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DISCLAIMER

Recoveryplansdelineatereasonableactionsthatarebelievedto berequiredto
recoverand/orprotectlisted species.Plansarepublishedby theU.S. Fishand
Wildlife Service,andsometimespreparedwith the assistanceofrecoveryteams,
contractors,Stateagencies,andothers. Objectiveswill beattainedandany
necessaryfundsmadeavailablesubjectto budgetaryand otherconstraints
affectingthepartiesinvolved, aswell astheneedto addressotherpriorities.
Costsindicatedfor taskimplementationand/ortime for achievementofrecovery
areestimatesandsubjectto change.Thesecostsareinclusiveof estimated
salariesfor individuals who would carryout the identifiedtask. Recoveryplans
do not necessarilyrepresenttheviews,official positionsorapprovalof any
individualsor agenciesinvolved in planformulation,otherthantheU.S. Fish and
Wildlife Service. Theyrepresenttheofficial positionoftheU.S. Fish and
Wildlife Serviceonly aftertheyhavebeensignedby theRegionalDirectoror
Directorasapproved. Approvedrecoveryplansaresubjectto modificationas
dictatedby newfindings,changesin speciesstatus,andthecompletionof
recoverytasks.

LiteratureCitation: U.S. Fish andWildlife Service. 1996. Big IslandPlant
ClusterRecoveryPlan. U.S. FishandWildlife Service,Portland,OR. 202+pp.
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EXECUTIVE SUMMARY

CurrentStatusoftheTaxa: TheBig IslandPlantClusterRecoveryPlanaddresses
22 planttaxafrom the islandof Hawaii (Big Island)in the StateofHawaii.
Twentytaxaarelisted asendangered,oneis proposedfor endangeredstatus,and
oneis listed asthreatenedundertheEndangeredSpeciesAct of 1973,as
amended.Theendangeredtaxain theBig IslandPlantClusterareasfollows (#
knownpopulations,# knownindividuals,# outplantedindividuals): Clermontia
lindseyana(12,400-430), Clermontiapeleana(subsp.peleana,subsp.
singul{flora) (4, 8), Clermontiapyridaria (1-2,3, 30), Colubrinaopposit~folia
(10,300, 64), Cyaneacopelandiisubsp.copelandii(1, undetermined),Cyanea
hamatflora subsp.carisonji (3, 14, 51), Cyaneashipmanii(4, <10), Cyanea
stictophylla(3, <20,46),Cyrtand.ragiffardii (11,>1,000),Cyrtandratintinnabula
(3, 18), Delisseaundulata(subsp.niihauensis,subsp.kauaiensis,subsp.
undulata)[proposed](1, 1, 50),Ischaemumbyrone (17,severalthousand),
Isodendrionpyr~folium(1, 5 0-60),Mariscusfauriei(4, 45-60),Nothocestrum
brevflorum(6, undetermined),Ochrosiakilaueaensis(1, undetermined),
Plantagohawajensis(8, >5,000), Portulacascierocarpa(12, >1,000),
Pritchardiaaffinis (8, 5 0-65), Tetramolopiumarenarium(subsp.arenariumvar.
arenarium,subsp.arenariumvar. confertum,subsp.laxum)(3, <400),and
Zanthoxylumhawajiense(11, >250). Thethreatenedtaxon in theBig Island Plant
Clusteris Silenehawaijensis(11,—11,000). Twelveofthe22 taxaareendemicto
theBig Island,while an additional 4, whichoriginally hadawider distribution,
arenow confinedto theBig Island. Othertaxacurrentlypersiston theislandsof
Kauai, Oahu,Molokai, Lanai,and!orMaui aswell astheBig Island.

HabitatRequirementsandLimiting Factors: TheislandofHawaii is the largest,
highest,andyoungestoftheHawaiianIslands,andwasbuilt by at leastsix
volcanicmountains. As a result,thetaxaincludedin thisplangrow in avariety
ofvegetativecommunities(grassland,shrubland,and forests),elevationalzones
(coastalto alpine), andmoistureregimes(dryto wet). Theyand theirhabitatsare
currentlythreatenedby oneormoreofthefollowing: habitatdegradationby
feralordomesticanimals(goats,pigs, deer(onMaui andMolokai), cattleand
sheep);competitionfor space,light, water,andnutrientsby introduced
vegetation;fire, athreatwhich is exacerbatedby introducedgrasses;directhuman
perturbationsuchasrecreationalandmilitary activities;pestinvertebrates;
disease;andvulnerabilityto randomeventsandgeneticlimitations dueto small
populationsize.

RecoveryObjectives: Theultimateobjectivefor all taxais delisting. Interim,
downlisting,anddelistingcriteriaareprovided. It is suggestedthatrecoveryof
Big IslandPlantClustertaxabepursuedvia the establishmentofmanagement
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units in orderto makethemostefficientuseof availableresourcesandto
conservenotonly thesetaxa,but theirhabitats.

RecoveryCriteria

:

Thefollowing criteriamaybe revisedasmoreinformationis obtainedabout
specifictaxa.

Interim

Theinterim objectiveis to stabilizeall existingpopulationsof theBig Island
PlantCluster. To beconsideredstable,eachtaxonmustbemanagedto control
threats(e.g. fenced)and be representedin an exsitu (at otherthantheplant’s
naturallocation,suchasanurseryor arboretum)collection. In addition,a
minimumtotalof threepopulationsof eachtaxonshouldbedocumentedon the
Big Islandand, if possible,at leastoneotherislandwheretheynowoccuror
wheretheyoccurredhistorically. Eachof thesepopulationsmustbenaturally
reproducingandincreasingin number,with aminimum of25 matureindividuals
perpopulation(minimumof 75 matureplants)for long-livedperennials,anda
minimumof 50 matureindividuals perpopulation(minimum of 150 mature
plants)for short-livedperennials.

Downlisting

For downlisting,atotal of five to sevenpopulationsofeachtaxonshouldbe
documentedon theBig Islandandat leastoneotherislandwhereit now occursor
occurredhistorically, if it is not endemicto theBig Island.Eachofthese
populationsmustbenaturallyreproducing,stableor increasingin number,and
securefrom threats,with aminimumof 100 matureindividualsperpopulationfor
long-livedperennials,andaminimumof300 matureindividualsperpopulation
for short-livedperennials.Eachpopulationshouldpersistatthis level for a
minimumof 5 consecutiveyearsbeforedownlistingis considered.

Delisting

Fordelisting,atotal of8 to 10 populationsof eachtaxonshould bedocumented
on theBig Islandand at least1 otherislandwheretheynow occuroroccurred
historically, if it is not endemicto theBig Island. Eachof thesepopulationsmust
benaturally reproducing,stableor increasingin number,andsecurefrom threats,
with aminimumof 100 matureindividuals perpopulationfor long-lived
perennials,andaminimumof 300 individualsperpopulationfor short-lived
perennials.Eachpopulationshouldpersistatthis level for aminimumof 5
consecutiveyears.
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ActionsNeeded

:

1. Protectcurrentpopulationsand managethreats.
2. Conductessentialresearch.
3. Expandexistingwild populations,asnecessary.
4. Createnewpopulationswithin historicalrange,asnecessary.
5. Evaluateandvalidaterecoveryobjectives.

Total I~i~t~ Costof Recovery(~1 OOOV

Y~ N~di N~dZ N~d

91 146
91 146
91 146
91 146
91 146
76 58
76 58
76 58
76 58

76 58
18 42
18 42
18 42
18 42
18 42
18 42
18 42
18 42
18 42
18 42

0 516
0 776
0 774
0 707
0 705
0 659
0 602
0 602

30 547
30 547
35 323
0 293
0 293
0 293
0 293
0 293
0 293
0 293
0 293
0 293

Total 6,100 1,000 1,015 1,440 95 9,395

ProjectedDateofRecovery: 2015

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

279
539
537
470
468
375
318
318
233
233
233
233
233
233
233
233
233
233
233
233

0
0
0
0
0

200
200
200
200
200

0
0
0
0
0
0
0
0
0
0
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I. INTRODUCTION

BRIEF OVERVIEW

TheHawaiianIslandsareclassifiedasadistinct floristic regionby

phytogeographersbecauseoftheiruniqueflora (Takhtajan1986). Plants

ancestralto Hawaii arrivedby long distancedispersal,colonizingthe islandsat a
rateof aboutonespeciesper70,000yearsovera70 million yearhistory

(Carlquist 1970). Isolationby about2,500miles (mi) (4,000kilometers(kin)) of

waterand aconduciveclimatecreatedbiologicalvacancies.Overmillions of

yearsof evolution,Hawaiianecosystemsbecamediversein plant taxa. Today’s

1,817nativeHawaiianplant species(1,963taxa)probablyadaptedanddiversified

from 272original colonists(Fosberg1948,Wagnere/ at. 1990).

In thefourth century,theaboriginalHawaiiansarrivedin theHawaiianIslands.
Thesepeoplebroughtnumerousanimals,includingdogs,pigs, rats, andchickens,

aswell asplantspeciesnecessaryfor agriculture(Cuddihyand Stone1990). The

clearingandburningofnativevegetationfor agriculture,particularlyatlower

elevations,mayhavebeenthegreatestcauseof environmentalchangefrom that

time to thearrival ofEuropeans(Kirch 1982).

Thearrivalof CaptainJamesCook in 1778and subsequentsettlementof

EuropeansandAmericansbroughtfurthersignificantchangesto thenatural

environmentofHawaii. Eventually,pasturegrasses,treesfor timberproduction,

moreagriculturalandhorticulturalspecies,cattle,sheep,andgoatswere

introducedto accommodateever-increasingdemands.Today,moreland is used

for cattleranchingthanfor cropproductionin Hawaii,with morethan25% ofthe
landin theStatededicatedto ranching(Hughe/ at. 1986). Clearingofland,

grazing,urbanization,andfire createdideal conditionsfor weedestablishment.

Alien plant invasionrapidlyacceleratedafterthe arrivalof CaptainCook

(CuddihyandStone 1990). By theendofthe 19thcentury,alienplant
introductionincreasedto aboutfive peryear(Cuddihy andStone1990).

Thedemiseofnativetaxaby agriculturalandurbandevelopments,unnatural

fires, timberharvests,livestockandferal animalgrazing,andalienplant intrusion

is ofgraveconcern. A largeportionoftheHawaiianendemicsarenow either
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extinct, listed asendangeredorthreatened,or species-at-risk(M. Bruegmannn,

U.S. FishandWildlife Service,personalcommunication1995). Immediate

actionsarenecessaryto averttheextinctionofnumeroustaxaandtheirunique

habitats.

TheBig IslandPlantClusterRecoveryPlanaddressesplanttaxafrom the island

ofHawaii (Big Island)in the StateofHawaii (Figure 1). Twentyofthesetaxa

werelisted asendangeredandonelisted asthreatenedundertheEndangered

SpeciesAct of 1973,asamended,onMarch 4, 1994 (59FR 10305). Another

taxonaddressedin this plan,Delisseaundula/a,wasproposedfor endangered

statusonJune27, 1994 (59FR 32946). Critical habitatwasnot designatedfor

any ofthetaxaaddressedin thisplan. Suchdesignationwasfoundnot to be

prudentbecausepublicationofprecisemapsanddescriptionsofcritical habitatin

theFederalRegis/erwould increasethe degreeofthreatto theseplantsfrom take

orvandalism. Thetaxaincludedin this planarelisted in Table 1.

Table 1. List offederallyendangeredand threatenedplanttaxaincluded
in theBig IslandPlantClusterRecoveryPlan.

Taxon (Common name) FAMILY LISTING DATE

Clermontia iindseyanaRock(ohawai) Campanulaceae 59 FR 10305 94/03/04

ClermontiapeleanaRock (ohawai) Campanulaceae 59 FR10305 94/03/04

ClermontiapyrulariaHillebr. (ohawai) Campanulaceae 59 FR 10305 94/03/04

Colubrina opposihfoliaBrongn.exH. Mann
(kaujia)

Rhamnaceae 59 FR 10305 94/03/04

CyaneacopelandiiRocksubsp.copelandii
(haha)

Campanulaceae 59 FR 10305 94/03/04

CyaneahamahfloraRocksubsp.carisonji
(Rock)Lamtners(haha)

Campanulaceae 59 FR 10305 94/03/04

CyaneashipmaniiRock(haha) Caxnpanulaceae 59 FR 10305 94/03/04

CyaneastictophyllaRock(hahn) Campanulaceae 59 FR 10305 94/03/04

Cyrtandrag~ffardiiRock(haiwale) Gesneriaceae 59 FR 10305 94/03/04

CyrtandratintinnabulaRock(haiwale) Gesneriaceae 59 FR 10305 94/03/04
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Taxon (Commonname) FAMILY LISTING DATE

DelisseaundulataGaud.
(No CommonName(NCN))

Campanulaceae Proposed59
FR 32946

94/06/27

Ischaemumbyrone(Trin.)Hitchc.
(Rib ischaemum)

Poaceae 59 FR10305 94/03/04

IsodendrionpynfoliumA. Gray
(wahinenohokula)

Violaceae 59 FR 10305 94/03/04

Mariscusfauriei(Kflkenthal)T. Koyama
(NCN)

Cyperaceae 59 FR10305 94/03/04

Nothocestrumbrevi/lorumA. Gray (aiea) Solanaceac 59 FR 10305 94/03/04

OchrosiakilaueaensisSt.John(holei) Apocynaceac 59 FR 10305 94/03/04

Plantagohawaiiensis(A.Gray) Pilger
(laukahikuahiwi)

Plantaginaceae 59 FR
10305

94/03/04

PortulacascierocarpaA. Gray(poe) Portulacaceae 59 FR 10305 94/03/04

Pritchardiaaffinis Becc.(loulu) Arecaceae 59 FR 10305 94/03/04

SilenehawaijensisSherff(NCN) Caryophyllaceae 59 FR 10305 94/03/04

Tetramolopiumarenarium (A.Gray)
Hillebr. (NCN)

Asteraceac 59 FR 10305 94/03/04

Zanthoxylum hawaijense Hillebr. (ae) Rutaceae 59 FR 10305 94/03/04

Twelveofthe22 taxaaddressedin this planareendemicto theBig Island. Other

taxaareknownfrom theislandsofKauai,Oahu,Molokai, Lanai,and/orMaui as
well astheBig Island. Fourof thesetaxaarenow found only on theBig Island.

Figure2 exhibits the cultural (human)featureson theBig IslandofHawaii for

referenceasdistributionofeachtaxonis discussedin thetext.

Thelisting ofthe 22 Big Islandplant clustertaxaaffordsthemtheprotectionof

theEndangeredSpeciesAct of 1973,asamended.Statelaw protectsfederally

listedendangeredandthreatenedspeciesautomatically(HawaiiRevisedStatutes

Chapter1950). Currently,Statelaw prohibitsthetaking of endangeredplanttaxa
andencouragesconservationby governmentagencies.
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BACKGROUND

~QiQ~Y
The islandof Hawaii is the largest,highest,southern-most,eastern-most,and

youngestoftheeight majorislands. Rising from thePacificOceanbetween

180451and200151north latitude, the islandremainedisolatedfrom thenearest

continentallandmassby morethan2,500miles (4,0001cm),until colonizedby

humansin therecentpast. TheBig Islandwasbuilt by atleastsix volcanic

mountains,oneofwhich hasbeenburiedby morerecenteruptions.The

remainingfive arerelatively young;threehaveeruptedin historictime, according

to potassium-argonmethodsfor determiningrock age(MacDonalde/at. 1983)

(Figure3).

TheKohalamountainsatthenortheasternportionofthe islandaretheoldest

(formed0.33-0.45million yearsago(mya)) (Holmes1965,MacDonalde/at.

1983). Formedfrom moderatelyviolent eruptionsfrom two rift zones,theshield

volcanoreachesanelevationof about4,408feet(ft) (1,344meters(in)) abovesea

level. Thenorthwesternandnortheasternsidesofthevolcanodiffer strikingly in

topography.Thenorthwesternsideis little erodedand is composedof the

original landsurface,while thenortheastern,windwardsideis deeplyerodedand

theoriginal surfaceis cutaway(MacDonaldetat. 1983). Fourhugevalleys

dissectthewindwardslope.

Approximately0.1-0.5mya, anotherventopenedin theoceanfloor (Holmes

1965,MacDonaldetat. 1983)atwhatis presentlythesouthendof the islandto

build Ninole, ashieldvolcanoabout8,200 ft (2,500m) in elevation. Lavaflows

from theNinolevolcano(Ninole series)experiencedsteamerosion;theoriginal

topographyhasbeeninundatedby flows from MaunaLoa(MacDonaldetat.
1983). MaunaKeais thethird oldestvolcano(0.1-0.5mya)andrisesto 13,792ft

(4,205m) (MacDonaldetat. 1983). Thelatesteruptionoccurredin the last2,000

years. Very likely, MaunaKeawastheonly mountainon theBig Islandto be

coveredby glaciersduringtheiceage(WentworthandPowers1941). Erosion
andclimatedrasticallyinfluencedMaunaKea’stopography.Thedrywestern

slopeis little erodedwhile theeastern,windwardsideofthevolcanois deeply

scarredwith numerouscanyonsandgulches,somewith largerivers andstreams
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(MacDonalde/ al. 1983). Erosiveactionofthesewaterwaysalteredthe

topographyovertime.

Hualalai volcanois locatedon thewesternsideof theisland andlasteruptedin

1800-1801(MacDonalde/ at. 1983). Although its magmaticcoreis still active,

thevolcanowasbuilt from lessexplosiveeruptionsthanthoseof Kohalaand

MaunaKea (McDonalde/ at. 1983). Hualalairisesto an elevationof 8,269ft
(2,521 in). Thevolcanois somewhatprotectedfrom erosion(MacDonalde/at.

1983). Its lavaflows intertwinewith thoseof MaunaLoa.

MaunaLoavolcanorises 13,674ft (4,169m) abovesealevel andis currently

active. Thereis little evidenceof erosionbetweensuccessiveflows, with the

exceptionoftheWailuku River,which cuts ashallowgorgeonly to befilled

repeatedlywith lavathat is thendegraded(MacDonalde/ at. 1983). Thevolcano

appearsto comprisetwo shieldvolcanos,Ninole andMaunaLoa.

Kilaueavolcanohasanelevationof 4,093ft (1,248m) andis currentlyerupting

and addinglandmass. PresentlytheHawaiianhotspot, thisvolcanois locatedat

thesoutheasternpartof the islandand is oneofthemostactivevolcanicareason

earth.

Pahalaashwasdepositedintermittentlythroughoutgeologichistory by Mauna

Kea,Hualalai,MaunaLoa,andKilaueavolcanos(Wagneret at. 1990). Ash was

depositedat variousdepthson thenorthern,northeastern,and southeasternsides

ofthe island. Probablythe greatestashdepositionarosefrom thelate Hamakua

andLaupahoehoeconeson MaunaKea andlavafountainsofKilauea

(MacDonalde/at. 1983).

Climate

TheBig Islandlies within thetradewind belt (Fosberg1961, Mueller-Domboiset

at. 1981). Moisturederivedfrom thePacificOceanis carriedto the islandby
north-easterlytradewinds. Heavyrainsfall whenthemoisturein cloudsmakes

contactwith windwardmountainslopes(Fosberg1961,Wagner1990)(Figure4).

Considerablemoisturereachestheleewardslopesofthesaddle,but driesout
rapidly aselevationincreases.Theorographiceffect reachesan elevationof

about6,500 to 9,850 ft (2,000to 3,000m) andtendsto go aroundratherthanover
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thehighmountains. Thus, leewardandsaddleareasofMaunaKea andMauna

Loatendto bedry.

A rain shadoweffect is createdby MaunaKea andMaunaLoaon the leeward

sideofthe island,removingtheKonacoastfrom tradewinds. However,warm

air generatedfrom theislandlandmassrisesandcondenses,resultingin

convectionalshowers. A majorsourceof rainfall is providedby winter storms
which developsouthofthe island. KonastormsimpacttheBig Islandwhentrade

winds subsideduring thewinter months. Areasofthesaddleareprotectedfrom

thesestormsby Hualalaivolcanoand,therefore,droughtsin thesaddleareaare

common(Mueller-Domboise/ at. 1981,Wagnere/ at. 1990).Fogdrip, the

condensationofmoistureon vegetation,canbea significantsourceof

precipitationaswell asaneffectivecontributorin reducingevapotranspiration

losses,especiallyin dry areas. Fogdrip canequalrainfall amountsin someareas

(Satoe/al. 1973). Foggenerallydevelopsin latewinterandearlyspringfrom
eithereastorwest. Fogis morecommonduringtheafternoonandoccursas

warm air risesup mountainslopes.

At higherelevations,bothMaunaKea andMaunaLoa periodicallyreceive

snowfall, that maypersistfor severalmonthsa year. GregoryandWentworth

(1937)indicatedthat theupperelevationsofMaunaKeaexperiencedglaciationon

thesummiton four occasions,andglacialdepositsdatefrom about280,000years
ago. No evidenceofglaciationis reportedfor MaunaLoa, indicating the

volcanodid not reacha significantheightto be influencedby glaciationorthat

glacial depositswereburiedbeneathmorerecentlavaflows. Gregoryand

Wentworth(1937)reportedreducedsealevelsduringglaciationresultedin the

formationof onelargeislandcomprisingfour islands: Molokai, Lanai,
Kahoolawe,andMaui. However,becauseofthedepthoftheoceanfloor between

theBig IslandandMaui, theBig Islandremainedits own entity (Porter1979,

Wagnere/ al. 1990).

TheKauDesertis locatedon thesoutheasternsideoftheBig Islandandleeward

to theslopesofKilaueavolcano. Lying in thevolcano’srain shadow,KauDesert

receiveslessthan47 inches(in) (1,200millimeters(mm)) ofmoistureper year.

However,thebarrenconditionsarenot attributedto lackof moisturebut, rather,
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to acidrain-formingsulphurdioxide ventedfrom thecaldera(Wagnere/at.
1990).

Small seasonalvariationin temperatureoccurson theBig Island. Averagedaily

temperaturesdiffer betweenthewarmestandthecoolestdayonly by about40 C.

However,daily extremesarepronounced,reflectingtime of day,elevation,and

weather. Wagnere/at. (1990)reportedthatnight is winterin Hawaii. The
highestrecordedtemperatureof 1000 F (37.70 C) occurredatPahalaandthe

lowestof 90 F (~12.7oC) on MaunaKea (Wagnere/ at. 1990).

Vegetation

Climaticcontrasts,topography,substrate,geologicalhistory, andisolationfrom

continentallandmassesresultedin anativeflora souniquethatthemosaicof

vegetationpatternsareasnumerousanddiverseasthoseofcontinentalareas

(Wagnere/at. 1990). Mueller-Domboise/ at. (1981)statedthatnearlyall major

plant formationsoccurin Hawaii.

Hawaiianplant communitiesarebasedon elevation,moistureand “physiognomy”

(i.e., physicalstructureoftheplant community)(Cuddihy 1989,Wagneretat.

1990).

Forclassification,thecommunitiesarefirst placedin oneoffive elevational

bands:
1)coastal-- 0-985ft (0-300 in);

2)lowland -- 50-6,560ft (15-2,000in);

3) montane-- 1,640-8,855ft (500-2,700in);

4)subalpine-- 5,575-9,840ft (1,700-3,000in);

5) alpine -- 9,840 ft and over(3,000m andover).

Subsequently,thesebandsareseparatedby moistureconstants:

1) dry<47 in (K 1200mm);

2) mesic47-98in (1200-2500mm); and

3) wet>98 in (>2500mm).
Ultimately theclassificationis basedon physiognomy:

1) herbland-- > 40% herbaceousspecies;

2) grasslandand sedgeland-- > 40%grassandsedgespecies;

3) shrubland-- > 40%shrubs;
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4) forests-- > 40%trees;

5) mixedcommunities-- > 40%plant codominantsof differentphysiognomic

classes.

On theBig Island,all S elevationalbandsarepresent,12 ofthe 13 moisture

elevationregionsoccur,and30of the38 physiognomicclassesarepresent.

REASONSFORDECLINE AND CURRENTTHREATS

Agriculture

Kirch (1985)indicatedthatthe greatestforceleadingto environmentalchange

betweentheoriginal settlementoftheHawaiianIslandsandthe arrivalof

Europeanswasagriculture.Herecountedthatthe majorimpactwasexperienced

at lower elevationandresultedfrom clearingandburningofnativevegetation

(Kirch 1982),in additionto theintroductionofplant speciesnecessaryfor

agriculture.After the arrivalofnon-Hawaiians,thenumberofcropsincreased

with the continualintroductionofnewcultivatedplantsby newresidentsand

crewsofsailing vessels,andthedevelopmentofregulartradein agricultural

productswith EuropeanandAmericanships(Cuddihyand Stone1990). By the

mid-l9thcentury,landreform laws“providedtheimpetusfor rampantclearingof

uplandforests” (Culliney 1988). Large-scalecommercialventuresbeganto

developin agriculture,logging,and cattleproduction.The directlossof

individual plants,lossof habitat,introductionandestablishmentof alien plants,

andintroductionofungulatesandothernon-nativeanimalsareall a legacyof this

time.

Alien Plants
Theintroductionsofmorethan800 alienplant taxapresentlyin Hawaii have

broughtaggressive,vigorouscompetitorsthatare displacingnativeplant

populations.Becausemostalienplanttaxahaveevolvedhighly competitive

survivalstrategiesandHawaiiantaxadid notevolveundersuchenvironmental

pressures,Hawaii’s nativeecosystemsandspeciesfacean increasinglyserious

challengeto theirsurvival (CuddihyandStone1990).

Aggressivealienplanttaxain Hawaii arenotrestrictedto onegrowthform or

habitat. Theyexistasherbs,vines, shrubs,andtreesin all disturbedhabitatsfrom
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coastalto alpineregions(Smith1989,CuddihyandStone 1990). Also, exotic

plantsandanimalsexhibit mutualisticrelationships. Alien plantsareafood

sourcefor feralanimals,resultingin distribution of seedsto newareas(Cuddihy

and Stone 1990). Thefollowing principalweedsappearto beexceptionally

invasiveand/ordisruptiveto nativeecosystems:Pennise/urnclandes/inurn

(kikuyu grass);Pennise/urnse/aceurn(fountaingrass);Andropogonvirginicus

(broomsedgeoryellowbluestem);Digi/aria ciliaris (Henry’scrabgrass,

kukaepuaa);Oplismenushir/ellus (basketgrass,honohonokukui, honohono

maoli);Metiaazedarach(Chinaberry,prideofIndia, inia, ilinia); Leucaena

leucocephata(koahaole,ekoa,lilikoa); Schinusterebin/h~folius(Christmasberry,

wilelaiki, naniohilo);Lan/anacarnara (lantana,lakana,laaukalakala,lanakana,
mikinolia hihiu, mikinolia hohono,mikinolia kuku); Potygonumpunc/a/um

(watersmart);Ardisia eiip/ica (shoebuttonardisia);Casuarinaspp. (ironwood);

He/ero/hecagrandiflora (telegraphweed);andCannabissa/iva(marijuana). For

furtherinformationon eachof thesespecies,referto AppendixA.

Domesticand FeralAnimals

Dogs,pigs, Pacific rats, andchickenswereintroducedto Hawaiiby Polynesian

immigrantsabout1,500 yearsago(CuddihyandStone1990). European

explorersin thelate 1700sintroducedcattle,goats,deer,sheep,mouflon, and

severalspeciesofratsandmice, all ofwhich haveincreasedin numberduringthe

past200 years(Stone1985). Introducedanimalsareacontributingfactorto
nativeplant andanimalextinction in lowlandsanda primarycauseoftheselosses

in uplands(Vitouseket at. 1987). Introductionof pigs, cattle,goats,sheep,

mouflon,axis deer,andratshavemadeamajorcontributionto thedemiseof

manynativeplanttaxa. Alien speciesofbirds competewith anddisplacenative

birds. Ungulatesdegradenativeecosystemsby foraging,trampling,anddigging,

andcreateerodedand degradedhabitatsconduciveto alienseedlingestablishment

(Stone1985,CuddihyandStone 1990). Ratsandmice consumefruits and

flowersandstrip bark from manynativetaxa. Ofthefour rodentspecies

introducedto theHawaiianIslands,the arborealrooforblackrat (Rat/usra//us)

hasthegreatestimpacton nativevegetationandanimals(StoneandLoope1987).
Also, rats,mongoose,andferal catspredateonnativebirds. For further

informationon eachofthesespecies,referto AppendixB.
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Over2,000alieninvertebratespeciesoccupyalmostall habitatson theBig Island

(HowarthandMedeiros1989). Many alien invertebratesfeedonnative

vegetation,affectinghostsurvival, orpreyuponon nativeinvertebratepollinators

(HowarthandMedeiros1989). Alien speciesinvasionsareinsidious,pervasive,

andusually irreversible(Vitouseket at. 1987). Many invertebrateswere

introducedasbiological controlsfor otheralienpests. Howarth(1983)indicated

thatbiological control is unpredictableand shouldbeusedwith considerable

restraint.

Oneexampleofa pestinvertebrateis theblacktwig borer(Xylosandrus

compac/us),aseriousproblemto numerousnativetaxain Hawaii (Obata1973,

Gagne1976,HaraandBeardsley1979, Samuelson1981). Theblacktwig borer

is a smallbeetlethat boresinto branchesandlays its eggs.A pathogenicfungus

is introducedasafoodsourceby theborerfor its larvae(Gagne1976). As a

result,damageto nativetreesandshrubscanbe extensive.

Fire

AlthoughVogl (1969)suggestedthatnaturalfireswerean importantfactorin the

developmentof theoriginal Hawaiianflora, Cuddihyand Stone(1990)stated

that, unlike otherterrestrialenvironmentson earth,Hawaiianplantsarenotwell

adaptedto copewith fire. CuddihyandStone(1990)contendthatfire mayhave

playedalessimportantrole in theevolutionaryhistoryofnativeplanttaxa

becausenativeHawaiiantaxawerehistoricallysubjectedonly to fire resulting

from volcanicactivity andlightning strikes. Lightning is uncommonon the

islandsbecauseoftheirsmall landmass(Mueller-Dombois1981).

Nativeplant communitieslackadequatefuel loadcapacityto maintainfires

startedby volcanoesor lightning (Mueller-Dombois1981, Cuddihyand Stone

1990). However,the introductionof alienplanttaxa,particularlygrasses

(Andropogonvirginicus, Pennisetumclandes/inurn,P. se/aceurn),hasincreased

both frequencyandsizeofwildfires (Smith 1985,CuddihyandStone1990). A

particularlynoxious weedon thedry westsideoftheBig Island,P. se/aceurnor

fountaingrass,is adaptable,unpalatableto herbivores,andspreadingeast.

Continuousclumpsofhighly flammablematerialareproducedasit dries, andfire

spreadsrapidlyanduncontrollablyin heavilyinfestedareas.Nativeplantsand
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dormantseedsin theseedbankarekilled by hot fires while fountaingrass

resproutsquickly atthebase,againforming denseclumpsandreadilyproducing

seeds.Nativeplantgerminationandseedlingestablishmentareprecludedwhile

evermoredensemonotypicstandsoffountaingrassdevelop. Although afew

nativetaxarespondto fire by resproutingorproducingabundantseeds(Acacia

koa,Dodonaeaviscosa),fire is not anecessarylife cycleelement(Cuddihyand

Stone1990). Thefire cyclemayberepeated,ultimatelyeliminatingnativeflora.

Today,fires aremainlyhumancaused. Theeffectsonvegetationareusually

deleterious(Cuddihyand Stone1990). On the Islandof Hawaii,vegetationon

thedry slopesofMaunaKeais particularlyvulnerable.Lower elevationsare
ranched(ParkerRanch),whereasupperelevationsaremanagedfor recreational

huntingandmilitary activity (PohakuloaTraining Area). Theseuplandareasare

heavily infestedwith kikuyu grass(Pennise/urnclandestinum)andfountaingrass,

andarehighly susceptibleto fire. In 1993,afire from anunknownsourcespread

rapidlyontoPohakuloaTraining Area. Thefire burnedfor severaldays,

envelopingKipuka Kalawamauna(a critical planthabitatsetasideby themilitary
for theprotectionofsensitiveplanttaxa),threateningnumerouspopulationsof

rareplants.

Efforts mustbemaintainedto eliminateandor controlfire in all habitats,

particularlydry shrublandforestswherewateris unavailableor limited. The

areasmostaffectedby andsusceptibleto fire are,unfortunately,habitatswhere

themajority of nativetaxastill persist.

DirectHumanImpacts

Mostsensitivetaxaoccurin habitatsthatare exceptionallyfragile. Development,

collectionof plantsfor horticulturalpurposes,andexcessivevisits by thepublic
mayadverselyimpacttaxathathaveonly afewpopulationsor individuals.

Uprooting,collecting and/ortramplingof theseplantsin any degreewould cause
damage.In addition, researchmustbecarefullyplannedandexecutedwith

discretionto ensurethat raretaxaarenot “studiedto death”.

RandomEventsand Small PopulationSize

Taxathatoccurin small numbersand/orfewpopulationsarein jeopardyof

extinctionfrom random,events. Theseeventsincludelandslides,flooding,
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volcanicactivity anddrifting sand,orhuman-induced,suchasunnaturalfiresor

introductionof disease.Drastic declinesin populationsizealsoreducegenetic

variability andmayresultin agenetic“bottleneck”,leadingto possibleextirpation

orextinction (Carson1989). Inbreedingdepression,for example,mayreduce

reproductivevigor resultingin evenfurtherdeclinein numbers.

Disease

Lethalyellow,which is notpresentlyknownto occurin Hawaii, is causedby a

bacteria-likeorganismthat devastatesomenativeplanttaxa. Thediseaseoccurs

in manypalmsandis consideredapotentialthreatif introducedonplant material

intoHawaii (Hull 1980). Otherplant diseasescouldalsobeintroducedto Hawaii

andbecomethreatsto nativetaxa.

Avian diseaseshavehada devastatingeffectonmany endemicHawaiianforest

birds thatseemto havelittle or no resistance.Avian pox (Poxvirusavium)causes

lesionson thefeet,legs, andbills, and is transmittedby physicalcontactor

vectoredby mosquitoes.Avian malaria(Plasmodiumrelictum capistranoae)is

vectoredby thesouthernhousemosquito(Culexquinquefasciatus),andclearly

limits the lower elevationaldistributionofmanyHawaiianforestbirds. Theloss

andreductionofforestbird pollinatorshascontributedto thedeclineofbird-

pollinatedplants. Table2 providesasummaryofthreats.
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Table2. Summaryof threatsto taxain theBig IslandPlantCluster.

Species Cattle Deer Goats Pigs Rats Sheep Disease
Insects

Alien Plants Fire Limited
Numbers

Human
Impact

Clermontialindseyana X X X P X

Clerinontiapeleana X X XI,3 X

Clennontiapyrularia P X XI,3 P

Colubrina oppositifolia X X X X P

Cyaneacopelandiisubsp.copelandii P XI,3 P

Cyaneahamatiflorasubsp.carisonji X p X X2,3

Cyaneashipmanii X p XI ,3

Cyaneastictophylla X X P X2,3

Cyrtandragffardii X X

Cyrtandratintinnabula X X X2,3 P

Delisseaundulata X X X X X X X XI,3 X

Ischaemumbyrone P P X P X

Isodendrionpynfolium X X X2,3 X

Mariscusfauriei X X X X2,3

Nothocestrumbrev~florum X X X X X



Table2. Summaryof threatsto taxain theBig IslandPlantCluster.

Species Cattle Deer Goats Pigs Rats Sheep Disease
Insects

Alien Plants Fire Limited
Numbers

Human
Impact

Ochrosiakilaueaensis X P X X Xl,3 P

Plantagohawaiensis

Portulacascierocarpa X X X X X P

Pritchardiaaffinis X P X X X2 X

Silenehawaiiensis X X X X X P

Tetramolopiumarenarium X X X X X X3 P

Zanthoxylumhawaiiense X P X X X X P

Key
X = Immediateandsignificantthreat
P = Potentialthreat
I = Fewerthan10 knownindividuals

2 = Fewerthan 100 knownindividuals
3 = Fewerthan5knownpopulations
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TAXON ACCOUNTS

Thefollowing are individualtaxonaccountsfor theBig IslandPlantCluster

RecoveryPlan. Eachtaxonis presentedherewith its recoverypriority number

and taxonspecificinformation. Therecoverypriority numberis assigned

accordingto theRecoveryPriority Systemwhich ratestherecoverypriority of a

taxonon ascaleof 1-18accordingto its degreeofthreat,recoverypotentialand

taxonomy. Thissystemis briefly reviewedin AppendixC. Thegeneralstrategy

for therecoveryofthesetaxacanbe foundin theOverallRecoveryStrategy

section.

Campanulaceae(Bell Flower Family)
A family ofcosmopolitandistribution, Campanulaceaeis composedof 70 genera

and 2,000species(Lammers1990). The family is brokeninto two subfamilies:

CampanuloideaeandLobelioideae. In Hawaii, the Campanuloideaeare
representedby two introducedgeneraeachwith onespeciesand theLobelioideae

arerepresentedby eightgenera(six endemic(nativeto Hawaii andnot found

elsewhere),oneindigenous(nativeto Hawaiiandfoundelsewhere),andone

introduced)(Lammers1990).

Hillebrand(1888)referredto endemicLobelioideaeas“the prideofourflora”

becauseofthe extrememorphologicaldiversity. TheLobelioideaeareindeed

mostintriguingbecausetheamazingdiversity arosefrom five colonization

instances(Rock 1919a). Endemicnectar-feedingbirds andLobelioideaeappear

to havecoevolved,thus affectingthepollination ofthetaxonandleadingto the

evolutionarydevelopmentofthis extraordinarydiversity (LammersandFreeman,

1986). Unfortunately,at least25%ofthesetaxahavebeenextirpatedin thepast

century,sinceHillebrand(1888)commentedon this diversesubfamily.

Clermontia(oha wai)

ClermontiaGaud.,an endemicgenuscomprisedof22 speciesand 11 subspecies,
is divided into 2 sections:Ctermontioideaewith 7 speciesand Clerrnon/iawith 15

species(Lammers1990). Thecalyxof Clerrnontioideaeis greenandtriangular

while thecalyx of Ctermontiais similar to the corolla,which lendsto a doubled

floweredappearance.Both sectionsarerepresentedon theBig Island,

Cterrnon/ioideaewith four speciesand two subspeciesand Clermontiawith seven
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species(Lammers1990). On theBig Island,thefollowing two species(including
two subspecies)in sectionClerrnon/ioideaeandonespeciesin sectionClermon/ia

areendangered.Two taxa,which occuron Molokai, Lanai, andMaui, are

endangeredaswell (Lammers1990).

Clermontialindseyana(oha wai) - RecoveryPriority#2

Clerrnon/ia lindseyanaRock is a small, branchedtreethatgrows8.2 to 20 ft (2.5-

6 m) tall (Lammers1990). A perennial,thetaxonis eitherterrestrialor epiphytic,

living on thesurfaceofotherplants. Oblance-shapedleavesare5-9 in (13-24

centimeters(cm)) long and 1.5-2.6in (3.8-6.5cm) wide. Theuppersurfaceis

darkgreenwhile the lower is palegreenor purplishandhairy. Leafstalksare 1-

2.8 in (2.5-7cm) long andhairy. Two flowers arisefrom thetip ofthemain

flower stalkwhich is 1-6 in (2.5-4cm) long. Thespreadingsepalsandpetalsare

similar in shape,textureandsize,2.2-2.6in (5.5-6.5 cm) longand 0.35-0.7in
(0.9-1.8cm)wide, greenorpurplishon theoutsideandwhitish on the inside.

Theyarefusedatthebaseinto ahemisphericalorob-ovaltube,which is 0.47-

0.79in (1.2-2cm)long and0.39-0.87in (1-2.2cm) wide. Berriesare 1-1.6in

(2.5-4cm) wide, almostround,andorange.

Ctermon/ialindseyanais easilyseparablefrom theothertaxawithin this genusby

severalcharacters:much largerleavesand flowers,similarpetalsandsepals,and

spreadingfloral lobes(Cuddihye/at. 1983,Lammers1990, 1991). Rock (1962)

commentedon theleavesbeingconspicuouslyhairy beneath.

Taxonomy

In 1957,J.F. Rockmadethis taxonavarietyof Clermontiahawaiiensisand

namedit Clermon/jahawajiensis(Hillebr.) Rock var. grandisRock, basedon

incompletespecimenscollectedon theBig Islandin the 1950s. Rock (1962)

recountedthat, atthetime, hewasunableto study thespecimensat length,ashe

waspreparingfor atrip to Europe. After review,Rock renamedthetaxon

Clermontialindseyana,in honorofThomasLindseyandhis wife who first found

it. At this time,he also describedvariety tivida Rock. St. John(1987a)described

thetwo newspeciesClermontiaatbimon/isSt. JohnandC. viridis St. John.

However,Lammers(1990, 1991)concludedthatthesetwo specieswerewithin

therangeofC. lindseyana.Lammersrecognizedno subspecifictaxa.
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HistoricDistribution

Historically Ctermon/ialindseyanawasknownon Maui from the southernslope

ofHaleakalaandthe easternportionoftheisland. OntheBig Island,populations

wereknownfrom theeasternslopeof MaunaKea and eastern,southeastern,and

southwesternslopesofMaunaLoa(Table3) (HHP 1991a1-a13,59 FR 10305).

Known elevationrangedfrom 4,300ft (1,311m) to 7,041 ft (2,150in).

Table3. Historic(H) and currentdistributionof Ctermon/ialindseyana.

Island Location Number
of Plants

Elevation Ownership Source Date

Maui
(H)

E.Maui,
Kaupo
Nahiki

Not
Available
(N/A)

N/A N/A N/A 1910

Maui
(H)

E. Maui,
Haleakala,
Lualailua
Hills

N/A N/A N/A Forbes 1920

Hawaii
(H)

N. Hilo,
Honohina

N/A N/A N/A 5t. John 1938

Hawaii
(H)

S. Hilo,
Papailcou,
PuuAkala

N/A 4,500-6,000ft
(1,370-1,830m)

Private N/A 1957

Hawaii
(H)

5. Hilo,
Makahanaloa

2 5,800-6,000ft
(1,800-1,830m)

Private Rock 1960

Hawaii
(H)

Kau, Kahuku N/A 5,900ft
(1,800m)

State St. John 1971

Hawaii
(H)

N. Hilo,
MaulueNui

N/A N/A N/A Bird
Survey

197?

