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DISCLAIMER PAGE

Recoveryplansdelineatereasonableactionswhich arebelievedto be

requiredto recoverand/orprotectlisted species.Plansarepublishedby theU.S.

FishandWildlife Service,sometimespreparedwith theassistanceofrecovery

teams,contractors,Stateagencies,andothers. Objectiveswill beattainedandany

necessaryfundsmadeavailablesubjectto budgetaryandotherconstraints

affectingthepartiesinvolved,aswell astheneedto addressotherpriorities.

Costsindicatedfor taskimplementationand/ortimefor achievementofrecovery

areonly estimatesand aresubjectto change.Recoveryplansdo notnecessarily

representtheviewsnortheofficial positionsor approvalofany individualsor

agenciesinvolved in theplan formulation,otherthantheU.S. Fish andWildlife

Service. Theyrepresenttheofficial positionof theU.S. FishandWildlife Service

only aftertheyhavebeensignedby theRegionalDirectoror Directoras

approved. Approvedrecoveryplansaresubjectto modificationasdictatedby

newfindings,changesin speciesstatus,andthecompletionof recoverytasks.

LiteratureCitation: U.S. FishandWildlife Service. 1998. Final RecoveryPlan

for ThreePlantSpeciesonNihoaIsland. U.S. Fishand Wildlife Service,

Portland,Oregon.83 pp.

Additional copiesmaybe purchasedfrom

:

Fishand Wildlife ReferenceService

5430GrosvenorLane,Suite 110

Bethesda,Maryland20814

(301)492-6403or 1-800-582-3421

Thefeefor thePlanvariesdependingon thenumberof pagesof thePlan.
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EXECUTIVE SUMMARY

Current SpeciesStatus:This plancoversthreeplanttaxa,all ofwhich are

federally listed asendangered.Thenumbersofknownremainingpopulationsand

individualsareasfollows (# of colonies,# of individuals): Amaranthusbrownii

(no commonname(NCN)) (4, lessthan40),Pritchardia remota(loulu) (4, 680),

andSchiedeaverticillata (NCN) (10,359).

Distributions: All of thesetaxaarebelievedto be endemicto the islandof

Nihoa, in theNorthwesternHawaiianIslands. However,five uncollectedpalms,

no longerextant(in existence),wereobservedgrowingon LaysanIslandin 1859

andmayhavebeenPritchardia remota.

Habitat Requirementsand Limiting Factors: Thethreetaxaincludedin this

plangrowonly on Nihoa,whichhasan areaof0.65 squarekilometer(0.25square

mile). Whenlastobservedin 1983,Amaranthusbrownii wasfoundgrowingon

ridgesin shallowsoil on rocky, exposed,outcropsat elevationsbetween30 to 242

meters(100to 800 feet). Most ofthe Pritchardia remotaarefoundin two

valleys,atelevationsbetween15 to 151 meters(50 to 500feet). Schiedea

verhcillata growsin soil pocketsand crackson coastalcliff facesat elevations

between30 to 242meters(100to 800)feet.
Dueto thesmall numberof existing individualsand theirextremelylimited

distributions,thesetaxaandall oftheirpopulationsaresubjectto an increased

likelihood of extinctionand/orreducedreproductivevigor from random,naturally

occurringevents. Thesetaxaandtheir habitatshavebeenvariouslyaffectedor are

currentlythreatenedby oneor moreofthefollowing: fire; potentialhabitat

degradationandcompetitionwith alien plants;predationby rodentsthat could

easilybeintroducedby shipwrecks;introducedinsects,possibly leadingto

predationon plantsandlossof pollinators;and naturaleventssuchaslandslides,

erosion,rockslides,andflash floods.

RecoveryObjectives: Delist all taxa. Interim, downlisting,and delistingcriteria

areprovided. Thenumbersof coloniesandindividualsgiven in theobjectives

below shouldprovidefor themaintenanceof geneticdiversity andprovidesome
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assurancethat asinglecatastrophiceventwill not causeextinctionofan entire

taxon. Thesenumbersmaychangeasmoreis learnedaboutthe life historyandas

populationmodelingis conducted.This recoveryplanshouldbe revisedasnew

information is gathered.

RecoveryCriteria

:

Interim Objectives
At leastthreecoloniesofAmaranthusbrownii shouldbe documentedon

Nihoa. Eachofthesecoloniesmustbe naturallyreproducingwith aminimumof

100 matureindividualspercolony(minimumtotal of 300 matureplants). Mature

individualsaredefinedasthoseeitherknownor believedto be capableof

reproduction. Coloniesof Pritchardia remotaandSchiedeaverticillata are

apparentlystable.A monitoringprogramshouldbe establishedto monitortheir

statusandthreatstwice annually. Themajorthreatsto all threetaxamustalsobe

determinedandcontrolled,andall threetaxamustbe fully representedin exsitu

(at otherthanit’s original site,suchasanurseryor arboretum)collections.Exsitu

collectionsshouldmaintainthemaximumnumberof geneticallydistinct

individualspractical.

Downlisting Objectives

Interim objectivesmusthavebeenattained. In addition,a total ofat least

five coloniesof eachtaxonshouldexiston Nihoa andsuccessfulpropagationand

outplantingexsitu mustbe underwayfor eachtaxon. Eachof thesemustbe

stable,secure,andnaturallyreproducing.Colony sizeson Nihoashould be

increasedwith caution,andonly if thereis goodevidencethatNihoacansupport

additionalcolonygrowthwithoutnegativeecologicalimpacts. This is aconcern

becauseofNihoa’ssmall sizeandits relatively intact,nativeecosystem.Colony

sizeswill ultimatelybedeterminedby thecarryingcapacityofthesitewherethey

aregrown.
However,apreliminarytargetlevel is aminimumof 100 matureindividuals

percolonyforPritchardia remota,aminimumof 300 matureindividualsper

colonyfor Schiedeaverticillata, anda minimumof500 matureindividualsper

colonyfor Amaranthusbrownii. Eachcolony shouldbe stableor increasingfor a
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minimum of 5 consecutiveyearsbeforedownlistingis considered.Theneedfor

continuedspecies-specificmanagementactionsshouldnotprecludedownlisting.

As acomponentof threatcontrol,a remotemonitoringsystemshouldbe

installedon Nihoato detectandrecordillegal landingsand ship wreckson the

islandandrelaytheinformationto Refugestaffin Honolulu.

Delisting Objectives

Downlistingobjectivesmusthavebeenobtained.Delisting for anyof these

threetaxamayrequiretheestablishmentof oneto threeadditionalcolonieson an

islandotherthanNihoa. In thecaseofPritchardia remota,LaysanIslandshould

be considered,sinceapalm thatmayhavebeenthis speciesformerlyoccurred

there. ForSchiedeaverticillata andAmaranthusbrownii, NeckerIslandshouldbe

consideredsinceit is adjacentto Nihoa,hassimilarhabitat,andis protectedasa

U.S. FishandWildlife Servicerefuge. KilaucaPoint andMidway Atoll National

Wildlife Refugesshouldalsobe assessedfor suitability sincetheyareprotected

areas,haveplantnurseryfacilities, andhavefull time staffs. Midway hasa

similar climateto Nihoa andKilauca Point also hasnorth-facingcliffs similar to

thoseon Nihoa.

Shouldestablishmentof oneto threecoloniesof any or all ofthesetaxaon

an islandotherthanNihoaoccur,delistingmaybe consideredwhentheyhave

reachedthesametargetsasthosedescribedfor downlisting. Thesetargetsare: a

minimumof 100matureindividualsper colonyfor Pritchardia remota,a

minimumof 300 matureindividualspercolonyfor Schiedeaverticil/ala, anda

minimumof 500 matureindividualsfor Amaranthusbrownii. Eachcolonyshould

be stableor increasingfor aminimumof 5 consecutiveyears.

If theestablishmentof any or all of thesetaxaon a secondislandproves

unfeasible,delistingmaybe consideredif thedownlistingobjectiveshavebeen

met andthecoloniespersistattargetlevelsfor aminimumof 10 years.

In orderto initiatedelisting in any oftheabovesituations,thereshould no

longerbe a needfor continuedspecies-specificmanagementactions,but delisting

mayproceedif thereis acontinuingneedfor ecosystem-widemanagement

actions.
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Actions Needed

:

1.

2.

3.

4.

5.

Protecthabitatand controlthreats.

Conductresearchessentialto conservationofthespecies.

Increasenumbersandlocationsof Amaranthusbrownii.

EstablishPritchardia remotaon LaysanIsland.

Evaluatepotential for establishingtaxaoutsidetheir historicalranges.

6. Validateandreviserecoveryobjectives.

Total Estimated Cost of Recovery(S1.000’s)

:

Need 1

177.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

80.0

1297.0

Need2

348.0

348.0

308.0

198.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

1312.0

Need3

0.0

0.0

0.0

30.0

30.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

160.0

Need4

10.0

10.0

24.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

9.0

152.0

Need5 Need6 Total

40.0

40.0

20.0

240.0

240.0

40.0

40.0

40.0

40.0

40.0

40.0

40.0

40.0

40.0

40.0

980.0

Somecostsarestill to be determined.

Dateof Recovery:Downlistingmaybe consideredin 2008, if all thedownlisting

criteriahavebeenmet. Delisting will be consideredin 2012, if all recovery

objectiveshavebeenmet. However,estimatesofrecoverytime maychangeas

moreis learnedaboutthebiology andpopulationdynamicsoftheNihoaplant

taxa.

Year

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

Total

14.0

14.0

14.0

14.0

14.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

90.0

589.0

492.0

446.0

571.0

383.0

151.0

151.0

151.0

151.0

151.0

151.0

151.0

151.0

151.0

151.0

3991.0
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INTRODUCTION

A. Brief Overview

This recoveryplancoversthreeendangeredplanttaxaendemicto the

islandofNihoa in theNorthwesternHawaiianIslands.Amaranthusbrownii, an

annualherb,Pritchardia remota,apalm, andSchiedeaverticillata, a perennial

herb,werelisted asendangeredon September20, 1996(61 FR 43178-43184).

