularprojections,andhavea smooth,scarletfleshycoating

with anirregularsinusononeside.

The only memberofits genusfoundin Hawaii, thisspeciesis distinguishedfrom otherHawaiian

membersofits familyby beingatreewith ahardfruit 2.5 centimeters(0.9 inches)ormorein diameter.

b. Taxonomy

ThenotedHawaiianbotanistW. Hillebrandwasthe first to collectthis speciesbut wasunableto

makeacompletecollection. Basedon this incompletematerial,Hillebrand (1888)describedthematerial

as “Mahoe, gen.nov.?”,a questionablynew,endemicgenus.A/ectryonmacrococcuswasdescribedby
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L. Radlkofer(1890)basedon Hillebrand’sspecimensandtheinformationinHillebrand(1888). St. John

andFrederick(1949)describedAlectryonmahoefor Oahuspecimensbasedon leafshape,pubescenceon

lower leafletsurfaces,anddetailsofflower structure. Liuney (1987)includedtheOahupopulationwith

Alectryonmacrococcusvar. macrococcusbut recognizedEastMaui plantsas anewvariety,

var. auwahiensis,basedonthepersistentpubescenceonlower leafletsurfaces. This treatmentof a single

Hawaiianspecieswith two varieties,var. macrococcusandvar. auwahiensts,wasadoptedby Wagner

et al. (1990). The specificepithetmacrococcumhasbeenusedby somebotanists(St. Johnand Frederick

1949;St. John1973)in accordancewith Gaertner’soriginal neuterdesignationofthe genus;however,

Radlkofer’s (1890)revision of thegenustreatedthegenusas masculineandrenamedall existingspecific

epithetsto agreewith themasculinegenderatthattime.

The genusAlectryon comprises25 speciesfrom Malaysia,Australia,andNewZealandto Samoa

andHawaii (Wagneret al. 1990). The specific epithetmacrococcustranslatesliterally to “large (orlong)

berry,” presumablyreferringto the distinctive largered seedandaril seedcovering.

c. CurrentandHistoric RaneeandPoDulationStatus

Alectryonmacrococcusvar. macrococcusoccursonKauai, Oahu,Molokai andWestMaui

(Wagneret al. 1990). Six populationsofAlec!ryon macrococcusvar. macrococcus,totalling fewer than

100plants,areknownon Kauai, all on State-ownedlandin WaimeaCanyonandin NaPaliCoastState

Park. On Oahu,mostknownindividualsoccuratnumeroussitesin theWaianaeMountains(asfarnorth

asKaluakauilaGulchto asfar southastheridge aboveLualualei) andmuchlessoftenin the Koolau

Mountains. The totalnumberof individualson Oahuis estimatedto beabout400. On Molokai, thefive

extantoccurrences,totallingsix plants,arelocatedatPuuKolekolejeep road,KaunakakaiGulch,and

KamakouPreserve,on Stateandprivate land. On WestMaui, thethreeexistingoccurrences,totalling

justafew plants, arelocatedalongthe HonokowaiDitch Trail andin LauniupokoValley onprivately

ownedland.

These27 populations/occurrencesareon city andcounty, State,Federal,andprivateland, most

numberingonly oneor two individuals. Two populationseachhavebetween50 and200 individuals.

Theentire subspeciescurrentlynumbersabout500 individuals. TwopopulationsofAlectryon

macrococcusvar. macrococcuson Oahuareon Federalproperty,onepopulationon SchofieldBarracks

andtheotheron LualualeiNavalReservation.EightpopulationsofA/ectryonmacrococcusvar.

macrococcuson Oahuareon Stateland, threein areasleasedto theFederalgovermnentaspartof Makua

Military Reservationandfive in anearbyStateConservationDistrict.
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On leewardEastMaui, thevar. auwahienstsoccursin the AuwahiandKanaiodistricts. In 1910,

J.F. Rockfoundabout40 treesin therich forest of Auwahionthe southslopesof Haleakala. Currently,

asingle scatteredpopulationof aboutnineindividualsof this taxonremainswithin a29-hectareareaon

privatelyownedandState-owned(andprivatelyleased)ranchland.

d. Life History

Alectryonmacrococcusis a relatively slow-growing,long-lived treethat growsin xericto mesic

sitesandis adaptedto periodic drought. Little elseis knownaboutthelife history ofAlectryon

macrococcus.Floweringcycles,pollinationvectors,seeddispersalagents,andspecificenvironmental

requirementsare unknown.

e. HabitatDescrintion

ThehabitatofAlectryonmacrococcusis drylandforest, oncewidespreadonleewardexposuresof

all theHawaiianIslands,butnow almostcompletelyeliminated. Both varietiesofAlectryon

macrococcustypically grow ondry slopesor in gulches,within dry to mesiclowlandforestsatelevations

of 360-1,070meters(1,180-3,510 feet). Meanannualrainfall is roughly80-200centimeters(2.6-6.6

feet) in thishabitat. Most rainfall comesin thewinter, whereassummersare hot anddry.

AssociatednativeplantsincludeMetrosiderospo/ymorpha,Aleuritesmo/uccana,Diospyros

sandwicensis,Nestegissandwicensis,Psychotria,Pisonia,Xy/osma.Streb/us,Hibiscus,Antidesma,

Pleomele,Acacia, Melicopeknudsent,Hibiscuswaimeae,Pleralyxta,Zanthoxylum,Doodia,

Blechnum,Kokiakavatensis,Bobeatimontoides (USFWS1992a;HawaiiPlantConservationCenter

(HPCC) 1994). AssociatedalienplantsincludeLantana,Setaria,Triumfetta,Me/ia azedarach,

Bocconiafrutescens,Me/misminutij/ora,Psidiumcattletanum,Schinusterebinthifo/tus,and

Pennisetumclandestinum(HPCC 1994).

f. Reasonsfor Declineand CurrentThreats

Theprimarythreatshistoricallyresponsiblefor theendangermentofthisspeciesinclude: impactsof

feral cattle,goatsandpigs;impactsof alienplant species;damagefrom theblacktwig borer; andseed

predationby rodents.
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CurrentthreatstoAlectryonmacrococcusinclude:

1) Competitionwith alienplant species

The alienplantsMe/misminut~flora (molassesgrass),Pennisetumclandestinum(kikuyu grass),

andSchinusterebinthifolius(Christmasberry)posethreatstoAlectryonmacrococcusreproduction

becauseof competitionwith seedlingsfor light, space,andwater. Christmasberryis nowreplacing

thenativevegetationofmuchof thesouthernWaianaeMountainsandthreatensto occupytherange

of all OahupopulationsofAlectryonmacrococcusvar. macrococcus. Mostpopulationsof

Aleciryonmacrococcusvar. macrococcuson OahuandMolokai areimmediatelythreatenedby

molassesgrass. Kikuyu grassforms athick matthatdisplacesreproductionofnativeplanttaxaat

Auwahi on EastMaui. TheWestMaui individualsofAlectryonmacrococcusvar. macrococcus

areimmediatelythreatenedby competitionwith strawberryguava(Psidiumcattletanum).

2) Blacktwig borer (Xy/osandruscompactus)

Theblacktwig borerhasbeencited asanimmediatethreatto theextantpopulationsof both

recognizedvarietiesofAlectryonmacrococcus(J. Lau, TNCH, personalcommunication1990).

This pestburrowsinto thebranchesandintroducesapathogenicfungus,pnmingthe hostseverely,

oftenkilling branchesorwholeplants. TheWaimeaCanyonpopulationsofAlectryonmacrococcus

var. macrococcus,mostpopulationson Oahu,andthesingle populationofAlectryonmacrococcus

var. auwahiensissuffersseveredefoliationandreducedvigor dueto infestationsofthis alien insect.

Mostpopulationsof thisspeciesprobablysustainsomedamagefromtheborer.

3) Seedpredationby alienrodents

Predationon fruits andflowersby rodents,bothblackrats (Rattusrattus) andless oftenhouse

mice(Mus musculus),threatensAlectryonmacrococcus.Evidenceof ratpredationhasbeenseen

on bothvarietiesofAlectryonmacrococcus.Seedpredationby blackrats hasinhibited

reproductionof this speciesfor manyyears. Virtually all Alec!ryon seedslying beneaththecanopies

of treesin Auwahi andKanaiodistrictson Maui aredestroyedby blackrats (Medeiros,Loope, and

Holt 1986).

4) Alien ungulates

Herbivory, trampling,andsoil erosioncausedby goatsareimmediatethreatstoAlec!ryon

macrococcusvar. macrococcus.Currently,goatscontributeto thesubstantialdeclineof all four

populationsof this taxonin WaimeaCanyonon Kauai. Goatson Statelandsin this areaare

managedfor recreationalhunting. In theWaianaeMountainsof Oahu,encroachingurbanization

andhuntingpressuretendto restrictgoatsto thedrierupperslopes(Tomich 1986),whereAlectryon

macrococcusoccurs. Overhalfof theOahupopulationsofAlectryonmacrococcus

var. macrococcusare affectedby increasingnumbersof goatsin scatteredlocationsalongthe
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WaianaeMountains,especiallyin MakuaandNakaleha. On Molokai, all five localitiesof

Alectryonmacrococcusvar. macrococcusarerestrictedto a7.5 squarekilometer(4.7squaremile)

areathat is inunediatelythreatenedby goats(USFWS 1 992a).

BothrecognizedvarietiesofAlec!ryon macrococcusare threatenedby habitatdegradationby

feral pigs andhavesustainedloss of individualplantsor habitatastheresultofferal pig activity.

PresentthroughouttheWaianaeMountainsof Oahuin low numbers,feral pigsposeasignificant

threatto thescatteredpopulationsofAlectryonmacrococcusvar. macrococcus.

Herbivory, trampling,andhabitatdegradationby cattlealsothreatenthe species,particularly

Alectryonmacrococcusvar. auwahiensis.The soleremaininghabitatfor this variety is on a cattle

ranchconsistingof privateandState-leasedlands.Althoughall individualsofAlectryon

macrococcusvar. auwahiensisareprotectedfrom ungulateswithsmallwoven-wireexclosures,

thesemustbe rigorouslymaintained.Cattletrampleseedlingsanddamagematureplantsby

browsing(USFWS 1992a).

5) Wildland fire

Fire is athreatto somepopulationsofAleciryonmacrococcusvar. macrococcus.

Unintentionallyignited fireshaveresultedfrom ordnancetrainingpracticesin MakuaMilitary

Reservationon Oahu. Althoughmostfires havebeencontainedwithin 0.01 hectares(0.02acres),

a single120 hectare(300acre)fire in July1989 spreadupslopeandcameto within 0.3kilometers

(0.2 miles)of a populationofAlectryonmacrococcusvar. macrococcus,alsothreateningseven

otherpopulationsin thearea. Fires arealsoa potentialthreatto WaimeaCanyon,Kauai, andless

likely, butpossibly,to westandeastMaui populations(USFWS 1992a).

6) Smallpopulationsize

Dueto thevery smallremainingnumberof individualsofAlec!ryon macrococcusvar.

auwahiensisandtheir limited distribution,a singlenaturalor human-causedenvironmental

disturbancecouldeasilybe catastrophic.Giventhelimited sizeandscattereddistributionof

populationsandindividualsofbothAlectryonmacrococcusvar. macrococcusandA. macrococcus

var. auwahiensis,genepool limitationsmaydepressreproductivevigor andadaptability.

7) Otherthreats

Possiblethreatsto bothvarietiesinclude seedpredationby insects(probablythe endemic

microlepidopteranPrayscf. fu/vocane/laWalsingham[Yponomeutidae])andloss of pollinators.
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g. Conservation

MakuaMilitary ReservationandSchofieldBarracksarecontrolledby theU.S. Army, andportions

areusedfor ordnancetrainingoftheir troops. TheAlectryonmacrococcusvar. macrococcusplantson

their land arenot locatedinsideimpactor bufferzonesandthus arenot directlyaffectedby military

activities. The Army hasconstructedfirebreaksaroundtheplantson theMakuaMilitary Reservationto

minimizedamagefrom unintentionalfires thatoccasionallyresultfrom straybullets.

To protectthepopulationofAlectryonmacrococcusvar. macrococcusatNavalMagazine

Lualualei, theU.S.Navyis workingto controlalienplantsin areaswhereindividualsofAlectryon

macrococcusvar. macrococcusarelocated. TheNavyalsoallows recreationalhuntingon theirlandsto

controltheferalpig population(D.W. Wilborn, U.S. Navy,personalcommunication1996).

At Auwahi,EastMaui, smallwoven-wireenclosureshavebeenconstructedby a private

conservationgroup,theNativeHawaiianPlantSociety,with cooperationfrom UlupalakuaRanch,to

protectendangeredandthreatenedplantsfromungulates.OneindividualofAlectryonmacrococcus

var. auwahiensisis protectedwithin oneoftheseenclosures(R. Nakagawa,Native HawaiianPlant

Society,personalcommunication1996).

Alectryonmacrococcusvar. auwahiensishasbeenpropagatedby HawaiiDivisionof Forestryand

Wildlife (DOFAW) atits Maui baseyardnearKahului andat theWaiineaArboretumandBotanical

Gardenon Oahu.Alectryonmacrococcusvar.macrococcushasbeenpropagatedat the Honolulu

BotanicGarden(Mehrhoff1992)and atLyonArboretumon Oahu(G. Ray, CenterforPlant

Conservation,personalcommunication1997). TheNationalTropicalBotanicalGarden(NTBG) has

seedstoredfrom acultivatedspecimenofAlectryonmacrococcusvar. macrococcusandhassuccessfully

propagatedbothvarieties(D. Ragone,personalcommunication1994).

h. NeededRecoveryActions

Among theknownpopulationsofAlectryonmacrococcus,thereareawide varietyof situationsin

termsofmicrohabitatanddegreeandnatureof threats. Thesituationis obviouslymosturgentfor

Alec!ryan macrococcusvar. auwahiensis,of which only aboutnineindividualssurvive. As statedabove,

thesetwo varietiesarebeingconsideredas separatetaxafor purposesof recovery.
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1)Alectryonmacrococcusvar. macrococcus

a) Identil~ targetpopulationsformanipulativemanagement.

Toreachthedownlistingobjectivesoutlinedinpart II of thisplan,five populationswill

needto be selectedforprotection,managementandpossibleaugmentationtoreachthe goalof

100 individualseach. Factorsto considerin selectionoftargetpopulationsincludeland

ownership,sizeofpopulation,quality of surroundinghabitat,severityof localthreats,and

geographicandmorphologicaldiversity. Management,dependingon local sitecharacteristics,

shouldpotentially includefencing,weedcontrol,outplantingoflocal geneticmaterial,androdent

control (perhapsonly seasonallyduringfruiting season).

b) Surveyknownpopulationsto determineeffectofblacktwigborerandrodents.

Ofexistingpopulations,determinewhich sitesaremostvulnerabletothe impactsofblack

twig borerandrodents. Determineif anysitesarefree from thesefactors. Sitesfree or relatively

free from theseinfluencesare obviouslyprimecandidatesfor protected“target” populations.

Obviouslyif somesites,e.g.,higher elevation,arefree from blacktwig borers,extremecare

shouldbetakennot to introducetheinsectwith propagativematerialofAlectryon.

2) Alectryonmacrococcusvar.auwahiensis.

a) Initiateanemergencyprogram.

Thisprogramneedsto involve propagation,outplantinginto managed(with weedcontrol)

exclosuresonprotectedlands,establishmentof “nurseforests” (seeAppendixB) to nurture

reestablishmentof thetaxonin the longrun,andemergencyassessmentof andresponseto

limiting factors,suchastheblacktwig borer.

b) Establishoutplantedpopulationsin “safe” (throughfencingwherenecessary)habitatandinstitute

weedcontrolasnecessaryatthesesites.

At leastfour newpopulationsofAlectryonmacrococcusvar. auwahiensiswill haveto be

discoveredor createdthroughoutplantingtoreachthe downlistingobjectives. Potentialsites

includeKanaioStateNAR, privatelyownedUlupalakuaRanch,andthe KaupoGap areaof

HaleakalaNationalParkon EastMaui.
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3.Argyroxiphium sandwicensessp.macrocephalum (Gray) Meyrat (Common name: Haleakala

silversword. Hawaiian names:pohinaihina, ahinahina) RecoveryPriority # -9

a.

AppendixD containsaline drawingofArgyroxiphiumsandwicensessp.macrocepha/um.

Argyroxiphiumsandwicensessp.macrocepha/um(Asteraceae:Madiinae)is adistinctive,globe-

shapedrosetteplant,with adensecoveringof silverhairs. Usuallysingle-stemmed,its swordlike, rigid,

andsucculentleavesare15-40centimeters(5.9-15.8inches)long,5-15millimeters(0.2-0.6inches)wide

atthemiddle,usuallythree-angledin cross-section,andprogressivelyerectto decumbent(flat-lying with

upward-pointingends). The inflorescence(flowering stalk) grows0.5-3.0meters(1.6-9.8feet)tall and

containsnumerousflower heads(capitula). Theseare showywith 50-600denselypacked,pink to wine-

red flowers. Eachflower is 5-23millimeters (0.2-0.9inches)across.Thereare11-42petal-likeray

floretsand5 0-600minutediskfloretsperhead. The fruits aredry andone-seeded(achenes),straightor

curvedlike abow,and7-15 millimeters(0.3-0.6inches)long. Eachrosettediesafter floweringonce.

This subspeciesis distinguishedfromArgyroxiphiumsandwicensessp.sandwicenseby the shape

andratio ofthe dimensionsof theinflorescence,thenumberofray floretsperhead,andthe combination

of a) its longer,three-angledleaves;b) its silveryleafhairs,whichcompletelyhidetheleafsurface;and

3) its longerachenes.

b. Taxonomy

EastMaui silverswordswere describedby AsaGrayin 1852asArgyroxiphiummacrocephalum

from a specimencollectedon Haleakala,Maui, in 1841 by naturalistCharlesPickeringof theU.S.

ExploringExpedition. Hillebrand (1888)reducedthetaxontovarietalstatusasArgyroxiphium

sandwicensevar.macrocepha/um(Gray) Hillebr. Keck (1936) did not recognizeHillebrand’s

var. macrocepha/um,includingit insteadwithin abroadinterpretationofArgyroxiphiumsandwicense.

Basedon quantitative,geographic,andputativeevolutionarydifferences,Meyratetal. (1983)restored

theHaleakalasilverswordto subspeciesstatus,namelyssp.macrocepha/um(A. Gray) Meyrat. This

treatmentof two subspeciesin thealpinecinderdesertsof theislandsof Hawaii(ssp.sandwicense)and

Maui (ssp.macrocepha/um)was acceptedin themostrecenttaxonomictreatments(Carr 1985,Carrin

Wagneret al. 1990). The genusArgyroxiphiumcomprisesfive speciesendemicto Maui andtheisland

of Hawaii,HawaiianIslands.Thesubspeciesepithetmacrocepha/umrefersto thelargeflowerheadsof

the Haleakalaplantsofthisspecies.
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c. CurrentandHistoric Ran2eandPonulationStatus

Nearextinctionin the 1920sduetohumanvandalismandtobrowsingby goatsandcattle,the

Haleakalasilverswordhasincreasedgreatlyunderprotection,anddeservesattentionasoneofthemost

dramaticconservationsuccessstoriesofthe HawaiianIslands.

Argyroxiphiumsandwicensessp.macrocepha/umis aclassicexampleofataxonconsideredrare

becauseofits higbly restricteddistribution(Rabinowitzetal. 1986). It is endemicto (only knownfrom)

a 1,000-hectare(2,500acre)areaat2,100-3,000meters(6,900-9,800feet) elevationinthecraterand

outerslopesofHaleakalaVolcano, within HaleakalaNationalPark,Maui, Hawaii,apparentlyoccupying

mostof its historic range(LoopeandCrivellone 1986).

The first reliableinformationon Haleakalasilverswordnumbersis fromthe summerof 1935. In

thatyear,RangerS.H. Lambtallied 1,470plants(88ofwhich wereflowering) on a singlecindercone

(Ka-moa-o-Pele)within HaleakalaCrater(Lamb 1935). Sinceabout217plantswerefloweringwithin

thecrater(Lamb 1935),areasonableestimateof thetotalpopulationatthattimewasabout4,000

individuals(LoopeandMedeiros1994b). Lamb’s conclusionafterconsultingnumerousindividuals

knowledgeableonthe subjectwasthat, in 1935,“the plantsareprobablyasnumerousnowastheyhave

everbeensince1906.” Informationgatheredsinceillustratesthetrendof thesilverswordpopulationover

about60 yearsofprotection. Sinceplantsoccuron otherwisebarrencinder,fairly accuratecountsare

possible. Methodsare describedin original reports(LoopeandCrivellone 1986; Kobayashi1973, 1991,

1993).

Plantshavebeencountedby successiveinvestigatorsonthe cindercone,Ka Moa o Pele,wherethe

largestnumberofplantssurvivedin 1935. By 1979,thepopulationonthisvolcanic conehadincreased

by afactorof about4.4,from 1,470to 6,528individuals(Kobayashi1991). ElsewhereinHaleakala

Crater,thesilverswordhasalsoincreasedin numbersandextent,with largelocal populationsinareas

wherefew plantssurvivedin 1935. A censusofthe entireHaleakalasilverswordpopulationhasbeen

attemptedfour timessince1971,with thefollowingresults: 1971 - 43,262(Kobayashi1973);1979-80 -

35,000(Kobayashi1991); 1982 - 47,640(LoopeandCrivellone 1986); 1991 - 64,800(Kobayashi

1993).

The current population of silversword is approximately 16 timeslarger than the estimated

population in 1935. Annual trends in 11 fixed plots, 5 x 20 meters(16.4x 65.6 feet),from 1982through

1989,suggestoccurrenceof substantial annual fluctuations in the recruitment and survival of seedlings

(LoopeandMedeiros1994c). TheothersubspeciesofArgyroxiphium sandwicense,ssp.sandwicense,
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endemicto MaunaKeaon theislandof Hawaii, is federallylistedas endangered,with only several

hundredsurvivingindividuals.

d. Life History

Themonocarpic(flowersonly once,attheendof its lifetime) Haleakalasilverswordmaturesfrom

seedto its final stageinapproximately15-5 0 years(LoopeandMedeiros1994c). Theplant remains

acompactrosetteuntil it sendsup anerect,centralfloweringstalk, setsseed,anddies.

Thesilverswordflowers from Juneto September,with annualnumbersof floweringplantsvarying

dramaticallyfromyearto year. Reliablecountsoffloweringplantsweremadein 1935 (217 flowered)

andin 1941 (815 flowered) (LoopeandCrivellone 1986). Numbersrecordedin recentyearshaveranged

from zeroin 1970to 6632 in 1991. Theenvironmentalstimulusfor synchronoussilverswordfloweringis

asyet unknown. An apparentrelationshipofthe 1991 massflowering eventto stratosphericalterationby

theeruptionof PinatuboVolcanoin the Philippinesis intriguing. Investigationsareunderwayby R.

PharisoftheUniversityof CalgaryandL.L. Loope toexploreamechanismfor enhancedsilversword

flowering relatedto increasedUV-B radiationdueto temporaryreductionof stratosphericozone.

Flying insects,especiallynativebees,moths,flies, bugs,andwasps,manyof whicharepollinators,

areattractedin largenumberstothegiant,aromaticinflorescences.It hasbeendemonstratedthat

Argyroxiphiumsandwicensessp.macrocepha/umis seIf-incompatible(Carret al. 1986)andis reliant

on insectpollinatorsfor reproduction.

Rarely,hybridsbetweenArgyroxiphiumsandwicensessp.macrocepha/umandDubautia

menziesii,havebeenobserved.Primarily foundwithin HaleakalaCrater,especiallyon Puuo Peleand

Puuo Maui cindercones,thesehybrid individualsflowerfor severalyearsbeforedying (Carr 1985).

e. HabitatDescrintion

ThehabitatofArgyroxiphiumsandwicensessp.macrocephalumconsistsprimarily of otherwise

barren,unstableslopesofrecent(lessthanseveralthousandyearsold)volcaniccindercones. Mean

annualprecipitationis approximately75-125centimeters(3 0-50 inches). Thesubstratehasalmostno

soil developmentandis subjectto frequentformationof iceatnightandextremeheatingduringcloudless

days.

AssociatednativespeciesincludeAgrostissandwicensis,Deschampsianubigena,Dubautia

menziesii,Si/enestruthioloides,Slyphe/ia tameiameiae,Tetramo/opiumhumile,andTriserum
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glomeratum.Alien speciesoccupylittle areain Haleakalasilverswordhabitatbut includeHypochoeris

radicata,Heterothecagrandj//ora, andRumexacetose//a.

f Reasonsfor DeclineandCurrentThreats

The Haleakalasilverswordreceivesmoreattentionfrom visitorsto HaleakalaNationalParkthan

anyotherplantspeciesbecauseofits strikingappearanceandits limited distribution. Thereis ample

evidencethatit attractedattentionfrom indigenousHawaiians. In pre-Parkdays,plantswereoften

removedby visitorsto HaleakalaVolcanoto provethatthepartyhadreachedthe summit,apracticethat

eventuallyhada seriousimpactonthesilverswordpopulation(LoopeandCrivellone 1986; Loope and

Medeiros1994c). At onetimethe silverswordson Haleakalawereuprootedandrolleddowncindercones

for sport. Browsingby goatsandcattlewas alsoundoubtedlyafactorin its decline,especiallyatthe

marginsof its range. By the 1920s,silverswordnumberswereso depletedthattheMaui Chamberof

CommercesentapetitiontoWashington,D.C., requestingthata seriouseffort bemadeto savethe

species(LoopeandCrivellone 1986).

ThemaincurrentthreatstoArgyroxiphiumsandwicensessp.macrocepha/uminclude:

1) Lossof pollinators

Thesilverswordhasa somewhatvulnerablecombinationoftraits. It is aslow-growingplant that

flowersonly onceanddies,yetis seIf-incompatible. As aresult, it is dependentuponthe

availabilityofpollinatinginsects,primarily localizedendemicspecies,for seedset. The greatest

threatto thepollinatorsof thesilverswordappearsto betheArgentineant(Iridomyrmexhumi/is).

This introducedspeciesoccupiestwo disjunctareasbetween2,070and2,850meters(6,792and

9,350feet) elevation,totallingabout160 hectares(400 acres)in HaleakalaNationalPark. Because

queensarenon-flighted,spreadis relatively slow. This predaceousantnegativelyaffectsthe

endemicartliropodfauna(Coleet al. 1992), includingpollinators,whichevolvedin theabsenceof

antpredation. A markedexpansionin theant’s rangewasnotedin 1993,especiallyatthehigher

elevationarea(Medeiroset al. 1994).

Unlessthis antspeciesis controlled, it appearscapableof spreadingwidely,withpotentially

catastrophiceffectson endemicbiota, includingthesilversword(Carretal. 1986). Experimental

controlefforts areunderwaywith ahydromethylnon/proteinbait,usingtechniquesdevelopedfor

Argentineantcontrol in agriculturalsitesin Califomia (LoopeandMedeiros1994a).

Alien yellowjackets( Vespulapennsy/vanica)posealesserbut significantthreattoward

eliminationof silverswordpollinators.
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2) Nativeseed-eatingandherbivorousinsects

The silverswordis dependentuponcontinuing seedproductionfor its survival. Thedeveloping

seedsarefed uponby thetephritidfly Trupaneacralericola (Swezey1954). On average,60% of

theseedsproducedby the silverswordaredestroyedby thesmall, whitegrub-likelarvaeof this fly

(Kobayashi1974). Developingseedsare alsofed upon,sometimesextensivelyby thelarvaeof

anativephycitid moth,Rkvnchephestiarhabdotis(Swezey1954,Zimmerman1958). Thereis also

anendemiccerambycidbeetle,Plagithmysusterryt, which boresin roots andstems,andsometimes

causessilverswordplantsto fall over(BetsyH. Gagn~,DOFAW, personalcommunication1987).

Theimpactsof theseinsectshaveprobablybeenoverestimatedhistorically. In earliertimes,these

insectswereperceivedasposinga seriousthreatto Haleakalasilversword(e.g.,Degener1930),and

perusalof Parkfiles revealsthatapplicationof DDT to protecttheplantswas contemplatedby Park

managersasrecentlyasthe 1 960s(LoopeandCrivellone 1986). The locally endemicinsectsthat

evolvedwith the silverswordarecurrentlyregardedby Parkmanagersasan essentialpartofthe

silverswordecosystem.

3) Limited naturalrange

The limited naturalrangeof this taxonmakesit vuInerableto extinctiondueto asingle

catastrophiceventsuchasanaturaldisasteror alienplantor animalintroduction.

4) Other threats

Possiblefuture threatsincludecompetitionfrom alienplant species,namelymullein (Verbascum

!hapsus)andfountaingrass(Pennisetumsetaceum)(Loope,Nagata,andMedeiros1992),and

humanimpacts(collectingandsitedegradation).Thehumanthreatsarecurrentlycontrolledwithin

thePark,butmaybecomemoreseriousasthenumberofvisitorsincreases.

g. Conservation

As statedabove,this taxondeservesattentionasoneofthemostdramaticconservationsuccess

storiesofthe HawaiianIslands. As aresultof managementwithin HaleakalaNationalPark,human

vandalismandferal ungulatebrowsing—formerlythemostseriousthreatsto theHaleakala

silversword—havebeenvirtually eliminated. Almost all sub-populationsofArgyroxiphiumsandwicense

ssp.macrocepha/umare within HaleakalaNationalPark,whichhassuccessfullyprotectedthetaxon

sincethe 1930s. Only afew individualssurvivejustoutsidetheboundariesofthe Park. This specieshas

beensuccessfullypropagatedatNTBG (D. Ragone,personalcommunication1994; G. Ray, Centerfor

PlantConservation,personalconununication1997).
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The Haleakalasilverswordis ahighly charismatic,interestingspeciesfrom thepointofview of the

casualParkvisitor as well asthatof theevolutionarybiologist. Continuedprotectionfromferal ungulates

andhumanvandalismis essential,andpotentialthreatsfrom theArgentineantandalienplantsmustbe

addressed.Evengivenits limited rangeandprecariouslife cycle,thelong-termprognosisfor survivalof

this speciesnow appearsremarkablyfavorable. The Servicewill continueto evaluatethe statusof this

plantto determinewhenaproposalto delistis appropriate,basedon meetingits recoverycriteria.

h. NeededRecovervActions

1) Monitor andinitiate control effortsagainstfurtherspreadoftheArgentineantin thecraterandouter

volcanic slopesof HaleakalaVolcano.

Without intervention,it is likely thattheArgentineantwill continueto slowly spreadand

eventuallyperhapscometo occupymuchoftherangeof thesilversword. Suchaninfestationis

likely to depletepollinator populationsonwhichthesilverswordis highly dependent.Theresultof

suchareductionof thenativepollinatorsof the siiverswordis areducedreproductivecapacityand

lessenedchancefor long-termsurvival. Chemicalcontrolusingabait-toxicantappearstobe the

bestchanceto restrictor eliminatehighelevationpopulationsoftheArgentineanton Haleakala,

whicharecurrentlyrestrictedin area. Suchresearchis nowongoingincooperationwith scientistsof

theCloroxtechnicalcenter.

Another importantconsiderationin controlofthe Argentineantis thepreventionoffurther

spread.Queensof theArgentineantoftenforagewithworkersandarequick to establishsmall

satellitenests. Suchbehaviorfacilitatespotentialtransferof queenswith humanactivitiessuchas

transportof trash,roadfill, pottedplants,firewood,etc. Managementof highelevationareason

Haleakalacanpreventsuchunintendedimpactsthroughusingcarefully consideredprotocols.

2) Establishoutplantedpopulationsin formerhabitat.

One ofthe chiefimpactsofthelong termdegradationofhigh-elevationhabitatofsilverswordon

HaleakalaVolcano is theeliminationof silverswordpopulationsinareasontheperipheryof

HaleakalaCrater. As aresultof fencing theboundaryof HaleakalaNationalPark in the mid-

198Os, theseareasarenowprotectedfrom feral goats,whichhadextirpatedthesilverswordfrom

certainperipheralareas. Nowthatthehabitatof thesesitesis protected,theyareprimecandidates

for reintroduction. The bestdocumentedexamplesof appropriatesitesare a) uppercentralKaupo

Gap, b) Kalapawili grasslands,andc) PuuNianiau. Otherareassuchasthe outerleewardslopes

andsouthwestrift of Haleakalashouldbeconsideredif protectionfrom feral goatscanbeachieved

there. Extremecautionshouldbetakennot to introducetheArgentineantwithplantedmaterialsas
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thespeciesfrequentlynestsin pottedplantsgrown in theheadquartersareaof HaleakalaNational

Park.

4. Bidens micrantha Gaud. ssp.kalealahaNagata& Ganders

(Hawaiian namesfor native Bidens: kokolau, kokoolau, and koolau)

RecoveryPriority # - 9

a.Descrintion

AppendixD containsaline drawingofBidensmicranthassp.ka/ealaha.

Bidensmicranthassp.kalealahais an erectperennialherb in theasterfamily (Asteraceae).

Thebaseofthe 50-150centimeter(20-60inches)plantis somewhatwoody. Leavesare6-19 centimeters

(2.6-7.5inches)longwith 1-9 (usually5-9) lance-shapedleaflets3.5-13.5centimeters(1.4-5.3inches)

long; somepopulationshaveciliate (haired)leafmargins. Yellow flowersoccuratthe endsof branches

in looseclustersof 15-75heads;eachflower is 15-45 millimeters (0.6-1.8inches)in diameteron 1-40

millimeter (0.04-1.6inches)stalks(peduncles).Thereare5 sterilepetal-likerayflorets and 11-12minute

diskflorets perhead. Thesmall seeds(5-14 x 0.7-2millimeter [0.2-0.6x 0.03-0.08inchl achenes)are

black, straight,andwingless.

Bidensmicranihassp. ka/ealahacanbe distinguishedfrom othersubspeciesby theshapeof the

seeds,the densityof theflower clusters,thenumbersofray anddisk floretsperhead,differencesin leaf

surfaces,andothercharacteristics.

b. Taxonomy

Bidensmicranthawas describedby CharlesGaudichaud-Beauprdin 1829. Bidensdistanswas

describedby Earl EdwardSherifin 1930as aLanai Islandendemic,basedonthreecollectionsfrom that

island collectedbetween1910and1918(type=Forbes148.L, BISH1). Sherff(195la) describedBidens

micranthavar. rudimentfera basedon aspecimenof Bidenscollectedon Haleakala,Maui, by William

H. HathewayandAmy B.H. Greenwellin 1950. Thessp.ka/ealahawasdescribedby KennethNagata

1 Sytematistsbasescientificnamesofplants,wherepossible, onherbariumspecimensdesignatedas“types.”

Specimensarecitedby giving thecollector(Forbes),thecollector’sspecimennumber(148.L), andthespecimen’s
location(BISH istheacronymfor the BishopMuseum in Honolulu).
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andFred Ganders((landersandNagata1983)to combinethe Maui andLanaipopulations,henceBidens

micranthassp.ka/ealahaNagataand(landers.

The genusBidensconsistsof approximately230 species,mostlynativeto theAmericas,Africa, and

Polynesia,with fewerspeciesin EuropeandAsia (Wagneret a/. 1990). The 19 Hawaiianspeciesof the

genusBidens(Asteraceae)exhibitmoremorphologicaldiversitythanis foundin therestofthe genuson

five continents((landersandNagata1984). Thesubspeciflcepithetkalealahais ananagramof theplace

name“Haleakala”(Nagataand Ganders1983).

c. CurrentandHistoric RaneeandPonulationStatus

Historically,Bidensmicranthassp.ka/ea/ahawas knownfrom Lanai,the southslopeof Haleakala

on EastMaui, andfrom onelocality onWestMaui ((landersandNagatain Wagneret al. 1990). On

EastMaui, HillebrandandLydgatecollectedthisspeciesat“Kula, Maui” (ca. 1869). Forbes(1920)

collectedit aboveLualailuaHills and“eastof PuuKeokea,southslopeof Haleakala.” Hathewayand

Greenwellin 1950collectedBidensmicranthaandmadethisnote: “5 ft. shrub,leavesshiny.

Precipitousheadwallof smallcanyon200yds.west of Kahuacabin,southslopeof Haleakala. Elev.

7000ft. Apparentlytheseplantsarepalatableto feral goats,whichhavealmostdestroyedtheclimax

subalpinewoodlandof thisregion. Persistsin inaccessibleplaces.”

(landersandNagata(1983) statethis taxon’sdistributionas: “Leewardslopesandinnercrater

walls of Haleakala,EastMaui, from 750-2,300meterselevation,andatleastformerlyon leewardLanai.”

Thistaxonremainsonly on EastMaui (Kahua,Manawainuito Wailaulau,andin HaleakalaNational

Park)on StateandFederalland. The four knownpopulations,whichextendover anareaof about

15 x 3 kilometers(9.3 x 1.8miles)on leewardEastMaui, numberno morethan2,000individuals

(AC. Medeiros,personalobservation1990; USFWS1992a).

The four knownpopulationsofBidensmicranthassp.ka/ea/ahaaredistributedasfollows: (1) on

thesouthernslopeofEastMaui at 1,585-1,950meters(5,200-6,400feet)elevation,primarily on

drainageheadwallsbetweenManawainuiandWailaulau; (2) fartherwest,withDubautiaplatyphy/la,in

severaldeeppit craterssouthof Kahuacabinatabout2,085meters(6,840feet); within Haleakala

NationalParkit occurs:(3) sporadicallyalongcliff walls inwesternKaupo Gap at 1,830-1,950meters

(6,000-6,400feet)and(4) on theinnerwalls of HaleakalaCrateratabout2,195-2,317 meters(7,200-

7,600feet)(Medeiros,Loope, andHolt 1986).