Hawaii N. Hilo, Piha N/A 5,460ft
(1,660m)

State Warshauer 1977

Hawaii N. Hilo,
Laupahoehoe

N/A 5,480-5,520ft
(1,670-1,680m)

State N/A 1977

Hawaii N. Hilo, Piha N/A 5,280-5,360ft
(1,610-1,634m)

State N/A 1977

Hawaii S. Hilo,
Makahanaloa

N/A 5,240ft
(1,600m)

Private warshauer 1977

Hawaii S. Kona,
Kukuiopae

N/A 4,800ft
(1,500m)

State Warshauer 1978
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Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii N. Rib, Puu
Oo

N/A 7,040ft
(2,lSOm)

State Stephens
N/A

1957
1987

Hawaii Kulani
Correctional
Facility

9 5,340-5,360ft
(1,627-1,634m)

State Duvall 1987

Maui E. Maui,
Kahikinui
wailaulau

330 4,500ft
(1,370m)

State Hobdy
and
Medeiros

1995

Hawaii Kulani,
nr. Boys
Home

3 5,639ft
(1,719m)

Federal Perhuan 1991

Hawaii S. Rib, Kan 37 4,680-6,200ft
(1,430-1,890m)

State Clarke,
Cuddihy

1952
1981-
1983

Hawaii Kapapalaand
KauForest
Reserves

27 5,150-5,900ft
(1,570-1,800m)

State Cuddihy 1981-
1983

Hawaii S. Kona
Hakalau
NWR

10 N/A Federal Jeffrey 1995

CurrentDistribution

Since1975, 12 populationsof Clermon/jatindseyanahavebeenidentified, 1 on

private, 9 on Stateand2 onFederalland. Oneoftheseis on Maui and 11 areon

theBig Island(HHP 1991a1to 1991a13,59 FR 10305). Although thetotal
numberof extantindividualson theBig Islandis unknown,approximately86

individualsarethoughtto persist(HELP 199lal-13). TheMaui populationis

locatedon State-ownedlandbetweenWailaulauGulch andManawainuiGulch,

andestimatedto consistofabout330 individuals(Art Medeiros,National

Biological Service,in lit., 1995). Populationson theBig Islandoccurin ornear

Piha,Laupahoehoe,Makahanaloa)Kukuiopae,PuuOo, Kulani Correctional

Facility, Kahikinui, Kulani BoysHome, KauForestReserve,andHakalau

NationalWildlife Refuge(Table3). Observationsindicatethat mostof the

individualsarein “excellentvigor” (HHP 1991a1to 1991a13). Theelevation

rangesfrom 4,680ft (1,570m) to 6,200ft (1,800in).
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LindaPratt(NationalBiological Service,pers.comm., 1995)hasindicatedthat

about37 individualscurrentlypersiston transectsin KilaueaForest(10),

KeauhouRanch(20),andKulani project(7) in SouthHilo. In addition, 19

individual plantswereobservedin thenortheasterncorneroftheKauForest

Reserveandeightwereobservednearbyonpermanenttransectsin theKapapala

ForestReserve.

JackJeffrey(U.S. FishandWildlife Service,HakalauNationalWildlife Refuge,

pers.comm., 1995)hasindicatedthat 10 plantsrecentlydiscoveredatHakalau

NationalWildlife Refugeoccurin a gulchthat “looked like a lostworld”. This

andanotherendangeredtaxon,Cyaneashiprnanii, growwithin 328 ft (100m) of

eachother. Six plantsof Clermon/ialindseyanagrow in closeproximity while

theothersarescattered.Thepopulationappearshealthy.

Life History

This specieswasobservedin fruit from Juneto October,andin flower from

Februaryto August(HHP 1991a2,a3, alO). No otherlife history informationis

currentlyavailable.

HabitatDescription

The extantpopulationsgrowin mesicforeston the leewardslopes. On theBig
Island,thehabitatis montanemesicforestdominatedbyAcaciakoa A. Gray

(Fabaceae)(koa), andMetrosiderospolyrnorphaGaud.(Myrtaceae)(ohia),

(GagneandCuddihy 1990, Lammers1990, Lammers1991,HELP 1991a1-a13,

NTBG 1991a). Associatednativetaxaincludethefollowing nativetreesand

shrubs:ItexanomalaHook. & Arnott (Aquifoliaceae),CoprosmaJR. Forster &

G. Forster(Rubiaceae)(pilo), andMyrsineL. (Myrsinaceae)(kolea)(HHP
1991a2,1991a5;NTBG 1991a;FernDuvall, Hawaii Division ofForestryand

Wildlife, Maui District, pers.comm., 1992).

Reasonsfor Decline

Among the majorthreatsto Clermon/ialindseyanaaretramplingandgrazingby

cattle,tramplingandbrowsingby goats,androotingandtramplingby pigs

(Cuddihy e/at. 1983; NTBG 1991a;PrattandCuddihy 1991;F. Duvall, pers.

comm., 1992;A. Medeiros,pers.comm., 1992; L. Pratt,pers.comm., 1995).

23



Tramplingandfeedingon this taxonnotonly decimatethepopulation,but create

disturbedareasfor non-nativeplant invasion(L. Pratt,pers.comm., 1995).

Accompanyingferalanddomesticanimalactivity aresignificantloss ofplant

cover,disturbance,andan increasein bareground. Progressiveintrusionof

Pennise/umclandes/inumandPass~floramottissirnapresentsaformidablethreat

to thisendangeredtaxon. Theseinvasivetaxaoutcompeteboth adultsand

seedlings,reducingtheir reproductivepotential(L. Pratt,pers.comm., 1995).

Althoughundocumented,consumptionof berries,flowers,andvegetationby

blackra/smaydamageandcontributeto thedeclineof this taxon. Theratmay

bealimiting factorto thetaxon’ssurvivalby decreasingplantviability and

depressingreproductivecapabilities.

ConservationEfforts

VolcanoRarePlantFacility, Hilo, Hawaii, hassuccessfullygerminated

Cterrnon/ialindseyanafrom seed(PattyMoriyasu,VolcanoRarePlantFacility,

pers.comm., 1995). Currently,six individuals persistin thegreenhouseandthree

arecontinuingto growin thegarden. Lyon Arboretum,Honolulu,Oahu,hasnot

beenableto germinatethetaxonbecauseseedswereimmature(GregKoob and

CharlesLamoureaux,Lyon Arboretum,pers.comm., 1995).

NeededRecoveryActions

Currentpopulationsof thisspeciesshouldbeprotectedfrom ungulateswherever

possible,andtheirhabitatmanagedfor deterrenceofnon-nativeplant invasions.

Clermontiapeleana(oha wai) - RecoveryPriority #5

Description

Clerrnon/iapeleanaRock is anepiphyticshrubortreethat growsbetween5-20ft

(1.5-6 m) tall (Figure5) (Lammers1990). Clermon/iapeteanagrows on

Metrosiderospolyrnorpha,Acaciakoa, Cheirodendrontrigynum(Gaud.)A.
Heller, andSadleriaspp. (amau). Alternateoblongto elliptic leaveswith blades

3-8 in (8-20cm) long and 1.2-2in (3-5 cm) wide areattachedto leafstalks1.2-

2.4 in (3-6 cm)long. Singleorpairedflowersareattachedto aflower stalk 1.2-

1.8 in (3-4.5 cm) long andthen to a mainstalk0.3-0.7in (0.8-1.7cm) long. The

calyx andpetalsarefusedinto atube(hypanthium)0.4-0.6in (1.0-1.5cm) long
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Figure5: Clermon/lapeteanasubsp.peteana(from Wagnereta! 1990)
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and 0.4-0.6in (1-1.5 cm) wide. Thetip of thegreencalyx is 5-lobedandeach

lobeis triangular. Thepetalsarefused3/4 to 4/5 oftheir lengthsabovethe

hypanthium,and all arecurveddown,suchthattheflower appears1-lipped. The

black-purpleorgreen-whitepetalsmeasure2.0-2.8in (5-7cm) long and0.3-0.5

in (0.8-1.3cm) wide. Anthersextendbeyondthepetals.Berriesareorangeand

about1.2 in (2.5-3.0cm) longandwide. Two subspeciesareseparatedon the

basisofflower color: Clermontiapeleanasubsp.pekanaRock is black-purple
while C. p. subsp.singul~flora,presumedextinct, is green-white. Thespeciescan

beseparatedfrom otherHawaiianmembersof thegenusby its epiphyticgrowth,

small triangulargreencalyx lobes,andi-lippedflowers(Lammers1990, 1991).

Ia~nQrnY
JohnLydgatefirst foundthis taxonon theBig Islandat Hamakua,andHillebrand

(1888)thoughtit wasanunknownvarietyofClermontiagaudichaudiiHillebr., a

5: Clermontiapeleana(fromWagneretal. 1990)similar taxonnow knownasC.
clermontioides(Gaud.)A. Heller. Rock (1913)later collectedthesametaxon

nearKilaueaand gaveit thespecificepithetpeleanain honorofgoddessPele.

Clermontiapekanahasbeenknownby severalothernamesincluding: C.

gaudichaudiiHillebr. var. singul~floraRock(Rock 1919a), C. singul~flora(Rock)

Rock (Rock 1919a),C. gaudichaudiiHillebr. var. barbataRock (Rock 1919a),C.

clermontioides(Gaud.)A. Hellervar. singul~flora (Rock)Hochr. (Hochreutiner

1934),C. ckrmontioides(Gaud.)A. Hellervar. maujensisHochr.nom. illeg., and

C. clermontioides(Gaud.)A. Hellervar. barbata (Rock) St. John(St. John1973).

Lammers(1991),in themostrecenttreatment,recognizedtwo subspecies:C.p.

peleana;andC.p. singulfiora. C.p. singul~flora is presumedextinct.

Historic Distribution

Clermontiapekanasubsp.peleanais knownonly from theislandofHawaii,

whereit wasfoundon thenortheasternandsoutheasternslopesofMaunaKea and

from theeasternslopesofMaunaLoa (Table4) (Lammers1991).
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Historic(H) and currentdistributionof Cterrnon/iapeteana

subsp.peteana.

Island Location Number of

Plants

Elevation Ownership Source Date

Hawaii

(H)

Government

Road,

Kilauea

NotAvailable

(N/A)

3,800ft

(1,158m)

N/A Rock 1911-

1912

Hawaii

(H)

OlanFlume N/A N/A N/A Forbes 1915

Hawaii

(H)

HaleLouolu,

Wailuku

River

N/A N/A N/A N/A 1915

Hawaii

(H)

S. Rib N/A 3,500 ft

(1,060 m)

State Rock 1957

Hawaii

(H)

Kilauea

Volcano

2 2,500-3,000 ft

(760-910 m)

State Rock
Lindsey

1911
1957

Hawaii

(H)

Volcanoes

National Park

N/A N/A Federal Mueller-
Dombois

1966

Hawaii N. Hilo,
Keanakolu

N/A 3,790ft
(1,160m)

Federal w&shauer 1977

Hawaii N. Rib,
Papaaloa

2 1,820ft
(555m)

State Warshnuer 1977

Hawaii S. Rib,
Upper

Piihonua

2 3,600ft
(1,lOOm)

State Warshauer 1977

Hawaii 5. Rib,

Piihonua
Wailuku

River

2 2,840-2,900ft

(870-880m)

State wagner

N/A

1983

1985

Clermontiapeteanasubsp.singutiflora wasknownfrom thenorthwesternslope

of Haleakalaon Maui, and thenorthernslopeof MaunaKea on theBig Island
(Table5). Last collectedon Maui in 1920(andon theBig Islandin 1909),this

subspeciesis presumedextinct.
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Historic distributionof Clermon/iapeteanasubsp. singukflora.

Island Location Numberof
Plants

Elevation Ownership Source Date

Maui
(H)

E. Maui,
Hamakua

NotAvailable
(N/A)

N/A N/A Lydgate 18??

Maui

(H)

E. Maui N/A N/A N/A Forbes 1920

Hawaii
(H)

Mauna kea,
Paauhau

N/A 3,5004,000 ft
(1,070-1,200 m)

N/A Rock 1909

CurrentDistribution

Since1975,fourpopulationsof Ckrmontiapeleanasubsp.peteanahavebeen

identifiedat Keanakolu,Papaaloa,Piihonua,andupperPiihonuaon theeastern

sideoftheBig Island(Table4). Thepopulationsarelocatedon Stateand

federallyownedlands. Eight individualsarethoughtto persistalthoughexact

numbersareunknown(HHP 1991b1to 1991b7).

Life History

This specieswasobservedin flower duringJuneandNovember1957(HHP

1991b1,b7),andin fruit duringNovember1977(HHP1991b3).No otherlife

history informationis currentlyavailable.

HabitatDescription

Clermon/iapeleanais an epiphyteofmontanewet forestsonwindwardslopesof
MaunaKea andMaunaLoa. Rock (1913)commentedthat“thevery handsome

species”wasassociatedwith Ctermon/iahawaiiensis(Hillebr.) Rock,

Cheirodendrongaudichaudli(DC.) Seem.[C. trigynurn (Gaud.)A. Heller],

Cyr/andrasp., and Cibo/iumsp. Currently,thetaxongrowsin rainforests

dominatedby Acaciakoa,Metrosiderospotymorpha,Cibo/iumsubsp.and/or

Sadleriaspp. (treeferns)atelevationsbetween1,800 and3,800ft. (530-1,600m)

(HELP 1991b1-1991b4,1991b6, 1991b7;Lammers1990, 1991). Othernative

speciesthatgrow in associationwith Ctermon/iapeteanaareMelicopectusi~fotia

(A. Gray)T. Hartley& B. Stone(kolokolo mokihana)andScaevola
chamissonianaGaud.(naupakakuahiwi) (HELP 199lb 1).
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Reasonsfor Decline

Major habitatdestructionresultingfrom ungulates,particularlypigs, is aprimary

causeof thedeclineof this taxon. Cultivationof Cannabissa/iva(marijuana)has

alsodisturbedareaswhich mightbesuitablehabitatfor Clermon/iapeleana

subsp.peleana. Rooforblackratsmaylimit fruit production. Lossofpollinators

maylimit C. peleanasubsp.peteana’sreproductivecapability,makingrecovery

difficult or impossible;however,little informationis availableregardingthe

relationshipbetweenC. peleanasubsp.peleanaandnectar-feedingbirdsand/or

othersuitablepollinators. Naturaleventssuchasfire andflooding may severely
inhibit the survivability ofthetaxon.

Small numbersofindividuals andthescattereddistributionofpopulationsare

significantthreats,notonly becausethey limit thegenepool andfurtherdepress

reproductivevigor, butbecauseasinglenaturalorhuman-induceddisturbance

maybecatastrophicandleadto theextirpationofthetaxon, Unwarrantedvisits

couldadverselyimpactthepopulations.

VolcanoRarePlantFacilitygerminatedoneindividualfrom seedacquiredin

1992(P. Moriyasu,pers.comm., 1995). TheNationalTropicalBotanicalGarden

(NTBG) hasgerminatedseedsandpropagatedthetaxon(DianeRagone,NTBG,

pers.comm., 1995). Lyon Arboretumhasbeensuccessfullycloning Clerrnon/ia
peteanasubsp.peleanausingleaftissueandhasabout300 plantsin the

greenhouse.Therehavebeenno attemptsto outplantthetaxonatthis point

becausetheseclonesarenot consideredrepresentativeofthepopulationandthus

not usefulfor conservationpurposes(G. Koob andC. Lamoureaux,pers.comm.,

1995). Materialfrom bud tissueis needed(G. Koob,pers.comm., 1995).

NeededRecoveryActions
In orderto preventpossibleextinctionofthis taxon,maintenanceof exsi/u (at

otherthantheplant’snaturallocation,suchasanurseryorarboretum)genetic

stockis necessary.Theeightknownplantsshouldbeprotectedfrom ungulates,

particularlypigs, via fencingor othermeans. Propagationand outplantingofex

si/u stockwill likely be neededin orderto establishasufficientnumberofplants

for recoverywithin thetaxons’sfourknownlocations,anda fifth populationwill

needto be established.
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Clermontiapyrularia (oha wai) - RecoveryPriority #2

Description

Clermon/iapyrutariaHillebr. is atreethatgrowsto about13 ft (3-4 m) tall

(Lammers1990). Narrowly elliptic leafbladesare5.9-11 in (15-28cm) long

and 1-2 in (2.5-5cm) wide, finely toothed,alternate,dark greenon theupper

surface,andlight greenbeneath.Theleafbladesareattachedto wingedstalks

0.8-1.4in (1.5-3.5cm)long. Two, three,or sometimesfive flowersareattached

to aflower clusterstalk(inflorescence)1.1-2.4in (2.8-6cm) long. Eachflower is

subtended(supported)by aflower stalk0.3-0.8in (0.8-2cm) long. Thecalyx

andpetalsarefusedatthe flower’sbaseinto atube0.4-0.7in (1-1.8cm) longand

0.7-4.7 in (0.8-12cm)wide. Thecalyx is small andits lobesaretriangular,0.1-

0.2 in (0.3-0.5mm) long and0.4-0.8in (1-2cm)wide. Petals,1.6-1.8in (4-4.5

cm) long, arefusedinto atube0.2-0.3in (5-8mm) wide, which is 2-lippedand

curved. Five whiteorgreen-whitepetalsarefinely hairy, lobedandspreading.

Berries,0.7-1.1in (1.8-2.8mm)long and 0.6-0.9in (1.5-2.4cm) wide, areob-

ovalor ob-pear-shapedandorange.

Thisspeciesis separatedfrom the othertaxain thegenusthat occuron theBig
Islandby wingedleafstalks(petioles),2-lippedflowers,green-whitepetals,and a

pear-shapedberry (Lammers1990, 1991).

Taxonomy

Clermontiapyrulariawasfirst collectedduringtheU. S. Exploring Expeditionof

1840-1841on the slopesofMaunaKea,Hawaii. Basedon thissterilespecimen,

Gray(1861a)namedthetaxonDetisseaob/usaA. Grayvar. mothsA. Gray.

Hillebrand(1888)andRocktreatedthenameasa synonymfor ataxonfrom

Maui, Cyaneaob/usaHillebr., althoughneithersawthetypespecimen.Later,
Hillebrand (1888)collectedfertile specimensandnamedthetaxonClermon/ja

pyrularia afterthepear(pyrus)becauseof theshapeoffruits.

HistoricDistribution

Clermon/iapyrutariais knownonly from theBig Island,whereit occurredon the

westernandnortheasternslopeofMaunaKea, thewesternslopeofMaunaLoa

andthesaddlebetweenthetwo (59FR 10305, HHP 1991d1-d6)(Table6).
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Historic(H) and currentdistributionofClermon/japyrularia.

Island Location Number of
Plants

Elevation Ownership Source Date

Hawaii
(H)

Hamakua Not Available
(N/A)

N/A N/A N/A 18??

Hawaii
(H)

MaunaKea,
PuuHuluhulu

N/A N/A N/A Forbes 1915

Hawaii(
H)

N. Rib,
Humuula,
Hina1~na

N/A 6,200 ft
(1,900m)

N/A Hosaka 1939

Hawaii
(H)

S. Kona,
Kealakekua
Papaboa

N/A 3,937 ft
(1,200 m)
[Possible
error- 5,100

ft?J

Private N/A 1949

Hawaii
(H)

S. Kona
Kealakekua

N/A 3,000 ft
(910 m)

State

Hawaii
(H)

N. Rib,
Maulua Nui

N/A 6,167-6,200
ft
(1,880-1,890
m)

Federal Rock 1957

Hawaii N. Rib
Laupahoehoe

N/A 5,900 ft
(1,800m)

State N/A
Warshauer

1949
1978

Hawaii N. Rib
Piha
Hakalau
NWR

3
30 (outpl.)

6,240ft
(1,900m)

State,
Federal

Bruegmann
Jeffrey

1992
1995

CurrentDistribution
Since1975,two populationshavebeenidentifiedon StateandFederallands in N.

Hilo at elevationsof5,900to 6,240ft (1,800to 1.900m) (Table6) (HHP 1991d2
to 1991d5;Lammers1990, 1991;M. Bruegmann,pers.comm., 1992). One

populationconsistedof an individual previouslyfound nearLaupahoehoeNatural
AreaReserve;theplant is now deadand this populationmaybe extirpated. The

secondpopulationconsistsofthreeplantsfound on StatelandatPiha,adjacentto

theHakalauNationalWildlife Refuge(NWR). Although this secondpopulation

alsooriginally consistedofoneplantthateventuallydied,threemoreplantswere
recentlydiscovered(J. Jeffrey,pers.comm., 1995). In addition,approximately

30 individualsgrownfrom seedsof theoriginal plantwereoutplantedin 2
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exclosuresatHakalauNWRby refugestaffin Decemberof 1990andJuneand

Julyof 1992.

kikJii~ZQn~
This specieswasobservedin fruit andflower duringDecember1978 (HELP

1991b3)andNovember1957 (HELP 1991b4).No otherlife history informationis

currently available.

HabitatDescription

Thehabitatfor Clermon/iapyrulariais wet montaneforestdominatedby Acacia

koaand/orMetrosiderospolymorpha,andsubalpinedry forestdominatedbyM

polymorpha,at elevationsbetween3,000to 7,000ft (910and 2,130m) (HHP

1991d1-d2,59 FR 10305). Associatedtaxaare Ly/hrummari/imumKunth

(pukamole),RubushawaiensisA. Gray (kala),andHedyo/is(HI{P 1991d1-d2).

Reasonsfor Decline
Alien grasses,shrubs,andvines,particularlybananapoka(Pass~flora

moiissima),negativelyimpactClermon/iapyrularia. JackJeffrey(pers.comm.,

1995)indicatedthat thecanopyofbananapokais shadingout seedlingsin Piha

andmustbecontrolled. By rootingandtramplingnativevegetationand

eliminatingjuveniles,pigs alsoappearto beamajorcontributorto thetaxon’s

demise(J. Jeffrey, pers.comm., 1995). Jeffreyalsoindicatedthatpigs are

attractedby thefruits ofPass~floramottissima.Fruits aredispersedin their

digestivetracts,hooves,andhair.

Predationon fruits andseedsof Clermon/iapyrulariaby blackrats maylimit the

successfulestablishmentofnewplants. Scattereddistribution,fewpopulations,

andsmall numberof individualsmakethis taxonhighly vulnerableto random

eventsandhumanimpacts,andmayalsoaffect reproductivevigor. Theplant

originally knownfrom Piharapidlydiedfrom unknowncausesin 1995 andthere

wasno indicationofnaturalreproductioneventhoughviableseedsfor the

outplantswereproduced. Thegeneraldeclineof theenvironmentmayhave

eliminatedor reducednativevectorsandtherebyprecludedor lessened

pollination. Otherindividualsknownfrom thePihaareadisappearedafew years

ago,probablyeatenby cattle. Theareais pasturelandandis heavilygrazed(M.
BruegmannandJ. Jeffrey,pers.comm., 1995).
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ConservationEfforts

VolcanoRarePlantFacilityat theVolcanoAgricultural Stationhassuccessfully

germinatedClermon/iapyrutariaandcurrentlyhasapproximately50 seedlings

growingin thegreenhouse(P. Moriyasu,pers.comm., 1995). Lyon Arboretum

hassuccessfullyclonedthetaxonandhasabout100 seedlingsin thegreenhouse

(G. Koob, pers. comm., 1995).

Approximately30 individualshavebeenoutplantedandaregrowingin 2

exclosuresatHakalauNWR. Seedswereacquiredfrom thewild plant at Piha

that succumbedin 1989. Theindividualsgrownfrom seedarehealthyandtwo or

threehaveflowered. Jeffrey(pers.comm., 1995)indicatedthatthereareplansto

fence thethreeremainingwild plantsin thenearfuture.

NeededRecovervActions

Theknownremainingindividualsshouldbeprotectedfrom ungulatesand

encroachmentof alien plants. In orderto preventpossibleextinctionofthis

taxon, maintenance of exsi/u geneticstockis necessary.Propagationand

outplantingof exsi/u stockwill beneededin orderto establisha sufficient

numberofpopulationsandplantsfor recovery.Researchinto thetaxons

pollination vectors may be necessary.

Cyanea(haha)
ThegenusCyaneaGaud.is endemicto Hawaii. It contains52 speciesand17

subspeciesand is the largestgenusof Campanutaceaein Hawaii (Lammers

1990). TheBig Islandsupports11 speciesand 5 subspeciesfrom thegenus.Of

these,threetaxaarepresumedextinctandfour areendangered.Thefour

endangeredplantslisted in thisplan areCyaneacopelandiisubsp.copetandii,

Cyaneahama/florasubsp.cartsonii, Cyaneashipmanii,andCyanea5/ic/ophylla.

Cyaneacopelandiisubspeciescopelandii(haha)- RecoveryPriority #5

Description

CyaneacopelandiiRock subsp.copetandiiis asmall epiphyticshrubthat grows
1-6.7 ft (0.3-2 m) tall (Lammers1990). Rootingatthe nodes,its weakstems

clamberon rocksandtreetrunks. Oblance-shapedleafblades4.9-10.6in (10-27

cm) long and 1.4-3.3in (3.5-8.5cm)wide are dark greenon theuppersurface

and hairy on thelower surface. Leafblademarginshavesmall teethandthebase
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ofthebladeis attachedto a leafstalk thatis 1-3.9in (2.5-10cm) long. Clusters

of 5 to 12 flowers are attached to a main flower cluster stalk (peduncle) 0.8-1.8 in

(2-4.5 cm) long. Each flower is thenattachedto aflower stalk(pedicel)0.2-0.6

in (0.4-1.6 cm) long. The calyx and thepetalsarefusedatthebaseinto atube

0.2-0.4 in (0.6-1 cm) long. Calyx lobes are small and triangular, 0.08-0.2 in (2-4

mm)long. The petals, 1.5-1.7 in (3.7-4.2 cm) long, are yellowish but appear rose

becauseoflong darkredhairsthat coverthe surface.Five spreadingpetallobes

are fused into a tube. Berries are ob-oval, 0.3-0.6 in (0.7-1.5 cm) long and dark

orange.

Lammers(1990)distinguishesthis speciesfrom othermembersof thegenusby

the size, shape and dark red hairs of the petals and by the reclining habit. This

taxon is easily separated by its narrow leaves from the only other subspecies,

Cyaneacopetandiisubsp. haleakalaensis(St. John)Lanimers,which is relatively

prolific on Maui.

Ia~QflQmY
Cyaneacopelandliwas named by Rock in 1917 in honor of his friend and

collectingcompanion,M. L. Copeland.On atrip to theBig Island, Copelandand
Rock collected the taxon in 1914 (Rock 1917a). The validity of the characters

used to separate CyaneaandDelisseaasentities(Hillebrand 1888, Rock 1919a)

was questioned by St. John and Takeuchi (1987) and the two genera were

merged. The species was assigned to Delissea,the older of the two generic

names, resulting in Delisseacopetandii(Rock) St. John. The merger was not

acceptedbecauseit failed to provide a more natural classification and was based

on a limited understanding of both genera (Lammers 1990). The current

treatment of the family by Lammers (1990) recognizes the original separation of

the two genera. Also, he regarded the taxon asClermon/iacopetandiisubsp.
copelandii,segregating it from a taxon that is relatively commonon Maui, C. c.

var. hateakalaens,s.

Historic Distribution

Cyaneacopetandiisubsp. copelandiiwasfirst collectedattwo sites on the

southeasternslopeof MaunaLoa,nearGlenwood,Hawaii. It waslast collected

in 1957by an unknowncollector(Table7).
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Historic distributionofCyaneacopetandiisubsp. copelandii.

Island Location Numberof
Plants

Elevation Ownership Source Date

Hawaii Puna,
Glenwood

Not
Available
(N/A)

2,400ft
(730m)

State Rock 1914
1918

Hawaii N/A N/A N/A N/A N/A 1957

CurrentDistribution

Although it waslastcollectedin 1957, thepopulationis still thoughtto beextant

(Table7) (Lammers1990). Thenumberofindividualscurrentlypresentis

undetermined(HHP 1991f).

Life History

This taxonwasobservedin fruit andflower duringDecember1914(HHP

1991f1). No otherlife history informationis currentlyavailable.

HabitatDescription

ThehabitatofCyaneacopelandiisubsp.copelandiiis montanewetforest

dominatedby Cibo/iumspp.,at elevationsbetween2,200to 5,232 ft (660to

1,600m) (Lammers1990). The Hawaiian HeritageProgram(1991f)gives2,200

to 2,900 ft (660 to 880 m) astheelevationalrangeofthis taxon. Cibotiumis the

only genus recorded as an associate of this taxon (HHP 1991 f).

Reasonsfor Decline

Cyaneacopelandiisubsp.copetandiihasbeenparticularlyimpactedby the
grazingof feralungulates.Black ratsmayalsoconstitutea threatby consuming

fruits and seeds,andtherebyreducingreproductiveandestablishmentsuccess.

ThelossofHawaiianhoneycreepershaslikely resultedin eliminationof thebird

pollinatorfor thisplant. Becauseonly onesmallplant populationmayexist,
reductionin reproductivevigor and susceptibilityto randomextinctionare

threats.
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ConservationEfforts

At this time, neithertheVolcanoRarePlantFacility norLyon Arboretumare

attemptingto germinateand/orgrow individualsfrom tissueculture(P. Moriyasu

and G. Koob, pers.comm., 1995). Sincethelastplant specimenwascollectedin

1957,the availability ofplant materialsis thepresentconstraint. If materialsare

obtained,attemptswill bemadeto grow andoutplantindividuals.

NeededRecoveryActions
This taxonshouldbe locatedin thewild, andseedsand/ortissuecollectedfor

propagationandmaintenanceofexsi/u geneticstock. Additional populations

will needto be establishedand, alongwith theextantpopulation,protectedfrom

ungulatesandotherthreats.

Cyaneaharnatiflora subspeciescarisonji (haha) - RecoveryPriority #5

Description

Cyaneahama/floraRock subsp. cartsonii (Rock)Lammersis apalm-liketree

that grows9.8-26ft (3-8m) tall andhastansap(Lammers1990). Theleaf

bladesare20-31 in (50-80 cm) long and3-5.5 in (8-14 cm)wide andarewithout

a leafstalk. Five to 10 flowersarein clustersat theend of amain clusterstalk

(peduncle)0.6-1.2in (1.5-3cm)long. Eachflower is subtendedby a stalk

(pedicel)0.2-0.5in (0.5-1.2 cm) long. Thesepalsandthepetalsarefusedat the

baseinto an ob-ovaltube(hypanthium)0.5-1.2in (1.2-3cm) long and0.2-0.5in

(0.6-1.2cm) wide. Thecalyxhasfive narrowlyoblonglobes 1.2-1.8in (3-4.5

cm) longand 0.2 in (0.5 cm)wide. Magentapetalsarefusedinto atube2.3-3.1

in (6-8cm) long and0.2-0.4in (0.6-1.1 cm)wide, which is down-curved. The

top ofthetubeis1-lippedwith five down-curvedlobes. Berriesarered and ob-

oval, 1.2-1.8in (3-4.5cm) long and0.8-1.0in (2-2.7cm)wide.

Thespeciesis composedof two subspecies:Cyaneahama/florasubsp.cartsonii

is an endangeredtaxonendemicto theBig Island; Cyaneahama/~florasubsp.

hama/~floraoccursonly on EastMaui andis relatively common. C. h. subsp.

cartsoniiis distinguishedfrom othertaxain thegenusby calyx lobesthatare

longerandwider (Lammers1990).
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Taxonomy

Rock (1957)originally namedthetaxonCyaneacarlsonii Rock in honor of

NormanK. Carlson. WhenRock first collectedthetaxonwith CarlsonandL. W.

Bryan thespecimenwas sterile. Rock (1962)later describedthefruits and

flowersfrom specimensacquiredfrom Carlson’sgarden. Along with theother
membersof thegenus,thevalidity ofthe charactersusedto separateCyaneaand

Detisseaasseparategenera(Hillebrand 1888,Rock 1919a)werequestioned,and

thetwo taxaweremergedby St. John(St. John1987b, St. JohnandTakeuchi

1987),resultingin thenameDelisseacartsonii (Rock) St. John. In a current

treatmentby Lammers(1990),St. John’snomenclatureis disregardedandthetwo

generaareaccepted.Lammers(1990)recognizesthetwo infraspecifictaxa

Clermontiahama/florasubsp. cartsoniiandC. hama/florasubsp. hama/flora.

Historic Distribution

Cyaneahama/florasubsp.carlsonii, knownonly from thewestsideoftheBig

Island, is a fairly recentdiscoveryby Rock andCarlson(1957)(Table8).

Table8. Historic (H) andcurrentdistributionof Cyaneahamauflora
subsp. carlsonii.

Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii
(H)

SKona,
Keokea

3 4,000-4,300 ft
(1,220-1,310m)

Private Rock
Rock

1957
1969

Hawaii Hualalai 3 5,220ft
(1,600m)

State NTBG 1990

Hawaii Hualalai
PuuWaawaa

6
6 (outpl.)

5,220ft
(1,600m)

State NTBG
Giffin

1990
1996

Hawaii Hualalai,
Honualua

ca. 10
45
(outpl.)

5,700ft
(1,740m)

State Davisetal.
Pratt,
Bergfeld

1980
1995

CurrentDistribution

Since 1975,Cyaneahama/~/lorasubsp.carlsonii hasbeenidentifiedatthreesites
on thewesternslopesofHualalai,Hawaii. Thereareapproximately14 known

individuals (Table 8) (HHP 1991g1-g2,NTBG 1991c1-c3). In addition,45 plants

wereoutplantedon theHonualuaForestReserve(SteveBergfeld,Hawaii
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Division of ForestryandWildlife (DOFAW), pers.comm., 1995) and 6 plants

wereoutplantedat PuuWaawaa(JonGiffin, DOFAW, pers.comm., 1996).

Life History

This taxonwasobservedin flower duringDecember1980(HHP1991g1)and

August1995(C. Corn, DOFAW, pers.comm., 1996). Seedswerecollectedby

HawaiDOFAWin October1991 andNovember1995. No otherlife history

informationis currentlyavailable.

HabitatDescription

The habitat of Cyaneahama/florasubsp.cartsonii is mesic montane forest

dominatedby Metrosiderospolymorphaat elevationsbetween4,000to 5,700ft

(1,220 to 1,740 m) (Lammers1990,HI-lIP 1991g1-g2).Associatednativeplants

includeA’IyoporumsandwicenseA. Gray(naio),Hedyo/is(pilo), and

Zan/hoxylum(a’e).

Reasonsfor Decline

Alien plant invasionrepresentsaseriousthreatto the long termsurvivalof

Cyaneahama/florasubsp. cartsonii. Bananapoka(Passflora moltissima),an

invasivealienweed,negativelyimpactsC. hama/floraby competingfor

nutrients,water,andlight. Grazingandtramplingby domesticandescapedcattle

androotingby pigs degradethehabitatandopenconducivesitesfor alienplant

establishment.Ratsand alienbirds mayeatthejuicy fruits, reducingthepotential
numbersofsuccessiveindividuals. Thesmall remainingnumbersofindividuals

and theirlimited andscattereddistributionareseriousthreatsbecausea single

naturalorhuman-inducedeventmayhavecatastrophiceffectson thefew

surviving plants. Seedscollectedby Hawaii DOFAWin 1991 hadlittle orno

insectdamage,butseedscollectedin 1995wereheavilydamagedby an

undeterminedspeciesof caterpillar(C. Corn, pers.comm., 1996). Reproductive

vigor maybedepressedby alimited genepool.

Conservation Efforts

TheNationalTropicalBotanicalGardenhaspropagatedthetaxon(D. Ragone,

pers.comm., 1995). Seedsplantedat VolcanoRarePlantFacility havenot

germinated(P. Moriyasu,pers.comm., 1995),andseedsacquiredby Lyon

Arboretumfrom storagewerenotviable. Attemptsarebeingmadeto obtainnew
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seed(G. Koob,pers.comm., 1995). SteveBergfeld(pers.comm., 1995)has

indicatedthat, in 1993,22 and27 individualswereplantedwithin 2 exclosuresat

HonuaulaForestReserve. Currently,21 plantsremainalive in thefirst and23 in

thesecond. Oneindividual wasplantedoutsidetheexclosuresandis surviving.

ThreeunhealthyplantswereplantednearHonomalino,but all died. Ofseveral

individualsplantedat PuuWaawaa,six havesurvived(J. Giffin, DOFAW, pers.

comm., 1996)

NeededRecoveryActions

Currentpopulationsneedto beprotectedfrom ungulates,andbananapokaand

otheralien speciescontrolled,to the extentpossible,within thetaxon’shabitat.

Propagationandoutplantingefforts shouldbeencouragedandcontinued.

Cyaneashipmanii(haha) - RecoveryPriority#2

Description

CyaneashipmaniiRock is asmall unbranchedorsparselybranchedshrub8-13 ft

(2.5-4m) tall (Lammers1990). Youngplantsoftenhavesharpoutgrowthson the

stem. Leavesaredivided 3/4 to 7/8 ofthe distanceto themidrib into 20 to 30

segments.Thebladesare6.7-12in (17-30cm) longand 2.8-5.7in (7-14 cm)

wide. Theleafstalk(petiole)is 1.2-2.2in (3-5.5 cm) long andis alsomuricate

(spiny). Tento 15 flowersarein aclusteratthetip ofamainflower clusterstalk

(peduncle)0.4-1.2in (1-3cm) long. Eachflower is subtendedby astalk

(pedicel)0.4-0.6in (1-1.5cm) long. Thecalyx andthepetalsarefusedatthe
baseinto atube (hypanthium)0.16-0.2in (4-6mm) longand 0.12-0.16in (3-4

mm) wide. Thecalyxhasfive small oblonglobes0.12-0.2in (0.3-0.6cm) long

and0.02-0.04in (0.5-1 mm) wide. Five lobedgreen-whitepetals1.2-1.4 in (3-

3.6 cm) long arefusedbelow into a curvedtube0.1-0.2in (3-4mm) wide. The

berry is elliptic, 0.5-0.6in (1.2-1.5 cm) long, and 0.5 in (1.3 cm) wide. This taxon

is easilydistinguishablefrom othermembersof thegenusby its small flowers,

slenderstems,andstalkedanddivided leaves(Lammers1990).

Taxonomy

Cyaneashipmaniiwasoriginally describedby AsaGray(186la) asCyanea

grimesianaGaud. var. citrutl~fotia A Gray, basedon sterilespecimenscollected

on theU. S. ExploringExpeditionof 1840-1841. Juvenileleavescollectedatthe

sametime werelaterthoughtto be specimensofC. ti/oman/haA. Gray (Rock
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1919a). However,Rock and Shipmanre-collectedthetaxonin 1955. Rock

(1957)namedthespeciesin honorofhis travelingcompanion,HerbertShipman,

resultingin thename,Cyaneashipmarni.

HistoricDistribution

Cyaneashipmaniiis knownonly from theeasternslopesof MaunaKea,Hawaii
(Table9). Whenfirst collectedin 1840-1841,atotal of 50 orfewer individuals

wereobservedin thepopulation(Lammers1990,HI-IP 199lh). Only onewasa

matureplant.

Table9. Historic (H) andcurrentdistributionofCyaneashipmanii.

Island Location Numberof
Plants

Elevation Ownership Source Date

Hawaii
(H)

EasternMauna
Kea

<50 NotAvailable
(N/A)

Private N/A 1840

Hawaii S.Rilo,
Papaikou

3 5,400-6,000ft
(1,650-1,830
m)

Private N/A 1955
1993

Hawaii N. Rib, Upper
waiakea
ForestReserve

1 5,860ft
(1,786m)

State Pratt 1994

Hawaii 5. Rib,
Kulani, nr.
MaunaLoa
Homefor Boys

N/A N/A Private? Katahira 1995

Hawaii HakalauForest 4 N/A Federal Jeffrey 1995

CurrentDistribution

Since1975,fourpopulationsofCyaneashipmaniihavebeenidentifiedon State,
Federal,andprivateland(Table9). Thetotal numberof extantindividualsis

unknown,but fewerthan 10 areestimatedto exist(L. Pratt,pers.comm., 1995).

Life History

No life history informationis currentlyavailablefor this species.
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HabitatDescription

The habitat of Cyaneashipmaniiis montanemesicforestdominatedby

Metrosiderospotymorpha(ohia)on thewindwardslopesof the island,at

elevationsbetween5,400and6,200ft (1,650and 1,900m) (HFIiP 1991h,59 FR

10305). AssociatednativeplantsincludeZan/hoxylum,Myrsine(kolea),Acacia

koa(koa)andMetrosiderospotymorpha(L. Pratt,pers.comm., 1995). Thefour

individualsin HakalauForestNationalWildlife Refugearegrowingwith

Clermon/jalindseyana(J. Jeffrey, pers.comm., 1995).

Reasonsfor Decline

Recentpig rootingoftreefernsandothernativetaxawasevidentattheUpper

WaiakeaForestpopulation(L. Pratt,pers.comm., 1995). Smallnumbersof

extantindividualsandlocalizeddistributionmayresultin a limited genepool and

reduced reproductivevigor, aswell asvulnerability to extirpationby random

events. Small populationsizeprobablyaffectsvectorandflower relationships,

precludingor reducingeffectivepollination, andreductionin thenumberof

endemicnectarfeedingbirds mayhavedisruptedtheirfundamentalrole in

pollination.

ConservationEfforts

Seedshavebeengerminatedat VolcanoRarePlantFacility at theVolcano

Agricultural Station. About 10 plantsaregrowingin thegardenandfour in the

greenhouse(P. Moriyasu,pers.comm., 1995). Lyon Arboretumhasclonedabout

300 individualsfrom immatureseed(G. Koob,pers.comm., 1995). An

individual foundin 1994by ThanePrattin a shadedravinesouth ofPowerline

Roadin theUpperWaiakeaForestReserveis now protectedfrom feralpigs by a

small fencebuilt by theDOFAW. Theindividual appearshealthy.

NeededRecoveryActions

Propagationand maintenanceof exsi/ustockshouldbe continued,andcurrent

populationsprotectedfrom pigsandaugmented.Onenewpopulationwill need
to beestablishedand numbersincreasedin orderto meetrecoverycriteria.