TheNorthwesternHawaiianIslands(NWHI) areachainof islandsthat

extendabout1,600kilometers(1,000miles)from Nihoa Islandnorthwestto Kure

Atoll (Figure 1). Nihoa is theclosestto themain islands,275 kilometers(170

miles)northwestof Kauaiandabout400 kilometers(250miles) northwestof

Oahu,Hawaii. TheNWHI aretheoldestislandsin theHawaiianchain. Theyare

remnantsof oncelargerislandsthat haveslowly erodedand subsided,which

todayexistassmall landmasses,or coralatolls that covertheremnantsofthe

volcanicislands.

Nihoa Island,whichhasan areaofonly 0.65 squarekilometer(0.25square

mile), is ownedby theU.S. FishandWildlife Service(Service)and is managedas

partof theHawaiianIslandsNational Wildlife Refuge. Nihoais also within the

boundariesoftheCity andCountyofHonoluluandtheStateof Hawaii,andis

alsoclassifiedby theStateasConservationDistrict land. Landsin thesedistricts

areregardedasnecessaryfor theprotectionofendemicbiological resourcesand

themaintenanceorenhancementof theconservationofnaturalresources(Hawaii

RevisedStatutesChapter[HRS], sect.205-2).

Thethreeplanttaxacoveredby thisplanhaveprobablyalwaysbeenrare

andrestrictedto the islandof Nihoa,althoughPritchardia remotamayhaveonce

occurredon LaysanIsland. Their currenthabitatis protectedasanationalwildlife

refugeandis uninhabitedby humans.TheServicemanagestheRefugefor

perpetuationofnativespeciesandregularly monitorsthe islandfor evidenceof

alienspeciesincursionsandotherpossiblethreatsto its fragile ecosystem.

Theobjectiveof thisplan is to provideaframeworkfor therecoveryof

thesethreetaxaso thattheirprotectionby theEndangeredSpeciesAct (ESA) is

no longernecessary.PartI of this plan is constructedin aspecies-by-species
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formatwith all the informationaboutaparticularspeciesin one section.It

providesacomprehensiveanalysisof threatsto thesetaxaaswell asa species-by-

speciesanalysisofrecoveryactionsneededfor stabilizationandrecovery.PartII

detailsrecoveryactionsnecessaryto stabilize,downlist,anddelist thespecies.

PartIII containsadetailedimplementationschedulefor achievingrecovery

objectives.AppendixA lists agenciesandpeerreviewers.AppendixB contains

line drawingsof two of theplantspeciescoveredby this plan. AppendixC

includesmapsofcurrentplantdistributions. AppendixD explainstheRecovery

Priority SystemandAppendix E summarizescommentsreceivedduring reviewof

thedraft plan.

B. General Description of Habitat

Nihoais thehighestof theuninhabitedislandsof Hawaii(Figure2). Over

manyyears,wavesdrivenby prevailingtradewindserodedtheislandinto its

currentshape,which is theremnantsouthwestquadrantof theoriginal huge

volcaniccone. Theeast,west,andnorth sidesof Nihoaaresheercliffs, andthe

southcoastcompriseslow cliffs with rockbenchesand onesmall beach(Cleghorn

1987,GagneandConant1983,Macdonaldet al. 1983). Theisland,formedabout

7.5 million yearsago by asingle shieldvolcano,now measuresonly 1.4

kilometers(0.85 mile) long, an averageof0.5 kilometerwide (0.3mile), and63.1

hectares(156acres)in area(Macdonaldet al. 1983,Walker 1990). Thehighest

point, 273 meters(896feet) in elevation(Conant1985),is locatedat oneofthe

two peakson Nihoa,which areseparatedby adepressiondissectedby six valleys

(Macdonaldet al. 1983). Theelevationofthe island is notsufficient to increase

precipitationfrom that whichwould fall on a flat island,andtheyearlyrainfall of

51 to 76 centimeters(20 to 30 inches),usually concentratedin thewintermonths,

is theresultof unpredictablerain squallspassingover the island(Cariquist 1980,

Cleghorn1987). Valleysaredeepandhavelittle sediment,indicatingthattheir

streamswereoncepowerful,but theonly wateron theislandnow is foundin

threefreshwaterseeps(Cleghorn1987).
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Nihoa,with the mostdiverseflora andfaunaof any oftheNWHI,

representsarelatively intact low-elevationdrylandecosystemwith acomplement

ofnativeplants,arthropods,andbirds (Gagne1982). Severalspeciesassociated

with Nihoaare,however,listed asthreatenedor endangered(seeTable 1). Low-

elevationdrylandecosystemswereprobablycommonin themainHawaiian

islandsprior to theirdisturbanceby Polynesianagriculturalpractices(Cuddihy

andStone 1990). Nihoawasinhabitedbeginningin thethirteenthcenturyby a

small groupof Polynesiansettlers,whoterracedandcultivatedmostof thegently

slopingareaofthe island,atotal of 4.9 to 12.5 hectares(12to 31 acres)or 7.7 to

20 percentoftheareaoftheisland. Most ofthe islandwasunsuitablefor

cultivation,andhabitationdid not persistfor a long periodof time,somuchof the

naturalecosystemremainedintact (Cleghorn1987,Emory 1928,Harrison 1990).

It is unknownwhatimpactsagriculturemayhavehad on theendangeredtaxa,

althoughit mayhavereducedtheirnumbers.Animalsnow foundon ornear

Nihoa include: a small, residentpopulationof Hawaiianmonk seals(Monachus

schauinslandi),a listed endangeredspecies;greenseaturtles (Cheloniamydas),a

listed threatenedspecies;17 speciesofbreedingseabirds;severalspeciesof

migratory shorebirds;2 speciesof endemiclandbirds, Nihoamillerbird

(Acrocephalusfamiliaris)andNihoa finch (Telespizaultima), both listed

endangeredspecies;6 speciesof endemiclandsnails;and 35 endemicand26

indigenousarthropods,manyonly recentlydiscovered.

A total of26 vascularplant taxahavebeenfoundon Nihoa:3 endemicto

the island, 17 indigenousto Hawaii, and6 alien taxa. Thethreeendemictaxaare

thesubjectsof thisrecoveryplan: Amaranthusbrownii, Pritchardia remota

(loulu),andSchiedeaverticil/wa. The17 Hawaiianindigenoustaxaare:

Chamaesycecelastroidesvar. ce/astroides(akoko),Chenopodiumcahuense

(aheahea),Eragrostisvariabilis (kawelu),Panicumtorridum(kakonakona),

Pon’u/acavil/osa (ihi), Rumexalbescens(huahuako),theendangeredSesbania

tomentosa(ohai).Sicyospachycarpus(kupala),Solanumne/sonii (popolo),

Boerhaviadifusa (alena),Heliotropium curassavicum(seasideheliotrope),

Ipomoeaindica (koaliawa),Ipomoeapes-capraessp.brasiliensis(pohuehue),

Portulaca lutea (ihi), Sidafallax (ilima), So/anumamericanum(glossy

nightshade),andTribuluscistoides(nohu). Thesix alien speciesare: Cenchrus
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Listed ThreatenedandEndangeredNihoa SpeciesandAssociated

RecoveryPlans

Monachusschauinslandi(Hawaiian

monkseal)

Che/oniamydas(greenseaturtle)

Acrocephalusfamiliariskingi (Nihoa

millerbird) andTelespizaultima (Nihoa

finch)

Sesbaniawmentosa(ohai)

SPECIES RECOVERYPLAN

6

NMFS. 1983.RecoveryP/anfor the

HawaiianMonkSeal,Monachus

schauinslandi.NMFS,Terminal

Island,CA.

U.S. Pacific SeaTurtle Recovery

Team. 1995.Draft RecoveryP/anfor

US. PacWcPopulationsofthe

GreenTurtle.NMFS andUSFWS,

Washington,D.C.

USFWS.1984.RecoveryPlanfor the

NorthwesternHawaiianIslands

Passerines.USFWS,Portland,OR.

USFWS. 1996.Draft RecoveryPlan

for theMulti-Is/andPlant Cluster.

USFWS,Portland,OR.
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echinatus(commonsandbur),Nephro/epismu/i’flora (sword fern),Paspa/umsp.,

Pori’u/aca oleracea(pigweed),Setariaverticillata (bristly foxtail), andTetragonia

tetragonicides(NewZealandspinach)(Conant1985,ConantandHerbst1983,

GagneandConant1983,Harrison1990,Herbst1977). By far themostcommon

ofthesealientaxaonNihoa is pigweed.

Barerockandunvegetatedsoil makeup aboutone-thirdofthesurfaceof

Nihoa. All vegetationis classifiedasbeingpartof CoastalCommunities,

includingCoastalDry CommunitiesandaCoastalMesicCommunity. Table2

summarizesNihoahabitattypesand associatedplant species.CoastalDry

Shrublandsincludetwo formsof Ilima (Sida)Shrubland: prostrateplantsnearthe

shoreanderectplantsin moreshelteredsites. TheAweoweo(Chenopodiumor

aheahea)CoastalShrublandincludesaheaheaandpopolo ascodominants,aswell

asilima andseveralotherlessfrequentspecies.Coastalcliff faces,anothertype

ofCoastalDry Shrublandpresenton Nihoa, includekawelu(Eragrostis)asa

dominantspecies.TheLoulu (Pritchardia) CoastalForest,a typeof Coastal

Mesic Forest,containsPritchardia remotaastheonly dominant(Gagneand

Cuddihy 1990).

C. Overall Reasonsfor Declineand Current Threats

Competitionwith alien plantsis theprimarythreatto thethreeendangered

Nihoa plant taxacoveredby this plan. Introducedplantspeciesoftenout-compete

nativespeciesfor space,light, water,andnutrients.Cautionon thepartof

personnelworking on theislandandfrequentmonitoringof thevegetationand

removalof alienplantshavehelpedkeepestablishedalien plant taxato a

minimum on Nihoa (Conant1983a,1983b,1985;Herbst1980; Marshall1964).