Bidensmicranthassp.ka/ealahawasprobablyoncewidespreadonEastMaui andLanai,but has

beendrasticallydepletedby feral goatsandhassurvivedonly onprecipitouscliff facesinaccessibleto

goats. In October1990,threeyearsafter feral goatswereeliminatedfrom HaleakalaCrater,eight
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juvenileplants(5-80centimeters(1.5-24.4inches)tall) ofthis taxonwerenotedat thebaseof thesteep

walls of westernKaupo Gapin HaleakalaNationalParkontalusslopesandalongstreamcoursesat

elevationsof 1,800-1,900meters(5,906-6,334feet),belowcliff facesinhabitedby matureplantsofthe

samespecies.Thelargestof theyoungplantswasflowering. This is thefirst timethis taxonwas

observedaway from its typical near-verticalrockwall habitat. Thereappearsto beamplehabitatnearby

for a muchgreaterincreaseofthis species,nowthattheeffectof feral goatbrowsinghasbeeneliminated

(LoopeandMedeiros1994c).

d. Life History

Bidensmicrantha is knownto hybridizewith othernativeBidenssuchasB. mautensis(Gray)

SherffandB. menziesii(Gray) Sherif,andpossiblyB. conjunctaSherif(Wagneret al. 1990).

Little elseis knownaboutthe life historyofBidensmicranthassp.ka/ealaha. Floweringcycles,

pollination vectors,seeddispersalagents,longevity, andspecificenvironmentalrequirementsare

unknown.

e. HabitatDescrintion

Theoriginal habitatofBidensmicranthassp.ka/ealahais diverse,from open-canopy

Metrosideros/Acaciakoaforest tomontaneshrublandto cliff faces. Annualprecipitationis in therange

of 75-150centimeters(30-59inches). The substrateis comprisedmostlyofblockylavaflows with little

orno soil development.SurvivingBidensmicranthassp. ka/ealahatypically grow on sheerrockwalls

at elevationsof 1,600-2,300meters(5,250-7,550feet). AssociatednativespeciesincludeStyphe/ia

!ameiameiae,Coprosmamontana,Dodonaeaviscosa,Lysimachiaremyt, Viola chamissoniana,

Dubautiamenziesii,andDubautiap/atyphylla. Associatedalien speciesincludeHo/cuslanatus,

Hvpochoerisradicata, Qenotherastricta, andSporobo/usafricanus(A.C. Medeiros,personal

observation1990)

f Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistorically responsiblefor theendangermentof this subspecieswereferal goats

andcattle,andcompetitionwith alienplant species. Currentthreatsincludethese:
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1) Feral ungulates

Continuinghabitatdestructionby feral goatsandpigsaremajorthreatstothelong-termsurvival

ofBidensmicranthassp.kalealaha. On leewardEastMaui, within thehabitatofthisspecies

outsideHaleakalaNationalPark,feral goatshavedestroyedmuchof theoriginal nativevegetation,

exceptin thoseareasinaccessibleto themsuchas sheerrockfacesandsteepwatercoursesides. In

theseareas,ridgetops andflat areasareoftenerodedandpasture-like,with anabundanceof alien

plants. Bidensmicranthassp.ka/ealaha,quiteconspicuouswhenflowering, is restrictedtolargely

inaccessiblesites. Feralgoatshavebeenfunctionallyeliminatedwithin thehabitatof this speciesin

HaleakalaNationalPark. While theyareno longeranimmediatethreat toBidensmicrantha

ssp.ka/ealahawithin the Park,thepotentialstill exists for theingressandreestablishmentof goats.

Feralpigsarealsopresentontheleewardslopesof EastMauiwithin thehabitatof this speciesbut

outsideHaleakalaNationalPark. Theyposeamoderatethreatto thisspecies,but modestin

comparisonto thatof feral goats.

Cattleranchingoccurson thesouthernslopeof Haleakalain thevicinity ofBidensmicrantha

ssp.ka/ealaha(R.W. Hobdy,personalcommunication1990inUSFWS 1992a). Escapeddomestic

cattleposeamoderatethreatto thelong-termsurvivalof this species.

2) Alien plants

Competitionfrom avarietyof invasiveplant speciesthreatensBidensmicranthassp. ka/ealaha,

especiallyin conjunctionwith ecosystemdamagecausedby ungulates.Alien plantcoverwithin

HaleakalaNationalParkslows therecoveryof this taxon;establishmentof newindividualsis

largelylimited to streambeds,talusslopes,etc., wherecompetitionwith aliengrassesis not intense

(L.Loope,HaleakalaNationalPark,personalobservation,October22, 1990).

3) Fire

Fire is amajorpotentialthreatto thesurvival ofBidensmicranthassp.kalealaha;a singlefire

could affectasignificantportionofthepopulationofBidensmicranthassp.ka/ealaha

(A.C. Medeiros,personalcommunication1990in USFWS 1992a).

g. Conservation

Bidensmicranthassp.ka/ealahais not beingpropagatedatanyof thecollectionssurveyedby

Mehrhoff (1992)(G.Ray, Centerfor PlantConservation,personalconununication1997). Propagatingit

by seedis, however,easyand it is being grownby severalhorticulturistsof nativespecies(D. Ragone,

personalcommunication1993).

28



Control offeral goatshasbeena priority within HaleakalaNationalPark sincethelate 1970s. By

the late 1 980s,feral goatshadbeenlargelyeliminatedfrom HaleakalaCraterandKaupoGapfor thefirst

timesincetheir introductionin the 1 800s. Within afewyears,newplantsofBidensmicrantha

ssp.ka/ealahawerenotedgrowingin therocky screeslopesdirectlybelowthe sheercliffs wherethe

specieshadescapedthe feedingofferal goats; this is apparentlythefirst significantrecruitmentof new

plantsof this speciesin decades.By theearly1990s,thesenewplantsofBidensmicrantha

ssp.ka/ealahawerefloweringandproducingseed.

h. NeededRecovervActions

1) Constructexclosureson StatelandsbetweenKahuacabinandPahihi.

Withoutprotection,this subspecieswill continueto declinedueto degradationof habitatby feral

animals,althoughindividualswill surviveonverticalandnear-verticalrock faces. Exclosuresfor

protectionofthis taxoncouldincludeotherendangeredspeciesofthearea, suchasHuperzia

mannit,Cyaneacomata,Ranunculusspp.,andClermontia/indseyana.

2) Outplantinto protectedsiteswithin formerrangeina mannerthat wouldpreservegenetic

distinctivenessof populations.

This genusin Hawaii—andthis taxonspecifically—aremorphologicallyandgenetically

complex. Eachpopulationis likely to haveits ownuniquecharacteristics.Maintenanceofthe

individual characteristicsof discretepopulationsis alwaysanimportantfactorto consider,but

perhapsmoreso in this genusandspecies.Populationsofthistaxonshouldbekeptdiscrete,and

outplantingdoneinamannerthatwouldpreservegeneticdistinctivenessof individualpopulations.

It wouldbe appropriateandbeneficialto establishnewpopulationswithin probableformerrangein

HaleakalaNationalParkandinto theTNCH KapunakeareserveonWestMaui.

3) Monitor recoveryof thistaxonwithin upperelevationwesternKaupoGap in HaleakalaNationalPark.

Whathappensatthis sitewill indicatethepotentialofthe taxontorecoverelsewherewithin its

range.

29



5. Clermontiaoblongifolia Gaud. ssp.maujensis(Rock) Lammers

(Hawaiian namesfor genus: oha wai, oha,haha) RecoveryPriority # - 6

a. ~u~fl~fl

AppendixD containsaline drawingof Clermontiaob/ongifolia.

Clermontiaob/ong~o/iassp.mauiensisis a shrubor treein thebellllower family (Campanulaceae)

2-7 meters(7-23 feet) tall with oblongto lance-shapedleaves(7-19 x 2-5 centimeters[2.8-7.5 x 0.8-2.0

inches])on leafstalks(petioles)about2-11 centimeters(0.8-4.3inches)long. Theupperleafsurfaceis

smoothandglossydarkgreen;thelowerleafsurfaceis whitish greenandmaybe smoothor downy.

The edgesoftheleaveshavesmall, thickened,roundedteeth. Inflorescencesoccuron stalks55

millimeters (0.2-1.8inches)long,bearingtwo or threeflowers,eachon anindividual stalk 1045

millimeters (0.4-1.8inches)long. The curved,smooth,tubularflowersaregreenish-whiteor purplishon

the outsideandwhite or creamwithin, approximately6-8 centimeters(2.4-3.2inches)longand1-1.3

centimeters(0.4-0.5inches)wide with anear-hemisphericalbase. The lobes,exceptthetop one,areerect

or slightly spreading,andaslongasthetube. Its berriesare orangeandnearlyspherical,17-30

millimeters (0.7-1.2inches)long.

C/ermontiaoblongfolia is distinguishedfrom othermembersofthe genusby its calyxandcorolla,

which aresimilarin color andareeachfusedinto acurvedtubethatfalls off astheflower ages. The

speciesis alsodistinguishedby theleafshape,themalefloral parts,theshapeoftheflower buds,and

thelengthsof theleafandflower stalks,theflower, andthesmoothgreenbasalportionoftheflower

(thehypanthium)(Degener1937,Lammers1988,LammersinWagnereta/. 1990,Rock 1913,USFWS

1992a). Subspeciesmautensisis the only subspeciesof Clermontiaob/ongifolio everfound onMaui

andLanai.

b. Taxonomy

Clermontiaob/ong~foliawasdescribedby CharlesGaudichaud-Beauprdin 1829basedon

specimenshe collectedinAugust1816,probablyfrom Oahu. On discoveringapopulationof Clermontia

ob/ong(foliaon Maui in 1911,J.F.Rockdescribedthevarietymautensis(Rock 1913). The typeof the

newvariety(J.F. Rock8804 BISH) was collectedin rainforestinHonomanuValley, northernHaleakala.

In his comprehensivemonographof theHawaiianlobelia,however,Rock(1919) did not recognizehis

ownvar. mautensis,stating,“The specimensfromLanai andMaui differ somewhatfrom theOahu

specimens,buttheymustbereferredto Cl. oblongjo/ia.”
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OttoDegener(1937)reinstatedthetaxonbut atthelevel ofaform of Clermontiaoblongifolia,

namelyformamautensis(Rock)Degener. Degener(1937)stated,“Though Rockfinally equatedhis

varietywith the species..., it provestobe atleastadistinct form.” In aprecursorto amodernreviewof

thegenus,Lanuners(1988) raisedtheforma mautensisto its currentsubspeciflcstatus,namely

ssp.mautensis(Rock)Lammers. A recentreviewof thegenus(LammersinWagneret al. 1990)

recognizedthreesubspeciesof Clermontiaoblong(fo/ia. Of thethree,onlythe ssp.ob/ongifolia,which

is restrictedto Oahu,is relativelycommon(LammersinWagneret al. 1990). Degener(1937) statedthat

the ssp.oblong(fo/iais oneofthemost commonClermontiaspeciesin theKoolau Mountainsof Oahu,

especiallyaboveHonolulu. Thessp.brevipes(F. Wimmer)Laminers,which is restrictedto Molokai,

waslastcollectedmorethan30 yearsagoandonly twice in thepast60 years. The ssp.mautensis(Rock)

Laimnershistoricallyoccurredon LanaiandMaui but is nowapparentlyextirpatedfrom Lanai.

In May 1994,RichardPalmeroftheUniversityof HawaiiatManoacollectedmaterialpossibly

referableto Clermontiaoblongifo/tassp.mautensisat945meters(3,100feet)elevationonthe lower

flume roadinKoolauForestReserve,northwestHaleakala.Two individualswereobservedonjeeproad

cuts,with ClermontiaarborescensandClermontiakakeanagrowingnearby. DNA analysisof these

specimensandmaterial from theWestMaui Clermontiaoblongifo/tassp.mautensisindicatesthat

Clermontiaob/ong~foliaandits subspeciesmaybehybrids of ClermontiaarborescensandClermontia

kakeana(R. Palmer,personalcommunication1997). To date,this informationhasnot beenconfirmed

viapeerreviewandpublicationin botanicaljournals. The genusClermontiacomprises22 species,all

restrictedto theHawaiianIslands. The specificepithetob/ongifoliarefersto theoblongshapeof theleaf

blade. The subspeciesepithetmautensisrefers to Maui Island,part ofits range.

c. CurrentandHistoric RanceandPonulationStatus

Historically, Clermontiaoblongfolio ssp.mautensisis knownfrom Lanai andMaui (Lanunersin

Wagneret al. 1990). On Lanai,thesubspeciesmautensiswasfirst collectedby Rock in MahanaValley

(Rock8014-a)andKaiholenaValley (Rock 8014-b)(Rock 1919). The taxonwas lastcollectedonthat

islandin 1913 (Forbes44.L; Munro55 BISH) (LanrmersinWagneret a/. 1990). For EastMaui, Rock

(1913)statedregardingthessp.mautensis,“A smalltree 15 to 18 feethigh, resemblingverymuchthe

specieson Oahu. This treeis not at all common,but canbefound on theislandof Maui on thewindward

slopesofMt. HaleakalaalongtheKailua ditch trail in the valleyof Honomanuatan elevationof 853-914

meters(2,800to 3,000feet) in thera~orest...Thetreegrowsincompanywith Clermontia

macrocarpa( C/ermontiakakeana),which is themostcommonspeciesin thatlocality, andClermontia

arborescens.”The lastcollectionof thistaxonon EastMaui (Degener7947 GH US)wasmadein 1927
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(LammersinWagneretal. 1990). OnWestMaui,the ssp.mautensiswascollectedfor theIirst time

(LammersandHobdy#5690Ohio StateHerbarium)in the 1980s. This singleindividualexistsalongthe

trail to Puu-kukuiin theHonokowaisectionoftheWestMauiNAR on Stateland (Lammersin Wagner

etal. 1990).

In summary,Clermontiaob/ongifo/tassp.mautensisis currentlyknown to existonly onWest

Maui. Goodqualityhabitatstill exists for this speciesin thewindwardrainforestsofEastMaui,andthis

taxonmaystill occurthere. Becauseof thedegradationofforestin its formerhabitaton Lanai,this taxon

is likely extirpatedonthat island.

d. Life Historv

Clermontiaoblongfolia ssp.mautensisis knownto flower fromNovemberto July (Rock 1919).

Little is knownregardingpollinationvectors,seeddispersal,or otherfactors.

e. HabitatDescrintion

Clermontiaoblongifoliassp.mautensistypicallygrowson thesidesofridgesinohia-dominated

montanewetforestatelevationsbetween850-900meters(2,790-2,950 feet) (Hawaii HeritageProgram

[HHP]references;Rock 1913). AssociatednativespeciesincludeCoprosma,Clermontia,Hedyotis,and

Me/icope(R.W. Hobdy,personalcommunicationin USFWS1992a).

f Reasonsfor Decline andCurrentThreats

Possiblecausesfor thehistoricaldeclineof this speciesinclude feralpigs, rodentandslugpredation,

andlossof pollinators.

Currentthreatsinclude:

1) Smallpopulationsize

Becausenomorethanasingleindividualof Clermontiaoblongifoliassp.mauzensisis knownto

exist, asinglenaturalor human-causedenvironmentaldisturbancecouldeasilybeirreversibly

catastrophic.In addition,theextremelylimited genepoolmaydepressreproductivevigor.

2) Feralpigs

The singleknownindividual of Clermontiaoblongfo/ta ssp.mautensisis not currently

threatenedby rootingofferal pigs (R. Hobdy,personalcommunication1995). However,habitat
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degradationby feralpigs wouldbeamajorthreatto anyotherexistingpopulationsor individuals

locatedinareasaccessibletopigs.

g. Conservation

Overthepastthreeyears,Maui Land andPine andTNCHhaveconductedmanagementfor the

reductionofpigsin KapunakeaPreserveandtheHonokowaisectionoftheWestMaui NAR wherethis

subspeciesstill occurs. Thecombinationof fencing,snaringandhuntingunderthisprogramhasreduced

pigsto thepointwheretheyareno longer adirect threatto thesingleknownindividualof Clermontia

ob/ongifo/tassp.mautensis,so localizedfencingfor this individual is no longernecessary(R. Hobdy,

personalcommunication1995).

Germplasmfrom Clermontiaob/ongifoliassp.mautensisis not heldin anyexsitu collections(G.

Ray, Centerfor PlantConservation,personalcommunication1997). Fruits fromthe EastMaui plants

werecollectedandprovidedto theLyon Arboretum(R. Palmer,personalcommunication1997).

Attemptsby Lyon Arboretumto propagateClermontiaoblong~fo/iassp.mautensiswereunsuccessful

(G. Ray, Centerfor PlantConservation,personalconununication1997).

h. NeededRecovervActions

1) Completetaxonomicstudiesto determinesubspecilicstatusofthepossibleKoolauForestReserve

Clermontiaoblongfolia ssp.mautensispopulation.

Resultsofthesestudiesshouldbeusedto determineappropriatemanagementactionsfor these

individuals.

2) Searchfor EastMaui individualsof Clermontiaoblong(foliassp.mautensis.

Searchesshouldbe madeon windwardslopes(Hueloto easternKaupo)at750-1,100meters

(2,500-3,500 feet)elevation. A definitive determinationof RichardPalmer’srecentspecimenfrom

Waikamoishouldbemadebeforemoreextensiveexploration.

3) Propagateandoutplantin protectedareas.

Establishin protectedreserveson Maui in suitablehabitat. Potentialprimesitesinclude

TNCH’s KapunakeaPreserveandWestMaui StateNAR forWestMaui materialandthe Kipahulu

sectionofHaleakalaNationalParkfor EastMauimaterial.
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6. Cyanea lobataMann

(Hawaiian namesfor genus: haha) RecoveryPriority # - 5

a. Descrintion

SuitabledrawingsdepictingCyanealobataarenot available.

Cyanealobata, amemberof thebelmowerfamily (Campanulaceae),is asparinglybranchedshrub

1.3-2.3 meters(4.3-7.5feet) tall with smoothto somewhatroughstemsandoblong, irregularly lobed

leaves30-50centimeters(12-20inches)long,whichmaybebroaderattheendthanatthe base. The tops

oftheleavesaresmooth;the lowersurfacesmayberoughand/ordownyalongtheveins. Theleafstalks

(petioles)are 7-22 centimeters(3-9 inches)longandare somewhatrough. Flowerclusters

(inflorescences)occuron stalks30-75 millimeters (1.2-3.0inches)longbearing5-12 flowers, eachon an

individualstalk 18-35 millimeters (0.7-1.4inches)long. Thebaseof eachfloweris 8-12millimeters

(0.3-0.5inches)longand3-6millimeters (0.1-0.2inches)wide. The flowersarepartiallytubular,curved,

greenish-whiteor purplish,60-70millimeters (2.4-2.8inches)longand5-11millimeters (0.2-0.4inches)

wide, downyatleaston the spreadinglobes,whichareapproximatelyaslongasthetube. Theberriesare

yellow andspherical. Degener(1936) describesthis species(asC. baldwinti) as a“branchedstraggling

shrubwith oneofthebranchestakingroot againin theground.”

This speciesis distinguishedfrom otherspeciesof Cyaneaby thesize oftheflower andthe

irregularly lobedleaveswithpetioles.

b. Taxonomy

Cyanealobatawasdescribedby HoraceMann, Jr., in 1867basedona specimencollectedby Mann

andWilliam Tufts inWaiheeValley, WestMaui, in 1864-1865(MannandBrigham467). Rock(1919)

describedanew varietyofthis species,var. hamakuae,from specimensfrom HamakuaandNahiku,

windwardEastMaui. LammersinWagneret al. (1990)reassignedthis varietyto Cyancagrimesiana

ssp.grimesiana.

Cyaneaba/dwiniiwas describedby C.N. ForbesandG.C. Munroin 1920basedon Munro 674

(BISH, NY) collectedin 1919. Lanuners(in Wagneretal. 1990)treatedCyaneabaldwinii as

a synonymof Cyanealobata. St.JohnandTakeuchi(1987) questionedthedistinctionsbetweenthetwo

closelyrelatedHawaiianendemicgeneraCyaneaandDelissea. St.John(1987)mergedthetwo genera

under theolder genericnameDelissea,creatingthenewcombinations,Delisseaba/dwinii (Forbesand
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Munro) St. JohnandDe/issealobata (H. Mann) St.John. A recenttreatmentof thegenusCyanea

(LammersinWagneret al. 1990)did not acceptthegenericchangesproposedby St. John(1987).

As currently accepted,the genusCyaneaconsistsof 52 species,entirelyrestrictedtothe Hawaiian

Islands(Lammersin Wagneret al. 1990). The specificepithetlobatarefersto thecharacteristicirregular

lobing oftheleafblades.

c. CurrentandHistoric RaneeandPonulationStatus

Historically, Cyanealobatawas knownfrom Lanai andWestMaui (LammersinWagneret al.

1990). On Lanai,Cyanealobata(formerly C. ba/dwinii) wasknownfrom asingleplantdiscoveredin

1919. ThoughMunrocollectedanumberof specimensofthis species,all werefrom asingleplant

locatedatapproximately915meters(3,000feet) elevationatthe extremeheadof Hookio Gulchnearthe

island’s summit,Lanaihale,at 1,030meters(3,380feet) elevation. Despiteintensivefield work onthat

island insearchof this speciesfrom 1919to 1934,Munrofoundno otherindividualsof this taxon.

Munropropagatedmaterialofthe singleknownindividual, outplantingindividualsin the mountainsof

Lanai atLanaihaleandWaikeakuaandin thegardenathisresidenceon Tantalus,Oahu. Degener(1936)

notedthatby the 194Os, theoriginal plantandall outplantingsof Cyaneabaldwintion Lanaihad

perished.This specieshasnotbeencollectedsinceonthat island.

OnWestMaui,basedonhisowncollectionsmadeinthe I870s, Hillebrand(1888) statedregarding

thedistributionof C~.vanealobata, “gulchesofKaanapali,Honokahau,Wailuku, andelsewhere.”No

othercollectionsweremadeon WestMaui for morethanacentury. Cyanea/obatawasrediscoveredon

WestMaui in 1982 (R.W.Hobdy 1675 BISH) at600meters(2,000feet)elevationin WaikapuValleyon

privatelyownedland. The singleknownplant ofthis specieswas laterdestroyedby alandslidetriggered

by heavyrains (Hobdyet al. 1990,LammersinWagneretal. 1990). Basedon its fairly extensive

historical distributionand thelackof adequatesurveysdueto theinaccessibilityofsteepslopesin the

WestMaui mountains,thereis a goodchancethatCyanealobatamaystill be extant.

d. Life Historv

Thoughalow, soft-woodedshrub,this speciescanberelativelylong-lived. Thesoleindividualof

this speciesknownfrom Lanai wasdiscoveredas anadult in 1919 andwas still living in 1934,some15

yearslater(Degener1936).

Cyanealobata isknownto flower from Augustto February,evenin individualsassmall as50

centtneters(19.7inches)in height(Rock 1919,Degener1936).
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e. HabitatDescription

Cyanealob ala hasbeenseenandcollectedon steepstreambanksatelevationsof 550-915meters

(1,805-3,000feet).

f. Reasonsfor Decline andCurrentThreats

Theprimarythreatsbelievedhistoricallyresponsiblefor the endangermentofthis speciesarethe

impactsof feralpigs, possiblepredationby ratsandslugs,andpossiblelossof pollinators.

Currentthreatsto Cyanealobala include:

1) Feralpigs

Habitatdegradationby feral pigsis amajorthreatto anyCyanealobatapopulationsor

individualslocatedin areasaccessibleto pigs onWestMaui.

2) Humanimpacts(collecting andsitedegradation)

Illegal collecting for scientific orhorticulturalpurposesor excessivevisits by individuals

interestedin seeingrareplantscouldresultfrom increasedpublicity andwouldseriouslythreaten

Cyanealobala. Becauseofthefew (if any)remainingindividualsin existence,collectionofwhole

plantsor reproductivepartsand/orsitedegradationcausedby excessivefoottraffic, wouldadversely

impactthegenepoolandthreatenthesurvival ofthetaxon.

3) Smallpopulationsize

Thelikely verysmallnumberof remainingindividuals—ifthereareany—of Cyanea/obataand

thelimited andscattereddistributionof thespeciesarethreatssinceasinglenaturalor human-

causedenvironmentaldisturbancecouldeasilybe catastrophictoall or partof thepopulations.In

addition,thelimited genepoolmaydepressreproductivevigor. Finally, cross-pollinationwouldbe

aproblemfor single, isolatedindividuals.

Cyanealobata waspropagatedby Munro in thepastbut is not currentlybeingpropagatedatanyof

the collectionssurveyedby Mehrhoff(1992) (G. Ray,Centerfor PlantConservation,personal

communication1997).

h. NeededRecovervActions
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1) Searchfor anyindividualsof this speciesin formerhabitat.

Thebestchancefor rediscoveryofthis speciesis in themountainsof WestMaui. Habitaton

Lanaiis extremelylimited (R.W. Hobdy,personalcommunication1994). Searchesshouldstartin

but notbelimited to, WaikapuValley wherethespecieswaslast seenin 1982. UpperKauaula

Valley (westernWestMaui) is agood candidate.Thevegetationof steepwalls indeepvalleys of

windwardWestMaui is largelyintact, with little alienplant invasion. Thereis avery goodchance

thatthis speciesoccurson steepwalls of oneormorevalleysofWestMaui, in sitesinaccessibleby

normalmeansbut accessibleto climbersfully equippedwith ropes,etc.

2) If plantsarelocated,createnewpopulations.

WestMaui hasanumberofungulate-freereserves,wherepigs areremoved,whichwould be

goodsitesfor newpopulations.

7. CyaneamceldowneyiRock

(Hawaiian namesfor genus: haha) RecoveryPriority # - 2

a.Description

SuitabledrawingsdepictingCyaneamceldowneyiarenot available.

Cyaneamce/downeyi,aplantof thebellflower family (Campanulaceae)is anunbranchedshrub2-3

meters(6.6-9.8feet) tall with roughto prickly stems. Leavesof adultplantsareoblongto invertedlance-

shaped,20-35 centimeters(7.9-13.8inches)long,and5-9 centimeters(2.0-3.5 inches)wide. Theleaves

havesmoothto somewhatroughgreenuppersurfacesandpalegreen,lightly downyundersidesandare

characterizedby thickened,finely toothededgesandapointedwedge-shapedbaseon smoothto roughleaf

stalks(petioles)3.5-6centimeters(1.4-2.4inches)long. Juvenilesexhibit leavesthatareovalto egg-

shaped(largeendattip), 15-22centimeters(5.9-8.7inches)longand5-9 centimeters(2.0-3.5inches)

wide with prickly greenuppersurfaces;pale-green,downyandprickly undersides;thickened,toothed

edges;andaroundedbaseon prickly leafstalks (petioles)2.5-4.5 centimeters(1.0-1.8inches)long.

Flowerclusters(inflorescences)occuron stalks(peduncles)15-30millimeters(0.6-1.2inches)long

bearingfive to sevenflowers, eachflower on anindividualstalk (pedicel)10-14millimeters (0.4-0.6

inches)long. Thebaseofeachflower is approximately5 millimeters (0.2 inches)longand4 millimeters

(0.2 inches)wide. The flowersarepartiallytubular,curved,rough-surfacedandwhitewith purple

longitudinalstripes. Flowersareapproximately40millimeters (1.6 inches)longand8 millimeters (0.3
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inches)wide,with thespreadinglobesbeingaboutaslongasthetube. The appearanceandsizeofthe

berriesareunknown.

Thisspeciesis distinguishedfrom otherspeciesof Cyaneaby thecombinationof a denselyarmed

trunk,long(40millimeter [1.6inches])white-coloredcorollas,andleafbladesizeandshape.

b. Taxonomy

Cyaneamce/downeyiwas describedby J.F.Rock (1957)basedonthetype specimen(Rock 25610

BISH) collectedin rainforestwest ofWaikamoiGulch, northwesternHaleakala,in 1954. Rock(1957)

consideredthistaxonmostcloselyrelatedto CyanearollandioidesRock,nowasynonymof Cyanea

platyphylla(Gray)Hillebr., endemicto Hawaii Island. St. JohnandTakeuchi(1987) questionedthe

distinctionsbetweenthetwo closelyrelatedHawaiianendemicgenera,CyaneaandDelissea. St. John

(1987)mergedthetwo generaunderthe older genericnameDe/issea,creatingthenewcombinations,

De/isseabaldwin!! (ForbesandMunro) St. JohnandDe/issealobata (H. Mann)St. John. A recent

treatmentof the genusCyanea(Lammersin Wagneret al. 1990)did not acceptthegenericchanges

proposedby St. John(1987).

As currentlyaccepted,the genusCyaneaconsistsof 52 species,entirelyrestrictedtothe Hawaiian

Islands(LammersinWagneret al. 1990). The specificepithetmceldowneyihonorsMr. George

McEldowney,Kula (Maui) residentandfriendof thespecies’author,JosephF. Rock.

c. CurrentandHistoric RauneandPonulationStatus

Historically,Cyaneamceldowneyiis knownfromrainforestfrom westof Waikamoito Honomanu

onnorthwesternHaleakalaat925-1,280meters(3,030-4,200feet) elevation(Rock 1919,Lammersin

Wagneretal. 1990). Currently,this speciesis knownfrom sixpopulations,rangingfrom 899-1,280

meters(2,950-4,200feet) in elevation,in thevicimty ofWaikamoiDrainageon EastMaui. All

populationsoccuron privateland ownedby Alexander& Baldwin, noneof which is partof theTNCH

WaikamoiPreserve.All populationsbut onecontainfewer than10 individuals (R. Palmer,personal

communication1994). The“large” populationof Cyaneamce/downeyi,whichcontainsanestimated

100+individuals,hasbeendrasticallyreducedby feral pig impactssincethelate 1970s(AC. Medeiros

andR.W. Hobdy,personalobservations1994). Feralpig activity is intensein thearea,withmuchfresh

disturbance(A.C. Medeiros,R.W. Hobdy,L. Loope,andP.A. Thomas,personalobservations1994).

The statusofthe Honomanupopulationis not known.
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d. Life History

No detailsareknown.

e.HabitatDescrintion

Thehabitatof Cyaneamce/downeyiis montanewet forestwithmixedMetrosiderosandAcacia

koa. A detaileddescriptionof thehabitat,speciescomposition,etc.,in thevicimty is givenby Kitayama

andMueller-Dombois(1992). Cyaneamce/downeyitypically growsatelevationsbetween925 and

1,280meters(3,034and4,200feet).

AssociatednativeplantsincludeMelicopeclusifolia,Hedyotis,Metrosiderospolymorpha,Acacia

koa,Clermontiaarborescens,Diplaziumsandwichianum,Broussaisiaarguta, Cibotium,Cyrtandra,

Dicranopterislinearis, andCheirodendrontrigynum (USFWS1992a; HPCC1994). Associatedalien

plants includeAgeratinaadenophora,Rubusargutus,Setariapalmfolia, andTibouchinaherbacea.

f Reasonsfor DeclineandCurrentThreats

The primarythreatsthoughtto be historicallyresponsiblefor theendangermentofthis species

include: destructionofhabitatby cattleandferal pigsandimpactsby alien slugsandblackrats.

Themaincurrentthreatsto Cyaneamce/downeyiinclude:

1) lmpactsof feral pigs

Habitatdegradationandphysicaldestructionby feral pigsis the majorthreatto Cyanea

mce/downeyi.This specieshasundergoneasubstantialdeclinesincethelate 1970sin thevicinity

of theLower WaikamoiFlume,clearlyattributableto direct impactsof feralpigs (A.C. Medeiros

andR.W. Hobdy,personalcommunication1994).

2) Alien plants

Habitatdegradationby feralpigs worksin concertwith invasionof alienplantspecies. As of

1994,palmgrass(Setariapalmifolia) is rapidlyspreadinguncheckedinto thehabitatof Cyanea

mce/downeyi.Palmgrassinvadesthe streambankswhereC. mce/downeyigrows,forming dense

standsanddisplacingnativevegetation.
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g. Conservation

Cyaneamce/downeyihasbeensuccessfullypropagatedby the LyonArboretumon Oahu(G. Ray,

Centerfor PlantConservation,personalcommunication1997).

h. NeededRecovervActions

1) Protecthabitatofknownpopulationsof Cyaneamceldowneyi,especiallythelargepopulation.

2) Constructaseriesof exclosuresto protectextantpopulationsin thelower Waikamoiarea.

3) Establishnew outplantedpopulationswithin protected(i.e., fenced)appropriatehabitatin the

Waikamoiarea.

Someof thesameareascouldalsobeusedfor outplantingClermontiaoblongfolia

ssp.mautensis.Do weedcontrol if it is neededandcanbedonewithoutunduegrounddisturbance.

4) Determinestatusof Honomanupopulationandmanageappropriately.

If this populationis extantandpigsarepresent,considerlow-impactconstructionof woven-wire

exclosureto protectfrom feralpigs. Do weedcontrol if neededandpracticalwithoutundueground

disturbance.

8. Geraniumarboreum Gray

(Hawaiian names:nohoanu,hinahina) RecoveryPriority # - 2

a. Description

AppendixD containsaline drawingof Geraniumarboreum.

Geraniumarboreum,amemberofthe geraniumfamily (Geramaceae),is alarge,branched,

spreadingshrub2-4meters(6.6-13.1feet) tall. The greenandsomewhathairyleaves,alternatingclosely

afteroneanotheron thestem,areoval-or heart-shaped,usually4-7 centimeters(1.6-2.8inches)longand

2.54.5centimeters(1.0-1.8inches)wide with 5-8 noticeableveins and8-14 smallteethon eachedge.

The leafstalks (petioles)are 1-3 centimeters(0.4-1.2inches)longandareencircledbeneath(subtended)

by tiny (12-14millimeters [0.5-0.6inch]), hairy, leaf-likeappendages(stipules),which persistafter the

leaveshavefallen. Magentaflowers20-25 centimeters(7.9-9.8inches)longoccurin short-stalked

groupsof usuallyoneto four, originating fromthepointof attachmentof leavesto thestem. Theupper

threepetalsareerect,andthelower twopetalsarebentabruptlybackward. Its flowersaretheonly ones
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in the genusthatarezygomorphic(notsymmetricallike pie slicesaroundacentralpoint). A singledark-

purple,net-surfaced2.5 millimeter (0.1 inch)seedis producedineachof five cellsof theelongatedfruit.

b. Taxonomy

Geraniumarboreumwas describedby AsaGray (1854)from specimenscollectedby Charles

PickeringandWilliam Brackenridgeof theU.S. Exploring Expeditionon Haleakala,Maui, in 1841. In

1956,DegenerandGreenwellchangedtheplant’snametoNeurophyl/odesarboreum;however,Gray’s

placementoftheplant in Geraniumis acceptedby otherbotanists(Wagneret al. 1990).

The genusGeraniumcomprises300 speciesworldwide,especiallyin temperateandwarmtemperate

regions(Cronquist1981). The specificepithetarboreumrefersto thetree-likehabitof this species.

c. CurrentandHistoric RaneeandPopulationStatus

Theoriginal rangeandabundanceof Geraniumarboreumareunknown;however,late 19th-and

early20th-centurycollectionsindicatethat it oncegrew atelevationsaslow as 610meters(2,000feet) on

the southernslopesof HaleakalaVolcano,andthatits distributionon thenorthernslopesextended

beyondits presentlyknownrange. Today,isolatedpopulationsof Geraniumarboreumgrowprimarily in

steep,narrow gulchesat 1,525-2,135 meters(5,000-7,000feet) elevationonthenorthernandwestern

slopesof HaleakalaVolcano,EastMaui (USEWS1992b). At least300plantsremain(Funk 1988) in 21

distinct sites(A. Medeiros,personalobservations1995). At least250plantsoccurin asinglepopulation

in the Kula ForestReserve.The remainderaremostlyin two populationsin the HosmerGrove/Puu

Nianiauareaonthenorthwesternslopeof Haleakalavolcanoon landsbelongingto HaleakalaRanch,

HaleakalaNationalPark(fewerthansix plantsknown), andWaikamoiPreserve.A few individualsoccur

in afourthpopulationontheprivately ownedKaonouluandErehwonRanchlandson westernHaleakala

(USFWS1992b).

d. Life Historv

Geraniumarboreumis the only speciesin its genusthatappearsto bebird-pollinated. Native

honeycreepersappearto beamajorpollinationvector. Geraniumarboreumfrom thesouthwestareaof

Haleakalain theKula ForestReserveproduceseedsthatarelargerandfuller thanseedsfrom the

northwestextensionof its distribution(AC. Medeiros,personalobservation1994). Native

honeycreepersare reasonablyabundantat bothsites. It is possiblethatthe largernumbersandclumped
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distributionofthe southwestrift populationsfacilitate inter-plantvisits by nativebirds andhigher

outcrossingfrequency.

e. HabitatDescriotion

Typicalhabitatofthis rare shrubis inmoistgulchesneartheupperlimit of nativeforestgrowth.

Theremainingisolatedpopulationsof Geraniumarboreumgrow in steep,narrowcanyonsonthenorth

andwestouterslopesof HaleakalaVolcanoat 1,525-2,135meters(5,000-7,000feet) elevationin

anarrowband(0.25 x 14 kilometers[0.16x 8.7miles]). Theenvironmentofthesegulchesis dampand

shadedpartof thedayandoften inclouds,asaresultofthe coincidenceofthis bandwith the layerjust

belowthetrade-windinversion,animportantmeteorologicalphenomenonin theHawaiianIslands. Fog

drip is frequent. Theclimatezonejustaboveis substantiallydrier andsupportsnativeshrubland,not

forest. Geraniumarboreumplantsappearto obtainasignificantportionoftheir waterrequirementby

“combing” moistureout ofthedrifting fog (Funk1982). Currently,vegetationin theravinesis often

quitedenseandconsistsmainlyofmostlymedium-sizedwoodyshrubs,alien grassesandweeds,and

mixedferns(Funk 1982).

AssociatednativespeciesincludeSophorachrysophy/la,Vacciniumreticulatum,Dodonaea,

Styphe/ia,Rubushawaitensis,Dryopteriswallichiana,Metrosideros,Myrsinelessertiana,and

Coprosma (HPCC1994). Associatedalien speciesincludeAgeratinaadenophora,Ho/cuslanatus,

redwood,andpines(HPCC 1994; A.C. Medeiros,personalobservation1994).

Geraniumorboreumis aminor componentof thevegetationoccurringin smallisolatedpopulations

mthe gulches. Thehabitatof nearbyandsurroundingareasis subalpineor mesicshrubland;afew

Geraniumarboreumindividualsgrownearareasthathavebeenconvertedto agriculturalusessuchas

pasturelandor experimentaltreeplots.

f Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistoricallyresponsiblefor theendangermentof this speciesincludetheimpacts

of aliencattle,goats,pigsandplants,andfire, whichis knownto havedestroyedfour individualsin the

Kula ForestReservein 1984(R.W. Hobdy,personalcommunication1994).