41



Cyaneastictophylla (haha) - RecoveryPriority #2

Description

Cyanea5/ic/ophyttaRock is asmall treeor shrub2-20ft (0.6-6 m) tall (Lammers

1990). Thestemsaresparselybranchedandoccasionallyequippedwith sharp
outgrowths. Theleavesarelong andnarrowwith toothedor lobedblades,7.8-15

in (20-38cm) long and1.6-3.1 in (4-8 cm)wide. Leafstalks (petioles)are0.6-

1.4 in (1.5-3.5cm) long. Five or six flowersform aclusteratthetip ofthemain

flower clusterstalk,which is 0.3-0.9in (0.7-2.2cm) long. Thecalyxandpetals

arefusedatthebaseinto an oval, sparselyhairy tube(hypanthium)about0.2 in

(5-6mm) long. At thetubetip, five triangularcalyxlobesare0.1-0.2in (2-4

mm) long and0.04-0.1in (1-2mm) wide. Sparselyhairy, spreading,deeply-

lobedpetals,1.4-2in (3.5-5cm) long, arefusedintoanarchedtubeabout0.2 in

(5-6 mm) wide. Thefive petalsareyellow-whiteorpurple. Berriesareorange

and round.

Cyanea5/ic/ophylla is distinguishedfrom othertaxawithin thegenusby its large,

deeplylobedflowersand small calyx lobes(Lammers1990).

Taxonomy

In 1912,Rock first collectedCyaneastic/ophyllaon theslopesofMaunaLoa.

Rockdescribedthetaxonin 1913 basedon thesespecimens.Thespecificepithet

refersto the leaves,whicharelong andnarrow. Otherauthorsrecognizedthe

following synonyms:CyaneapaiakeaC. Forbes(Forbes1916),C. querc{fotia

(Hillebr.) F. Wimmervar. atropurpureaF. Wimmer(Wimmer 1953),C.

stic/ophyllavar. inermisRock (Rock 1957),andC. nelsoniiSt. John(St. John

1976). St. John(1987b)andSt. JohnandTakeuchi(1987),disregardingthe

separationof thegeneraCyaneaandDetissea,mergedthetwo into thegenus

Delissea,resultingin the newcombinationsof Detisseapatakea(C. Forbes)St.

John,D. querc~folia(Hillebr.) St. Johnvar. a/ropurpurea(F. Wimmer) St. John,
D. s/ic/ophylla(Rock) St. John,D. 5/ic/ophytlavar. inermis (Rock) St. John,and

D. netsonii(St. John)St. John. However,Lammers(1990)recognizedthe

genericdistinctionandretainedboth genera.
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HistoricDistribution

Cyanea5/ic/ophyllais knownhistorically from thewestern,southern,
southeastern,and easternslopesofMaunaLoaon theBig Island(Table 10)

(Lammers1990).

Historic (H) andcurrentdistributionof Cyaneastic/ophylla.

Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii
(H)

Kau,
Kaiholena

Not
Available
(N/A)

6,000ft
(1,800m)

N/A Rock 1912

Hawaii
(H)

N. Kona,
Puu
Hualalai,
Puu Waawaa

N/A 5,906 ft
(1,800 m)

N/A St. Johnet
at.

1931

Hawaii
(H)

S. Kona N/A 3,500-4,300 ft
(1,070-1,300 m)

Private Rock 1957

Hawaii Kau,
Keauhon

6
6 (outpl.)

5,200 ft
(6,200 m)

Private,
State

Clarke eta).
Bergfeld

1980
1996

Hawaii S. Kona,
Kohae

N/A 4,700ft
(1,430m)

Private Duvall 1987

Hawaii N. Kona,
PuuWaawaa

4
40 (outpl.)

5,500ft
(1,800m)

State N/A 1996

CurrentDistribution

Since 1975,thetaxonhasbeenidentifiednearKeauhou,Kohae,andonPuu

Waawaa(Table 10) in 3 populationsthoughtto comprisefewer than20

individuals(HELP 199lil-i3). In addition,approximately46 outplanted

individualspersistin exclosuresonPuuWaawaaandKauForestReserve(J.

Giffin and S. Bergfeld,pers.comm., 1996).

Life History

This specieswasobservedin flower duringMarch 1987 (HELP 1991i3). No other

life history informationis currentlyavailable.

43

Table 10.



HabitatDescription

Thehabitatsof Cyaneastic/ophyllaarelowlandto montane,mesicto wetforest

dominatedby AcaciakoaandMetrosiderospotymorpha.Populationsgrow

between3,500to 6,400ft (1,070to 1,950m) in elevation(Lammers1990,HELP

1991i1-i3). AssociatednativespeciesincludeMeticopevotcanica(A. Gray) T.

Hartley& B. Stone(alani)and Ureragtabra(Hook. & Arnott) Wedd. (opuhe)

(HHP 1991i1-i3).

Reasonsfor Decline
Theprimaryreasonsfor declineofthis speciesaredestructionof formerhabitat

by cattlegrazinganddegradationof currenthabitatby feralpigs. In addition,the

small numberofplantsandthescattereddistributionofpopulationsmay limit the

genepool, resultingin decreasedreproductivevigor, andmakethemvulnerable

to extirpationby randomevents.

ConservationEfforts
TheNationalTropicalBotanicalGardenhasgerminatedseedsand propagatedthe

taxon(D. Ragone,pers.comm., 1995). PattyMoriyasuhashasbeenattempting

to acquireseedofCyanea5/ic/ophyltato begingerminationworkatVolcano

RarePlantFacility (pers.comm., 1995). Thesingle,wild individual on Puu

Waawaahasbeenfenced. Seedsfrom this wild plantweregerminated,and

approximately68 individualswereplantedabout3 yearsagowithin aseparate

exclosureon PuuWaawaa(S. Bergfeldand J. Giffin, pers.comm., 1995). Of
theseindividuals,about40 havesurvived. Seedsfrom thesamewild individual

at PuuWaawaawereusedto establishsix individual plantsin anenclosureon the
KauForestReserve(SteveBergfeld,pers.comm., 1996).

NeededRecovervActions

Propagationandmaintenanceofexsi/u stockarenecessaryandefforts to do such

should be encouraged.Currentpopulationsshouldbeprotectedfrom ungulates

and augmented,wherepossible. At leasttwo newpopulationswill needto be

establishedandnumbersincreasedto meetrecoverycriteria.

Delissea

DelisseaGaud.,anendemicgenuscomprisingninespeciesandfive subspecies,

wasnamedin honorofa physicianfrom Mauritiuswho servedon the
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D’Entrecasteaux Expedition to the South Pacific in 1800-1804 (Lammers 1990).

Thegenusis divided into two sectionsDelisseaand Macran/hae(Hillebr.) Rock.

All but four of the nine species are presumed extinct. Two species (Delissea

faltaxHillebr. andD. undulataGaud.) were known to occur on the Big Island, the

former being endemic to the Big Islandandthelatter endemicto theHawaiian

Islands. D.fallax is consideredextinct. D. undutataconsists of only one known

wild individual.

Delisseaundulata- RecoveryPriority #5

Description

Detisseaundulatais anunbranched,palm-like,woody-stemmedtree,6-32ft (2-

10 m) tall (Lammers1990). A denseclusterof leavesoccursatthe stemtip.

Leafbladesareelliptic to narrowly lance-shaped,2-8 in (5-21 cm) long and 1-4

in (3.5-10 cm) wide. Leaf edges are wavy or flat and toothed. Leaf stalks are

0.8-5.9in (2-15 cm) long. Flowerclustersaresubtendedby amain stalk2-20in
(5-50 cm) long. Each cluster is composed of about5-20flowers. The calyx and

petals are fused at the base to form an oval tube 1.2-2.7 in (3-7mm) long. Calyx

lobesare awl- ortriangular-shaped0.04-0.08in (0.1-2mm) long. Petalsare

green-whiteandslightly down-curved,0.6-1 in (1.6-2.5cm) long. Oneortwo

knoblikestructuresoftenoccuron thebackof theflower tube. Fruits areoval or

round,purpleberries0.2-0.48 in (6-12 mm)long.

Lammers (1990) separates this taxon from the othercloselyrelatedmembersof

thegenusby its largeflowers andberriesandbroadleafbases. Threesubspecies,

all but the last of which areconsideredextinct,maybeseparatedon thebasisof

leafshapeandmargincharacters:Detisseaundulatavar. kauaiensisLammers

(leafbladesareoval andflat-marginedwith sharpteeth),D. u. var. niihauensis

(St. John)Lammers(leafbladesareheartshapedand flat-marginedwith shallow,

roundedteeth)andD. u. var. undula/a(leafbladesareelliptic to lance-shaped

andwavy-marginedwith small, sharplypointedteeth(Lammers1990).

Taxonomy

This taxonwasoriginally describedby CharlesGaudichaud-Beauprefrom

specimenshecollectedin theHawaiianIslandsin 1819. Basedon a 1911

collectionby J.F.Rock from Kanahaha,nearKona,Hawaii, F.E. Wimmer(1943)

namedthetaxonCyaneaargu/iden/a/aF. Wimmer. However,thetaxonwas
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movedto Detisseaby St. Johnand calledD. argu/iden/a/a(F. Wimmer) St. John

(St. John1959). In 1968, St. Johncollectedanotherspecimenfrom thesouthern

Konadistrict andnamedit DetisseakonaensisSt. John(St. John 1986). Detissea

niihauensisSt. John,D. undutatavar. argu/iden/a/a(F. Wimmer)St. John,and

Lobeliaunduta/a(Gaud.)Endl. areregardedassynonymsofD. undula/aby

Lammers(1988, 1990). Thespecificepithetrefersto thewavy leafmargins. In

his mostrecenttreatment,Lammers(1990)recognizesthreesubspecies:Detissea

undulatasubsp.niihauensis(St. John)Lammers,D. u. subsp.kauaiensis

Lammers,andD. u. subsp.undula/a. Only the lastoftheseis extant.

Historic Distribution

Detisseaunduta/asubsp.kauaiensisis knownfrom Kauai. In 1895,A.A. Heller

collectedthetaxonwestoftheHanapepeRiver (Heller 1897)(Table 11).

However,individualshavenotbeenobservedagain,andthe subspeciesis

consideredextinct(Lammers1988,HELP 1991a).

Table 11. HistoricdistributionofDelisseaundutatasubsp. kauaiensis.

Island Location Number of

Plants

Elevation Ownership Source Date

Kauai West of

HanapepeR

Not Available

(N/A)

N/A N/A Heller 1895

Detisseaundulatasubsp.niihauensisis knownfrom theislandofNiihauwhereit
was collected in the late 1 800s. This taxon has not been observed since that time

andis alsoconsideredextinct(Table12) (Lammers1990;HHP 1991a,1991b).

Table 12. Historic distribution of Detisseaundulatasubsp. niihauensis.

Island Location Numberof

Plants

Elevation Ownership Source Date

Niihau Niihau Not Available
(N/A)

N/A N/A Mann
and

Brigham

1850
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Delisseaundula/asubsp.unduta/awasobservedin the late nineteenthcenturyon

southwesternMaui in fourvalleys,andin the earlytwentiethcenturyon western

Hawaii in North andSouthKona(Table13) (HEW, no referencenumber). It was

observedin SouthKonaat PuuLehuain 1971,butwaslaterthoughtto be

extirpated(Lammers1990;HELP, no referencenumber).

Historic (H) andcurrentdistributionofDelisseaunduta/asubsp.
unduta/a.

Island Location Number of
Plants

Elevation Ownership Source Date

Maui
(H)

XV. Maui,
Oloalu

NotAvailable
(N/A)

N/A N/A Rillebrand 1870

Maui
(H)

XV. Maui,
Lahaina

N/A N/A N/A Rillebrand 1870

Maui
(H)

XV. Maui,
Waikapu

N/A N/A N/A Rillebrand 1870

Maui
(H)

XV. Maui,
Waihee

N/A N/A N/A N/A N/A

Hawaii
(H)

N. Kona,
Puu Waawaa

N/A 2,953-3,000 ft
(900-9 14 m)

N/A N/A 1909

Hawaii
(H)

S. Kona,
PuuLehua

N/A 5,000-6,000 ft
(1,524-1,829
m)

N/A N/A
Herbst

1912,
1971

Hawaii
(H)

Kona,
Hualalai,
Hanehane

N/A N/A N/A Forbes 1911

Hawaii
(H)

N. Kona,
Kanakaha

N/A N/A N/A Forbes 1911

Hawaii N. Kona
Puu Waawaa

5
50 (outpl.)

3,520 ft
(1,072 m)

N/A Rock
N/A
Giffm

1909
1992
1995

CurrentDistribution

Detisseaundutatasubsp.kauaiensisandD. undutatasubsp.niihauensisare

consideredextinct. In 1992,a singleindividualofD. undutatasubsp.undulata
wasrediscoveredat PuuWaawaa(Table13) (J. Giffin, pers.comm., 1993). The

singleknown individual adultoccursatthe edgeofa collapsedlavatubein athin
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substrate,at an elevationof 3,520ft (1,070m) (59 FR 32946). Sincethen,

approximately50 individuals havebeenoutplantedwithin 3 exclosuresatPuu

Waawaa,WaihouForestReserve(J. Giffin, pers. comm., 1995).

Lf~iii
Theremainingwild individual wasobservedin flower and(immature)fruit in

August 1992andoutplantedindividualswereobservedin flower in July 1995(M.

Bruegmann,pers.comm., 1995). No otherlife history informationis currently

available.

HabitatDescription

Detisseaundula/aoccurs in dry and mesic forests at elevations of about3,300-

5,700 ft (1,000-1,750 m) in open Sophorachrysophytta(mamane) and

Me/rosiderospotymorpha(ohia) forest. Taxa that are associated with D.

unduta/aalso includeSan/atumettip/icumGaud. (iliahi) andAcaciakoa (koa).

Anotherendangeredtaxon,No/hoces/rumbrevflorum,growsin theareawhere

thesingleindividual wasfoundin 1992.

Reasonsfor Decline

Damagefrom feral anddomesticanimalsandthedegradationfrom grazing,

browsingandtramplingby cows,sheep,goats,andpigs arethreats. Although

palatabilityofthetaxonis not documented,lackofseedlingestablishmentand
low numbersof individualssuggestthatthetaxonmaybenegativelyimpactedby

theseanimals. Threealienplant taxaposeathreatto Detisseaundutata. Two

vines, Passflora mottissimaandSeneciomikanjoidesOtto exWalp. (German
ivy), andanoxiousgrass,Pennise/umctandes/inum(kikuyu grass),competewith

D. unduta/afor light, nutrients,andspace,andthereforelimit orpreclude

reproductivesuccess(Cuddihyand Stone1990, O’Connor 1990).Fire is

potentiallyathreat,althoughfuel loadsfrom P. clandes/inumareminimizedby
heavygrazingby cattle (J. Giffin, in lit. 1993;pers.comm., 1995). Predationof

thefleshy fruits by blackratsandintroducedgamebirds is athreatto D. undutata

(J. Giffin, in lit. 1993; J. Giffin, pers. comm., 1995). Because only one remaining

wild adultplantknown,D. undula/ais threatenedby extinctiondueto random

events. For instance,naturalchangesto thehabitatmaythreatenthe preservation

ofthis individual asit grows in a collapsing lava tube. Obviouslya limited gene

pool exists.
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ConservationEfforts

Seedswereobtainedfrom thePuuWaawaaplant andgerminated.Approximately

50 individualswereoutplantedwithin 3 exclosuresat PuuWaawaa,Waihou

ForestReserve(J. Giff’m, pers.comm., 1995).

Needed Recovery Actions

Thepropagationandmaintenanceof exsitu geneticstockfor this taxon is

necessaryin orderto protectit from theseriousthreatofextinctionby random

event. Protectionandoutplantingefforts should be encouragedandcontinued.

Rhamnaceae(Buckthoru Family)
Rhamnaceaeis mostcommonin tropical andsubtropicalregions,but is relatively

cosmopolitanin distribution. Comprisingabout55 generaand900 species

worldwide, the family is representedin Hawaii by 4 generaand7 species

(Wagneret al. 1990). Five speciesareendemicto theHawaiianIslands,oneis

indigenous,andonenaturalized.

Colubrina (kauila)
Colubrina Rich ex Brongn., nom. cons., is distributedprimarily from thewestern

UnitedStatesto SouthAmericaandtheWestIndies, andcontains31 species

(Wagner etal. 1990). Thegenusis divided into 2 subgenera:Colubrina (leaf

marginswith lessthan10 teeth)andSerrataria(leafmarginswith morethan10

teeth) (Johnston, 1971). Hawaiian Colubrinaare represented by two taxa: C.
asiatica (L.) Brongn., an indigenous taxon in subgenusSerrataria, and C.

opposit~foliaBrongn. exH. Mann, an endangered endemic in subgenus

Colubrina.

Colubrina oppositifolia (kauila, kauwila) - RecoveryPriority#5

Description

Colubrina opposit~foliais a treeapproximately16-40ft (5-13m) tall, with
extremelyhardredwood (Figure6) (Wagner etal. 1990). Opposite,oval-shaped

leafbladesare 2.4-4.7 in (6-12cm) long and 1.2-2.8 in (3-7cm)wide. Leaf

bladesarethin, dull greenon theuppersurface,andolive greenbeneath.Two
kinds of glandsoccuron thelower surface:small blackglandsnearthemargin

andsmall glandularprojectionsin the axil ofthe leafvein. Leafstalksare0.6-1.2
in (1.4-3cm) long. Lance-shapedstipulesarefusedat thebaseofeachpair of
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Figure6: Cotubrinaoppisi/~otia(from Wagnereta! 1990)
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leaves. Tento 12 flowersarearrangedon aflower clusterstalk0.1-0.3in (3-8

mm) long. Eachflower is subtendedby aflower stalk0.07-0.1in (2-3 cm) long,

which increasesin lengthasthefruit matures.Five sepalsaretriangularand

about0.06-0.08in (1.5-2mm) long. Five green-yellowpetalsareabout0.06 in

(1.5mm) long. Emits arebrown, almostround,about0.3-0.4in (8-11 mm) long,

and explosivelysplit apart,dischargingoval oroblong, black, shiny, hump-back

seeds,0.2-0.3in (6-8 mm) long and 0.1-0.2in (4-5 mm) in diameter.

This speciesis readily distinguishedfrom theotherspeciesin Hawaii by several

characters:oppositeleafposition,dull leafsurface,and entireleafmargins

(Wagnereta!. 1990).

Taxonomy

Colubrinaoppositifoliawasfirst collectedby Remyin the I 850s. Adoiphe
TheodoreBrongniart(Mann 1867)describedRemy’scollectionand namedthe

taxon,with the specificepithetreferringto thepositionof leaves. St. John(1979)

designateda varietyresulting in Colubrinaopposit{foliavar. obataeSt. John.

However,no varietaltaxaarerecognizedin thecurrenttreatmentby Wagneret

a!. (1990).

Historic Distribution

Colubrina opposit~foliais knownfrom Oahu,Maui andtheBig Island. Historic

populationsareknownfrom thecentralandsouthernWaianaemountainson

Oahu,andfrom theKohalamountains;western,southwestern,and southern
slopesofMaunaLoa;andnorthernslopesofHualalaion theBig Island(Table

14). Thetaxonwasrecentlydiscoveredon Maui.

Table 14. Historic (H) andcurrentdistributionofCo/ubrinaopposit~folia.

Island Location Number of

Plants

Elevation Ownership Source Date

Oahu

(H~

WaianaeMts NotAvailable

(N/A)

N/A N/A 1-lillebrand 18??

Hawaii

(LI)

Volcanoes

Nati. Park

N/A N/A N/A N/A 19??
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Island Location Number of
Plants

Elevation Ownership Source I)ate

Hawaii

(H)

Kona 2 1,920 ft

(590m)

N/A Degenerand

Wiebke

[926

Hawaii
(H)

Kau N/A N/A N/A Degener 1929

1-tawaji

(H)

KohalaMIs.,

Waimea

1 3,018 ft

(920m)

N/A Fosberg 1933

Oahu
(IT)

MakuaValley N/A N/A State Judd 1930
1950

Oahu
(H)

WaianaeMts. N/A 1,500ft
(460m)

Private Korte 1954

Oahu
(H)

WaianaeMts. N/A 1,200-1,600ft
(370-490m)

State N/A
Obata

1950
197?

Oahu

(H)

WaianaeMts. N/A 1,600ft

(490m)

State Obata

N/A

19~~

1986

Oahu WaianaeMIs. >40 1,250-1,600ft

(380-490m)

State Penman 1989

Hawaii S. Kona,

Kapua

1 800-950ft

(240-290m)

Private Nagata 1984

Hawaii N. Kona,
Kaupulehu

Occasional 2,000 ft
(611) m)

Private St. John;
Lorence,

Flynn

1947

1987

Hawaii Kau K50 800-1,000ft

(240-300m)

State Higashino

Penman

1989

1991

Hawaii N. Kona 1 1,900ft

(580m)

State Webster,

Gankin,
Herbst;

Penman

1968

1992

Hawaii N Kona
PuuWaawan

150
64 (outpl.)

1,850-3,000ft
(560-910m)

State Lau

Bergfeld

1909
1992
1996

Hawaii Kau,
Kamaoa-Puueo

1 1,040ft
(310m)

Private N/A
Perlman

1991
1992

Maui Kapunakea

Preserve

1 1,640ft

(500m)

Private Buy 1992
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Nind Location Number of

Plants

Elevation Ownership Source Date

Oahu Waianae Mts.,

Kamananui

Kamokunui

1 1,700ft

(520m)

State St. John

Fenste-macher

1955

1994

CurrentDistribution

Since1975, 10 populationshavebeenidentified: 3 on Oahu,6 on theBig Island,
and 1 on Maui (Table 14). Approximately300individuals areknownto occur

(HL{P 1991e1-e2,1991e5,1991e9-e12).

TheOahupopulationsareknownfrom theWaianaemountains,wherean

undeterminednumberof individualsareknownto exist.

Thesix populationson the Big Islandaredistributedon thenorthernslopeof

Hualalaiandneartheextremesouthernpartofthe island,on Stateandprivately

owned land (HHP 1991e3,1991e4,1991e6- 1991e8,1991e13- 1991e16).

Approximately 185 to 205 individuals occur within these populations (HITP

1991e3-e4, 1991e6-1991e8, 1991e13-1991e16; 59 FR 10305).

A singleplantwas discovered on Maui in the Kapunakea Preserve in 1992.

Life Histoiw

This specieswasobservedin fruit andflower duringSeptember1929(HHP

1991e8)andJune1968(HHP 1991e12),andin flower duringDecember1947

(HHP 1991e4)andJanuary1984(HI{P 1991e9).No otherlife history

informationis currentlyavailable.

HabitatDescription

HabitatsofColubrinaopposit~foliaarelowlanddry andmesicforests. The

dominantspeciesoftheseforestsis Diospyrossandwicensis.Individualsare

foundatelevationsbetween800 and3,000ft (240-910 in), sometinesona’a lava

flows and associatedwith Canthiumodoratum(G. Forster)Seem.(alahe’e)and

ReynoldsiasandwicensisAGray(ohe)~HIHP1991e3,1991e8,1991e15, 1991e16,

NTBG1991b).
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Reasonsfor Decline

Major concernsarehabitatdestructionby feral pigs andtheintroductionof

aggressivealien planttaxa,particularlyLantanacainara (lantana),Penniseturn

selaceum(fountaingrass),andSchinus,‘erebinthi,/blius(Christmasberry).

Furthermore,the introductionofXylosandruscompac/us(black twig borer)could

leadto thedemiseof C. opposit~foiia(J. Giffin, pers.comm., 1995). X

compaclusis activelyattackingtrunksandtwigs ofthetreesatPuuWaawaaand

this population,the largestknownfor the species,is declining. Theinsects
reducetheindividuals vigor andleadto death. Chineserosebeetles(Adore/us

sinicus)mayalsobea threatto the Maui population.

Decimationby fire is aconcernbecausepopulationnumbersaresmall and

distributionsarelimited to concentratedareas,particularlyon thedry, leeward

sidesof islands. Disturbanceby military andunauthorizedpersonnelmay

compromisehabitatsandjeopardizethe survivabilityof individuals.

ConservationEfforts

TheNationalTropicalBotanicalGardenhasgerminatedseedsand propagatedthe

taxon(D. Ragone,pers.comm., 1995). Lyon Arboretumhasattemptedto clone
Colubrinaopposiuifoliafrom budsandimmatureseedswith no success(G. Koob

andC. Lamoureaux,pers.comm., 1995). SteveBergfeld(pers. comm., 1996)has

indicatedthatDOFAW is activelypropagatingthetaxon from seedandhas

outplantedapproximately64 plantsinto severalexclosureson PuuWaawaa.

NeededRecoveryActions

Protectinghabitatfrom ungulatesandcontrollingaggressivealien planttaxasuch

aslantana,fountaingrassandChristmasberryarenecessaryfor recoveryofthe

species,asis reducingthethreatof fire. Controlof theblacktwig borer, and

researchnecessaryto accomplishthis, shouldbeundertakento stemthe species’

demise. Stepsshouldbe takento ensurethatpopulationsremainviableon each

of theislandson which thespeciespresentlyoccurs.

Gesneriaceac(African Violet Family)
Gesneriaceaeis apantropicalfamily with only a fewtemperatespecies.The

family is composedofabout 120generaand2,500species(Wagnereta!. 1990)

and is representedby asinglegenus,Cyrtandra, in theHawaiianIslands.
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Island Location Number of

Plants

Elevation Ownership Source Date

Hawaii

(H)

Kona 2 1,920ft

(590 m)

N/A Degener and

Wiebke

1926

Hawaii

(H)

Kau N/A N/A N/A Degener 1929

Hawaii

(H)

KohalaMts.,

Waimea

1 3,018 ft

(920 m)

N/A Fosberg 1933

Oahu

(H)

MakuaValley N/A N/A State Judd 1930

1950

Oahu
(H)

waianaeMts. N/A 1,500ft
(460m)

Private Korte 1954

Oahu
(H)

WaianaeMts. N/A 1,200-1,600ft
(370-490m)

State N/A
Obata

1950
197?

Oahu
(H)

WaianaeMts. N/A 1,600ft
(490m)

State Obata
N/A

19??
1986

Oahu XVaianaeMts. >40 1,250-1,600ft

(380-490m)

State Perlinan 1989

Hawaii S.Kona,

Kapua

1 800-950ft

(240-290m)

Pnvate Nagata 1984

Hawaii N. Kona,
Kaupulehu

Occasional 2,000ft
(610m)

Private St. Jolm
Lorence,

Flynn

1947

1987

Hawaii Kau <50 800-1,000ft

(240-300m)

State Rigashino

Penman

1989

1991

Hawaii N. Kona 1 1,900ft

(580m)

State Webster,

Gankin,

Herbst;

Perlinan

1968

1992

Hawaii N. Kona
PunXVaawaa

150
64 (outpl.)

1,850-3,000ft
(560-910m)

State Lau

Bergfeld

1909
1992
1996

Hawaii Kau,
Karnaoa-Puueo

1 1,040ft
(310m)

Private N/A
Perlinan

1991
1992

Maui Kapunakea

Preserve

1 1,640ft

(500m)

Private Bily 1992
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Islind Location Number of

Plants

Elevation Ownership Source Date

Oahu Wajanac Mts.,

Kamananui

Kainokunui

1 1,700ft

(520m)

State St.John

Fenste-macher

1955
1994

Current Distribution

Since1975, 10 populationshavebeenidentified: 3 on Oahu,6 on theBig Island,

and1 onMaui (Table14). Approximately300 individualsareknownto occur

(HHP 1991e1-e2,1991e5,l991e9-e12).

TheOahupopulationsareknownfrom theWaianaemountains,wherean

undeterminednumberofindividualsareknownto exist.

Thesix populationson theBig Islandaredistributedon thenorthernslopeof

Hualalai and near the extreme southern part of the island, on State and privately

ownedland(HHP 1991e3,1991e4,1991e6- 1991e8,1991e13- 1991e16).

Approximately185 to 205individualsoccurwithin thesepopulations(BliP

1991e3-e4,l991e6-1991e8,1991e13-1991e16;59 FR 10305).

A singleplantwasdiscoveredon Maui in theKapunakeaPreservein 1992.

Life History

Thisspecieswasobservedin fruit andflower duringSeptember1929(HHP

1991e8)andJune1968 (HELP 1991e12),andin flower duringDecember1947

(HELP 1991e4) and January 1984 (HELP 1991e9). No other life history

informationis currentlyavailable.

HabitatDescription
HabitatsofColubrinaopposi/~foliaarelowlanddry andmesicforests. The

dominantspeciesoftheseforestsis Diospyrossandwicensis.Individualsare

foundat elevationsbetween800 and3,000ft (240-910 in), sometineson a’alava

flows andassociatedwith Can/hiumodora/um(G. Forster)Seem.(alahe’e)and

ReynotdsiasandwicensisAGray (ohe) (HHP 1991e3, 1991e8, 1991e15, 1991e16,

NTBG 1991b).
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Cyrtandra (haiwale)

Comprising500 to 600 species,Cyr/andraS.R.Forster& G. Forsteris

polymorphicthroughoutits range. Its variationin Hawaii rendersthis genus

amongthemosttaxonomicallydifficult in the islands(Wagnere/a! 1990).

Hawaiiantaxahavebeenrevisedeighttimes in thepast100 years(Hillebrand

1888; Rock 1917b,1918, 1919b,1919c; St. John 1966; Clarke 1883; Wagner and

Herbst1991). To date, 67 putativehybridshavebeendescribed,emphasizingthe

prolific polymorphismwithin theHawaiiangenus. Cyr/andrais divided by

Wagnere/ a! (1990)into six sections: 1) Ver/icitta/ae,2) Cytindrocalyces,3)

Cro/onocatyces,4) Aper/ae,5)Macrosepata,and6) Chacoca. Although the
Manuatof/heFloweringPlan/sofHawaii (Wagneretat. 1990) recognizes53

speciesand4 varieties,a currenttreatment(WagnerandHerbst1991)recognizes

54 species and 4 varieties. Of these,only eightspeciesandtwo varietiesgrowon

theBig Island. All oftheseareendemicto theHawaiianIslands,andfive are

endemicto theBig Island. Ofthesetaxa,oneis extinctandtwo, Cyrtandra

gzffardii and Cyrtandra/in/innabula,areendangered.

Cyrtandragiffardii (ha iwale) - RecoveryPriority#2

Description

Cyr/andragiffardii Rock is asmall shrubbytree10-20 ft (3-6m) tall (Figure7)

(Wagnere/a! 1990). Oppositeleavesarepositionedon theuppernodesofthe

stem. Toothed,papery-texturedelliptic blades,2.4-4.7in (6-12cm) long and 1.0-

1.8 in (2.5-4.6cm)wide, generallyhaveafew brownhairson theveins. Leaf

stalks (petioles)are0.8-1.6in (2-4cm) long. Threeto five moderatelybrown-

hairy flowers arein clustersat thetip ofthemain clusterstalk(peduncle),which

is 1-1.4in (2.5-3.5cm) long. Eachflower is subtendedby unequalstalks

(pedicels)0.6-1.2in (1.5-3 cm) long andtwo linearbracts0.25 in (6-7mm) long.
Thegreencalyx,0.1-0.4in (3-9mm) long, is split 0.04-0.08in (1-2mm) from its

base. Five calyx lobesarenarrowlydeltate(triangular)andaremoderately

coveredwith shortbrownhairs. Thewhite petalsarefusedinto a cylindrical tube

about0.5 in (1.2cm) long. Five sparselyhairy lobesareabout0.08-0.1in (2-3
mm) long. Only immatureberriesareknown,andtheyarealmostround,

approximately0.4 in (1 cm)long, andwhite.
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Figure 7: Cyrtandragzffardii(from Wagnereta! 1990)
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Cyrtandragiffardii is distinguishedfrom othercloselyalignedtaxaby the

combinationofthefollowing characters:leaftextureand shape(paperyand

elliptic), petalshapeandsize(cylindric and small), calyx shapeand size(regular

and small), numberofflowerspercluster(3-5),presenceofhairs(hairspresent

on leavesandflower clusters),andberryshape(almostround)(Wagneretal.

1990).

Taxonomy

Cyrtandragiffardii originally wasdescribedby Rockbasedon onespecimen

collected in 1911. Rock (1919c) namedthe speciesin honorofWalterM.

Giffard, the collectorofthefirst flowering specimensin 1918. Rock originally

placedC. gzffardii in sectionMicrocalyces(=Apertae),otherwiseknownonly

from Oahu. However,currenttreatmentsregardC. gzffardii to bemoreclosely

alignedto C. menziesiiHook. & Arnott and,therefore,it is currentlyplacedin

sectionChactocalyces.

Historic Distribution

Cyrtandragiffardii is knownfrom thenortheasternslopeofMaunaKea southto

theeasternslopeof MaunaLoa (Table 15) (Wagneretal. 1990).

Table 15. Historic (H) andcurrentdistributionofCyrtandrag,ffardii.

Island Location Number

of

Plants

Elevation Ownership Source Date

Hawaii

(H)

Kalauilehua

Kilauea Crater

I NotAvailable

(N/A)

N/A Rock 1911

1918

Hawaii

(H)

OlaaFlume,

Kipuka

N/A 2,165 N/A Fosberg 1933

Hawaii PunaDistrict,

OlaaAhupuaa

N/A 3,600-3,670ft

(1,100-1,120m)

State warshauer

and

McEldown
ey

1978

1979

Hawaii Stainback

Highway

N/A 3,281 ft

(1,000 m)

State Wagneret

al.

1985
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Island Location Number

of

Plants

Elevation Ownership Source Date

Hawaii Laupahoe-hoe

NAR

100-

1000

3,000 ft

(915m)

State Perlinan 1990

Hawaii Laupahoe-hoe

NAR

2 2,350-3,800 ft

(720-1,160m)

State N/A 1971

1988
1991

Hawaii Laupahoe-hoe

NAR

80-100 2,320-2,540 ft

(707-717 m)

State Perlinan 1990

1991

Hawaii Laupahoe-hoe

NAR

50-100 2,360-2,520 ft

(720-768 m)

State Perlinan 1991

Hawaii Laupahoe-hoe

NAR

10-15 3,040-3,240ft

(827-988m)

State Perlinan 1991

Hawaii VolcanoesNP

OlaaTract,
KoaUnit

90 4,100-4,400ft

(1,250-1,341m)

Federal Pratt 1993-

1994

Hawaii VolcanoesNP

OlaaTract,

PuuUnit

10 4,000-4,400ft

(1,220-1,341m)

Federal Pratt 1993

Hawaii VolcanoesNP
OlaaTract,

Ag Unit

27 4,000-4,200ft
(1,220-1,280m)

Federal Pratt 1993

Hawaii VolcanoesNP

Small Tract

2 3,800-3,900ft

(1,160-1,190m)

Federal Pratt 1993

CurrentDistribution

Since1975, 11 populationshavebeenidentifiedwith thetotal numberof

individuals estimatedto exceed1,000(WarrenWagner,SmithsonianInstitution,

pers.comm., 1995;HELP 1991). TheseoccurnearPuuMakaala,Stainback

Highway, and Kilau streamin LaupahoehoeNaturalAreaReserveon State-

ownedland, andat Hawaii VolcanoesNational Park(Table 15). As of 1994, 55

knownindividualsoccurredin Hawaii VolcanoesNationalParkon transectsin

the KoaUnit and35 additionalindividualswereidentifiedin anotherareaofthe

KoaUnit thatwerenot on thetransects,6 occurredon transectsin thePuuUnit (2
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inside an exclosure and 4 outside),and27 individualsoccurredon transectsm the

Ag Unitofthe OlaaTract, aswell as2 on transectsin the SmallTract.

Life History

This specieswasobservedin fruit andflower duringJune1979 (HELP 1991j2)

andNovember1988(HHP 1991j3), and in flower duringDecember1933 (HELP
1991j5) andJanuary1918(H}{P 1991j4). No otherlife history informationis

currently available.

HabitatDescription

The habitat of Cyr/andragiffardii is wetmontaneforestdominatedby Cibo/ium

(treefern) at elevationsbetween2,400and 4,900 ft (720 and 1,500m) (Wagnere/

at. 1990,HELP 1991jl-j3, NTBG 1991d1-d2,59 FR 10305). Associatedtaxa

includeHedyo/is spp.,Perro//e/iasandwicensis A. Gray(olomea),andother

speciesof Cyr/andra(HELP 1991j1-j3, 59 FR 10305).

Reasonsfor Decline

Rootingandtramplingby pigs resultin profounddegradationofthe substrateand

nativevegetation.Habitatdestructioninevitably leadsto alienplant invasions,

particularlyAndropogonvirginicuswhich, ultimately,becomesa problem(L.

Pratt,pers.comm., 1995). Controlof alien taxais imperativeandfencingto

excludeferalanimalsandcontrolof alienweedswill assistin preserving

Cyr/andra giffardii (L. Pratt, pers.comm., 1995). Smallnumbersofpopulations
andindividualsmaydepressand limit thereproductivepotential,andalso

increasethevulnerabilityofthis taxonto extinctionfrom theoccurrenceofa

catastrophicevent(Stone1985;W. Wagner,pers.comm., 1992).

ConservationEfforts
Attemptshavebeenmadeat VolcanoRarePlantFacility to germinateseedof

Cyr/andra gzffardii withoutsuccess(P. Moriyasu,pers.comm., 1995). Further

attemptswill bepursuedwhenmoreseedis acquired. All oftheKoaUnit and

someofthePuuUnit oftheOlaaTractin Hawaii VolcanoesNationalParkare

fencedandhavebeendeclaredpig-free(L. Pratt,pers.comm., 1995). All but

fouroftheplantsin this and Small Tractarewithin exclosures.Theplantsappear

healthyandareflowering andfruiting. It is undeterminedhow manyjuveniles
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arepresentbecausetheyaredifficult to distinguishfrom othermembersof the

genuswhenimmature(L. Pratt,pers.comm., 1995).

NeededRecoveryActions

PopulationsoutsideofHawaii VolcanoesNationalParkshouldbeprotectedfrom

pigs andotherungulates,andfencingshouldbemaintainedfor thoseinsidethe

Park. Controlofalienplanttaxashould alsobeundertaken.

Cyrtandratintinnabula (ha iwale) - RecoveryPriority#5

~pfl~n

Cyr/andra/in/innabutaRock is a small shrub3.3-6.6ft (1-2 m) tall (Wagnere/

at. 1990). Opposite, elliptic or oval leafbladesare 5-10 in (13-26 cm) long and

2-4.9 in (5-12.3 cm) wide. Papery in texture,the toothedleafbladesare

moderatelycoveredwith yellow-brownhairs,especiallyon thelowersurface.

Stalksof the leaves(petioles)are2.1-4.1in (5.3-10.5cm)long. Threeto six

flowers arein clustersatthetip of amain clusterstalk(peduncle)0.4-0.7in (1-

1.8 cm) long. Eachflower is subtendedby astalk0.2-0.6in (0.5-1.5cm) long

and oval or heart-shaped leaf-like bracts 0.4-0.6 in (0.9-1.5cm)long. Thecalyx,

0.4 in (9-10 mm)long, is pale green, bell-shapedand cleft 1/4 to 1/3 of its length.
Five reflexed,deltatelobesaredenselyand softly hairy. Fivewhite petals,0.1 in

(3 mm) long, arefusedinto a soft-hairy,cylindric tube,about0.5 in (12mm)

long and 0.2 in (0.5 mm) wide.

Cyr/andratin/innabutais distinguishedfrom theothertaxawhich occuron the
Big Islandby acombinationofcharacterssuchaspetalsizeand shape,calyx size

andshape,numberofflowerspercluster,andthe presenceofhairs. Thetaxon

differs from C. giffardli by its shrubbyhabit, largerleaves,andshortermain

clusterstalks(peduncles)andflower stalks(pedicels)(Wagnere/ at. 1990, 59 FR

10305).

Taxonomy

Cyr/andratintinnabutawasdescribedby Rockfrom specimenshe collected on
MaunaKea,Hawaii, in 1909. Rock (1918) namedthespecific epithetby

describingthebell-shapedcalyxof theflower. C. tin/innabutawasoriginally

placedby Rock in thesectionCrotonocalyxwhereit remainstoday.
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HistoricDistribution

Cyr/andra/intinnabutais knownonly from three locationson thenortheastern

slopesofMaunaKea (Table 16) (HHP 1991k1-k6,59 FR 10305).

Historic (H) andcurrentdistributionof Cyr/andra/in/innabulaTable 16.

Islan
d

Location Number
ofPlants

Elevati
on

Owners
hip

Source Dat
e

Haw
aii
(H)

Hamakua,
Paauhau

Not
Available
(N/A)

3,000 ft
(900m)

N/A Rock 190
9

Haw
aii
(H)

Makahanaloa,
PuuKauku

N/A N/A N/A N/A 192
2

Haw
aii
(H)

N.Hilo,
Honomu

N/A 1,476ft
(450m)

N/A Fosberg 193
3

Haw
aii

N. Hilo,
Honohina

1 2,130ft
(650m)

Private St. John 197
6

Haw
aii

W. Kilau
Stream

16 2,400 ft
(730 m)

State Warsha
uer

197
7

Haw
aii

Kilau Stream,
Laupahoehoe

1 2,940 ft
(890m)

State Warsha
uer

197
7

CurrentDistribution

Since1975,threepopulationshavebeenidentifiedin theLaupahoehoearea,on

Stateandprivateland(Table 16). A total of 18 individualsis knownin anareaof

1 by 6 mi (3 by 10 kin) (HHP 1991k1-k6,59 FR 10305).

Life Historv

Thisspecieswasobservedin flower duringJuly 1909(HHPl991k1)andAugust

1977(HHP1991k3),and in fruit duringDecember1933 (HIHP1991k2).No other

life history informationis currentlyavailable.
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HabitatDescription

Cyr/andra tin/innabuta grows in lowlandwetforest dominatedby denseAcacia

koa (koa),Me/rosiderospolymorpha (ohia),andCibo/ium (treefern) at elevations

of 2,100to 3,400ft (650to 1,040m) (Wagnere/at. 1990,HElP 1991k3-k4,

1991k6). SeveralotherCyr/andra (haiwale)andHedyotis (pili) speciesare

associatedwith C. /in/innabuta(HIIP 1991k3-k6).

Reasonsfor Decline

Rootingandbrowsingby feral pigs directly damageanddisturb thehabitatof

Cyr/andra,and breakits weakanddelicatestems(Stone1985). Indirectly, pigs

disturbnativevegetationandallow theinvasionof alientaxa,which in turn

rapidlybecomeestablished.Continueddisturbanceexacerbatesthealienplant

problemandeventuallyprecludesthe survivability of nativetaxa. Becausemuch

of thenativehabitatis lost, appropriatepollinator(s)maybeabsentas well. The

lossof nativevectorsis aprobablecausefor thetaxon’sdemise. Small numbers

of extantindividualswith limited distributionsrestrictthe genepool anddepress

reproductivevigor. Theyalsorenderrandomeventsa seriousthreat.