However,six alienplantspecieshavebeenreportedon theislandofNihoa since

theearly I 960’s. Oneof thesetaxa,pigweed,is now widespreadovertheentire

islandand is displacingnativevegetationin thehabitatofAmaranthusbrownii

andSchiedeavertici/lata.

Rats(Rattusspp.)andhousemice (Musmusculus),whichhavebeen

transportedby humansto severalsmall islandsand isletsin theHawaiianchain

7



Summaryof NihoaHabitatTypesandAssociatedPlantSpecies

HabitatType NihoaPlantRecoveryPlant

Species

AssociatedNative PlantSpecies AssociatedAlien PlantSpecies

Coastal Dry

Shrubland

Amaranthusbrownii (NCN) Chenopodiumoahuense(aheahea)

Ipomoeapes-capraessp.
brasiliensis(pohuehue)

Ipomoeaindica(koaliawa)
Sicyospachycarpus(kupala)

Eragrostisvariabi/is (kawelu)
Sidafa//ax(ilima)

So/anumne/sonii (popolo)

Panicumtorridum (kakonakona)

unidentifiedlichens

Portulacao/eracea(pigweed)

Tetragoniatetragoniodes(New
Zealandspinach)

CoastalMesic

Forest

Pritchardia remota(loulu) Chenopodiumoahuense(aheahea)

Sesbaniatomentosa(ohai)
So/anumne/sona(popolo)

Sidafal/ax(ilima)

unidentifiedlichens

none

Coastal Cliff

Faces

Schiedeaverticillata (NCN) Rumexalbescens(huahuako)

Tribu/uscistoides(nohu)
Eragrostisvariabi/is (kawelu)

Portulaca o/eracea(pigweed)

Table2.
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(Tomich 1986),couldbeaccidentallyintroducedto Nihoaby visiting recreational

boatersandfishingvessels.RodentpredationofseedsofotherPritchardia

specieshasbeenwell documentedandcouldprovedisastrousfor Pritchardia

remota(Centerfor PlantConservation(CPC) 1990b,CuddihyandStone1990).

Thefleshyroot ofSchiedeaverticillata mayalsoprovepalatableto rodents(CPC

1 990a).

Over 70 speciesofalieninsectshavebeendocumentedonNihoa

(Beardsley1966;Bryan 1978; Conantet al. 1984;Conant1997). Carminespider

mites (Tez’ranychuscinnabarinus)havebeencollectedseveraltimes onNihoa and

could threaten Schiedeavertici/lata (CPC 1990a). Conant (1997)also reported

finding severalalieninsectspeciesin 1996,including ants,andthreepreviously

unreportedpestspecies:the silverleafwhitefly(Bernisia argent~folia),the

chrysanthemumleafminer(LiriomyzatrWolii), andtheorientalfruit fly

(Bactroceradorsalis). He alsoreportedhighnumbersof thephoenicococcid,

Platycoccustylocepha/us,on theleavesof olderPritchardia rernota plants.

Researchby Maleand Loeffler (1997)on severalspeciesof Pritchardia indicate

that manyspeciesof insects,mostlyaliens,feedon theseedsandfruit of

Pritchardia in themainHawaiianIslands. In additionto potentiallydamaging

nativeplantsandseeds,introducedinsectspeciesmayreduceoreliminatenative

insectsthat serveaspollinators.

Lossof insectandbird pollinatorsis apossiblethreatto all of theNihoa

taxa. Researchto determinethepresence/absenceandnatureof appropriate

pollinatorsfor eachoftheNihoataxawill beessentialto their recovery.

Thevery limited rangeandsmallpopulationsof theendangeredNihoa

planttaxagreatlyincreasethepotentialfor extinctionofthesespeciesfrom

stochasticevents.Amaranthusbrownii andPritchardia rernota haveonly four

colonieseachandAmaranthusis believedto numberfewer than40 individuals.

Thelimited genepool of all threetaxamaydepressreproductivevigor.

Erosion,landslides,rock slides,andflooding dueto naturalorhuman-

relatedcausescouldresultin deathsof individuals,destructionof habitat,and,

possibly,extirpationofentirecoloniesor populationsofthesetaxa. Priz’chardia

rernota growson valley floors andatthebasesofbasalticcliffs, areasthat are

subjectto flashfloods (Kramer1962). Arnaranthusbrownii growson rocky

outcropsandSchiedeaverticillata typically growson coastalcliff faces,making

bothof thesetaxaparticularlysusceptibleto landslidesandrockslides.
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Dueto low amountsofrainfall, Nihoa’svegetationis oftendry andvery

susceptibleto fire. An 1885 trip to Nihoa by agroupledby QueenLiliuokalani

illustratesthis vulnerability. Thegrouphadto leavetheislandabruptlyafterthey

starteda fire which quickly sweptacrossthe island(Culliney 1988). Firescaused

by smokingorcookingremainpotentialthreats.

Becauseofthesteepslopeandrocky natureofNihoa,peoplewalking

from placeto placeon theislandcancausea greatdealof damage.Currently,the

only legal visitorsarethosewith Serviceapproval,usuallyrefugepersonnelor

scientificresearcherswhoarevery awareof thefragile natureofthe island’s

environment(Conant1985). With increasedcommercialfishing in theNWHI,

thereis a greaterpossibility ofmishapsandunauthorizedlandingsonNihoa

(GagneandConant1983). Recreationalboatersmightbe temptedto landillegally

on theisland. Incidentsoccurredin 1981 and 1990 in whichpeopleon ayacht

hadan inflatableboatreadyto approachtheisland,but, uponseeingthecampof

researchersworkingonthe island,madeahastyretreat(SheilaConant,University

ofHawaii, personalcommunication1991;CraigRowland,USFWS,personal

communication1997). Table3 illustratesthenumerousimmediateandpotential

threatsto theNihoaplants.

D. Overall ConservationEfforts

1. FederalandStateEfforts

Thethreetaxaincludedin thisplanwerelisted undertheESA as

endangeredon September20, 1996 (61 FR 43178-43184).Whenaspeciesis

listed asendangeredor threatenedundertheESA, it is automaticallyaddedto the

StateofHawaii’s list ofprotectedspecies(Hawaii RevisedStatutesChapter

[HRS] 1 95D). Hawaii Statelaw prohibitstaking ofendangeredflora and

encouragesconservationby Stategovernmentagencies.(“Take” asdefinedby

Hawaii Statelaw means“to harass,harm...,wound,kill..., orcollectendangered

orthreatened...species...or to cut, collect,uproot, destroy,injure,or possess

endangeredor threatened...speciesof... landplants,or to attemptto engagein any

suchconduct”[HRS 195D].) TheESA offersadditionalFederalprotectionto

thesetaxasinceit is aviolation of theESAfor any personto remove,cut, dig up,
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Table3. SummaryofThreatsto Nihoa Plants

SPECIES Rats Alien

plants

Fire Alien

insects

Substrate

loss1

Limited

numbers2

Arnaranthusbrownii

Pritchardia rernota

Schiedeavertici/lata

P

P

P

X

X

X

P

P

P

P

P

P

X

X

X

Xa,b

Xa

P

KEY
1 = Substratelossincludeserosion,rock slides,flashfloods, andlandslides.

2 = No morethan 100 individualsand/orno morethanS populations.

X = Immediateandsignificantthreat.

P = Potentialthreat.

a = No morethan5 populations.

b = No morethan50 individuals.
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damage,or destroyan endangeredplantin anareanotunderFederaljurisdiction

in knowingviolationof any Statelaw orregulationor in thecourseof any

violation of a Statecriminal trespasslaw [Section9(a)(2)of theESA].

Becausethethreetaxaareon anationalwildlife refuge,ongoing

managementincludesmonitoringofpopulationsandpotentialpests,andweeding

of alienplants. However,currentlevelsofrefugefunding andthedifficulty of

travel logisticsallow only amaximumofoneshortvisit per year. Management

mustbe intensifiedto achieverecoveryobjectivesfor thesespecies.

Critical habitatwasnot designatedfor anyoftheNihoa taxa. It wasnot

deemedprudentbecausethetaxaarelocatedwithin theboundariesof anational

wildlife refuge,one ofthepoliciesofwhich is to conservenative vegetation.

Anotherreasoncritical habitatwasnot designatedwasthepossibility ofincreased

threatto theplantsby vandalism,researchers,curiosity seekers,or collectorsof

rareplantsdueto themandatedpublicationof precisemapsanddescriptionsof

critical habitatin localnewspapers.

2. Non-GovernmentalEfforts

Severalbotanicalgardenshaveplantsor seedsofPritchardia remotaand

Schiedeavertici//ata in theircollections(seeTable4). However,attemptsto grow

Arnaranthusbrownii in cultivationhavenot succeeded,with only afew seeds

germinatingandthoseseedlingsnotsurviving (Conant1985). This maybe an

indicationofoverall reducedviability ofthetaxon. Thereareno recordsof

Amaranthusbrownii seedsorplantscurrentlyin thepossessionof anybotanical

garden.Micropropagationoftissues(cloning)or seedembryosmaybe theonly

viablemethodfor propagatingthis species(S. Conant,personalcommunication

1997).

SeedsorplantsofPritchardia remotaand/orSchiedeavertici/lata arekept

attheNationalTropicalBotanicalGarden(NTBG), WaimeaArboretum,Lyon

Arboretum,HonoluluBotanicalGardens,andtheUniversityof Californiaat

Irvine. Pritchardia remotaseedsdo not storewell and,therefore,stocksof

Pritchardia seedsarenotmaintainedby any ofthebotanicalgardens.

Propagationmustbe conductedvery carefully,to avoidpollination by other

speciesofPritchardia (Woolliams,personalcommunication1997). Thebreeding
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Table4. NihoaPlantsandSeedsin BotanicalGardens

SPECIES Waimea
Arboretum

Lyon
Arboretum

NTBG Honolulu
Botanical
Gardens
(all sites)

UC Irvine

Amaranthus
brownii

none none none none none

Pritchardia

remota

4 plants 3 plants 27 plants 35 plants none

Schiedea

verticillata

6 plants none 250 seeds none 9 plants

Note: SomeoftheSchiedeaverticillata in this tablearederivedfrom cuttings

from thesameparentplant andaregeneticallyidentical. Also, someof the

Pritchardia remotaarefrom accessionsthat havebeenin cultivation for

oneormoregenerations.
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historyofanystockconsideredfor usein reintroductionsshouldbecarefully

screenedto eliminateany potentialhybrids. Anotherfactorto consideris that

manyofthePritchardia rernota in collectionshavebeengrownfrom seedsof

treesgrownin cultivationfor oneor moregenerations.Therefore,theywerenot

subjectedto the sameselectivepressuresasplantsin thewild andmaynot beas

competitiveaswild stockif reintroducedto Nihoa.