The maincurrentthreatsto Geraniumarboreuminclude:

1) Alien plants

Displacementby alienplantspecies,primarily grassesandtrees,posesthecurrentprimarythreat

to thelong-termsurvival of Geraniumarboreum. Mats ofaliengrassescovergroundthatwould
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otherwisebeavailableto Geraniumseedlings.Alien treespecies(e.g.,Acaciamearnsii and

Myricafaya) eventuallyform suchdensestandsthattheyvirtually excludenativespecies,including

Geraniumarboreum. In thePolipoli Springsareaat certaintimesoftheyear,pollenfrom alien

pinetreescompletelycoversthestigmasof G. arboreumandprecludesanyfertilizationby its own

species. Geraniumarboreumdoes,however,havealonger floweringperiodthandothe alienpines

(Funk 1982,1988; USFWS1992b).

2) impactsof feralpigs, cattleandgoats

Feralanimalscontinueto exertnegativeimpactson Geraniumarboreum.

3) Fire

Fires in thehabitatof Geraniumorboreumcontinuetobe ofconcern.

4) Smallpopulationsize

The scattereddistributionofthe specieshasthepositiveeffectof reducingthechancethat

asinglenaturalor human-causedenvironmentaldisturbancecouldaffectall populations. However,

sincethe approximately300 extantindividualsoccurinabout21 sites(groupedinto four

populations),eachwith only 1 to 25 plants,thelimited local genepoolsmaydepressreproductive

vigor.

5) Humanimpacts(collectingandsitedegradation)

Illegal collectingfor scientific orhorticulturalpurposesor excessivevisitsby individuals

interestedin seeingrareplantscouldresultfrom increasedpublicity,andcould seriouslyimpact

Geraniumarboreum.Thespeciesis attractiveandcouldbecomethesubjectof increasedcollection

in the future(USFWS1992b).

6) Rabbits

RabbitsalmostbecameestablishedonEastMaui within HaleakalaNationalParkin 1990as

aresultof releaseof petrabbitsby acarelesspetowner. Rapidresponseby Parkmanagementto the

problemis apparentlyall thatpreventedacatastrophe.The sitewheretheincipientrabbit

populationexistedwas adjacentto habitatof Geraniumarboreum. It is almostcertainthatsimilar

incidentswill occurin the future. If rabbitswereto establish,theywouldposeaseverethreatto the

survival of this species.

g. Conservation

Geraniumorboreumis notbeingpropagatedatanyofthecollectionssurveyedby Mehrhoff (1992)

(G. Ray, Centerfor PlantConservation,personalcommunication1997). However,it is grownasan

ornamentalby anumberof individuals. Varying degreesof successhavebeenreportedwith effortsat
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raisingplantsfrom wild-collectedseed;inherentvigor,possiblygenetic,oftheseedsseemstohave

a direct correlationwith the successoftheseedlings.A cuttingof Geranium arboreumhasbeen

successfullyrootedon atleastoneoccasion.

A verysmallproportionof theextantindividualsof Geraniumarboreumoccurswithin Haleakala

NationalPark. AlthoughtheNationalParkServicedoesprovideactivemanagementprotectionto

sensitiveresources,thesmallpercentageof habitatof Geraniumarboreumwithin the Parklimits the

potentialbenefitsof Parkmanagementfor this species(USFWS 1992b).

h. NeededRecovervActions

1) Protectextantpopulationsofthisspeciesby constructingaseriesof five to eightexclosuresfrom

leewardHaleakalato PuuKoolau, northwesternHaleakala.

ManysitesonnorthwesternandsouthwesternHaleakalaVolcanostill haveappreciablenumbers

of Geraniumarboreumonwhichto centerexclosurelocations. On leewardHaleakala,this species

is apparentlyextirpatedandshouldbere-establishedfromseedfrom thenearestextantpopulations,

i.e., thoseof the southwestrift. Ownersof sitesappropriatefor exclosuresarethe Stateof Hawaii

(Kula ForestReserve),HaleakalaRanch,HaleakalaNationalPark,andTNCH(Waikamoi

Preserve).

2) Conduct/encouragework on pollinatorsandreproductivebiology.

Lackof adequatepollinationmaybeacrucial limiting factorfor this species.Emphasisof this

work is to determinehowimportantnativehoneycreeperbirds areto quantityandqualityof seedset

ofthis species.

9. Geranium multiflorum Gray

(Hawaiian names:nohoanu,hinahina) RecoveryPriority #-8

a. J2~n~fl~n

AppendixD containsaline drawingof Geraniummu/t~fiorum.

Geraniummult~florum,amemberofthe geraniumfamily (Geraniaceae),is acompact,many-

branchedshrub 1-3meters(3.3-9.8feet)tall. Its stemsare grayto reddishor dark-gray. Theoval-shaped

leaves,greenandsometimessmoothontop andgrayishandsilky below, alternateonthe stemoftheplant

andareprominentlybunchedonly nearthe endsofthebranches.The leavesareusuallyabout4.5-7

centimeters(1.8-2.8inches)longand1.5-3centimeters(0.6-1.2inches)longwith 7-11noticeableveins,
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Theedgesofthe leaveshavetiny teethto atleast1/3 thedistancefrom theleafapextothebase. The leaf

stalks(petioles)areusually 1.5-2.5centimeters(0.6-1.0inches)longandareencircledbeneath

(subtended)bysmall awl-shapedleaf-likeappendages(stipules)onthemainplantstemthatpersist,

coveringthebranchesafter theleaveshavefallen. Whiteflowers, normallywith purpleveins andpurple

atthecenter,havepetals10-15millimeters (0.4-0.6inches)longandusuallyoccurin groupsof 25-50,

whichextendbeyondtheleaves. A singledarkreddish-brownshiny,lightly net-surfaced2 millimeter

(0.08inch)seedis producedin eachoffive cells ofthe elongatedfruit.

Geraniummu/t~florumis distinguishedfrom othersof the genusby its white, regularlysymmetrical

flowersandby theshapeandpatternofteethon its leafmargins.However, thespeciesis morphologically

andperhapsgeneticallyvariable.Thevariability, especiallyin termsofleafsize,shape,andleaf

pubescence,exceedsthatof all otherspeciesof HawaiianGeranium.

b. Taxonomy

Geraniummultzj/orumwas describedby Asa Gray(1854)basedonspecimenscollectedby Charles

Pickering,amemberof theU.S. ExploringExpedition,on Maui in 1841. Otherpublishednames

referringto thetaxonas it is currentlydefined(Wagneret al. 1990)includeGeraniumovatifolium (Gray

1854), Geraniummu/tijlorumvar.canum(Hillebrand1888), Geraniummultifiorumvar. ovatfolium

(Fosberg1936), Geraniummultqiorumssp.ovatfo/ium(CarlquistandBissing 1976),Neurophyllodes

ovat(folium (DegenerandGreenwell1952),Neurophy//odesmu/t(f/orum(DegenerandGreenwell1952),

Neurophyllodesovatifoliumvar.forbesit (DegenerandDegener1967),andNeurophyllodesovatifolium

var. superbum(DegenerandDegener1967). St. John(1973)reinstatedDegener’sgenusNeurophy//odes

as Geraniumin 1973,creatingthenew combinationsGeraniummultifiorum var.forbestiandGeranium

mu/tzjlorumvar.superbum. The currenttreatment(Wagneret a/. 1990)doesnot recognizeany

infraspecifictaxaof Geraniummu/I(Ilorum.

The genusGeraniumcomprises300speciesworldwide,especiallyin temperateandwarmtemperate

regions(Cronquist1981). Thespecificepithetmultiflorum refers to themany-floweredinflorescences.

c. CurrentandHistoric RaneeandPonulationStatus

Historically,Geraniummultiflorumwasknownfrom Ukulele,Waieleele,andWaianapanapaon

EastMaui. This speciesis nowknownfrom HaleakalaNationalPark,HanawiNaturalAreaReserve,

Koolau ForestReserve,andWaikamoiPreserveon Federal,State,andprivate (TNCH) land. Theeleven

knownpopulationsextendover adistanceof about10.5 x 5.5 kilometers(6.5 x3.4miles). Dueto the
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inaccessibilityof thepopulationsandthedifficulty in determiningthenumberof individuals(dueto the

plant’smulti-branchedform), thetotalnumberof individualsofthis speciesis notknown. However, it

probablydoesnot exceed3,000plants. In KoolauGap, thisspeciesis sympatricwith andmayhybridize

with Geraniumcuneatumssp.In dens.

d. Life Historv

No detailsareknown.

e. HabitatDescrintion

Thehabitatof Geraniummu/tijlorum encompassesdiversevegetationtypes,witharangeofmean

annualprecipitationfrom aslow as 60 centimeters(23.6 inches)to over 500centimeters(16.4feet).

Occurringprimarily onthewindwardsideof EastMaui, this speciesis foundmostlywithin wet forests.

Substratesrangefrom lavaflows to rich soils. Geraniummulliflorum growsat 1,580-2,260meters

(5,183-7,415feet) inelevation—inmontanegrasslands,montanebogedges,fog-sweptlavaflows, gulch

slopesof montanewetforests,andoccasionallyin subalpineshrublands.

The largest,looselycontiguouspopulationofthis speciesoccursin thetangledshrubecotone

betweenMetrosiderosforestandDeschampsiagrasslandsonthenorthernouterslopesof Haleakala.

Here, Geraniummultiflorum is a distinctiveandcharacteristicpart ofthearea’svegetation. It alsooccurs

in muchdrier habitatsin HaleakalaCraterandinKoolauGap on sparselyvegetatedlava. In thesesites,

the leavesofthe speciesaremuchsmallerandmoredown-covered(canescent)thaninwetterlocales.

AssociatednativespeciesincludeVacciniumreliculalum,Vacciniumcalycinum,Metrosideros

polymorpha,Coprosma,Styphe/ia tameiameiae,andSad/eriacyalheoides.Associatedalien species

includeDaclylis glomerata,Ho/cuslanalus,Hypochoerisradicata,Juncusplanifo/tus,andRubus

argutus.

f Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistoricallyresponsiblefor theendangermentof this speciesweretheimpactsof

feral goatsandpigs.

Themaincurrentthreatsto Geraniummultqioruminclude:

1) Feralungulates

Thebrowsingof feral goatsandrootingof feralpigs continuetothreatenthis taxon.
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2) Alien plants

In themoisterpartsof its range(ecotoneofforestandKalapawili grasslands,backwallsof

KipahuluValley, andnearPaliku),thelong- term survivalof Geraniummulliflorum is threatened

by prickly blackberry(Rubusargutus). This alienplantovertakesareasneededfor reproduction,

posingaseriousthreattothehabitatof Geraniummultiflorumon Maui.

g. Conservation

ThoughGeraniummullqiorum is not beingpropagatedatanyofthe collectionssurveyedby

Mehrhoff(1992) (G. Ray, Centerfor PlantConservation,personalcommunication1997),cultivated

specimensarebeingraisedneargovernmenthousinginHaleakalaNationalParkat 2,133meter(7,000

foot) elevation. Managementpracticesby theNationalPark Servicein HaleakalaNationalParkandby

TNCH in WaikamoiPreservehavesharplyreducedthenumbersof goatsandpigs,resultingin amuch

improvedprognosisfor long-termsurvivalof Geraniummullqiorum. Exclosuresarenot neededto

assurethe long-termsurvival ofthis speciesbecausemostindividualsoccurinmanagednaturereserves.

h. NeededRecovervMeasures

1) Maintain controlof feral goatsandpigsin HaleakalaNationalPark,TNCH’s WaikamoiPreserveand

upperHanawiNAR.

2) Controlinvasivealienplants,especiallyblackberry.

If thesethreatsarekeptundercontrolandpopulationsremainstableor increaseoverthenextfive

years,this taxonmaybeconsideredfor down-listing.

10.HedyotiscoriaceaSm.

(Hawaiianname:kioele) RecoveryPriority # - 2

a. Description

SuitabledrawingsdepictingHedyotiscoriaceaarenot available.

Hedyoliscoriaceais asmall,erectherbin thecoffee(or madder)family (Rubiaceae)with leathery,

moreor lessoval-shapedleaves.Theleavesare3-8 centimeters(1.2-3.2inches)longandusually 1.5-3

centimeters(0.6-1.2inches)wide, usuallyhairlesson top, andnet-veinedandhairlessor downybelow.
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Leavesareon 5-10millimeter (0.2-0.4inch) sheath-likeleafstalks (petioles)atthe baseof whichare

triangularleaf-likeappendages(stipules)to33 millimeters (1.3 inches)long. The stemsareroundor

somewhatfibbedalong their length. The flowers,about5-11millimeters (0.2-0.4inches)long,occurin

small clustersandaretrumpet-shapedandfleshy. The fruits arecup-or top-shaped,4-7 millimeters(0.2-

0.3 inches)long, 3-4millimeters (0.1-0.2inches)in diameter,containingdark-brown,irregularlyangled

seeds.

Hedyoliscoriaceais distinguishedfrom otherspeciesof the genusby its small,triangularleaf-like

appendagesbelowtheflower (calyx lobes),whichdo not enlargein fruit, andthe combinationof fruits

thatarelongerthanwide andflower budsthataresquarein crosssection.

b. Taxonomy

Hedyotiscoriaceawasdescribedby Sir JamesEdwardSmithin 1811 from aspecimencollectedby

ArchibaldMenzies. This taxonhashistoricallybeenknownby severalothernames(notall validly

published),includingHedyolisconostyla(Gaudichaud-Beaupr61830),Hedyoliscoriaceaforma

conoslyla(Fosberg1943),Hedyolismenziesiana(Steudel1840),Hedyolissmithit(Walpers1842-

1847),Kaduaarnolti (Don 1834),Kaduaconostyla(HookerandArnott 1832),Kaduamenziesiana

(ChamissoandSchlechtendal1829),Kaduasmilhii (HookerandArnott 1832),andOlden/andia

conostyla(A.P. deCandolle1830). Themostrecenttreatment(Wagneret al. 1990)recognizesonly

Hedyoliscoriacea.

ThegenusHedyotiscomprisesmorethan250 speciesworldwide in tropicalandsubtropicalareas,

especiallyin theOld World (Wagneret al. 1990). The specificepithetcoriacearefers to thecoriaceous

(leather-like)leaftexture.

c. CurrentandHistoric RanceandPonulationStatus

RegardingHedyotiscoriacea,Hillebrand (1888)stated,“Hawaii in variousregions(nearthecoast,

U S E E) Nat. name:‘Kioe/e’ accordingto Gaudichaud.”Fosberg(1943) stated,“A rare,perhapsnow

extinct,Hawaiianspeciesevidentlyinhabitingdry to moistplaces,thoughlittle is knownof its habitats.

Collectedby mostofthe earlyexplorers,but not foundsinceForbes’collectionin 1911.”

Until recentrediscoveries,thelatestcollectionof this specieswasmadein 1949(Degeneret al.

20500BISH) on the 1859 lavaflow, Hawaii Island(Wagnerel al. 1990). A singlespecimenofHedyolis

coriaceawas rediscoveredby StevePerlmanin the Lihausectionof theWestMaui NAR; thespecies

conceivablycouldexistelsewhereon Maui aswell. In September1991,two individualsof thetaxon
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wererediscoveredon Hawaii Islandon the 1859 lavaflow in the PohakuloaTrainingArea(PTA), and

severalotherswere subsequentlydiscovered. This is theonly knownnaturaloccurrenceofmorethana

singleindividual. Currently,fewer than20 plants(about17 on Hawaii Islandandasingleplanton West

Maui) aretheonly knownrepresentativesofHedyoliscoriacea(Loyal Mehrhoff,USFWS,personal

communication1995).

d. Life History

Little is known aboutthelife historyofHedyoIts coriacea. Floweringcycles,pollinationvectors,

seeddispersalagents,longevity, specificenvironnientalrequirements,andlimiting factorsareunknown.

e. HabitatDescrintion

ThehabitatofHedyoliscoriaceais largelyundocumented.Gaudichaud(St. JohnandTitcomb

1983) includedthefollowing taxainhis “Third Region” in whichHedyotiscoriaceais found: Alynia

o/ivformis,Alhyrium microphyl/um,Cibotium,Chamaesyce,CheirodendronIrigynum, Clermontia,

Cyaneagrimesiana,Exocarpusgaudichaudit,Freycinetiaarborea,Metrosiderospolymorpha,

Osleome/esanlhy/lidifo/ta, Sadleriacyatheides,Scaevolachamissoniana,andStyphe/ia tameiameiae.

On WestMaui, apparentpotentialhabitatofHedyoliscoriaceaoccursonsteep,rocky, slopesin dry

aalii (Dodonaeaviscosa)-dominatedshrublandsor forestsat470-7,00meters(1,550-2,300feet)

elevation. AssociatednativespeciesonWestMaui includeMelrosiderospo/ymorpha, Styphe/ta

tameiameiae,Alyxiaoliviformis,Bidensmenziesii,Gouaniahi//ebrandit,Sidafa//ax,Lipochaeta

lavarum,Myoporumsandwicense,andSchiedeamenziesii(USFWSI 992a,HPCC 1994). Associated

alienspeciesonWestMaui includeLeucaenaleucocephala,Opunliaficus-indica,andChamaecrista

niclilans (HPCC1994).

f Reasonsfor DeclineandCurrentThreats

On WestMaui, Hedyoliscoriaceahasbeenalmostextirpatedby thecombinationof cattle,fires,

andinvasionofalienplantspecies. On Hawaii, thesamefactorsandadditionally, feral ungulates,have

undoubtedlybeenresponsiblefor thedeclineof this species.

Themaincurrentthreatsto Hedyotiscoriaceainclude:

1) Smallpopulationsize
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The very smallremainingnumberof individualsofHedyoliscoriaceaandthe limited and

scattereddistributionof thespeciesarethreatssincea singlenaturalor human-causedenvironmental

disturbancecouldeasilybecatastrophicto thefew survivingplantson eachisland. In addition,the

limited genepoolmaydepressreproductivevigor.

2) Fire

Thepossibilityof fire is amajorthreattothe existenceofHedyoliscoriacea,particularlyin view

of the smallremainingnumberof individualsof this species. Naturalfires andfires accidentallyset

by huntersor military ordnanceor personnelwithin PTA threatennativevegetationontheleeward

sideof MaunaKea(USFWS1991), includingthehabitatof theremnantindividualsofHedyotis

coriacea. Habitatdisturbancecausedby military exercisesatPTA mayhavethreatenedHedyotis

coriaceain thepast. Plannedmilitary activitiesarenowbeingreevaluatedin light oftherecent

discoveryof severalendangeredplantson PTA.

3) Weeds

Alien plants,particularlyfountaingrasson PTA, threatenHedyoliscoriacea.

4) Humanimpacts(military maneuvers,collecting, sitedegradationby hikers)

Illegal collectingfor scientificor horticulturalpurposesor excessivevisitsby individuals

interestedin seeingrareplantscouldresultfrom increasedpublicity, andwould seriouslythreaten

Hedyoliscoriacea. Becauseof thefewremainingindividualsinexistence,anycollectionof whole

plantsor reproductivepartswouldadverselyimpactthe genepoolandthreatenthesurvival ofthe

taxon. Hikersmayinadvertentlycausedisturbanceto WestMaui habitat(HPCC 1994).

g. Conservation

HedyotiscoriaceahasbeenpropagatedattheNationalTropicalBotanicalGarden(NTBG) (D.

Ragone,personalcommunication1994)andattheDOFAW nurseryon Maui (R. Nakagawa,

personalcommunication1996). Plannedmilitary activitiesarepresentlybeingreevaluatedin light

oftherecentdiscoveryof severalendangeredplantson PTA.

h. NeededRecovervActions

1) Establishandmanage(e.g.,weedcontrol,fencing, etc.) additionalpopulationsofHedyotiscoriaceain

WaikamoiPreserveandPTA.

If successful,thiscouldprovidethebestprotectionagainstextinctionofthis speciesby stochastic

eventssuchasfire. Newpopulationsshouldbelocatedin areasdisjunctenoughfrom existing

populationssoasnotto bevulnerableto thesamewildfire.
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2) Protectthe PohakuloaTrainingAreapopulationofHedyotiscoriacea.

Constructionofanexclosurefor, andmonitoringof, theHedyoliscoriaceaatPTA andcontrolof

surroundingalienplantspeciesareneeded.

3) ProtectLihau individual (WestMaui) ofHedyotiscoriacea.

Constructionof anexclosurefor, andmonitoringof, Hedyoliscoriaceaandcontrolof

surroundingalienplant speciesareneeded.

4) Conductresearchon pollinators,reproductivebiology,andotherpossiblelimiting factors.

This speciesoftenoccursin lowerto middleelevationareaswherealienantsaredominantand

havecausedtheloss of mostnativeHawaiianinsects. Emphasisofthis work is to determine:a)

whetherspeciesis self-incompatible,i.e., whetherpollinatorsarealimiting factorin the

reproductivebiologyof this species;and, b) whethernativepollinatorsarepresent.

11.Huperziamannii (Hillebr.) Holub

(Hawaiian namefor genus: wawaeiole) RecoveryPriority # - 2

a. Descrintion

SuitabledrawingsdepictingHuperziamannitarenotavailable.

Huperziamannii, a memberoftheclubmossfamily (Lycopodiaceae),is a pendent(hanging)

epiphyte(growingon theoutsideof otherplantsinsteadof beingrootedin theground)with clustered,

delicateredstems4-10 centimeters(1.6-3.9inches)long andlessthan1 millimeter (0.04 inch) thick.

Leaves,arrangedin threerows on the stem,arepointed,flat, andlance-shaped,measuring4-12

millimeters (0.2-0.5inches)long and 1-2millimeters (0.04-0.08inches)wide. Fruiting spikesbranch

four to six timesandare 12-20 centimeters(7-9 inches)longand1-2 centimeters(0.4-0.8inches)wide.

Bractsonthefruiting spikesare arrangedin two to four ranks,are 1 millimeter (0.04inch) long, and

concealthesporecapsules.This speciescanbedistinguishedfrom othersof its genusinHawaiiby its

epiphytichabit,its delicatered stems,andits forkedfruiting spikes.

b. Taxonomy

Mann (1867-68)first collectedHuperziamanniton Maui before1868,referringto it as

“Lycopodiumphlegmaria?” In 1888,Hillebrand(1888)namedthe taxonLycopodiumphlegmaria

var. mannitin theoriginal collector’shonor. HermannNessel(1939)transferredthetaxonto the genus
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Uroslachys. CarlSkottsberg(1942),believingtheplant’s characterstowarrantspecificstatusand

retainingthe genusLycopodium,subsequentlypublishedthecombinationLycopodiummannit. Some

speciesofLycopodiumhaverecentlybeenplacedin the genusHuperzia(Ollgaard1989).

ThecombinationHuperziamannitwaspublishedby JosefHolub (1991)after theproposedrule for its

endangeredstatusappearedin theE~d~rai Re~nster. Thisnew combinationhasbeenacceptedby most

botanistsspecializingin thisplant family andthereforehasbeenincorporatedinto this recoveryplan

(IJSFWS1992a). Thespecific epithetmannithonorsHoraceMann, Jr., animportantHawaiianplant

collector,whofirst collectedthis taxon.

c. CurrentandHistoric RaneeandPouulationStatus

Historically,Huperziamannitwas knownfrom Kauai (Waiakoali),WestMaui (Haelaauand

Hanaula),andHawaii Island(CaptainCook-Kona)(HHP 1994). Hillebrand (1888)statedregardingthis

species,“On themountainsaboveMaalaeabay, Maui. Only collectedby Mann. Oneofthemostslender

forms ofthe species.”

Themajority of remainingHuperziamannitis believedto occuron EastMaui. It wasfirst recorded

therein 1976(HigashinoandMizuno 1976)in the Healaniregionin theKipahuluForestReserveatca.

1,280meters(4,200feet) elevation. In 1982, Higashino(unpublished)notedthattheHealanipopulation

consistedoftwo colonies,with anestimatedtotal of 50 individuals.

Two populationsofHuperziamannitareknownfrom the Kahikinui ForestReserveon EastMaui. In

1981,Huperziamannitwasdiscoveredin ManawainuiGulchwithin theReserveat 1,615meters(5,300

feet)elevation. Thispopulationconsistsof six individualsgrowingon thetrunksoftwoAcaciakoatrees

(Medeiros,Loope,andHolt 1986). In 1995,an additionalpopulationwithin the Reservewas discovered

by Art MedeirosandMahealaniKaiaokamalie. This secondpopulationwithin the Reserveis in an

unnamedgulchwest ofManawainuiGulch at1,630meters(4,880feet) elevation. Sevenindividuals

were observedatthis sitealsogrowingon thetrunksofAcaciakoa trees(A.C. MedeirosandM.

Kaiaokamalie,personalcommunication1997).

A fourthEastMaui populationwas discoveredin 1992 onthe southernrim of KipahuluValley, at

a sitereferredto locally as“Cable Ridge,”at 610-760meters(2,000-2,500 feet) elevation,partially

within HaleakalaNationalPark,but alsoon adjacentStateandprivate land. CableRidgehaseasilythe

largestknownpopulationof thespecies,numberingseveralhundredindividuals,scatteredover anareaof

about260hectares(650 acres)(A.C. Medeiros,personalcommunication1994). At leastafew

individualsofHuperziamannitoccurin afifth populationon Lihau andPuu-kukuionWestMaui. It is

alsosparinglypresentin a sixthpopulationon LaupahoehoeNAR on theislandof Hawaii, on Stateand
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privateland (HHP andHPCCreferences).The totalnumberof extantindividualsis thoughttobefewer

than300 (L. Mehrhoff, personalcommunication1995).

d. Life Historv

Nodetailsareknown.

e. HabitatDescription

Huperziamannittypically growson the nativetreespeciesMetrosiderospolymorpha(ohia),

Acaciakoa (koa),andDodonaeaviscosa(aalii) inmesicto wetmontaneohia-koaforestson Maui and

theisland of Hawaiiat 600-1,600meters(1,969-5,250 feet)elevation(USFWS1992a;A.C. Medeiros,

personalobservation1994). AssociatednativespeciesareextremelynumerousandincludeAsle/ta

menzzesii,Coprosmaspp.,CheirodendronIrigynum,Ilex anoma/a,Melrosiderospolymorpha,and

Myrsine. On Hawaii Island,Sophorachyrsophy/lais present.(Cuddihyetal. 1982,HHP references,

USFWS 1992a).

f Reasonsfor DeclineandCurrentThreats

Theprimaryhistoricalreasonsfor the endangermentofthis speciesincludehabitatalterationby feral

goats,cattleandpigs,andthe impactsofalienplant species.

Themain remainingthreatstoHuperziamannit include:

1) Feralungulates

Habitatdegradationby feral pigsandgoatsandferal andstraydomesticcattleis themajorthreat

toHuperziamannit. This epiphyticspeciesdependson survivalof its hosttrees. Althoughthereis

currentlyno directevidenceof predationonHuperziamannit, it is not knownto beunpalatableto

goatsor caffle (USFWS1992a).

2) Alien plants

On Hawaii Island,blackberry(Rubusargulus)competeswith andposesathreatto thehabitatof

Huperziamannit(HHP 1994; LindaCuddihy, BiologicalResourcesDivision,personal

communication1990). CyalheacooperiandPsidiumcattletanumaremajorthreatsatthe

Kipahulu,EastMaui, site (A.C. MedeirosandL. Loope,personalconimunication1994).

3) Smallpopulationsize

Thevery smallremainingnumberof individualsofHuperziamannitandthelimited and

scattereddistributionof thespeciesarethreatssinceasinglenaturalor human-causedenvironmental
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disturbancecouldeasilybe catastrophicto thefew survivingplantsoneachisland. In addition, the

limited genepoolmaydepressreproductivevigor andadaptability.

g. Conservation

Huperziamannitis notbeingpropagatedatanyof thecollectionssurveyedby Mehrhoff(1992).

An exclosurewasconstructedin 1990,usingbarbed-wireandwoven-wire,to protecttheKahikinui Forest

ReserveManawainuiGulchpopulationofHuperziamannitandassociatedspecies. This fence

constructionwas acooperativeeffortbetweentheNativeHawaiianPlantSocietyandMaui DOFAW.

Living IndigenousForestEcosystems(L.I.F.E.)plansto fencethe secondKahikinui populationof

Huperziamannitwith fundsprovidedby the Service.

h. NeededRecovervActions

1) ProtectKipahulu(cableridge) population,easternManawainui,borderingHaleakalaNationalPark.

The “cable ridge” populationofHuperziamanniiis easilythelargest,far exceedingthe

combinednumberof individualsof all otherknownpopulations(A.C. Medeiros,personal

communication1994). Becauseof thesizeof thispopulationofHuperziamannitandthe qualityof

surroundinghabitat,protectionof thispopulationis themostimportantstepfor thelong-term

conservationof thespecies.

Protectioninvolvesconstructionof awoven-wireexclosureandeliminationof feral pigsthatare

nowcommonanddestructivein thearea. Controlof invasivealien speciesmaybenecessaryin

somepartsofthe“cableridge” population. Forexample,Cyalheacooperi, analientreefern is

commonandinvasivein lower elevationareasof“cable ridge.”

2) ProtectState-ownedHealanipopulation,EastMaui.

Currently,thetwo coloniesareunprotectedfrom feral goatsandpigs. Continueddegradationof

this site will causethe lossof nativetreespeciesandconversionto aliengrasslands.Without

protection,the continuedlossofAcaciakoaandDodonaeaviscosatrees,whichhostHuperzia

mannitatthis site,will causedeclineandeventualextirpationofthesepopulations. Protectionby

woven-wirefenceexclosuresin thisareahasdemonstratedpotentialfor increasingcoveranddensity

of nativetreespecies(ScowcroftandHobdy 1986; R.W. Hobdy andA.C. Medeiros,personal

observation1994).

3) Supporteffortsatthe Kahikinui ForestReserveto protectthetwoknownpopulations.
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The exclosureconstructedin 1990in Kahikinui ForestReserve(Manawainuidrainage),as

a cooperativeeffortbetweentheNative HawaiianPlantSocietyandMaui DOFAW, needsto be

monitoredfor breaksin thefenceandmaintained. Onceconstructed,theproposedfencetoprotect

thepopulationdiscoveredin 1995 will alsorequiremaintenance.

4) Surveythelargelyunexploredhabitatbetweentwo largestknown populations.

Surveysshouldbe conductedat900-1,525 meters(3,000-5,000feet) elevationin the

Manawainuiarea,betweenKaupo GapandKipahuluValley of HaleakalaNationalPark. Muchof

this areais partof KipahuluForestReserve.

12. LipochaetakamolensisDegener& Sherifin Sherif

(Hawaiian namefor genus: nehe)RecoveryPriority # - 2

a. Descriotion

SuitabledrawingsdepictingLipochaetakamo/ensisarenot available.

.bpochaelakamolensisis alow perennialherb in theasterfamily (Asteraceac).Theoccasionally

somewhatwoodystemsarelow-lying or free-climbing,30 centimetersto 3 meters(1-9.8 feet) long,

rootingalongtheir lower surfaces.Leavesarelongandnarrowor triangular,about3-6 centimeters(1.2-

2.4 inches)long and 1-4centimeters(0.4-1.6inches)wide, bothsurfaceshairy, especiallyalongtheveins.

The leavesare lobed,sometimesdeeply,alongthemiddlevein in afeather-likearrangement(pinnately

lobed),andareon leafstalks (petioles)about1 to nearly2 centimeters(0.8 inches)long. Flowerheads

occursinglyor in pairs,eachwith 6 approximately4-9millimeter (0.2-0.4inch)petal-likeray florets

surroundingabout 15 small (3 millimeter [0.1inch]) disk florets. Eachheadis surroundedby lance-

shapedleaf-likeparts(bracts);old bractsaretan in color. The fruits aresmall (approximately1.5-2x 2

millimeters(0.06-0.08x 0.08 inches])anddry(achenes).

Lipochaelakamo/ensisis distinguishedfrom otherspeciesof thegenusby its simple leaves,which

are pinnatelylobedor cut andby the size of theflower heads(Sherff1951b; Wagneret al. 1990; USFWS

I 992a).

b. Taxonomy

Lipochaelakamo/ensiswas describedby DegenerandSherif(Sherif195lb) frommaterialcollected

in KamoleGulchin 1948by Otto Degener,HoraceF. Clay, andR. Bertram. Thevalidity of thespecies
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hasbeenacceptedincomprehensivereviewsof thegenusby Gardner(1979) andWagnerel al. (1990).

Gardner(1979)statedthatL. kamolensisis mostcloselyrelatedtoL. subcordala (endemicto Kauai,

Lanai,andHawaii Island),andto alesserdegreeto Lipochaelavenosa(endemicto Hawaii Island)and

L. bryanit(endemicto Kahoolawe).

The genusLipochaelacomprises20 species,restrictedto theHawaiianIslands. It is closelyrelated

to thewidespreadgeneraWedeliaandWollastonia(Wagneret al. 1990). The specificepithet

kamo/ensisrefers to KamoleGulch(LualailuaHills quad),within its soleknownhabitat.

c. CurrentandHistoric RaneeandPouulationStatus

Until 1994,Lipochaelakamolensishadonly beenfoundatits original discoverysiteon the

southernslopesof HaleakalaVolcano. Thesite is approximately19 kilometers(11.8miles) southeastof

UlupalakuaRanchoffice, alocation givenon someherbariumspecimens(Gardner1979; Sherff195lb;

Wagneret al. 1990). This populationis nearandjustwestof KamoleGulch, in thevicinity of Kepuni

Gulch, leewardHaleakala,at230-290meters(755-951feet) elevation,bothaboveandbelowHighway

31,mostlyon HawaiianHomeLands,but with someindividuals on landbelongingto UlupalakuaRanch.

Thispopulation,whichextendsoveran areaof about40 hectares,containsanestimatedseveralhundred

individuals(R.W. Hobdy,personalcommunication1990; USFWS 1992a). An incompleteassessmentin

April 1994recorded107 individuals (A.C. MedeirosandPaulKruschelnycky,BiologicalResources

Division,personalobservation1994).

In 1994,asecondpopulationofLipochaera kamo/ensiswasdiscovered,about4 kilometers(2.5

miles)westof the Kamole/KepuniGulchpopulation,on HawaiianHomeLandsin Alena,just eastof the

LualailuaHills atabout600 meters(2,000feet)elevation. This populationneedscarefulanalysisbefore

definitive statementscanbemade,but it appearsto consistof a“hybrid swarm” of individualsofpure

Lipochaelakamolensisandhybrids of L. kamo/ensis,andL. rockit. Thesehybrids coveranareaof

about2 hectares(5 acres).

d. Life History

Gardner(1979)notedfloweringin December-February.Floweringwas observedin April 1994

(A.C. Medeiros,L. Loope,andP.A. Thomas,personalobservation1994). Vegetativegrowth normally

occursonly duringtheNovember-AprillMaywet season.During thedry season,theplantsare desiccated

andappearto bemetabolicallyinactive.
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Thoughnativebees(Nesoprosopissp.)wereobservednearbyon flowersof othernativespecies

(e.g.,Argemoneglauca),only alienhoneybees(Apisme/ifera)wereobservedvisiting theflowersof

Lipochaetakamo/ensis.

e. HabitatDescrintion

Degener’stypecollectionmadein 1948notes:“Very rare,amonglantanaandgrass”(Medeirosel

al. 1986). Medeirosel al. (1986)reportedthatthehabitat“is highly impactedby cattle” andthat“very

little nativevegetationremains”;atthattime Lipochaelakamo/ensiswasfoundtopersist“in small

depressionsandalongcattle trails.” Meanannualrainfall for theareais in theneighborhoodof 600-750

millimeters (24-30 inches). Rainfall is variablefromyearto yearandhighly seasonal,with mostrain

coming inNovember-April(Giambellucael al. 1986).

AssociatednativeplantsincludeArgemoneg/auca,Canthiumodoratum,Dodonaeaeriocarpa,

Doryoplerisdeciptens,Eragroslisatroptoides,Erylhrina sandwicensis,Heleropogoncontorlus,

Ipomoeaindica,Mariscushi//ebrandit,Nololrichiumsandwicense,Osleomelesanlhyl/ickfolia,

Peperomia/eploslachya,Plumbagozey/anica,Scaevo/agaudichaudit,TephrosiapurpureaWa/Iheria

indica, andWikslroemiamonticola. Associatedalienplants includeAbulilongrandqiorum,Aleurites

molucana,Conyzabonariensis,Glycinewightit, Lanlanacamara,Leucaena/eucocepha/a,Me/mis

minulfiora,Nicolianag/auca,Panicummaximum,Passqiorasubpeltala,Rhychelytrumrepens,Sa/via

coccinea,Slachylarphela,Tridaxprocumbens,andZinniaperuviana.

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistoricallyandcurrentlyresponsiblefor theendangermentof this species

includeungulatetrampling, grazing,andbrowsing; fire; andcompetitionwith alienplantspecies.

1) Ungulatetrampling, grazing,andbrowsing

Habitatdestructionandpredationby feral goatsanddomesticcattlethreatenLipochaeta

kamo/ensis(Medeiroset al. 1986; R.W. Hobdy,personalconununication1994). Ironically,

however,heavygrazingof habitatsurroundingL. kamolensisservesa partiallypositiverole in

removingmuchof thebiomassof alien vegetation,whichwouldpotentiallyfuel wildlandfires.

2) Alien plant species

The remaininghabitatofLipochaetakamo/ensishasbeenmuchalteredby alienplantspecies.

Threespecieshavespreadwidely within thelastdecadeon leewardEastMaui, andthoughpresent

in thehabitatofLipochaetakamo/ensisin limited cover,havethepotentialto dominatethesite.
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Thesespeciesincludealeguminousvine, Glycine wighlti, andtwo invasivegrasses,Me/mis

minul(fiora (molassesgrass),andPanicummaximum(Guineagrass).