ConservationEfforts

TheNationalTropicalBotanicalGardenhaspropagatedthetaxon(D. Ragone

pers.comm., 1995).

NeededRecoveryActions

In orderto preventpossibleextinctionof this taxon,maintenanceof exsi/u

geneticstockis necessary.The 18 knownindividualsshouldbeprotectedfrom

ungulates,particularlypigs, andencroachmentof alienplants. Propagationand

outplantingofexsi/ustockwill likely beneededin orderto establishasufficient

numberofpopulationsand plantsfor recovery.Researchshouldbeconducted

into thespecies’pollination vectors.

Poaceae(GrassFamily)
Thegrassfamily is comprisedof approximately600 genera and nearly 10,000

species(Gouldand Shaw1983),andranksasthethird orfourth largestfamily on

earth. Grassesin the StateofHawaii comprise67 generaand 147species,

including39 endemicand 8 indigenousspeciesin 19 genera,and57 generaand

100 speciesthat havebecomenaturalized(O’Connor 1990).
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Ischaemum(ischaemum)
IschaemumL., a member of the tribe Andropogoneae,is primarily paleotropical,

especiallyin Asia (O’Connor 1990). Althoughthegenuscontainsabout60

species,onlyoneisendemicto theStateofHawaii. However,in 1963, Ischaemum

indicum(Houtt.) Merr. wasfoundto beanintroducedtaxononMaui (O’Connor

1990).

Ischaemumbyrone(Hilo ischaemum)- RecoveryPriority#8

Description
Ischaemumbyrone(Trin.) Hitchc. is a perennialgrasswith creepingunderground

stemsanderectstems16-31 in (40-80cm) tall (Figure8) (O’Connor1990). The

lower portionof theleafthat surroundsthestem(sheath)sometimesexhibits long

hair near the base, while the upper portion is often inflated and encloses the

yellow-brownflower clusters(inflorescences).Theflat, hairlessleafbladesare

2.8-7.9 in (7-20 cm)long and 1.2-2in (3-5 cm) wide, decreasingin sizetoward

thetopoftheplant. Branchesofthe flower clustersoriginateat onepoint in twos

andthrees(digitate). Two-floweredspikelets(basicunits of aninflorescence)are

oftwo types:1) oneunit is sessilewith atwistedbristle(awn),0.9-1.0in (2.4-2.6

cm)long; and2) oneunit is stalkedwith ared-brownawn,0.6-0.8in (1.5-2cm),

which is twistedtowardthebase. Thefruit is a goldenovalgrain(caryopsis)

about0.1 in (3mm)long.

Ischaemumbyronecanbe distinguishedfrom otherHawaiiangrassesby its tough

outerflower bracts,dissimilarbasicflower units,which areawnedand2-

flowered,anda2 or 3-brancheddigitate inflorescence(O’Connor 1990, 59 FR

10305).

Taxonomy

Ischaemumbyronewascollectedby JamesMacraein 1825 duringtheBlond

ExpeditionnearByron’s Bay, now referredto asHilo Bay, Hawaii. Trinius

(1830)namedthetaxonSpodiopogonbyronisTrin., thespecificepithethonored

thecollection’slocationin Byron’sbay. Steudel(1855)movedthetaxonto the

genusAndropogon and named itA. byronis (Trin.) Steud. In 1889, Hackel

redescribedthetaxonandplacedit in thegenusIschaemum,namingit Ischaemum

tu/escens Hack. for theyellow-browncolor ofthe inflorescence.Thenamewas

consideredsupeffluousand, in 1922,Hitchcockrecognizedtheoriginalspecific
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Figure 8: Ischaemum byrone (from Wagnere/ a! 1990)
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epithetandpublishedthe currentlyacceptednomenclature,Ischaemumbyrone

(O’Connor 1990, 59 FR 10305).

Historic Distribution

Ischaemumbyronewashistorically distributedoverseveralislands:Oahu;

northeasterncoastofMolokai; eastMaui; the easterncoastandinland portionof

theBig Island;andanunspecifiedisland(Table 17) (HHP 1991m5-ml1).

Table 17. Historic(H) andcurrentdistributionof Ischaemumbyrone.

Island Location Number ot’
Plants

Elevation Ownership Source Date

Oahu (H) NotAvailable
(N/A)

N/A N/A N/A N/A 18??

Maui (H) E. Maui N/A N/A N/A N/A 189?

N/A (H) N/A N/A N/A N/A N/A I 899

Molokai

(H)

Halawa N/A N/A N/A Faurie 1909

Hawaii

(H)

Kalapana N/A N/A N/A Rock 1917

Hawaii

(H)

Rainbow Falls N/A N/A N/A Hitchcock 1922

Hawaii
(H)

N/A N/A N/A N/A N/A 1926

Hawaii
(H)

Hilo Bay N/A N/A N/A Degener
andIwasaki

1930

Hawaii
(H)

Keaau N/A lOft
(3m)

N/A Hosaka 1936

Maui (H) KalianuGardens,
Piliani Heiau

Locally
common

N/A Private Fosberg 1974

Maui PauwaluPoint N/A 80 ft
(24m)

Private N/A
Davisand
Sylva

1933
1978

Maui MokuHuki Occasional 10 ft
(3m)

State Hobdy 1981

Maui Kauiki Head,
Puuiki Island

N/A 250ft
(2-76 m)

Federal Hobdy 1982
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Island Location Number of
Plants

Elevation Ownership Source Date

Maui E.Maui,
Keopuka Rock

N/A lOOft
(30m)

State Hobdy 1982

Hawaii Volcanoes
National Park

50-100 20-25 ft
(6-8 m)

Federal N/A
Cuddihy

1965
1983

Molokai Wailau Valley N/A 100 ft
(30 m)

Private Higashino
and Allen

1984

Molokai N. Coast,
E. Kikipus

Scattered N/A Private Hobdy 1984

Hawaii 5. Kilo N/A N/A State Koske and
Genka

1987

Maui Wainapanapa
State Park,
Pailoa Bay,
Keawaiki Bay

N/A 30ft
(9 m)

State N/A 1991

Maui E. Maui,
Honokalani,
Wainapanapa
State Park

1,000-
2,000

N/A State N/A 1991

Hawaii Kamoamoa,
Puna

N/A 20-25ft
(6-7m)

Federal Lainoureux 1945
1992

Hawaii Puna,Kikala-
Keokea

Locally
common

50 ft
(15m)

N/A Takeuchi 1992

Hawaii Rib, nearLehia
Park

I ,OOOs spray
zone

Private HHP 1992

Hawaii Puna,Makuu
Halona

50 N/A Federal HElP 1992

Hawaii Volcanoes
National Park,
NewKipuka

200 N/A Federal Pratt 1992

Hawaii Volcanoes
NationalPark

50 N/A Federal Pratt 1995

Kauai KauapeaBeach —50 6 ft (2m) Private Lorence 1995

CurrentDistribution

Since1975, 17 populationshavebeenidentifiedonKauai,Molokai, Maui, and

Hawaii (Table 17). A small populationwasrecentlydiscoveredon thenorthshore
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ofKauai. Approximately50 plantsaregrowingonwet cliff facesonprivately

ownedlands. Severalthousandindividualsexist, themajorityoccurringin three

of thepopulations,oneon Maui andtwo on theBig Island. Two populationsare

distributedonthenortheasterncoastofMolokai, onprivatelyownedland. These

populationsoccurwithin 2 mi (3.2 kin) andhavean undeterminednumberof

individuals. Maui’s 6 populationsaredistributedthroughoutanareaof

approximately16 mi (26 kin) on the northeast coast and number 1,000-2,000

individualsormore. On theBig Island, eightpopulationsareknownalongthe

eastandsoutherncoastsofthe islandandnumberin thethousands,with most

locatedin two populations. Thepopulationsappearto be healthyand

reproducing(RichardWarshauer,NationalBiological Service,pers.comm.,
1995; C. Corn, pers.comm., 1995). At HawaiiVolcanoesNationalPark,the200

plantsbetweenKanioamoaandKaLaeApuki in akipuka(an “island” of land

formedby thenewlavaflow) mayhavebeencoveredby lavasincetheywere

identifiedin 1992(L. Pratt,pers.comm., 1995). Likewise,the5 concentrations

totalling approximately 50 plantswestofKaLaeApuki at Lae Apuki at Hawaii

VolcanoesNationalPark,mayhavebeencoveredby lavasincelastseenin

Januaryof 1995 (L. Pratt,pers.comm., 1995).

Life History

No life historyinformationis currently availablefor this species.

HabitatDescription

Thehabitatof Ischaemum byrone is coastaldry shrubland. Thetaxonoccursnear

theocean,amongrocksandcliffs at elevationsrangingfrom 0-250ft (0-75 in).

AssociatedtaxaincludeBidens L. (ko’oko’olau), Fimbris/ytis cymosa R. Br.

(mau’u ‘akiaki), andScaevota sericea Vahl (naupakakai) (HELP 199inS,

1991m7, 1991m9, 1991m11, NTBG1991f, 59 FR 10305).

Reasonsfor Decline

Asidefrom thethreatofcoverageby lavaflow on thesoutheasternportionof the

Big Island,themostseriousthreatto lschaemumbyroneis the invasionofalien

grasses,particularlyDigi/aria ciliaris (Henry’s crabgrass).Otherpotentialthreats

includegrazingandbrowsingby feral animals(axisdeerandgoats). Disturbance

incurredfrom theseungulatesfurtherpromotesintroductionandestablishmentof

alienweeds.Lavaflowing from Kilaueadestroyedabout200 individuals0.2Smi
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(0.4 1cm) westofKamoamoa in 1992 (L. Pratt pers. comm., 1995). A few

individualswererescued. Fire in areasinfestedwith aliengrassesmaybea

potentialproblem,providedenoughfuel is present. Somepopulationsarealso

threatenedfrom residentialdevelopment.

ConservationEfforts

TheNationalTropicalBotanicalGardenhasgerminatedseedsandpropagatedthe

taxon(D. Ragone,pers.comm., 1995). Approximately10-15plantswererescued

from thelavaflow atLaeApuki in Hawaii VolcanoesNationalParkin 1992.

Thesearepresentlylocatedat theParkgreenhouse.

NeededRecoveryActions

Protectionofplantsfrom ungulate(goatanddeer)browsing,invasionofalien
grasses,fire, and developmentarenecessaryfor therecoveryofthis species.

Efforts shouldbemadeto ensurethatpopulationsremainviable on eachofthe

islandson whichthespeciespresentlyoccurs.

Violaceae (Violet Family)
Violaceaeis cosmopolitanin distribution andcontainsabout16 generaand 800

species. In Hawaii, thefamily is representedby two genera,Viola L., andthe

endemicgenus,IsodendrionA. Gray(Wagnere/ a! 1990).

Isodendrionpyrifolium (wahine nono kula) - RecoveryPriority #2C

Description

Isodendrionpyr~foliumA. Gray is a small, branched shrub 2.6-6.6 ft (0.8-2 m)

tall (Wagnere/ at. 1990). Elliptic to lance-shapedleafbladesare 1-2.6in (2.5-

6.5 cm) longand 0.3-1.3in (0.8-3.2cm)wide. Thepapery-texturedbladeis

moderatelyhairy beneath(at leaston theveins)andstalked. Thestalk(petiole)is

0.2-0.4in (0.5-1 cm) longand is subtendedby oval, hairy, bract-likestructures

(stipules)0.1-0.2in (2.8-5mm) long. Fragrant,bilaterallysymmetricalflowers

aresolitary. Theflower stalk(pedicel)is 0.07-0.2in (1.5-4mm) long, white-

hairy, and subtendedby two bracts0.08-0.1in (2-3 mm) long. Bractsariseat the

tip ofthemain flower stalk(peduncle)0.08-0.2in (2-6mm) long. Thefive

sepalsarelance-shaped0.1-0.2in (3.5-5mm) long, membranous-edgedand

fringedwith whitehairs. Fivegreen-yellowpetalsaresomewhatunequal,0.4-0.6

in (10-15mm) long andlobed,0.2 in (5 mm), theupperbeingtheshortestandthe
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lower the longest. The fruit is a 3-lobed, oval capsule, 0.5 in (12 mm)long,

which splits to releaseolive-coloredseeds0.1 in (3-3.2mm) long and 0.08 in

(1.8-2.2mm) in diameter.

Isodendrionpyr~foliumis distinguishedfrom othertaxain the genusby its

smaller,green-yellowflowers,andhairy stipulesand leafveins(Wagnere/ at.

1990).

Taxonomy
Isodendrionpyr~foliumwasfirst describedby AsaGray(1852)afterits collection

on Oahuduring theUnited StatesExploring Expeditionof 1841. St. John(1952),
in his monograph,divided thegenusinto five species:I. hawajiense St. John, I.

hittebrandii St. John, I. tanaiense St. John, I. motakajense St. John,and I. remyi

St. John. Thecurrenttreatment(Wagnere/ at. 1990)recognizesL pyr~folium as

thecorrectnameandconsiderstheothernamesassynonyms. Graychosethe

specificepithet,pyijfotium, becausetheshapeoftheleafresemblesapear

(pyrus).

Historic Distribution

Isodendrionpyr~fotiumis knownhistorically from six oftheHawaiianIslands.

Locations of thepopulationsonNiihau,Molokai, andLanaiwereunspecified.

Specificpopulationswerefoundin Oahu’scentralWaianaemountains,Maui’s

southwesternmountains,andon thewesternslopeof Hawaii’s Hualalaimountain

(Table 18) (Wagnere/ a! 1990,HELP 199lnl-nS).

Table 18. Historic (H) andcurrentdistributionofIsodendrionpyr~folium.

Island Location Number
of Plants

Elevation Ownership Source Date

Niihau
(IT)

Not Available
(N/A)

N/A N/A N/A N/A 185?

Molokal
(H)

N/A N/A N/A N/A N/A 185?

Lanai (H) N/A N/A N/A N/A N/A 1870

Oahu (H) Waianae Mts. N/A N/A N/A St. John 1840
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Island Location Number
of Plants

Elevation Ownership Source Date

Oahu(H) WaianaeMts. N/A 1000 ft
(300m)

N/A St. John 1869

Hawaii
(H)

N. Kona
Hualalai

N/A N/A N/A N/A 1857

Maui (H) W. Maui, Wailuku
Valley

N/A N/A N/A Rillebrand 1870

Maui (H) W. Maui, Waihee
Valley

N/A N/A N/A N/A
St. John

1870
1952

Maui (H) W. Maui, Oloalu N/A N/A N/A Rillebrand 1870

Hawaii N. Kona,
Kealakehe

50-60 270 ft(82
m)

N/A HHP 1990
1992

CurrentDistribution

Since1952,only onepopulationofthis taxonhasbeenidentified. In 1990,four

to six individualswerelocatednearKailuaKonaon theBig Island(C. Corn, pers.

comm., 1995;F92HHPo9). Duringasearchof theareain 1992-93,50 to 60

individuals were found in the same area(Table18) (EvangelineFunk,Botanical

Consultants,pers.comm., 1993; C. Corn, pers.comm., 1995). Theplantsoccur

on landthat is beingdevelopedfor residentialuseandagolf course,andfencing

is plannedfor theirprotection(C. Corn, pers.comm., 1995).

Life History

During periodsofdrought,this specieswill drop all but thenewestleaves. After

sufficientrains, theplantsproduceflowerswith seedsripening1 to 2 months
later (C. Corn, pers. comm., 1996).

Habitat Description

Isodendrionpyr~fotiumis foundin dry to mesicforestsat low elevations. This

specieswasformerly associatedpredominantlywith taxasuchasCan/hium
odora/um(alahe’e), Sidafaltax (ilim a), San/alum(sandalwood,‘iliahi),

Myoporumsandwicense(naio),Sophorachrysophylla(mamane), and Wat/heria

indica L. (‘uhaloa) (Paul Weissich,WeissichandAssociates,pers.comm., 1992,

1995).
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Reasonsfor Decline
Theconversionofthis species’naturalhabitatto residentialandrecreational

developmentsis of graveconcern,asis thepresenceofthe aggressivealien

fountaingrass(Pennise/umsetaceum).Drying standsofthis andotherweedy

speciesgreatlyincreasethefire loadandfire potential. Competitionfor nutrients

with alien plant taxasuchaskoahaole(Leucaenateucocephata)is a threat.

Althoughmoreprolific thanonceanticipated,numbersofindividualsarenot

abundantenoughto maintainreproductivevigor, thusmakingrandomextirpation

a possibility.

ConservationEfforts
TheNationalTropicalBotanicalGardenhaspropagatedthetaxon(D. Ragone,

pers.comm., 1995). Lyon Arboretumhasattemptedto growIsodendrion

pyr~folium from immatureseedbuthashadno success(G. Koob,pers.comm.,

1995). CarolynCorn (pers.comm., 1995)mentionedthattheseedsappearto

germinateslowly. To minimizenegativeimpactto this speciesby the

developmentof asubdivisionin thearea,thereareplansto fencetheremaining

wild individuals(C. Corn, pers.comm., 1995).

NeededRecoveryActions

In order to prevent possibleextinctionof this species,propagationand

maintenanceof exsi/u geneticstockis necessary.It is imperativethatplansto

fenceandprotecttheremainingwild populationbecarriedout. Controlof

fountaingrassandkoahaoleshouldbeundertakenin thehabitatof thewild

population. Propagationandoutplantingof exsi/u stockwill beneededin order

to establishasufficientnumberofpopulationsand plantsfor recovery. Efforts

shouldbemadeto re-establishthespecieson OahuandMaui within its known
historicalrangein orderto ensureagainstrandomextinction.

Cyperaceae(SedgeFamily)
Cyperaceaeis widelydistributedthroughouttheworld in numerousecological

environmentsandcomprisesabout70 generaand4,000 species.All ofthe18

generafoundin theHawaiianIslandsareindigenous.Within these,thereare41

speciesthat havebeenintroducedand28 that areindigenous,including 17 species

thatareendemic(Koyama1990).
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Mariscus (no common name)
ThegenusMariscus Vahl, nom. cons.,occurspredominatelyin thetropical,

subtropical,andtemperateregionsof theworld andis composedof about200

species.NativeHawaiianMariscus appearto havebeenintroducedby three

independentcolonizations,resultingin threecloselyrelatedgroups(Koyama

1990). SomeauthorsregardMariscus asa memberofCyperus L. becausethere

seemsto bealackof evidenceto separatethegenera.

In Hawaii, Mariscus contains12 speciesand8 subspecies.Of the eighttaxathat

are endemic to the Hawaiian Islands, five occurred on the Big Island. Of these

five taxa,two are endangered,Mariscuspenna/~formis (subsp.bryanii andsubsp.

penna/~formis),andMariscusfauriei.

Mariscusfauriei (nocommonname) - RecoveryPriority#14

Description

Mariscusfauriei (Kukenth.) T. Koyama is a perennial herb with tuberous

undergroundstemsthatarecoveredwith red-brownhairs(Figure9) (Koyama

1990). Erect3-angledstems4-20in (10-50cm) tall areeithersingleor several

aregroupedtogether. Linear leaves,0.04-0.1in (1-3.5mm) wide, areequalto

thestems in length. Thebasalportionof the leaf,which claspsthestem,(sheath)

is red-brown. Theflower cluster(inflorescence),0.8-1.6in (2-4cm) long and

1.2-3.9in (3-10 cm)wide, is subtendedby threeto five unequalbracts,the lowest

beingthelongestat 2.4-7.9 in (6-20 cm)long. Eachflower clusteris composed

of3 to 10 spikes(unstalkedflowersin unbranchedclusters),which are0.3-1.2in
(0.8-3cm) long and0.3-0.4in (0.8-1 cm)wide. Eachspikeis composedof

sevento ninesmall flattenedflower units(spikelets)0.2-0.3in (4-8mm) long,

which spreadwith age. Bractssubtendingeachflower areyellow-brown,with
red-brownspecksor lines. Theunopenedfruits are3-angledandelliptic, 0.05 in

(1.2 mm) long and0.03 in (0.7mm)wide.

Mariscusfauriei is distinguishablefrom othertaxawithin thegenusin Hawaii by

small, narrow,spreadingspikelets,relativelysoft leaves,anda relatively small

stature(Koyama1990, 59 FR 10305).
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Taxonomy
Mariscusfaurieiwasoriginally describedby Kukenthal,basedon 1910

collectionsby Fauriefrom Molokai (Wagneretal. 1989)andnamedCyperus

fauriei Kukenth. in honorofthe collector. Koyama(1990)re-evaluatedcertain

taxawithin Cyperus and placed them in Mariscus, includingMfauriei.

HistoricDistribution
Mariscusfauriei is knownhistorically from easternMolokai; northwesternand

southernLanai; andwesternHawaii (Table 19) (HHP 1991o1-o8;NTBG 1991g).

Table 19. Historic (H) andcurrentdistributionofMariscusfauriei.

Island Location Number of
Plants

Elevation Ownership Source Date

Molokai
(H)

Kamalo Not Available
(N/A)

3,281 ft
(1,000m)

N/A Faurie 1910

Hawaii
(H)

N. Kona,
PuuWaawaa

N/A N/A N/A Forbes 1911

Lanai

(H)

S. Lanai N/A N/A N/A Munro 1913

Lanai
(H)

Mild N/A 1,250-1,300ft
(380-400m)

N/A Munro 1929

Lanai
(H)

Kaa N/A 1,400-1,450ft
(430-440m)

N/A Munro 1930

Hawaii
(H)

MaunaLoa,
Hualalai

N/A 6,000ft
(1,830m)

Private N/A 1962

Molokai Kamiloloa 20-30 2,000 ft
(610 m)

State Hobdy 1985

Hawaii SouthPoint,
Kamaoa-
Puueo

10 1,040ft
(320 m)

State NTBG 1991

Hawaii Kamaoa-
Puueo

12 1,040-1,080ft
(320-330m)

Private N/A 1991

Hawaii N.Kona,
Kaloko

ca.5 380ft(116m) N/A HHP 1992
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Current Distribution

Thetaxonis presumedextincton Lanai. Since1975, 4 extantpopulationshave

beenidentified,totalling45-60individuals(HELP 1991o1-o8;NTBG 199lg; R.

Hobdy,DOFAW, pers.comm., 1992)(Table 19). Onepopulationof20 to 30

plantsis extantona StateForestReserve,Molokai. Threepopulations,together

consistingof 20-30 plants,areknownonthe Big Island.

Life History

No life history informationis currentlyavailablefor thisspecies.

HabitatDescription

ThehabitatofMariscusfauriei is lowlanddryforest, typically dominatedby

Me/rosiderospotymorpha (‘ohi’a) andDiospyros L. (lama) species. The taxon

generallyoccurson a’a lavasubstratesat elevationsof380 to 6,000ft (300to

1,830m) (Koyama1990,HELP 1991o8, NTBG 199ig). Associatednativetaxa

includePeperomia Ruiz & Pay. (ala ala), Capparis sandwichiana (maiapilo)

Rauvotfia sandwicensis A. DC. (hao), andCan/hiumLam.,nom. cons.prop.

(alahee).

Reasonsfor Decline
SignificantbrowsingandtramplingofMariscusfauriei by feral goatsandaxis

deeroccuronMolokai andarecontributingsignificantlyto thetaxon’sdecline.

Disturbanceofsubstrateandunderstoryprovideopportunitiesfor invasionof

alien taxa.

Onthe Big Island, competition with alien species, such as the noxious grass

Oplismenushir/ettus,koahaole(Leucaenaleucocephala)anda memberof the

mangofamily, Schinusterebin/h~fotius,is a majorconcernbecausetheseinvasive

speciesareencroachingon habitatsof Mariscusfauriei. Thetwo aforementioned

alien speciespresentamajorthreatin drierhabitats. OnMolokai and theBig

Island,but particularlythe latter, smallnumbersofwidely distributedMfauriei

accountfor amuchreducedgenepool, which maynegativelyaffectreproductive

vigor. Developmentandnaturalandhuman-causedcatastrophiceventsaregrave

threatsbecauseentirepopulationsmaybeextirpated(HELP 1991o8; NTBG

199ig; R. Hobdy,pers.comm., 1992; 59 FR 10305).
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Conservation Efforts

No conservationeffortsaretakingplaceatthis time.

NeededRecoveryActions

Propagationand maintenanceofexsi/u geneticstockarenecessary.Molokai

populationsshouldbeprotectedfrom deerandgoatsvia fencingorothermeans.

Controlofcompetingalien taxa,specifically Optismenushir/ettus, Leucaena
tuecocephalaandSchinus/erebin/h~folius,is necessaryon theBig Island.

Propagationand outplantingofexsi/u stockwill likely beneededin orderto

establisha sufficientnumberof populationsandplantsfor recovery. Efforts

shouldbemadeto ensurethatbothMolokai andBig Islandpopulationsremain

viable.

Solanaceae(Nightshade Family)

Solanaceaeis afamily that is widespread,butoccursprimarily in thesouthern
hemisphere.Composedof90 generaand2,700species,this family is represented

in Hawaii by 12 genera,3 ofwhich arenative(Symon 1990). Solanaceaeis an

importantcontributorofmanyfoodsources,aswell asweeds.

Nothocestrum(aiea)

No/hoces/rumA. Grayis endemicto themainHawaiianIslands. Thegenus

comprisesfour species,two ofwhich occuron theBig Islandwith oneofthese

endemicto theBig Island. Both taxaon theBig Islandare listedasendangered.

No/hoces/rumpeltatumSkottsb.alsooccursonKauai,andis addressedin the

RecoveryPlanfor theKauaiPlantCluster. Nothocestrumbrev~florumA. Grayis

addressedin this plan (Symon1990).

Nothocestrumbrev4florum(aiea) - Recovery Priority #5

Description

Nothoces/rumbrev~florumis a stout tree 33-39 ft (10-12m) tall (Symon1990).

Thetrunk, about18 in (45 cm) in diameter,hasa soft, sappywoodwith dark

brownbark. Oblong to elliptic, toothless,stalkedleaves,2-4.7 in (5-12cm) long

and 1.2-2.4 in (3-6cm) wide, aregenerallyconfinedto the endsofthebranches

andareseasonallyshed. In texture,theyarerelatively thick andpapery. The

upperleafsurfaceis glabrous(smooth)to sparselywhitish pubescent(downy),

andthelower surfaceis oftendenselywhitish pubescent.Severalto numerous
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flowers appearin clustersatthetips of shortened,spur-likebranches.Each

flower is subtendedby its own stalk(pedicel)0.2-0.4in (4-10mm) long. The4-

lobed, tube-shapedcalyx,0.2-0.4in (6-11 mm) long, is split on oneside. Green-

yellow,4-lobedpetalsarefusedatthebaseandgenerallyareenclosedin the

calyx. Thelobesarehairy on theoutside. Fruits remainenclosedby thecalyx

andareorange-red,roundberriesabout0.2-0.3in (6-8mm) in diameter.

Thisspeciesis distinguishedfrom otherHawaiianmembersofthegenusby leaf

shape,numberofflowers(morethanthree)in theflower clustersat tips of short

spur-likebranches,andthefruit remainingenclosedin the calyx (Symon1990).

Taxonomy

No/hoces/rumbrevflorumwas first collectedby CharlesPickeringduring the

United StatesExploring Expeditionof 1840and 1841. Basedon these

specimens,AsaGray(1862)namedthetaxonN. brevftorum,thusreferringto the
shortpetalsofthe flower in this species.Hillebrand(1888),in his Flora ofthe

HawaiianIslands,describedavariety,No/hoces/rumbrevflorumvar. longipes

Hillebr. However, in the most recent treatment, Symon (1990) disregarded

varieties of this species.

HistoricDistribution

No/hoces/rumbrevflorumis known from thesouthernKohalamountains,the

western,southern,andeasternslopesofMaunaLoa, andthenorthernslopesof

Hualalai,Hawaii (Table20).

Table20. Historic (H) andcurrentdistributionofNo/hoces/rum
brev~fiorum.

Island Location Number of
Plants

Elevation Ownership Source Date

Hawaii
(H)

S. Kohala,
Kawaihae
luka

Not
Available
(N/A)

N/A N/A N/A 18??

Hawaii
(H)

Kau,
Kapapala

N/A N/A N/A Forbes 1911

Hawaii
(H)

Kau,Rilea
Trail

N/A N/A N/A Rock 1912
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Island Location Numberof
Plants

Elevation Ownership Source Date

Hawaii

(H)

N. Kona N/A N/A N/A Cranwell 1938

Hawaii
(H)?

Kipuka
Puaulu

I N/A Federal N/A
Fagerlund

and Mitchell

1915
1943

Hawaii
(H)

S. Kona,
Kiilae

N/A 4,000-5,000ft
(1,220-1,520m)

Private N/A
Baldwin

1944
1959

Hawaii
(H)

Kohala
Mts.,
Waimea

N/A 2,400ft.
(730m)

Private N/A
Christensen

1926
1963

Hawaii
(H)

Naulu N/A 1,700-2,100ft
(520-640m)

Federal Newell 1966

Hawaii
(H)

N. Kona 2 1,000ft
(300m)

State Herbst 1970

Hawaii N. Kona
Kaupulehu

4 2,000-2,200ft
(607-670m)

Private N/A
Wagnereta!.
Lorence

1947
1983
1995

Hawaii Kau,
Kamaoa-
Puueo

I 600ft
(180m)

State N/A 1991

Hawaii N. Kona,
Puu
Waawaa

N/A 900-6,000 ft
(580-1,830m)

State N/A
Takeuchi and
Tate

1909
1992

Hawaii S. Kohala,
Kiholo

N/A N/A N/A N/A 1989
1992

Hawaii N. Kona,
Kaloko

2 360ft
(hOrn)

N/A HEW 1992

Hawaii N. Kona,
Kealakehe

I 260ft
(79 m)

N/A HHP 1992

CurrentDistribution

Since1975,six populationshavebeenidentifiedon thewesternsideoftheBig

Islandfrom SouthKohalato Kamaoa-Puueo(Table20) (HHP l99lpl-l2; Joel

Lau,TheNatureConservancyofHawaii, pers.comm., 1992;W. Wagner,pers.

comm., 1992; J. Giffin, pers. comm., 1995). Four populations consist of one to

four plantseach,andnumbersareunknownfor two populations. In addition,
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plantsmay havebeencultivatedatKipuka Puaulufor ornamentalpurposes(J.

Giffin, pers.comm., 1995). Six individualsmaypersistatthis site,providedthey

werecorrectly identified(L. Pratt,pers.comm., 1995). Thetaxonhasnot been

seenrecentlyat Naulu andis probablyextirpatedfrom that location(L. Pratt,

pers.comm., 1995).

Life History

This specieswasobservedin flower during February1970 (HELP 199lp4), andin

fruit andflower duringDecember1991 (HELP l99lpl2) andJanuary1912(Rock

1913). No otherlife history informationis currentlyavailable.

Habitat Description

HabitatsofNo/hoces/rumbrev~florumarelowlanddry forest,montanedry forest,

andmontanemesicforestdominatedby Me/rosiderospotymorpha, Acacia koa,

and\orDiospyrossandwicensis.Individualsoccuron a’a lavasubstratesat

elevationsrangingfrom 260 to 6,000ft (180to 1,830m) (Gagneand Cuddihy

1990; Symon 1990; HELP l99lpl-p2, l99lpS, l99lp’7, l99lpl2; NTBG 1991h).

San/alum L. (iliahi), Caesatpinia kavajensis H. Mann(uhiuhi),Ery/hrina

sandwicensisDegener(wiliwili) andseveralothertaxagrow in associationwith

No/hoces/rumbrevflorum(HHP l99lpl, l99lp3-p4, l99lpl2; NTBG 1991h;

W. Wagner,pers.comm., 1992;J. Giffin, pers.comm., 1995). Other endangered

taxa,including Colubrina opposi/ofolia, Kokia drynariodes, Hibiscadeiphus

huatatajensis, andDelissea undutata, grow in theareawhereN brev~florum

occursin thePuuWaawaaarea.

Reasonsfor Decline

Nothocestrumbrev~florumis negativelyimpactedby cattleand sheepgrazingand

by the introductionofalienplanttaxasuchas Schinusterebin/h~foh us,

Pennise/um se/aceum (fountaingrass),Lan/ana camara, and Leucaena

leucocephata(koahaole). Theintroductionoftheseinvasivetaxamay afford

enoughfuel to supportadestructivefire. Increasedresidentialandrecreational

developmentshavereducedavailablehabitat. Populationandindividual numbers

ofNo/hoces/rum brev{florum arefew enoughto facerandomextinctionor
reducedreproductiveviability (HELP l99lp4, l99lp6, l99lpl2; Lamb 1981;J.

Giffin, pers.comm., 1995).
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ConservationEfforts
TheNational TropicalBotanicalGardenhasgerminatedseedsand propagatedthe

taxon(D. Ragone,pers.comm., 1995). SteveBergfeld(pers.comm., 1995)has
indicated that the taxon germinatesandgrowswell in thegreenhouse.However,

individualssuccumbedwhenoutplanted(J. Giffin, pers.comm., 1995). Six

individualswerefoundattheKipuka Puaulasite, providedtheywere correctly

identified(L. Pratt,pers.comm., 1995).

NeededRecoveryActions

Propagationandmaintenanceof exsi/ugeneticstockis necessary.Populations

shouldbeprotectedfrom cattlevia fencingorothermeans,and competingalien

planttaxa,specificallySchinus/erebinth~fotius,lantanaand fountaingrass,should

be controlled. Habitat of this species should be protected from residential and

recreational development in sufficient area to allow for full recoveryofthe

species.

Apocynaceae(DogbaneFamily)
Apocynaceae is a widespread, predominately tropical and subtropical family

composed of about 200 genera and 2,000 species. In Hawaii, this family is

representedby six genera,four of which are native and two of which are

introduced (Wagner e/ a! 1990).

Ochrosia(holei)
OchrosiaJuss.is agenusof 30 speciesthat occursfrom Madagascarto Australia

and Polynesia. In Hawaii, four endemicspeciesarerecognizedtentativelyatthis

time andappearto bederivedfrom asinglecolonization(Wagnere/ at. 1990).
Two ofthefourtaxaoccuron theBig Island, and thataddressedin this plan,

Ochrosiakitaueaensis,is endemicto this island. 0. kilaueaensisis listed as

endangered(Wagnere/ at. 1990).

Ochrosiakilaueaensis(holei) - Recovery Priority #5

OchrosiakitaueaensisSt. John is a tree with milky sap that grows to about 49-59

ft (15-18m) tall (Wagnere/ at. 1990). Oblance-shapedto ob-elliptic leafblades,

2.4-7.5 in (6-19 cm) long and 0.9-2.6 in (2.2-6.5 cm) wide, are arranged three to
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four at anode. Conspicuoussecondaryveinsarealmostperpendicularto the

midvein. Numerousflowersarearrangedin clustersandsubtendedby main

flower cluster stalks divided into two sections:primarystalks(peduncles),1.8-2.5

in (4.5-6.3cm) long; andsecondarybranchstalks,0.4-1 in (1.1-2.5cm) long.

Each flower has a flower stalk(pedicel)0.2-0.3in (5-7mm) long. Thecalyx is

deeply5-lobedandabout0.4 in (1 cm) long. Thegreen-white,trumpet-shaped

flowershavefive lobes0.5-0.6in (12-15mm) long fusedat thebaseintoa

cylindric tube0.3-0.4in (7-11 mm) long. Lance-shapedfruits, 1.8-1.9in (4.5-4.9

cm) long and 0.9-1.1 in (2.4-2.5cm)wide, havea fleshy inner layer, a stony

singleseed,andmaybeyellow-brownwhenmature.

Thisspeciescanbe separatedfrom otherHawaiiantaxaofthegenusby the

greaterheightofmaturetrees,openflower clusters,longerflower stalks,and

largercalyx andpetallobes(Wagnere/at. 1990).

Taxonomy

Ochrosiakitaueaensiswasfirst collectedin 1915 by ForbesatKilaueaVolcano,

Hawaii. The taxon was not describeduntil St. John,in 1978,namedthespecies.

The specific epithet honors the volcano onwhichthetypecollectionwasmade.

Based on an earlier collection made by Rock from Kona (1909), St. John (1978)

reviewedthenomenclatureand assignedthenameOchrosiakonaensisSt. Johnin

reference to its locality. The current treatment of the genus (Wagner e/ at. 1990)

recognizesthis nameasthe synonymof0. kilaueaensis.

HistoricDistribution
Ochrosiakitaueaensisis knownonly from PuuWaawaaandatKipukaPuaulu,

Kilauea,Hawaii (Table21). This taxonwas collectedlast in 1927by Giffard at

Kilaueaandmaynowbeextirpatedfrom there(L. Pratt,pers.comm., 1995).

Table 21. Historic (H) and currentdistributionofOchrosia kilaueaensis.

Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii
(H)

N. Kona,Puu
waawaa

A few 3,000ft
(914m)

NotAvailable
(N/A)

Rock 1909
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Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii
(H?)

Volcanoes Nat’l
Park,
Kipuka Puaulu

Several 3,937-4,265 ft
(1,200-1,300 m)

Federal N/A
Giffard

1911
1927

Hawaii N. Kona, Puu
Waawaa

N/A 2,198-3,000 ft
(670-9 10 m)

State Tomich 19??

Current Distribution

Possiblytheonly extantpopulationoccursatPuuWaawaaon state-ownedland

(Table 21). Thepopulationwaslastcollectedby Q. Tomichon an unknowndate,

andit is unknownhow manyindividualsarepresentin thepopulation,if any

(hELP 1991g1-g2). JonGiffin (pers.comm., 1995)statedthatthe lastknown

observationof thepopulationwasin the 1 940sand it maybeextinct. The

populationin Hawaii VolcanoesNationalParkhasnot beenobservedsince1927,

althoughthekipukawasintensivelysurveyedin 1992(L. Pratt,pers.comm.,

1995).

Life History

No life history informationis currentlyavailablefor thisspecies.

Habitat Description

Ochrosiakitaueaensisoccurswithin montanemesicforestat elevationsbetween

2,200 and 4,000 ft (670 and 1,220 m) (Gagneand Cuddihy1990; Wagner e/at.

1990;HELP 1991q1-q2;59 FR 10305). AssociatedtaxaincludedGardenia

brighamii H. Mann(nanu),Psycho/iahawaiiensis(A. Gray) Fosb. (kopiko),

No/hoces/rum(aiea), andCotubrina (kauila) (HHP 199 lql).

Reasons for Decline

Ochrosiakitaueaensishas several major threats to its survivability, provided that

the taxon remains extant. Feralgoatsbrowseandtramplethenativevegetation,

disturbingsubstrateandunderstoryandprovidingamplesites for weedy

adventivessuchasPennise/umse/aceum(fountaingrass).Competitionfrom

alien speciesis amajorsourceof concernfor this raretaxon. Drying standsof

grassprovideanexcellentsourcefor fire. Predationoffruits by blackratsis a

potential problem.
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Providedthatthis taxonpersists,humanimpactscontinueto bea seriousthreatto

thesurvivalofOchrosiakitaueaensis.If this exceedinglyraretaxonis extant,the

extremelylimited numberof individualsreducesreproductiveratesandincreases

theprobabilityof extirpationby randomevents.

ConservationEfforts
Thereareno conservationeffortsfor this taxonatthis time.

NeededRecoveryActions

A thoroughsurveyoftheareawherethelastknownOchrosiakilaueaensis

occurredis necessary.If thespeciesis found,geneticmaterialfor maintenanceof

exsi/u stockshouldbe collected,theexistingpopulationprotected,andeventual

outplantingofpropagatedmaterialin protectedareaswithin its historic range

pursued.

Plantaginaceae(Plantain Family)
Plantaginaceaeconsistsof 3 generaandabout250 species.All but fourtaxa

belongto thegenusPlan/agoL. andarerelativelycosmopolitanin distribution.

Thefamily is representedin Hawaii by onegenus,Plantago(Wagnere/at.

1990).

Plantago(plantain)
A cosmopolitangenus,Plan/agoL. containsabout250 species.Hawaiian

Plan/agoconsistsofeight speciesandfourvarieties. Fivespeciesarenaturalized

andthreeareendemic(Wagnereta! 1990). Two taxaareendemicto all ofthe

HawaiianIslandsandone is foundonly on theBig Island. Thelatter,Plan/ago

hawaiensis, is listed asendangered.

Plantago hawajensis (laukahi kuahiwi) - RecoveryPriority #2

Description

Plan/ago hawaiensis (A. Gray)Pilg. is aperennialherb with ashortstemthatis

severalcentimeterslong andhasred-brownwooly hairs (Wagneret a! 1990).

Thick leatherybasalleavesarenarrowly elliptic, 3-8.7 in (7.5-22cm) long and

0.6-1.3in (1.5-3.2cm)wide, usuallywith five to sevenalmostparallelnerves.

Sessile,ascendingflowersaremoderatelycrowdedinto a spikeabout5.9-9 in

(15-23cm) long. Thespikeof flowersis subtendedby aflowering stalk(scape)
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7.9-35in (20-90cm) long. Eachflower hasanovate-ellipticbractat its base,
0.08-0.1in (2.1-2.6mm) long. The calyx consistsof foursubequal,elliptic to

oval lobeswith thin, translucentmargins. Thepetalsaretrumpet-shapedwith

four reflexedlobes,about0.04 in (1 mm) long. Thefruit is longerthanthecalyx,

0.1-0.2in (2.6-4mm) long, dry, andsplits apartto releasefour to six dull black,

winged(atoneend)seeds,0.4 in (1 mm) long.

This speciesis distinguishedfrom othermembersof thegenusin Hawaii by

severalcharacters:ascendingto suberectflowers; thick leatheryleaves;anda

fruit that is longerthanthecalyx (Wagnere/ at. 1990).

Taxonomy

Plan/agohawaiensiswasfirst collectedon theBig Islandby membersofthe

UnitedStatesExploring Expeditionof 1840and 1841. In 1850,it wascollected

againby Remy. Gray(1862)gavethe specimenstwo differentnames,Plan/ago
pachyphyllaA. Gray var. hawajensisA. Gray(referringto theplant’s locationand

basedon theExploringExpedition’scollection)andP. pachyphylta var.
hawajensissubvar.gracilis A. Gray,basedon Remy’scollection. Theassumption

thatthesetaxawerevarietiesofP. pachyphylta wasunderstandableastheyare

closelyrelatedto this polymorphictaxon. In 1911,Leveille publishedanother

name, P. gaudichaudianaH. Lev., basedon anotherspecimenfrom elsewhereon

the island. In 1923,Pilgerelevatedthevarietallevel ofP.p. var. hawaiensis to
specificrank, resultingin Plan/agohawajensis.Pilger (1937)later also

recognizeda newvariety,Plantagohawajensisvar. taxaPilger. However,

Pilger’s varietaladditionis not recognizedby the latestrevisionofWagneret at.