A small numberof Schiedeaverticillata existin cultivation. Cultivation

ofthis specieshasbeenhamperedin thepastby die-offs ofseedlings(termed

“dampingoff’) dueto afungal disease.However,this problemcanprobablybe

controlledby usingsterile soil andmaintainingcool, low humidity conditions

during andaftergermination(Woolliams,personalcommunication1997).

E. Overall RecoveryStrategy

Theplanfor recoveryis detailedin thestep-downnarrativein PartII.

BecauseNihoa is within anationalwildlife refuge,designationofadditional

protectivelandstatusis notnecessary.However,acritical needfor all threetaxa

is a stepped-upmonitoringprogramaimedatassessingthestatusandhealthofthe

populationsand minimizingthreatsto thetaxa. Additionally, seedsandtissuesof

all threetaxashouldbe collected,accompaniedby researchon long-termstorage

of seeds,propagationandmicropropagation,andoutplantingtechniques.A

researchprogramis alsorecommendedto study thegrowthandreproductive

viability ofeachtaxon,determinetheparametersofviablepopulationsofeach

taxon,study thereproductivestrategyandpollinatorsof eachtaxon,study

possiblepestsanddiseases,and usetheresultsofsuchresearchto improve

managementpractices.

A programto increaseexistingwild populations,andpossiblyintroduce
newpopulationsof someor all threeNihoataxaon otherHawaiianIslandsis also

needed.Thisprogramincludesselectionofareasfor augmentationand

establishment,assessmentof any negativeecologicalimpactscausedby

establishingtaxaon otherHawaiianislands,determinationofthebestmethodsfor

exsitu propagationandtransplanting,selectionof thebestgeneticstockfor each

area,propagationof suitablestock,protectionandpreparationofsitesfor seeding

and/ortransplanting,andmonitoring andmaintenanceof newindividuals and

populationsastheyareestablished.
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Potentiallocationsfor establishingnewpopulationsofNihoaplants

includeNecker,Laysan,Midway,andKauai. Considerableresearchwill haveto

be doneto determinewhich, if any,oftheselocationsare acceptable.

Finally, therecoveryobjectivesshouldbe refinedandrevisedasnew

informationbecomesavailable.

F. SpeciesAccounts

Muchof the informationin this sectionwastakendirectly from thelisting

packagefor thesetaxa(61 FR43178-43184).

1. Amaranthusbrownii

(No commonname)RecoveryPriority Number 5

(RecoveryPriority Numbersystemis describedin Appendix D)

a. Descriptionand Taxonomy

Arnaranthusbrownii is theonly memberof this genusfoundin the

HawaiianIslandsand is endemicto Nihoa. It wasfirst collectedby EdwardL.

Caumduring theTanagerExpeditionin 1923. Erling ChristophersenandCaum

namedit in honorofDr. F.B.H. Brown in 1931.

Arnaranthusbrownii, amemberoftheamaranthfamily (Amaranthaceae),

is anannualherbwith leafyuprightorascendingstems,30 to 90 centimeters(1 to

3 feet)long (seeAppendixB for line drawing). Theslightly hairy, alternate

leavesarelong andnarrow,4 to 7 centimeters(1.6 to 2.8 inches)long, 1.5 to 4

millimeters (0.06to 0.16 inch) wide,and moreor lessfolded in halflengthwise.

Flowersareeithermale or female,andbothsexesare foundon thesameplant.

Thegreenflowersaresubtended(embraced)by two oval, bristle-tippedbracts

about1 millimeter (0.04inch) long and0.7 millimeter (0.03inch) wide. Each

flower hasthreebristle-tippedsepalswhich arelance-shapedand 1.3 millimeters

(0.05inch) long by 0.8millimeter (0.03 inch)wide in maleflowersandspatula-

shapedand0.8 to 1 millimeter (0.03 to 0.04 inch) long by 0.2 to 0.5 millimeter

(0.01 to 0.02 inch) wide in femaleflowers. Maleflowershavethreestamens;

femaleflowershavetwo stigmas. Theflattened,ovalfruit, whichdoesnot split

openat maturity, is 0.8 to 1 millimeter (0.03to 0.04 inch)long and0.6 to 0.8
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millimeter (0.02to 0.03 inch)wide and containsoneshiny, lens-shaped,reddish

blackseed. This speciescanbe distinguishedfrom otherHawaiianmembersof

thegenusby its spinelessleafaxils, its linearleaves,andits fruit whichdoesnot

split openwhenmature(Wagneret al. 1990).

b. Life History

Amaranthusbrownii is an herbaceousannualwith agrowingseasonthat

extendsfrom Decemberto JuneorJuly. Conant(1985)reportedfinding plantsin

an earlystageof flowering in Februaryandcollecting seedfrom deadplants

duringJune.Phenologymayvary somewhatfrom yearto year,dependingon

rainfall andclimatic factors. Themeansof pollination areunknown.

c. HabitatDescription

Arnaranthusbrownii typically growsin shallowsoil on rockyoutcrops. It
is foundin fully exposedlocationsat elevationsbetween30 and242 meters(100

and800 feet). AssociatednativeplanttaxaincludeSchiedeaverticil/ata,

Chenopodiumoahuense,Ipomoeapes-capraessp.brasiliensis,Ipornoeaindica,

Sidafal/ax,Solanurnne/sonii,Sievospachycarpus,Eragrostisvariabilis, and

Panicumtorridum.

d. HistoricandCurrentRangesandPopulationStatus

Arnaranthusbrownii is therarestnativeplant onNihoa(Conant1985).

Whenit wasfirst collectedin 1923,it was“most commonon theridgeleadingto

Miller’s Peak,but abundantalsoon theridgesto theeast”(Herbst1977). In 1983,

the2 knowngroupingsofcolonieswereseparatedby adistanceof 0.4 kilometer

(0.25 mile) and containedapproximately35 plants: 1 colonyof about23 plants

nearMiller’s Peakandabout12 plantsin 3 small coloniesin Middle Valley. No

plantshavebeenseenateitherlocationsince1983,eventhoughServicestaffhave

surveyedfor themannually(KennethMcDermondandElizabethFlint, in ha.,

1993; C. Rowland,personalcommunication1997). However,noneof thesurveys

since1983havebeendoneduring thewinter, whentheseannualsareeasiestto

find andidentify. In orderto getan accuratepopulationcountand collectseeds
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orcuttingsto establishexsitupopulations,it will be necessaryto conductwinter

surveys.

e. Reasonsfor DeclineandCurrentThreats

This speciesmayhaveexperiencedareductionin totalnumbersdueto

disturbancesresultingfrom PolynesiansettlementofNihoa. Pigweed,analien

species,is widespreadon Nihoaandgrowsin habitatsimilar to Amaranthus

brownii. Pigweedmayposeathreatby outcompetingArnaranthusfor space,

moisture,andnutrients. Otheralienplantandinsectspecieson theislandmaybe

posingthreatsaswell. Becauseit growson rocky outcrops,Arnaranthusbrownii

is likely to be affectedby substratechanges.Fire, introductionofrats, andother

humandisturbancesalsoposepotential threats.Dueto thesmallnumbersof

populationsandindividuals,and its limited distribution,this speciesis threatened

by stochasticextinctionand/orreducedreproductivevigor.

f. ConservationMeasures

Seedshavebeencollectedfor cultivation,but resultinggerminationand

survival rateswerevery low. This mayindicateareductionin thereproductive

vigor ofthespecies(Hawaii HeritageProgram(HHP) 1 990a1,1 990a2;Wagneret

al. 1985, 1986, 1990). Thereareno knownplantsor seedsin any botanical

collection.

g. NeededRecoveryActions

Immediaterecoveryactionsshouldincludeawinter expeditionto monitor

andmapremainingpopulationsandto collectseedsand/orcuttingsto establishex

situ populations.MicropropagationtechniquesdevelopedattheLyon Arboretum

in Honoluluareprobablythebestprospectfor culturingsufficientmaterialto

establishexsitu populationsandreestablishthespeciesin the wild.

Increasingthenumbersand locationsofthis speciesonNihoawill be

critical to its ultimatesurvivaland recovery. Considerablework will needto be

doneto identify, prepare,protect,and monitor sitesfor establishingnewwild

populations,particularlyif the sitesareoutsideofthehistoric range. Necker
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Islandshouldbe consideredsinceit is adjacentto Nihoa,hassimilarhabitat,and

is protectedasaU.S. FishandWildlife Servicerefuge. KilaueaPoint and

Midway Atoll NationalWildlife Refugesshouldalsobe assessedfor suitability

sincetheyareprotectedareas,haveplantnurseryfacilities, andhaveafull time

staff.

2. Pritchardia remota

(loulu) RecoveryPriority Number 2
(RecoveryPriority Numbersystemis describedin Appendix D)

a. DescriptionandTaxonomy

In 1858,Dr. Rookebroughtseedof apalm from Nihoa andplantedit on

thepalacegroundsin Honolulu (Hillebrand 1888). A Hillebrandspecimen,

probablycollectedfrom this cultivatedtree,wasusedby OdoardoBeccari(1890)

to describePritchardia remota. Otto Kuntze transferredthespeciesto other

genera,resultingin Washingtoniaremota(Kuntze 1891)andlater Eupritchardia

remota (Beccariand Rock 1921). In their1921 monographof thegenus,Beccari

andJosephRockincludedthespeciesin Pritchardia, asdo theauthorsof the

currenttreatment(ReadandHodel 1990).