3) Wildlandfire

Fire is amajorthreatto thepersistenceofLipochaelakamo/ensis;asinglefire couldextirpate

eitherof theonly knownpopulations(R.W. Hobdy,personalcommunication1994). The fire threat

wouldbecomemuchmoreseverewith reductionof grazing/browsingand/orinvasionofPenniselum

selaceum(fountaingrass).

g. Conservation

In Augustof 1995,theHawaiianconservationgroupL.I.F.E (Living IndigenousForestEcosystems)

constructedan exclosurefenceto protecttheAlenaLipochaelapopulationfrom feral animals. Cattle and

goatswereremovedfrom the 2.25-acreenclosedarea, andhandweedingwas conducted.Thepopulation

of Lzpochaetakamo/ensisis respondingwell to theseefforts with individualsof this speciesnow

coveringsomeof theclearedareaswithin thefence(MahealaniKaiaokamalie,personalcommunication

1997).

h. NeededRecovervActions

1) Developlandownercommitmentto protectthetwo knownpopulationsofLipochaelakamolensis.

Both known populationsofLipochaetakamo/ensisareprimarilyon HawaiianHomeLands, in

therecentpastleasedfor cattlegrazing. Someindividualsare on privateland. Landowner

commitmentto conservationis essentialfor long-termstewardshipof thepopulation.

2) Constructexperimentalexclosureswithin knownpopulationstoprotectsomebut not all Lipochoeta

kamolensisindividuals.

For theoriginal population,somesitesdo not needtobe fully encircledby woven-wire

exclosures;only shortsectionsof fencingwill needto beusedto tie inwith naturalbarriers. Near

thehighway, only domesticcattleneedto beexcluded. Approximately200-300 meters(660-990

feet)from themain roadsurface,feral goatsarepresentandsometimesmaybe abundant. Protection

ofLipochaelakamolensisattheperipheryof its knownrangemayinvolve full fencingfor themore

difficult taskof excludingferal goatsaswell as domesticcattle. Portionsof thepopulationsshould

be left unfenceduntil the effectsofprotectionfrom grazingandbrowsing(increasein competing

alienvegetation)are fully known.
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3) Monitor selectedinvasiveweedswithin andoutsideexclosuresto detenninelong-termeffectsand

manageweedsasneeded.

Themostimportantweedsto monitorin thepresenceandabsenceof browsingthat arecurrently

presentatthe site includemolassesgrass(Me/misminutiflora), Guineagrass(Panicummaximum),

andGlycinewightit.

4) Developafire managementactionplanwith Maui DOFAW for protectionofLipochaetakamo/ensis.

Establishlikely scenarios,lines of defense,etc. Fireposesaseriousthreatto long-termsurvival

of this speciesnomatterhowmuchprotectionit is givenor howmanyadditionalpopulationsare

found or established.

5) Usingseedsfrom knownpopulations,establishoutplantingsofLipochaelakamolensisinto protected

sites.

Plant in low elevation150-450meter(500-1,500foot) EastMaui lavafields, as closeas feasible

to original sites. Avoid siteswith othernativeLipochaeta(e.g., L. rockit andL. /avarum) nearby,

sincethethreespeciesareknownto hybridize. Outplantedpopulationsshouldbeprotectedfrom

domesticandferal ungulates.Onepotentialsite for outplantingthis speciesis on theroughanlava

of Ahihi-Kinau NAR. Thoughgenerallyoccupyinglower elevationthanthenaturalrangeof the

species,thisNAR comprisesprotectedState-ownedlandsonroughlavaataseasonaldryleeward

site. OtherLzpochaelaofthe leewardslopesof Haleakala(L. /avarumandL. rockit) thatoccurat

thesameelevationasL. kamolensis,alsooccurat lower elevationto nearsealevel.

13.LysimachialydgateiHillebrand

(Hawaiiannamesfor genus:kolokolo-kuahiwi) RecoveryPriority # - 2

a. Descrintion

SuitabledrawingsdepictingLysimachialydgatetarenot available.

Lysimachia/ydgateiis a sprawlingshrubin theprimrosefamily (Primulaceae).Thestemsare 1-1.3

meters(3.3-4.3feet) longandbranched,woolly whenyoung,but losingthis coatingwith age.

The leatheryandroughlyoval-shaped(49-70x 14-22millimeter [1.9-2.8x 0.6-0.9inch]) leavesare

alternatelypositionedonthe stemson 10-16millimeter (0.4-0.6inch) leafstalks (petioles),the leafedges

smoothandtheleaftipspointed. Both surfacesoftheleafbladesare coveredwith minute rusty-colored

hairs,whichgive thefoliage aconspicuousgolden-brownpubescentappearancecharacteristicof the

species.Flowersarebornesinglyatthepointof attachmentof leavesto thestemonstalks(peduncles)
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approximately1-3 centimeters(0.4-1.2inches)longwhenin fruit; flower partsarein sixesor sevens.

Lance-shapedfloral partsbelowthepetals(sepals)are 7-8millimeters (0.27-0.31inches)long; theexact

natureof otherflower parts(petals,etc.) is unknown. The fruits arecapsules,probablysomewhat

flattenedspheres;seedcharacteristicsareunknown.

Lysimachialydgaletis distinguishedfrom otherspeciesin its genusby thedensehairsonboththe

upperandlower surfacesof matureleaves(Hillebrand1888,Wagnerel al. 1990),giving the centerof the

plantadistinctivebrown-woollyappearance.

b. Taxonomy

Lysimachialydgatetwasdescribedby Wilhelm Hillebrand (1888)from an 1871 collection. Later

in thatcentury,Amos Arthur Heller (1897)createdthenew genusLysimachiopsisinto whichheplaced

all endemicHawaiianspeciesofLysimachia. Thecurrenttreatment(Wagnerel a/. 1990)recognizes

Lysimachiopsisonly asa sectionofLysimachiain whichLysimachialydgatetis nowplaced(USFWS

I 992a). This speciesis apparentlycloselyrelatedto andallosympatricwithLysimachiaremyt (Kenneth

Marr, Universityof British Columbia,personalcommunication1992),a muchmorecommon,wider-

rangingspeciesnative to Molokai andMaui (Wagneret al. 1990).

The genusLysimachiacontainsapproximately150 speciesworldwide with diversitycenteredin the

Himalayas(Wagnerel al. 1990). The specific epithetlydgatethonorsJohnMortimer Lydgate,important

Hawaiianplant collector.

c.CurrentandHistoric RaneeandPopulationStatus

Lysimachialydgatetis currentlyknownfrom at leastthreemountainsummitsofleewardWestMaui

on StateNAR lands. About50-100individualsarethoughtto exist onLihau, about50 individualson

Halepohaku,and50-100individualson Helu (S. PenmanandK. Wood,personalcommunication1995).

Thisspeciesmay alsobepresenton Hanaulain the samearea. Historically, this speciesis poorlyknown

from only asingle, fragmentarycollection (Hillebrandsn.BISH) madebefore 1871; thenext collection

was madein 1979 (Hobdy519 BISHperWagnerel al. 1990).

d. Life History

Little is knownaboutthe life historyofLysimachialydgalet. Floweringcycles,pollinationvectors,

seeddispersalagents,longevity, specificenvironmentalrequirements,andlimiting factorsareunknown.
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e. HabitatDescrintion

ThehabitatofLysimachialydgaletis stuntednativevegetationon thesidesof steepridges and

slopesin mesicshrublandatca. 825-975meters(2,700-3,200feet) elevation.

AssociatednativespeciesincludeDodonaeaviscosa,Vaccinium,Styphe/iatameiameiae,

Dicranopleris linearis, Dubaulia linearis,Myrsinesandwicensis,Sadleria,Carex,Scaevo/a

chamissoniana,Eragroslisvariabilis,Broussaisiaargula, Lobe/iagrayana,Coprosma,Dubautia

scabra, Machaerina,andBidensmautensis(HHPreference;R.W. Hobdy,personalcommunication

1990; USFWS 1992a;HPCC 1994).

f Reasonsfor DeclineandCurrentThreats

Basedon availableinformation,thelower-elevationportionof thehabitatofthis specieshaslikely

becomereducedas aresultofcattleranching,wildfire, andinvasionof alienplantspecies.Within the

remaininghabitat,however,thespeciesappearsto bemaintainingstablepopulations.

Themainpotentialthreatsto Lysimachialydgatet include:

1) Wildland fire

Fireis amajorpotentialthreatto the survivalofLysimachialydgalet; asinglefire could

extirpatethespecies(R.W.Hobdy,personalconununicationinUSEWS1992a).

2) Alien plants

The alienblackberry(Rubusargulus)posesa seriousthreatto thehabitatofLysimachia

lydgatet(HHP andDOFAW 1989;USEWS1992a).

3) Humanimpacts

DirecthumanimpactsincludetramplingofL. lydgaletandsurroundingnativevegetation. This

increaseddisturbancemakesinvasionby alienplantspeciesmorelikely.

g. Conservation

LysimachialydgalethasbeenpropagatedatNTBGon Kauai (Mehrhoff I 992)(G. Ray,Centerfor

PlantConservation,personalcommunication1997),whichhadonerepresentativeof thistaxonasof

February1993 (D. Ragone,personalcommunication1993).

This speciesdoesnot appearto havedeclinedas catastrophicallyas havemanyotherendangered

taxain Hawaii overthepastcentury. It is likely thathabitathasbeenreduced,but surviving populations

appearrelativelystable. The lack of significantungulatepopulationsathigherelevationsof theleeward
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WestMaui Mountainshasresultedinmaintenanceoffairly intactnativehabitat. Comparedtomostother

endangeredHawaiianspecies,Lysimachialydgatet is probablycomparatively“safe” for thepresent.

h. NeededRecoveryActions

1) Monitor changesin ungulates.

If feral ungulatesbecomeestablished,theareamustbefencedandanimalsexcluded.

2) Searchfor additionalpopulations.

To meetrecoverygoals,aminimumof five additionalpopulationsmustbefound or established,

andprotected.

14.Melicopeadscendens(St. John& E. Hume)T. Hartley & B. Stone

(Hawaiian namefor genus: alani, alani kuahiwi) RecoveryPriority # - 5

a. Descrintion

SuitabledrawingsdepictingMelicopeadscendemarenot available.

Melicopeadscendensis avine-like shrubin therue family (Rutaceae).Newgrowthon thelong,

slenderbranchesis denselyto sparselycoveredwithyellowishto golden-brownhairs, thehairsbecoming

grayishandmoresparsewith age. Thepaperyor leatheryleaves,widely spaced,occurinpairsopposite

eachotheron 6-16 millimeter (0.2-0.6inch) leafstalks (petioles)andaregenerallyoval-shaped(1.5-6.5x

1-4 centimeters[0.6-2.6x 0.4-1.6inches]). Theleaveshaveabout14 pairsof veins branchingfrom the

mainveinandaregenerallysmooth,with sparsehairson theundersidewhenyoung. Flowersoccuron

13-17millimeter (0.5-0.7inch) stalks (peduncles)from thepointof leafattachmentin groupsof oneto

threeflowers, eachonan individual shorterstalk(pedicel). Male flowersaresmall(petalsabout5

millimeters (0.2 inches)long) with tiny hairs;characteristicsof femaleflowersareunknown. The fruit is

apocarpous(breakingeasilyinto four distinct sections),smoothonthe outside,14-15millimeters (0.54-

0.59 inches)wide, andsubtendedby persistentpetalsandotherfloralparts(sepals).

Me/icopeadscendensis distinguishedfrom otherMe/icopespeciesin its sprawlingvine-like habit,

long, thin peduncles,andapocarpousfruits.

b. Taxonomy
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Melicopeadscendenswas describedasPe/eaadscendensby HaroldSt. Johnandhisformer

studentEdwardP. Humein 1944basedon a 1920collection(C.N. Forbes2100-M) from drylandforest

atAuwahi (misspelledas“Auwalu”), leewardHaleakala. In 1989,ThomasC. HartleyandBenjamin

C. Stone(1989)synonymizedthe genusPe/eaunderMe/icope.

ThegenusMe/icopecontainsapproximately200 speciesdistributedfrom Madagascarthrough

SoutheastAsia, Australia,NewZealandandthePacific asfar eastasthe HawaiianIslandsandFrench

Polynesia. The specificepithetadscendensis Latin for “ascending,”perhapsreferringto theascendent

branchtips of thistrailing species.

c. CurrentandHistoric RanceandPonulationStatus

Within historic timesthis specieshasapparentlyalwaysbeenextremelyrare. Beforethe 1 980sthis

specieswas knownonly from two collections(Forbes2100-M, Forbes2088-MBISH) madeon thesame

day, March24, 1920,by Bishop MuseumbotanistCharlesN. Forbes. Basedon field notedescriptions,

the collectionsappeartobe madeatthe915-1,000meter (3,000-4,000foot) elevationlevel of middleor

westernAuwahi Districs (Medeiroset al. 1986). No collectionsorotherrecordsof its occurrencewere

madefor thenextsix decades.

In 1982,Me/icopeadscendenswasrediscoveredin extremewesternAuwahiDistrict (A.C.

Medeiros230); a singleindividualwas foundbelowPuuOuli at1,220meters(4,000feet) elevation

(Medeirosel al. 1986). In 1993,threeadditionalindividualsof this specieswerelocatedatan elevation

of 1,100meters(3,600feet) in Auwahi (A.C. Medeiros,personalobservation1993). Between1995 and

1996,the ServicefundedtheBiological ResourcesDivisionto conductadditionalfield surveysin this

samearea. Basedon thesesurveys,16 individualsofMelicopeadscendensareknown,all growingin

closeproximity, at 1,100-1,220meters(3,600-4,000feet) inextremewesternAuwahi, leewardEast

Maui, on privatelyownedland.

d. Life History

Despiteits vinehabit, thespeciesappearsto berelativelylong-lived;thefirst individualof this

speciesrediscoveredin 1982is still extant 12 yearslaterwithoutsignsof appreciablegrowthor decline.

In limited diurnalobservations,no flower visitorswereobserved. Fruiting collectionshavebeenmadein

March andJuly.

e. HabitatDescrintion
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Theknown individualsofMe/icopeadscendensoccurat 1,000-1,220meters(3,280-4,000feet)

elevationin theextremewesternAuwahi district indrylandforest describedin somedetailby Rock

(1913)andMedeiros,Loope,andHolt (1986). In hisunpublishedfield notes(filed in the Bishop

Museumlibrary), botanistCharlesN. Forbesmentions,ofthe species’habitat: “Openforest typewith

Osmanthus(= Neslegis)dominant,Dracaena( Pleomele)secondatleast in thelower part.” The four

knownplantsgrowtangledandinterlockedamidstbranchesof thenativeshrubsDodonaeaviscosaand

Osteomelesanthyllidifo/ia. OtherassociatednativespeciesincludeAleclryonmacrococcus,A/philonia

ponderosa,Chamaesycecelastroidesvar. /or(fo/ia,Neslegissandwicensis,Osteome/esanlhy//idifo/ta,

Pouleriasandwicensis,Sanlalumellipticum,Xylosmahawaitense,andZanthoxy/umhawatiense.

AssociatedalienspeciesincludeAsclepiasphysocarpa,Me/misminutiflora, andPennisetum

c/andeslinum.

f. Reasonsfor Decline andCurrentThreats

Theprimarythreatshistoricallyresponsiblefor the endangermentofthis specieslikely include:

predationandhabitatdamageby ungulates;competitionwith alienplantspecies;possiblepredationof

seedsby rodents,birds,or insects;loss of essentialpollinators; insectsorpathogensattackingyoungor

matureindividuals; loss of geneticvariability; andfragmentationof thepopulation,whichmakescross-

pollinationdifficult.

Themainknownthreatsto currentsurvivalof Me/icopeadscendensinclude:

1) lmpactsof feralungulates

Rock(1913) notedtheseriousdegradationof thebotanicallyrich site of Auwahias aresultof

browsingof goatsandcattle. Pigsarenowpresentin theareaaswell.

2) Alien plants,particularly,Penniselumclandestinum(kikuyu grass)andMe/misminuqi/ora (molasses

grass),threatenMe/icopeadscendens.

3) Seedpredationby insects

TheendemicmicrolepidopteranPrayscf fulvocane/laWalsingham(Yponomeutidae)is known

to feedon thebuds,flowersandseedsofMelicopeandPlatydesma.

4) Fireis acontinuingthreatto thisdry foresthabitat.

g. Conservation

Melicopeadscendensis notbeingpropagatedat anyof thecollectionssurveyedby Mehrhoff(1992)

(G. Ray, Centerfor PlantConservation,personalcommunication1997). Wherelivestockare fencedout,
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kikuyu grassproliferates,coveringthe aa lava substrateto depthsof severalfeet. Small-scaleefforts by

theHawaiianNative PlantSocietyto fencegroupsoftreesandkill kikuyugrasswith theherbicide

glyphosate(Roundup)havehadmixedresults. Seedlingsofnativeplantsappearwhereseedbanksexist.

However,in most instancesfew oftheseseedlingssurvive. Meanwhile,thenumberofindividualsof

mostof thenativespeciesof Auwahi aredwindling. Aboutadozenspecieshavefewer than20

individualsleft; some,apparentlyincludingMe/icopeadscendens,aredownto fewer thanfive

individuals (althoughthereis a goodchancethatmorecouldbefoundwith careful, systematicsearching,

in the opinionofA.C. Medeiros).

An innovativestrategy,probablyinvolving establishmentof anurseforest(seeAppendixB), is

neededto avoidcompletelossofthe Auwahi forest overthenextthreedecades.Obviously,with only

afew living individualsas of 1993,thestatusofMe/icopeadscendensis very precarious.TheMaui

office of theUSGSBiological ResourcesDivisionandcollaborators,with fundingfrom the Service,have

initiatedanexperimental“nurseforest”projectatAuwahi, working incooperationwith Ulupalakua

Ranch,theNativeHawaiianPlantSociety,andMaui DOFAW.

h. NeededRecoveryActions

1) Initiate anemergencyprogramto saveMelicopeadscendensfrom extinction.

This programneedsto involve propagation,outplantinginto managed(with weedcontrol)

exclosureson protectedlands,establishmentof “nurse forests”(seeAppendixB) to nurture

reestablishmentof thetaxonin thelongrun, andemergencyassessmentof andresponseto limiting

factors. PotentialsitesincludeKanaioStateNAR, UlupalakuaRanch(cooperativeconservation

agreement/easementnecessary),andthe Kaupo Gap areaof HaleakalaNationalParkon EastMaui.

All oftheselocationsarewithin the likely historic rangeofthespecies.

2) Searchfor newpopulations(individuals).

Thebestchancefor locatingnewindividualsis betweenthetwo knownpopulations,where

similarhabitatexists.

15.Melicopeballoui (Rock) T. Hartley & B. Stone

(Hawaiian namefor genus: alani, alani kuahiwi) RecoveryPriority U - 5

a. Descrintion

SuitabledrawingsdepictingMe/icopeba//out arenot available.
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Melicopeba//out is a smalltreeor shrubinthe rue family (Rutaceae).New growth is coveredwith

yellowish-brownhairsandwaxyscales,thehairsbecominggrayishandthey, alongwith the scales,more

sparsewith age. The generallyoval-shapedleatheryleaves(5-10x 3-7 centimeters[2-3.9x 1.2-2.8

inches])occurinpairson 10-26millimeter (0.4-1.0inch) leafstalks (petioles)oppositeeachotheronthe

stems.The leaveshaveabout9-14 pairsofveinsbranchingfromthemainveinconnectedby anothervein

neartheperipheryof theleaf. The leavesare slightly hairy, theundersidebecominglesshairyexcept

aroundthemainvein. Femaleflowersareyellowishgreen,tiny (petalsapproximately4 millimeters (0.2

inches)long) andare denselycoveredwith smallhairs.They growin flat clustersof five to nine, eachon

individual 5 millimeter (0.2 inch)stalks(pedicels),on 3-16 millimeter (0.1-0.6inch)stalks (peduncles)

from thepoint ofleafattachment.Details of maleflowersareunknown. Petalsandsomeotherfloral

parts(sepals)usuallypersistasthefruit matures;thefruits areabout26 millimeters (1.02 inches)wide,

each12-13 millimeter (0.47-0.51inch)partcontainingoneor two 7 millimeter (0.3 inch) seeds.

Melicopeba//out is opposite-leaved,distinguishingit from speciesin SectionPe/ea,locally

MelicopeclusitfoliaandMe/icopeha/eakalae.Whensterile,Me/icopeba//outis not easyto distinguish

from otheropposite-leavedmembersofthe genus. Juvenileplantsof this speciesoftenhavevery large

leaves(with bladesexceeding25 centimeters[9.9inchesl). IndividualsofMe/icopeba//outbearingfruit

can bedistinguishedfrom themorecommonandwidespreadM vo/canicaandM mo/okiensisby the

distinctivesilky-hairedfruiting exocarp(capsuleexterior)andsparselyhairedendocarp(capsuleinterior).

b. Taxonomy

Me/icopeba//outis anEastMaui endemic(foundnowhereelse),describedasPe/eaba//outby

JosephRock in 1913; thetypematerial (J.F. RockandL. vonTempsky8609)was collectedin 1910 at

1,525meters(5,000feet) elevationonnorthwestHaleakala,“in denserainforest.. . on thetrail leading

frontUkulele toWaikamoi Gulch” (Rock 1913). St. John(1944) describedPeleaukuleleensisbasedon

a 1919 collection(Forbes749.M BISH) madealongthe“lower trail-Ukulele” (C.N. Forbesfield notes).

In hiscomprehensivereviewofthe genus,Stone(1969)reducedPe/eaukuleleensisto a synonymof

Peleaba//out. A recentreview(HartleyandStone1989)synonymizedthenearexclusivelyHawaiian

genusPeleawithMe/icope,resultingin Me/icopeba//out(Rock) HartleyandStone. Wagnerel a/.

(1990) statethatthecorrectnameof this speciesmayactuallybeMe/icopemannii, pending

adeterminationwhenatype specimenis designatedfor that taxon.Partof thedescriptionofPeleamannit

is basedonMann & Brigham 376 (“AC, BISH” perWagnerel a/. 1990), which is actuallyMe/icope

ba/lout.
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The genusMe/icopecomprisesapproximately200speciesdistributedfrom Madagascarthrough

SoutheastAsia, Australia,NewZealandandthe Pacificasfar west astheHawaiianIslandsandFrench

Polynesia.The specific epithetba//outhonorsProfessorHowardM. Ballou, colleagueof thespecies

author,JosephF. Rock.

c. CurrentandHistoric RaneeandPopulationStatus

Me/icopeba/lout is a smalltreeof wet foresthistoricallyfoundbetween1,280and1,525meters(4,200-

5,00()feet) elevationon northwestHaleakala. Thespeciesis rare andwasknown from only nine

collections,thelastoccurringin 1927(Degener8563,BISH) (Wagnerel a/. 1990). Anew disjunct

distributionofMe/icopeba//outwas discovered(Higashinoel al. 1988)in KipahuluValley, partof

HaleakalaNationalPark,basedon aspecimencollectedatabout760meters(2,500feet) elevation(L.

Cuddihy2053). Me/icopeba/lout is nowknowntobe rareat 760-1,010 meter(2,200-3,300foot)

elevationin mixedAcaciakoaandMetrosiderospolymorphaforestsinKipahuluValley (Medeirosand

Loope,in prep.). Basedon availableinformation,thereappearto befewer than300 extantindividuals.

d. Life History

No detailsare known.

e. HabitatDescription

Thisspeciesis “known only from wetforest, about1,280-1,520meters(4,200-4,990feet),slopesof

Haleakala,Maui, betweenOlinda andUkelele (Wagneretal. 1990)” andfrom similar wet forestin

KipahuluValley. AssociatednativespeciesincludeAcaciakoa,Cibotiumchamissot,Cibolium

glaucum,Dip/aziumsandwichtanum, Me/icopeclusitfo/ta,Melrosiderospo/ymorpha, andSadleria

pal/ida. AssociatedalienspeciesincludeCyatheacooperi,Paspa/umconjugatum,Psidium

call/etanum,andRubusros~folius.

f Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistoricallyresponsiblefor the endangermentof this specieslikely include

impactsby feral pigsandcattleandcompetitionwith alienplants.
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ThemaincurrentthreatstoMe/icopeba/lout include:

1) lmpactsby feral pigs

Feralpigsarecurrentlybeingcontrolledin HaleakalaNationalPark. Constantvigilanceis

requiredto keepfencesrepairedandtoremovepigsthat get in throughbreaksin thefence.

2) Displacementby alienplants

If uncontrolled,Paspalumconjugalum(Hilo grass),Clidemiahirta (Kosters’curse),Psidium

call/etanum(strawberryguava),Hedychiumgardnerianum(kahili ginger),andCyatheacooperi

(Australiantreefern) all potentiallyrepresentseriousthreatsto thelong-termsurvivalofMelicope

ba//out.

3) Insectpredation

TheendemicmicrolepidopteranPrayscf fulvocane/laWalsingham(Yponomeutidae)is known

to feedon thebuds,flowersandseedsofMelicopeandPlatydesma.

g. Conservation

Me/icopeba//out hasbeensuccessfullypropagatedatthe Lyon Arboretumon Oahu(G. Ray, Center

for PlantC3nservation,personalcommunication1997). Protecticnof the KipahuluValley ecosystemby

HaleakalaNationalParkthroughconstructionofbarrierfences,pig removal,andalienplant management

providedamajor actiontowardrecoveryof this speciesbefore its listing.

h. NeededRecoveryActions

1) Maintainrelatively pig-freeconditionof KipahuluValleyof HaleakalaNationalPark.

2) Continuealien plantcontrol in KipahuluValley of HaleakalaNationalPark,withemphasison

Clidemiahirla, Cyatheacooperi,Hedychiumgardnerianum,andPsidiumcall/etanum.

3) Produceanaccurateassessmentof populationnumbersanddistribution; establishsimple baseline

monitoringof knownindividuals.

Thusfar, therehasbeenlittle accurateinformationregardingpopulationsizeanddistributionof

this species. Fieldwork by trainedresourcemanagementandresearchworkersin Kipahuluover

severalyearswouldallow thistypeofassessment.More accurateassessmentofpopulationsofthis

specieswill allow meaningfulassessmentof conservationpotentialandmanagementneeds.

4) SearchforMe/icopeba//out on northwestHaleakala.

Thereis avery good chancethatthis speciesstill exists in thehabitatwhereit wasfirst

discovered,i.e., middle elevationforestsofnorthwestHaleakala. Two reasonsfor thelack of
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modemcollectionsofthis speciesfromthat regionmaybe: 1) thelack of sufficientmodem

biologicalexplorationof theareadueto the generallyclosedaccessmaintainedby HaleakalaRanch,

EastMaui Irrigation, andDOFAW, and;2) thecrypticnatureof the species.With casual

observation,Melicopeba/lout is easilyconfusedwith themorecommonandwidespreadMe/icope

vo/canicaandMelicopemo/okatensis,bothofwhich canbe sympatric. Fruitcharacters,often

unavailable,aretheprimarydeterminantusedto separateMe/icopeba//outfrom theseothertwo

species.

5) Conduct/encourageresearchon limiting factors.

Thedegreeof damagefrom insectpredationneedsto beinvestigatedandremedied,if needed.

Rodentsdo not seemto be animportantlimiting factorforM ba//out astheyareforM. ova/is,

which growsadjacenttoM ba//out. Still, undeterminedfactorsmaybecausingtherarityofM

ba//out.

16.Melicopemucronulata (St. John) T. Hartley & B. Stone

(Hawaiian namefor genus: alani, alani kuahiwi) RecoveryPriority # - 5

a. Descrintion

SuitabledrawingsdepictingMe/icopemucronu/alaarenot available.

Me/icopemucronulalais a smalltree in therue family (Rutaceae)growingto 4 meters(13 feet) tall.

New growthis denselyhairy. The generallyoval-shaped,thin, leatheryleaves(8-16x 3.5-6.5centimeters

[3.2-6.3x 1.4-2.5 inches])occurinpairson 20-35 millimeter (0.8-1.4inch) leafstalks(petioles)opposite

eachotheron the stems. The leavesusuallyhavesix toeightpairsofveinsbranchingfrom themainvein,

connectedby anarchedveinfrom 3-10 millimeters (0.1-0.4inches)from theperipheryof theleaf.

The top surfaceof theleavesis hairless;theundersideis denselyhairywhenyoung,but lesssowith age.

Flowersoccuron 6-15 millimeter (0.2-0.6inch)stalks (peduncles)from thepointof leafattachmentto

thestemin groupsof threeto nineflowers, eachon an individual shorterstalk(pedicel),theentirearray

beingsomewhathairy. The fruits are24-28millimeters (0.9-1.1inches)wide withdistinct smooth

compartments12-14millimeters (0.47-0.55 inches)long, eachcompartmentcontainingoneor two 6

millimeter (0.2 inch)seeds. Floral detailsareunknownfor this species.

Thisspeciesis distinguishedfrom othersin the genusby the growthhabit, thenumberofflowers in

eachflower cluster,thesizeandshapeof thefruit, andthedegreeof hairinessof theleavesandfruit walls

(Stoneel al. in Wagnerel a/. 1990; USFWS 1992a).
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b. Taxonomy

St. John(1944) describedPeleamucronulalabasedon aspecimencollectedin 1920 by C.N.

Forbes.A recentreviewhassynonymizedthenearexclusivelyHawaiiangenusPe/eaunderMelicope,

resultingin thecurrentnameMelicopemucronulala(HartleyandStone1989). “Pe/ea mucronulatais

a sparselypubescentapocarpousspecies.Morecollectionsareneededto understandits relationshipin

thesection,especiallytoP. adscendens”(Wagnerel a/. 1990).

The genusMe/icopecomprisesapproximately200speciesdistributedfrom Madagascarthrough

SoutheastAsia, Australia,NewZealand,andthePacific asfarwestastheHawaiianIslandsandFrench

Polynesia.The specific epithetmucronulalarefersto thesmall sharppointatthe endofthefruit.

c. CurrentandHistoric RanceandPonulationStatus

First discoveredin 1920 in Kanaio,EastMaui,Melicopemucronu/atamaybe extinctthere. This

specieswas foundin 1985 in KupiaonTNCH’s KamakouPreserveon EastMolokai; threeindividuals

werefoundthere(HHPreferences,HPCCreference,Stoneel al. inWagnerel al. 1990). “Known only

from 3 collectionsmadein 1920in forestatPakiloi [notfoundon modemmaps]onthe southslopeof

Haleakala,Maui, andasinglecollectionmadein 1985 from 870 meters(2,850feet), KupiaGulch,

Molokai” (Wagneret a/. 1990).

d. Life Historv

No detailsareknown.

e. HabitatDescription

The habitatofMelicopemucronulalais drylandforeston leewardEastMaui andMolokai atabout

670-870meters(2,200-2,850feet) elevation. AssociatednativespeciesincludeDodonaeaviscosa,

Metrosiderospolymorpha,Styphe/taIameiameiae,Dubautia linearis, Chamaesycecelaslroides

var. amplectens,Pleomele,A’fyrsine, Exocarpus, andWikstroemia(HPCC 1994; USEWS 1992a).
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f Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistorically responsiblefor theendangermentof this speciesincludehabitat

degradationby goats,cattleandpigs, andcompetitionwith alienplants.

The maincurrentthreatstoMe/icopemucronulatainclude:

I) Feralungulates

The threeremainingindividualsofMe/icopemucronulalaonMolokaihavebeenbrowsedby

goats(HHP 1994). Althoughtheplantsappearedvigorouswhenlastseen(HHP 1994), continued

predationwouldseverelythreatenthepopulation(USFWS1 992a).

2) Alien plants

The solepopulationofMelicopemucronulalaon Molokai is immediatelythreatenedby

molassesgrass(HHPreference;JoelLau, TNCH,personalcommunication1990; USFWS1 992a).

3) Seedpredationby nativeinsects

The endemicmicrolepidopteranPrayscf fulvocanellaWalsingham(Yponomeutidae)is known

to feedon thebuds,flowersandseedsofMe/icopeandPlatydesma.

4) Small population size

Thevery smallremainingnumberof individualsofMelicopemucronulalaandthelimited

distributionofthe speciesaremajorthreatsto the continuedexistenceof this species;a single

naturalorhuman-causedenvironmentaldisturbancecouldeasilycausethe species’extinction. In

addition,thelimited genepoolmaydepressreproductivevigor(USFWS 1992a).

g. Conservation

Me/icopemucronulalahasbeenpropagatedatNTBGon Kauai (Mehrhoff1992). Propagationhas

alsobeenattemptedat the Lyon Arboretumon Oahu(G. Ray, Centerfor PlantConservation,personal

communication1997).

h. NeededRecovervActions

1) Protectknownindividuals.

Feralgoatsandalienplant invasionpresentlythreateningtheonly knownthreeremaining

individualsneedto becontrolledimmediately,via fencingandweedandungulateremoval.

2) Determinenumbersof populationsandindividuals ofMelicopemucronulalaextant.
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It is important to determine whether the three known individuals onMolokai are all there is to

workwith. On EastMaui, theremaybetaxonomicconfusionwith “lower elevation,lesspubescent

forms ofM. mullifiora (= M knudsenii)” (which is alsoextremelydepleted).Thereis aneedfor

well-focusedfieldworkandconclusiveidentificationwithin this difficult genus.

3) Initiate anemergencyprogrambasedon Mauiand/orMolokai in conjunctionwith otherdrylandforest

taxa (e.g.,Aleclryonmacrococcusvar. auwahiensis,Melicopeadscendens,Sanlalum

frecinelianumvar. lanatense)to saveMe/icopemucronu/alafrom extinction.

Thisprogramshouldinvolve propagation,outplantinginto managed(with weedcontrol)

exclosureson protectedlands,establishmentof “nurseforests” (seeAppendixB) to nurture

reestablishmentof thetaxon in thelongrun, andemergencyassessmentof andresponseto limiting

factors. It maybe necessaryto obtainmaterialfrom Molokai for reintroductionof this taxonto

Maui, but introductionof Molokai materialto Maui shouldbe alastresort. Potentialsitesinclude

KanaioStateNAR, UlupalakuaRanch,andthe Kaupo Gap areaof HaleakalaNationalPark on East

Maui.

Establishmentof quickergrowingnativespecies(Dodonaea,Osteome/es,etc.) maymimic the

conditionsof original pristinedrylandforest understory. The increasedhumidity, soil moisture,and

shadeanddecreasedwind exposuremayincreasesurvivalofoutplantedgerminantsof this species.

Thisemergencyexperimentaleffort couldbeconductedeitheronMolokai or on EastMaui in

conjunctionwith otherhighly depleteddrylandforestspecies.

17.Melicopeovalis(St. John) T. Hartley & B. Stone

(Hawaiian namefor genus:alani, alani kuahiwi) RecoveryPriority # - 5

a. Description

SuitabledrawingsdepictingMe/icopeova/isarenot available.

Melicopeova/isis atree in therue family (Rutaceae)thatattainsa heightof 5 meters(16 feet).

Newgrowth is somewhathairy, thebrownishpubescencebecomingmoresparsewith age. Thehairless,

oval-elliptic leaves(8-16 x 4-10centimeters[3.2-6.3x 1.6-3.9inches])occurin pairson stout30-40

millimeter (1.2-1.6inch) leafstalks (petioles)oppositeeachotheron thestems;theleavesbecomebrittle

whendry. The leaveshaveabout10-12pairsofprimaryveins branchingfrom themainvein, connected

by anarchedvein 7-12millimeters (0.3-0.5inches)fromtheperipheryoftheleaf. Flowersoccuron 3-12

millimeter (0.1-0.5inch)stalks (peduncles)from thepoint of leafattachmentto thestemin groupsof
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threeto sevenflowers,eachon anindividual 10-13millimeter (0.4-0.5inch)stalk(pedicel). Floral

detailsareunknown. Fruits areroughly cube-shapedandabout 10 millimeters (0.4 inches)long; each

sectionof thefruit containsoneor two 5 millimeter (0.2 inch) seeds.

Melicopeova/isis opposite-leaved,distinguishingit from speciesin SectionPe/ea,locally

Melicopeclusifolia andMelicopehaleakalae.When sterile,Me/icopeova/isis not easyto distinguish

from otheropposite-leavedmembersofthe genus. However, thefoliage andfruits ofMe/icopeova/is,

especiallyyoung,nearlyfully expandedleaves,haveastrong,sweet,aromaticodor,similar to thefruits of

mokihana(Me/icopeanisalaMann) of Kauai. IndividualsofMelicopeova/isbearingfruit canbe

distinguishedby thecharacteristicrounded-cuboidcapsules,oftenborneabundantly.

Me/icopeova/isalsodiffers from otherMe/icopespeciesin the shapeofcertainflowerparts

(carpels),type of flower clusters,thenearlyhairlesssurfaceof theovariesandfruit, thetypeandquantity

of hairs on theleavesandnewgrowth,andthe lengthsofthe flower stemsandflower clusterstems

(Wagnerel al. 1990).

b. Taxonomy

Melicopeova/iswasdescribedasPe/eaova/isby HaroldSt. John(1944)from thetype specimen

(Forbes2670.MBISH), collectedby B P Bishop MuseumbotanistCharlesN. Forbesin 1920 from

“MountainsaboveHana,”Maui. C.N. Forbes,in hisunpublishedfield notes(filed in the Bishop

Museumlibrary), notesof thetypecollection: “Tree 15 feethigh. Leavesbrittle with a slight soapytaste,

bright green. Capsulesglobose(nottruly square),fragrantandwith afine tastelike licorice.” According

to thesenotes,Forbescollectedthespeciesin denseMetrosiderosforestnearPaki cindercone(976

metersor 3,200feetelevation),northeasternHaleakala. A recentreviewhassynonymizedthenearly

exclusivelyHawaiiangenusPe/eaunderMelicope,resultingin thecurrentnameMelicopeova/is

(HartleyandStone1989).

The genusMelicopecontainsapproximately200 speciesdistributedfrom Madagascarthrough

SoutheastAsia, Australia,NewZealandandthe Pacificasfar westastheHawaiianIslandsandFrench

Polynesia. Thespecificepithetova/ispresumablyrefersto theoval-elliptic leafbladeshape.

c. CurrentandHistoric RaneeandPopulationStatus

Recentreviewsofthis specieshaveconsideredit of uncertainstatusandperhapsextinct. Wagner

et al. (1990) statethatMe/icopeova/isis knownonly from thetypespecimen(Forbes2670.M BISH)

collectedby CharlesN. Forbesin 1920 from the“mountainsaboveHana,Maui.” The first recent
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indicationthatthespeciesmaystill beextantwas acollectionfrom KipahuluValley of Haleakala

NationalParkin the late 1980s(L.W. Cuddihy& G.L. Santos2239 BISH). A morerecent,limited

reconnaissanceby A.C. Medeirossuggeststhat, thoughuncommon,the taxonoccursoveranareaof at

leastseveralhundredhectaresin KipahuluValley, at855-1,430meters(2,800-4,700feet)elevation.