(1990). Therefore, Plan/agohawajensisstands.

Historic Distribution

Plan/agohawaiensisis knownonly from theBig Island. It occurredon the

southernslopeofMaunaKea,northeastern,southeasternandsouthernslopesof

MaunaLoa, andthewesternslopeofHualalai(HELP 199lrl-r6) (Table22).
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Historic(H) andcurrentdistributionofPlan/agohawajensis.

Island Location Number
ofPlants

Elevation Ownership Source Date

Hawaii
(H)

Kau,
Kapapala

Not
Available
(N/A)

N/A N/A Forbes 1911

Hawaii
(H)

Koria,
Kukui-o-Pii

N/A N/A N/A N/A 1911

Hawaii
(H)

Kipuka
Ahiu

N/A N/A N/A N/A 1915

Hawaii
(H)

N. Kona,
Hualalai

N/A 6,000-6,562 ft
(1,830-2,000 m)

N/A N/A
Rock

1909
1922

Hawaii
(H)

Kan,
Keapohina

N/A 6,000+ ft
(1,830+ m)

Private Meinicke 1963

Hawaii S. Kilo,
PuuOo
Trail

2 5,640ft
(1,720m)

State Warshauer 1977

Hawaii N. Kilo,
Hurnuula

2 6,200-6,400 ft
(1,890-1,950 rn)

State N/A
Warshaner
and
McEldowney

1935
1979

Hawaii S. Kilo,
Waiakea,
Kipuka

N/A 5,260ft
(1,600m)

State Clarke 1981

Hawaii Volcanoes
Nat’l Park,
Kipuka
Kulalio

360 7,000 ft
(2,134 m)

Federal Pratt 1994

Hawaii Volcanoes
Natl Park;
Kipuka
Maunaiu

270 7,000 ft
(2,134 m)

Federal Pratt 1994

Hawaii Upper
Waialea
Forest
Reserve

Scattered N/A State Pratt 1994

Hawaii Kau,
Kapapala

5,000 7,800-8,040ft
(2,377-2,450rn)

State N/A 1995

Hawaii Puu
Waawaa

2 N/A State Giffm 1995
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CurrentDistribution

Since1975,eight populationshavebeenidentifiedin NorthandSouthHilo,

WaiakeaForestReserve,Hawaii VolcanoesNationalPark,KapapalaandPuu

Waawaa(Table22). Thepopulationsarefoundon state,Federalandprivately

owned lands. The total numberofindividualspresentis not known; however,

estimates exceed 5,000. Two plants werediscoveredin PuuWaawaaaround
1990,and thepresenceofadditional plantsis suspected(J. Giffin, pers.comm.,

1995). TheVolcanoespopulationsareflowering, fruiting, andreproducing(L.

Pratt,pers.comm., 1995). A few scatteredplantshavebeenobservedin the

Upper Waiakea Forest Reserve near Powerline Road and the Kau Silversword

Bog (L. Pratt,pers.comm., 1995).

Life History

No life history informationis currentlyavailablefor this species.

HabitatDescription

Thehabitatof Plan/agohawajensisis somewhatvariable. Thetaxongrows

eitherin montanewet sedgelandwith mixed sedgesandgrasses,or in montane

mesicforestgrowingwith stuntedAcacia koa andMe/rosiderospotymorpha,

oftengrowingin cracksof lava. Plan/agohawajensisoccursat elevationsof

5,900to 8,040ft (1,800to 2,450m) mainly on theleewardsideof theisland

(Wagnere/a!1990;HHP 1991r1-r2,1991r4,1991r6).

Reasons for Decline

Feralgoatsandmouflonsheepareproblemsfor thetwo populationsthatoccuron

Kipuka Kulalio andKipuka Maunaiuin Hawaii VolcanoesNationalPark. These

individualsgrowat an elevationof7,000 ft (2,134 in). Theyoccupyanarea

outsidetheMaunaLoa strip goatfenceand,therefore,areunprotectedfrom these

feral animals. Browsingby goatsandmouflonsheepmayaffectthe viability of

theseplants,precludetheestablishmentofjuveniles,and damagethehabitat,

therebyopeningsuitablesitesfor the inevitableestablishmentofalienweeds.

Reproductiveability maybe decreasedbecauseoflimited numbersofindividuals

in mostpopulations,andwidely scattereddistibutionofthesefewpopulations,

resultingin thedemiseofthetaxon. Randomextinctionfrom naturalphenomena

andhumaninterferenceis possible.
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ConservationEfforts

The National Tropical Botanical Garden has propagated the taxon (D. Ragone,

pers.comm., 1995). Fourplantsare locatedatthegreenhouseatHawaii

VolcanoesNationalPark.

NeededRecoveryActions

Stepsshouldbe takento fenceknownpopulationsto protectthemfrom ungulates

andencourageregeneration.Researchasto additionalcausesfor declinemay

alsobe necessary.Ownershipofthe largepopulationatKapapalashouldbe

determinedand thesiteprotected.

Portulacaceae(PursianeFamily)
Portulacaceaeis relativelycosmopolitan,but is mostprolific in westernNorth

AmericaandtheAndesmountainsof SouthAmerica. A family containing20

generaand500 species,theHawaiianPortulacaceaeis representedby 2 genera,
Tatinum and Por/utaca (Wagnere/ a! 1990).

Portidaca (pursiane)
Por/utacaL. is asubtropicalandpantropicalgenus. In Hawaii, thegenus

comprisessevenspecies:threeendemic,oneindigenous,andthreeintroduced

(Wagnere/ a! 1990). NativeHawaiiantaxaappearto havearisenfrom two
separatecolonizations.Por/ulaca scterocarpa is listed asendangered.

Portulacascierocarpa(poe) - RecoveryPriority #2

Description

Por/ulacascterocarpaA. Grayis aperennialwith afleshy, tuberoustaprootthat

becomeswoodywith maturity (Figure 10) (Wagnere/ a! 1990). Stems,7.9 in
(20cm) long, areprostrateor ascending.Leaves,0.3-0.5in (8-12mm) longand

0.06-0.1 in (1.5-2.5mm) wide, arenarrowlyoblance-shapedto linear, almost

roundin cross-section,succulent,grey-green,andstalkless.Densetufts of

yellow-brownhairs,about0.1-0.2in (3-6mm) long, occur in theaxil between

stemand leaf. Threeto six flowersoccurattheend ofthe stemandform adense

flower cluster. Theflower clustersaresubtendedby densetufts ofhair, 0.2-0.3in
(5-8 mm) long andby severalleaf-likebracts0.06 in (1.5mm) long. Sepals,0.2
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Figure 10: Portulacascierocarpa(TracyWager,CEMIML, CSU)
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in (5 mm)long, haveedgesthat aretransparentandthin. Five ob-ovalwhite,

pink, orpink with white basepetals,0.4 in (10mm) long, surround30 stamens

andanovarywith an8-branchedstyle. Fruits arealmostround0.2 in (4 mm)

long, with anouterhardwall 0.01-0.02in (0.18-0.5mm) thick. Thefruit may

breakapart,with thetop portionseparating1/3 of its lengthfrom thebaseat

maturity. Seedsareabout0.02 in (0.4-0.6mm) long and areglossyandred-

brown. Portulacascierocarpais distinguishedfrom otherspeciesof thegenusin

Hawaiiby its woodytaproot,narrowleaves,andpetalandseedcolor. It is

readily separatedfrom two othertaxa,P. viiosaChain.andP. sp. A, bothof

which mayoccuron theBig Island. Portulaca villosa hasthin-walledfruits and

P. sp. A’s taprootis notwoody(Wagneret al. 1990).

Taxonomy

Portulacascierocarpawasoriginally collectedduring theUnitedStates

Exploring Expeditionof 1840and 1841. Gray(1854)namedthe speciesin

referenceto thehard,bonyfruit.

HistoricDistribution

Portulacascierocarpais knownfrom theislandsofLanai andHawaii.

Populationswerefound on an isletoff ofthesouthcoastofLanai,andtheKohala

mountains,thenorthernslopesof Hualalai,thenorthwesternslopesof Mauna

Loa, andnearKilaueaCrateron theBig Island(Table23).

Table23. Historic (H) and currentdistributionofPortulacascierocarpa.

Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii
(H)

S. Kohala,
Waimea

Not
Available
(N/A)

N/A N/A U.S.
Exploring
Expedition

1841

Hawaii
(H)

Kau,
Kanehaha

N/A N/A N/A N/A 1911

Hawaii
(H)

Kau, Kau
Desert

N/A N/A N/A Degener 1929

Hawaii
(H)

Kau, Kilauea,
KilaueaLki

N/A 3,939ft
(1,200m)

N/A St.Johnetal. 1931
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Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii
(H)

Kau, Kilauea,
HilenaPali
Rd.

N/A 3,400ft
(1040m)

N/A St. Johnet al. 1937

Hawaii
(H)

Kau, Kilauea,
Keanakakoi
Crater

N/A N/A N/A St. Johnetal. 1937

Hawaii
(H)

Volcanoes
NationalPark,
Footprints
Trail

<10 N/A Federal Pratt 1970

Hawaii Pohakuloa
TrainingArea

1 5,100ft
(1,550m)

Federal N/A
N/A

1977
1991

Hawaii Parkerranch 80 2,400-3,060
ft (732-933
m)

Private Cuddihy 1981-
1983

Lanai PoopooIslet 10 N/A N/A Hobdy 1982

Hawaii N. Kona,
Keauhou

N/A 5,020ft
(l,530m)

Private Jacobi 1978

Hawaii N. Kona,
PuuAnahulu

3 4,3004,810
ft
(1,310-1,470
m)

Private Warshauer,
McEldo~iey
Giffm

1978

1995

Hawaii N. Kona,
Keauhou

2 5,350ft
(1,630m)

Private Warshauer,
McEldowney

1978

Hawaii N. Kona,
Keauhou

6 4,700ft
(1,430m)

Pnvate Warsliauer,
McEldowney

1978

Hawaii Volcanoes
NationalPark,
Hilina Pali Rd.

<10 N/A Federal Pratt 1987

Hawaii Volcanoes
NationalPark,
Keanakakoi
Crater

<10 N/A Federal N/A 1992

Hawaii Volcanoes
NationalPark,
FumaroleArea

970 3,600ft
(1,100m)

Federal Fosberg
Pratt
Pratt

1977
1983
1993

Hawaii Pohakuloa
TrainingArea

<IS N/A Federal CEMML-
CSU

1993-
1995
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Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii Pohakuloa
TrainingArea

<25 N/A Federal CEMML-
CSU

1994-
1995

CurrentDistribution

Since1975, 1 extantpopulationwhich consistsof 10 individuals is knownto

occuroff the coastofLanaionPoopooIslet(R. Hobdy,pers.comm., 1992)and

11 extantpopulations,numberingover 1,000plants,areknownto occuron
Federal,Stateandprivatelandson theBig Island(Table23) (Cuddihyetal.

1983;HHP 1991S1-12;RobertB. Shaw,Director,Centerfor Ecological

ManagementofMilitary Lands(CEMML), ColoradoStateUniversity (CSU),

pers. comm., 1992; Shaw,in press).

Individualswerefound on threepuu(hills) on theParkerRanchin theearly

1 980s. The individualsappearedhealthy,but not in flower or fruit (L. Pratt,pers.

comm., 1995). Thepopulationswithin Hawaii VolcanoesNationalParkoccur

primarily in thePuhimaugeothermal(fumarole)area. In 1983,approximately

4,300plantswerecountedbut, in 1993-94,thenumberhaddeclinedto 970. The

reasonfor this declineis unknown. Thetaxon is currentlyknownat 2 other

locationsin thePark: KeanakakoiCraterRim (K 10 plants),andHilina Pali Road

(<10plants)(L. Pratt,pers.comm., 1995). TheFootprintsTrail populationin

theKauDesertconsistedoffewer than 10 plantsin the 1 970s,buthasnot been

observedrecently.

In 1991, CEMML-CSU found asingleindividual growingon thewesternportion

of thePohakuloaTrainingArea(PTA). In 1993 and 1994, two morepopulations

werediscoveredin thesouthwesternportionof PTA. Thepopulationsoccur

approximately1.5 miles (2 kilometers)apartandgrow in pocketsof eroded

pahoehoelava. Individuals in bothpopulationswerehealthy, flowering and
producingseed. Numerousjuvenileswerepresentin bothpopulations. In 1995,

JonGiffin andCEMIML-CSU foundtwo plantson the 1859 lavaflow in the
Puuanahuluarea. Oneplantwasproducingseed.
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Hi
This specieswasobservedin flower duringMarch 1977(HIIP 1991s1),

December1937(HHP 1991s2),andJune1978(HHP 1991s12). Thepresenceof

juvenilesindicatesthat pollination andgerminationareoccurring.

HabitatDescription

ThehabitatofPortulacascierocarpais montanedryshrubland. Thetaxonoften

is foundon barecinder,nearsteamvents,andin openMetrosiderospolymorpha

dominatedwoodlands,at elevationsbetween3,380and5,340 ft (1,030to 1,630

m) (Gagneand Cuddihy 1990,Wagneret al. 1990). AssociatedtaxaareSophora
chrysophylla,Metrosiderospolymorpha,andMyoporumsandwicense(HHP

1991s1-s8,1991s10,1991s12;NTBG 19911; 59 FR 10305).

Reasonsfor Decline

A majorthreatto Portulacascierocarpais competitionfrom aliengrassessuchas

Pennisetumsetaceum(fountaingrass)andAndropogonvirginicus. Although no

browsinghasbeenobserved,goats,pigs and sheeptrampleand disturbthe

habitat,damagingtheunderstoryandprovidingsuitablesitesfor noxiousinvaders

suchasHeterothecagrand~flora. Fire is also apervasiveproblemin suchdry

habitat. Theunknownreasonfor thedecreasein numbersfrom 4,300in 1983 to

970 in 1994 in thePuhimaugeothermal(fumarole)areawithin Hawaii Volcanoes

NationalParkis ofconcern. Small numbersof populationsandindividuals and

theirscattereddistributionsdecreasereproductiveviability andincrease

vulnerability to randomevents.

ConservationEfforts
TheNationalTropicalBotanicalGardenhasgerminatedseedsandpropagatedthe

taxon(D. Ragone,pers.comm., 1995). CEMML staffat CSUgerminatedseeds

in 1993-94. Theindividualsfloweredandsetseed.

NeededRecoveryActions
Propagationandmaintenanceof exsitu geneticstockshouldcontinue. Habitatof

this speciesmustbeprotectedfrom feralungulates,andcompetitionfrom alien

grassescontrolled. Researchinto the causeofdeclinein thefumaroleareaof

Hawaii VolcanoesNationalParkshouldbeundertaken.Efforts shouldbe made
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to ensurethatbothLanaiandBig Islandpopulationsremainviable. Outplanting

ofpropagatedplantsmaybenecessaryin orderto augmentpopulations.

Arecaceae(PalmFamily)

A tropicalor subtropicalfamily, Arecaceaeconsistsofabout212 generaand

2,600species(ReadandHodel 1990). In Hawaii thefamily is representedby

four genera,ofwhich threemonotypicgeneraareintroducedandonegenusis

endemic(Pritchardia) (ReadandHodel 1990).

Pritchardia (loulu)
Pritchardia Seem.& H.A. Wendl.,nom. cons.,is a complexgenusoccurringin

tropicalPacific islandsandis composedof 25 species. In theHawaiianIslands,

thehighly variable,poorly describedgenusis representedby 19 endemicspecies

(ReadandHodel 1990). Fourspeciesareendemicto theBig Island. Oneof

thesefourspecies,Pritchardiaaffinis, is listed asendangered.

Pritchardia affinis (Ioulu) - RecoveryPriority#5

Description

PritchardiaaffinisBecc.is a palm treethat growsfrom 33-82ft (10-25m) tall

(ReadandHodel 1990). Its orbicular andwedge-shaped,hairlessleafbladesare

greenon theuppersurfaceandpalegreenon thelowersurface,with afew yellow

scales. Pale,long, soft, tangledhairsextendalongthe fan-likefolds of theleaf

segmentsto the leafstalk. Oneormorehairlessflower clustersarebranchedand

rebranched.Eachflower clusteris subtendedby amainflower clusterstalk

(peduncle)that hasbractsat thebase. Upperflower clusterbranchesalsoare

subtendedby small membranousbractsbearingasingleflower. Thecalyx is cup-

shapedand3-lobed. Threepetalsarefusedatthe baseto the stamentube,which

is comprisedof six stamens.Theimmaturefruit hasa 3-lobedstigma. Thefruit

is brownto black, almostroundandabout0.9 in (2.3cm) in diameter.

This taxoncanbe distinguishedfrom otherspeciesofPritchardiaby several

characters:longtangledhair on thelowerbladesurfaceand leafstalk, stout

hairlessflower clustersborneamongwedge-shapedleaves,andan almostround

fruit thatis smallerthanfruits of otherspecies(ReadandHodel 1990).
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Taxonomy

Pritchardiaaffiniswasfirst collectedby Rockon theislandof Hawaii. Basedon

thesecollections,Beccarinamedthreevarieties: Pritchardiaaffinis Becc.var.
rhopalocarpaBecc.,P. affinis Becc.var. halophilaBecc.,andP. affinisBecc.

var. gracilisBecc.(BeccariandRock 1921). P. affinisvar. halophila was

publishedincorrectlyasP. affinis var. holaphila,aspellingerror. Thesethree

varietiesofP. affinis appearto representecologicalvariation andgenetic

plasticitywithin thespecies;therefore,ReadandHodel (1990)recognizeno

varietaltaxa.

Historic Distribution

Pritchardiaaffinis is knownonly from theKohalamountains,andalongthe

southeasternandwesterncoastsof theBig Island(HELP 1991t1-t6)(Table24).

Table24. Historic (H) andcurrentdistributionofPritchardiaaffinis.

Island Location Number of
Plants

Elevation Ownership Source Date

Hawaii
(H)

KohalaMts. Not
Available
(N/A)

N/A N/A Hillebrand 18??

Hawaii
(H)

S. Kona,nearKealia N/A 1,969 ft
(600m)

N/A N/A 19??

Hawaii

(H)

Punaluu N/A N/A N/A Hodel 19??

Hawaii
(H)

S. Kona,Kealakekua N/A 2,000 ft
(6,100m)

N/A Rock 1917

Hawaii
(H)

S. Kona, Kaohe N/A N/A N/A N/A 1920

Hawaii
(H)

N. Kona 17 N/A N/A Degener 1926

Hawaii VolcanoesNational
Park,Kalapana

N/A 1,000ft
(305m)

Federal Rock
Pratt

19??
1994

Hawaii Kiliilo N/A N/A N/A N/A N/A

Hawaii Kukio N/A N/A N/A N/A N/A

Hawaii PalaniRoad N/A N/A N/A N/A N/A
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Island Location Number of

Plants

Elevation Ownership Source Date

Hawaii Kailua N/A N/A N/A N/A N/A

Hawaii CaptainCook N/A N/A N/A N/A N/A

Hawaii Milolii N/A N/A N/A N/A N/A

Hawaii Punaluu N/A N/A N/A N/A N/A

CurrentDistribution

Accordingto the listing noticein 1994, thereare8 ormorepopulations,which

compriseatotal of 50 to 65 extantindividuals,scatteredalongthewesterncoast

oftheBig Islandandwithin Hawaii VolcanoesNationalPark(59FR 10305;

Hodel 1982;NormanBezona,Hawaii CooperativeExtensionService,pers.

comm., 1992; BrianMeilleur andP. Weisich,Amy GreenwellEthnobotanical
Garden,pers.comm., 1992)(Table24). Individualsarescatteredin urbanareas

nearKihilo, Kukio, PalaniRoad,Kailua,CaptainCook,Milolii, andatPunaluuat

unspecifiedsites(Hodel 1992). LindaPratt(pers.comm., 1995)hasindicated

thatthetaxonalsooccursalongthe easternportionofHawaii VolcanoesNational

Park. Threetreesstill survivealongKalapanaTrail at about1,000ft (305 in).

Theseindividualsappearto havebeenplanted. Severalotherindividualswere

plantednearWahaula,butweredestroyedby lavain the 1980s.

Life Historv

No life history information is currentlyavailablefor thisspecies.

HabitatDescription

ThehabitatofPritchardiaaf/inis is coastalmesicforeston theleewardsideofthe

Big Island,possiblynearor in brackishwater,at elevationsof 0 to 2,000ft (0 to

610 m) (ReadandHodel 1990;IIHP 1991t2;C. Corn, pers.comm., 1992and

1995). Thetreesoccurin cultivatedand/ordevelopedsites,perhapsplantedby

Hawaiians,ormayoccurnaturally. Becauselandwasclearedfor cultivation,

nativeassociatesarenow unknown(B. Meilleur, pers.comm., 1992,C. Corn

pers.comm., 1995).
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Reasonsfor Decline
Pritchardiaaffinis grewin areasthat havebeenclearedfor urbandevelopment

andagriculture. BeccariandRock (1921)indicatedthatHawaiiansusedthefruits

asafoodsource. Very few individualsoccurin naturalconditions,andthosethat

dooccupyprimeareasfor developmentnearKailua-Kona. Developmentand
humandisturbanceareseriousthreats.Accompanyinghumanhabitation,black

roofratsconsumefruits andseeds.Feralpigs root and destroyseedlings,

preventingregeneration(BeccariandRock 1921; Hull 1980;C. Corn, pers.

comm., 1992, 1995). Fire is aseriousthreat. Lavaflowing from Kilauea

destroyedseveralindividualsnearWahaulain 1989(L. Pratt,pers.comm., 1995).

Small numberofpopulationsandindividualsmaycompromisethereproductive

viability of theseindividualsandincreasethevulnerability of thetaxonto random

events. Although lethalyellow hasnot beendetectedin Hawaii, introductionof

this bacteria-likeorganismthatoftenattackspalmscouldprovedevastatingto the

few remainingPritchardiaplants.

ConservationEfforts

TheNationalTropicalBotanicalGardenhaspropagatedthetaxonandhavea

numberofyoungplantsgrowingatLawai,Kauai (D. Ragone,pers.comm.,

1995). VolcanoRarePlantFacility hasgerminatedseedand,asof 1995,has

about200 individualsabout1-2 in (3-6cm) high, growing“like weeds”in the

greenhousePattyMoriyasu(pers.comm., 1995). SteveBergfeld(pers. comm.,
1995)hasindicatedthattheDivision ofForestryandWildlife hashadno trouble

germinatingandgrowingPritchardiaaffinis, which severalnurseriesapparently
grewto retail beforethetaxonwaslisted asendangered(S. Bergfeld,pers.

comm., 1995). Hawaii DOFAW provided20 seedlingsto Hawaii StateParksfor

planting atKonaCoastStatePark. Hawaii DOFAWalsohasapproximately100

seedlingsin theirnursery(C. Corn,pers.comm., 1996)

NeededRecoveryActions
Protectionfrom development,pigs andratsis necessary.Therarenaturalhabitat

ofthis speciesshouldbeprotected.Propagationandmaintenanceofexsitu

geneticstockshould continue. Outplantingofpropagatedplantswill likely be

necessaryin orderto augmentpopulations.Efforts to preventspreadoflethal

yellow to Hawaii should continue.
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Caryophyllaceae(Pink Family)
Caryophyllaceaeis distributedin warmor temperateregionsofthenorthern

hemisphereandcomprises75 generaand about2,000species.Thefamily is

dividedinto threesubfamilies:Alsinoideae,SilenoideaeandParonychioideae

(Wagneretat. 1990). In theHawaiianIslands,only threegenerabelongto the
subfamily Silenoideae(DianthusL., Petrorhagia(Ser.exDC.) Link, andSilene

L.), while theremainderof generabelongto thesubfamilyAlsinoideae.

Thirteengeneraand44 speciesrepresentthefamily in theHawaiianIslands. Two

generaareendemic(AlsinidendronH. Mannwith 4 speciesandSchiedeaCham.

& Schlecht.with 22 species). Six otherendemicspeciesbelongto thegenus

Silene(Wagneretat. 1990).

Silene(catchfly, campion)
A genusmostwidelydistributedin northerntemperateregions,SileneL. contains

about500 species.Thegenusis representedin theHawaiianIslandsby one

naturalizedandsevennativetaxa. Apparently,thesearosefrom two separate

colonizationevents(Wagneretat. 1990). Of theseventaxaendemicto the

HawaiianIslands,threearepresumedto be extinct, threearelisted asendangered,

andone,Silenehawaiiensis,is listed asthreatened(59FR 10305).

Silenehawajiensis(catchfly) - RecoveryPriority#8

Description

SilenehawaiiensisSherffis asprawlingshrubwith climbingor clamberingstems

(Figure 11) (Wagneretat. 1990). Stems,6-16in (15-40cm) long, generallyare

coveredwith short,stickyhairsandarisefrom anenlargedroot. Leavesare

slender,0.2-0.6in (6-15 mm) longand 0.02-0.03in (0.5-0.8mm) wide, often
recurvedandstalkless.Flowersarearrangedin loose,elongateclustersthatare

highly sticky. Eachflower is subtendedby astalk0.1-0.2in (3 - 6 mm) long.

Thecalyx is fused,5-toothed,purple-tinged,and0.4-0.6in (11-14mm) long.

Thefive petalsaregreen-whiteaboveandsometimesmaroonormaroon-streaked

below. Thepetalis divided into two parts,a 2-lobedexpandedblade,0.2 in (4.5-
5.5 mm) long, and a long, narrow,stalk-likebase. A dry fruit, 0.25-0.3in (6.5-8

mm) long, splitsapartto releasebrown seeds0.02-0.03in (0.4-0.7mm) long.

Silenehawaiiensiscanbe distinguishedfrom otherspeciesofthegenusin Hawaii
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Figure 11: Sitenehawaiienis(Tracy Wager, CEMML,CSU)
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by severalcharacters:sprawlinghabit, presenceofstickyhairs, leafshape,and

color ofthepetals(green-whitewith maroon-coloredbacks)(Wagnereta!.

1990).

Taxonomy

Silenehawaijensiswasfirst collectedon theBig IslandduringtheUnited States
Expeditionof 1840-1841.Gray(1854)referredto themasanunknownvarietyof

S. struthioloidesA. Gray. In 1946,Sherifnamedthis taxonS. struthioloides A.

Grayvar. gracilis Sherff,referringto theshapeofbranchesbut, in 1949,he

raisedit to specificrank,S. hawaijensis. Thespecificepithetrefersto the island

whereit occurs.

HistoricDistribution

Silenehawaijensisis knownonly from theBig Island, on thewesternslopesof

MaunaKea; thesummitofHualalai;HumuulaSaddle;nothern,southern,

western,andnorthwesternslopesof MaunaLoa;andKilaueaCrater(Wagneret

a!. 1990,59 FR 10305,HHP1991u1-ulO,NTBG 1991) (Table25).

Table25. Historic (H) and currentdistributionof Silenehawajiensis.

Island Location Number of
Plants

Elevation Ownership Source Date

Hawaii

(H)

Kau, Kanehaha Not

Available
(N/A)

N/A N/A N/A 1911

Hawaii

(H)

Hualalaisummit N/A 8,000ft

(2,440m)

N/A Mann

Forbes

19??

1911

Hawaii

(H)

N. Kona,Puulehua

Plain

N/A N/A N/A Rock 1912

Hawaii
(H)

Kilauea,E. of
Keanakakoi

N/A 3,700ft
(l,130m)

N/A Neal 1929

Hawaii

(H)

VolcanoesNational

Park,KilaucaCrater
Overlook

Locally

common

4,000 ft

(1220m)

Federal N/A

Crosbyand
Anderson

Pratt

1929

1964
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Island Location Number of
Plants

Elevation Ownership Source Date

Hawaii
(H)

VolcanoesNational
Park,MaunaLid Trail

25 3,198ft
(970m)

Federal N/A
Newell

1911
1966

Hawaii N. Kona,Keauhou

Ahupuaa,NW slopes
of MaunaLoa

N/A 5,030ft

(1,530m)

Private Warshauer,

McEldowney

1978

Hawaii N. Kona,Keauhou,

Ahupuaa

N/A 5,190ft

(1,600m)

Private Jacobi,

Higashino

1980

Hawaii SaddleRd. 10-15 6,500ft

(2,000m)

State Davis 1981

Hawaii Haxnakua,Keohe
Ahupuaa,W. slope

of MaunaKea

Locally
common

N/A State Warshauer,
McEldowney

1981

Hawaii Pohakuloa Training

Area

N/A N/A Federal Douglas 1989

Hawaii HVNP,
CraterRimRd.,SW

rift Zone

100-200 3,700ft
(1,130m)

Federal N/A
NTBG

1966
1991

Hawaii PohakuloaTraining
Area

<1,800 N/A Federal CEMML-
CSU

1993

Hawaii PohakuloaTraining
Area

<1,200 N/A Federal CEMMI-
CSU

1993

Hawaii VolcanoesNational
Park,CraterRim

Drive

3,751 3,600-4,000ft
(1,100-1,220m)

Federal Pratt 199
3-

1994

Hawaii VolcanoesNational
Park,MaunaLoa

Strip Road

635 5,600- 5,850ft
(1,700 - 1,770m)

Federal Pratt 1994

Hawaii VolcanoesNational

Park,KeamokuLava
Flow

1,162 6,000- 6,100ft

(1,830 - 1,860m)

Federal Pratt 199

2-
1994

CurrentDistribution

Since1975,at least11 populationsnumberingover 11,000plantshavebeen

identifiedfrom theHamakuadistrict, HumuulaSaddle,NorthKona,Pohalwloa
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TrainingArea, includingapopulationwithin themulti-purposerangecomplex,

andHawaii VolcanoesNational Park(Table25). At thetimeof listing (June

1994),thesepopulationswerethoughtto becomprisedofabout3,000individuals

(59FR 10305). However,surveysrecentlyconductedin Hawaii Volcanoes

NationalParkshow3 populationsof Sitenehawaiiensisconsistingof over5,500

knownplants(L. Pratt,pers.comm., 1995),andsurveysin PTA show

approximately3,000knownplants.

Life Historv

This specieswasobservedin flower duringSeptember1981 (HELP 1991u2)and

August1964 (HELP 1991u5). No otherlife historyinformation is currently

available.

HabitatDescription

Siknehawaijensisoccursin montaneand subalpinedry shrublandwith

Metrosiderospotymorpha,Sophorachrysophylla,VacciniumreticutatumSm.

(ohelo),Slyphetiatameiameiae(Cham.& Schlect.)F.V. Muell. (pukiawe),and

DodonaeaviscosaJacq.(aalii). Individualsoccurin weatheredlava,butare

foundon variouslyagedlavaflows and cindersubstratesaswell, at elevations

between3,000-8,500ft (900-2,575m) (Wagneret at. 1990, Shawin press).

Reasonsfor Decline

Feralanimals(goats,pigs, andsheep)aredetrimentalto thetaxon’ssurvival.

Fragilebranchesandstemsareeasilybrokenorbrowsedalmostto thebaseof the

plant. Individualson thelower northernslopeofMaunaLoa wereobserved

havingtendernewgrowthbrowsedand newleavesstrippedaway,thus

compromisingtheviability oftheseindividuals. Alien taxa,particularly

Pennisetumsetaceum(fountaingrass),aremajorthreatsimperiling thesurvivalof

Sitenehawaijensis. In certainareaswherenewlavais flowing from Kilauea,

plantsmaybe envelopedby moltenlavarock and/orconsumedby fire. Military

trainingmayjeopardizeplantson PohakuloaTrainingArea. This taxonmaybe
increasinglyvulnerablewherehumanhabitationis expandingordevelopmentis

occurring.
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ConservationEfforts

In 1992-93,seedsweregerminatedby staffofthe Centerfor Ecological

ManagementofMilitary Lands(CEMML) atColoradoStateUniversity.

Seedlingsweregrownin thegreenhouse.In 1993,seedsweregerminatedat

PohakuloaTrainingAreaby CEMML staffandabout50 seedlingswere

outplantedonPuuKapele. A populationofmorethan20 individualssurvived

and producedflowersandfruits. Thetaxonis growingwithEragrostisdeflexa

Hitchc. in ashon thenorthwesternslopeofthepuu, atanelevationof about5,805

ft (1,640 in).

NeededRecoveryActions

Recentdiscoveriesofseverallargepopulationsindicatethatthis plant is not as

rareasoncethought. Populationsshouldbemonitoredto ensurethatnumbersare

beingmaintained. After habitaton which at leastfive ofthelargerpopulations

occuris managedto controlthreatsfrom feralanimals,alientaxa,andmilitary

training, delistingofthis speciescanbe considered.

Asteraceae(Sunflower Family)

Asteraceaeis mostabundantin temperateandsubtropicalregions,but is fairly

cosmopolitan.Thefamily is divided into 13 tribeswhich contain1,100genera

and20,000species.TheHawaiianIslands’generaarecomposedof 181 species

ofwhich 91 arenative. Of thenativespecies,all but oneareendemic. Ninety

specieshavebeenintroducedto theHawaiianIslands(Wagneret at. 1990).

Tetramolopium(no commonname)
TetramotopiumNeesis distributedonly on the HawaiianIslands,Cook Island,

andNewGuinea. Thegenusis representedby 36 speciesandis divided into 3

sections,basedon sexexpression,ecologicalpreference,andbranchingpatterns:

Atpinum; Tetramotopium;and Sandwicense(Lowrey 1990). In Hawaii, thegenus

is representedby all sections:Atpinum(onespecies,two subspecies,two

varieties);Tetramotopium(six species,fourvarieties);andSandwicense(four
species,six subspecies,fourvarieties).
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Tetramolopiumarenarium(no commonname) - RecoveryPriority #5

Description

Tetramotopiumarenarium(A. Gray)Hillebr. is anupright,branchedshrub2.6-

4.3 ft (0.8-1.3m) tall (Figure 12)(Lowrey 1990). Alternateleavesarelance-

shaped,0.6-1.5in (15-37mm) long and0.1-0.4in (3-9mm)wide. Hairy and

glandulargrey-greenleavesareyellowor brownwhendry. Five to 11 dense

flower clusters(heads)arearrangedatthetip ofeachstem. Eachflower clusteris

comprisedof 20-34lanceolatebracts(involucre),0.1-0.2in (2.5-6mm) high and

0.2-0.4in (4-9mm) in diameter,which form a cup undereachflower. Bractsare

glandularandhairy. Theflowersareof two dissimilartypes:ray flowersanddisk

flowers. Ray flowersform a singleseriesof 22 to 45 maleflowers. Thepetalis

bilaterallysymmetricalandwhite,with anexpandedbladeandnarrowstalkabout

0.5-0.9in (1.3-2.2mm) long. Fiveto ninedisk flowersareradially symmetrical

andbisexual.Maroonpetalsarefused,5-lobed,and 0.1-0.2in (3.1-4.4mm)

long. Fruits, 0.06-0.12in (1.5-3 mm) long and0.02-0.03in (0.5-0.8mm) wide,

aredry anddo not split apartat maturity. Facesofthefruit are2- to 4-nerved.

Hairs atthetop ofthefruit are0.1-1.2in (2.5-6.3mm) long. Thisspeciesis

separatedfrom othertaxaofthegenusin theHawaiianIslandsby several

characters:uprighthabit, numberofheadsperflower cluster(5 to 11),presence

andtype ofglandsandhairs, sizeof malerayflower (1.3 to 2.2 mm), numberof

bisexualdisk flowers(5-9)andtheirmarooncolor, and awide, 2- to 4-nerved

fruit with white hairsat thetip (Lowrey 1990).

Threeinfraspecifictaxaarerecognized: Tetramotopiumarenariumsubsp.

arenariumvar. arenarium;T arenariumsub sp. arenariumvar. confertumSherff;

and T. arenariumsubsp. taxumLowrey. Thesetaxaaredistinguishedonefrom

theotherby a combinationofcharacters(Table26).
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A

Figure 12: Tetramolopiumarenarium(TracyWager,CEMML, CSU)
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Table26. Charactersdifferentiatinginfraspecifictaxaof Tetrarnolopium
arenarium.

Taxon Disk
Flowers

Peduncle
Shape

Flower
Cluster

Leaf
Margin

Islands

Var. arenarium 5-9 not flexuous congested without
teeth

Maui
Hawaii

Var. confertum 4-5 not flexuous congested with teeth Hawaii

Subsp. laxum 6-8 flexuous open with or
without

Maui

Taxonomy

Tetramolopiurnwasfirst collectedon theislandof Hawaii duringtheUnited

StatesExploringExpeditionof 1840and1841. Thegenuswasfirst describedby
Neesvon Esenbeck(1832);however,he failedto designatetype specimens.Gray

(1861b)relegatedTetramolopiumto VittadiniaA. Richandnamedthespecimens

from theexploringtrip Vittadiniaarenaria A. Gray. Hillebrand (1888)

consideredthesevenGray speciesof Vittadinia and, becausetheyweresoclosely
related,hereclassifiedthemasTetramolopium,resultingin T. arenarium. At that

time, hedescribedanewvariety,var.dentaturnHillebr.,which is now

synonymouswith T. arenariumsubsp.laxurn.

Sherff(1934)providedthenextcomprehensiverevision,recognizing12 species

andnaming anewvariety, Tetramolopiurnarenariumvar. conferturn. Lowrey

(1986,1990) recognizedthisvarietyasavarietyofsubsp.arenariurn, leaving

subsp.arenariumwithoutapublishedname(Lavenetat. 1991). However,
Wagneret al. (1990)recognizedthreeinfraspecifictaxa: subsp.arenariumvar.

arenarium; subsp.arenariumvar. conferturn; andsubsp.laxurn. Although listed

atthespecieslevel, all threetaxaare addressedasdistinctentitiesin thisplan.

HistoricDistribution

Tetramolopiurnarenariumis knownfrom theislandsofMaui andHawaii.

Individualswerefound on thewesternslopeofHaleakala,Maui, andon the

105



Kohalamountains,thenorthwesternslopesofMaunaKea,MaunaLoa, and

Hualalai,Hawaii (Tables27, 28, 29). Thetaxonwasconsideredextinctuntil

Tetramolopiumarenariumsubsp.arenariumvar. arenariumwasrecently

rediscoveredin KipukaKalawamauna,PohakuloaTraining Area,Hawaii

(Douglaset at. 1989).

Historic (H) andcurrentdistributionof Tetramolopium
arenariurn subsp. arenariumvar. arenariurn.

Island Location Number Elevation Ownership Source
of Plants

Date

Hawaii
(H)

Hualalai Not N/A N/A Mannand
Available Brigham
(N/A)

18??

Hawaii
(H)

District of N/A N/A N/A U.S.E.E.
Waiinea

1840

Maui
(H)

E. Maui, Kula N/A 2500ft N/A Hillebrand;
(760m) inSherif

1935?

Hawaii PTA, Kipuka <130 5,069-5,480ft Federal Douglas
Kalawamauna <130 (1,543-1,670m)

2

1989
1991
1994

Hawaii PTA, Kipuka 32 5,500 ft Shaw and
Kalawamauna (1,670 m) Federal Castillo

1994
1995

Hawaii PTA, Kipuka 350 5,400 ft Federal Close and
Kalawamauna (1,645 m) Popolizio

1994
1995

Table28. Historicdistributionof Tetrarnolopiumarenariurnsubsp.
arenariumvar. confertum.

Island Location Number Elevation Ownership Source
of Plants

Date

Hawaii Hohoanaohoe Not N/A N/A Hillebrand
anear Available and
Waimea (N/A) Lydgate

1872
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Historic distributionof Tetramolopiurnarenariumsubsp. laxum.

Island Location Number
of Plants

Elevation Ownership Source Date

Hawaii Hamakun Not
Available
(N/A)

N/A N/A Lydgate N/A

CurrentDistribution
Since1975,threepopulationsof Tetramolopiurnarenariurnsubsp.arenariurn var.

arenariurnhavebeenidentified. As of 1995,fewer than400 individualsare

knownto exist (Table27). In 1989,approximately39 reproductiveindividuals

and 79juvenilesof this taxonweredistributedoveranareaof 200by 660ft (60

by 200 m) within KipukaKalawamauna(NTBG 1990a,Lavenet at. 1991;HHP
1991v1-v4,1991w; Shawin press). This populationwasvirtually extirpatedby a

fire thatsweptthroughKipukaKalawamaunain 1994. Only two individuals

survivedthefire and no seedlingsappearto havere-established(BrendanF.

Close,Centerfor EcologicalManagementofMilitary Lands,ColoradoState

University,pers.comm., 1994, 1995). However,in 1994, crewsfrom CEMML

discovered2 populationsin theunburnedportionofKipuka Kalawamauna

comprisingapproximately32 and350 individuals,respectively(R.B. Shaw,pers.

comm., 1994, 1995;CarloA. Popolizio,Centerfor EcologicalManagementof

Military Lands,ColoradoStateUniversity,pers.comm., 1994, 1995; B. Close,

pers.comm., 1994, 1995).

Life History

Tetrarnolopiurnarenariurn subsp.arenariumvar. arenariurnwasobservedin

flower duringJanuary,April, andAugust1990(HHP 1991v4). 1’. arenarium

subsp.arenariurnvar. conferturnwasobservedin flower duringDecember1886
(HELP 1991w1). No life historyinformation is currentlyavailablefor T

arenariumsubsp.laxurn.

HabitatDescription

Thehabitatof Tetrarnolopiurnarenariurn on the Big Island is lowland and

montane dry shrublands dominated by Dodonaeaviscosa,at elevationsbetween

2,600 and 5,500 ft (800 and 1700m) (Lowrey 1990). Associated taxa are

Table29.
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Stypheliatarneiarneiae,Dubautialinearis (Gaud.)D. Keck. (na’ena’e),and

Charnaesyceolowaluana(Sheiff)Croizat& Degener(akoko)(Douglaset at.
1989,NTBG 1990a). Maui’s populationswererestrictedto mesicforests

(Lowrey 1990).