However,asWagneret. al. (1990)state,“The (Pritchardia) speciesin

Hawaii aretaxonomicallydifficult becausecharacteristicsusedto distinguish

speciesappearto be highlyplasticandoriginal descriptionswerebasedon

inadequateor poorquality specimens,andsometimesmistakenobservations.

Descriptionssufferfrom a lackof appreciationfor ecologicalvariationand

inadequateherbariummaterial.” Additional taxonomicwork on thegenusis

necessaryand shouldbe fundedaspartof recoveryfor Pritchardia remota.

Pritchardia remota, a memberofthepalm family (Arecaceae),is a tree4

to 5 meters(13 to 16 feet)tall with a ringed,wavy trunkabout15 centimeters(5.9
inches)in diameter.Theratherruffled, fan-shapedleavesareabout80

centimeters(31 inches)in diameterandare somewhatwaxy to palegreenwith a

fewtiny scaleson thelowersurface.Thefloweringstalks,up to 30 centimeters

(12 inches)long,arebranchedandhaveflowersarrangedspirally alongthe

hairlessstalks. Below eachflower is abract2 to 3 millimeters(0.08to 0.1 inch)
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long. Theflower consistsofacup-shaped,three-lobedcalyx (fusedsepals);three

petals,eachabout6 millimeters(0.2 inch) long; six stamens;andathree-lobed

stigma. Thepalegreenishbrownfruit is almostglobose,1.9 to 2 centimeters(0.7

to 0.8 inch) long andabout1.9 centimeters(0.7 inch)in diameter.It is theonly

speciesofPritchardia on Nihoaandcanbe distinguishedfrom otherspeciesof

thegenusin Hawaii by its wavy leaves;its short,hairlessinflorescences;andits

small, globosefruits (Beccariand Rock 1921,ReadandHodel 1990).

b. Life History

Pritchardia remotais a long-lived perennial,andpopulationshave

remainedstablefor severalyears. Conant(1985)reportedfindingplantswith fruit

andflowersin thespringandsummer.Phenologymayvarysomewhatfrom year

to year,dependingon rainfall andclimatic factors. Themeansof pollinationare

unknown,althoughavarietyof insectshavebeenobservedvisiting the flowers

(D. Hopper,personalcommunication1997).

c. HabitatDescription

Most ofthepopulationsofPritchardia rernota arelocatedin scattered,

small grovesin two valleys. A few treesalsogrowatthebasesof basalticcliffs

on thesteepouterslopesofeachofthetwo valleys. Plantsgrow from 15 to 151

meters(50to 500feet)in elevation. Pritchardiaremotais unusualamong

Hawaiianmembersofthe genusin thatit occursin therelativelydry climate

found on Nihoa. However,its distributionon Nihoamaybe relatedto water

availability sincemanyplantsarefoundin valleysandnearfreshwaterseepsby

cliffs (Rowland,personalcommunication1997). Fossilloulu stemshavebeen

foundnearsealevel on Oahu,whichmayindicatethatthegenuswasmore

widespreadbeforelowlandhabitatwasalteredfor humanuse(Carlquist 1980,

CuddihyandStone1990). Within theLouluCoastalForestCommunity,

Pritchardia rernota assumescompletedominancewith aclosedcanopyandthick

layersoffallen frondsin theunderstory(Gagneand Cuddihy1990). Nativeplants

growingnearbyincludeChenopodiumoahuense,Sesbaniatornentosa,Solanurn

ne/sonii, andSidafal/ax. Lichensgrow on thetrunksof thetrees(S. Conant,

personalcommunication1991;DerralHerbst,formerlywith theU.S. Army Corps
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ofEngineers,personalcommunication1991). Pritchardia remotaprovides
nestingandotherhabitatfor red-footedboobies(Sulasula rubipes)aswell as

occasionalperchingspacefor brownnoddies(Anoussto/iduspi/eatus),two ofthe

residentseabirdsonNihoa(Conant1985).

d. Historic andCurrentRangesandPopulationStatus

Pritchardia remota is knownfrom fourcoloniespresentlyextantalong0.2

kilometer(0.1 mile) ofthelengthofeachof two valleyswhichare about0.6

kilometer(0.4mile) aparton oppositesidesofNihoa. Includingseedlings,680

plantsarefoundin scatteredgroups:387 plantsin WestPalmValley and293 in

EastPalmValley (Herbst1977). Earliertotalsweresomewhatsmaller,probably

becauseyoungerseedlingswerenotcounted(Herbst1977). Fiveuncollected

palms,no longerextant,wereobservedgrowingon LaysanIsland in 1859and

mayhavebeenthis species(Ely andClapp 1973,Rock 1913).

e. Reasonsfor DeclineandCurrentThreats

Althoughnumbersappearto be fairly stable,thisspeciesmayhave

experiencedareductionin total numbersdueto disturbancesresultingfrom

Polynesiansettlementof Nihoa. Alien plant andinsectspecieson theislandmay

be posingthreats.Rodentpredationcouldprove disastrousfor Pritchardia

remota,sincepredationof seedsby rodentshasreducedthereproductivecapacity

ofotherHawaiianPritchardia species(Centerfor PlantConservation(CPC)

1 990b,CuddihyandStone1990). Researchby Male andLoeffler (1997)
indicatesthatmanyspeciesofinsects,mostlyaliens,feedon theseedsand fruit of

severalspeciesofPritchardia in themain HawaiianIslands. Dueto thesmall

numbersof populationsandindividualsandits limited distribution,thisspeciesis

threatenedby stochasticextinction and/orreducedreproductivevigor. Flash

floods, fire andhumandisturbancesalso posepotentialthreats.

f. ConservationMeasures

Pritchardia rernota is in cultivationin severalbotanicalgardens.Several

matureplantsarein cultivation,but seedsarenot bankedbecausetheydo not
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remainviable in storage. However,becausesomeof theseplantsaredescended

from lineagesgrownexsitu for one ormoregenerations,thegeneticmake-upof

theiroffspringmaydiffer from Nihoapopulationsdueto differentselective

pressures.Ex situpropagationis possible,but mustbe doneverycarefully to

preventcross-pollinationwith othermembersofthegenus.

g. NeededRecoveryActions

Immediaterecoveryactionsshouldincludecollectionofadditional seeds

for additionalresearchinto long-termseedstoragetechniquesand establishment

ofadditionalexsitu populations.An assessmentofthefeasibility of introducing

thispalm to LaysanIslandshouldbe undertakenand,if deemedadvisable,the

Serviceshouldproceedwith attemptsto establishone ormorepopulationson that

island.

3. Schiedeaverticillata

(No commonname)RecoveryPriority Number 2

(RecoveryPriority Number systemis describedin Appendix D)

a. DescriptionandTaxonomy

Thefirst specimensofSchiedeaverticillata werecollectednearDerby’s

Landingin 1923. Brown (in ChristophersenandCaum1931)chosethespecific

epithetto referto theverticillate (whorled)arrangementofthe leaves. Although

Sherff(1944)transferredthespeciesto thegenusAlsinidendron,currentworkers

(Wagneretal. 1990)considerit to be aspeciesof Schiedea.

Schiedeavertici/lata, amemberof thepink family (Caryophyllaceae),is a

perennialherbwhich diesbackto an enlargedroot during dry seasons(see

AppendixB for line drawing). Thestems,whichcanreach0.4 to 0.6 meter(1.3

to 2 feet)in length,areuprightorsometimespendent(hanging). Thestalkless

leavesarefleshy,broad,andpalegreen;areusuallyarrangedin threes;and

measure9 to 15 centimeters(3.5to 5.9 inches)long and7 to 9 centimeters(2.8to

3.5 inches)wide. Flowersarearrangedin open,branchedclusters,usually 17 to

25 centimeters(6.7to 9.8 inches)long. Oppositeorwhorledpalegreenbracts,
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locatedat inflorescencebranchesandunderneaththeflowers,measure6 to 40

millimeters(0.2 to 1.6 inches)long at thecentralbranchand3.5 to 6 millimeters

(0.1 to 0.2 inch)long on the sidebranchesandunderneaththeflowers. Each

petallessflower is positionedon astalk5 to 20 millimeters(0.2 to 0.8 inch) long

andhas5 lance-shapedsepals8 to 10 millimeters(0.3 to 0.4 inch) long, 5

nectaries,10 stamens,and 4 or S styles. Theovoid (egg-shaped)capsulemeasures

7 to 9 millimeters(0.3 to 0.4 inch)long andreleasesreddishto grayishbrown

seeds,about0.7 to 0.8 millimeter (0.03inch) long. Thisspecies,the only member

of its genusto growin theNWHI, is distinguishedfrom otherspeciesof the genus

by its exceptionallylargesepalsand,usually,threeleavespernode(Wagneret al.

1990). Weller (UC Irvine,personalcommunication1997)foundthat Schiedea

vertici/lata producesmoreseedsandmorenectarthanany other speciesin its

genus. It also hasthehighestdegreeofgeneticdiversitybetweenindividualsof

anyspeciesin thegenus.

b. Life History

Schiedeavertici/lata is a short-livedperennial.Conant’sdata(1985)

indicatedthatthereproductivecycle maynotbe seasonal,sincemanylife stages

werefound simultaneouslythroughouttheyear. Herobservationsalso indicated

thattheplantsflower, set,anddisperseseedin arelativelyshortperiodoftime.

Themeansofpollination areunknown.

c. HabitatDescription

Schiedeavertici/lata typically growsin soil pocketsand crackson coastal

cliff facesatelevationsbetween30 and242 meters(100and 800 feet).