A minimumof severalhundredindividuals exist. This speciesis believedtobe substantiallymore

commonthanMe/icopeba//out.

d. Life History

No detailsareknown.

e. HabitatDescrintion

Me/icopeova/isis foundin ohiaandkoaforest,especiallyon stable(non-eroding)banksof

watercoursesat 854-1,433meters(2,800-4,700feet) in KipahuluValley within HaleakalaNationalPark.

AssociatednativespeciesincludeAcaciakoa,Cibotiumchamissoi,Ciboliumglaucum,Diplazium

sandwichtanum,Me/icopeclustifolia,Melrosiderospolymorpha,andSad/eriapa//ida. Associated

alienspeciesincludePaspa/umconjugatum,Paspa/umurvillet, Psidiumcall/etanum,Psidiumguajava,

Rhychosporacaduca,andYoungiajaponica.

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistoricallyresponsiblefor theendangermentofthis speciesincludeimpactsby

feral pigsandcattle,seedpredationby alienrodents(especiallyblackrats),andimpactsofnon-native

plantspecies.

The maincurrentthreatstoMe/icopeova/isinclude:

1) Seedpredationandbark-strippingby alienrodents,especiallyblackrats

In comparisonwith otherMelicopespeciesin Hawaii,M ova/isappearsto beparticularly

vulnerableto attackof seedsby alienblackrats. Thisvulnerabilitymaybebecausetherelatively

largesize ofthe capsulesandprolific fruiting ofthe speciesmakesit moreattractiveto rodentsthan

otherMelicopespecies.

2) Displacementby alienplants

If uncontrolled,Paspalumconjugalum(Hilo grass),Clidemiahirla (Kosters’curse),Psidium

calt/etanum(strawberryguava),Hedychiumgardnerianum(kahili ginger),andCyalheacooperi
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(Australiantreefern) all potentiallyrepresentseriousthreatsto thelong-termsurvivalofMelicope

ova/is.

3) Seedpredationby native insects

In comparisonwith otherMel/copespeciesin Hawaii,M ova/isappearsto beparticularly

vulnerableto attackof seedsby nativeinsects.TheendemicmicrolepidopteranPrays cf.

fulvocanel/a Walsingham(Yponomeutidae)is knownto feedon thebuds,flowersandseedsof

Me//copeandPlatydesma.

g. Conservation

Melicopeova/ishasso far notbeenpropagated(G. Ray, Centerfor PlantConservation,personal

communication1997). However,seedsof the specieshaverecentlybeenmadeavailableto NTBG.

Protectionof theKipahuluValley ecosystemby HaleakalaNationalParkthroughconstructionof barrier

fences,pig removal,andalienplant managementprovideda majoractiontowardrecoveryof this species

beforeits listing.

h. NeededRecovervActions

I) Continuealien plantandpig control inKipahuluValley of HaleakalaNationalPark,with emphasison

Clidemiahirta, Cyalheacooperi,Hedychiumgardnerianum,andPsidiumcaliletanum.

2) Conduct/encourageresearchonimpactsofrodentpredation,andremedyanyproblemsnoted.

If rodents,suchasblackrats (Raltusrattus), arefoundto beanimportantlimiting factor in the

long-termsurvivalofMe//copeova/is, someform of seedprotection(e.g.,gatheringandsubsequent

planting of seedsor trappingand/orpoisoningofrats)mayberequired

3) Produceanaccurateassessmentofpopulationnumbersanddistribution;establishsimplebaseline

monitoringofknownindividuals.

Thus far, therehasbeenlittle accurateinformationregardingpopulationsizeanddistribution of

this species. Fieldwork by trainedresourcemanagementandresearchworkersin Kipahuluover

a few yearswould allow this type of assessment.More accurateassessmentof populationlevelsof

this specieswill allow meaningfulassessmentof conservationpotentialandmanagementneeds.

4) Searchfor Mel/copeova/iselsewhereon windwardHaleakala,especiallyin the areawhereit was first

found.
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18.RemyamaujensisHhllebrand

(no commonname) RecoveryPriority # - 5

a. Descrintion

AppendixD containsaline drawingofRemyamautensis.

Remyamautensisis asprawling,many-branchedshrubin the asterfamily (Asteraceae),which

growsto 1-2 meters(3-6 feet) tall, forming looselytangledclumpsthat sprawlon or amongthebranches

of othervegetation. BranchesareascendinganddenselyleaI~alongthenew growth, theyoungpartswith

densewhitishhair. Theleavesarepaperyandnarrowoval-shaped(9-18 x 0.8-2.6centimeters[3.5-7 x

0.3-1 inches])withforward-pointingteethonthe margins;leafstalks (petioles)are0-1 centimeters(0.4

inches)long. Theupperleafsurfaceshavelong, tangledhairswhenyoung,becominglessdensewhen

older; the lower surfaceshavegrayish-whitetangledhairs. Flowerheadsoccurin dense,woolly clusters

on shortstalks; thetiny, cream-coloredflowerheads(dimensionsno greaterthan5 millimeters [0.2

inches])are comprisedof bothray (resembling“petals”) andminutedisk florets. The fruits aresmall

(about1.5 millimeters [0.06 inch]) anddry (achenes).

Remyamautensiscanbe distinguishedfromRemyakauaiensisonthebasisof leafcharacteristics:

theleavesofRemyamautensisare muchlongerrelativeto theirwidth thanthoseofRemyakauaiensis.

b. Taxonomy

Remyamautensiswasdescribedby Wilhelm Hillebrand(1888) fromhisowncollectionsofthe

speciesin 1851 and1871. The genusRemyais endemicto theislandsof KauaiandMaui andcomprises

threespecies(Wagnerel al. 1990). The specificepithetmautensisrefersto Maui, the islandto whichit

is restricted.

c. CurrentandHistoric RanneandPopulationStatus

Apparently,Remyamautensishasneverbeencommonduringhistoricaltimes. Hillebrand collected

Remyamautensistwicein the 1800s(Hillebrand1888),andForbescollectedit oncein 1920; all of these

collectionswerefrom WestMaui (Herbst1988). Thespecieswas thoughtto beextinctuntil its

rediscoveryonthe slopesof ManawainuiGulch,WestMaui, in 1971 by L.E. Bishop,W. Gagnd,and S.

Montgomery. It has sincealsobeenfoundinan adjacentgulch. While all potentialhabitathasnotbeen

searchedfor Remyamautensis,theresultsof botanicalexplorationoftheregionto datedemonstratethat
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this speciesis extremelyrare (Herbst1988). Becauseofthe oftendensegrowthof surrounding

vegetation,it is difficult to determinethe exactnumberofindividualsofRemyamautensisin

apopulation. This speciesis knownfrom two smallpopulationsoccupyinglessthan 1 hectare(2.4 acres)

on adjacentridgeson WestMaui; thereappeartobe sevenplantsinonepopulationandtwo in theother

(R.W. Hobdy,personalcommunication1990). Both populationsoccuron State-ownedland (Herbst

1988).

d. Life History

No detailsare known.

e. HabitatDescription

Remyamautensisgrowschiefly on steep,northor northeast-facingslopesat 850-1,250meters

(2,790-4,100feet) elevationandis foundprimarily in mixedmesophyticforests,or theremnantsof such

forests(Herbst1988). AssociatednativespeciesincludeDiospyrossandwicensis,Metros/deros

polymorpha,Xy/osmahawatiense,Nesligissandwicensis,Mysine, Wikslroemia,Dodonaeaviscosa,

Dp/aziumsandwichianum,Lysimachiaremyt,Mel/copespp.,Alyxia o/ivformis,Pleomele

auwahiensis,andStyphel/a Iameiameiae(HPCC 1994).

f Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistoricallyresponsiblefor theendangermentof this specieslikely includethe

impactsof feral ungulates,fire, andcompetitionwith alienplant species.

Themain currentthreatsto Remyamautensisinclude:

1) Degradationandlossofhabitatdueto alienungulates

It is clearthathabitatwell-suitedforRemyamautensisandlikely within its formerrangehas

beendestroyedor degradedby cattle,goats,andpigs, andthattheremainingextantindividualsare

found growingonly in areasrelativelyinaccessibleto theseanimals.Browsingandgrazingby feral

anddomesticatedlivestockhaveimpactedRemyamautensisandits habitatthroughoutright

destructionof theplantsandsecondarilythrougherosionthatresultsfrom theloss of vegetation,

tramplingandrootingby theseanimals(Herbst1988).

2) Displacementby alienplant species
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Browsingandassociatedhabitatdisturbancecausedby feralungulateshavefavoredtheinvasion

andspreadof numerousaggressive,alienplantspeciesthatmaycompetefor space,light, water,or

nutrients. SuchalienspecieshavereplacedRemyamautensisthroughoutits presumedformer

habitat(Herbst1988). Competitionfrom alienplantsmayalsobethereasonfor thelow numberof

Remyamautensisin areassuchasManawainuiPlantSanctuary,wherepopulationshavebeen

protectedfrom ungulates(R. Hobdy,personalcommunication1995).

3) Wildland fire

Remyamautensisoccursin a fire-pronearea(drymuch oftheyear), andis jeopardizedwith

extinctionby brushfires set accidentallyor intentionally(Herbst1988).

4) Smallpopulationsize

Thevery smallremainingnumberof individualsofRemyamautensisandtheir limited and

scattereddistributionarethreatssincea singlenaturalor human-causedenvironmentaldisturbance

couldeasilybecatastrophicto thespecies. In addition,thelimited genepoolmaydepress

reproductivevigor.

5) Humanimpacts(collecting andsite degradation)

As theseplantsgrowmostlyon steepslopes,visits to theareaby individualswishingto seeor

photographa rareplantcouldresultin increasederosion. Illegal collecting for scientific or

horticulturalpurposesor excessivevisits by individualsinterestedinseeingrare plantscouldresult

from increasedpublicity, andcouldaffect thespecies(Herbst1988).

g. Conservation

All known individualsofRemyamautensisgrow on State-ownedlandwithin awovenwire

exclosure,the22.4 hectare(56 acre)ManawainuiPlantSanctuary,built andmaintainedby Maui

DOFAW. CurrentStateregulationsprohibit theremoval,destruction,or damageof plants(Herbst1988).

RemyamautensishasbeensuccessfullypropagatedatNTBGon Kauai (Mehrhoff1992; G. Ray,

Centerfor PlantConservation,personalcommunication1997). NTBGhad3250 seedsin short-term

storageasof February1993 (D.Ragone,personalcommunication1993).

h. NeededRecovervActions

1) Evaluatethe statusofRemvamautensisin theManawainuiPlantSanctuaryexclosure;if warranted,

initiatealienplant control.
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Theverysmall numberof Remyamautensisin this large,ungulate-freearearequiresfurther

attention. Monitoring ofR. mautensisandof alienplant speciesin theexclosureshouldbe

implementedto determinewhetherremovalof browsingpressurehasallowedaggressivealien

species,suchas molassesgrass,to dominatethearea.If so, localizedcontrolof molassesgrassand

otheralienspeciesmaybenecessaryto allow continuedsurvival of extantindividualsandto

promotesuccessin establishingnewpopulationswithin theexclosure.

2) Usingseedsfrom existingpopulations,establishandmaintainoutplantedpopulationswithin the

ManawainuiPlantSanctuaryexclosure.

19.SeaevolacoriaceaNutt.

(Common names: dwarf naupaka,falsejadetree, Hawaiian namefor genus:naupaka)

RecoveryPriority # - 2

a. Description

AppendixD containsaline drawingof Scaevolacoriacea.

Scaevo/acoriaceais alow, flat-lyingperennialherb in the goodeniafamily (Goodeniaceae).Its

older stemsare somewhatwoody,andtheleavesare relativelyfar apart,giving theplanta sparse

appearance.The succulentleavesofthis plantareoval- to spoon-shaped,2-5 centimeters(0.8-2 inches)

long, 1-2 centimeters(0.4-0.8inches)wide andaresmoothor somewhatscalywith roundedtips, with

0.7-1.5centimeter(0.3-0.6inch) leafstalks(petioles). Flowersoccurin branchedclusters1-2

centimeters(0.4-0.8inches)long from thepoint ofleafattachmentin groupsof onetothree“half-flower”-

looking lobedflowers,each2 centimeters(0.8 inches)long, withpetalsthatareyellowishgreenon the

outsideandcream-coloredwithin. The darkpurplish-blacktwo-seededfruit is egg-shapedandsparsely

hairy, 5-10millimeters (0.2-0.4inches)longandabout5 millimeters (0.2 inches)wide.

Scaevo/acoriaceais easilydistinguishedfrom otherScaevolaby its prostratehabit andthick,

succulentleaves(Carr 1981). Thespeciesproduceslong, running sprouts;singleplantsmaycoverup to

10 squaremeters(30 squarefeet) of surfacearea(Wagnerel a/. 1990).

b. Taxonomy

Scaevo/acoriaceawasdescribedby ThomasNuttall in 1843 basedon aspecimenhe collected“on

the islandof Atooi (Kauai),nearthesea” in 1835. ThegenusScaevolaconsistsof over100 species,
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mostnativeto Australia(Wagneret al. 1990). The specific epithetcoriaceapresumablyrefers tothe

distinctivecoriaceous(leather-like)leaftexture.

c. CurrentandHistoric RaneeandPonulationStatus

Scaevo/acoriaceahasbeenrecordedonNiihau (extirpated),Kauai (extirpated),Oahu(extirpated),

Lanai (extirpated),Maui (extant),Hawaii Island(extirpated),andtwo offshoreisletsoffWestMaui and

Molokai (extant). It hasneverbeencollectedon theNorthwestHawaiianIslandsor on Molokai. On

Kauai, Scaevolacoriaceawas collectedby ThomasNuttall “nearthesea”in 1835,thelast recordofthis

speciesmadeon thatisland. On Niihau, Remycollectedthespeciessometimebetween1851 and 1855.

By 1913,J.F.G. Stokeswas unableto find thespeciesonthatisland(Forbes1913). On Oahu,

Hillebrand (1888)collectedScaevolacoriaceaat“cape Kaena,on lavanearseashore,”but it apparently

was absentfromthat areaby 1922 (DegenerandGreenwell1950). J.F.Rockmadethelastknown

collectionofthis specieson OahuatBarbersPoint in 1919 (DegenerandGreenwell1950). On Lanai,

Munro collectedthis speciestwice, first in 1922atKeonohau,northern Lanai (Munro692 BISH), and

thenprobably in the 1930s(Munro 931) atKahue,Paomaidistrict, Lanai (Carr1981). The last

collectionofScaevo/acoriaccaon Lanaiwasmadein 1938 (St.John& Hosaka18834BISH) on the

coastatLae Wahie,Mahana,northernLanai Island(DegenerandGreenwell1950). Historicallyon

Maui, Scaevo/acoriaceawas first collectedby MannandBrighamonthe“Isthmusof Maui” in 1864-

1865. Hillebrand (1888) reportedit from Kalepolepo,onthecoastjustsouthof modernKihei, on

southwesternHaleakalaVolcano. In 1948-1949,OttoDegenerreportedScaevo/acoriacea“scattered

hereandthereon the sun-scorchedconsolidatedsanddunesextendingfrom Wailukuto WaiheePoint”

(DegenerandGreenwell1950). On Hawaii Island,it was first collectedin 1779 by DavidNelson

(St. John1979)andalsoreportedlyby theU.S. Exploring Expeditionin 1840-1841(Degenerand

Greenwell1950). This record is thelast ofthespeciesmadeon thatisland.

In theearly 180Os, anextensivesanddunesystemcoveredmuchofthecentralisthmusfrombetween

present-dayKahului andWailukuextendingout ontothe northcoastof WestMaui. This ecosystem,

includingmuchof theformerhabitatof Scaevolacoriacea,hasbeenprogressivelydisplacedby

development. In 1981,the totalnumberof plantsknownwas approximately350, 300 of whichwere

foundatWaiehuPoint (Carr 1981). TheWaiehuPointpopulationoccurred,before1986,on four

consolidatedsanddunesonWaiehuGoIfCourse,ownedby the Stateandby aprivatelyownedcompany,

BondedRealtyInc. In 1986,therealtycompanydevelopedits land into residentiallots. Thisaction

causedtheloss of approximatelytwo-thirdsof thespecies’remaininghabitat. The landownersarranged

for living specimensto betakenfromthe areafor replantingbeforethepopulation’sdestruction.
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Plantingsfrom cuttingsofthe original populationweremadeatthe entranceto thesubdivision. These

plantingsfailed. By 1994,all but two of theplantedScaevo/acoriaceawere dead(R. Hobdy,personal

communication1995). Theprimaryreasonfor failure oftheseplantingswasthat theplantingsite

comprisedinappropriatehabitat;the sandysubstrateatthesite wasnot consolidatedasis thenatural

habitatof thespecies. Invasionandovertoppingby alienherbsandshrubs,especiallyP/uchea

symphytifolia,alsocontributedtothe failure. TheWaiehupopulationis nowmuchsmallerasaresultof

recenturbandevelopmentin that area. A detailedfield surveywill benecessaryto fully assessthe

situation.

Currentlythis speciessurvivesonly onMaui andtwo offshoreislets. The four surviving

populationsof this species,with datesof first recordandownership,are: 1) WaiehuPt.. about36

hectares(90aeres),«300plants,1948,State& BondedRealtyInc.; 2) Kaupo,about0.4hectare(1

acre),20 plants, 1978,KaupoRanch;3) MokeehiaIslet, about40 squaremeters(130 squarefeet), 15

plants,1981,State;and4) MokuhoonikiIslet, about12 squaremeters(40squarefeet),4-5 plants, 1981,

State. The isletsare partofthe HawaiianStateSeabirdSanctuaryandareunderthejurisdiction ofthe

StateDepartmentof LandandNaturalResources.TheWaiehuPointpopulationis split betweenland in

Stateandprivateownership.The State-ownedlandis underthejurisdictionof theCountyof Maui.

The Kaupopopulationis entirelyonprivateland.

d Life Historv

Thisspeciesis salt-tolerant,relativelylong-lived,andflowersyearround.

e. HabitatDescrintion

Scaevolacoriaceausuallyoccursin relativelyhot,dry coastalsitesonlow, consolidatedsanddunes

nearsealevel. Thesitesreceivehigh insolation,andmost ofthevegetationis ator neargroundlevel.

AssociatednativespeciesincludeBidensmautensis,Boerhaviaspp.,Fimbristy/iscymosa,Gnapha/ium

sandwicensiumHeliotropiumcurassavicum,Jacquemontiaovalfolia, Lipochoetaintegrfo/ia,Nama

sandwicensis,Osteome/esanthy//id/folia,Scaevolaser/cea,Sidafa//ax,andWa/theriaindica (HPCC

1994; Herbst1972; A.C. Medeiros,personalobservation1994). Associatedalien speciesinclude

Casuarinaequisetifolia,Cynodondacty/on,Ficusmicrocarpa,Heterothecaca/ifornica,Leucaena

leucocephala,Macropti//umlathyroides,Sonchuso/eracea,Stachytarpheta,Verbensinaenceltoides,

Wedelta tri/obata (HPCC 1994; Herbst1972; AC. Medeiros,personalobservation1994).
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f Reasonsfor DeclineandCurrentThreats

Theprimarythreatshistoricallyresponsiblefor theendangermentof this speciesincludetheimpacts

ofdomesticcattleandloss ofhabitatduetobuildingandroadconstructionandassociatedhumanimpact.

Themaincurrentthreatsto Scoevolacoriaceainclude:

1) Development/subdivisionencroachment

Sceniccoastalareasnearhumanpopulationcentersareprimesitesfor housingandother

developments.Onthe centralisthmusof Maui andnortheastWestMaui coasts,consolidatedsand

duneshavebeenalmostcompletelyreplacedby development.

2) Humanimpacts(sitedegradation)

TheWaiehuPointpopulationoccurson sanddunes,within Statelandin WaiehuGoIfCourse

andprivatehousesites. Becausetheplantsoccuron suchsmalltractsof landsbetweenthe goIf

courseandresidentialareas,habitatdegradationbyhumantraffic is a seriousthreattothefew

survivingindividualsofthis speciesatthis site. Habitatdegradationoftheremainingfractionof

public landby the activity of goIfersoff thefairway is alsoapotential,but probablyminimal, threat

to theplant (USFWS1986).

3) Smallpcpulationsize

Furtherreductionsofthebreedingpopulationmayhaveadverseeffectsonthereproductive

capacityandsurvivalability ofthis species(Carr1981; USFWS1986).

4) Alien plants

Trampling,acceleratederosion,andotherphysicalcharacteristicsassociatedwith site

degradationlead to increasedinvasionby alienplantspecies,suchasLeucaenaleucocephalaand

Ficus microcarpa. Landscapingplants,suchas Wede/tatrilobata, haveescapedfromresidential

lots andareusurpingScaevolacoriaceahabitaton roadcutsinWaiehu,Maui.

5) Domesticcattle

TheKaupopopulationis marginally threatenedby the feedingandtramplingofdomesticcattle.

Thoughunfenced,thepopulationsareprotectedfrom moresubstantivedamageby thesteepslopeon

whichthe speciesgrowsatthis site. Thesteepslopeappearstobethefactorthathasresultedin the

long-termsurvivalof thespeciesattheKauposite.

g. Conservation

ScaevolacoriaceahasbeenpropagatedattheHonoluluBotanic Garden,NTBG, theWaimea

ArboretumandBotanicalGarden(Mehrhoff1992)andat Lyon Arboretumon Oahu(G. Ray, Centerfor
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PlantConservation,personalcommunication1997). NTBGhadover 20 plantsand/orseedsofthis taxon

as of February1993 (D. Ragone,personalcommunication1993). Scaevo/acor/aceawasoncecultivated

attheMaui BotanicalGardensbut individualsno longerexistthere(R. Nakagawa,personal

communication1996). Scaevo/acoriaceais presentlycultivatedatnumerousothersitesin Hawaii,

includingWaileaPoint (Maui), LahainaHarbor(Maui), theMaui DOFAW nursery,KanahaPond

Wildlife Sanctuary(Maui), andthe courtyardofthePlantScienceBuilding attheUniversityof Hawaii

(Oahu) (USFWS 1986; A.C. Medeiros,personalcommunication1994; R. Nakagawa,personal

communication1996). MokeehiaandMokuhoonikiIslets are Statebird sanctuaries;thus,the

populationson thoseislets areprotected. A specialpermitfrom theStateis requiredto visit theislet

(USFWS1986).

h. NeededRecoveryActions

Thereareno knownspecies-specificrecoveryactionsfor this speciesatthis time. Pleasereferto the

StepdownNarrativesectionofthis planfor theoverallrecoverystrategy.

20.SchiedeahaleakalensisDegener& Sherif RecoveryPriority # - 2

a. Descrintion

AppendixD containsaline drawingofSch/edeaha/eakalensis.

Schiedeaha/eakalensisis asmall shrubin thepink family (Caryophyllaceae),growing30-60

centimeters(12-24 inches)tall. It hasthick,woodyrootstocks,climbing herbaceousbranchesandthin

needle-likeleaves. Theslightly fleshy, one-nerved,narrow leaves(40-80x 1-3 millimeters [15.8-31.5x

0.04-0.1inches])occurin pairs, thedistancebetweenpairsonthestembeingabout2 centimeters(0.8

inches). The small (under5 millimeters [0.2inch]) flowersoccurattheendsof stemsinbranched

clusters. The capsulesare approximately4 millimeters (0.2 inches)long with sculptured,grayto red-

brown, roughlyovoid seeds0.6 to 1.0millimeters (0.02-0.04inches)long. Thisspeciescanbe

distinguishedfrom the similarSch/edeamenziesiiby smooth(vs. hairy) flower clusters(inflorescences)

andgenerallynarrowerleaves.

Schiedeaha/eaka/ensiscanbedistinguishedfrom theotherspeciesofthe genuson EastMaui by its

shrubby,dwarfedappearance,its arid high-elevationhabitat,andits crowded,smoothinllorescence
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composedof bisexualflowers (DegenerandDegener1956,DegenerandGreenwell1956,Sherff1942,

Wagneret al. 1990;USEWS 1992a).

b. Taxonomy

Sch/edeahaleaka/ensiswas describedby DegenerandSherff(Sherff1942)afterits discoveryby

OttoDegener,Emilio Ordonez,andFelix C. Salucopin 1939 (USFWS1992a). It wasretainedasa good

speciesby arecentreviewofthe Hawaiianflora (Weller inWagneret a/. 1990). The genusSchiedea

contains22 speciesrestrictedto theHawaiianIslands(Wagneret al. 1990). Thespecificepithet

ha/eakalensisrefersto HaleakalaPeak,2,500meters(8,200feet) elevation,southeasternHaleakala

Crater,atthebaseof whichthefirst collectionsofthis speciesweremade.

c. CurrentandHistoric RaneeandPopulationStatus

Duetothelack of earlycollections,thehistoricalrangeofSchiedeaha/eaka/ensisis unknown.

This speciesis currentlyknown from threepopulationsin HaleakalaNationalPark on EastMaui: Holua

(2,195-2,440meters[7,200-8,000feet] elevation),or.north-facingcliffs of HaleakalaPeak(2,285-2,345

meters[7,500-7,700feetj elevation),andinupperwesternKaupo Gap (1,800-1,860meters[5,900-6,100

feet] elevation)(Wagneret al. 1990; A.C. MedeirosandL. Loope,personalcommunication1990).

Thethreepopulationsare estimatedto containatotalof 100 to 200individuals,whichtogetherextend

over atotalareaofabout 11 hectares(A.C. MedeirosandL. Loope,personalcommunication1990).

However,dueto the inaccessibilityofthehabitat,acompletesurveyis lacking.

Schiedeahaleaka/ensishassurvivedonly onprecipitouscliff facesinaccessibleto goats. In spiteof

theremovalof goatsin thelate 1 980sfrom habitatof this taxonin HaleakalaNationalPark,no

establishmentby seedlingshaseverbeenobserved. Slugsmaybe completelydevouringtheseedlings

(AC. Medeiros,personalcommunication1997).

d. Life History

Little is knownaboutthe life historyof Schiedeaha/eaka/ensis.This speciesis knowntobe

gynodioecious(bearingfemaleandboth-sexedflowerson separateplants)(StephenWeller,Universityof

CalifomiaatIrvine andA.C. Medeiros,personalcommunication1994)and,hence,probablyrequires

cross-pollinationby small insectsfor seedset. Smallflies andmothshavebeennotedvisiting theflowers

atbothknownpopulations(LoopeandMedeiros1 994c). Theseinsectsare generallyrelatively short-
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flighted. Fruits andseedshavebeenobservedin August/September.Thereareno obviousdispersal

devicesfor seedsotherthangravity andwater-bornemovement.

e. HabitatDescrintion

Thecurrenthabitatof Schiedeahaleaka/ensisis in rockcrackson sheercliffs at1,800 and2,440

meters(5,910and8,010feet)elevationadjacentto barrenlavaandpredominantlynativesubalpine

shrublandsandgrasslands.The substrateis cinder,weatheredvolcanicash,or barelavawith little or no

soil development. Periodicfreezingtemperaturesoccurin thishabitat. Associatednativespeciesinclude

Artemisiamautensis,B/densmicrantha,Dubautiamensiezit,Styphe/tatame/ameiae,Vaccin/um

reticulatum,andViola chamissoniana(Medeiros,Loope,andHolt 1986).

f Reasonsfor DeclineandCurrentThreats

Theprimarythreathistoricallyresponsiblefor the endangermentofthis speciesis habitat

degradationandherbivoryby feral goats.

Themaincurrentthreatsto Schiedeahaleakalensisinclude:

1) Smallpopulationsize

Thevery smallremainingnumberof individualsofSchiedeahaleaka/en~isandthelimited and

scattereddistributionofthe speciesarethreatssinceasinglenaturalor human-causedenvironmental

disturbancecouldbecatastrophicto all or a significantpart ofthepopulations.In addition,the

limited genepoolmaydepressreproductivevigor. Justas importantly,averysmall,scattered

populationmaynotreceiveadequatecross-pollination.

2) Feedingby slugs(Mi/axgagates)

Basedon recentunpublishedevidence,recruitmentof Schiedeagerminants[seedlings]canbe

catastrophicallysuppressedby herbivoryof alienslugsin theWaianaeMountainsof Oahu(Steve

Weller andAnn Sakai,Universityof CaliforniaatIrvine, personalconununication1994). Nocturnal

herbivory by theinvasivegardenslugMi/ax gagateshasbeenobservedtopartiallydefoliatelarger,

establishedplantsof Schiedeaha/eakalensisin thewesternKaupopopulation(A.C. Medeiros,

personalobservation1994). This slugis nowwidespreadonupperHaleakalaVolcano inavariety

of high-elevationsites,arid to wet, andhasbeenobservedfeedingon suchrarenativeplantsas the

greensword(Gagn~1983).

3) Invasionofhabitatandeliminationofpollinatorsby theArgentineant(Iridomyrmexhum//is)
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This antspeciesis capableofreducingor eliminatingnativepollinatorswhereverit invadeson

HaleakalaVolcano(Coleet a/. 1992). As of 1994,theinvasionhaddescendedfromKalahakaon

therim of HaleakalaCraterto thecraterfloor verynearthe Holuapopulationof Schiedea

haleakalensis.

4) Feralungulates

Althoughferal goatshavebeenremovedfrom HaleakalaNationalParkby aprogramof active

managementandare no longeran immediatethreatto nativeplantspecieswithin thepark, the

potentialfor theingressandreestablishmentof goatsexists. Maintenanceof agoat-freesituation

requirescontinuationof anactivemanagementprogram,whichrequiressubstantialsustained

commitmentby HaleakalaNationalPark andfunding for fencemaintenanceandgoatremoval.

5) Fire

Thepossibilityof fire is athreatto the existenceof Schiedeahaleaka/ensis;asinglefire could

affectasignificantportionofthepopulationofSchiedeahaleaka/ensis(A.C. Medeiros,personal

communication1990).

g. Conservation

Exclusionofferal goatsfrom HaleakalaNationalParkrequiredamajoreffortby theNationalPark

Service. Without thatimportantstep,no seriouspossibilitywouldexistfor therecoveryofSchiedea

haleaka/ensis.Schiedeahaleakalensisis not beingpropagatedatanyof thecollectionssurveyedby

Mehrhoff(1992). However,Dr. StephenWeller,whois cultivating taxaof thegenusSchiedeain

agreenhouseatIrvine, Califomia,for studiesofbreedingsystems,was ableto obtainthreeseedsof

Schiedeaha/eakalensisduringatrip into HaleakalaCraterin July 1991. By January1992,three

individuals ofthis taxonwere growingin hisgreenhouse.Progenywerealsoobtainedlaterfrom seeds

from thesethreeindividuals. Weller finds thatthe speciesis very easyto grow(S. Weller,personal

communication1993).

h. NeededRecovervActions

1) Maintaingoat-freestatusof HaleakalaNationalPark.

Oneof thebenefitsof goatcontrol in the Parkis thatthe increaseof biomass(which will continue

overmanydecadesfollowing removalof feral goats)mayincreasethe availabilityof moister,semi-

shadedmicrositesfor germinationandincreasethenumbersof generalistnativeinsects,suchas

flies, mothsandbees,whichcanactas pollinatorsfor this pollinator-dependentspecies.
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2) Monitor statusandthreatsto thethreeknownpopulationsof Schiedeahaleakalensis.

Thisworkpresentspracticaldifficulties becauseofthelocationof extantpopulationson sheeror

evenunderhungrockfaceswith fewrelief features. AccesstoSchiedeahaleakalensispopulations

usingtechmcalrock-climbingequipmentappearsfeasiblebut hasnot yet beenattempted. When

usingropesin monitoring,caremustbetakennot to damagecliff vegetation.

3) PreventtheArgentineantfrom reachingpopulationsof Schiedeahaleaka/ensis.

21. Tetramolopiumcapillare (Gaud.) St. John

(Hawaiian name: pamakani) RecoveryPriority # - 2

a. Description

AppendixD containsa line drawingof Tetramolop/umcapt//are.

Tetramo/opiumcapt//areis aslender,low-growingor sprawling shrubin the asterfamily

(Asteraceac).Stemsare 50-80centimeters(19.7-31.5inches)long anddenselyglandularwhenyoung.

The leavesareslender(10-25x 0.3-0.4millimeters [0.4-1x 0.01-.02inch]) withpointedtips. The leaves

areinvolute—thatis, theleafedgesstronglyroll towardthetop surfaceof theleaf. The leaves,attached

directly to themainstemoftheplant,are finnandresistantto signsof wilting. The leavesarehairlessor

with smallhairsnearthebase. Glandularflower headsoccursinglyon stalksandmeasure7-10

millimeters (0.3-0.4inches)in diameterwith 30-50petal-likewhite, 3.5-4.3millimeter (0.1-0.2inch) ray

floretsand15-25red-tingedgreenish-yellow3.6 millimeter (0.1 inch) disk florets; thebasesof theheads

arecoveredwith 45-50small grasslikeappendages(bracts). Thedryfruits (achenes)areunder3

millimeters (0.1 inches)longandunder 1 millimeter (0.04 inch)wide.

Thistaxoncanbereadilydistinguishedfrom theapparentlyrelatedTetramolopiumremytby its

shorterflower stalk, smallerheads,andlax or sprawlinghabit (Wagneret a/. 1990).

b. Taxonomy

Tetramo/opiumcapt//arewasdescribedby CharlesGaudichaud-Beaupr~in 1830asSenecto

capi//are. In an analysisof this species,St. John(1965)placedit in the genusTetramo/opium,hence

T. capt//are(Gaud.)St.John,its currentlyacceptedname. However,St.John(1974)erectedanew

endemicgenusLute/discus,consistingof threespecies,andincluding Tetramolopiumcap/I/areas

Lute/discuscapt//are(Gaud.)St.John. In arecentreviewoftheHawaiianrepresentativesofthegenus
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Tetrainolopium(Lowrey inWagneret al. 1990),the genusLuteidiscusSt.Johnwasnot acceptedand

wasconsideredasynonymwithin abroaderinterpretationofthe genusTetramolopium.

The involute leaves,glandularpubescence,andintermediatebranchingpatternindicatea close

relationshipto Tetramolopiumremyi. On Maui, theknownhistoricalrangesof Tetramolopiumcapillare

andT remyfoverlap. Despitethecloserelationshipwith Tetramolopiumremyi, T. capillare is readily

distinguishedby its shorterpeduncle,smallerheads,andlax or sprawlinghabit (Wagneret a). 1990).

ThegenusTetramolopiumconsistsof about36 speciesrestrictedto NewGuinea,theCookIslands

(Mitiaro Island),andtheHawaiianIslands(Lowrey inWagnereta). 1990). Ofthese,about25 species

areendemicto highmountainsofNew Guinea,10 speciesareendemictoprimarily coastal,leeward,and

high-elevationsitesofthe HawaiianIslands,anda singleindigenousspeciesoccursincoastalhabitatsof

boththeCookandHawaiianIslands(T. sylvaeLowrey). Accordingto Lowreyin Wagneret al. (1990),

T. capillare is amemberofthe sectionTetramolopium,whichconsistsof six Hawaiianendemicspecies,

primarily of coastalandxeric leewardecosystems.The specific epithetcapillare means“of hair” in

Latin.

c. CurrentandHistoric RaneeandPonulationStatus

RegardingTetramolopiumcapil/are, Lowrey in Wagneret a). (1990)states,“known only from dry

forestandshrublandamongrocks in thefoothills, WestMaui from Lahainalunato Wailuku. Thespecies

waslast collectedin 1955 (St.John25604BISH) fromthe Lahainalunaareaof WestMaui.” Loxvrey in

Wagneret a). (1990) consideredTetramolopiumcapillare probablyextinct.

A single individualwas subsequentlyfoundby A.C. MedeirosatHalepohaku,WestMaui. Steve

PerlmanandKen Woodof NTBGrevistedthisareain 1991 andfound eightindividuals growingon

Ulaulaandoneindividual on Koai. In 1993,Perlman,Wood, andRobertHobdyofMaui DOFAW

locatedTetramolopiumcapillare ontwo cliffs in KauaulaValley, WestMaui. Therewereapproximately

25 plantson onecliff and75-100plantson theother. Thesetwo cliffs are separatedby aboutone-third

mile (S. PerlmanandR. Hobdy,personalcommunications1997). Thus,Tetramolopiumcapillare is

currentlyknownonlyfrom HalepohakuandKauaulaValley, WestMaui, with fewer than200individuals

dividedamong2-4populations.

d. Life History

No detailsareknown.
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e. HabitatDescription

Virtually no field notesweremaderegardingtheecologyofthis speciesby earlycollectors.

Presumably,the speciesgrewin drylandforestandshrublandoflowland, leewardWestMaui. Associated

specieswithin thepresumedpotentialhabitatofthis speciesincludeMetrosiderospolymorpha, Slyphelia

tameiameiae,Dodonaeaviscosa,Machaerinaangustifolia,Gahniagahnizformis,Dubautiascabra,

Lysimachiaremyi, Deschampsianubigena,Bidensmenziesii,Lipochaetalavarum,Heteropogon

contortus,Dubautia linearis,Myoporumsandwicensis,Achyranthessplendens,Argemoneglauca,and

Waitheria indica (HPCC1994). AssociatedalienspeciesincludeLeucaenaleucocephala,Conyza,

Buddlejaasiatica,Prosopispallida,andRhynchetrumrepens(HPCC 1994).

f Reasonsfor DeclineandCurrentThreats

Degradedby grazing,wildland fires, andalienplantinvasions,the original vegetationof dryland

forest andshrublandof lowland, leewardWestMaui waslostnearlywithout documentationby the early

1900s.

Currently,themain threatsto Tetramolopiumcapillare include:

1) Alien plants

Non-nativeplantsthreateningthis speciesincludeLeucaenaleucocephala,Conyza,Buddleja

asiatica,Prosopispallida,andRhynchetrumrepens(HPCC1994).