Reasonsfor Decline
Feral goats, sheep, and pigs havecausedhabitatdestructionby browsing,

trampling, and rooting. All knownpopulationsaretransectedby feralanimal

trails. Habitat decimationhasresultedin opportunitiesfor invasionsby alien

plant taxa, particularlyPenniseturnsetaceurn(fountain grass). The occurrence of

fountaingrassincreasestheprobabilityandintensityoffire. Thesmall number

of extantindividualsandtherestricteddistributionof this taxonmakeit

extremelyvulnerableto randomeventsand/orreductionofreproductivevigor.

Unwarrantedvisits by unauthorizedpersonsmaycompromisetheintegrity of

thesepopulations.

ConservationEfforts

Seedsweregerminatedby CEMML staffandviability andgerminationrateswere

high (90-100%)aswassurvivability ofseedlings.Approximately100individuals

weregrownin aColoradoStateUniversitygreenhousein 1991. Outplantingin

KipukaKalawamaunawasattemptedin 1991by CEMME staffwith some

success.Unfortunately,thefew survivingplantswereannihilatedby the 1994

fire that sweptthroughthekipuka. Dr. TimothyLowrey attheUniversityofNew

Mexico is conductingextensiveresearchon thegeneticsofthe genusandis

establishingrelationshipsamongthetaxa. TheNationalTropicalBotanical

Gardenhasgerminatedseedsandpropagatedthetaxon(D. Ragone,pers.comm.,

1995).

NeededRecoveryActions
Propagationandmaintenanceofexsitu geneticstockshould continue. Habitatof

existing populations should beprotectedfrom feralungulatesandmanagedfor

alienplantcontrol. Stepsshouldalsobe takento ensurethatplantswill be

protectedfrom fire dueto military exercises.Outplantingofpropagatedplants

will likely benecessaryto establishtwo morepopulations.
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Rutaceae(Rue Family)
Rutaceaeis a family distributedin warmtropicalto subtropicalortemperate

regionsworldwideandconsistsofabout150 generaand1,600 species.The

family is divided into 7 subfamiliesand 12 tribes(Stoneetat. 1990). In Hawaii,

Rutaceaeis representedby 1 subfamily(Zanthoxyloideae),1 tribe
(Zanthoxyleae),3 nativegenera,I naturalizedgenus,and55 endemicspecies

(Stoneetat. 1990).

Zanthoxylum(a’e, manele,hea’e)
ZanthoxyturnL. is a genusofmostlypantropicaldistribution. TheHawaiian

membersofthegenusbelongto sectionBtackburnia (G. Forster)Engl.,which

includestaxafrom Australia,Asia, andotherPacific islands(Stoneet at. 1990).

Zanthoxyturnin Hawaii is represented by four speciesandtwo varieties,all of

which areendemic. Zanthoxytumhawaiienseis listed asendangeredandZ.

dipetaturnvar. tomentosais a “species-at-risk”

Zanthoxylumhawaijense(a’e) - RecoveryPriority#2

Description
ZanthoxytumhawaiienseHillebr. is a medium-sizetree 10 - 26 ft (3 - 8 m) tall,
with a trunk 10 in (25 cm) in diameter (Figure 13) (Stoneet at. 1990). The bark
is pale to dark gray, and the leavesare lemon-scented. Alternate leavesare
composedofthreesmall leaves(leaflets),onebeingterminalandtwo lateral. The

terminalleafletis subtendedby a2-jointedleafstalk,0.6 - 2 in (15 - 52 mm)

long, while the lateralstalksare1-jointed, 0.4 - 1.6 in (10 - 40 mm) long.

Triangular-ovalto lance-shaped,toothedleaflets,1.3 - 3.9 in (3.4 - 10 cm) long

and0.6 - 2 in (1.5 - 5 cm)wide, arethinor sometimesthick in texture. The

surfacesareusuallywithouthairs, or the lowermaybefinely hairy andglandular.

Fifteento 20 flowers arearrangedin openflower clusters,1.6 - 3.1 in (4 - 8 cm)

long, which aresubtendedby main flower stalks0.8 - 2 in (20 - 50 mm) long.

Eachflower is subtendedby aflower stalk,0.08 - 0.2 in (2 - 4 mm). Usually,all

flowerson atreeareofonesex,eithermaleor female. Fournarrowly triangular,

sparselyhairy sepalsare0.04 in (1 mm) long. Fourgreen-whiteoblongto lance-

shapedpetals,0.1 - 0.2 in (3-6mm) long,sometimesareabsentin maleflowers.

A sickle-shaped,round-tippedfruit, 0.3 - 0.4 in (8 - 10 mm) long, openson one

sideto releaseoneround,slightly compressedseed. Theseedcoveringis pitted

andsculptured,about0.27 - 0.31 in (7 - 8 mm)long. Zanthoxyturnhawaiienseis
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Figure 13: Zanthoxylurnhawaiiense(Tracy Wager, CEMML,CSU)
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distinguished from other Hawaiian members of the genus by several characters:

threeleafletsall of similar size,onejoint on lateral leafstalk, andsickle-shape

fruits with a roundedtip (Stoneet at. 1990, 59 FR 10305).

Taxonomy
Zanthoxytumhawaiiensewasdescribedby Hillebrand(1888),basedon

specimenscollectedon the islandofHawaii. At thattime, he alsoreferredto an

unnamedvariety collectedon Lanai. Engler(1896,1931)movedtheHawaiian

taxato thegenusFagara, resulting in F. hawajiensis(Hillebr.) Engl. and F.

btuettiana(Rock)Engl. Sherff(1958)describedthreevarietiesofFagara

hawaiiensis:F. h. var. citriodora (Rock) Sherff,F. h. var. subacutaSherff,and

F. h. var. vetutinosa(Rock) Sherff. Severalotherauthorshavepublished
namesfor this taxonincluding:ZanthoxytumbtuettianurnRock(Rock, 1913),Z.

hawaiiensevar. citriodora Rock (Rock, 1913),Z. hawaiiensevar. vetutinosurn

Rock (Rock, 1913),andZ. hawaiiensevar. subacutum(Sherfi)St. John(St. John
1976b). Themostcurrenttreatmentby Stoneetat. (1990) considers Fagaraand

all varietiesof Zanthoxytumwell within therangeofvariationof Z. hawaijense.

Historic Distribution

Zanthoxyturnhawaiienseis known from five mainislands: Kauai,Molokai,

Lanai,Maui, andHawaii. Populationswerelocatedin centralKauai;eastern

Molokai; centralLanai; southernandsouthwesternslopesofHaleakala,Maui;

andtheKohalamountains,northernslopesofHualalai,andnorthwesternslopeof

MaunaLoa,Hawaii (Table30) (Stoneetat. 1990;HELP- no referencenumber).

Table 30. Historic (H) and current distribution of Zanthoxyturnhawaiiense.

Island Location Number of
Plants

Elevation Ownership Source Date

Kauai
(H)

Below
Kaholuamano

I Not Available
(N/A)

N/A Rock 1909

Maui (H) E. Maui, S.
slope of
Haleakala

I N/A N/A Forbes 1920

Molokai
(H)

RavineNWof
PuuMakaliilii

N/A 2,850ft
(869m)

N/A Degener 1928
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Island Location Number of
Plants

Elevation Ownership Source Date

Hawaii
(H)

Slopeof Mauna
Kea, near
Keamoku/
Nohonaohae

N/A 4,000ft
(1,200m)

N/A Rock 19??

Hawaii
(H)

Kohala, edge of
HonokaneNui,
edge of
Honokanenui
Gulch

N/A 4,100 ft
(1,250 m)

N/A Rock 1910

Hawaii
(H)

KipukaPuaulu N/A N/A N/A Judd 1921

Lanai
(H)

Kamoku, SW
ridge Kaiholena
Gulch

N/A 2,750 ft
(840 m)

Private St. John and
Cowan

1947

Molokai
(H)

WailcoluValley,
belowPuuKaco

1 2,500ft
(7,600m)

State St. Johneta!. 1948

Hawaii
(H)

N. Kona,Puu
Waawaa

1 3,280ft
(l,OOOm)

State Rock 1957

Maui (H) E. Maui N/A N/A State Degener 1960

Maui E. Maui, Kanajo N/A 2,400-4,900ft
(730-1,500m)

State Medeiroseta!. 198?

Maui E. Maui,
Lualailua&
LaumauForest

N/A 2,400-4,900ft
(730 ISOOm)

State Medeiroseta!. 198?

Maui E. Maui,
Auwahi

N/A 2,584-4,900ft
(730-1,490m)

Private Medeiroseta!. 198?

Hawaii PTA 1 4,920-5,250ft
(1,500-1,600m)

Federal Fosberg 1980

Molokai Makolelau&
Kamalogulches
belowPuu
Kolekole

2 2,650-2,900ft
(810-880m)

Private Lau 1987

Hawaii PTA, Puu
Anahulu
Ahupuaa

>20 4,850-5,280ft
(l,480-1,610m)

Federal Marr and
Uchida

1988

Molokai Pelekunu
Valley, PuuHoi
Ridge

2 1,800-2,020ft
(550-616m)

Private HHP 1989
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Island Location Numberof
Plants

Elevation Ownership Source Date

Kauai Waixnea
Canyon, Koaie
Branch,
Kawaiiki Valley

1 2,401 ft
(732 m)

State Perlinan and
Wood

1990

Hawaii PTA >20 5,260ft
(1,603m)

Federal N/A 1990

Hawaii N. Kona,
Puu Waawaa

13 N/A State CEMML/Giffm 1995

Hawaii PTA 75-100 N/A Federal CEMML/Giffm 1995

CurrentDistribution

Since1975,Zanthoxytumhawajiensehas been identified as extant on at least 4 of

the 5 islandsonwhich it originally occurred,with atleast11 knownpopulations

andover 250 individuals(Table30) (R.B Shaw,pers.comm., 1995). OnKauai,

oneextantindividual is foundin WaimeaValley. On Molokai, atleasttwo

populationsoccur,onein PelekunuValley andonenearPuuKolekole. On
easternMaui, threeextantpopulationsarelocatedatAuwahi,Lualailua,and

Kanaio(HHP-noreferencenumber). On theBig Island,five populationsare

locatedatPuuWaawaaandthePohakuloaTraining Area. In addition,Shaw

(pers.comm., 1995)andGiffin havefoundnumerousindividualslocatedbetween
PuuWaawaaandPohakuloaTrainingArea, andon thewesternperipheryof

PohakuloaTrainingArea. Shaw(pers.comm., 1995)hasindicatedthat thenew

populationsbring thetotal numberof individualsto over 250.

Life History

No life history information is currentlyavailablefor this species.

HabitatDescription

Zanthoxytumhawaiienseoccursin lowlanddry andmesicforests,andmontane

dry forest, at elevations between 1,800 and 5,710 ft (550and 1,740 m) (Gagne

and Cuddihy 1990, Stoneetal. 1990).Thetaxongrowsin forestsdominatedby

Metrosiderospotymorpha,Diospyrossandwicensis,or PteorneteauwahiensisSt.

John(halapele).OtherassociatedspeciesincludeAntidesmaplatyphytturnH.

Mann(hame)(Kauai),Strebluspendutinus(Endl.) F.V. Muell. (a’ia’i) (Maui),
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MyrsinetanaiensisHillebr. (kolea), Sophorachrysophylla(mamane),and

MyoporurnsandwicenseA Gray(naio) (Hawaii) (HPCC 1990b;HELP 1991x5;

1991x9; 1991x11; Shaw, in press).

Reasonsfor Decline

Feraland domesticanimalsaremajorthreatsto this species.Browsing,grazing,

andtrampling by feral goats(Molokai, Maui, Hawaii), sheep(Hawaii), pigs

(Hawaii), andcattle(Maui) haveresultedin habitatdestructionandhaveopened

newsitesto alienplantinvasion(Medeiroset at. 1988,HPCC 1990b,HELP

199lx 10). IntroducedweedyspeciessuchasMetiaazedarach(chinaberry),

Lantanacarnara (lantana),Penniseturnctandestinurn(kikuyu grass),andP.
setaceurn(fountaingrass)competewith seedlingsfor light, space,andnutrients,

oftenprecludingtheestablishmentofsuccessivegenerations.Fire is another

potentialdangerto Z. hawaiiense,althoughits responseto fire is unknown.

ConservationEfforts

TheNationalTropicalBotanicalGardenhaspropagatedthetaxon(D. Ragone,

pers.comm., 1995). Thenewindividualsobservedby Shawand GitYm nearPuu

Waawaaand atPohakuloaTrainingAreaappearhealthyandareflowering and

fruiting. Theindividualsfoundby Juddin 1921 in Hawaii VolcanoesNational
Park werenot presentin 1967andwerenot seenduringsurveysin 1992-94(L.

Pratt,pers.comm., 1995). Seedsweregerminatedby CEMML staffin 1991-93.

Individualsgrowwell in thegreenhouse.

NeededRecoveryActions

Propagationandmaintenanceofexsitu geneticstockshouldcontinue. Habitatof

existingpopulationsshouldbe protectedfrom feral ungulates,andmanagedfor

alienplantcontrol. Stepsshouldbe takento ensurethatpopulationsremain

viable on eachofthefour islandsonwhich thespeciespresentlyoccurs.

RECOVERY STRATEGY
Actionsoutlined in theremainderofthis recoveryplanaredesignedto

accomplishtherecoveryobjectivesdescribedin thefollowing section. The

highestpriority for recoveryofa speciesis to safeguardits existinggenepool by

insuringthe survivalof existingplantsorpopulationsthroughprotectionand

management(Figure14). Threatsto thetaxamaybe addressedthroughfencing
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ContinueMonitoring

I
DELIST

I
Monitor Population Success and Stability

I
DOWNLIST

I
Evaluateand ValidateRecoveryObjectives

I
AugmentExistingPopulations

andCreateNewPopulations,asnecessary

I

ConductResearchon Life History

I

Survey for Additional Populations

1

ProtectandManageExistingPopulations

Figure 14. Schematicof recoveryplanfor theBig IslandPlantCluster. Time,
resources (money, energy, person-power, etc.), and probability of success
increaseaseachstepis accomplished.
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and/orhuntingto controlungulates;controlof alienplants; controlof rodentsand
insects;controlof diseases;protectionfrom fire; protectionfrom human
disturbance;collection,storage,andmaintenanceofgeneticmaterial;and,
/monitoring. After known individuals or populations are protected, further
surveysor inventoriesmaybenecessaryto determineif additionalplantsexist in
the wild.

Sometaxamayclearlyreboundwith protectionfrom obviousthreats,e.g.,
excludingferalungulatesvia fencing. Monitoringshouldcontinueto ensurethat
highernumbersaremaintained.On theotherhand,researchinto the life histories
ofmanyBig Islandclustertaxawill benecessaryin orderto achieverecovery.
Detailedinformationconcerningthereproductivebiology,populationecology,
andhabitatrequirementsofthesetaxamayestablishcausesofdeclineaswell as
requirementsfor theirshortandlong-termsurvival. Havingestablishedthese,a
plan canbeconceivedandinstitutedto eliminate,reduce,orrectify thesecauses.

Augmentationofsmall populationsthatarenot expandingafterprotectionfrom
threatsandre-establishmentofnewpopulationswithin thehistoricalrangeofthe
taxamay alsobeneededto achieverecoverygoals. Selectionand protectionof
appropriatesites,selectionof propergeneticmaterial,andmaintenanceand
monitoringofoutplantingsarenecessary.

Recoveryobjectivesshouldbeevaluated,andeithervalidatedorrevised. One
meansofthis is aPopulationViability Analysis(PVA). If conductingaPVA,
acceptablelevelsofprobabilityand lengthof survival timemustbesetbasedon
political, economic, and societal values. For example, the size and number of
viable populations necessary to sustain a species is much greater if one desires a
99%probabilityofsurvival for 1,000 years versus a 90%probability that a taxon
will survivefor 500 years.

All taxashouldcontinueto bemonitoredafterdownlisting,andfor aminimumof
5 yearsafterdelisting.
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II. RECOVERY

RECOVERYOBJECTIVES

Objectivesfor stabilizing,downlisting,anddelistingareprovidedfor the21
endangeredand 1 threatenedplant taxain theBig IslandPlantCluster. Theorder
of tasks listed in the step-down outline and narrative does not necessarily
designate the orderin which thesetasksshouldbe implemented.Prioritiesfor
action and recommended time-frames are contained in the Implementation
Schedule of this plan.

An endangered species is defined in section 3 of the Endangered Species Act as:
“any species which is in danger of extinction throughout all or a significant
portion of its range.” A threatened species is defined as: “any species which is
likely to become an endangered species within the foreseeable future throughout
all or a significant portion of its range.”

For the purposes of this section, a population is defined as a discreteunitwith
sufficient distance between neighboring populations that the two are not affected
by the same small-scale events (such as a landslide),and arenotbelievedto be
cross-pollinated. Mature individuals are defined as those either known or
believed to be capable of reproduction. In general, long-lived perennialsare
those taxa either known or believed to have life spans greater than 10 years;
short-lived perennials are thoseknownorbelievedto havelife spansgreaterthan
1 year but less than 10 years.

The long-lived perennials in this plan are: Cotubrinaopposit~fotia,
Nothrocestrurnbrevflorurn, Ochrosiakitaueaensis,Pritchardiaaffinis,and
Zanthoxyturnhawaijense. Theshort-livedperennialsin this planare: Ctermontia
tindseyana,Ctermontiapeteana(spp.peteana,spp. singutfiora,),Cterrnontia
pyrutaria, Cyaneacopetandiispp. copetandii,Cyaneaharnatflora spp.cartsonii,
Cyaneashiprnanii, Cyaneastictophylla,Cyrtandragzffardii, Cyrtandra
tintinnabuta,Detisseaundutata,Ischaernurnbyrone, Isodendrionpyr~fotium,
Mariscusfauriei,PtantagohawaiensisPortutacascterocarpa,Sitenehawaiiensis,
and Tetrarnotopiurnarenariurn (spp.arenariurn, spp. taxa). All oftheabovetaxa
arelisted asendangeredexceptfor Sitenehawaiiensis,which is listed as
threatened, and Detisseaundutata,for which endangered statushasbeen
proposed.

Becausewehaveonly limited knowledgeofthelife historyofeachofthesetaxa
with respect to specific requirements for theirshort-termandlong-termsurvival,
only tentative criteria for stabilizing, downlisting,anddelistingareestablished

117



here. Thesecriteriawereformulatedbasedon recommendationsby theHawaii
and PacificPlantsRecoveryCoordinatingCommittee,aswell astheInternational
Union for theConservationofNatureandNaturalResources’(RJCN’s)draftred
list categories(Version2.2), andthe adviceandrecommendationsofvarious
biologists and knowledgeable individuals. Additional information is needed
about each of the Big Island taxa so that more meaningful recovery objectives can
be quantified.

Interim Criteria
Interim criteria pertain to taxa that are in need of immediate stabilization before
the downlisting objectivescanberealisticallyconsidered.To beconsidered
stable:

(1) Each taxon must be managed to control threats (e.g. fenced) and be
represented in an ex situ collection.

(2) A minimum total of threepopulationsofeachtaxonshouldbedocumented
on the Big Island and, if possible, at least one other islandwhereit now
occurs or where it occurred historically.

(3) Each of these populations must be naturally reproducing and increasing in
number, with a minimum of 25 mature individuals per population (minimum
of 75 mature plants) for long-lived perennials and a minimum of 50 mature
individualsperpopulation(minimumof 150 matureplants)for short-lived
perennials.

DownlistingObjectives

(1) A total offive to sevenpopulationsofeachtaxonshouldbedocumentedon
the Big Island and at least one other island where it now occurs or occurred
historically. In certain cases, however, a particular taxon may be eligible for
downlisting even if all five to sevenofthepopulationsareon only oneisland,
provided that all other recovery criteria have been met and the populations in
question are widely distributed and secure enough that one might reasonably
conclude that the taxon is not in danger of extinction throughout all or a
significant part of its range.

(2) Eachofthesepopulationsmustbenaturally reproducing,stableor increasing
in number, and secure from threats, with a minimum of 100 mature
individualsperpopulationfor long-livedperennialsand300 mature
individuals per population for short-lived perennials.
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(3) Eachpopulationshould persistat this level for a minimumof 5 consecutive
yearsbeforedownlistingis considered.

Delisting Objectives

(1) A total of 8 tolO populationsofeachtaxonshouldbedocumentedon theBig
Islandand atleast1 otherislandwhereit now occursoroccurredhistorically.
As with downlisting,theremaybecasesin which a particulartaxonis eligible
for delistingevenif all 8 to10 ofthepopulationsareononly 1 island,
providedthatall otherrecoverycriteriahavebeenmetandthepopulationsin
questionarewidelydistributedandsecureenoughthatonemight reasonably
concludethat thetaxonis not likely to becomean endangeredspecieswithin
the foreseeablefuturethroughoutall ora significantpartof its range.

(2) Eachofthesepopulationsmustbenaturallyreproducing,stableor increasing
in number,andsecurefrom threats,with aminimumof 100 mature
individualsperpopulationfor long-livedperennialsand300 mature
individualsperpopulationfor short-livedperennials.

(3) Each population shouldpersistatthis level for aminimumof 5 consecutive
years.

Current status, recovery objectives and needed recovery actionsrelativeto these
recovery criteria are summarized for all of the Big Island Clustertaxain Table
31.
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Currentstatus,recoveryobjectives,andneededactionsfor theBig Island PlantClusterTaxa.

Species Interim Downlisting Delisting

Clermontialindseyana
~iuI~n.Latat1~

12 populations
400-430plants

N/A (NotApplicable) Objective
5-7populations
At least300mature
plantseach
Sustainedfor 5 years

NeededIncreases
Increasetotal plants in
existingpopulations

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Increasetotal plantsin
existingpopulations

Clermontiapeleana
Currentstatus

4 populations
8 plants

Objective
3 populations
50 matureplantseach
150 totalmatureplants

NeededIncreases
Increasetotal numberof
plants

Objective
5-7populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish1-3
populations
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish4-6populations
Increasetotal plants

Table 31.
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Species Interim Downlisting Delisting

Clermontiapyrularia
Current status

1-2 populations
3 wild plants
30 outplanted

Objective
3 populations
50 matureplantseach
150 total matureplants

NeededIncreases
Establish1 population
Increasetotalnumberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish3-5
populations
Increasetotalplants

Objective
8-10populations
At least300matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish6-8populations
Increasetotal plants

Colubrina opposit~folia
Currentstatus

10 populations
300 wild plants
64 outplanted

N/A Objective
5-7populations
At least300 mature

plantseach
Sustainedfor 5 years

NeededIncreases
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Increasetotal plantsin
existingpopulations

tN)



Species Interim Downlisting Delisting

Cyaneacopelandiisubsp.
copelandii

Current status
1 population?

Unknownnumber(if
any)

Objective
3 populations
50 matureplantseach
150total matureplants

NeededIncreases
Establish2 or 3
populations
Increasetotal numberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish4-7
populations
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish7-10populations
Increasetotal plants

Cyaneahamatflora subsp.
carisonji

Currentstatus
3 populations
14 wild plants
51 outplanted

Objective
3 populations
50 matureplantseach
150 total matureplants

NeededIncreases
Increasetotalnumberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish2-4
populations
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish5-7 populations
Increasetotal plants



Species Interim Downlisting Delisting

Cyaneashipmanii
Current status

4 populations
<10 plants

Objective
3 populations
50 matureplantseach
150 totalmatureplants

NeededIncreases
Increasetotal numberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish1-3
populations
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish4-6populations
Increasetotal plants

Cyaneastictophylla
Currentstatus

3 populations
20 wild plants
46 outplanted

Objective
3 populations
50 matureplantseach
150total matureplants

NeededIncreases
Increasetotal numberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish2-4
populations
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish5-7 populations
Increasetotal plants



Species Interim Downhisting Delisting

Cyrtandragiffardli
£ua~nt~I~Iu~

11 populations
> 1,000plants

N/A Objective
5-7populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Increasetotal plants

Objective
8-10 populations
At least300matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish0-1 population
Increasetotal plants

Cyrtandra tintinnabula
£ua~nL~Iafl~

3 populations
18 plants

Objective
3 populations
50 matureplantseach
150 totalmatureplants

NeededIncreases
Increasetotal numberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish2-4

populations
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish5-7 populations

Increasetotal plants



Species Interim Downlisting Delisting

Delisseaundulata Objective Objective Objective
Current status 3 populations 5-7 populations 8-10populations
I population 50 mature plants each At least300 mature At least300 mature plants
1 wild plant 150 total mature plants plants each each
50 outplanted NeededIncreases Sustainedfor 5 years Sustainedfor 5 years

Establish2 populations NeededIncreases NeededIncreases
Increasetotalnumberof Establish4-6 Establish7-9 populations
plants populations Increasetotalplants

Ischaemumbyrone

Increasetotal plants

N/A Objective Objective
Currentstatus 5-7 populations 8-10populations

17 populations At least300 mature At least300 matureplants
> 2,000 plants plantseach each

Sustainedfor 5 years Sustainedfor 5 years
NeededIncreases NeededIncreases

Increasetotal plantsini Increasetotal plants in 4-6
additionalpopulation populations



Species Interim Downlisting Delisting

Isodendrionpyr~folium
Currentstatus

1 population
50-60plants

Objective
3 populations
50 matureplantseach
150total matureplants

NeededIncreases
Establish2 populations
Increasetotal numberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish4-6
populations
Increasetotalplants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish7-9 populations
Increasetotal plants

Mariscusfauriei
Currentstatus

4 populations
45-60plants

Objective
3 populations
50 matureplantseach
150 totalmatureplants

NeededIncreases
Increasetotalnumberof
plants

Objective
5-7 populations
At least300mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish1-3
populations
Increasetotalplants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish4-6 populations
Increasetotal plants



Species Interim Downlisting Delisting

Nothocestrumbrevflorum
Currentstatus

6 populations
Unknown

Objective
3 populations
25 matureplantseach
75 total matureplants

NeededIncreases
Increasetotalplants?

Objective
5-7 populations
At least300mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish0-1 population
Increasetotal plants?

Objective
8-10populations
At least300matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish2-4 populations
Increasetotal plants

Ochrosiakilaueaensis
Current status
Extinctin wild?
1 population
Unknownnumber of
plants

Objective
3 populations
25 matureplantseach
75 total matureplants

NeededIncreases
Establish2-3
populations
Increasetotalnumberof
plants?

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Establish4-7
populations
Increasetotalplants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish7-10populations
Increasetotal plants



Species Interim Downlisting Delisting

Plantagohawaiensis
Currentstatus

8 populations
> 5,000plants

N/A Objective
5-7 populations
At least300mature
plantseach
Sustainedfor 5 years

NeededIncreases
Increasetotalplants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish0-2 populations
Increasetotal plants

Portulacascierocarpa
Currentstatus
12 populations
> 1,000plants

Objective
3 populations
50 matureplantseach
150total matureplants

NeededIncreases
Increasetotal numberof
plants

Objective
5-7 populations
At least300mature
plantseach
Sustainedfor 5 years

NeededIncreases
Increasetotal plantsin 4-
6 populations

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Increasetotalplants in 7-9
populations
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Species Interim Downlisting Delisting

Pritchardiaaffinis
Current status

8 populations
50-65plants

Objective
3 populations
25 matureplantseach
75 total matureplants

NeededIncreases
Increasetotalnumberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Increasetotal plants

Objective
8-10populations
At least300 matureplants
each
Sustainedfor 5 years

NeededIncreases
Establish0-2populations
Increasetotal plants

Silenehawaiiensis
Currentstatus
11 populations
>11,000plants

N/A N/A Objective
8-10populations
At least300 matureplants
each

Sustainedfor 5 years
NeededIncreases

Sustainfor 5 years



Species Interim Downlisting Delisting

Tetramolopiumarenarium
Current status

3 populations
<400 plants

Objective
3 populations
50 mature plants each
150 total mature plants

NeededIncreases
Increasetotal number of
plants

Objective
5-7populations
At least300 mature
plants each
Sustainedfor 5 years

NeededIncreases
Establish 2-4
populations
Increasetotal plants

Objective
8-10populations
At least 300mature plants
each
Sustainedfor 5 years

NeededIncreases
Establish 5-7 populations
Increasetotal plants

Zanthoxylumhawaiiense
Currentstatus
11 populations
>250 plants

Objective
3 populations
25 matureplantseach
75 total matureplants

NeededIncreases
Increasetotal numberof
plants

Objective
5-7 populations
At least300 mature
plantseach
Sustainedfor 5 years

NeededIncreases
Increasetotalplants

Objective
8-10populations
At least300matureplants
each
Sustainedfor 5 years

NeededIncreases
Increasetotal plants



STEPDOWNOUTL1Th’JE

1. Protectcurrentpopulationsandmanagethreats.

11. Ensurelong-termprotectionof habitatfor currentpopulations.

111. Locate,verify, anddelineateall extantwild populations.

112. Delineatemanagementunits for preservation.

113. Providelong-termprotectionfor eachmanagementunit and/ortaxon.

1131. Continueand enhanceprotectionon Federallands.

1132. Continueand enhanceprotectionon otherpublic lands.

1133. Continueand enhanceprotectiononprivatelands.

12 Managethreatsto existingpopulations.

121. Developmanagementplansfor eachmanagementunit.

122. Managethreats.

1221. Controlungulates.

12211. Constructand maintainfencing.

12212. Evaluatealternativemeansfor control ofungulates.

12213. Considereradicationprogramsfor control ofungulates.

1222. Control other introduced animals, as necessary.

12221. Control rodents.

131



12222.

1223. Control

12231.

12232.

1224. Control

1225. Provide

12251.

12252.

1226. Define,
threats.

12261.

Controlgastropods,insects,etc. found to beharmfulto listed
species.

noxiousalien plants.

Establishimpactsofalien plantsanddeterminespecies
necessaryto control.

Determineeffectivecontrolmethod(s)and implementalien
plant controlprogram.

diseases,asnecessary.

necessarywildfire protection.

Determineimpactsof wildfire on taxa.

Developandimplementfire protectionandresponseplan(s).

document,andmitigateotherpotentialandcontrollable

Determineimpactsof andmanagehuntingandother

recreationalactivities.

12262. Determinemilitary impactsandmanagefor species’benefit.

123. Monitor statusofwild populations.

124. Revise management plans, as necessary.

13. Maintaingeneticstockofeachtaxonexsitu.

2. Conductessentialresearch.

21. Establishecosystemhistory andcollect diagnosticdataon associatedecosystem
components.

22. Definehabitatrequirementsfor eachtaxon.

23. Determinepopulationcharacteristicsfor eachtaxon.

24. Determinethereproductivepotentialofeachtaxon.
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25. Conductresearchnecessaryfor maintenanceof geneticstock.

251. Determinecharacteristicsof pollen andseedformation.

252. Study pollinationecology.

253. Studyfactorsaffectinggerminationandseedlingestablishment.

3. Expandexistingwild populations,asnecessary.

31. Identify populationsfor augmentation.

32. Propagatematerialfor augmentation.

33. Prepare sites andaugmentwild populations.

34. Maintain,monitorandevaluateoutplantings.

4. Create new populations within historicalrange,asnecessary.

41. Selectnewpopulationsitesandobtain long-termprotectionfor sites.

42. Control threatsto plantsat newsites.

43. Transplantselectedmaterial.

44. Maintain, monitor andevaluatenewpopulations.

5. Evaluateandvalidaterecoveryobjectives.

51. Validate the number of individuals andpopulationsnecessaryfor recoveryof each
taxon.

52. Refine/revisedownlisting anddelistingcriteria, asnecessary.

53. Evaluatespeciesfor downlisting anddelisting.
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STEPDOWNNARRATIVE

1. Protectcurrentpopulationsandmanagethreats

.

Protectionand propermaintenanceof extant(wild) populationsoftheHawaii PlantClustertaxa
areessentialandshouldbe thefocusofinitial recoveryactionsfor thesetaxa. Too often
propagation,transplanting,andattemptsat creatingnewpopulationsin marginalhabitatsare
offeredasanalternativeto saving,supporting,andmaintainingwild populationsandproper
habitat(Allen 1994). This temptationshouldbeavoidedat all costs. Not only is it essentialto
protectsurviving individuals andthegenepoolof eachtaxonof theHawaiianPlantCluster,but
suitableand adequatehabitatmustbeprotectedand maintainedaswell. In addition,surveys
shouldbegin immediatelyfor taxathat havenotbeenobservedfor severalyears. If a species
cannotbe found,they maybeconsideredfor delistingdueto extinction.

11. Ensurelong-termprotectionofhabitatfor currentpopulations

.

Adequate(largescale)areasshouldbeconservedto encourageandenableexpansionof
populationswithin a givenlocation. Often areasselectedfor protectionarenot sufficient to
containall theelementsofthe ecosystemneededto maintainthe speciesof concern.

111. Locate.verify, and delineateall extantwild populations

.

All known,potential,and/orsuspectedlocationswhereeachtaxonmightoccur should
be intensivelysurveyed. It is importantto document,as is economicallyfeasible,the
numberofindividualsof eachtaxonandthe extentofthepopulations. Presenceor
absenceofthe speciesfrom knownareasshouldbe documented.Detailedbiological
(associatedspecies,populationstructure,phenology,etc.) andecological(edaphic
characteristics,climatic regime,communitytype, etc.)datashouldbe collectedateach
locationwherenewindividuals arefound. Also, detailedsiteinformation(directions,
map,geographiclocation(using global positionsystemsfor accuracyif possible),etc.)
should be takenat eachlocation.

112. Delineateand prioritizemanagementunits for preservation

.

Theresponsibleagenciesandlandownersshouldevaluatemanagementunits for their
potential to adequatelyprotectthe speciesofconcern. Size,accessibility,amountof
disturbance,potential for protection,ability to protect, landownership,cooperative
effortswith Stateand otherFederalagencies,cost,etc. shouldall be consideredin the
siteselectionprocess.Ideally, all siteswherethesetaxaoccurshouldbe protected.
Realistically, economicswill mostlikely limit thenumberof sitesthat canbe protected.
Sitesshouldbeprioritized,taking thefollowing factorsinto consideration:degreeof
endangerment,numberofendangeredspeciesin thearea,andprobability for successful
protectionandmanagement.Additionally, sitesthat containsomeof the lastremaining
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examplesorremnantsofplantcommunitiesin nearpristineconditionshouldbe
consideredhigh priority for preservation.

Following is a list ofthoseareasdepictedin figure 15, which delineatesareason the
islandof Hawaii wherelargenumbersof listed speciesoccurand/orwherelargeareasof
relativelyundisturbedhabitatstill exists,andthat areownedby Stateor Federalagencies
with mandatesto managefor biological resources(L. Pratt,pers.comm., 1995). This
list is basedon limited andpreliminarydata. It should bemodifiedasnewinformation
is accumulatedconcerningthreats,distribution,and ecologicalrequirementsofthe taxa,
and in accordancewith managementunitsdesignatedby responsibleagenciesand
landowners.

1. KohalaMountainBogs.

Although no taxafrom this recoveryplanoccur in this area,it shouldbe includedin any
attemptto breaktheBig Islandinto managementunits. TheKohalaMountainsare
uniquebecauseahigh percentageof native,fairly undisturbedvegetationstill exists
there,andbecauseboggyareasstill occurathigherelevations. Thesebogsareimportant
ashabitatandpotentialreintroductionsitesfor manyspeciesofbirds, for comparative
purposesto thebogsandswampson otherislands(e.g.,Alakai SwamponKauai), andas
theyoungestexampleofbog developmentwithin the islands.

2• LaupahoehoeNatural Area Reserve/HakalauNational Wildlife Refuge.

Thesetwo areasrepresenta uniqueecologicalareaon thenorthernflank ofMaunaKea
andareworthy designationasa management unit. The following taxa from the Hawaii
PlantClusterarefound in theseareas: Cterrnontiatindseyana,Cterrnontiapyrularia,
Cyaneashiprnanii, andCyrtandra tintinnabuta. Careshouldbe takento ensurethat
Ctermontiapyrularia(likely theonly extantpopulationofthis species),whichoccurs
just outsidetheRefugeboundaries,is includedwithin this managementunit.

3. Puu Makaala Natural Area Reserve.

Thefollowing taxafrom theHawaii PlantClusteroccurin thearea: Cyaneacopetandii,
Cyrtandragzffardii, Ctermontiatindseyana,andCyaneashiprnanii.

4. Hawaii VolcanoesNational Park (HVNP).

Thesize,protection,andclimatic diversity foundat the Park provides an opportunity for
a significantnumberof rarespeciesto occurin thearea. Thefollowing speciesfrom the
Hawaii PlantClusterarereportedfrom HVNP orin closeproximity to theboundary:
Portulacascierocarpa,Sitenehawaiiensis,Clermontiatindseyana,Clermontiapeteana,
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Location of potential areason the islandof Hawaii for consideration as

managementunits for theHawaii PlantClusterrecoveryplan: 1) Kohala
Mountainbogs(ecologicallyimportantareabut no taxareported);2)
LaupahoehoeNaturalReserveArealHakalauNationalWildlife Refuge;3) Puu
MakaalaNaturalAreaReserve;4) Hawaii VolcanoesNationalPark;5) Kau
ForestReserve;6) ManukaNaturalAreaReserve;7) KipahoehoeNatural
Area/SouthKonaForestReserve;8) PohakuloaTraining Area; and9) PuuWaa
Waa.
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Cyaneacopetandii,Cyrtandragzffardii, Ischaernumbyrone, andNothocestrum
brevflorum.

5. KauForestReserve.

Thefollowing taxafrom theHawaii PlantClustersupposedlyoccuron theKauForest
Reserve: Mariscusfauriei,Plantagohawaiensis,Cyaneastictophylta,and Cterrnontia
peteana.

6. Manuka Natural Area Reserve•

The following taxa from the Hawaii Plant Cluster occur along thesouthwesterncoastof
Hawaii andpotentiallyoccurin this area: Cterrnontia tindseyana,Cyaneastictophytta..
Mariscusfauriei,Nothocestrurnbrevflorurn, and Pritchardiaaffinis.

7. KipahoehoeNatural Area Reserve/SouthKona Forest Reserve.

The following taxafrom theHawaii PlantClusteroccuralongthesouthwesterncoastof
Hawaii andpotentiallyoccurin this area: Cterrnontiatindseyana,Cyaneastictophylla,
Mariscusfauriei,Nothocestrurnbrevflorum,andPritchardia affinis.

8. PohakuloaTraining Area (PTA)•

Four taxa within the Hawaii Plant Cluster occur at PTA: Portutacascterocarpa,Silene
hawaiiensis,TetramotopiurnarenariumandZanthoxyturnhawajiense. Approximately
12 additionalendangered,threatened,or categorycandidatespeciesoccuratPTA.

9. Puu WaaWaaWildlife Sanctuary[Hualalai.

The Puu WaaWaaarea andslopesof Hualalaiarerich botanicalareasand representone
of themostsignificantmanagementareas. Thefollowing taxaoccurin theareaandare
on the Hawaii PlantClusterlist: Nothocestrurnbrevflorurn, Ochrosiakitaueaensis,
Ptantagohawaiensis,Zanthoxyturnhawaiiense,Cotubrinaopposit~folia,Mariscus
fauriei, Cyaneaharnatflora, Cyaneastictophytta,andDetisseaundutata.

113. Providelong-termprotectionfor managementunitsand/ortaxa

.

Maximumprotectionofthetaxaincludedin this recoveryplanwill beassuredby
obtainingcooperationfrom FederalandStateagencies,andprivatelandownersto carry
outplannedconservationeffortsthatwill enhancethehabitatoftheHawaii PlantCluster
plantsandotherimportantoruniquetaxa. Long-termcooperativemanagementplans
shouldbearrangedfor adequatehabitatfor eachmanagementunit or taxon (if they do
not fall into amanagementunit).
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1131. ContinueandenhancenrotectiononFederallands

.

Protectionandmanagementof listed taxaoccurringon Federallandsare
mandatedin theEndangeredSpeciesAct. CooperationbetweentheService
andotherFederalagencies,includingtheNationalParkServiceandthe
DepartmentofDefense,with regardto conservationplanningandlisted species
management,shouldbe continuedandenhanced.

1132. Continueand enhanceprotectiononpublic lands

.

Hawaii Statelaw (Chapter1 95Dof theHawaii RevisedStatutes)provides
protectionagainsttakingof endangeredplantsthroughoutHawaii. Protection
and managementof taxaoccurringon all public landsshouldbecontinuedand
enhanced.CooperationamongFederal,Stateandcountyagenciesin
conservationplanningandlisted speciesmanagementshouldbe sought.
Sufficienthabitatandspecies’populationsshould beprotectedand managedon
all landscontrolledandadministeredby DLNR, specificallyNaturalArea
Reserves.Sufficienthabitatandspecies’populationsshouldalso beprotected
andmanagedon all otherpublic landswheretheyoccurincluding, butnot
limited to, HawaiianHomeLandsandcountylands.

1133. Continueand enhanceprotectiononprivatelands

.

Cooperationwith privatelandownersto protectandmanagelisted taxashould
be sought,andHawaii Statelaw shouldbestrictly enforcedin orderto protect
thesetaxa.

12. Managethreatsto existingpopulations

.

Managementofspecies’habitatto controland/oreliminateimmediatethreatsto extantwild
populationsis ofparamountimportanceto thesurvivability of taxain theHawaii Plant
Clusterplan.

121. Developmanagementplansfor eachmanagementunit

.

Managementplansshould be developedfor eachprotectedareain cooperationwith
landownerson whoselandstheplantsoccurandwhoselands lie adjacentto the
managementunits. Designationofmanagementteamsorworkinggroupsconsistingof
landownersandknowledgeableindividualswith substantialhands-onexperienceand
expertisewith thespeciesandareasin questionmayserveto facilitatethis process.

Managementplansshouldbe tailoredto fit theuniqueneedsofthemanagementunit,
andmayincludesomeor all ofthetasksbelow aswell asothersthatbecomenecessary
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as more is learned about the areas and species.Amongtheimmediateactionsthatmust
be includedin the majority ofplansare: protectionfrom grazingandtramplingby feral
ungulates;reductionofcompetitionfrom alienplants; andprotectionfrom fire. Other
actionsthatmaybespecificto certaintaxaormanagementunitsare: protectionfrom
otherintroducedspecies,suchasinsectsorrodents;and protectionfrom disease.
Managementplansshouldbe revisedperiodically(seeTask# 124).

122. Mananethreats

.