Associatedtaxainclude Tribuluscistoides,Eragrostisvariabi/is, Rumex

albescens,andlichenson surroundingrock.

d. Historic andCurrentRangesandPopulationStatus

All historically knowncoloniesof Schiedeaverticil/ata areknownto be

extant. Colony locationsand levelsappearto haveshiftedsomewhat,but total

numbershaveremainedrelatively stablefor severalyears. Six populations,
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containingatotal of385 to 414 individualswere countedbetween1980and 1983

(Conant1985). In 1992,Servicerefugestaffcountedonly 170 to 190 plantsin all

six populations(K. McDermondandE. Flint, in liti’., 1993). However,in 1996,

Rowland(1997)countedatotal of 359 plantsin 10 populations.Thesewere

distributedprimarily on thewesternhalfof the island,althoughapopulationof 13

plantswasseenon theeastspurof the islandnearTunnelCave. Two previously

unobservedpopulationscontaining2 and99 plants,respectively,were seenon the

northcliffs aboveMiller’s Valley. Otherlocationsincludedapopulationof24

plantsat Dog’sHead; 37 plantsatDevil’s Slide; 10 plantsnearMiller’s Peak; a

previouslyunknownpopulationof 62 plantson theridge separatingWestand

WestPalmValleys; 80 plantsnearlowerWestValley; 28 individualsnear

PinnaclePeak,anda smallcolonyof 4 northeastofPinnaclePeak.

e. Reasonsfor Declineand CurrentThreats

Althoughnumbersappearto be stable,this speciesmayhaveexperienced

areductionin total numbersdueto disturbancesresultingfrom Polynesian

settlementofNihoa. Alien plant andinsectspecieson theislandmaybe posing

threats. Rodentpredationcouldprovedisastrousfor Schiedeaverticil/ata, since

rodentsmaybe attractedto feedon its fleshyroot. It is alsothreatenedby

stochasticextinctionand/orreducedreproductivevigor dueto its very restricted

range,small numbers,andthe vulnerability of plantsto disturbanceeventsin their

steep,rocky habitat(Conant1985). Fire andotherhumandisturbancesalso pose

potentialthreats.

f. ConservationMeasures

WaimeaArboretumhassix plants,all propagatedascuttingsfrom asingle

parentplant. NTBG has250 seedsin storagebutnone in cultivation. Dr. Weller

of theUniversityofCaliforniaatIrvine currentlyhasnineplants in cultivation.

Cultivationofthis specieshasbeenhamperedin thepastby die-offs of seedlings
(termed“dampingoff’) dueto afungaldisease.However,this problemcan

probablybe controlledby usingsterilesoil andmaintainingcool,low humidity

conditionsduring andaftergermination(K. Woolliams,personalcommunication

1997).
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g. NeededRecoveryActions

Immediaterecoveryactionsshouldinclude collectionof seedsand/or

cuttingsto establishadditionalexsitupopulations. If researchindicatesthatit is

feasibleanddesirableto introducethis taxonoutsideof its historic range,Necker

Islandshouldbe consideredsinceit is adjacentto Nihoa,hassimilarhabitat,and

is protectedasaServicerefuge. KilaueaPoint and Midway Atoll National

Wildlife Refugesshouldalso be assessedfor suitability sincetheyareprotected

areas,haveplantnurseryfacilities, andhavefull-time staff. Midway hasa similar

climateto Nihoa andKilaueaPointhasnorth-facingcliffs similar to Nihoa.

24



RECOVERY

A. Objectives

The objectivesoftheactionsproposedby this recoveryplanareto delist the

threeNihoataxaaddressedin thisplan.

Thenumbersofcoloniesandindividualsgiven in theobjectivesbelow

shouldprovidefor themaintenanceofgeneticdiversity andprovidesome

assurancethatasinglecatastrophiceventwill not causeextinctionof anentire

taxon. In thisplan,acolony is definedasa geographicallydistinctgroupof

individuals ofthesametaxonthat is believedto exchangegeneticmaterialwith

othergroupsin thesamepopulation. Thecriteriain this sectionaretentativedue

to ourlimited knowledgeaboutthe life history andecologyof thespecies.The

criteriawereformulatedbasedon recommendationsfrom theHawaii andPacific

PlantRecoveryCoordinatingCommitteefor recoveringthreatenedand

endangeredplantsin general,andtheadviceof variousexperts.

Thesenumbersmaychangeasmoreis leamedaboutthe life historyand

afterpopulationmodelingis conducted.Thisrecoveryplanshouldbe revisedin

the futureasnewinformationis gathered. For example,it is unclearwhetherall

plantsof anyonetaxonon Nihoaconstituteonepopulationorseveral. Additional

researchneedsto focusonthis question.

Interim Objectives

At leastthreecoloniesofAmaranthusbrownii shouldbe documentedon

Nihoa. Eachofthesecoloniesmustbe naturallyreproducingwith aminimumof

100 matureindividualspercolony(minimumtotal of 300 matureplants). Mature

individualsaredefinedasthoseeitherknownorbelievedto be capableof

reproduction.ColoniesofPritchardia reinotaandSchiedeaverticillata are

apparentlystable.A monitoringprogramshouldbe establishedto monitortheir
statusandthreatstwice annually. Themajorthreatsto all threetaxamustalsobe

determinedandcontrolled,andall threetaxamustbe fully representedin exsitu

collections.Ex situcollectionsshouldmaintainthemaximumnumberof

geneticallydistinctindividualspractical.
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Downlistiun Objectives

Interim objectivesmusthavebeenattained.A total ofat leastfive colonies

ofeachtaxonshouldexiston Nihoaand successfulpropagationandoutplanting

exsitu mustbe underwayfor eachtaxon. Eachof thesemustbe stable,secure,

andnaturallyreproducing.Colony sizeson Nihoa shouldbe increasedwith

caution,andonly if thereis goodevidencethatNihoacansupportadditional

colonygrowthwithout negativeecologicalimpacts. This is aconcernbecauseof

Nihoa’ssmall sizeand its relatively intact,native ecosystem.Colony sizeswill

ultimatelybe determinedby thecarryingcapacityofthesitewheretheyare

grown.

However,a preliminarytargetlevel is aminimumof 100 matureindividuals

percolonyfor Pritchardia remota,aminimumof 300matureindividualsper

colonyfor Schiedeavertici//ata,andaminimumof 500matureindividualsper

colony for Amaranthusbrownii. Eachcolonyshouldbe stableor increasingfor a

minimumof 5 consecutiveyearsbeforedownlistingis considered.Theneedfor

continuedspecies-specificmanagementactionsshouldnotprecludedownlisting.

As a componentofthreatcontrol,aremotemonitoringsystemshouldbe

installedon Nihoato detectandrecordillegal landingsandship wreckson the

islandandrelaytheinformationto Refugestaffin Honolulu.

Delisting Objectives

Downlistingobjectivesmusthavebeenobtained. Delistingfor any ofthese

threetaxamayrequiretheestablishmentofone to threeadditionalcolonieson an

islandotherthanNihoa. In thecaseofPritchardia remota,LaysanIslandshould

be considered,sinceapalmthat mayhavebeenthisspeciesformerlyoccurred

there. Laysanis alsoa Servicerefuge,washistorically strippedofmostof its

nativevegetationby rabbits,andis thefocusof aServiceecosystemrestoration

planningeffort. ForSchiedeaverticillata andAmaranthusbrownii,NeckerIsland

shouldbe consideredsinceit is adjacentto Nihoa,hassimilarhabitat,andis

protectedasa Servicerefuge. KilaueaPoint andMidway Atoll NationalWildlife

Refugesshouldalsobe assessedfor suitability sincetheyareprotectedareas,have

plant nurseryfacilities, andhavea full time staff. Midway hasaclimatesimilar to

NihoaandKilaueaPointalso hasnorth-facingcliffs similar to thoseonNihoa.
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Shouldestablishmentof oneto threecoloniesof anyor all of thesetaxaon

an islandotherthanNihoa occur,delistingmaybe consideredwhentheyhave

reachedthe sametargetsasthosedescribedfor downlisting. Thesetargetsare: a

minimumof 100 matureindividualspercolonyfor Pritchardia rernola,a

minimumof300 matureindividualsper colonyfor Schiedeaverticillata, anda

minimumof500 matureindividualsfor Amaranthusbrownii. Eachcolonyshould

be stableor increasingfor aminimumofS consecutiveyears.

If theestablishmentofany orall ofthesetaxaon asecondislandproves

unfeasible,delistingmaybe consideredif thedownlistingobjectiveshavebeen

met andthecoloniespersistat theselevelsfor a minimumof 10 years.

In orderto initiate delistingin any of theabovesituations,thereshouldno

longerbea needfor continuedspecies-specificmanagementactions,butdelisting

mayproceedif thereis a continuingneedfor ecosystem-widemanagement

actions.

B. StepdownOutline

1. Protecthabitatand controlthreats.

11. Developandmaintainamonitoringprogram.

12. Identify and controlthreatsfor all taxa.

12i. Continueto restricthumanaccess

122. Maintaingeneticstockexsitu.

123. Controlalienplants.

124. Controlalieninsects,if theyposeathreat.

125. Prevent introduction of newalien speciesto Nihoa.

1251. Continueregularsurveysfor alienson Nihoa.
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1252. Install andmaintainremotemonitors.

126. Monitor for rodentsandcontrol,if necessary.

127. Monitor for diseaseandcontrol, if necessary.

128. Ensureavailability of pollination vectors,if necessary.

129. Controlotherthreats,asnecessary.

2. Conductessentialresearch.

21. Collectdiagnosticdataon crucialassociatedecosystemcomponents

andmapalien vegetation.

22. Studyvariousaspectsof growth.

23. Study reproductiveviability.

24. Determineparametersof viablepopulations.

25. Determinethekind anddegreeofthreatposedby selectedintroduced

organismsanddiseases.

26. Determineeffectivecontrolmethodsto combatthreatsfoundby

completingtask25.

27. Developlong-termseedstorage,propagation,and outplanting

techniques.

28. Researchandclarify taxonomyofPritchardia genus.

29. Evaluateresearchresultsandusein futuremanagement.

3. IncreasenumbersandlocationsofAmaranthusbrownii.
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31. Augmentexistingcolonies.

32. Reestablishcolonieswithin historic locationson Nihoa.

4. ReestablishPritchardia remotaon LaysanIsland.

41. Assesssuitability and feasibilityof reintroduction.

42. Preparesites.

43. Outplantandmonitor.

44. Control threats.

5. Evaluatepotentialfor establishingtaxaoutsidetheirhistoric ranges.

51. Investigatefeasibility anddesirabilityofintroduction.

52. Identify specific introductionsiteson otherHawaiianIslands.

53. Protectandprepareestablishmentsitesandplant.

54. Monitor andmaintainnewpopulations.

6. Validateandreviserecoveryobjectives.

61. Determinethenumberof populationsneededfor long termsurvival.

62. Determinethenumberof individualsneededfor long termsurvival.

63. Refine/revisedownlistinganddelistingcriteria.
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C. StepdownNarrative

1. Protecthabitatand controlthreats

.