2) Fire

Fire is acontinuingthreatto this speciesandits habitat.

3) Smallpopulationsizein asinglelocation

Becausethis speciesoccursatsuchlow populationlevelsandin sucharestrictedarea,a single

severeenvironmentaldisturbancecouldresultin its extinction.

g. Conservation

In 1992,StevePerlmanandKenWoodcollectedseedsfromthe Koai individual. Theseedswere

plantedandgerminatedbut laterdied(S. Perlman,personalcommunication1997).
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h. NeededRecoveryAction

Use seedfrom existing(andanyadditionallydiscovered)populationsto outplantinto protected

areasonWestMaui, suchas atLihauor ManawainuiPlantSanctuary,providingnecessarymanagement

to maximizechancesof successfulestablishmentandlong-termsurvival.

E. RecoveryStrategy

Recoveryoftheseplants,asdetailedin thefollowing step-downnarrative,beginswithprotecting

andmanagingtheir currenthabitats.Currentthreatsto theplantsareaddressedthroughfencingand/or

huntingto controlungulates;controlof alienplants;protectionfrom fire; controlof rodents,insectsand

disease;protectionfrom humandisturbance;collection, storageandmaintenanceof geneticmaterial;and

acomprehensivemonitoringprogram,includingsearchingfornewpopulations,asappropriate.A

researchprogramis recommendedto studyeachtaxon’s growthandreproductiveviability, reproductive

strategyandpollinators,possiblepestsanddiseases,anddeterminetheparametersof viablepopulations.

The researchresultswill be usedto improvemanagementpractices.

A programis neededto augmentvcry smallpopulationsandre-establishnewpopulationswithin the

historicalrangesofthe species. Thisprogramwould includeselectionof areasfor augmentationandre-

establishment,determinationof thebestmethodsfor exsitupropagationandtransplanting,selectionof

the bestgeneticstockfor eacharea,propagationof suitablestock,preparationof sitesfor seedingand/or

transplanting,andmonitoringandmaintenanceofnew individualsandpopulationsastheyare

established.

Finally, the recoveryobjectivesshouldberefinedandrevisedasnewinformationbecomesavailable.
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RECOVERY

A. Objectives

Objectivesfor stabilizing,dowulisting,anddelistingareprovidedfor theMaui plantclustertaxa.

Theorderoftaskslistedin the step-downoutlineandnarrativedoesnot necessarilydesignatetheorderin

whichthesetasksshouldbe implemented.Priorities for actionandrecommendedtime-framesare

containedin theImplementationScheduleof thisplan.

An endangeredspeciesis definedin section3 oftheEndangeredSpeciesAct asanyspeciesthatis in

dangerof extinctionthroughoutall or asignificantportionofits range. A threatenedspeciesis definedas

anyspeciesthatis likely to becomeanendangeredspecieswithin theforeseeablefuturethroughoutall or

asignificantportionof its range.

For thepurposesofthis section,apopulationis definedasadiscreteunit with sufficientdistance

betweenneighboringpopulationsthatthetwo arenot affectedby thesamesmall-scaleevents(suchasa

landslide),andarenotbelievedto becross-pollinated. Matureindividualsaredefinedasthoseeither

known orbelievedtobecapableof reproduction.In general,long-livedperennialsare thosetaxaeither

known orbelievedto havelife spansgreaterthan10 years;short-livedperennialsarethoseknown or

believedto havelife spansgreaterthan1 yearbut lessthan10 years.

The long-livedperennialsin thisplanare:Alectryonmacrococcu~,Geraniumarboreum,

Geraniummultifiorum,Melicopeadscendens,Melicopeballoui,Melicopemucronulata,andMelicope

ovalis.

The short-livedperennialsin this planare:Acaenaexigua,Bidensmicranthassp.kalealaha,

Clermontiaoblongfolia, Cyanealobata, Cyaneamceldowneyi,Hedyotiscoriacea,Huperziamannii,

Lipochaetakamolensis,Lysimachialydgatei,Remyamaulensis,Scaevolacoriacea,Schiedea

haleakalensisandTetramolopiumcapillare. Argyroxiphiumsandwicensessp.macrocephalumdoes

not fit into eitherof thesecategoriesdueto its uniquelife history.

Becausewehaveonly limited knowledgeofthe life historyof eachofthesetaxa(except

Argyroxiphiumsandwicensessp.macrocephalum)with respectto specificrequirementsfor their short-

termandlong-termsurvival, only tentativecriteria for stabilizing, downlisting,anddelistingare

establishedhere. Thesecriteriawereformulatedbasedonrecommendationsby the HawaiiandPacific

PlantsRecoveryCoordinatingCommittee,aswell astheInternationalUnion for ConservationofNature

andNaturalResources’(IUCNs) drafi red list categories(Version2.2)andtheadviceand

recommendationsofvariousbiologistsandknowledgeableindividuals.
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Additional informationis neededaboutthe20 endangeredMaui clustertaxaso thatmore

meaningfulrecoveryobjectivescanbequantified.

Interim ObjectivesandCriteriafor the 20 EndanneredTaxa

The interimobjectiveis to stabilizeall existingpopulationsofthe Maui taxa. Tobeconsidered

stable,eachtaxonmustbemanagedto controlthreats(e.g., fenced)andberepresentedin anexsitu

collection. In addition,aminimumtotalofthreepopulationsof eachtaxonshouldbedocumentedon

Maui and,if possible,atleastoneotherislandwheretheynow occuror occurredhistorically. Eachof

thesepopulationsmustbenaturallyreproducingandincreasinginnumber,with aminimum of 25 mature

individualsperpopulationfor long-livedperennialsandaminimumof 50 matureindividualsper

populationfor short-livedperennials.

Downlistin2ObjectiveandCriteriafor the20 Endan2eredTaxa

For dowulisting,atotaloffive to sevenpopulationsof eachtaxonshouldbe documentedonMaui

andatleastoneotherislandwheretheynowoccuror occurredhistorically. In certaincases,however,a

particulartaxonmaybe eligible for downlistingevenif all five to sevenof thepopulationsareononly one

island,providedall oftheotherrecoverycriteriahavebeenmetandthepopulationsin questionarewidely

distributedandsecureenoughthatonemightreasonablyconcludethatthetaxon is not in dangerof

extinctionthroughoutall or a significantpartof its range.

Eachof thesepopulationsmustbenaturallyreproducing,stableor increasinginnumber,andsecure

from threats,with aminimum of 100matureindividualsperpopulationfor long-livedperennials,anda

minimumof 300 matureindividualsperpopulationfor short-livedperennials.Eachpopulationshould

persistatthislevel for aminimumof five consecutiveyearsbeforedownlistingis considered.

DelistixurObjectivefor the 20 EndaxureredTaxa

For delisting,atotalof 8 to 10 populationsof eachtaxonshouldbe documentedon Maui andat

leastoneotherislandwheretheynowoccuror occurredhistorically. As with downlisting,theremaybe

casesin whichaparticulartaxonmaybeeligible for delistingevenif all 8 to 10 of thepopulationsare on

only oneisland,providedall oftheother recoverycriteriahavebeenmetandthepopulationsin question

are widelydistributedandsecureenoughthat onemight reasonablyconcludethatthetaxonis not likely to

92



becomeanendangeredspecieswithin the foreseeablefuturethroughoutall or asignificantportionofits

range.

Eachofthesepopulationsmust benaturallyreproducing,stableor increasingin number,andsecure

fromthreats,with aminimumof 100matureindividualsperpopulationfor long-livedperennialsanda

minimumof 300 matureindividualsperpopulationfor short-livedperennials.Eachpopulationshould

persistatthis level foraminimum offive consecutiveyears.

Delistin~ObjectiveforArevroxivhiumsandwicensessp.macrocevhalum

Recommendedguidelinesfor delistingof thistaxondiffer from the generalguidelinesgivenabove

becausethis taxonhasprobablyneverhadmorethana singlepopulation. Delistingof thistaxonwould

beappropriateif thethreatto its pollinatorsfromthe alienArgentineantis controlledthrough

managementaction,no otherthreatof comparablemagnitudearisesduringthattime, andthesingle

populationcontinuesto exceed50,000individuals.

Theserecoveryobjectivesmayberefinedandthisrecoveryplanrevisedasmoreis learnedaboutthe

life historyofthetaxaandpopulationmodelingis conducted.
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B. StendownOutline

1Protectcurrentpopulations,managethreatsandmonitor.

11. Providelong-termprotectionforexistingpopulations.

111. IdentiI~r andmapall extantpopulations.

1111. Map knownlocations.

1112. Searchfor additionalpopulationsandaddnewlocationsto species

distributionmaps.

112. Identify areasfor preservation(i.e., managementunits).

113. Providelong-termprotectionfor thoseareasnot alreadyaffordedlegalprotection.

12. Managethreatsto currentpopulations.

121. Developthreatmanagementplans.

122. Implementthreatmanagementplans.

1221. Controlferal ungulates.

12211. Determinefencingstrategy.

12212. Constructandmaintainfencing.

12213. Removeungulateswithin fencedareas.

12214. Monitor fencedareasforungulatedamageandeffectsonweeds.

1222. Conductessentialalienplantcontrol.

12221. Determineeffectivecontrolmethods.

12222. Map alienvegetation.

12223. Implementweedcontrol.

12224. Preventintroductionof newalienplantspeciesto Hawaii

1223. Developandimplementfire protectionplans.

1224. Controlother introducedanimals.

12241. Detenumecontrolmethodsfor, andcontrol rodents.

12242. Deternunecontrolmethodsfor, andcontrol slugs.

12243. Determinecontrolmethodsfor, andcontrolblacktwig borerand

otherdamage-causinginsects.

1225. Controldisease,if necessary.

1226. Ensureavailabilityof pollinationvectors,if necessary.

1227. Protectareasfrom directthreatsfrom humans.

12271. Educatethepublic.

12272. Postsigns,asappropriate.
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12273. Controlpublicaccessto sensitiveareas.

1228 Maintaingeneticstockexsitu.

1229. Controlotherthreats,asnecessary.

13. Monitor statusofwild populations.

2. Conductessentialresearch.

21. Collectdiagnosticdataon crucialassociatedecosystemcomponents.

22. Studyvariousaspectsof growth.

23. Studyreproductiveviability.

24. Determineparametersofviablepopulations.

3. Expandexistingwild populations.

31. Developplansfor expansionof populationswhennecessary.

311. Determineoptimumpropagationmethods.

312. Determineappropriateaugmentationmethods.

32. Propagateex situ.

33. Preparesites.

34. Plant.

35. Monitor andmaintainnewindividuals.

4. Reestablishwild populationswithin thehistoric range.

41. Develop specificplansfor reestablishment.

411. Identify reestablishmentsiteson Maui.

412. Identify reestablishmentsiteson otherislands.

42. Implementreestablishmentplans.

421. Protectreestablishmentsites.

422. Managereestablishmentsites.

423. Plant.

424. Monitor andmaintainnewpopulations.

5. Validaterecoveryobjectives.

51. Determinenumberof populationsandindividualsneededfor longterm survival.

52. Refine/revisedownlistinganddelistingcriteria.
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C. StendownNarrative

1. Protectcurrentnonulations.mananethreatsandmonitor

.

Giventhedegradednatureof thehabitatofmanyspeciesin theMaui plant cluster,theirprecariouslylow
numbers,andthe severityof thethreatsactinguponthem,thehighestpriority actionstobe carriedout

inunediatelyfor thesetaxamustbeaimedatprotectingthoseindividualsandpopulationsthat currently
existandmanagingtheir habitatto control thethreatsaffectingtheir survival. Protectionand
managementaremosturgentfor thoseninetaxanearestextinction: Acaenaexigua,Alectryon

macrococcusvar. auwahiensis,Clermontiaoblongifoliavar. maulensis,Cyanealobata,Melicope

adscendens,Melicopemucronulata,Hedyotiscoriacea,Remyamauiensis,andTetramolopium

capillare. A monitoringprogramto track thestatusofthepopulationsandto assesstheeffectivenessof

threatmanagementwill alsobeessential.

11. Providelon2-termprotectionfor existiunnonulations

.

Habitatof theMaui clustertaxathatis not currentlyaffordedlongtermprotectionfromthreats,such
as development,agriculture,andmaintenanceof alienungulatesfor huntingprograms,shouldbe

identifiedandprotected.

111. Identifyandmanall extantwild nonulations

.

Protectionof theextantpopulationswill involve locatingall extantindividuals,mappingtheir
preciselocations,andproviding this informationto landmanagers.

1111. Man knownlocations

.

This taskhasalreadybeeninitiated. Mapsexist for rareplantson TNCH preserves,

UlupalakuaRanchandsomeHaleakalaNationalParkandDOFAW lands. Mapping
shouldbecompletedfor theremainingknownbut unmappedMaui clustertaxa
locations. Protectionstatusshouldbenotedfor eachmaplocation.

1112. Searchfor additionalnonulationsandaddnew locationsto sneciesdistribution

m~.

Surveysof all reportedandpossibleoccurrencesof eachtaxonshouldbe conducted.
Occurrencedata, includingpresenceorabsencefrom previouslyreportedsites(aswell

as sitenotes)andall relevantinformationfor newlyreportedoccurrences,shouldbe
carefullydocumented.Detailedsite information(includingdirections,maps,global
positioningsystem(GPS)data,andnarratives)is recommendedfor eachsite. Specific
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searchareasaredetailedin the speciesaccountsforAcaenaexigua, Cyanealobata,

Bidensmicranthassp.kalealaha,Clermontiaoblong~foliassp.mauiensis,Cyanea

mceldowneyi,Hedyotiscoriacea,Huperziamannii,Melicopeadscendens,Melicope

ballouf,MelicopemucronulataandMelicopeovalis.

112. Identify areasforureservation(i.e. - manarementunits)

.

Areastobe chosenforpreservationshould,ideally,containmultiplepopulationsof multiple
speciesthat canbemanagedundera single, coordinated,managementplan.Thesesitesshould
includeareasadequateforbuffer zonesandfire breaksandforexpansionofexisting

populationsandestablishmentofnewpopulationswhennecessary.Similarareasshouldbe
designatedto includenewpopulationsof anyMaui clustertaxafound afterthe initial areasare
chosen. TheHawaiiandPacificPlantRecoveryCoordinatingCommitteeis presentlyin the

processof identiI~ing essentialhabitatareasfor thetaxacontainedin this plan, fromwhich
managementunitsmaylaterbedelineated.Candidatespeciesandspeciesof concern,aswell as

listedplant taxa, shouldbe includedin thesemanagementunits.

113. Providelone-termurotectionfor thoseareasnot alreadyaffordedlegalurotection

.

Muchof thehabitatfor the21 taxaincludedin this planreceivessomedegreeof protection. A
largeproportionis ownedby the Stateof Hawaii. The Statehasshownits comnutmentto
protectingrareplant taxaon Mauiby constructingexclosuresaroundmanyrareplant taxa, and

establishingsanctuaries,suchas ManawainniPlantSanctuary.BY “inreach” to otherState
agencies,DOFAW shouldensurethatall departmentswithin the Statethatareresponsiblefor

activitiesontheselands,suchas landzoning,developmentprojects,forestryprojects,
recreationalprograms,etc.,aremadeawareof thepresenceoftheselistedplant taxa. In
addition,the Stateshouldtake stepsto establishproceduresto ensurethatall Stateactivities

contemplatedin theareaarereviewedwith respectto their potentialimpactonthelistedplant
taxa, with appropriatemeasurestakento minimizeorprecludeall negativeimpacts.

Federallandsimportanttothe endangeredtaxaoftheMaui clusteraremanagedby the
Departmentof DefenseandHaleakalaNationalPark. Parklandsarealreadyprotectedand

managedto benefitendangeredspecies,andthe Parkis conimittedto continuingprotectionand
managementprograms. Muchprogresshasalreadybeenmadetowardsprotectingthreatened

andendangeredplantson Departmentof Defenselands,andthiswork shouldcontinue.

The remaininghabitatis ownedby TNCH, Maui Land& Pineapple,UlupalakuaRanch,
HaleakalaRanch,KaupoRanch,C. Brewer& Co., Amfac/JMBHawaii, Kamehameha

Schools/BishopEstate,CampbellEstate,AlexanderandBaldwin, Inc., theCountyof Maui,
andvariousindividuals. Manyof theselandownershavealreadytakensignificantstepstoward
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protectionof endangeredplantsontheir lands,andeveryeffort shouldbemadeby DOFAW
and/ortheUSFWSto assistthelandowners,asnecessary,tocontinuethe developmentand
implementationof long-termmanagementplansfor theselands.

Habitatofthe Maui clustertaxathatis not currentlyaffordedlong termprotectionfrom threats

suchasdevelopment,agriculture,andmaintenanceof alienungulatesfor huntingprograms,
shouldbeidentifiedandprotected. To ensuremaximumprotectionfor the Maui clusterplants,
it is essentialto developlong-termmanagementagreementsthatidentiI~’ specificconservation
effortsandpromotecooperationamonglandowners.Long-termmanagementagreements

shouldbe arrangedfor as muchhabitataspossiblefor eachtaxon.

12. Mana2ethreatsto currentnonulations

.

Managementof protectedareastoreduceand/oreliminatethreatsto theMauiclustertaxais essential

to thesurvival andrecoveryofthesetaxa.

121. Develonthreatmanagementulans

.

Threatmanagementplansshouldbedevelopedfor eachprotectedareaandcarriedout ina
cooperativemanner,with everyattemptmadeto enterinto partnershipswith landownerson
whoselandstheplantsmayoccurandwhoselandslie adjacentto managementunits.

Managementplansshouldbe asall-encompassingaspossible,incorporatingseveralprotected
areasinto asingleoverallplanforrestorationandmanagementof thehabitaton Maui ofthe
21 taxaidentified in thisrecoveryplan,alongwith othernativecomponentsof theforest.

Wherethese21 taxaoccuron otherislands,their needsshouldbeaddressedinmanagement
planswritten for thoselocallyprotectedareas. Similarly, theneedsofplanttaxa addressedin
otherrecoveryplansthatalsooccuron Maui shouldbeincorporatedinto themanagement
plansaddressedhere. A summaryof associatedlistedspeciesandtherecoveryplansin which

theyare addressedis presentedin AppendixE.

Thesemanagementplansshouldbetailoredto fit theuniqueneedsofthe areascovered,and
mayincludesomeor all ofthetasksbelowas well asothersthatbecomenecessaryas moreis

learnedaboutthe areasandspecies. Amongthe actionsthatmustbeincludedin all, or the
majorityof, thethreatmanagementplansfor these21 taxaareprotectionfrom: grazingand

tramplingby feral ungulates;competitionfrom alienplants;andfire. Otheractionsthatmay
be specificto certaintaxaandmanagementunitsonly are:protectionfrom otherintroduced

species,suchasinsectsandrodents,andprotectionfrom disease.

122. Imnlementthreatmana2ementulans

.
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Oncethreatmanagementplanshavebeendeveloped,implementationshouldproceed.

1221. Controlferal un~ulates

.

The numbersof goats,pigs, andotherferal ungulatesin theforestsof Hawaiiare

extensive. Controllingtheseungulatestothepointwheretheyareno longerimpacting
nativevegetationis absolutelyimperative. Mostofthetaxaincludedin thisplan
cannotaffordto waitmanyyearsforprotectionfromungulates.

Ideally, island-wideprogramsto eradicateferalungulatesshouldbeinstigatedand

supportedon Maui andotherislandswherethesetaxaoccur. Suchremovalofferal
ungulateswouldalsoslowdownthedegradationof watershedlands. However,public

supportofhuntingis ferventandthelikelihoodofacceptanceofanungulate
eradicationprogramseemsremote. Pursuingthe establishmentof gamepreservesin
Hawaii, whereareasaresetasidefor huntingof gameanimals,shouldbeahigh
pnoritywitlun theState.

Themosteffectivemethodcurrentlyknownforprovidinginunediateprotectionfrom

feral ungulatesin Hawaii is fencingof discretemanagementunits. Althoughthis
approachis costly, maintenance-intensive,andnot altogetherfoolproof, it doeswork,
as demonstratedat HawaiiVolcanoesandHaleakalaNationalParksandelsewhere,

andis afeasiblesolutionfor feral ungulatecontrol in Hawaii. In orderto provide
stablenaturalcomrn~initiesin which theMaui clustertaxacansurviveandieproduce
without constantspecies-specificmanagement,fencingmustultimatelybe doneona
largescale,protectingwholedrainagesratherthancreating“postagestamp”

exclosures.

12211. Determinefencinustrateuv

.

Areastobefencedshouldbeprioritized,basedonthenumberof speciesto

beprotected,severityofthreat (grazingpressure)andnumberof other

protectedpopulations. Fencingneedsare particularlyurgentfor thosenine
taxanearestextinction: Acaenaexigua,Alectryonmacrococcus

var. auwahiensis,Clermontiaoblongfolia var. mauiensis,Cyanealobata,

Melicopeadscendens,Melicopemucronulata,Hedyotiscoriacea,Remya

mauiensis,andTetramolopiumcapillare.

A combinationof short-term,small-scalefencingto protectthosepopulations
underinunediatethreatandlonger-term,large-scalefencingmaybe
necessary.However,even“small” exclosuresshouldbesufficiently largeto
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offset thenegativeimpactsof theactualfencingandfenceandsite
maintenance(e.g., scarificationandsoil compactionoffenceline and
adjacentarea). As ageneralguideline,anabsoluteminimum-sizedexclosure

shouldhaveits perimeteratleast50 meters(160feet) distantfrom thenearest
individual ofthetargetspecies. Fencesshouldinclude, if possible,thetarget
populationsandabufferareaof good quality, hopefullysimilarhabitat,for

potentialreplantingefforts(and/ornativebufferhabitatthatis resistantto
invasionofalien species).To reduceconstructionandmaintenancecosts,
fencesshouldbeconstructedalongridgelinesandtied into streamcoursesat
naturalbarriers(suchas thetops ofwaterfalls) asmuchaspossible.

Somespecificareasfor fencingaredescribedin thespeciesaccountsfor
Alectryonmacrococcus,Bidensmicrantha ssp.kalealaha,Cyanea

mceldowneyi,Geraniumarboreum,Huperziamannii,Lzpochaeta

kamolensis,MelicopeadscendensandMelicopemucronulataandin
AppendixB.

12212. Constructandmaintainfencin2

.

Oncethebestmethodandconfigurationfor fencingeachsite is determined.

fencingandmaintenanceshouldbeginas soonaspossible. Fencesshouldbe
imperviousto all ungulatesfoundin the area(s).Ongoinginspectionand
maintenanceof fencesareasimportantas initial fencingin ensuringthe
continuedexclusionof ungulatesfromthefencedareas.

12213. Removeunuulateswithin fencedareas

.

Oncethefenceshavebeencompleted,it will benecessaryto remove
ungulatesfromwithin thefencedareas. In all casesit is critically important
to realizeandactonthefact thathabitatdisturbanceby huntingor snaring

activitiescanbehighly detrimentalto thefragileecosystemsof Hawaii.
Directdamageto theenvironmentaswell asthepossibilitiesof introduction

of seedsof invasivealienplantsandthe creationofinroadsfor remaining
ungulatesandsubsequentpathwaysfor invasionof alienplantsareofmajor
consequenceinsuchareas.Eradicationoptionswould includebaited
hunting,snaring,andpoisoning. Also, huntingfrom helicoptersis ahighly

effectivemethodfor ungulateeradication,particularlyin extremelyrugged
terrain. Huntersandotherswhowill beworking in thehabitatofthe Maui
clustertaxashouldbe apprisedof theexistenceandwhereaboutsoftheplants
so thattheydo not inadvertentlydamagethem.
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12214. Monitor fencedareasfor ungulatedamaeeandeffectsonweeds

.

Ongoingmonitoringfor ungulateswithin thelargefencedareasis necessary
to ensuretheir continuedabsence.Monitoring shouldalsorecordthe

possibleincreasedvigorof alienplants,whichmaybereleasedfrom grazing
pressure,andtheeffects ofthis onthe Maui clustertaxa.

1222. Conductessentialalienulant control

.

Oneof themostimportantaspectsof habitatmanagementfor theMaui clustertaxais

the controlof alienweeds. Weedcontrolmaybecomeevenmoreimportantif the
removalofungulatesrelievesgrazingandbrowsingpressureon somealienplant

species. In all casesit is critically importantto realizethathabitatdisturbanceby weed
removalactivitiescanbe highly detrimentaltonativeecosystems.Stepsshouldalways

betakento minimizetheeffectsof: (1) direct damagetothe environment;(2)
introductionof seedsofinvasivealienplants;and(3) thecreationof inroadsfor

remainingungulatesandsubsequentpathwaysfor invasionof alienplants.

12221. Determineeffectivecontrolmethods

.

For eachnegativeeffectknownor discoveredfor anyintroducedspecies,

effectivecontrolmethodsshouldbeascertained.Beforeimplementation,any
control methodmustbeknownto haveminimaladverseeffectsontherare
planttaxawhoseprotectionis targeted.

12222. Man alienve2etation

.

Periodicmappingof alienvegetationis recommendedusingvarious

techniques,includingdirect groundobservationsandaerialcolorand/or
infraredphotographs,to comparewithpreviousmapsandphotosin orderto
determineoverallchangesinalienvegetationpatternswherethe Maui cluster
plantsoccur. Advantagesof aerialtechniquesinclude(1) thefactthat such
techniquesarenot directly invasiveinto thesensitivehabitatof the

endangeredplantsandthat(2) largeareasthatmayotherwisebeinaccessible
for observationmaybe monitored. Suchmappingwouldallow changesin
distributionsandabundanceof alienplantsto befollowed so thatappropriate
managementactionsmaybetaken.
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12223. Imulementweedcontrol

.

Weedcontrol shouldbeaggressivelyimplementedin thevicinity of theMaui
clustertaxa,particularlywithin fencedareas. Controlmethodsmayinclude

hand-pullingandpossiblylocal herbicideapplicationin somecases.Weed

control shouldbeginimmediatelyfor eachpopulation,beginningwith the
immediatevicinity of theexistingplantsandcontinuinguntil control is
achievedin thefull managementsite. Follow-upvisits toeachsiteare

necessaryto ensurethatweedsarepermanentlycontrolled. Weedcontrol
mustbeongoingandsitesshouldbemonitoredperiodicallyto determine

whenadditionalinterventionis necessary.

Controlefforts shouldbesupervisedby abotanistexperiencedin safecontrol
methodsto ensurethat crewsdonot compactsoil, damagerootsystemsor

improperlyapplyherbicides.Also, careshouldbetakento protectassociated
nativespecies,aswell asthethreatenedandendangeredspecies,duringweed

removal.

12224. Preventintroductionofnew alienulantsneciesto Hawaii

.

Introductionof alienplantsandotherspeciesto theStateof Hawaiiand

betweenislandsneedsto behaltedto preventfurtherthreatsto theMaui
clustertaxa andtheir habitats.To preventtheintroductionofpotentially
detrimentalalienspecies,supportshouldbegiventolegislation,programs,or

activitiesthatlimit thepossibilityof future introductionsof alienspecies.
The successofsuchprogramsor activitieswouldcontributenot onlyto the
perpetuationof theendangeredspeciesin thisplan,but to thequalityof all
nativeecosystemsaswell asagriculturalconcernsin the Stateof Hawaii.

1223. Develonandimnlementfire urotectionulans

.

Protectionfrom fire is critical tothesurvival of theMaui clusterplants,particularlyfor
thoseinmesicor dryhabitats,including Alectryonmacrococcus,Bidensmicrantha

ssp.kalealaha,Hedyotiscoriacea,Lipochoetakamolensis,Melicopeadscendens,

MelicopemucronulataandTetramolopiumcapillare. Protectionmustbebothlocal

andon alargerscaleto preventfires from spreadingtowheretheplants grow.

Plansto protecteachsite from fire shouldbedevelopedandimplemented.Public

educationregardingthe preventionandconsequencesof fires shouldbeundertaken.
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“Fire-free” zonesshouldbeestablished,with huntersandotherlandusersinformed of

thedangersof smokingandopenflamesinsensitiveareas(i.e., anydry areas).
Firebreakswith aminimumwidth of 6 meters(20 feet) shouldbe constructedaround
fire-pronemanagementareaswhereverfeasible. Thisminimumwidth maynot be

sufficientto protectpopulationsfromfire in especiallydry conditions.

1224. Control other introducedanimals

.

Theeffectsof introducedorganisms,includingrodents,slugs,harmful insectsand

diseaseonthe Maui clustertaxaneedto bedeterminedin ordertobettermanagethe
endangeredplantsandtheir habitats.Determiningandcontrollingtheeffectsof
introducedorganismsis likely tobeparticularlyimportantforAlectryonmacrococcus,

Melicopeovalis, Clermontiaoblongifoliavar.mauiensis,Cyanealobata, Cyanea

mceldowneyiandSchiedeahaleakalensis.

12241. Determinecontrolmethodsfor. andcontrol rodents

.

Currently,seedpredationby rodentsis knownto be athreatto Alectryon

macrococcus,andMelicopeovalisandis aprobablethreatto Clermontia

oblongfolia var.mauiensis,Cyanealobata, andCyaneamceldowneyi.No

currentlyapprovedpredatorcontrolmethodscanadequatelyregulate
populationsofratsin Hawaii (U.S. ForestService1992). Researchinto
effectivemethodsofrodentcontrol for all taxaneedsto beundertaken,
ensuringthat controlmeasuresdo not adverselyaffect componentsofthe
nativeecosystem.

12242. Determinecontrolmethodsfor. andcontrol slugs

.

For all taxathreatenedby slugs,researchinto effectivemethodsof slug
controlneedsto beundertaken.Currently,slugsareknownpredatorson
Schiedeahaleakalensis.Controlslugsasneededto allow survival and
reproductionof endangeredplant taxa,ensuringthat controlmeasuresdo not
adverselyaffect componentsofthenativeecosystem.

12243. Develoncontrolmethodsfor andcontrol theblacktwieborerand
otherdamaze-causinginsects

.

Theblacktwig boreris adefinitethreattoAlectryonmacrococcusanda

potentialthreatto all fourMelicopespeciescoveredin thisplan. The
Argentineantis aparticularlyseriousthreattoArgyroxiphiumsandwicense
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ssp.macrocephalumandSchiedeahaleakalensis.Otherinsectpests(e.g.,
thetwo-spottedleafhopper)maybefoundthatattacktheseand/orother
species.Controlmethods,whichmayincludepesticideuseand/orbiocontrol,
shouldbedevelopedandimplementedforeachoftheseinsectsif theyare

needed.

1225. Controldisease.if necessarv

.

Presently,no Maui clustertaxaareknownto bethreatenedby disease.However,any
species-or group-specificdiseaseintroducedto thesetaxacouldrapidlyresultin
extinction,giventhe small,remnantnumberofindividualsandpopulationsofthese
taxa. Any signof diseasethatmaybenotedin thefutureduringregularmonitoring

(e.g., wilting, fungal infestations,etc.) shouldbeimmediatelyinvestigatedand
controlled, asnecessary.

1226. Ensureavailabilityofnollinationvectors,if necessarv

.

Basedon theresultsof researchtasks21 and23,measuresshouldbe establishedto
ensurethatpollinationvectorsremainavailableto theMaui clustertaxa. If it is
discoveredthatpollinationvectorsfor certaintaxaarein factmissingor depleted,

necessarymeasuresshouldbetakento compensateforor improvethesituation.

1227. Protectareasfrom direct threatsfromhumans

.

AreaswheretheMaui clustertaxa growshouldbeprotectedasmuchaspossiblefrom

hikers,vehicles,andotherpossibilitiesof directhumandisturbance.

As apart ofprotectionof areasfrom humanuse,public awarenessand
educationregardingtheseendangeredtaxashouldbe fostered. Public
educationprogramsshouldbe instigated,perhapsin conjunctionwith
programsdesignedforother listedspecies.Otherprogramsof public

educationregardingrarespeciesandprotectionof nativehabitatshouldalso
be supported.

12272.Postsiens.as aunronriate

.

Signsdesignatingsensitiveenvironmentalareasand/orresearchareasshould

be placednearsiteswherehumancontactmayoccur. “Kapu/No
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Trespassing”signsshouldprohibitentryto theseareas. Suchregulations

shouldbe strictly enforcedby appropriateFederalandStateagencies.Based
onthe specific situation,suchsignsmaynot benecessaryfor some
populationsthatarein remoteareasand/orareasnot frequentlyvisited.

Signsmayattractundueattentionto thesepopulationstherebyexposingthem

to vandalism.Again, thedecisionregardingsignplacementdependson the
circumstancessurroundingeachpopulation.

12273.Controlnublicaccessto sensitiveareas

.

Wherepossible,roadsand/ortrails thatpassthroughhabitatofthe Maui

clustertaxashouldbereroutedor closedtopreventreadyaccessto these
areas. In caseswheresuchactionis not feasible,careshouldbetakenatany
time duringroador trail maintenanceinor nearhabitatof the endangered
taxato avoidpracticesthatwouldcauseexcessiveerosionor otherdamageto
the Maui clusterplantsor theirhabitat. If biking is permitted,it is suggested
thathikersmustfirst obtainpermissionfrom theappropriateauthority. This

authorityshould informhikersof thepresenceof sensitiveenvironmentsand
precautionsthat shouldbetakenin theseareas(e.g.,cleaningofbootsand
clothing, theimportanceof stayingon existingtrails). Theauthorityis also

responsibleformonitoringpublicuseandmaintenanceactivities in sensitive

areasandfor changingmanagementif anyadverseeffectsarenoted.

1228. Maintain2eneticstockexsitu

.

CultivatedpopulationsofmostMaui clustertaxashouldbemaintainedin orderto
establishpoolsof geneticresourcesto safeguardagainstloss ofthematerialdueto
catastropheinwild populations.Someofthis materialmayalsobe usedin expanding
existingpopulationsandestablishingnew ones(seeTasks3 and4). Additionally, the
existenceof cultivatedplantsmayreduceanydemandfor field-collectedspecimensof

theseraretaxaby providingapropagatedsourcetaxafor whichtheremightbea
horticulturaland/orresearchdemand. It shouldbe noted.however,thatcultivation of

theseulants is not asubstitutefor their ureservationin thewild

.

As broadacomplementas possibleoftheexistinggeneticstockfor eachtaxonshould
bepreserved.For eachidentifiablepopulation(either from extantsitesor traceable,
pure,cultivatedmaterial),geneticmaterialfrom asmanyindividuals asfeasibleshould
becollected. Collectionmethodsandquantitiesof materialscollectedshouldbe

devisedso asto haveminimal impactonwild populations.All collectedmaterials
shouldbe labeledaccuratelyasto exactorigin, collectiondate, etc.

105



Seedsof eachtaxonshouldbe collectedandentrustedto seedstoragefacilities for long-
termstorage,usingthebestavailabletechniquesfor preservation. Seedsin long-term
storageshouldbeperiodicallytestedfor viability andrecollectedasnecessary.

1229. Controlotherthreats.asnecessarv

.

The needfor controlof otherthreatsmaybecomeapparentasmoreis learnedaboutthe
Maui clustertaxa. Newthreatsmayalsoarisewith furtherchangesto naturalhabitats
in Hawaii, suchas introductionofnew alienspecies.As newthreatsarise,
managementactionsto reduceand/oreliminatetheir effectsontheMaui clustertaxa

shouldbe implemented.

13. Monitor statusof wild nonulations

.

Wild populationsofthe Maui clustertaxashouldbemonitored,atanuninium,annually,to ensure
thatcurrentinformationis availableregardingthestatusof eachtaxonandtheeffectivenessof
managementtechniques.A detailedmonitoringplanshouldbedesignedandimplementedfor each
populationsiteor managementunit (lfask 112). Permanentplots shouldbesetup andnotedon site

maps(Task 1111)to establishbaselineinformationonpopulationsize andlocal distribution,as well
as theoccurrenceof otherspeciesin the vicinity. Individual plantsmayalsobecarefully taggedas
appropriatefor monitoringpurposes.Datacollectionshouldincludenumber,sizeclass,condition

andgenerallocationof all Federallylisted(and, ideally,otherrare)individuals,andanyother
relevantobservations(suchas habitatchanges,indicationsof predationor disease,flowering,seed
set,etc.). If possible,monitoringshouldbetimedtocoincidewith abiologically relevantlife history
event(e.g.,seedsetor germination). Plots shouldbe setup to allowpoint- and/orline-intercept
monitoringmethodsasappropriatefor eachsituation.

2. Conductessentialresearch

.

Researchinto variousaspectsofthelife history,habitat,pollinators,reproductivebiology, symbionts,etc.
mustbe carriedout tobetterunderstandtherequirementsfor perpetuationoftheseplants. Researchon

associatedecosystemsmayrevealsubtleinteractionsessentialto thetaxaandtheecosystemstheyoccupy.
The resultsof thisresearchshouldbe evaluatedandincorporatedinto themanagementprocessand
developmentof scientificallycrediblerecoverytargets.

21. Collectdiaenosticdataon crucialassociatedecosystemcomnonents

.

Within eachmanagementarea,thecompositionof theflora andfauna(invertebrate,bird, andother)
shouldbe establishedin anattemptto gainanunderstandingof anyrelationshipsbetweenthese
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organismsandthe Maui clusterplantsandto providelargeareasof habitatinwhichthesetaxamay

surviveandreproducewithoutconstantspecies-specificmanagement.The informationgainedfrom
this effort will alsobe of greatvaluein selectingpotentialreintroductionsites.

22. Studyvariousasnectsof growth

.

For taxawith apparentproblemsin growthor vigor, aspectsof growth shouldbe studied,including
growthandmortalityof seedlings,growthofmatureplants(includingseasonalchanges,optimum

conditionsandlimiting factors),seasonaldifferencesin temperatureandlight needs,watersources
andrequirements,andsoil andnutrientrequirements.

23. Studyrenroductiveviability

.

Eachtaxonshouldbeimtially studiedto determineseedset,seedgerminationandseedlingsurvival.

Studiescanbe discontinuedon anytaxonthatis foundto not haveproblemswith thesecomponents.
Any problemsnotedin theseinitial studies(e.g., low seedset)wouldrequire furtherinvestigationto
determinethe causeoftheproblem. Studiesshouldbe cross-referencedwith othersthatmaybe

ongoing(e.g.,seedpredationby rodents). Studyof pollinationvectorsis particularlyimportantfor
Cyaneamceldowneyi,GeraniumarboreumandHedyotiscoriacea.