After managementplansaredeveloped,implementationoftheseplansshouldproceed.
Managementto controlthreatsshouldnotbe limited to managementunits,however,as
mostspeciesalsooccuroutsideoftheseunits. Threatmanagementoutsidethe
designatedmanagementunits is importantfor taxathatoccuronotherislands,andis
vital for Isodendrionpyr~fotiurn,which is knownfrom only onepopulationthat doesnot
occurin any of theproposedunits. Indeed,aspecialeffort shouldbemadeto ensure
thatI. pyr~fotium is protectedandmanaged,andthatpopulationsof theBig Island
clustertaxathatoccuron otherislandsremainextant, in orderto maintaingenetic
distinctiveness.

1221. Controlun~ulates

.

Theimpactofungulates(cattle,sheep,goats,pigs)on nativeHawaiianplant
communitiesis well documented(Stone1985),asis their role in extinctionof
certainplantspecies.Protectionof nativeplantcommunities,includinglisted
taxa,from ungulatesis of utmostimportance.

Total eradicationof feral animals would be an impossibletaskdueto the
enormousnumbersofindividualsin thewild andstrongpublic supportfor
recreationalhuntingoftheseanimals. Eradicationfrom specificareasfor the
protectionof individual taxa,managementunits,orundisturbednative
Hawaiian vegetation is morefeasible.

12211. Constructandmaintainfencing

.

Fencingis usuallythemosteffective,althoughcostly, methodof protecting
nativeplantsfrom feral animalswithin Hawaii. Obviously,thefencing
strategyfor eachspeciesand/ormanagementunitwill varydependingupon
thespecificfencingobjectives,landownershippatterns,andterrainof the
area. However,severalgeneralstrategiescommonto all areascanbe made.

First priority shouldbegivento protectionofthe listed plant species.This
mayrequirefencingofrelatively small areasto protecttheknown
individuals. An attemptshouldbemadeto includeasmuchundisturbed

139



potentialhabitataspossibleto allow for expansionof thepopulation(s)or
for possibleaugmentationofthe speciesat a latertime. A perimeterofa
minimum of 164feet(50 meters)from thenearestindividual shouldbe
usedasageneralguideline.

Ideally, managementunits includingnumerouslisted speciesandlarge
tractsofundisturbednativevegetationshouldbe identifiedand fencedto
excludeferalanimals. Theseareasalsocouldactaspotential
reintroductionorspecies’populationaugmentationsitesfor future
outplantings.

Fences should follow roads,trails, powerlines,orotheranthropogenic
featuresasmuchaspossible. This will eliminateor decreasetheamountof
vegetationclearingnecessaryto constructthefence. Thus,costswill be
lowered,disturbanceof nativevegetationwill be reduced,andmaintenance
will be lesslabor-intensive.

Fencesshouldbe constructedin suchamanneras to excludeasmanyferal
animalspeciesaspossible. For example,fencesshouldbea minimumof 8
feet(2.5 meters)high to preventsheepandgoatsfrom jumping into
exclosures.Also, strandsofbarbed-wireshouldbeburiedor placedat
groundlevel to preventhogsfrom rootingunderthefence. Concretecorner
postsandmetalpostsshould beusedto preventrotting in wetterareasand
to lowermaintenancecosts.

Eradicationofferalungulateswithin theexclosureswill be necessary
following completionofthefencedexclosures.Animalscanberemoved
by varioustechniques. Someofthemore successfulmethodsarebaiting
andtrapping,snaring,poisoning,andpublic orcontrolledhunting. A
combinationofremovaltechniqueswill probablybenecessaryto ensure
completeeradicationoftheungulatesfrom theexclosures.Careshouldbe
takento guaranteethatthe methodoferadicationand/ortheactof
removingtheanimalsdoesnot inadvertentlyharmtheplantsthatarebeing
protected.

Periodicinspectionandmaintenanceof fencesarenecessaryto providefor
continuedexclusionof feralanimalsfrom thefencedareas.

Possible negative impacts of fencingon the listedplant speciesand
managementareasmustbe evaluated.For example,fencingand
eliminatingferalanimalscould increasepestplantbiomassthat was
previouslybeingconsumedby grazingand browsing. An increasein plant
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biomassmight serveto increasecompetitionto nativespecies,and/or
presentan increasedwildland fire hazard.

Finally, aswith thefencesthemselves,amonitoringprogramis necessary
to evaluatetheprotectedareasfor ungulatedamage.Periodiccheckingfor
signsofanimaldamagewill ensurethattheferal ungulatesdo not reenter
theexclosures.Obviously, if feralanimaldamageis discovered,the
animalsmustbeeliminatedandtheirmethodof entry into theexclosure
foundand corrected.

12212. Evaluatealternativemeansfor controlofun~ulates

.

Wherefencing is not feasible,othermeansfor controlofferalungulates
maybeconsidered.Alternativemeansincludestaff-controlledor liberal
public huntingon public lands. It shouldbemadeclear,however,that
listed taxashouldbe in no waycompromisedby suchactivities.

12213. Considereradicationprogramfor controlofferalungulates

.

Thepossibledevelopment,support,andfundingof a largescale(island-
wide) introducedanimalcontrolprogramshouldbeevaluated.Complete
eradicationfrom largeareasandislandsmaybe theonly methodfor
removingthis threatandprotectingthe listed specieswhileslowing or
haltingdegradationofnativeplantcommunities. Thefeasibility, however,
of greatly reducingoreradicatingcompleteanimalspopulationsis
questionabledueto fiscal constraintsaswell aspublic supportofhunting.

1222. Controlotheranimals.asnecessary

.

While feral ungulatesareby far themostdetrimentalanimalsto theplants
within theHawaii PlantCluster,they certainlyarenot theonly onesthatcould
haveanegativeimpacton theplants. Rodents,insects,gastropods,andother
organismsmay presentdirector indirect threatsto the species.

12221. Controlrodents

.

Rodents,particularly rats, havebeenobservedto negativelyimpact
Zanthoxylumhawaiiense. Depositsoffruit husksofZ. hawaiiensehave
beenfoundand thoughtto betheresultofratscollectingand consumingthe
seeds(J. Giffin, pers.comm., 1995). Ratsshouldbecontrolledin
populationsof Z. hawaiienseand any otherlisted plant speciesthey impact.
Controlshouldbe concentratedduring seedproductionandfruit fall to
facilitatereproductionof the listed taxa.
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12222. Control2astrovods.insects.etc.foundto beharmfulto listed

Investigationsinto thepotentialimpactofotheranimalson thevigor and
survivalof listed plantspeciesshouldbeundertaken.If gastropods,insects,
etc.,areshownto beathreatto any of thespecieswithin theHawaii Plant
Cluster,necessarycontrolmeasuresshouldbeusedto eliminatethethreat.

1223. Controlnoxious alien plants

.

Competitionwith alienplantsfor light, water,nutrients,space,andother
essentialelementsfor growthand survival is oneofthemajorreasonsfor the
declineof many native taxaand acontinuedthreatto theirexistence.Control
of alienplantspeciesthatposea threatto Hawaii Clustertaxais ofmajor
importanceandshouldbegivenahigh priority. Constructionof exclosuresand
removalofferalanimalsmight actuallyincreasethenegativeimpactsof alien
plant species.Indeed,releaseofalien speciesfrom grazingandbrowsing
pressurescouldbemoreharmfulto thelisted plantsthantheanimalimpacts. It
shouldbenotedthatall plant controlmethodshavethepotentialto disturb
nativeplantcommunities. Protectivemeasuresshouldbetakento eliminatethe
negativeeffectsofplant control (directdestructionofhabitat,othernonnative
speciesintroduction,roadandtrail development,etc.).

12231. Establishimpactsof alienplantsand determinespecies
necessaryto control

.

Not all alien speciesposeadirector indirectthreatto listed plantspecies.
Eachmanagementunit and/orspeciesmustbeevaluatedfor the influence
of alienspecies.For example,bananapokaandfireweedareamajorthreat
in thewetterareas(HVNIP, PuuMakaalaForestReserve,etc.),while
fountaingrassis athreatin drier areas(PTA, PuuWaaWaa).Alien species
to becontrolledmustbeprioritizedon thebasisofwhich onespresentthe
mostimmediateanddangerousthreatsaswell aswhich onescanbe
effectivelycontrolled.

12232. Determineeffectivecontrolmethod(s)andimplementalien
plant controlprogram

.

Manymethodsfor controlof plantsareavailable. Mechanicalmethods
(suchaspulling by hand,grubbingby machine,etc.)arehighly effective
andspecies-specific;however,they arelabor intensiveandfrequentlycost-
prohibitive. Chemicalcontrolwith herbicidesis oftencost-effective,but
manyofthe compoundsarenot specificenoughfor usein thevicinity of
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raretaxa. Generalherbicidescanbemademoreeffectiveandspecific
whenappliedby hand;however,thecostwill grow becauseofincreased
labor. Biological controlcanbeextremelyeffective,butrunsgreatrisks,
especiallyin fragile islandecosystems,thatbiological agentswill become
peststhemselves.Eachspeciesandmanagementunitwill probablyrequire
theapplicationofany numberof controlmethods.Regardlessof the
method(s)selected,eachshouldbe rigorouslytestedandevaluatedprior to
use.

After the species to be controlled and appropriate methods of control have
beenidentified,an intensivecontrolprogramshouldbe implemented.
Obviously, areas and speciesmostthreatenedby alienplantsshouldbe
treatedfirst. Fencedexclosuresandotherareasselectedfor protectionof
the listed speciesshouldbegivenpriority.

Plant control programs are long-term and requireintensivemonitoringto
properly evaluate control efforts. Monitoringwill notonly accurately
identify themosteffectiveandusefultechniquesto employ in controlling
undesirablespecies,butwill alsoindicatewhenadditionaltreatmentsare
necessaryto preventreinfestation.

Monitoringofplant controlprogramsalsomaybeusefulin evaluatingthe
unintentionalimpactsof any recoverytechniqueson nativeplant
communities. Any damageto thecommunities,suchasthepossible
introductionor spreadofother“weedy” species,canbedocumentedduring
themonitoringprogramsand rectified.

1224. Controldiseases.asnecessarv

.

If diseaseis foundto presentathreatto anytaxon,thennecessarycontrol
methodsshouldbeusedto eliminatethethreat.

1225. Providenecessarywildfire protection

.

Wildfire presentsagravethreatto thesurvivalofmanylisted Hawaiianplant
species.Fire protectioncantakevariousforms. Reductionin fuel loads,as
oftenfoundwith aliengrassinvasion(i.e., fountaingrass),is an obviousform
offire preventionandprotection. Fuel reductionalsois oneof theprevention
methodsoverwhich humanshavesomecontrol. Anotherform wouldbe
reductionin ignition sources.While little canbedoneconcerninglightning
strikesor lavaflows, othermethodsof eliminatingordecreasingignition
sourcescanbeundertaken,e.g.,restrictingsmoking,campingor cookingfires,
andcarswith catalyticconvertersfrom grassyareas.Fuel andfire breakscan
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beconstructedandmaintainedaroundlisted speciespopulationsand/or
managementunits to preventthespreadof wildfires.

12251. Determineimpactsof wildfire on taxa

.

Not all impactsofwildfires on plants arenegative. Fire mayhavelittle
impacton plantsandoccasionallypositivebenefitscanbe achievedfrom
burning. Theinfluenceof fire on thelife cyclesof eachof listed species
shouldbe evaluatedanddocumented.

12252. Developandimplementfire protectionand responseplan(s)

.

Fireprotectionandresponseplansshouldbe developedfor eachlisted
specieshabitator for eachof the largermanagementunits. Thedrier parts
of the islandaremoreproneto wildfires andshouldbeaddressedfirst. The
wetterareas,however,should notbeignored. Duringperiodsof drought
theseareaswill becomesusceptibleto wildfires. Plansshouldbedeveloped
for eachmanagementunit with the input ofthe local fire department,the
landowner(s),responsibleagencies,and,if necessary,recognizedexpertsin
wildland fire preventionandwildland firefighting asappropriate.These
plansshouldclearlyspecifythe locationof therareplanttaxaandshouldbe
distributedto all oftheaboveparties.

Fire protectionandresponseplansshouldbe implemented.As with other
landmanagementoperations,the effectivenessofthefire protectionplan
mustbemonitoredandevaluatedon a long-termbasis. Considerationmust
begivento theresultsofotherrecoverymanagementprograms. For
example,reductionin feral animalsnumbersmayresultin increasedforage
productionbecauseof lackof grazing. Thegreaterherbaceousplant
growthmayin turn increasetheprobabilityofwildfire becauseof larger
fuel loads.

1226. Define, document.andmitigateotherpotentialandcontrollable
threats

.

Additional threatsto thesurvivalof the listed specieswithin theHawaii Plant
Clustermayexist. Identifying andaddressingthesethreatsis necessaryfor the
protectionand enhancementof thespecies.
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12261. Determineimpactsofandmanagefor huntingandother
recreationalactivities

.

Recreationalactivitiescanpotentiallyhaveboth apositive andnegative
impacton the listed taxa. Theseimpactsshouldbedeterminedand
appropriateactionstakenfor theprotectionandenhancementofthe listed
species.

Huntingofferalanimalscanbenefitthe listed speciesby eliminating
damageby grazingandbrowsinganimals. However,huntersmay
physicallydamageplantsor increasetherisk of wildfire from automobiles,
campandcookingfires, andsmoking. If huntingis desirableandallowed
in areaswherelisted speciesoccur,public awarenessprogramsto increase
thebenefitsand eliminatethedisadvantagesofhuntingshouldbe
implemented.

Hiking, camping,bird watching,etc., arerecreationalactivitiesthatmight
negativelyimpactlisted speciespopulationsorhabitat. Among thegreatest
threatsareincreasedrisk of wildfires, introductionandmovementofalien
species,trampling,and destructionof fences. If recreationalactivitiesare
to be allowedin listed specieshabitat,public awarenesstechniquesshould
beemployedto alertusersofpotentialconflicts.

12262. Determinemilitary impactsandmananefor species’benefit

.

As with recreationaluses,military trainingcanhavebothapositiveand
negativeimpacton listed species.Obviousnegativeimpactsincluded
trampling,increasedrisk ofwildfire, introductionandmovementof alien
species,dust, etc. Positiveimpactsincludeprotectionof largeareasfrom
developmentandreductionof damageby feral animals. Military impacts
shouldbeevaluatedat thePTA and adjustedto benefitthe listed species
whileallowing for the continuationof themilitary mission.

123. Monitor statusofwild populations

.

Populationsof all taxain theHawaii PlantClusterRecoveryPlanshouldbemonitored
to ensurethat currentinformationis availableregardingthestatusofeachtaxonand the
effectivenessofmanagementtechniques.Datashouldincludequantitiesandlocationof
all extantplantsaswell as any otherrelevantobservationsregardinghabitator situation.
Informationsuchaschangesin numbersofplantsby sizeclass,changesin vigor of
individual plants,andchangesor disturbancesto thehabitatshouldbenotedas
appropriateandrecorded.
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124. Revisemanagementplans.as necessary

.

Managementplansshouldbeevaluatedperiodically to determineif therecoverygoals
andobjectivesarebeingmet, evaluatethe overall stabilityand ecologicalhealthof each
of the listed species,makerecommendationsonhowto improvetherecoveryefforts,
and ensureimplementationof recommendations.Managementplansshouldbe revised
to reflectnewthreatsandlife historyinformation, andtheneedto protectandmanage
newly discoveredpopulations.

13. Maintaingeneticstockof eachtaxonexsitu

.

Cultivatedpopulationsof Hawaii clustertaxashouldbe maintainedin orderto establish
poolsof geneticresourcesto safeguardagainstlossofthematerial dueto catastrophic
events. Material for cultivationshouldrepresentaswide arangeof geneticdiversity asis
economicallyfeasible. Cultivatedplantsshouldbe usedfor all needs(research,
experimentation,seedsource,etc.)ratherthandisturbingnaturallyoccurringpopulations. It
shouldbe noted,however,thatcultivation of theseplantsis not asubstitutefor their
preservationorprotectionin thewild (Allen 1994). Collectionmethodsandquantitiesof
materialsshouldbedesignedto haveminimal impacton wild populations.All collected
materialsshould be labelledaccuratelyasto exactorigin, collectiondate,etc.

Seedsofeachtaxonshould be collectedandentrustedto seedbanksfor long-termstorage
using thebestavailabletechniquesfor preservation.Seedsin long-termstorageshouldbe
periodically testedfor viability andre-collectedasnecessary.

2. Conductessentialresearch

.

Defining thehabitatrequirementsand populationcharacteristicsofeachtaxonwithin theHawaii
PlantClusteris importantin maintenanceor augmentationof existingpopulationsaswell as
establishingnewpopulations. Theinformationwill indicatetheparametersofthe environment
that areessentialfor establishment,growth, andreproductionfor eachtaxon,and theoptimum
populationstructurefor eachspecies.This informationshouldbe evaluatedwithin thecontext
of associatedecosystemcomponents.

21. Establishecosystemhistoryand collectdiagnosticdataon associatedecosystem
components

.

Establishingthehistoryof habitatswherelisted speciesoccurwill assistin determiningeach
taxon’sresponseto perturbation.For example,aspeciesoccurringin anareathatwas
burned5 yearsbeforemight indicatetheplantis resistantto fire, may establisheasilywith
reducedcompetition,or might requirefire to germinate.

146



Floral characteristicsofthenativeecosystemssuchasspeciescomposition,cover,structure,
etc.,andinvertebrate,bird and otherfaunalpopulationswithin eachmanagementareashould
bedocumented.This will assistin betterunderstandingtherelationshipamongorganisms
andidentifyingareaswithin andoutsideofthemanagementareawhereHawaiiclustertaxa
might survivewithoutconstantspecies-specificmanagement.

22. Definehabitatrequirementsfor eachspecies

.

It is importantto identify aswell as possibletheenvironmentalparametersessentialfor
establishment,growthandreproductionof eachtaxon.

Determinationofsoil parameterswherelisted speciesoccuris importantin selectionofsites
for populationaugmentationor creationof newpopulations. Importantsoil parameters
include, but arenot limited to, texturalclass,pH, organicmatter, andmacro-and
m icronutrientcontent.

Measurementofmacro-and microclimaticcharacteristicswherethe listed speciescurrently
occurwill yield valuableinformationabouttheoptimum climaticrequirementsfor thetaxa
within theHawaii PlantCluster. Precipitation,temperature,solarradiation,relative
humidity, wind speed,etc.,shouldbe collectedin representativehabitatsfor eachspecies.
Therelationshipbetweenmicroclimaticfeaturesand plantsuccessshouldbe investigated.

23. Determinepopulationcharacteristicsfor eachspecies

.

Informationaboutpopulationdynamicsofeachtaxonin theHawaiiPlantClusteris essential
to determiningviablepopulationstructure. Demographicdatafor eachtaxon would beused
to conductpopulationviability analyses.

Populationsof all thetaxawithin theHawaii PlantClustershouldbe inventoriedand
monitoredto evaluatethespeciescurrentstatusandserveasa baselinefor determiningthe
successofthe recoveryeffort. Permanentfield plots shouldbeused. Individuals ofthe
listed speciesshouldbe mapped,tagged,orotherwisedelineatedsotheycanbemonitored
throughtime.

The age-classdistributionof eachperennialspeciesshouldbe determinedwhenestablishing
permanentfield plots and creatinga baselinedataset. Forexample,wheneachindividual is
mapped,tagged,orotherwisedelineated,its size,status(seedling,juvenile, adult,
reproductive adult, dead,etc),andconditionshouldbe noted. Longevityof individualsis
an important variablein determiningpopulationstructureanddynamicsfor eachspecies.
Long-termmonitoringis oneof thebestmethodsfor determiningthis variable.

Recruitment ratesalong with turnoverratesareessentialto describingthe dynamics of

populationstructure. For example,if an organismis long-lived (largetree),recruitmentcan
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bevery low. Conversely,if an organismis short-lived(herbaceousperennial),recruitment
mustbehigherto maintaina constantpopulationdensity.

Basedon thedemographicdatacollectedfrom inventoryingandmonitoringprograms,it is
possibleto model andpredictthedemographic‘behavior” of the listed species(Menges
1986). Thebehaviorof eachof the individual populationscanbepredicted,aswell asthe
averagebehaviorfor a particulartaxon.

25. Determinethereproductivepotentialof eachspecies

.

Investigationsinto thereproductivebiology of the listed taxaarenecessaryto understanding
thepotentialfor reintroductionandreestablishmentofthat taxon,aswell asdetermining
whethercertainreproductiveattributesmayresult in rarity (Douglas& Shaw 1992).

251. Determinecharacteristicsof pollen andseedformation

.

Microsporogenesisandmegasporogenesis(pollen andseedformation)shouldbe
examinedfor eachtaxon. Chromosomenumber,morphology,andbehaviorshouldbe
documented(Smith 1974). Occurrenceof apomixis(female-onlyproducedoffspring)

shouldbeevaluated. Crossingexperimentsshouldbe conductedto checkfor self-
compatibilityor obligatoryoutcrossing(Fritz-Sheridan1988).

252. Studypollination ecology

.

Pollenbiology andpollination ecologyshouldbe determinedfor eachtaxonwithin the
Hawaii plant cluster. Pollenvectorsshouldbe collectedandidentified, andtheir
abundanceestimatedto determineif theyarea limiting factorin reproduction. Actions
shouldbe takento ensurethat pollinatorsarenotrestrictedand remainavailablefor
pollen transmittal. Pollenviability andpollen morphologyshouldbeevaluatedto ensure
thattheyarenot interferingwith reproduction(Radfordet al. 1974).

253. Studyfactorsaffectinggerminationandseedlingestablishment

.

Informationconcerningtheseedbiology of the listed speciesin theHawaiiplant cluster
is vital if sustainingpopulationsareto bemaintainedand/orcreated. Seedviability
(Larsen1965),germinationrates(Brown & May 1988),potentialdormancy,and other
factorsaffectinggermination(hormones,scarification,leaching,seedripening,
temperature)mustbedetermined(Barton1965, Kanzler& Van Staden1984).

Dataconcerningseedlingestablishmentrequirementsis vital to creatingand/or
augmentingpopulations. Without knowledgeof temperature,photoperiod,water,and
edaphiclimits for seedlingestablishmenttheability to establishtaxais restricted(Oechel
1988).
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26. Conductresearchnecessaryfor maintenanceof geneticstock

.

Populationsof eachlisted taxonshouldbe maintainedin cultivationto safeguardagainstloss
ofgeneticmaterialdueto catastrophicevent,andto providepropagulesfor reintroduction,
experimentation,andpreservation. FormanyHawaii plant clustertaxa,cultivationmethods
andseedstoragerequirementsareunknownoruntested.

Thepurposeof long-termstorageof seedat theNational SeedStorageLaboratoryis to
preservethe geneticdiversity in thegenepool. Preservationofthegenepool is extremely
importantin endangeredspeciesmanagement,andthesamplessubmittedfor storageshould
representthediversitywithin thespecies.Prior to storage,theviability andgermination
percentages,existenceofinnatedormancyperiods,andnecessarytreatmentsfor breaking
dormancyshouldbe determinedfor eachtaxon(seetask#253). A subsampleof eachtype

of seed placed into storage should be grown out periodically (approximately every 5 years)
to determinetheeffectsof long-termstorageon viability, germination,and geneticdiversity.
Seedsshould berecollectedasneeded(TracyHalward,ColoradoStateUniversity,pers.
comm., 1995).

Asexualreproductionsometimescanbe as importantassexualreproductionin thespreadof
plants(Hartmann& Kester1975). Thepotentialfor propagationof the listed taxaby
vegetativemeansshouldbe investigated.

3. Expandexistingwild populations.asnecessarv

.

Individual numbersoftheHawaii plantclustertaxashouldnaturallyincreasefollowing
protectionofwild populationsandremovalof someor all threatsfrom theirhabitat. However,
in somecases,augmentationofthewild populationswill benecessary.If naturallyoccurring
populationsfall shortof therequirednumberof individuals,thepopulationsshould beincreased
with outplantingsfrom nurserystock. Taxon-specificor managementunit plansshouldcarefully
specifythe location,augmentationmethods,timing, andmonitoringschemesthattheypropose.
Thepublic shouldbenotified of theplansto augmentpopulations,and public assistanceand
reviewoftheprocessshouldbe encouraged.Extremecautionshouldbetakento preventthe
introductionofharmful organisms(alien plantspecies,soil microorganisms,diseases,etc.)into
thehabitatsof thelisted taxa.

31. Identify populationsfor augmentation

.

Known populationsfor eachtaxonshouldberankedbasedon asetof “criteria for successful
transplanting”developedduringtheplanningprocess.Numberof individuals to transplant,
ageandsizeclassesof individuals, etc., shouldbeestimatedusing transitionalmatrices
(Aplet et al. 1994,Menges1986)developedfrom informationcollectedundertask#2
(demographicand reproductiveparameters).
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32. Propagatematerialfor augmentation

.

Undertasks#13 and25, techniquesfor propagatingnurserystockshouldhavebeen
determinedfor eachtaxon. Material from the populationsto beaugmentedshould be used
to generatethe nurserystockusedin theoutplantings.Usinggeneticstockfrom theexisting
populationshouldhelp in reducinggeneticcontaminationof thewild populations; however,
maintaininginherentgeneticdiversitywithin thepopulationsshouldbe emphasized.The
number,age,andsizeof individualsto be usedmaybedeterminedusingtransitional
matrices.

33. Preparesitesandaugmentwild populations

.

Eachselectedsite mustbepreparedto meettherequirementsfor seedlingandplant
establishmentdeterminedfor eachtaxon. In somecases,this might meancompletely
clearingan areaneartheoriginal populations. In othercases,that won’t benecessaryasnew
transplantstockwill be placedunder“nurse” plants. Careshouldbe takento ensurethat
eachsitecontinuesto beprotectedfrom threats.

Thenewplantsshouldbe placedinto thewild populationsin theappropriatemanner. As
statedpreviously,careshouldbe takento guaranteethatno alienplantsorharmfulsoil
microorganismsareintroducedinto thewild populations. Theuseof supplementalwater
andnutrients(fertilizer) to assisttheestablishmentof thetransplantsshould be evaluatedon
a site-by-siteandspecies-by-speciesbasis.

34. Maintain,monitorand evaluateoutplantin~s

.

Successoftheoutplantingsshouldbe monitoredin asimilar fashionto theschemeusedfor
theexistingpopulations. Also, thetechniquesusedfor outplantingshouldbeevaluatedand
modified asnecessaryto increasesuccess.Protectionandmaintenanceoftheoutplanting
sitesshouldbe thesameasfor theexistingpopulations(i.e., feralanimalcontrol,alienplant
control, etc.). Unsuccessfultransplantsshouldbe replacedto maintaintheminimumnumber
of individuals recommendedfor a viablepopulation.

4. Createnewpopulationswithin historicalrange.as necessarv

.

To meetthedownlistingand delistingcriteriaestablishedby therecoveryplan, it will be
necessaryto createnewpopulationsof someof thetaxa. Thesenewpopulationsshouldbe
within the estimatedhistoricalrangeof taxa. By creatingthepopulationswithin eachtaxon’s
historicalrange,theprobabilityof successfulestablishmentshouldincreasebecausethetaxon
wasonceadaptedto the local ecologicalparameters.Theoverall objectiveof this taskis to
createnew viablepopulations,which will beprotectedandmaintainedin asimilar fashionto the
known existingwild populations.
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41. Selectnewpopulationsitesandobtain long-termprotection

.

If newpopulationsaredeterminedto be necessary,a detailedplanningprocessis required.
Someparametersto considerwould be: identificationof sites;appropriateapprovalfor
creationof newpopulations;geneticmaterialto beusedfor transplantstock;protectionof
sites;methodsof establishment;and monitoringof populations.

Sitesfor newpopulationsshouldbewithin theknownhistoricalrangeofthe species.
Matchingof ecologicalinformation(soils, climate,associatedspecies,etc.)from existing
populationsshouldassistin selectingthepotentiallocationsfor newpopulations. Choiceof
sitesshouldhaveconsiderablepublic input to avoid any potentiallanduseconflicts.
Selectionofsitesshouldnot be limited to areasin closeproximity to existing populations,
butshould includeotherislands(within historicalrange)andsimilarhabitatson theislandof
Hawaii.

Careshouldbe takenin selectionof geneticmaterialto beusedin creatingthenew
populations. If no geneticmaterial from thenewsitecanbe documented,transplanttrials
mightbe necessary.A widerangeofplantsfrom all ormanyexistingpopulationsshouldbe
testedto determinewhich materialis bestadaptedto thesiteandhasthebestchanceof
survival.

Obtainingcooperationfrom FederalandStateagenciesandprivatelandownersis necessary
to carry outplannedconservationefforts thatwill enhancethehabitatoftheHawaii Plant
Clustertaxa. Long-termcooperativemanagementplansshouldbe arrangedfor eachsite.

42. Control threatsto plantsatnewsites

.

Threatsshouldbe identifiedandcontrolledin a similar fashionto theexistingplant
populations. Areasshouldbe fenced,feral animalscontrolledwithin theexclosures,and
alienplantscontrolledor eliminated. Careshouldbe takennot to excessivelydisturbthe
selectedsitesnor to introducenewalien plant speciesor pathogensinto thearea.

43. Transplant selectedmaterial

.

Oncethesiteshavebeenidentifiedandprotected,selectedplantmaterialsshouldbe
transplanted. The techniquestried andmodified in augmentingexistingpopulationsin task
#3 shouldhelp in establishingthesenewpopulations. Decisionson whetherto artificially
supply additionalwaterornutrientsto aid in establishmentshouldbemadeon a site-by-site
andspecies-by-speciesbasis.
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44. Maintain,monitor andevaluatenewpopulations

.

The success of the new populations should be closelymonitored. Unsuccessfulpopulations
shouldbecarefullystudiedasdocumentationof the causesfor establishmentfailuresare
importantfor thesuccessoffutureoutplantings. Any failed attemptsto createnew
populationsshouldbeevaluated,andeitherreattemptedat theoriginal siteormore
appropriatesitesselected.

5. Evaluateandvalidaterecoveryobjectives

.

Progressand feasibilityof recoveryefforts shouldbe periodicallyevaluated.As new
informationis generatedby implementationoftherecoveryplanandby independentand/or
relatedscientificresearch,alterationof specificobjectivesandrecoverycriteriamaybe
necessary.

51. Validate the numberof individuals andpopulationsnecessaryfor recoveryofeach
taxon

.

The population and reproductivebiology informationgeneratedin task #2 canbe
incorporatedto determineminimumviablepopulationsizeandnumbernecessaryto ensure
thesurvivalof listed taxaat somelevel of confidencefor aspecifiednumberof years(Soule
1986, 1987). Thedesiredlevel of probability for survivalandexistencetime aretwo critical
societalissueswhich mustbe establishedbeforesizeestimatescanbemade(Shaffer 1987).
Political, economic,andsocietalvalueswill dictatewhich levelsareacceptableandrealistic
(Douglas& Shaw1992).

Monitoring oftheoverallconditionand demographiccharacteristicsof existingandcreated
populationsshouldbeusedto checktheoriginalminimumviablepopulationestimates.As
newdatabecomeavailable,moreaccurateestimatescanbemadeconcerningthenumbers
neededwithin eachpopulationaswell asthenumberofpopulations.

Lossof adaptability,inbreeding,fragmentation,anddemographicvariationcanall cause
decreasedgrowth, increasedfragmentation,andlower effectivepopulationsizewhich, if
unchecked,canleadto extinction(Gilpin 1987). Maintenanceand/orestablishmentof
geneticallydiverse,outbreeding,interconnected,and properlystructuredpopulationscan
counteracttheseextinctionforces.

52. Evaluatespeciesfor downlistinganddelistin~

.

As recoveryobjectivesareimplementedand specifictasksaccomplished,thenumberof
individualsof eachtaxon shouldbeginto increase.Populationsshouldincreasein size,
vigor, andstability. Monitoringoftheoriginal wild populationsandcreatedpopulations
should indicatewhich speciesaresuccessfullyrecoveringandwhich arenot. Basesfor
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downlistinganddelistingestablishedin this recoveryplanmaybe refinedduring
implementationoftherecoveryplan. Whenthe determinednumberof minimumviable
populationshavebeenestablishedfor therequiredlengthoftime thetaxonmaybe
downlistedor delistedaccordingto thesecriteria.

53. Refine/revisedownlisting anddelistin~criteria, asnecessary

.

Basedon scientificinformationgatheredduringrecoveryefforts, recoverycriteriafor each
of theHawaii clustertaxashouldbe revisedto reflectnewinformation. Until suchtimeas
additionalsoundinformationis available,thecriteriapresentedin this recoveryplanshould
beusedasthebasisfor downlistinganddelisting.
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III. IMPLEMENTATION SCHEDULE

The Implementation Schedulethat follows outlinesactionsandestimatedcosts(including
costsfor salaries)for theBig Islandplant clusterrecoveryprogram,assetforth in this
recoveryplan. It is aguidefor meetingthe objectivesdiscussedin PartII ofthisplan.
This scheduleindicatestaskpriority, tasknumbers,taskdescriptions,durationof tasks,
agenciesresponsiblefor committingfunds,andestimatedcosts. Theagencies
responsiblefor committingfundsarenot, necessarily,the entitiesthatwill actuallycarry
out thetasks. Whenmorethanoneagencyis listedastheresponsibleparty, an asteriskis
usedto identify the leadentity.

The actions identified in the ImplementationSchedule,whenaccomplished,should
protect habitat for the taxa,stabilizeexistingpopulations,and increasepopulationsizes
andnumbers. Monetaryneedsfor all partiesinvolved areidentifiedto reachthis point,
wheneverfeasible.

Priorities in Column 1 ofthefollowing ImplementationScheduleareassignedaccording
to thefollowing guidelines:

Priority 1 - An actionthat mustbe takento preventextinctionor to preventthe
speciesfrom decliningirreversibly.

Priority2 - An actionthatmustbe takento preventasignificantdeclinein
population/habitatquality, or someothersignificantnegativeimpact
shortof extinction.

Priority 3 - All otheractionsnecessaryto providefor full recoveryof thespecies.

Key to Acronyms Used in the Implementation Schedule

DLNR - Department of Land and NaturalResources
DOD - Departmentof Defense
PIE - U.S. FishandWildlife Service,Pacific IslandsEcoregion
LE - U.S. FishandWildlife Service,Law Enforcement
NBS - NationalBiological Service
NPS - NationalParkService
BOT - VariousBotanicalGardens(e.g.,NationalTropicalBotanicalGarden,

Lyon Arboretum,WaimeaBotanicalGarden,etc.)
HDOA - HawaiiDepartmentofAgriculture
PL - PrivateLandowners
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Keyto OtherCodesUsedin theImplementationSchedule

C - Task will need to be performed continuously
O - Task is ongoing
TBD - To Be Determined
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RECOVERY PLAN IMPLEMENTATION SCHEDULE
THE BIG ISLAND PLANT CLUSTER

Priority # Task # Task
Description

Task
Dura.
tion
lyrs)

Respons
rbIe
Party

Total
Cost

Cost Estimates ($1.000’s)
— — —

FY FY FY FY FY
199S 1557 1995 1999 2000

1111 Locate, verify and delineate all
extant wild populations

5 DLNR 300.0 15 15 15 16 15

NBS 300.0 15 15 15 15 15

PIE 42.0 3 3 3 3 3

DOD 42.0 3 3 3 3 3

NPS 42.0 3 3 3 3 3

1112 Delineate management units
for preservation

1 PIE 1 .0

DLNR 1.0 1

11131 Cont,nue and enhance
protection on Federal lands

0 DOD 20.0 1 1 1 1 1

NPS 20.0 1 1 1 1 1

PIE 20.0 1 1 1 1 1

LE 20.0 1 1 1 1 1

11132 Continue and enhance
protection on other public
lands

0 DLNH 100.0 5 5 5 5 5

11133 Continue and enhance
protection on private lands

0 DLNR 20.0 1 1 1 1 1

PL 20.0 1 1 1 1 1

PIE 200 1 1 1 1 1

1121 Develop management plans
fo~ each management unit

2 DLNR 30.0 15 15

PIE 300 15 15

DOD 50 25 2.5

NPS 5 0 2.5 2.5

P1 50 2.5 25
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Priority # Task # Task
Description

Task
Dura-
tion
lyre)

Respons
ible
Party

Total
Cost

Cost Est,mates 1*1.000’s)
— — — —

FY FY FY FY FY
1995 1997 1998 1999 2000

112211

—

112212

—

112213

—

—

Construct and maintain
fencing

0 DLNR 1,000.0 50 50 50 50 50

PIE 1.000.O 50 50 50 50 50

DOD 400.0 20 20 20 20 20

NPS 400.0 20 20 20 20 20

PL 400.0 20 20 20 20 20

Evaluate alternative means for
control of ungulates

5 DLNR 65.0 5 5 5 5

PIE 65.0 5 5 5 5

DOD 26.0 2 2 2 2

NPS 26.0 2 2 2 2

PL 26.0 2 2 2 2

Consider eradication programs
for control of ungulates

3 DLNR 3.0 1 1 1

PIE 3.0 1 1 1

112221 Control rodents TBD DLNR 0.0 TBD

DOD 0.0 TBD

NPS 0.0 TBD

PL 0.0 TBD

PIE 0.0 TBD

112222 Control gastropods. insects.
etc. found to be harmful to
listed species

TBD DLNR 0.0 TBD

DOD 0.0 TBD

NPS 0.0 TBD

PL 0.0 TBD

PIE 0.0 TBD

112231 Establish impacts of alien
plants and determine species
necessary to control

5 DLNR 65.0 5 5 5 5

NBS 65.0 5 5 5 5

PIE 65.0 5 5 5 5

DOD 26.0 2 2 2 2

NPS 26.0 2 2 2 2

HDOA 26.0 2 2 2 2
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Priority # Task I Task
Description

Task
Dura.
ton
lyrs)

Respons
ble

Party

Total
Cost

Cost Est,mates (*1,000’s)

FY

1999

F

FY
1997

F

FY
1999

F

FY
1999

F

FY
2000

112232 Determine effective control
method(s) and implement alien
plant control program

0 DLNR 950.0 50 50 50 50

PIE 380 0 20 20 20 20

DOD 190.0 — 10 10 10 10

NPS 1900 10 10 10 10

HDOA 1900 10 10 10 10

PL 1900 10 10 10 10

11224 Control diseases, as
necessary

TBD DLNR’ 00 TBD — — — —

HDOA 00 TBD

PIE 00 TBD

112251 Determine impacts of wildfire
on taxa

5 NBS 1900 10 10 10 10

PIE 950 5 5 5 5

DLNR 950 5 5 5 5

112252 Develop and implement fire
protection and response
plan(s)

C DLNA~ 1590 — 20 20 7 7

DOD 270 5 5 1 1

NPS 270 5 5 1 1

P1 270 5 5 1 1

PIE 270 5 5 1 1

112261 Determine impacts of and
manage hunting and other
recreational activities

C DLNR~ 95 0 5 5 5 5

PIE 19 0 1 1 1 1

112262 Determine military impacts
and manage for species’
benefit

C D0D~ 95 0 5 5 5 5

1123 Monitor status of wid
populations

C DLNR 2000 10 10 10 10 10

NBS 2000 10 10 10 10 10

DOD 400 2 2 2 2 2

NPS 400 2 2 2 2 2

PL 400 2 2 2 2 2

PIE 400 2 2 2 2 2
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Priority # Task # Task
Description

Task
Dura-
tion
lyre)

Respons
ible
Party

Total
Cost

Cost Estimates 1*1,000’s)
— — — —

FY FY FY FY FY
1999 1997 1999 1999 2000

1124 Revise management plans, as
necessary

TED DLNR 0.0 TBD

DOD 0.0 TBD

NPS 0.0 TBD

P1 0.0 TBD

PIE’ 0.0 TBD

113 Maintain genetic stock of
each taxon cx situ

C DLNR 200.0 10 10 10 10 10

BOT 400.0 20 20 20 20 20

PIE 400.0 20 20 20 20 20

NEED 1 IPreserve and protect existing populations) 6.100.0 279 539 537 470 469

2 21 Establish ecosystem history
and collect diagnostic data on
associated ecosystem
components

S NBS 100.0

PIE 50.0

DLNR 50.0

2 22 Define habitat requirements
for each taxon

5 NBS 100.0

PIE 50.0

DLNR 50.0

2 23 Determine population
characteristics for each taxon

5 NBS 100.0

PIE 50.0

DLNR 50.0

2 24 Determine the reproductive
potential of each taXon

5 NBS 100.0

PIE 50.0

DLNR 50.0

2 251 Study pollen and seed
formation

5 BOT’ 15.0

NBS 15.0

PIE 1S.0

DLNR 15.0

2 252 Study pollination ecology 5 BOT 20.0

NES’ 20.0

PIE 20.0

DLNR 20.0
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Priority # Task I Task
Description

Task
Dura-
tion
lyrsl

Respons
ible
Party

Total
Cost

Cost Estmates (*1.000’s)
— — — — —

FY FY FY FY FY
1996 1997 1995 1999 2000

2 253 Study germination and
seedling establishment

5 BOT’ 15.0 — — — — —

NBS 150

PIE 150

DLNR 150

NEED 2 (Research) 1.000 0 0 0 0 0 0

2 31 Identify populations for
augmentation

S DLNR 5.0 1 1 1 1 1

DOD 25 05 0.5 05 0.5 0.5

NPS 25 05 05 0.5 0.5 05

PL 25 05 05 0.5 05 05

PIE 2.5 05 0.5 05 0.5 05

2 32 Propagate matenal for
augmentation

10 BOT 100.0 10 10 10 10 10

HDOA 1000 10 10 10 10 10

PIE 1000 10 10 10 10 10

DLNR 1000 10 10 10 10 10

2 33 Prepare sites and augment
wild populations

10 DLNR 100.0 10 10 10 10 10

DOD 35.0 5 5 5 5 5

NPS 350 5 5 5 5 5

P1 35.0 5 5 5 5 5

PIE 350 5 5 5 5 5

2 34 Maintain, monitor and
evaluate outplantings

0 DLNR’ 2000 10 10 10 10 10

DOD 400 2 2 2 2 2

NPS 400 2 2 2 2 2

P1 400 2 2 2 2 2

PIE 400 2 2 2 2 2

NEED 3 (Augment existing populations) 1.015 0 91 91 91 91 91

3 41 Select new population sites,
and obtain approval and long.
term protection for site

10 DLNR 40 0 2 2 2 2 2

DOD 20 0 1 1 1 1 1

NPS 200 1 1 1 1 1

PIE 200 1 1 1 1 1
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Priority I Task I Task
Description

Task
Dura,
tion
lyrsl

Respons
ible
Party

Total
Cost

Cost Estmates )*1,OOO’sl
— — — —

FY FY FY FY FY
1995 1997 1995 1999 2~

3

3

3

42

—

43

Control threats to plants at
new sites

C DLNR 475.0 50 50 50 50 50

DOD 80.0 10 10 10 10 10

NPS 80.0 10 10 10 10 10

PIE 80.0 10 10 10 10 10

Transplant selected material 10 DLNR 200.0 30 30 30 30 30

DOD 35.0 5 5 5 5 5

NPS 35.0 5 5 5 5 5

PIE 35.0 5 5 5 5 5

1 44 Maintain, monitor and
evaluate new populations

C DLNR 200.0 10 10 10 10 10

DOD 40.0 2 2 2 2 2

NPS 40.0 2 2 2 2 2

PL 40.0 2 2 2 2 2

PIE 40.0 2 2 2 2 2

NEED 4 IRe-establish populations) 1,440.0 146 146 146 146 146

3 51 Validate the number of
individuals and populations
necessary for recovery of
each taxon

3 NBS 60.0

DLNR 15.0

PIE 15.0

3 52 Refine/revise downlisting and
delisting criteria, as necessary

2 PIE 5.0

3 53 Evaluate species for
downlisting_and_delisting

0 PIE 0.0 TBD

NEED 5 (Revise Recovery PlanI 95.0 0 0 0 0 0

TOTAL COST 9.1020 516 776 ~ 707 706
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APPENDIXA - ALIEN PLANTS

Pennisetumclandestinum(kikuyu grass)

PennisetumclandestinumChiov. (Poaceae), is an aggressive, mat-forming perennial that
was introducedintoHawaii from EastAfrica asaprimaryrangelandgrassofupland
pasturebecauseofits resistanceto trampling andgrazing(Hosaka1958, Medeiroset at.
1986, Smith 1989,Wagneretat. 1990). First collectedin 1838(Wagneret at. 1990),
Pennisetumclandestinumhasbecomeanincreasinglyseriousproblemby threatening
nativevegetationin dry, mesicanddisturbedwet habitatsup to 10,000ft (3,050m)
(Wagnerel at. 1990), Its clambering, mat-forming habit and allelopathic capabilities
precludemostnativeseedingsfrom germinationandestablishment(Medeirosetat, 1986,
Smith 1989,Wagneretat. 1990). Kikuyu grassrapidlyspreadsvegetatively,but it fails
to flower orsetseedunlesscloselycropped(SanchezandDavis, 1969). Medeirosetat.
(1986),Smith(1989),andO’Connor (1990) described this vigoroustaxonasanoxious
weed. GardnerandKageler(1983)reportedcontrol ofkikuyu grassby 0.5%solutionof
glyphosatewith little detrimentaleffectonnativeplanttaxa.