Given theprecariouslylow numbersandlimited rangeoftheNihoaplants,
andtheseverityofcurrentandpotentialthreats,thehighestpriority actionsmust
be aimedatprotectingall extantwild individualsandpopulations,managing
habitatto enhancesurvival,andensuringmaintenanceof adequategeneticstock
exsitu.

11. Developandmaintainamonitoringprogram

.

Currently,Servicestaffareableto visitNihoa Islandonly onceayear,
at themost. Thatdoesnotprovidesufficient time for assessmentofthe
healthandstability ofthepopulationsofthethreeNihoataxa. It alsomay
not be sufficient for identificationandcontrolof threatsto theseandother
taxaon the island. It is recommendedthattheServiceconductatleasttwo
monitoringtrips peryear. Onetrip shouldbe in thewinter, when
Arnaranthusbrownii aremostlikely to be presentandbearingseed. Winter
surveyshavenotbeenconductedsince1983.

ExistingpopulationsoftheNihoa taxashouldbe monitoredto ensure
thatcurrentinformationis availableregardingthestatusofeachtaxon. A
detailedmonitoringplanshouldbe designedandimplementedfor eachof
thetaxa. Permanentplots shouldbe setup andmappedin orderto establish
baselineinformationregardingpopulationsizeandlocal distribution
patternsaswell astheoccurrenceofotherspeciesin thevicinity. Individual
plantsmayalsobe carefullytaggedasappropriatefor monitoring purposes.
Datacollectionshouldincludequantitiesandlocationsof all extantplants
aswell asany otherrelevantobservationsregardinghabitator situation.
Plots shouldbe setup to allow point- and/orline-interceptmonitoring
methodsasappropriatefor eachsituation. Informationsuchaschangesin
numbersofplantsby sizeclass,changesin vigor of individualplants,results
of managementactivities,andchangesor disturbancesto theenvironment
shouldbe notedasappropriateandthat datarecorded.

12. Identify andcontrolthreatsfor all taxa

.

Managementofprotectedareasto reduceand/oreliminatethreatsto
theNihoaplantsis essentialto thesurvival andrecoveryof thesetaxa.
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121. Continueto restricthumanaccess

.

Refugestaffshouldcontinueto monitor andrestricthuman
accessto Nihoa in orderto minimizehabitatdamageandintroduction
ofaliens.

122. Maintain geneticstockexsitu

.

Cultivatedpopulationsof eachNihoaplant taxonshouldbe
maintainedin orderto establishpoolsof geneticresourcesfor
reintroductionto appropriatesitesandto safeguardagainstlossof
thesespeciesdueto catastrophicevents. However,cultivationof these
plantsis not asubstitutefor theirpreservationin thewild.

As broadacomplementaspossibleoftheexisting geneticstock
for eachtaxonshouldbe preserved.For eachidentifiablepopulation
(eitherfrom extantsitesor traceable,pure,cultivatedmaterial),genetic
materialfrom asmanyindividuals asfeasibleshouldbe collected.
Collectionmethodsandquantitiesofmaterialscollectedshouldbe
devisedso asto haveminimal impacton wild populations.All
collectedmaterialsshouldbe labeledaccuratelyasto exactorigin,
collectiondate,etc. Seedscollectedfor long-termstorageshouldbe
testedfor viability whenfirst collectedfor baselinecomparisonand
periodicallyretestedandrecollectedasnecessary.

123. Controlalienplants

.

Pigweed,thebestestablishedalienplant, shouldbe controlled,
especiallyin thevicinity oftheendangeredplant taxa.Thefull scope
of alienplantcontrolactivitieswill be determinedbasedon theresults
of researchtask25. Researchtask26 will identify themosteffective
meansofalienplantcontrol. Alien plantsarea majorthreatto native
plantsthroughouttheHawaiianIslandsand shouldbedealtwith
promptly on Nihoa.

However,it is importantto realizethathabitatdisturbanceby
weedremovalactivitiescanbehighly detrimentalto native
ecosystems.Stepsshouldalwaysbe takento avoidbothdirectand
indirectdamageto theenvironment.Potentialdamagecaninclude
tramplingofendangeredtaxaandtheintroductionofalienplantseeds.
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124. Controlalien insects,if theyposeathreat

.

Over 70 alien insectspecieshavealreadybeenidentifiedon
Nihoa. If researchtask25 indicatesthat any of theseposeathreatto
Nihoaplanttaxa,alien insectcontrolshouldbegivenahighpriority.
However,if biocontrolagentsareconsidered,proposedbiocontrol
agentsmustbe subjectedto extremelythoroughtesting to insurethat
theywould notnegativelyaffect nativeflora orfauna.

125.Preventintroductionof newalienspeciesto Nihoa

.

Introductionsof newalien speciesneedto be haltedto prevent
additionalnewthreatsto theNihoataxaandtheirhabitats. Human
activitiesaretheprimarypreventablecauseof newintroductionsand
mustbe closelycontrolled.

1251.Continueregularsurveysfor aliensonNihoa

.

During thetwiceyearlymonitoringtrips, surveysfor alien
speciesofplantsandinsectsshouldbe conductedto document
andcontrolthe introductionand spreadofalienspeciesharmful
to theNihoa taxa.

1252. Install andmaintainremotemonitors

.

A remotemonitoring systemshouldbe installedto detect
andrecordillegal boatlandingsand shipwrecks. Ideally, a
satellitelink will relaylive imagesto Refugestaffin Honolulu.
This would allowRefugestaffto respondquickly to threats. A
cheaperbut lesseffectivealternativewould beto haveremote
camerasrecordstill shotsoftrespassersandvessels.Thefilm
would be periodicallyretrievedwhenServiceemployeesvisit the
island. Illegal landingsposeaseriousrisk of introducingrodents
andotheralien species,aswell asfire, unauthorizedcollectionof
plants,andotherhabitatdisturbances.

126. Monitor for rodentsand control.if necessary

.

Dueto the constantrisk of illegal landingsor shipwrecks,Nihoa
shouldberegularlymonitoredfor rodents. Baitedtrapscouldbeset
andcheckedperiodically. If rodentsarefound,anaggressive
eradicationprogramshouldbe implementedimmediately. Application
ofrodenticidesis likely themosteffectivemeansofremovingrodents
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from Nihoa,andwould involve follow-up monitoringto insurethat all
animalshadbeenremoved.Planningandpreparationfor rodent
eradicationshouldbe donein advanceto allow therapidandeffective
implementationof aneradicationprogram. Planningshouldcoverthe
typeandamountof rodenticideneeded,sourcesfor purchasing
rodenticidesandequipment,typeandlocationofbait stations,logistics
ofapplication,follow-up monitoring,andobtainingany necessary
regulatorypermitsin advance.

127. Monitor for diseaseandcontrol.if necessarv

.

If theresultsoftask25 showthatdiseaseis athreatto anyofthe
Nihoa taxa,thencontrol measuresshouldbe devisedandimplemented.

128. Ensure availability ofpollination vectors, if necessary

.

Basedon theresultsofresearchtask23, stepsshouldbe takento
ensurethatpollination vectorsremainavailableto theNihoaplant
taxa. If it is discoveredthat pollinationvectorsfor certaintaxaare
missing,necessarymeasuresshouldbe takento compensatefor these.

129. Controlotherthreats.asnecessarv

.

Theneedfor controlof otherthreatsmaybecomeapparentas
moreis learnedabouttheNihoa taxa. As newthreatsarise,
managementactionsto reduceand/oreliminatetheireffectson the
Nihoataxashouldbeimplemented.

2. Conductessentialresearch

.

Researchintovariousaspectsof the life history, habitat,pollinators,
reproductivebiology, symbionts(organismsbenefittingfrom amutual
relationship),optimumrequirementsfor growth,techniquesfor seedstorageand
propagation,requirementsfor populationviability, andcontrolofthreatsto each
oftheNihoataxamustbe carriedout to betterunderstandtherequirements
necessaryfor perpetuationoftheseplants. Researchmustalsodeterminewhether
thediscretegroupsofplanttaxaarereally distinctpopulationsandclarify the
taxonomyof thePritchardia genus.This knowledgewill allowmoreappropriate
managementandassessmenttechniquesto bedeveloped,andis neededin orderto
determinemeaningfulparametersfor definitionof specificrecoverycriteriafor
eachtaxon.

33



21. Collectdiagnosticdataon crucial associatedecosystemcomponents
andmapalien vegetation

.

Compositionof flora andinvertebrate,bird, andotherfauna
populationsshouldbe establishedto attemptto gainan understandingofthe
relationshipsbetweentheseorganismsandtheNihoaplantsandto provide
habitatin whichthesetaxamaysurviveandreproducewithoutconstant
species-specificmanagement.Collectingsoil coresfor pollenanalysison
Nihoawouldbeparticularly valuablefor re-constructingthebotanical
historyof the islandandassessingchangesovertime dueto alienspecies
andhumanimpacts.

Periodicmappingofalienvegetationis recommendedusingvarious
techniques,includingdirect groundobservationsaswell asaerialcolor
and/orinfraredphotographsin orderto compareto previousmapsand
photosanddetermineoverall changesin alien vegetationpatternswherethe
Nihoaplantsoccur. Suchmappingwould allow changesin distributions
andabundanceof alienplantsto be followed sothat appropriate
managementactionsmaybe taken.

22. Studyvariousaspectsof growth

.

Variousaspectsofthegrowthofeachtaxonneedto be studied,
including:growthandmortality of seedlings;growthof matureplants,
includingseasonalchanges;optimumconditionsand limiting factors;
seasonaldifferencesin temperatureandlight needs;water sourcesand
requirements;andsoil andnutrientrequirements.

23. Study reproductiveviability

.