24. Determinenarametersofviablenonulations

.

Parametersofviablepopulationsneedtobeestablishedto developpopulationmodelsto vulidate

criteria for downlistingor delisting(Task 5). Theseparametersinclude: minimumnumbersof
individualsandpopulationsneededfor long-termsurvival;demographics;longevity;minimumrange

neededfor long-termsurvival; geneticrelationshipsandsusceptibilityto inbreedingdepression,and
dispersalpotential.

3. Exuandexistinewild nonulations

.

It is hopedthatby eliminating currentthreatsthroughmanagement,populationsofthe Maui clustertaxa
will expandnaturally. However, in certainspecialinstances,wild populationsofthe Maui clustertaxa

mayneedto beaugmented.Augmentationshouldbe doneconservativelyandonly aftercareful
considerationof all factorsinvolved,particularlythethreatof introducingdetrimentalorganismsinto the
wild populations. Augmentationefforts shouldalwaysbe well-documentedasto lineageandmethods.

31. Develonnlansfor exoansionofnonulationswhennecessary

.

Theneedfor expansionof currentpopulationsshouldbe evaluated,andspecificplansshouldbe
createdfor theaugmentationof wild populationsthatneedto beartificially enhanced.
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Populationsof eachtaxonshouldbeevaluatedanddeterminationmadewhethertheyareappropriate
for addition ofliving material. As new occurrencesof eachtaxonarediscovered,eachnewsite

shouldbeevaluatedforpotentialaugmentation,andtheresultof this analysisindicatedin the site
managementplan. Becauseoftheir very low numbers,populationsofAcaenaexigua,Alectryon

macrococcus,Clermontiaoblongfolia ssp.mauiensis,Cyanealobata,Hedyotiscoriacea,

Lipochaetakamolensis,Lysimachialydgatei,Melicopeadscendens,Melicopemucronulata,Remya

mauiensis,Scaevolacoriacea,Schiedeahaleakalensis,andTetramolopiumcapillare will almost
certainlyneedto beaugmented.

Only progenyfrom plantsof thesamesite/populationshouldbeusedto augmentapopulationsothat
the existinglocal genepool is not contaminatedwith geneticmaterialfromotherorigins. The goalof
suchaugmentationis to allow abetterchancefor populationsto survivein areaswheretheyare

knownto occurnaturally. All phasesofaugmentationoperationsshouldbeadequatelydocumented.

311. Determineontimumpronazationmethods

.

Severalavailablemethodsmaybeusedtopropagatethesetaxa. Themosteffectivemethods
andtechniquesof propagatingeachtaxonneedto bedetermined. In somecases,detailed
studiesoftemperatureandlight regimes,soil andnutrient requirementsandotherfactorsmay
be necessary,to maintainthe taxa~

312. Determineanoronriateauumentationmethods

.

Appropriatemethodsfor augmentationofpopulationswill needto be determined,takinginto

considerationprinciplesfor selectionof sitesandplant materials,sitepreparation,planting,
andmonitoring. Suchdecisionsshouldbeconservativeandcarefullyconsidered.

Directseedinginto thepopulationtobe augmented,if it is feasible,shouldbe consideredthe

methodof choice. It is morecost-effectiveandmuchlesslabor-intensiveto storeseedsthanto

growandmaintainalargesupplyof individualplantsfor transplantation.In addition,therisk
of introducinggreenhousepestsinto wild populationsis greatlyreduced.However, in cases

wheredirect seedingprovesunsuccessful,growingandtransplantingindividualplantsmaybe
necessary.

32. Pronaeateexsitu

.

Exsitupropagationshouldbepursuedfor possibleaugmentationof currentpopulationsand

reintroductioninto appropriatesites,in theeventthatdirectseeding(Task312) doesnot prove
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feasible.This taskinvolvesproducingsubstantialnumbersof individualsfor outplanting.

Cultivation oftheseplantsisnota substitutefor theirpreservationin thewild.

33. Prenaresites

.

Eachsiteselectedfor populationexpansionmustbepreparedandprotectedappropriately,including
buildingexclosuresandcontrollingexotic speciestherein,as outlinedabove.

34. Plant

.

Beforeplanting,apreliminarysitesurveyto identiI~ appropriatemicrohabitatsshouldbe conducted.

The selectedmaterialshouldthenbeplanted. If transplantingalready-startedplants,careshouldbe
takenregardingthematchingof soils,dueto differencesinwaterretentionaroundtheroot areas(i.e.,
if surroundingsoil is moreabsorptivethesoil directlyaroundtherootscouldbeoverly dry and

weakenor kill the newlytransplantedspecimen).

35. Monitor andmaintainnewindividuals

.

Augmentedpopulationsshouldbemonitoredcarefully. Ongoingmaintenanceof eachsite should

occurafter imtialpreparationandplanting. The sameprotectionsandproceduresregarding

exclosures,ungulateremoval,etc., shouldapplytonewsitesashavebeenrecommendedfor existing
sites. Any transplantsthatdo not surviveshouldbereplaced.

4. Reestablishwild nonulationswithin thehistoric ranee

.

If necessaryto meetrecoveryobjectives,populationsshouldbereestablishedin areaswheretheyare
knownto haveoccurredhistorically. Ideally, stockfor reestablishmentwouldconsistof genetically

uncontaminated,cultivatedmaterialsknownto haveoriginatedfrom thehistoricalsite. Usually,however,
stockthatbestapproximatesthe originalmaterialwill beused. The goalofreintroductionis to

permanentlyreestablishviablepopulationsof thesetaxain stableandsecureconditionsfor their
perpetuation.

For eachtaxon,appropriatenessof reintroductioninto wild situationsshouldbeassessed.Such
reintroductionsshouldberecommendedconservativelyandonly aftercareful considerationofpotential
consequences.Geneticpurity of populationsis aprimeconcern,as is thepossibilityof introducing
pathogensor alienorganismsinto naturalareas. Reintroductionefforts shouldalwaysbe well-
documentedasto lineageandmethods,andreintroductionsitesshouldbecloselymonitored.

41. Develonsnecificulansfor reestablishment

.
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Specificplansshouldbe createdfor thereestablishmentof wild populationswhennaturallyoccurring

populationsarenot sufficientto reachrecoveryobjectives. Plansfor eachtaxonshouldinclude
documentationof all activitiesandthefollowing generalconcepts.

Thechoiceof sitesshouldbebasedonthebestinformationpossible,includingresultsofresearch
tasks21 and23,tomatchthesiteconditionstotherequirementsofthetaxon. Identificationof

reintroductionsiteswill requiremapinspectionof potentialsitesto determineappropriateelevation
andaspect,followed byvisits to eachsite to determineavailabilityof appropriatemicrohabitats,soil
types,associatednativespecies,absence(or controllability) of alienspecies,andothervariables.

411. Identifyreestablishmentsiteson Maui

.

Unlessnewpopulationsarediscovered,populationsmustbeestablishedfor all Maui cluster

taxaexceptGeraniummult~JlorumandAlectryonmacrococcusvar. macrococcus,to reach
downlistingobjectives. Taxainmostimmediateneedof populationestablishmentto prevent
extinctionincludeAcaenaexgua(if found),Alectryonmacrococcusvar.auwahiensis,

Clermontiaoblongfolia ssp.mauiensis,Cyanealobata,Hedyotiscoriacea,Melicope

adscendens,Melicopemucronulata,andRemyamauiensis.

412. Identifyreestablishmentsiteson otherislands

.

Unlessnewpopulationsarediscovered,reestablishmentsiteson otherislandswithin the
species’historicalrangeforAcaenaexigua,Alectryonmacrococcus,Hedyotiscoriacea,

Huperziamannii, MelicopemucronulataandScaevolacoriaceamayhaveto be identified to
reachdownlistingobjectives.

42. Imulementreestablishmentulans

.

Planspreparedfor thereestablishmentof populationsshouldbeimplemented. As with expanded

populations,materialforpopulationestablishmentshouldbecarefullychosento bestapproximatethe
original materialthatdid ormighthaveexistedin the sitepreviously. Extremecautionshouldbe
takento ensurethat selectedmaterialsarefree from pests,diseases,andpathogensthatmightbe

introducedtothe newor nearbywild populations. This aspectis particularlycritical sincecultivated
plantsmayhavebeengrown in thepresenceof otherpathogen-carryingplants,andnearbywild
populationsmayhavelowerresistanceto suchintroductions.

421. Protectreestablishmentsites

.

If thesiteschosenin task41 areoutsidethemanagementunits alreadyestablishedin task112,
theyshouldbe protectedandmanagedasdiscussedin tasks113 and 12 (above).
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422. Mana2ereestablishmentsites

.

Eachselectedsitemustbe preparedappropriately,includingthebuildingof exclosuresand

exotic speciescontrol therein,asnecessary.

423. Plant

.

The selectedmaterialshouldthenbeplanted. Careshouldbe takenregardingthe matchingof

soils if transplantingalready-startedplantsdueto differencesinwaterretentionaroundtheroot
areas(i.e., if surroundingsoil in thetransplantareais moreabsorptivethanthesoil usedto
starttheplant, theroots couldbe overly driedandthenewlytransplantedspecimencouldbe
weakenedor coulddie).

424. Monitor andmaintainnewpopulations

.

Newly establishedpopulationsshouldbemonitoredandmaintainedregularly. Thesame

protectionsandproceduresregardingexclosures,feral animalremoval,etc.,ashavebeen
recommendedfor existingsitesshouldalsoapplyto new sites.

5. Validaterecoveryobiectives

.

Thescientificvalidity of therecoveryobjectivesshouldbereviewedasmoreinformationbecomes

available.

51. Determinenumberofnonulationsandindividualsneededfor lon2-termsurvival

.

For eachof theMaui clustertaxa, a determinationofthenumberofpopulationsneededfor long-term
survival shouldbemade. Thenumberof individualsneededin eachpopulationto ensurethe long-
termmaintenanceof geneticdiversitymustalsobe determinedfor eachtaxon. Thesedeterminations

wouldbeaccomplishedbasedon monitoringof wild, expandedandnewlyestablishedpopulations
overanumberofyears. Thesedatacouldthenbeusedto constructapopulationmodelfor each
taxon. Parametersto beconsideredincludedemographics,longevity, susceptibilityto inbreeding
depression,anddispersalpotential.

52. Refine/revisedownlistin2anddelistin2criteria

.

Recoverycriteria for eachoftheMaui clustertaxashouldbeperiodicallyrevisedto reflect scientific
informationgatheredduringrecoveryefforts (e.g., dataonviablepopulationsizes,longevity, etc.).

Until additionalsoundinformationis available,the criteriapresentedin thisrecoveryplanshouldbe
usedasthebasisfor downlistinganddelisting.
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IMPLEMENTATION SCHEDULE

The ImplementationSchedulethatfollows outlinesactionsandestimatedcostfor the Mauiplant

clusterrecoveryprogram,asset forth in thisrecoveryplan. It is aguideformeetingtheobjectives

discussedin PartII of this Plan. Thisscheduleindicatestaskpriority, tasknumbers,task

descriptions,durationoftasks,theorganizationsinvolvedand/orresponsibleforconunittingfunds,

andlastly, estimatedcosts. Whenmorethanoneorganizationis listedastheresponsibleparty, an
asteriskis usedto identify thelead entity.

The actionsidentified in theimplementationschedule,whenaccomplished,shouldprotecthabitat

for the species,stabilizethe existingpopulationsandincreasethepopulationsizesandnumbers.

Monetaryneedsforall partiesinvolvedare identifiedtoreachthispoint, wheneverfeasible.
Priorities in Column 1 ofthefollowing implementationscheduleareassignedasfollows:

Priority 1 - An actionthat mustbetakento preventextinctionor to preventthe

speciesfrom decliningirreversibly.

Priority 2 - An actionthatmustbetakento preventa significantdeclineinspecies

population/habitatquality,or someothersignificantnegativeimpactshort

of extinction.

Priority 3 - All otheractionsnecessaryto providefor full recoveryof thespecies.
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Key to AcronymsUsedin theImplementationSchedule

FWS-PIE- U.S. Fish andWildlife Service,Pacific IslandsEcoregion,Honolulu, Hawaii

DLNR - HawaiiDepartmentofLand andNaturalResources

BRD - Biological ResourcesDivision, U.S. GeologicalSurvey

NPS - NationalPark Service

BOT - VariousBotancialGardens(e.g., NationalTropical

BotanicalGarden[NTBGI,Lyon Arboretum,WaimeaBotanicalGarden,etc.).

FWS-LE - U.S. Fish andWildlife Service,Law Enforcement

TNCH - TheNatureConservancyof Hawaii

DOD - U.S.Departmentof Defense

MCFD - Maui CountyFireDepartment

KCFD - Kauai CountyFireDepartment

HCFD - Hawaii CountyFireDepartment

HDOA - Hawaii Departmentof Agriculture

ADC - U.S. Departmentof Agriculture, Animal DamageControl

PL - PrivateLandowners

HPPRCC- HawaiiandPacificPlantRecoveryCoordinatingConunitee

Keyto OtherCodesUsedin theImplementationSchedule

C - Taskwill needtobe performedcontinuously

0 - Taskis ongoing

TBD - To Be Determined
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR THE MAUI PLANT CLUSTER

Priority
Number

Task
Number

Task
Description

Task
Duration

ResponsibleTotal Cost
Party FY 2017

Cost Estimates ($1 000’s)
FY 1996 FY 1997 FY 199 FY 1999 FY 2000

11111
Mapknown
locations 5

*TNCH
BRD

DLNR
FWS-PIE

15
50
15
15

1
10
3
3

1
10
3
3

1
10
3
3

1
10
3
3

1
10
3
3

11112
Search for
additional
populations

5
*DLNR

FWS-PIE
BRD
NPS
BOT

PL

150
35
35
35
35
35

30
7
7
7
7
7

30
7
7
7
7
7

30
7
7
7
7
7

30
7
7
7
7
7

30
7
7
7
7
7

1112
identify areas
for preservatio 3

FWS-PIE
DLNR

HPPRCC

1
15
3

1
1
1

1
1
1

1
1
1

1113
Provide long
term security
forareas
not already
afforded legal
protection

5
DLNR

FWS-PIE
DOD

TNCH
PL

25
25
10
10

2.5

0
0
0
0

0.5

0
0
0
0

0.5

0
0
0
0

0.5

0
0
0
0

0.5

112211
Determine
fencing
strategy

3
* DLNR

PIE

TNCH

NPS

BRD

DOD

PL

75
15
3
6
6
3
3

25
5
1
2
2
1
1

25
5
1
2
2
1
1

25
5
1
2
2
1
1

112212
Construct
and maintain
fencing

C
*DLNR

PIE
NPS

TNCH
DOD

PL

1200
1200
310
140
140
140

100
100
25
10
10
10

100
100
25
10
10
10

100
100
25
10
10
10

112213
Remove
ungulates
from fenced
areas

10
DLNR

PIE
NPS

TNCH
DOD

PL

600
150
100
20
20
20

60
15
10
2
2
2

60
15
10
2
2
2

1ungulates
12214 Monitor for

in
fenced areas

C
DLNR

PIE
NPS

TNCH
DOD

PL

180
180
90

9
9
9

10
10
5

0.5
0.5
0.5

112221
Determine
alien plant
control
methods

5
*HDOA
DLNR
BRD
NPS

50
150
150
50

10
30
30
10

10
30
30
10

10
30
30
10

10
30
30
10
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR THE MAUI PLANT CLUSTER

Priority
Number

Task
Number

Task
Description

Task
Duration

Responsible otal Cost Cost_Estimates ($1 ,000’s)
Party FY 2017 FY 1996 FY 1997 FY 199 FY 1999 FY 2000

112223
Implement
weed control C

*DLNR
FWS-PIE

NPS
TNCH

DOD
PL

1200
1200

350
140
140
70

100
100
25
10
10

5

100
100
25
10
10
5

100
100
25
10
10
5

11223
Develop and
implement fire
protection
plans

5
DLNR

FWS-PIE
KCFD
MCFD
HCFD
TNCH

NPS
DOD

PL

225
225

32.5
20.5
20.5
20.5

45
20.5

9

25
25

2.5
2.5
2.5
2.5

5
2.5

1

50
50

7.5
4.5
4.5
4.5
10

4.5
2

50
50
7.5
4.5
4.5
4.5
10

4.5
2

50
50
7.5
4.5
4.5
4.5
10

4.5
2

112241
Determine
methods and
control rodents

C
DLNR
ADC

FWS-PIE
BRD
NPS

TNCH
DOD

PL

400
210
275
280
100
32
32
32

40
10
15
40

50
10
25
40
5
5
5
5

50
10
25
40

5
5
5

50
10
25
40

5
5
5
s

112242
Determine
methods and
control slugs

C
•HDOA
DLNR

FWS-PIE
BRD
NPS

TNCH
PL

150
150

77
82
84
10
10

10
10
5

10

15
15
10
10

1
0.5
0.5

15
15
10
10

1
0.5
0.5

15
15
10
10

1
0.5
0.5

112243
Determine
methods and
control black
twigborerand
other insects

C
HDOA
DLNR

FWS-PIE
BRD
NPS

TNCH
DOD

PL

57
138

51
66

100
10.5
10.5
10.5

1
10

7
10

0.5
0.5
0.5

1
12
7

10
5

0.5
0.5
0.5

1
12
7

10
5

0.5
0.5
0.5

1
12
7

10
5

0.5
0.5
0.5

11225
Control
disease, if
necessary

TBD
*HDOA

DLNR
FWS-PIE

TNCH
NPS
DOD

PL

0
0
0
0
0
0
0

TBD
TBD
TBD
TBD
TBD
TBD
TBD

11226 Ensure
availability of
pollinators if
necessary

TBD
DLNR

FWS-PIE
HDOA
TNCH

NPS
DOD

TBD
TBD
TBD
TBD
TBD
TBD
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FORTHE MAUI PLANT CLUSTER

Priority Task Task
Number Number Description

Task
Duration

Responsible
Party

rotal Cost
FY 2017

05 5 Ima es , s
FY 1996 FY 1997 FY 199 FY 1999 FY 2000

Educate the * DLNR 132 20 20’ 20 20
2 12271 public C FWS-PIE 132 20 20 20 20

NPS 31.5 1.5 1.5 1.5 1.5
TNCH 10.5 0.5 0.5 0.5 0.5

Post signs, as DLNR 78 20 20 2 2
2 12272 appropriate C NPS 29 5 5 1 1

TNCH 19.5 5 5 0.5 0.5
DOD 19.5 5 5 0.5 0.5

Control public DLNR 105 5 5 5 5
2 l2273access C NPS 63 3 3 3 3

DOD 105 5 5 5 5
FWS-LE 10.5 0.5 0.5 0.5 0.5

Maintain DLNR 120 10 10 5 5 5
1 1228 genetic stock 0 FWS-PIE 120 10 10 5 5 5

exsitu BOT 300 50 50 10 10 10
Control other DLNR 0 TBD

1 1229 threats as TBD FWS-PIE 0 TBD
necessary TNC 0 TBD

NPS 0 TBD
DOD 0 TBD

PL 0 TBD
Monitor status *DLNR 2200 100 100 100 100 100

1 13 ofwild C NPS 260 50 10 10 10 10
population FWS-PIE 340 90 50 10 10 10

BRD 220 10 10 10 10 10
TNCH 110 5 5 5 5 5

PL 110 5 5 5 5 5
Prevent intro- *HDOA 660 30 30 30 30 30

2 12224 duction of alie 0 DLNR 220 10 10 10 10 10
plants to
Hawaii

NEED I (Secure and manage
current_sites)

17023 461 845 1393 1446 1435.5
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR THE MAUI PLANT CLUSTER

Priority

Number

Task
Number

Task
Description

Task
Duration

Responsible
Party

Total Cost
FY 2017

Cost Estimates ($1 ,000’s)
FY 1996 FY 1997 Y 199 FY 1999 FY 2000

2 21
Study
associated
ecosystem
components

10
BRD

DLNR
FWS-PIE

500
500
500

50
50
50

50
50
50

50
50
50

50
50
50

2 22 Study growth 5
BRD

DLNR
FWS-PIE

250
250
250

50
50
50

50
50
50

50
50
50

50
50
50

2 23
Study
reproductive
viability

5
* BRD

DLNR

FWS-PIE

250
250
250

50
50
50

50
50
50

50
50
50

50
50
50

2 24
Determine
parameters of
viable
oopulations

5
BRD

DLNR
FWS-PIE

250
250
250

50
50
50

50
50
50

50
50
50

50
50
50

NEED 2(Conductessestial
research)

3750 0 600 600 600 600

2 311
Determine
propagation
methods

0
BOT

DLNR
FWS-PIE

1100
1100
220

50
50
10

50
50
10

50
50
10

50
50
10

50
50
10

2 312
Determine
augmentation
methods

10
*BO1
DLNR

FWS-PIE

375
700
350

50
100
55

50
100
55

50
100
55

50
100
55

50
100
55

2 32
Propagate
ex situ 0

BOT
DLNR

FWS-PIE

6600
6600
1100

300
300

50

300
300
50

300
300

50

300
300
50

300
300

50

2 33
Prepare
sites 5

* DLNR

FWS-PIE

TNCH

NPS

DOD

PL

0
0
0
0
0
0

TBD
TBD
TBD
TBD
TBD
TBD

2 34 Plant 5
DLNR

PIE
TNCH

NPS
DOD

PL

0
0
0
0
0
0

TBD
TBD
TBD
TBD
TBD
TBD

2 35 Monitor and
maintain new
individuals

C
*DLNR

FWS-PIE
TNCH

NPS
DOD

PL

0
0
0
0
0
0

TBD
TBD
TBD
TBD
TBD
TBD

965 965 965 965NEED 3(Expand current 18145 965
populations)
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR THE MAUI PLANT CLUSTER

Task
Description

Priority
Number

Task
Number

Task
Duration

Responsible otal Cost Cost Estimates ($1 ,000’s)
Party FY2017 FY 1996 FY 1997 FY 199 FY 1999 FY2000

2 411
Identify sites
forreestablish- 5
ment on Maui

* DLNR

FWS-PIE

BRD

NPS

HPPRCC

125
25

125
25
10

25
5

25
5
2

25
5

25
5
2

25
5

25
5
2

25
5

25
5
2

2 412
Identify sites
for reestablish- 5
ment on other
islands

* DLNR

FWS-PIE

BRD

HPPRCC

125
25

125
25

25
5

25
5

25
5

25
5

25
5

25
5

25
5

25
5

2 421
Protect
reestablish-
ment sites

2
DLNR

FWS-PIE
0
0

TBD
TBD

2 422
Manage
reestablish-
ment sites

5
* DLNR

FWS-PIE

TNCH

NPS

DOD

PL

0
0
0
0
0
0

TBD
TBD
TBD
TBD
TBD
TBD

2 423
Plant

5
DLNR

FWS-PIE
TNCH

NPS
DOD

PL

0
0
0
0
0
0

TBD
TBD
TBD
TBD
TBD
TBD

2 424 Monitor and
maintain new
populations

C
*DLNR

FWS-PIE
TNCH

NPS
DOD

PL

0
0
0
0
0
0

TBD
TBD
TBD
TBD
TBD
TBD

NEED 4 (Reestablish
in former ran~~

Determine
3 51 number of

populations
and individuals
needed for Ion
term survival

610 0 122 122 122 122

3
* BRD

DLNR

FWS-PIE

120
120
120

3 52
Refine/revise
downlisting
and delisting
criteria

3
*jI/~J5~~~

DLNR
HPPRCC

60
60
1.5

0

TBD
TBD
TBD

NEEDS (Validate
recovery objectives)

481.5 0 0 0 0 0

TOTAL COST 80019 2852 5064 6160 6266 6245
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APPENDIX A
INDIVIDUALS WHO PROVIDED INFORMATION DURING PLAN DEVELOPMENT

Marie Bruegmann
U.S. Fish& Wildlife Service
P.O. Box 50167
Honolulu, HI 96850

RobertHobdy
Maui District
Departmentof Land andNaturalResources
Divisionof Forestry& Wildlife
54 SouthHigh Street
Wailuku, HI 96793

Roy Kam
TheNatureConservancy—Hawaii
1116 Smith St., Suite201
Honolulu,HI 96817

Loyal Mehrhoff
U.S. FishandWildlife Service
NorthPacific CoastandForestResources
333 SW1stAve
Portland,OR 97208-3623

RichardPalmer
Departmentof Botany
Universityof Hawaii
3190Maile Way
Honolulu, HI 96822

StevePerIman
NationalTropical BotanicalGarden
P.O.Box 340
Lawni, HI 96765

DianeRagone
NationalTropicalBotanicalGarden
P.O.Box 340
Lawai, HI 96765

ReneSylva
Pam, HI

StephenWeller
Departmentof EcologyandEvolutionary
Biology
Universityof CaliforniaatIrvine

Irvine, CA 92717

LindaPratt
Biological ResourcesDivision
P.O. Box 52
Volcano,Hawaii 96718

PatrickDunn
TheNatureConservancy
111 WashingtonSt. SE
P.O. Box 47016
Olympia, WA 98504-7016

Dr. Derral Herbst
U.S. Army Corps.of Engineers
CEPOD-ED-ME,Bldg. T223
Fort ShaRer,Hawaii96858-5440

Dr. JamesD. Jacobi
Biological ResourcesDivision
Pacific IslandsScienceCenter
Box 44
Hawaii Volcanoes,Hawaii 96718

Dr. CharlesLamoureux
Lyon Arboretum
University ofHawaiiat Manoa
3860 ManoaRoad
Honolulu, Hawaii 96822-1180

Dr. Lloyd Loope
BiologicalResourcesDivision
P.O. Box 369
Makawao,Hawaii 96768

Dr. Clifford Morden
Departmentof Botany
UniversityofHawaii atManoa
3190Maile Way
Honolulu, Hawaii 96822

Keith Woolliams
WaimeaArboretumandBotanicalGarden
59-864KamehamehaHighway
Haleiwa,Hawaii 96712-9406
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APPENDIX B
DRAFT MANAGEMENT PROPOSAL

Sampledraftproposalfor an integratedcooperativeproject
aimedat recoveryofmultipleendangeredplant taxa and

preventingassociatedtaxafrom decliningto endangeredstatus

ProjectTitle: Conservationof five endangeredandsix rare drylandtreespeciesofAuwahi

district, leewardHaleakala,HawaiianIslands.

PotentialProjectCoordinators:Arthur C. MedeirosandLloyd L. Loope,Biological

ResourcesDivision, Maui; RobertHobdy,DOFAW, Maui

PotentialCollaborators:USFWS,UlupalakuaRanch,LyonArboretum,Native Hawaiian

PlantSociety,Maui DOFAW, Mr. ReneSylva,BotanyDepartmentofUniversity ofHawaii,

HaleakalaNationalPark,TNCH,etc.

Projectsite: Auwahi district, leewardHaleakala,Maui, HawaiianIslands.

Introduction:

Theleewardforestson thesouthernslopesof Haleakalahavelongbeenrecognizedfor their

diversity of drylandtreespecies.JosephRock, inhis classic1913book“IndigenousTreesof the

HawaiianIslands,”identifiedtheAuwahiregionof Haleakalaasoneof themostimportant

botanicalsitesin theislands. Today,despiteretainingsubstantialspeciesdiversity,Auwahi is in

a stateof seriousdegradation.Themostalarmingecologicaltrendsarethenearlycompletelack

of seedlingproductionandthe deathandsenescenceof tree-sizedindividuals.

Potentialreasonsfor thelack of forestregenerationarepartiallydocumentedby Medeiros,

LoopeandHolt (1986). Theyinclude:

• displacementbyalienplants,especiallykikuyu grass(Pennisetumclandestinum)

• loss of original nativeunderstorywith resultantchangesof groundlevel climate, i.e. greater

aridification andexposure
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• seedlingherbivoryby ungulates

• seedpredationby alienanimals(rodentsandinsects)

• seedlingherbivoryby alieninsects

• loss of co-evolvedpollinators

• loss of co-evolvedseedscarifiersanddispersers

• loss of geneticvariability dueto catastrophicreductionof numbersof individuals

If meaningfulconservationof theremainingdrylandforestis to be achievedatAuwahi, it

mustoccurwithin thenextdecade,asremainingbiological resourcesareprogressivelybecoming

diminished. Abouta dozenspecieshavefewer than20 individualsleft; somearedownto as few

as 5 individuals.

Auwahi is oneofthe mostimportantdrylandforestsremainingin theislands. It providesthe

habitat,in somecases,the solehabitat,for anumberof proposedandlistedendangereddryland

trees. Thelandowner,UlupalukuaRanch,haswillingly cooperatedwith conservation

organizationsin protectionof thebiologicaldiversityofthe area,andconservationefforts have

begun. TheNativeHawaiianPlantSociety(NHPS)hasconstructedninefencedexclosuresto

protectsmallgroupsoftrees. Within theseareas,kikuyu grasshasbeeneliminatedwith

herbicide(glyphosate—Roundup®).Thoughseedlingsofnativespecieshaveappeared,seed

banksof manyareasareapparentlydepleted. Conservationeffortsmustcontinueintensivelyand

immediately,to preventthe lossof anyremainingnativedrylandforest.

Fivetargetendangereddryland tree species:

1. AlectryonmacrococL’usRadlk.var. auwahiens/sLinney (9 treesknown)

2. Melicopeadscendens(St. John& Hume)HartleyandStone(4 treesknown)

3. Melicopeknudsenii(Hillber.) HartleyandStone(12 treesknown)

4. SantalumfreycinetianumGaud. var. lanaienseRock(50 treesestimated)

5. ZanthoxylumhawaiienseHillebr. (9 treesknown)

A sixth species,Melicopemucronulata,couldbe addedas atargetspeciesif materialfrom

leewardHaleakalawere locatedor adecisionwereto bemadeto reintroducethetaxonfrom

material from Molokai.

B-2



Six rare target dryland tree species:

1. AlphitonzaponderosaHillebr. (100-200treesestimated)

2. Nothocestrumlatifolium Gray(1000-2000treesestimated)

3. OchrosiahaleakalaeSt. John(100-200treesestimated)

4. PleomeleauwahiensisSt. John(—.5000treesestimated)

5. Pouteriasandwicensis(Gray) Baehni& Degener(.—l000 treesestimated)

6. Strebluspendulinus(Endl.) F.V. Muell. (—2000treesestimated)

Restoration/ResearchPlan:

I. Locateall individuals of the target Endangeredsueciesin the Auwahi district

.

Through field surveysand interviews with Maui botanists,locateall remaining individuals in

Auwahi. Map distributionusingGlobalPositioningSystem(GPS)devices,altimeters,and

topographicmaps. Photographandevaluatehealthof eachindividual.

j~jy~ (1) To providearealisticassessmenton thefeasibility of conservationof five

endangeredtreespeciesbasedon current,comprehensivedistributionalinformation. (2) To

evaluateindividual treeson immediatethreatstotheir survival.

II. Conduct triage-tyne protection of treesof Endangeredspecies

.

Erectsmallexelosuresto protecttargettaxafromungulates,controlexoticvegetation,conduct

treesurgeryif needed.

Q~j~.ljy~ To providemitigationfor immediatethreats.

III. Establishnurse tree forests around nativetrees in nine small NHPS exciosureswhere

kikuvu grasshasbeenremoved

.

Restorationof a forestmicroenvironmentmaybe aprerequisitefor successfulregenerationof

mostof the 30-oddtree speciesof Auwahi. The original forest probably had a semi-closed

canopy, amiddle story of smalltreesandlargeshrubs,andanunderstoryof fernsandother

herbs.
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“Nurse forests”wouldbeestablishedby supplementalseedingof quick-growingnativespecies

in thenineNHPSexclosures.Native speciestobeusedwould include:Alyxia oliviformis

var. myrtillifolia, Chamaesycecelastroidesvar. lorifolia, Cocculuslonchophyllus,Coprosma

fohosa,Dodoneaviscosa,Myoporumsandwicense,Myrsine lanaienszs,Myrsinelessertiana,

Osmanthussandwicenszs,Osteomelesanthyllidifolia, Peperomialeptostachya,Sophora

chrysophylla,andWikstroemzamonticola. Somerare species,mostnotablyCenchrus

agrimoniodes,wouldprobablybeusedif propagulesareavailable.

Objective: To recreate the moister, semi-shadedmicrohabitats necessaryfor seedling

germinationandestablishment.

IV. Intensively propagatetarget speciesand outplant into exciosures

.

Gatherseedsandexperimentwith germinationandestablishmenttechniquesfor thefive

endangeredandsixrare drylandforesttreespecies.Technologymustbedevelopedto facilitate

survivalofplantedtreeseedlings,suchasholesdrilled into lavarocks, shadeclothexclosures,

etc.

Obiective: To developtechniquesthatwill maximizegerminationandsurvivalof the five

endangeredandsix rare diylandforesttreespecies.
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APPENDIX C

HISTORIC AND CURRENT RANGES

Kiiauea Point

Nohili Pt.

KAUAI

Bay

MAUI

Poipu
Kanounou Pt.

Lahaina

Figure 2. Historic RangeofAcaenaexigua(no extant individuals known).
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Nohiti Pt.

Hatawa Bay

Figure3. CurrentandHistoric RangesofAlectryonmacrococcus.
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Kanounou Pt. MAUI

Hana

Figure4. Current(andHistoric) RangeofArgyroxiphiumsandwicensessp.macrocephalum.

Lahaina
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Kamanawal Pt.
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Figure5. CurrentandHistoric RangesofBidensmicranthassp.kalealaha.
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Figure6. CurrentandHistoric RangesofClermontiaoblongifoliassp.mauiensis.
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Figure7. Historic RangeofCyanealobata (no extant individuals are known).
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Kanounou Pt.
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Figure8. CurrentandHistoric Rangesof Cyaneamceldowneyi.
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Kamanawal Pt.

C-7



KanounOu Pt.
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Figure9. Current and Historic Rangesof Geraniumarboreum.
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Kanounou Pt.
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Figure10. CurrentandHistoric Rangesof Geraniummultiflorum.
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Figure11. CurrentandHistoric RangesofHedyotiscoriacea.
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Figure12. CurrentandHistoricRangesofHuperziamannii.
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Kanounou Pt.

Figure 13. Current and Historic RangesofLipochaetakomolensis.
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Figure14. CurrentandHistoric Rangesof Lysimachialydgatei.
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Figure15. CurrentandHistoric RangesofMelicopeadscendens.
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Figure16. CurrentandHistoricRangesofMelicopeballoui.
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Figure 17. CurrentandHistoric RangesofMelicopemucronulata.
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Figure18. CurrentandHistoric RangesofMelicopeovalis.
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Figure19. CurrentandHistoric RangesofRemyamaujensis.
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Figure20. CurrentandHistoric Rangesof Scaevolacoriacea.
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Kanounou Pt.

Figure21. CurrentandHistoric Rangesof Schiedeahaleakalensis.
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Figure22. CurrentandHistoric Rangesof Tetramolopiumcapillare.
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APPENDIX D

FIGURES OF PLANTS

(Numbersindicatemultiplication factorfor figure.)