Pennisetumsetaceum(fountaingrass)

Pennisetumsetaceum(Forssk.)Chiov (Poaceae)is afire-stimulated,tuftedperennial
(O’Connor 1990). A nativeof tropicalAfrica (Wagneret at. 1990),Pennisetuin
setaceumhasbecomeestablishedalongroadsandin pastures,spreadingrapidly over lava
flows andopenareassinceits introductionin Hawaii asan ornamentalin the 1 900s
(Smith 1989). Major infestationsoccur on theKonasidefrom sealevel to well above
8,990ft (2,740m) onMaunaKea,where it invadeslavaflows previouslydominatedby
nativeplants(Cuddihyand Stone1990, JacobiandWarshauer1992). Densestandsof
fountaingrassincreasethepotentialoffire to sweepthroughareasoccupiedby native
plants,particularlythreateningendangeredplantpopulationsin dry shrublandsand
forests(CuddihyandStone 1990). An aggressivecolonist,Pennisetumsetaceumis
capableofrapidre-establishmentafterfire, thusretardingnativeplantregeneration.
Fountaingrassposesa particularthreatto dry forestoftheBig Island(HPCC 1 990a,
199lh).

Andropogonvirginicus(broomsedgeor yellow bluestem)

AndropogonvirginicusL. (Poaceae)is aperennialbunchgrassnativeto northeastern
America. It wasfirst collectedin Hawaii in 1924 (Smith 1985,O’Connor 1990,Wagner
et at. 1990). Unrecordedin Hawaii VolcanoesNationalParkuntil after 1947,today
broomsedgeis a dominantgroundcoverherb (L. Pratt,pers.comm., 1995).
Andropogonvirginicussometimesforms densecontinuousstandsatelevationsbetween
160-4,000ft (50-1200m) abovesealevel (Smith 1985),occupyingboggy, mesic,and
dry habitats. An infamousfire carrier,Andropogonvirginicus is fire-stimulated(Hughes
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et at. 1991). Seedsappearto be easilydistributedby wind, clothing,vehicles,andferal
animals(Smith 1989). Andropogonvirginicus mayreleaseallelopathicsubstances,
which dramaticallydecreasenativeplantre-establishment(Rice 1972). Mueller-
Domboiseta!. (1981)indicatedthat, becauseAndropogonvirginicus is dormantduring
the rainy seasonin Hawaii, erosionhasincreasedin someareas.

Digitaria ciliaris (Henry’scrabgrass,kukaepuaa)

Digitaria ciliaris (Retz.)Koeler (Poaceae)is a decumbent,mat-formingannual. A native
of China,Indochina,Samoa,andthePhilippines,Digitaria ciliaris wasintroducedin
1909 (O’Connor 1990). Presently,it growsin lawnsandpasturesat elevationsbelow
3,020 ft (920 m) (O’Connor 1990).

Oplismenushirtellus (basketgrass,honohonokukui, honohonomaoli)

Oplismenushirtellus (L.) P. Beauv.(Poaceae)is a commongrassthroughoutmostof the
tropicsandwasintroducedto theHawaiianIslandsin 1819(O’Connor 1990). Scandent
(climbing), perennial,androotingat the nodes,Oplismenushirteliusoccursin various
habitats,including lightly to denselyshaded,mesicto wetvalleysandforests(O’Connor
1990).

Setariapalmaefolia(palmgrass)

Setariapalmaefolia(Koen.)Stapf(Poaceae)is anativeto tropicalAsiathatwasfirst
collectedon Hawaii in 1903 (O’Connor 1990). A large-leafed,perennialherb, it reaches
about6.5 ft (2 m) in heightat maturity, shadingout nativevegetation.Palmgrassis
resistantto fire andrecoversquickly afterbeingburned. Feralanimalsprovidenewareas
for establishmentby disturbingnativevegetation(Cuddihy and Stone1990). Setaria
palmaefolia is naturalizedin mesicvalleysandwet forestsbetweenelevationsof 980 and
6,500ft (300 to 2,000m) (O’Connor 1990). Major infestationsoccuron thetradewind
sideof Hawaii (Smith 1985).

Rubusrosaefolius(thimbleberry,Mauritiusraspberry,olaa,akala,akalakala)

RubusrosaefoliusSm. (Rosaceae)is nativeto Asia andmayhavebeenintroducedfrom
Samoato Hawaii by D.H Hitchcockin 1880(Degener1936, Wagnereta!. 1990).
Dispersionof this prickly taxonmaybe increasedby feral animalsandbirds (Smith
1985). Rubusrosaefoliushasbecomea commonweed in disturbedmesicto wet forests
on easternHawaii at elevationsbetween200-5,675ft (60-1,730m) (Wagneret a!. 1990).
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Passflora mollissima(bananapoka)

Passflora mollissima(Kunth)L.H. Bailey (Passifloraceae)is anaggressivelight-loving
lianaintroducedfrom the SouthAmericanAndes,whereit is grownfor its ediblefruits
(Escobar1980,Wagnereta!. 1990). Introducedin Hawaii for its beautiful flower andas
camouflagefor outhousesearlyin the 1900s,thevinerapidly spread,smotheringthe
forest canopyand precludinglight from reachingtheforestfloor (Degeneret a!. 1973;
JackJeffrey,HakalauForestNationalWildlife Refuge,pers.comm., 1995). Passflora
mollissimaseedsarereadily dispersednaturallyorby humans,birds (long distance
dispersal),or feralpigs (shortdistancedispersal)(Warshauereta!. 1983,LaRosa1992).
Fallen fruits encouragerootingand tramplingby pigs (J. Jeffrey,pers.comm., 1995).
Lackingnaturalbiological controlagentsin Hawaii,majorinfestationsofbananapoka
occurat Hualalai,Laupahoehoe,andHawaii VolcanoesNationalPark(Warshauereta!.
1983). Thetaxonhasbeennotedin relativeabundancein thesaddlebetweenMaunaKea
and Mauna Loa.

In the early1990s,an attemptwasmadeby theDepartmentof LandandNatural
Resources(DLNR) to mechanicallycontrolPassflora mottissima;however,theseefforts
werequickly ceased(F.R.Warshauer,NationalBiological Service,pers.comm., 1995).
Markin (1989)reportedthatFederalandstateagencieshavebeenscreeningorganisms
indigenousto SouthAmericato find biological control agentsfor Passflora moiissima.
Two moths were releasedin Kula, Maui, to controlbananapoka. In Hawaii, thisnoxious
vine representsa seriouspestin mesicforestsat elevationsbetween2,790-7,300ft (850-
2,225 in), becauseit competeswith nativeplantspeciesfor light, space,waterand
nutrients(StoneandLoope1987). Efforts mustbe continuedto control this invasive
taxon.

Metiaazedarach(Chinaberry,pride ofIndia, inia, ilinia)

MetiaazedarachL. (Meliaceae)is a small, deciduoustreethat rapidly grows to about65
ft (20 m) (Wagnereta!. 1990). A nativeof southwesternAsia,Metiaazedarachwas
introducedto Hawaii asearlyas1839(Degener1932). A brewproducedfrom thelarge
yellow fruits wasusedin Maui to treatleprosysores(Wagneret a!. 1990).Thetaxonis
thoughtto bedistributedin Hawaii primarilybecauseof its ornamentalvalue(Smith
1985). Feralpigs appearto relishthefruits; theseedsmaybedistributedthroughtheir
feces(Stone1985). Themajorinfestationsoccurat elevationsfrom sealevel to 2300ft
(700m) in disturbedareas,particularlyin gulchesandpasturesin Kona(Hawaii),
WaimeaCanyon(Kauai),andNuu (Maui) (Smith 1985).

Leucaenateucocephata(koahaole, ekoa,lilikoa)

Leucaenateucocephata(Lam.)Dewit. (Fabaceae)is asmall, thornlessshrubortree
which growsto about30 ft (9 m) tall (Wagnereta!. 1990). A nitrogenfixer, thetaxon
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formsdensecoloniesthatultimatelyexcludeothervegetation(Smith 1985).Leucaena
!eucocepha!ais nativeto theneotropicsandwasintroducedto Hawaii for fodder (Smith
1985). In Hawaii,Leucaenateucocephatais found in dryto mesicareasat elevations
from sealevel to 2,275ft (700m) (Wagneret a!. 1990). Approximately50 yearsago
lowlandsiteswereseededwith thefruits (Smith 1985). Consequentlydensestandsoccur
in coastalhabitatsofthe island. Theplant is rich in theamino acidmimosine;illness
mayresultwhendomesticanimals’ intakeis great(Wagneret a!. 1990). Whenleft
ungrazed,Leucaenateucocephataspreadsthroughoutthearea. Fire is retardedin mature
standsbecauseof reducedfire loads. Whenit doesburn,sproutsdevelopreadilyatthe
base(Smith 1985). Seedsaredispersedon occasionby humans,rodents,and
granivorousbirds (Smith 1985). A psyllid (insectin thejumping plantlicefamily, Order
Homoptera)introducedin 1980,Heteropsyttacf. incisa, maybeusedas a biological
control agent(Nakaharaand Lai 1984). However,this maybemetwith considerable
oppositionbecauseoftheuseof Leucaenateucocephatain agricultureandasafuel
source.

Schinusterebinth~fo!ius(Christmasberry, wilelaiki, naniohilo)

Schinusterebinth~fo!iusRaddi(Anacardiaceae)is ashruborsmall treethatgrowsto
about23 ft (7 m) tall andformsdensestands(Wagnereta!. 1990). Nativeto Brazil, the
taxonwascultivatedin Hawaiiwhereits bright redberriesandgreenfoliageareusedby
Hawaiiansfor Christmaswreathsanddecorations(Wagneret a!. 1990). Fruits are
dispersedby frugivorousbirds andhumans(Smith 1985). An aggressiveinvader,
Schinusterebinth~fo!iusshades out native taxa andpreventstheirre-establishmentwith
its allelopathiccapabilities(Gogueel a!. 1974). Althoughkilled by intensefires,Schinus
terebinthjo!iusregeneratesreadilywherea largeseedbankis available(Smith 1985).
Now a seriousnaturalizedweed,Schinusterebinth~fo!iusforms densecoloniesin mesic
disturbedareasandis consideredby Smith (1985)to beoneofHawaii’s top tenmost
infamousweedypests. Biological controlagentshavebeenexplored,but nonehas
proveneffective.

Lantanacamara(lantana,lakana,laaukalakala,lanakana,mikinolia hihiu, mikinolia
hohono,mikinolia kuku)

LantanacamaraL. (Verbenaceae)is an aggressive,thorny shrubthatforms impenetrable
thickets(Wagnereta!. 1990). It wasintroducedto Hawaii as anornamentalin the mid-
1800sfrom theWestIndies andbecamenaturalizedbefore 1871 (Hillebrand 1888,
Wagnereta!. 1990). The taxonappearsto survivefire andregeneratesrapidly from
basalshoots(Smith 1985). Allelopathic capabilitiesofroots andshootspreventre-
establishmentofnativetaxa(Smith 1985). Dispersedby frugivorousbirds andhumans,
this weedyspecieshasinvadedmesicforestsanddry shrublandsfrom sealevel to 3,500
ft (1,070m) (Wagnereta!. 1990). Twentybiological control insectsintroducedafter
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1902havereducedthis aggressivepest,buthavenothaltedthespecies’spread(Davis et
at. 1992).

Po!ygonumpunctatum(watersmart)

PolygonumpunctatumElliot (Polygonaceae)is aperennialherbthat oftenrootsat the
node(Wagneret a!. 1990). Introducedfrom Northand SouthAmericaand theWest
Indies, thetaxonis establishedin Hawaii along streams,wet areas,anddisturbedforest
from sealevel to 2,950 ft (900m) (Wagnereta!. 1990).

Ardisia ettiptica (shoebuttonardisia)

Ardisia e!hpticaThumb.(Myrsinaceae)is anevergreenshrubthat growsto about13 ft (4
m) tall (Wagnereta!. 1990). A nativeto Sri Lanka,Ardisia ettipticawasprobably
introducedto Hawaii by Hillebrand(Degener1939). Redto blackdrupesarefavoredby
frugivorousbirds. Fruits aredispersedandgrow into densemonotypicstandsthat
precludethe establishmentof nativeseedlings(Smith 1985). Thestandsoccurin
disturbedmesicto wet forestsfrom sealevel to 1,800ft (550m) on Kauai,Oahu,Maui,
andHawaii (Wagneret a!. 1990). Thereis no indicationoffire resistancenoris there
any evidenceof abiologicalcontrolagentavailable(Daviseta!. 1992).

Casuarinaspp. (ironwood)

Two speciesof ironwoodintroducedfrom Australiaoccuron theBig Island: Casuarina
equisefifoliaL. andC. g!auca SieboldexSpreng.(Casuarinaceae)(Wagnereta!. 1990).
Theybothgrow to heightsof 130 ft (40m) andform monotypicstands(Wagnereta!.
1990). Little vegetationgrowsunderthetrees,suggestingallelopathicresponseor
nutrient depletion(Neal 1965). Whenburned,both taxarejuvenatefrom basalshoots
(Wagnereta!. 1990). Cultivatedin Hawaii to serveaswindbreaks,thespecieswere
naturalizedby wind dispersalof seeds.Casuarinag!auca is Hawaii’s mostaggressive
taxonbecauseit forms exceptionallydensestands(Wagnereta!. 1990). Becauseof their
usefor windbreaks,erosioncontrol, andnitrogenfixation, little hasbeenexploredas
biological controlagentsfor thesetaxa(Daviset a!. 1992).

Heterothecagrandflora (telegraphweed)

HeterothecagrandfloraNutt. (Asteraceae)is an aromatic,annualweedintroducedto
Hawaii from NorthAmericaandwasfirst collectedonMolokai in 1915 (Wagneret a!.
1990). A commonweedto all islandsexceptNiihau and Lanai, it occursin dry,
disturbedareasfrom sealevel to 7,445 ft (2,270in), particularlyin thesaddlebetween
MaunaKea andMaunaLoa. Little is known aboutthe impactofHeterotheca
grandflora. However,nativeseedlingestablishmentmaybe inhibitedwhereH.
grandflora is abundant.
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Cannabissativa(marijuana)

CannabissativaL. (Cannabaceae)probablyis nativeto centralAsia. It is illicitly
cultivatedin isolatedareason public andprivatelandson theBig Islandandelsewhere.
Unfortunately,marijuanais abig cashcrop. This illegal agriculturalpracticeencourages
clearingofnativeforests. After thecultivatedareasareabandoned,alien taxainvadethe
disturbedsites (Medeiroseta!. 1988,Wagnereta!. 1990).
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APPENDIX B - DOMESTICANT) FERAL ANIMALS

Susscrofa (pigs)

Pigswereintroducedby thePolynesiansin thefourth andfifth centuries(Stone1985,
CuddihyandStone1990). Theseanimalsroamedwild, werefedoccasionallyby the
Polynesians,andprobablyhadlittle impacton the environment. In 1778,CaptainCook
left a pairofEnglish-bredpigs in Hawaii (Medeiroseta!. 1986,Wagnereta!. 1990).
Nativeto EuropeandNorthAfrica, theanimalsbecameferal,populatingmesicanddry
forestsofupperelevations. Theirabundanceanddistributionmay havebeenincreased
by akapu(taboo)in the 1700s.

Today, largeareasofnativeforestaredisturbedby pigs. Pigsareomnivoresthatfeed
opportunisticallyand abidein diversehabitats. Theyselectvegetationthat is most
palatable,oftenchoosingrareplanttaxa(Smith 1985, Stone1985). Rootingtheground
searchingfor earthworms,an importantsourceof protein,pigs disturbanddecimatethe
vegetation.Removalof thenativeflora allows opportunisticplanttaxato occupy
disturbedsitesandreplacenativestands(Cuddihyand Stone1990). Often, plantseeds
aredispersedin thepigs hooves,hair, anddigestivetracts,their fecesactingasfertilizer
for thenewlyestablishedintroducedtaxa(Smith 1985, Stone1985,Medeiroseta!. 1986,
Tomich 1986,CuddihyandStone1990, Wagnereta!. 1990).

Bostaurus(cattle)

A nativeto northernAfrica andsouthwesternAsia, cattlewereintroducedto Hawaii in
1773 (Stone1985). In 1794,King KamehamehaI allowedexpansiveferal herdsto grow
by a decreethatprohibitedcattlehunting(Smith1985, CuddihyandStone 1990). In
1848, landwasmadeavailableto individuals,andlargeandsmall ranchingenterprises
began(Smith 1985, Stone1985,Cuddihyand Stone1990). Somuchlandwascleared
thatrainfall amountsdecreasedandrainfall distributionpatternschanged(Wenkam
1969). Theintroductionsof non-nativeforesttaxafollowed in attemptsto conserve
watersheds(Smith 1985). Largeranchesofmanythousandsof acreswereestablishedon
Maui andHawaii. Landsacquiredfor theserancheswereprivatelyowned,removedfrom
ForestReservesor conservationdistricts, or leasedby theState(Smith 1985,Cuddihy
and Stone1990).

On theBig Island, largeranchingoperationsareof majoreconomicimportance(Loope
and Scowcroft1985). Most cattlegrazingoccurson privatelymanagedland. Cattle,like
othergrazersandbrowsers,consumeandtramplenativevegetation,erodesoil, and
degradetheenvironment.

Theeffectsof livestockdegradationpersistin mostnaturalhabitats. Alien seeds
transportedby cattleare dispersedin degradedgrasslandandforests,andthese
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introducedtaxaremainlong afterthe animalsareremoved. Huntingof feral cattleis no
longerallowedin Hawaii (Hawaii DLNkl 985).

Caprahircus (goats)

Goatswereintroducedto theHawaiianIslandsin 1792 from theMiddle EastandIndia
(Stone1985,Cuddihyand Stone1990). Feralpopulationsof goatshaveoccurredfor
100-175yearsandcurrentlypersiston five ofthe islands(Kauai, Oahu,Molokai, Maui,
andtheBig Island).

High reproductivecapabilitieshaveallowedgoatpopulationsto inhabit varioushabitats,
rangingfrom low to mid elevationdryforests,mountainparklands,subalpinewoodlands,
andalpinegrasslands.Browsingandtramplingoftheseareasincreasesoil erosion,
decreasenativeplanttaxa,and promoteinvasionof alienplants(Stoneet a!. 1985).

Goatsareableto foragein ruggedterrainwhereeventhemostisolatednativetaxaare
vulnerable(Tomich 1986,Culliney 1988, Cuddihyand Stone1990). Goatswere
drasticallyreducedonMaunaKea in 1981, following alawsuitagainsttheDepartmentof
LandandNaturalResourcesaimedat establishingcritical habitatfor theendangered
honeycreeperLoxioidesbai!!eui (palila) (Juvik and Juvik 1984).

Goatsarea managedgameanimalin Hawaii, andhuntingis permittedat certaintimes
dependenton thearea(Hawaii DLNR 1985),althoughit seemsto havelittle impacton
numbers.

Ovisaries(sheep)

Five ramsandtwo eweswereintroducedto theBig Islandfrom Californiaby Captain
Vancouverin 1791, andlater stockwasbroughtfrom Australia,Germanyandthe
Mediterraneanfor sheepproduction(Tomich 1986, Cuddihyand Stone1990). Sheep
wereestablishedon leewardMaunaKea in 1876(Cuddihy andStone1990).

Able to acquirethemajority oftheirwaterneedsfrom vegetationconsumption,sheep
inhabited dry forests in remote regions of Mauna Kea and Mauna Loa, including the
saddlebetweenthetwo volcanos. Sheepgraze,browse,andtramplenativevegetation,
decimatinglargeareasofnativeforestandshrubland. Opportunistictaxainvade
disturbedsites,theseedcarriedin sheepwool coats. Todayaftercenturiesof
degradation,the landsthatDouglasdescribedas“highly picturesqueandsublime” are
very different. Top soil is eroded,moistureregimesand micro-environmentsarealtered,
and nativeplant and animaltaxaaresacrificed.

Lackingnaturalpredators,sheeppopulationsexpandedto about40,000animalsby 1930
(Bryan 1937,ScowcroftandGiffin 1983). Largeareasweredevastatedby both sheep
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andgoatsasseedlingestablishmentofSophorachrysophylla(Salisb.)Seem.(mamane,
mamani)wasgreatlydecreased,ultimatelyreducingthetreeline elevationon MaunaKea
andimpactingthepalila, an endangeredhoneycreeper(Warner1960,Juvik andJuvik
1984). A Federalcourtorderedcompleteremovalof feral sheepand goatsfrom Mauna
Kea in 1979 and 1981 because they were causing degradation of palila critical habitat.
Theseanimalswereconsideredremovedin July 1981 (Cuddihyand Stone1990).

Throughoutthepast40 years,attemptsto protectthevegetationofMaunaKeaandthe
saddlefrom sheephavebeensporadicallyeffectual. Hunting in the late 1940’sand early
1950’sreducedtheherdsfrom 40,000to about200 animals(Juvik and Juvik 1984). In
1970, thesheeppopulationgrewto about1,500animals,aspublic interestin protecting
sheep(mouflonandmouflonhybrids)asgameanimalsallowedtheherdsto recover
(Stone1985,Cuddihyand Stone1990). Numbersofferal sheepmustbe regulatedto
protectthe remainingnativetaxa. Naturalre-establishmentofnativevegetationmaybe
possibleif animalnumbersarecarefullymonitoredand seedlingestablishmentis
plausible.

Ovismusimon(mouflon)

Mouflon sheep,establishedon Lanai andHawaii, havesimilareffectsonnative
vegetationasferal sheep,butusuallytravelin smallergroups. On theBig Island,they
werereleasedon MaunaKea,wherethey inhabitmamane(Sophorachrysophy!!a)
forests,in 1962,andsubsequentlyintroducedin theKau District, wheretheyinhabit
montaneandsubalpineohia (Metrosiderospo!ymorpha)forests. A Federalcourtordered
removalofmouflon from MaunaKeain 1986 and 1988(Cuddihy andStone 1990).

Axisaxis (axis deer)

Axis deer,nativeto Sri LankaandIndia, werefirst introducedon the islandofMolokai
in 1868asagameanimal(Tomich 1986). Theirreproductionwassosuccessfulthat
huntingwaspermittedwithin 30 yearsof introduction. By theturn of thecentury,3,000
animalswereeliminated. Tomich (1986)reportedthat, at thetime, management
strategiesindicatedthatthedeerwould not access nativeforestwhilenumberscould be
controlledby hunting. Therefore,the animalswereintroducedto Oahu,Lanai, andMaui
aswell. Huntingof axis deeris allowedonly on Molokai andLanaiduring 2 monthsof
theyear (Tomich 1986). Theanimalshaveinvadedand destroyednativeforests,
repeatingthescenarioof alien plant invasionandreducingthepropagationand
establishmentof nativevegetation.
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Rattusrattus, R. exu!ans,R. norvegicus,andMusmuscu!us(rats andmice)

Wherehumansinhabit an areaso do rats andmice. Ofthefourrodentspeciesintroduced
to theHawaiianIslands,thearborealroofor blackrat hasthegreatestimpactonnative
vegetationandanimals(StoneandLoope 1987). Roofrats,Polynesianrats, Norwayrats,
andhousemiceoccupyfields,dry andmesicforests,andhumanhabitations. Extended
periodsoffruit productionprovidea continuousfoodsourcefor growingrodent
populations(Stone1985, Cuddihyand Stone1990). Becauserats andmiceutilize fruits
from nativetaxa,especiallythosefleshy andpalatable,theymayreducereproductive
ratesof rarepopulationsbothnearhumanhabitationandin remoteareasonmostofthe
islands. Blackrats damagefruits andflowers, and strip bark from stemsof selectedtaxa,
damagingthe individuals(ScowcroftandSakai1984).
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APPENDIX C - RECOVERYPRIORITY SYSTEM
The Recovery Priority System uses thecriteriaof(1) degreeofthreat,(2) recovery
potentialand(3) taxonomy(levelof geneticdistinctiveness).By applyingthesecriteria,
all listed speciesare assignedaspeciespriority numberof 1 through 18. A fourth factor,
conflict, is asupplementaryelementin determiningwhatactionsareto be implemented
for recoveryof aspecies. In addition,thefourthfactorgivespriority, within each
category,in preparationofrecoveryplans to thosespeciesthat are,or maybein conflict
with constructionor developmentprojects. Thus,thespeciesretainsits numericalrank
andacquiresthe letterdesignationof “C,” indicatingconflict (lC-18C)(48Federal
Register43098.

Degreeof
Threat

Recovery
Potential Taxonomy Priority Conflict

High
High

Low

Monotypicgenus
Species
Subspecies

Monotypicgenus
Species
Subspecies

6
6
6

6
6
6

l/lC
2/2C
3/3C

4/4C
5/SC
6/6C

Moderate

High

Low

Monotypicgenus
Species
Subspecies

Monotypicgenus
Species
Subspecies

1
1
1

10
11
12

7/7C
8/8C
9/9C

10/lOC
11/liC
12/12C

Low

High

Low

Monotypic genus
Species
Subspecies

Monotypicgenus
Species
Subspecies

13
14
15

16
17
18

13/13C
14/14C
15/15C

16/16C
17/17C
18/18C
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Figure4. Distribution of Clermontiapyrularia.
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APPENDIXE - TABLE OF LAND OWNERSHIPAND DISTRIBUTION OF TAXA

TableI. Currentandhistoric islanddistributions,andlandstewardsof currentpopulationsof theBig Islandplantclustertaxa.Asteriksindicateassociatedcomments.

Taxon

Clermontialindseyana

TotalPopulations
andIndividuals

Populationsby LandSteward Numberof Populationsby Island(H =Historic)
— —

K 0 Mo L Ma H
— — — — ——

1 11

Comments

12, 400-430

Federal
—

2

State
—

9

Private
—

1

Clermontiapeleana 4,8 1 3 H 4

Clermontiapyrularia 1-2,3,
30 outplanted

* 2 2 *HokalauNational
Wildlife Refuge

Cyaneacopelandii
spp.copelandii

1,? 1 ~ locationunkown

Cyaneahamat!flora
spp.carlsonji

3, 14,
51 outplanted

3

Cyaneashipmanii 4, <10 1* 1 2 4 ~HakalauNational
Wildlife Refuge

Cyaneastictophylla 3, <20,
46 outplanted

2 2 3

Delisseaundulata 1, 1,
50 outplanted

1 H H I

ColubrinaoppositWolia 3, 14,
51 outplanted

6 4 3 1 6

Cyrtandragffardii l1,>1,000 4* 7 11 ~HawaiiVolcanoes
NationalPark



Table 1. Currentandhistoric islanddistributions,andlandstewardsof currentpopulationsof theBig Islandplant clustertaxa.Asteriksindicateassociatedcomments.

Taxon Total Populations
andIndividuals

Populationsby LandSteward Numberof Populationsby Island(H =Historic)
Comments

Mo MaFederal
—

State
—

2

Private
—

1

—
—

—
——

—
——

3
3

3Cyrtandratintinnabula 3, 18

Ischae,numbyrone 17, >2,000 6 5 6 1 H 2 6 5

Isodendrionpynfolium 1, 50-60 1 H H H H

Manscusfauriei 4,45-60 2 2 1 H 3

Nothocestrumbrev4lorum 6,? 2 4 6

Ochrosiakilaueaensis 1,? 1 1

Plantagohawaiensis 8, >5,000 2* 6 8 *I{awaii Volcanoes

NationalPark

Portulacascierocarpa 12, >1,000 6* 6 1 11 *Poha1~loaTraining
Area,HawaiiVolcanoes

NationalPark

Pntchardiaaffinis 8, 50-65 1 * 7 8 *Hawaii Volcanoes
NationalPark

Silenehawaiiensis 11, 11,000 7* 2 2 11 *pohal~loaTraining
Area,HawaiiVolcanoes

NationalPark
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Table 1. Currentandhistoric islanddistributions,andland stewardsof currentpopulationsof theBig Islandplantclustertaxa.Asteriksindicateassociatedcomments.

Taxon

Teframolopiumarenanum

Total Populations
andIndividuals

Populationsby LandSteward
—- —
Federal State Pnvate

— — —
3*

NumberofPopulationsby Island(H = Historic)
Comments

Ma

H3, <400

—

—

—

I Mo
—

L I
——

3
3

3 ~ Training
Area

Zanthoxylumhawajiense 11, >250 4*
S

—
— I

—
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—
— S

—
— •

—
—

—
—

—
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P.O.Box 50088
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FishandWildlife Service
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FishandWildlife Service
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P.O.Box 50088
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US FishandWildlife Service
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U.S. FishandWildlife Service
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P.O. Box 50004
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NationalBiological Service
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P.O. Box 369
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doUSDA
P.O. Box 2549
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U.S. ForestService
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P.O. Box 44
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U.S. DepartmentoftheNavy
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Commander(CEU)
14thCoastGuardDistrict
300 Ala MoanaBlvd.
Honolulu,Hawaii 96850

Mr. MichaelWilson
Chairperson
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Honolulu, HI 96813

Mr. SteveBergfeld
Division ofForestryandWildlife
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P.O.Box 4849
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Mr. MichaelG. Buck, Administrator(*)
Division of ForestryandWildlife
Dept.ofLand & NaturalResources
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Honolulu, HI 96813

Dr. CarolynCorn
Hawaii DepartmentofLand andNaturalResources
Division of ForestryandWildlife
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Honolulu,HI 96813

Dr. FernDuvall
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JonGiffin (*)
Division of Forestry& Wildlife
P.O. Box 4849
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Officeof HawaiianAffairs (*)
711 KapiolaniBlvd., Suite500
Honolulu,HI 96813

Chair-at-Large(*)
Boardof Agriculture
Hawaii Dept. ofAgriculture
1428 St. King St.
Honolulu,HI 96814

LandUseCommission(*)
335 MerchantSt., Rm. 104
Honolulu,HI 96813
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Division ofForestry& Wildlife
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Kailua-Kona,HI 96740
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CountyofHawaii
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Hawaii CountyFireDepartment(*)
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Hilo, Hawaii 96720

Mr. SteveAnderson
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HaleakalaNationalPark
P.O. Box 369
Makawao,HI 96768
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Ms. WinonaChar
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Honolulu, HI 96816
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P.O. Box 172
Lihue, HI 96766
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ColoradoStateUniversity
Ft. Collins,CO 80523

F-8



Dr. Bob Cook
Arnold Arboretum
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Dr. C.E. Conrad,Director
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Honolulu,HI 96813
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3860ManoaRoad
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P.O. Box 340
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3860ManoaRoad
Honolulu,HI 96822

Mr. Michael S. Kristiansen
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Mr. ThomasG. Lammers
Field MuseumofNaturalHistory
Dept. ofBotany
RooseveltRd. atLakeShoreDr.
Chicago,IL 60605

Mr. GrenvilleLucas
ThreatenedPlantsCommittee,I.U.C.N.
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Brian Meilleur
Amy GreenwellEthnobotanicalGarden
CaptainCook,HI 96704

PeterVanDyke (*)
Amy GreenwellEthnobotanicalGarden
CaptainCook, HI 96704

Dr. StevenMontgomery
ConservationCouncil ofHawaii
P.O. Box 2923
Honolulu,HI 96802
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Hawaii Centerfor Conservation,ResearchandTraining
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SteveNagano
UH - Coop. ExtensionService
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Tacoma,WA 98499

Mr. JohnObata
Hawaii BotanicalSociety
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Honolulu,HI 96819
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Honolulu, HI 96813

CarloA. Popolizio
Centerfor EcologicalManagementofMilitary Lands
ColoradoStateUniversity
Ft. Collins, CO 80523

Dr. DianeRagone(*)
NationalTropical BotanicalGarden
P.O.Box 340
Lawai,HI 96765

Dr. GaryRay
Centerfor PlantConservation
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Bishop Museum
P.O. Box 19000A
Honolulu,HI 96817

Ms. KateReinard
— Director,CommunitySupport

KokeeNaturalHistory Museum
P.O. Box 100
Kekaha,HI 96752

Mr. FredC. Schmidt
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TheLibraries
ColoradoStateUniversity
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UniversityofHawaii at Manoa
PacificBiomedicalResearchCenter
3050Maile Way, Gilmore310
Honolulu,Hawaii 96822

Mr. MichaelSherwood
SierraClub LegalDefenseFund,Inc.
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Ms. Marjorie F.Y. Ziegler
SierraClub LegalDefenseFund,Inc.
223 SouthKing Street
AustinBuilding, Suite400
Honolulu,HI 96813

Dr. Clifford W. Smith,Editor (*)
HawaiianBotanicalSocietyNewsletter
BotanyDept., Univ. ofHawaii
3190Maile Way
Honolulu,HI 96822

Dr. S.H. Sohmer
Director
BotanicalRes.InstituteofTexas
509 PecanSt.
Ft. Worth, TX 76102

JanTenbruggencate
HonoluluAdvertiser
P.O. Box 524
Lihue,HI 96766-0524

Hawaii HertitageProgramCoordinator
TheNatureConservancyof Hawaii
1116 SmithStreet,Suite201
Honolulu,HI 97817

Directorof ScienceandStewardship
TheNatureConservancyof Hawaii
1116 SmithStreet,Suite201
Honolulu,HI 97817

UniversityofHawaii
Dept. ofBotany
3190Maile Way,Room 101
Honolulu,HI 96822

PaulWeissich
PaulWeissichandAssociates,Inc.
P.O. Box 4758
Kaneohe,HI 96744

BerniceP. BishopEstate
P.O.Box 3466
Honolulu,HI 96801
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BerniceP.BishopEstateTrustees
Pia-KonaLtd. Partnership
4195ThousandOaksBlvd., Suite235
WestlakeVillage, CA 91362

BerniceP. BishopEstateTrustees
ElizabethM. Stacket al. And LesMarkset al.
Box 497
Honolulu, HI 96809

BerniceP. BishopEstateTrustees
John H. Pace Jr.
Box 2240
Kealakekua, HI 96750

FrancisH.I. Brown Trust
P.O. Box 939
Honolulu, HI 96808

Mr. Peter W. Gibson
Admimistrator of Agriculture
Campbell Estate
828Fort StreetMall, Suite300
Honolulu, HI 96813

Mr. Kevin Shaney
Land Department, Castle andCooke,Inc.
650 Iwilei Road
Honolulu,HI 96817

SamuelM. DamienTrustEstate
1210FirstHawaiianBankBuilding
Honolulu,HI 96813

EastMaui Irrigation et al.
P.O. BoxH
Paia, HI 96779

Mr. Kali Watson
Department of Hawaiian HomeLands
P.O. Box 1879
Honolulu, HI 96805

Paul C. Hudson Trust
P.O. Box 16205
Baltimore, MD21210
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KapuaVentures
233 Wilshire Blvd, Suite9
SantaMonica, CA 90402

KealakekuaDevelopmentCorp.
Box 399
CaptainCook,HI 96704

KeolaHanaMaui Inc.
P.O. Box 158
Hana,HI 96713

Mr. JimMovley
ChiefExecutiveOfficer
Molokai RanchLtd.
500 Ala Moana Blvd, Suite 400
Box 96
Honolulu, HI 96813-4913

John Phillip bane Ng et al.
Aiu Abel Estate
57 Kalia Street
Wahiawa,HI 96786

UlupalakuaRanch,Inc.
P.O. Box 901
Kula, HI 96790

World IndustriesCorporation,Ltd.
Room 903, Luk Hoi TongBuilding
31 QueensRoadCentre
HONGKONG

YeeHop Ltd.
P.O. Box 1759
Honolulu,HI 96809

(*) - Personsandagencieswho providedinformationnecessaryfor developmentof theplan.
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APPENDIX G - SUMMARY OF COMMENTS

TheUSFWSreceivedcommentson theDraft RecoveryPlanfor theBig IslandPlant
Clusterfrom Hawaii DOFAW, theHawaii DepartmentofAgriculture,CountyofHawaii Fire
Department,UniversityofHawaii-CooperativeNationalParksResourcesStudiesUnit, Stateof
Hawaii - LandUseCommission,BishopMuseumGreenwellBotanicalGarden,StateofHawaii
- Departmentof HawaiianHomeLands,NTBG, CEMML, andtheU.S. Departmentof theAir
Force. Most ofthesecommentsconsistedofadditionalinformationonnumbersof
populations/individuals,distributionofcertaintaxa,costestimatesfor tasksin the
ImplementationSchedule,and editorialchanges.Most ofthesecommentshavebeen
incorporatedinto thefinal plan. Additional commentsareaddressedbelow:

Comment1: Hawaii DOFAWindicatedthatIschaemumbyroneis sufficiently abundant
to warrantdownlistingto threatenedstatus.

ServiceResponse:Therecoveryobjectivefor downlistingis 5-7populationswith atleast
300 individual plantsin eachpopulation.Only 4 populationsareknownto havemorethan300
individuals.No specificinformationwasprovidedin the commentsto indicateif any additional
populationsnow havemorethan 300 individuals;therefore,theneededactionidentifiedin Table
31 of increasingthenumberof individualsin oneadditionalpopulationis valid.

Comment2: Hawaii DOFAW notedthat theestimatedcostsgiven in theImplementation
SchedulearemuchhigherthanthecurrentDLNRbudgetwill allow.

ServiceResponse:Recoveryplansshouldrecommendtheactionsnecessaryto recover
threatenedandendangeredspecies.Recommendingappropriateactionsshouldnotbe limited by
the availability offunds. Additionally, thecostsgivenin theImplementationSchedulearerough
estimates.In manycases,it maybe possibleto combinetaskscarriedout for anumberof
species,andthusminimize costs.

£urn~1fl...a: Hawaii DOFAW commentedthatthethreatsshownin the~d~rni&~gisI~r
listing packagefor theseplantsdid not alwaysagreewith thoseshownin thisRecoveryPlan.

ServiceResponse:This informationwasincorporatedinto theTaxonAccountsand
Table2.

Comment4: Hawaii DOFAW commentedthatatablewouldbe helpful thatshowsthe
speciesand thenumberofpopulationsandplantsthat fall undereachlandownershipand
jurisdiction. This would allowbettercoordinationof recoveryactions.
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ServiceResponse:SuchatablewasincorporatedasAppendixE ofthis recoveryplan.

£Qrn~~nL~.: Hawaii DOFAW commentedthattherangesofplantsoftenfall outside
recommendedmanagementunits (Figure 15),andthe presentrangesof somespecieswill require
habitatacquisition.

ServiceResponse:Themanagementareasidentified in Figure 15 wereselectedbecause
theyareareasownedby StateorFederalagencieswith mandatesfor managementofbiological
resources,andwheretherearehigh concentrationsofpopulationsofplantsin this Recovery
Plan. Manyoftheplantsandareasidentifiedby DOFAW arelocatedon privatelands.While the
Serviceencouragesandoffers incentivesto privatelandownersto aid in therecoveryofthese
plantspecies it doesnot necessarilyidentify privatelandsastheprimarymanagementareafor
listed plantspecies.

£Qrnrn~nL~:Hawaii DOFAW commentedthatamatrix showingthenumberofplant
populationsandindividuals by eachmanagementunit shouldbe included. In addition,amatrix
showingwhich alienplant threatenseachlisted plantin theRecoveryPlanshouldalsobe
included.

ServiceResponse:Themanagementareasandpopulation/numberof plantsinformation
andalienplantsarealreadyincludedin thetext andtablesin thediscussionfor eachspecies.The
Servicebelievesthatadditionalsummarytableswould beunnecessarilyredundant.

Comment7: Hawaii DOFAWcommentedthatinsufficientrecoveryemphasisis givento
populationsoftheseplantsthat occuron islandsotherthantheBig Island.

ServiceResponse:In theRecoveryObjectivessection,for thosetaxanot endemicto the
Big Island,the objectivesrequirethat populationsbe securedon atleastoneadditionalisland.In
somecases,themajority or evenall populationscouldoccuron an islandotherthantheBig
Island.
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