Figure23. Line drawingofAcaenaexigua(Wagneretal. 1990).
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Figure24. LinedrawingofAlectryonmacrococcusvar.macrococcus(Wagneret all 1990).
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Alectryonmacrococcusvar. macrococcus
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Argyroxiphium sandwicensesubsp.macrocephalum

Figure25. LinedrawingofArgyroxiphium sandwicensessp.macrocephalum(Wagneretal. 1990).
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Figure26. Line drawingofBidensmicranthassp.kalealaha (Ganders& Nagata1983).
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Figure27. Line drawingof Clermontiaoblong~folia(Degener1937).
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Figure28. Linedrawingof Geraniumarboreum(Wagneret al. 1990).
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Geraniummultiflorum

Figure 29. Line drawingof Geraniummultiflorum (Wagnereta!. 1990).
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Figure30. LinedrawingofRemyamauiensis(Degner1936).
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Scaevolacoriacea

Figure31. Line drawingofScaevolacoriacea(Wagneret a!. 1990).
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SCHIEDEA HALEAKALENSIS Degener& Sherfi

Figure32. Line drawingof Sch/edeahaleakalensiS(Degener& Greenwell1956).
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Figure 33. Line drawingof Tetramolopiumcapillare (St. John1974).
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APPENDIX E
SUMMARY OF ASSOCIATED SPECIES

COASTAL SHRUBLAND
Elevation: 0-300 meters(0-990feet)
Rainfall: <120 centimeters/year(47 inches)

Maui ClusterTaxa

Scaevolacoriacea

AssociatedListed Species(RecoveryPlanin which addressed)’

Cenchrusagrimonioidesvar. agrimonioides—E(Multi-island)
Centauriumsebaeoides—E2(Waianae)
Ischaemumbyrone—E(Big Island)
Mariscuspennatiformisssp.pennatiformis—E(Multi-island)
Panicumfaurieivar. carteri—E (Carter’s)
Peucedanumsandwicense—T2(Kauai)
Sesbaniatomentosa—E(Multi-island)

AssociatedCandidateandSpeciesof Concern

Capparissandwichiana—sc2
Chamoesyceskottsberguvar. vaccinioides—s
Hedyotislittoralis—sc
Portulacamolokiniensis—sc
Portulacav,Ilosa—sc

AssociatedNative Snecies

Bidensmaujensis,Boerhaviaspp.,Fimbrislylis cymosa,Gnaphaliumsandwicensium,
Heliotropiuin curassavicum,Jacquemontiaovalifolia,Lipochaetaintegrifolia,Nama
sandwicensis,Osteomelesanthyllid{folia, Scoevolasericea,Sidafallax, andWaitheriaindica

AssociatedAlien Snecies

Casuarinaequisetifolia,Cynodondactylon,Ficusmicrocarpa,Heterothecacahfornica,
Leucaenaleucocephala,Macroptilium lathyroides,Sonchusoleracea,Stachytarpheta,
Verbensinaenceijoides,Wedeliatrilobata
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DRY FOREST
Elevation: 5-760meters(17-2,510 feet)
Rainfall: 100-200centimeters/year(39-78inches)

Maui ClusterTaxa

Alectryonmacrococcus
Bidensmicranthassp.kalealaha
Hedyot/scor/acea
L/pochaetakamolensis
Mel/copeadscendens
Mel/copemucronulata
Tetramolopiumcap/hare

AssociatedListed Snecies

Abut/Ionmenzies//—E(Lanai)
Bonamiamenz/es//—E(Multi-island)
Caesalp/niakava/ens/s—E(Kona)
Flueggeaneowawraea—E(Multi-island)
Gardeniabr/ghamii—E(Gardenia)
Gouan/ah/llebrand//—E(Gouania)
Haplostachyshaplostachya—E(Pohakuloa)
Hibiscusbrackenr/dge/ssp. brackenr/dge/—E(Multi-island)
Isodendrionpyrifol/um—E(Big Island)
Mel/copeknudseni/—E(Kauai)
Neraudiaser/cea—E(Multi-island)
Nototrich/umhum/le—E(Waianae)
Santalumfreyc/net/anumvar. lana/ense—E(Lanai)
Solanum/ncompletum—E(Multi-island)
Stenogyneangustfol/a—E(Pohakuloa)
Tetramolopiumarenar/um—E(Big Island)
Tetramolop/umremyi—E(Lanai)
Vignao-wahuens/s--E(Multi-island)
Zanthoxylumhawa/iense—E(Big Island)

AssociatedCandidateandSneciesof Concem

Acaciakoaia—sc
Bobeatimon/o/des—sc
Canavaliapubescens—sc
Chamaesyceolowaluana—sc
Hibiscuskokio ssp.kok/o—sc
Schiedeasah/caria—sc
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AssociatedNative Snecies

Metros/derospolymorpha,Aleur/tesmoluccana,D/ospyrossandw/cens/s,Nestegis
sandw/cens/s,Psychotria,P/son/a,Xylosma,Streblus,Hibiscus,Antidesma,Pleomele,Acacia,
Mel/copeknudsen/,Hibiscuswaimeae,Pteralyx/a,Zanthoxylum,Doodia,Blechnum,Kokia
kava/ens/s,Bobeat/mon/oides

AssociatedAlien Snecies

Lantana,Setaria, Triumfetta,Mel/a azedarach,Bocconiafrutescens,Mel/n/sin/nut/flora,
Psid/umcattle/anum,Schinusterebinthifol/us,Penn/setumclandest/num

DIVERSE MESIC FOREST
Elevation: 30-1,600meters(99-5,280feet)
Rainfall: 120-380centimeters/year(47-149inches)

Maui ClusterTaxa

Geraniummultillorum
Huperz/amann/i
Lysimachialydgate/
Mel/copeoval/s
Remyamauiens/s
Sch/edeahaleakalensis

AssociatedListedSnecies

Asplen/umfrag/levar. insulare—E(Ferns)
Bonamiamenz/esi/—E(Multi-island)
Brigham/arock/i—E (Molokai)
Clermontial/ndseyana—E(Big Island)
Cien/tissquam/gera—E(Ferns)
Cyaneagrimes/anassp.grimes/ana—E
Cyrtandramunro/—E(Lanai)
Delisseaundulatassp. undulata—E(Big Island)
D/ell/a erecta—E(Multi-island)
Garden/amann//—E(Oahu)
Gouan/av/tWol/a—E(Waianae)
Hedyotismann//—E(Molokai)
Hesperomanniaarbuscula—E(Waianae)
Mar/scuspennatiform/sssp.pennatiform/s—E(Multi-island)
Mel/copeknudsenii—E(Kauai)
Neraudiaser/cea—E(Multi)
Phyllostegiamoll/s—E(Waianae)
Platantheraholoch/la—E
Sch/edeahookeri—E(Multi-island)
Solanum/ncompletum—E(Multi-island)
Spermolep/shawa//ensis—E(Multi-island)
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Tetramolopiumarenarium—E(Big Island)

AssociatedCandidateandSneciesof Concern

Asplen/umschizophyllum—sc
B/denscampylotheca—sc
Thelypterisboydiae—sc
Dubautiaplantagineassp.hum/I/s—C2
Eurya sandwicens/s—sc
Exocarposgaud/chaud//—sc
Festucahawaiiensis—sc
Gardeniaremy/—sc
Hibiscuskok/ossp.kokio—sc
Peperomiasubpet/olata—sc
Phyllostegia/mm/nuta—sc
Ranunculushawaiensis—sc
Ranunculusmau/ens/s—sc
Stenogynehal/akalae—sc
Tetraplasandrakava/ens/s—sc
Torul/nium odoratusssp.aur/culatum—sc

AssociatedNative Snecies

Acaciakoa,C/bot/umchamisso/,Cibot/umglaucum,Di~Iaz/umsandw/ch/anum,Mel/cope
clus/ifolia,Metros/derospolymorpha, Sadler/apall/da, As/el/amenz/es//,Coprosmaspp.,
Che/rodendrontr/gynum,Ilex anomala,Metros/derospolymorpha,Myrs/ne,Sophora
chyrsophylla,Vaccin/umret/culatum,Vacc/n/umcalyc/num,Metros/derospolymorpha,
Coprosma,Stypheliatame/ame/ae,Sadler/acyatheo/des

AssociatedAlien Suecies

Dactyl/sglomerata,Holcuslanatus,Hypochoer/srad/cata,Juncusplanfol/us,Rubusargutus,
Paspalumconiugatum,Paspalumurv/lIe/, Psid/umcattle/anum,Psid/umguajava,
Rhychosporacaduca,Young/ajapon/ca

WET FOREST
Elevation: 550-670meters(1,810-2,210feet)
Rainfall: >250 centi.meters/year(98 inches)
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Maui ClusterTaxa

Acaenaexigua
Clermontiaoblong~fol/assp.mau/ens/s
Cyanealobata
Cyaneamceldowney/
Geraniumarboreum
Geraniummultiflorum
Huperz/amann/i
Mel/copeballoui

AssociatedListedSnecies

Clermontiapeleanassp.s/ngul(fol/a—E(Big Island)
Cyaneagrimes/anassp.gr/mesiana—E(Multi-island)
Diplaz/ummolokaiense—E(Ferns)
Hesperomanniaarborescens—E(Koolau)
Hesperomanniaarbuscula—E(Waianae)
Phyllostegiamannii—E(Molokai)
Phyllostegiamoll/s—E(Waianae)
Plantagopr/ncepsvar. laxflora—E(Multi-island)
Pter/sl/dgate/—E(Ferns)
Saniculapurpurea—E(Multi-island)
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AssociatedCandidateandSoeciesof Concern

B/denscampylotheca—sc
B/densconjuncta—sc
Calamagrostisexpansa—sc
Cyaneacopeland//ssp.haleakalaens/s—C
Cyaneaglabra—C
Cyaneahamat~florassp.hamat4lora—C
Cyaneakunthiana—sc
Cyanealong/ss/ma—sc
Cyrtandraflh/pes—sc
Cyrtandralydgate/—sc
Cyrtandraoxybapha—sc
Dubautiaplantag/neassp.hum/lis—C
Geraniumhum/Ie—sc
Hedyotiselatior—sc
Hedyotisformosa—sc
H/b/scuskok/ossp.kok/o—sc
Jo/nvilleaascendensssp.ascendens—sc
Mariscuskunth/anus—sc
Mel/copehaleakalae—sc
Myrs/nevacc/nio/des—sc
Phyllosteg/abracteata—sc
Ranunculusmauiensis—sc
Rubusmacrae/—sc
Saniculasandwicens/s—sc
Sicyoscucumer/nus—sc
Tetraplasandrakavafens/s—sc
W/kstroem/ab/cornuta—sc
W/kstroem/av/llosa—sc

AssociatedNative Snecies

Sophorachrysophylla,Vacciniumret/culatum,Dodonaea,Styphelia,Rubushawa//ensis,
Dryopteriswall/chiana,Metros/deros,Myrs/nelessertiana,Coprosma,Acaciakoa,Cibot/um
cham/sso/,C/botiumglaucum,Diplaziumsandwich/anum,Mel/copeclus/ifalia,Metrosideros
polymorpha,Sadler/apallida

AssociatedAlien Snecies

Cyatheacooperi,Paspalumconjugatum,Psidiuincattle/anum,Rubusros~foIius,Ageratina
adenophora,Holcus lanatus

ALPINE CINDER FIELDS

Elevation: 2,100-3,000meters(6,890-9,840feet)
Rainfall: 75-125centimeters(29.649.3inches)
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Maui ClusterTaxa

Argyrox/phiumsandwicensessp.macrocephalum

AssociatedListed Snecies

none

AssociatedCandidateandSneciesofConcern

none

AssociatedNative Snecies

Agrost/ssandw/cens/s
Deschampsianub/gena
Dubautiamenz/es//
Silenestruth/oloides
Stypheliatameiame/ae
Tetramolopiumhum/le
Trisetumglomeratum

AssociatedAlien Snecies

Hypochoerisrad/cata
Heterothecagrand~fiora
Rumexacetosella

‘Waianae—Recoveryof thistaxonwill be addressedin theWaianaePlantClusterRecoveryPlan
Big Island—Recoveryofthis taxonis addressedin the Big IslandPlantClusterRecoveryPlan
(1996)
Caner’s—Recoveryofthis taxoniwill be addressedin the Caner’sPanicgrassRecoveryPlan
Kauai—Recoveryofthis taxonis addressedin the Kauai PlantClusterRecoveryPlan(1995)
Multi-island—Recoveryof thistaxonwill beaddressedin theMulti-islandPlantClusterRecovery

Plan
Lanai—Recoveryof thistaxonis addressedin the LanaiPlantsRecoveryPlan(1995)
Kona—Recoveryofthis taxonis addressedin theKonaDrylandsPlantsRecoveryPlan(1994)
Gardenia—Recoveryof thistaxonis addressedin theGarden/abrigham/i RecoveryPlan(1993)
Gouania—Recoveryof thistaxonis addressedin the Gouan/ahillebrandii RecoveryPlan(1990)
Pohakuloa—Recoveryofthis taxonwill be addressedin the PohakuloaPlantRecoveryPlan
Ferns—Recoveryofthis taxonwill be addressedin the FernsRecoveryPlan
Oahu—Recoveryofthis taxonwill beaddressedin the OahuPlantsRecoveryPlan

2E—Taxonis listedas endangered
T—Taxonis listedasthreatened
PE—Taxonhasbeenofficially proposedfor listing asendangered
C—Taxonis acandidatefor Federallisting
sc—Taxonis aspeciesof concern
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APPENDIX F
SUMMARY OF LAND OWNERSHIP/MANAGEMENT

NationalPark Service

Argyroxiph/umsandw/censessp.macrocephalum,B/densmicranthassp.kalealaha,Geranium
arboreum,Geraniummult~/lorum,Huperz/amann/i,Mel/copeballou/, Mel/copeovalis, Sch/edea
haleakalensis

Devartmentof Defense(Armv~

Alectryonmacrococcus,Hedyot/scor/acea

Denartmentof Defense(Navy

)

Alectryonmacrococcus

StateofHawaii

Alectryonmacrococcus,B/densmicranthassp.kalealaha,Clermont/aoblong/foliassp.mau/ens/s,
Geraniumarboreum,GeraniummuThflorum,Hedyotiscoriacea,Huperziamann/i,Lys/machia
Iydgatei,Remyamauiensis,Scaevolacoriacea,Tetramolopiumcapillare

The NatureConservancyof Hawaii

Geraniumarboreum,Geraniummultiflorum,Mel/copemucronulata

City andCountyof Honolulu

Alectryonmacrococcus

HawaiianHomeLands

Huperz/amann/i
Lzpochaetakamolensis

PrivateLandowners

Alectryonmacrococcus,Cyaneamceldowneyi,Geraniumarboreum,Huperziamann/i,Lzpochaeta
kamolensis,Mel/copeadscendens,Scoevolacoriacea, Tetramolop/umcap/Ilare

F-l



APPENDIX G

SUMMARY OF COMMENTS

The U.S. FishandWildlife Servicereceivedconunentson theDraft RecoveryPlanfor theMaui
PlantClusterfromtheCity andCountyof Honolulu, FireDepartment;theU.S.Departmentof the
Naxy; the HawaiiDivisionof ForestryandWildlife; S.H. Sohmer,PresidentandDirector, Botanical
ResearchInstituteof Texas,Inc.; WarrenL. Wagner,Curatorof PacificBotanyandChairman,
Departmentof Botany,NationalMuseumofNaturalHistory, SmithsonianInstitution; andRichard
Nakagawa.

Editorial changesandcommentsprovidingadditional informationonnumbersof
populations/individuals,distributionof certaintaxa, andongoingconservationactionshavebeen
incorporatedinto thefinal plan. Additional conunentsareaddressedbelow:

rnn~ntJ. The Haleakalasilverswordhas64,000individualslisted. Its habitatis protectedand
stableandits numbershaveincreasedin recentyears. USFWSshouldconsiderdelistingthis variety
from its presentthreatenedstatus.

ServiceResnonse:The Serviceacknowledgestheefforts affordedtoprotectthis speciesas oneof
themostdramaticconservationsuccessstoriesof theHawaiianIslands. Nevertheless,dueto the
highly restricteddistributionofthe Haleakalasilverswordandthesusceptibilityofits pollinatorsto
theArgentineant, theServicebelievesit will beprudentto considerdelistingofthis speciesonly if
thethreatto its pollinatorsis controlledthroughmanagementactionandthesinglepopulation
continuesto exceed50,000individuals

£nrn~nLZ:Two otherspeciesthatinhabitHaleakalaCraterhavealsoreboundedin thelast
decade. Both SchiedeahaleakalensisandBidensmicranthassp.kalealahaseemto bemultiplying
andspreadingsincetheremovalof goats. While wedon’t presentlyrecommendanychangein their
proposedstatus,wedo think their numbersshouldbe adjustedupward.

ServiceResnonse:Populationestimatesfor thesetwo specieswerebasedoninformationprovided
by knowledgeablelocal botanists.The recoveryplanacknowledgesthatcontinuedmonitoringof
thesespeciesis needed,althoughin somecasesaccessabilityofthesespecies’habitatspresents
difficulties in accomplishingadequatesurveys.

Comment3: The genusMelicopein theRutaceaeis ahighly technicalgenusin critical needof
intensivetaxonomicstudy. Verification is neededfor theidentificationof thefour speciesincludedin
therecoveryplan. If recoveryplansareto be developed,resolutionof thetaxonomicproblemis
needed.Managementissuescanbeaddressedonlywith anunderstandingofthenumbersof
populationsandwhattheyrepresent.

ServiceResnonse:We foreseethatfurtherinvestigationofthis issuewill benecessary,but believe
thatit is prudenttousethe identificationsprovidedby thelocal botanistsreferenceduntil sufficient
evidenceis presentedotherwise. Becauseoftherarity ofthesespecies,thefinal identificationsof
theseindividualswill not significantlyaffectthis recoveryplan. Delayingthedistributionof afinal
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versionof theplanuntil this issueis resolvedwoulddelayrecoveryeffortsfor thesespeciesandthe
17 othertaxacoveredby this plan.

Comment4: Concemwas expressedfor includingspecies,suchasAcaenaexiguathatarenot
knownto be extant,in arecoveryplan. Specifically,theindividual questionedthedevelopmentof
actionstorecoverspeciesfor which noknownpopulationsexist.

ServiceResnonse:The recoveryplanacknowledgesthatAcaenaexiguahasnot beencollected
since1957,althoughbotanistshavebeensearchingfor this specieson an adhocbasisforyears. A
completesearchofformerhabitatsis needed. Includingthis speciesin arecoveryplanprovidesa
methodfor the Serviceto seekor supportfundingfor suchsurveys. The recoveryplanstatesthat
delistingdueto extinctionmaybeproposedif thespeciesis notrelocatedafterextensivesearches.

Comment5: NewDNA evidenceindicatesthatClermontiaoblongifoliaandits subspeciesarein
fact viablehybridsof C. arborescensandC. kakeana. If this is confirmed,it wouldbe prudentnot
to list this subspeciessincehybridshaveno specialstatus.

ServiceResnonse:This informationhasbeennotedin therecoveryplan. If it is confirmed,the
Servicewoulddeterminewhetheraproposalto delisttheaffectedsubspeciesis appropriate.
Delayingthe distributionof afinal versionof theplanuntil this issueis resolvedwoulddelay
recoveryefforts for all ofthe otherspeciescoveredby this plan.

Comment6: Scaevolacoriaceahasbeenfoundto bevery easyto propagateandgrowsvigorously
onceestablished.This speciesshouldbe focusedon asonethatcanyield quickanddramaticresults
at averyreasonableexpenditure.

~ The Serviceappreciatesthis informationandwill take it into consideration
whenseekingfundingor supportto implementthe recoveryactionsidentified in thisplan.
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APPENDIX H

DETAILED DESCRIPTIONS OF ALIEN

PLANTS AND ANIMALS

1. ALIEN PLANTS

CURRENTTHREATS

Kikuvu grass(Pennisetuinclandest/num)

Kikuyu grassis anaggressive,mat-formingperennialgrassthat spreadsby stolonsandrhizomes.

In manylocationsbetween915-1,525meters(3,000-5,000feet)on leewardEastMaui andat lower

elevationson windwardexposures,this speciesgrowssodenselyand luxuriantlythat it often

displacesall otherplantspecies—bothnativeandexotic—andconsistentlypreventsreproductionof

nativespecies(Medeiros,Lcope,andHolt 1986). Introducedto Maui asapasturegrassin the

1920’s-1940’s,kikuyu grass(from EastAfrica) hasflourishedontheranchiandsof EastMaui and

hasspreadovera wide rangeof habitatsfrom nearsealevel to 3,050meters(10,000feet). Periodic

freezingtemperaturesdamageit andgenerallypreventit from competingwell at highelevations.

Kikuyu grassflowersandsetsseedin Hawaiionlywhencloselycropped;it spreadsreadily,however,

by vegetativemeans. Kikuyu grasspresentsaparticularlyseriousproblemto conservationefforts on

Maui in theAuwalii area(UlupalakuaRanch)andKaupoGap of HaleakalaNationalPark(Medeiros,

Loope, andHolt 1986).

Kikuyu grasscanbereadilykilled by applicationof glyphosphate(a non-persistent

organophosphateherbicide)at a sufficientlylow concentrationthatnativespeciesarenothanned

(GardnerandKageler1983). Thepotentialthereforeexistsfor graduallyfavoringreestablishmentof

nativesinareasinfestedwith kikuyu grass. In practice,extremecautionmustbe exercisedsince

successdependson carefullyregulatingthe quantitiesof sprayappliedtomixed standsofthe alien

grassandnatives

Molassesgrass(Mel/n/sin/nut/flora)
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This African speciesspreadrapidly overMaui duringthe 1970s-1990s.In Kaupo Gapof

HaleakalaNationalPark,it hasgreatlyincreasedaftereliminationof goatgrazingin the 1 980s.

ScowcroftandHobdy(1986)foundthatit increasedgreatlyinsidethe Healaniferal (this termis used

for bothferal andescapeddomesticanimalsin this document)ungulateexclosureat 1,280meters

(4,200feet)elevationin theKipahuluForestReserve,andinhibitedcontinuedreproductionof

Acaciakoa. Smith(1985) gives its potentialupperelevationlimit in theHawaiianIslandsas 1,500

meters(5,000feet). It alsooccursin lower elevationareas,suchas KanaioNaturalAreaReserve

(NAR) (Medeiros,Loope, andChimera1993).

Among the Maui clustergroup, thetaxonparticularly‘vulnerable to invasionby molassesgrass

(with associatedfire hazard)is Lpochaeatakamolensis.Otherspotentiallythreatenedby molasses

grassinvasionareMel/copeadscendensandM inucronulata.

Velvetgrass(Holcuslanatus)

This perennialgrassfrom Europeis abundantinmostopenshrublandhabitatsofEastMaui at

1,830-2,740meters(6,000-9,000feet). It is particularly densein thelowerelevationsubalpine

shrublandof HaleakalaNationalParknearHosmerGrove. Whereverit growsit at leastpanially

displacesseedlingestablishmentby suchrelativelyhardynativespeciesasSophorachrysophylla

(Loope,Nagata,andMedeiros1992). Velvetgrassis tolerantofflooding andis themajorintroduced

speciesinvadingpig-damagedmontanebogsof northeasternHaleakala(Medeiroset a!. 1991).

Velvetgrass’displacementof seedlingestablishmentby otherspeciesadverselyaffectssurvivalof

manyrarespeciesin HaleakalaNationalPark,includingPeleahawa//ensis,Planchonella

sandw/censis,Pleomeleauwahiensis,San/culasandw/cens/s,andZanthoxylumkauaense.Among

the Maui clustertaxa,velvetgrassinhibits reproductionof Geraniumarboreuin.

Palmgrass(Setariapalmifolia)

As of 1994,palmgrass(Setariapalmifolia) is rapidly spreading,unchecked,into thehabitatof

Cyaneamceldowneyi.PalingrassinvadesthestreambankswhereC. mceldowneyigrows,forming

densestandsanddisplacingnativevegetation.

Kahili ginger (Hedychiumgardnerianum)andothergingerspecies
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The large(up to 2 metersor 6 feettall) Kahili gingerwith bright golden-yellowflowers, is an

aggressiveinvaderof low-to-middleelevationrainforestof windwardMaui. It is dispersedbybirds,

which eatits large,fleshy, orangefruits. OnceKahili gingerestablishesata site, it spreads

vegetatively,forming large,continuousclumpsthatdisplacenearlyall otherunderstoryvegetation.It

hasthereputationof beingoneof themostaggressiveanddestructiveinvadersof Hawaiian

rainforests(Smith 1985). An incipientpopulationin KipahuluValley of HaleakalaNationalPark

(Andersonet al. 1992) is targetedfor controlby thepark’sresourcemanagementcrew.

GIcinewightii

Glyc/new/ghtii, arelativeof soybean,is anaggressiveperennialvinefrom theneotropics,

introducedto Maui nearUlupalakuafor pastureimprovementabout 1970. Populationsexplodedin

thelate 1980sandearly 1 990s. Glyc/negrowsin thick matsoverfencesandsmotherstreesand

shrubson theroadside. Cattlebrowsingkeepsit out of pastures.Medeiros,Loope,andChimera

(1993)consideredit apotentially seriousthreatto KanaioNAR andotherdrylandforest siteson

leewardEastMaui.

Spanishneedle(B/denspilosa)

Spanishneedle,from tropicalAmericabut nowwidespreadin theHawaiianIslands,is anannual

herbup to about 1 meter(3 feet) tall. Its germinationandgrowthdependson winter rains; it dries up

anddieswith summerdrought. It seasonallydominatesunderstoriesofnativetreesin leeward

forests,therebydisplacingseedlingestablishment(Medeiros,Loope,andHolt 1986; Medeiros,

Loope,andChimera1993). At the sametime thatclimatic conditionsareideal for germinationand

growth ofnativedryforesttreeseedlings,Spanishneedleis thriving andtakingup space,nutrients,

andwater.

Blackberry(Rubusargutus)

Spreadof thisprickly speciesnativetothe southernU.S.presentspotentially severeproblemsin

high-elevationgrasslandsandrainforestsof Maui. It becomesestablishedprimarily inareasofpig

activity. Birdsdisperseit also,andonceestablishedinan areaits primarymethodof spreadis

vegetative,throughrootingofaerial shootswheretheybecomeprostrate(Smith 1985). Backcountry

personnelin Haleakalahavebeencombatingblackberryfor yearsin thePalikupastureandhave
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succeededinkeepingit localized. A largeinfestationoccursin theKoolau ForestReservebelowPuu

Alaea,andtherearescatteredoccurrencesin rainforestsofHaleakalaNationalPark. Extensive

standsoccuralongthelower edgeof theKalapawili grasslandsbetweenPuuAlaeaandFlattop Bog.

Raspberries(RubusniveusandotherRubusspecies)

AggressiveRubusspeciesotherthanR.argutusposethreatsto naturalareason Maui. Gerrish

etal. (1992)mappedthedistributionson Maui andotherislands. The situationis complex,

involving Rubusdiscolor,R. glaucus.andR. niveus. Themostimmediatethreatappearsto involve

R. niveusin theupperKula-Keokeaarea.

Germanivy (Senec/omikanioides)

Germanivy, nativeto SouthAfrica, is believedto havebeenintroducedto Hawaiion theKona

sideof theBig Islandsometimearound1909 (HaselwoodandMotter 1983). JacobiandWarshauer

(1992)foundthis speciesto behighly invasive,spreadingrapidly onthe Big Island,in communities

rangingfrom dry shrublandto rainforestatelevationsbetween500meters(1,640feet) and2,500

meters(8,200feet),wheremeanannualrainfall is lessthan2,500millimeters (100 inches).

Wagneret al. (1990)reportthatalthoughSenec/oinikania/desoccursprimarily on theBig

Island, it is alsofoundsparinglyon Maui. It is knownto be invadingatleastthreesiteson Maui,

onein Kula, onenearMakawao,andoneatOlowalu. At theKula site, the specieshasestablished

within thepast 10 years(SandyStoner,Kula resident,personalobservation1993)andspreadrapidly

alonga gulchwhereit forms anearlycontinuousmatover severalacres. This speciescouldinvade

largeareasof leewardEastandWestMaui. In June1994,A.C. Medeirosfoundthatthis specieswas

beingsold atalocal gardenstore. Althoughthe storeandthesupplieragreedto stop selling it, it

appearsthatanorganizedcampaignwill beneededto preventSeneciomikan/o/desfrom becoming

irreversiblyestablishedandspreadingon Maui.

Strawberryguava(Psidiuin cattle/anum)

A shrub,smalltree, or largetree,dependingon densityof stockingandhabitatconditions,

strawberryguavaestablishesdensestandsfrom primarilypig-dispersedseed(Diong 1983)andtends

to displacenativespecies.Its elevationrangein HaleakalaNationalPark’sKipahuluValley is

90-1,190meters(300-3,900feet),but it is currentlyabundantonly up to about975 meters(3,200
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feet). It is moderatelyshade-tolerantandgrowsinnearlyimpenetrablethickets in Kipahuluat

460-760meters(1,500-2,500 feet). Strawberryguavapotentiallythreatensnumerousmiddle-tolow-

elevationrainforestplantspecieswith extirpationthroughdisplacementof reproduction. Speciesof

HaleakalaNationalParkthatareparticularlythreatenedin thisway includeAnt/desmaplatyphyllum,

Claoxylonsandwicense,Joinvilleagaudichaudiana,Nothocestrumcf longifolium,Psychotria

mar/niana,Sicyocaryauinbellata, andStrongylodonruber. Most ofthesespeciesareverynear

extinction(Loope,Nagata,andMedeiros1992).

Strawberryguavareacheswhatis probablyits currentmaximumdevelopmenton Maui belowPuu

Ahulili (Southwesternportionof EastMaui) whereit occursas highas 1,400meters(4,600feet). At

1,000-1,190meters(3,300-3,900feet) in this area,P. cattle/anumoccupiesover25% oftheforest

understory;up to 1,000meters(3,270feet),it occupiesover75% of theunderstoryandrisesinto the

canopy,attainingdiametersof 30 centimeters(12 inches)andheightsof 59 meters(18 meters)

(JamesJacobi,USFWS,personalcommunication1980). On Haleakala’snorth slope,P. cattle/anum

reaches1,190meters(3,900feet)belowPuu o KakainearWaikamoiStream,andoccursabove970

meters(3,000feet) atseveralother localitiesbetweenthereandHana(J. Jacobi,personal

communication1986).

Australiantreefern (Cyatheacooperi)

Cyatheatreefernshavebeenin cultivation in theHawaiianIslandsatleastsincethe 1960sas

omamentalsathomesandbotanicalgardens.Thewidely cultivatedspecies,Cyatheacooperi, is

nativeto QueenslandandNew SouthWalesin easternAustralia. It is widely plantedin Hawaiisince

it is ahardy,attractivespeciesandis fastergrowingthannativeHawaiiantreeferns(Cibotiumspp.).

It hasbeenrecentlydiscoveredthatpopulationsof C. cooperiareinvasivein ohia(Metrosideros

polymorpha)andkoa(Acaciakoa) rainforestsin KipahuluValleyof HaleakalaNationalPark

(Medeiroseta!. 1992). Therearefour knownpopulationscomprisingover1,000individualsat

610-1,040meters(2,000-3,410feet)elevation. Eveninnurseryandhouselot situations,Cyathea

cooperihasatendencyto escape,oftenbecomingestablishedseveralhundredmetersfrom theparent

populations,especiallyin wetareas. This speciesis plantedandlocally naturalizedat several

tropical botanicalnurseriesnearHana,approximately12 kilometers(7.5 miles) fromthe Kipahulu

Valley populations.The speciesis alsoescapingfrom cultivation on Kauai (Medeiroseta!. 1992).

Thegreatestthreatthat C. cooperiposesto Hawaiianforestsis its displacementofnativespecies

wherethefernhasachievedhighdensitiesandlocal dominanceof communities.Unlike native

Cibatiuin treeferns,Cyatheadoesnot supportthedensecoloniesof epiphyticnativespeciesthat
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oftencolonizethetrunksoftree ferns(Medeiros,Loope,& Anderson1993). WhereCyatheaforms

densestandsin Kipahulu, theunderstoryis conspicuouslyopenandlackingmanycharacteristic

nativespecies.This lack of epiphyticnativesis apparentlydueto exclusionof otherspeciesby the

thick layering offibrous rootsthatforms atthe soil surfacesurroundinga growingtreefern. On large

treefernsofthis species,this denselayerof near-surfacerootsmayextendout overa diameterof3.0-

4.6meters(10-15 feet),effectivelyexcludingmostothervegetation(Medeirosetal. 1992).

Within HaleakalaNationalPark,anattemptis beingmadeto control this alienspeciesbeforeit

becomesextensivelyestablished.Theknownpopulationsof Cya/heacooperiarebeingremoved.

cuffing thetaller fernswith chainsawsandremovingthe growingtips of shorter-staturedindividuals.

To date, thismethodappearshighly effective in killing individuals of C. cooperi.

Miconia calvescens

Miconia calvescens(Melastomataceae),nativeto NewWorld tropicalforestsat300-1,800

meters(980-5,910 feet) elevation,is nowknowntobe anunusuallyaggressiveinvaderofmoist

islandhabitats. Introducedto Tahiti in 1937,densethicketsofM calvescenshadreplacedthenative

forestovermostof theislandby the 1980s,with dramaticreductionofbiological diversity. After the

lateFR. Fosbergsawthis speciesin Tahiti in 1971,hereportedthat “it is theoneplantthat could

really destroythenativeHawaiianforest.” Becauseof its attractivepurpleandgreenfoliage, it was

innocentlyintroducedto Hawaiias anornamentalin the 1970s. After its detectionon Maui by

conservationagenciesin 1990,analannwasraised. Nearly20,000individualsofM calvescens

wereremovedfrom privatelandsby agencystaffandvolunteersin 1991-93,andcontrol appeared

feasible.However,in September1993,anaerialvegetationsurveydiscoveredapreviously

undetectedMiconia populationon Stateland—far larger (over 100hectares[250acres])thanall

previouslyknownpopulationson Maui (R.W. Hobdy,personalcommunication1993). An

interagencyworking group, theMelastomeAction Committee,was developedandbegan

implementationof acontainmentstrategyin January1994,initially involvinghelicopterherbicide

(Garlon 4) sprayingof individualemergentMiconia treesandmonitoringof results(seealsoConant

etal. 1997andMedeirosetal. 1997).

CI/demiahirta

This denselybranchingshrub(up to 4 metersor 13 feettall) is nativeto theNeotropics(southern

MexicoandWestIndiesto Argentina). It hasbecomean aggressivealieninmanypartsof Africa,
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Asia, andthePacific Islands.A particularlysevereinvasioninFiji was controlledbythe intentional

introductionof athrips (Liothrips urichi), which is nativeto Trinidad(WesterandWood 1977).

Thissameorganismhasbeenintroducedto Hawaiibuthasproveneffectivein controlling Clideinia

only in open(non-shaded)habitats.Otherbiological controlagents,morerecentlybroughtto

Hawaii, showpromiseof increasedcontrol (Smith1992; Nakaharaet al. 1992).

Clidemiawas first introducedin theHawaiian Islandson Oahuin 1941. Sincethenit hasbecome

very widespreadonthatisland,dominatinglargeareasofrainforestunderstories.It wasfirst

recognizedasapestin theIslandsin the 195Os, atwhichtimeLiothr/pswas introduced. However,

theseverityof theproblemwasnot generallyrecognizedby governmentagenciesuntil the 1 970s.

Clideinia seedsarebelievedtobe dispersedby the abundantalienJapanesewhite-eye(Zosterops

japonicus)(WesterandWood1977)andprobablyby otheralienbirds,but mongooses(Herpestes

auropunctatus)disperseit as well (AC. Medeiros,personalcommunication1986). Clideinia was

first notedonnorthernEastMaui in 1977(Nahiku District) and1980 (MakaiwaDistrict) on lands

ownedby theStateof HawaiiandEastMaui IrrigationCompany. By 1988,Clidemiahadspread

alongwatercoursesandestablishedalongthemainHanahighwayinnumerousdrainages(Medeiros

et al. 1989). A singleplant was found(anddestroyed)by L. CuddihyandG. Santosat850meters

(2,800feet) in KipahuluValleyof HaleakalaNationalParkinOctober1988 (Andersonet a!. 1992).

By 1994,Clidemiawas beingcontrolledby hand-pullingin severalsiteswithin KipahuluValley.

CI/deinia canbeexpectedtoprovideamajorthreatto rainforestsbelowabout 1,525meters(5,000

feet) in thefuture,unlessbiocontrol agentsare effectivein limiting its aggressiveness.

Glorybush(Tibouch/naherbacea)

Thiswet forestweedfrom SouthAmericagrowsto 3 meters(10 feet) tall andrapidly fills

openingscreatedby disturbance,crowding out anynativespeciespresent. It is consideredoneofthe

worstthreatsto biological diversityin reservesoftheWestMaui Mountainswhereit invadedin the

1980s(RandallBartlett, MauiLand andPineapple,personalconununication1992; PaulHigashino,

TNCH, personalcommunication1992).As of early 1994,it was beginningto establishin Haleakala

NationalPark’sKipahuluValley, withpotentiallyominousconsequences.

Firetree(Myr/cafaya)

One oftheworstinvadersin HawaiiVolcanoesNationalPark(WhiteakerandGardner1992),

this tree from theAzores,Madeira,andtheCanaryIslandsfixes nitrogenin rootnodulesandhas
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greatpotentialfor massivealterationof ecosystems(Vitousek1992). A largeinfestationoccurson

Haleakala’swesternslope,particularly in the Kula ForestReserveat975-1,950 meters(3,200-6,400

feet) elevation(WhiteakerandGardner1992).

Gorse(Ulex europeus)

On EastMaui, thisspinyshrubfrom Europeis abundantin theOlindaarea, getsinto theedgeof

WaikamoiPreserve,andreachesits upperelevationlimit on Maui nearthe HaleakalaNationalPark

Headquanersat2,140meters(7,000feet). Seedweevilsandaflower-feedingcaterpillarintroduced

for biocontrolreducethereproductivepotentialof gorseby 73% onMaui (Markin 1984),but

persistenceof dormantseedsin the soil makesits control crucialbefore it becomeswell-established

man area. A major gorsebiocontrolprogramis underway. The high-elevationgorsepopulationnear

the HaleakalaNationalParkHeadquartersis theonly siteon Maui wherethebiocontrolmoth

Agonopterixulicitella, aneaterofyoungshoots,is thriving (G. Markin, personalcommunication

1994). Threeadditionalbiocontrolagentswerereleasedin 1994.

Plum (Bocconiafrutescens)

Thisbird-dispersedspeciesin thefamily Papaveraceaeis alarge-leaved,soft-woodedshrub/tree

(up to 6 metersor 20 feet tall) nativeto theneotropics. It hasbeenon Maui atleastsince1920

(Medeiros,Loope,andChimera1993),but is locally in arapidphaseof expansion. It thrivesin the

leeward610-1220meter(2,000-4,000foot) elevationzone. Medeiros,Loope,andChimera(1993)

considerit asignificantthreatto KanaioNAR on leewardEastMaui.

Chinesebanyan(Ficusinicrocarpa)

Chinesebanyanis a strangling,aggressiveinvaderonrocky walls of low-elevationstream

courses,banksofirrigationditches,andseacliffs ofwindwardMaui. It hasbecomehighly invasive

incoastalEastMaui relativelyrecently. Eachof theworld’s 900+Ficus speciesrequire

a species-specificwaspfor pollination(Raniirez1970). The invasivenessofF microcarpaonMaui

is madepossibleby introductionto Hawaii oftheagaonidwasp(Pamprist/naverticillata) which

pollinatesit in its nativerangein Asia. This specificpollinatorwaspurposelyintroducedinto

Hawaii from the Philippinesin 1920-21 aspanof areforestationscheme(Condit 1969; McKey and

Kauflnann1991).
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APPENDIX I- RECOVERY PRIORITY SYSTEM

TheRecoveryPriority Systemusesthecriteriaof (1) degreeof threat,(2) recoverypotentialand(3)
taxonomy(level of geneticdistinctiveness).By applyingthesecriteria,all listedspeciesareassigned
aspeciespriority numberof 1 through18. A fourth factor, conflict, is a supplementaryelementin
determiningwhatactionsareto be implementedfor recoveryof aspecies. In addition,thefourth
factor givespriority, within eachcategory,inpreparationof recoveryplansto thosespeciesthatare,
or maybein conflict with constructionor developmentprojects. Thus,the speciesretainsits
numericalrankandacquirestheletterdesignationof “C,” indicatingconflict (iC-i8C) (48 Federal
Register43098.

Degreeof
Threat

Recovery
Potential Taxonomy Priority Conflict

High
High

Low

Monotypicgenus
Species
Subspecies

Monotypicgenus
Species
Subspecies

6
6
6

6
6
6

1/iC
2/2C
3/3C

4/4C
5/SC
6/6C

Moderate

High

Low

Monotypic genus
Species
Subspecies

Monotypic genus
Species
Subspecies

1
1
1

10
11
12

7/7C
8/8C
9/9C

10/lOC
11/liC
i2/12C

Low

High

Low

Monotypicgenus
Species
Subspecies

Monotypicgenus
Species
Subspecies

13
14
15

16
17
18

13/13C
14/14C
15/15C

16/16C
17/17C
i8/18C
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