Factorsaffectingthereproductiveviability ofeachoftheNihoataxa
needto be determined,including:breedingsystems,including self-
compatibility; pollinationvectors;andpreferredconditionsfor flowering
andseedset. This informationwill allow thebestmanagementstrategyfor
eachtaxonto be developed.Studiesofpollinationvectorsareespecially
importantif populationsareto be establishedon otherislands,sincethe
populationsmaynotbe self-sustainingunlesstheproperpollinating species
arepresent.

24. Determineparametersofviablepopulations

.

Parametersof viablepopulationsneedto be established.Such
informationcouldbe usedto morepreciselydetermineparametersfor
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considerationofdownlistingordelisting. Theseparametersinclude:
minimum numbersof individualsandpopulationsneededfor long-term
survival; demographics;longevity;minimumrangeneededfor long-term
survival; geneticrelationshipsandsusceptibilityto inbreedingdepression;
anddispersalpotential. Thiswork shouldalsodeterminehowmanyactual,
non-interbreedingpopulationsof eachtaxaarepresenton Nihoa.

25. Determinethekind and degreeof threatposedby selectedintroduced
organismsanddiseases

.

Theeffectsof introducedorganisms,includingplants,harmfulinsects
anddiseaseon theNihoa taxaneedto be determinedin orderto better
managethe endangeredplantsandtheirhabitats.

26. Determineeffectivecontrolmethodsto combatthreatsfoundby
completingtask25

.

Effectivecontrolmethodsto combatrodents,diseases,andinsects
which mayadverselyaffect theNihoataxaneedto be developed,ensuring
that controlmeasuresdo not adverselyaffect componentsof thenative
ecosystem.

27. Developlong-termseedstorage.propagation.andoutplanting
techniques

.

This taskis importantfor all thetaxain thisplanbut is especially
critical for theAmaranthusbrownii, due to its low numbersanddecreasing
numbers. Micropropagationof tissuesand/orseedsmaybe theonly means
ofcreatingenoughplantsof this speciesto establishviableexsitu andwild
populations. Pritchardia seedsdo notstorewell andadditionalresearch
into long-termseedstoragetechniques,suchascryopreservation,needsto
be conducted.Researchon Schiedeaverticillata is recommendedto
determinehowto preventseedlingmortality causedby fungal infection.
Outplantingtechniquesneedto be investigatedfor all taxa. In additionto
botanicalgardens,useof existingplantpropagationstaffandfacilities at
KilaueaPointandMidway Atoll NationalWildlife Refugesshouldbe
considered.Transportingsoil betweenislandsshouldbe avoided.

28. Researchandclarify taxonomyofPritchardia genus

.

Researchis neededto clarify thetaxonomicconfusionsurroundingthe
Pritchardia genus.This informationwill helpdeterminesuitability of
outplantingsiteson otherislands.
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29. Evaluateresultsandusein futuremanagement

.

Theresultsof theabovestudiesshouldbe evaluatedandincorporated
into themanagementprocessanddevelopmentof scientificallycredible
recoverytargets.

3. IncreasenumbersandlocationsofAmaranthusbrownii on Nihoa

.

Oncepropagationtechniqueshaveprovensuccessful,stepsshouldbe taken
to increasethenumbersof thisherbaceousannualon Nihoa. Carefulrecordsand
monitoringof all activitiesshouldbe maintainedto providedataandguidancefor
future efforts.

31. Augmentexistingcolonies

.

Thesizeof existingcolonieson Nihoa shouldbe increasedvia
outplantingand/oreliminatingfactorsrestrictingcolonyexpansion(e.g.,
competitionfrom alienspecies).Progressshouldbe monitored.

32. Reestablishcolonieswithin historic locationson Nihoa

.

Coloniesshouldbe reestablishedon Miller’s Ridgeandridgesto the
eastvia outplantingand/oreliminatingfactorsrestrictingcolonyexpansion
(e.g.,competitionfrom alien species).Progressshouldbe monitored.

4. ReestablishPritchardia remota on LavsanIsland

.

Thisrecoveryactioninvolvesre-establishingPritchardia rernota onLaysan
Island,whereit is believedto haveoccurredin thepast. Thegoalof
reintroductionis to permanentlyreestablishviablepopulationsofthis taxonin
stableandsecureconditions. Suchreintroductionshouldbe recommended
conservativelyandonly aftercarefulconsiderationof potentialconsequences.
Geneticpurity ofpopulationsis aprimeconcern,asarehabitatcarryingcapacity,
documentationofartificially establishedpopulations,andthepossibilityof
introducingpathogensto naturalareas.Reintroductionefforts shouldalwaysbe
well-documentedasto lineageandmonitoredclosely.

41. Assesssuitability andfeasibility ofreintroduction

.

Researchon ecologicaleffectsof reintroducingPritchardia remotaon
Laysanneedsto be completed.Carryingcapacitiesof the limited habitats
andimpactson othernativeflora andfaunashouldbe assessed.
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42. Preparesites

.

Sitesshouldbe preparedfor plantingand immediatethreats
eliminated,suchasalienweeds.

43. Outplantandmonitor

.

After sitepreparation,theselectedmaterial shouldthen be planted.
Selectedmaterialsshouldbe freefrom pests,diseases,andpathogenswhich
might be introducedto othernativetaxa. This aspectis particularlycritical
sincecultivatedplantsmayhavebeengrownin thepresenceof other
pathogen-carryingplants,andwild populationsmayhavelowerresistanceto
suchintroductions. Frequentmonitoringwill be requiredto correctany
problemsandcollectdatafor futureoutplantingefforts.

44. Controlthreats

.

Sitesmustbeprotectedappropriately,includingalienspeciescontrol.
Frequentmonitoringis neededto identify andcontrolany threatsbefore
they becomeserious.

5. Evaluatepotentialfor establishingtaxaoutsidetheirhistoricalranges

.

To protectthetaxafrom catastrophiceventsandachieverecovery
objectives,it maybenecessaryto establishoneto threecoloniesof eachtaxaon
islandsoutsidetheirhistoric range. Extensiveresearchinto theecologyand
propagationofthesetaxawill be requiredprior to implementingany ofthese
actions.Efforts shouldbemonitoredclosely.

51. Investigatefeasibility anddesirabilityof introduction

.

Extensiveresearchon ecologicaleffectsofestablishingtheNihoa taxa
outsideoftheirhistoricalrangewill needto be completedbeforesuch
establishmentsareconsidered.Impactson nativeflora and faunaat
transplantsiteswill needto beassessed,andthepotentialfor hybridization
with closelyrelatedspecieswill alsohaveto be considered.

52. Identify specific introductionsites on otherHawaiianIslands

.

Establishmentsiteson otherHawaiianIslandsshouldbe identified.
Thiswill be aninvolved processrequiringconsiderableresearchand
coordinationwith experts. Factorsto considerinclude: avoiding negative
impactsto nativespeciesat establishmentsites,findinghabitatssuitablefor
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theNihoataxa,and choosingareasaccessibleenoughto allow for planting
andmonitoringof introducedpopulations.Necker,Midway, Laysan,and
Kauaishouldall be consideredaspotentialsites. NeckerIslandshouldbe
consideredsinceit is adjacentto Nihoa, hassimilarclimateandhabitat,and
is protectedasa Servicerefuge.Laysanis also partof theRefugesystem,
washistorically strippedof mostof its nativevegetationby rabbits,andis
thefocusof a Serviceecosystemrestorationplanningeffort. KilaueaPoint
andMidwayAtoll NationalWildlife Refugesshouldalsobe assessedfor
suitability sincetheyareprotectedareas,haveplantnurseryfacilities, and
havefull-time staff. KilaueaPointalsohasnorth-facingcliffs similar to
thoseon Nihoa.

53. Protectandprepareestablishmentsitesandplant

.

Selectedsitesmustbe preparedandprotectedappropriately,including
alien speciescontrol. Theselectedmaterialshouldthenbe planted.
Selectedmaterialsshouldbe freefrom pests,diseases,andpathogensthat
might be introducedto thenewor nearbywild populations.This is critical
sincecultivatedplantsmayhavebeengrownin thepresenceofother
pathogen-carryingplants,andwild populationsmayhavelowerresistanceto
suchintroductions.

54. Monitor andmaintainnewpopulations

.

Newly establishedpopulationsshouldbe monitoredcarefully.
Monitoring shouldbe gearedto detectany negativeeffectsofintroducing
thetaxaoutsidetheirhistoric range. Ongoingmaintenanceofeachsite
shouldoccurafterinitial preparationandplanting. Thesameprotectionand
proceduresrecommendedfor existingsitesshouldalsoapply to newsites.

6. Validateandreviserecoveryobjectives

.

Thescientificvalidity oftherecoveryobjectivesshouldbe reviewedas
moreinformationbecomesavailable.

61. Determinenumberofpopulationsneededfor long termsurvival

.

For eachof theNihoataxa,a determinationofthenumberof
populationsneededfor long-termsurvivalshouldbe made.

38



62. Determinethenumberofindividualsneededfor bun termsurvival

.

Thenumberof individualsneededin eachpopulationto ensurethe
long-termmaintenanceofgeneticdiversitymustbedeterminedfor each
taxon.

63. Refine/revisedownlistinganddelistingcriteria

.

Basedon scientificinformationgatheredduring recoveryefforts(e.g.,
dataon viablepopulationsizes,longevity,etc.),recoverycriteriafor eachof
theNihoaplanttaxashouldbe revisedto reflectnewinformation. Until
suchtime asadditionalsoundinformationis available,thecriteriapresented
in this recoveryplanshouldbe usedas thebasesfor downlistingand
delisting.
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IMPLEMENTATION SCHEDULE

TheImplementationSchedulethatfollows outlinesactionsandestimated

costfor theNihoaplant recoveryprogram,assetforth in thisrecoveryplan. It is a

guidefor meetingtheobjectivesdiscussedin PartII ofthis Plan. This schedule

indicatestaskpriority, tasknumbers,taskdescriptions,durationof tasks,the

organizationsinvolved and/orresponsiblefor committingfunds,andlastly,

estimatedcosts. Whenmorethanoneorganizationis listed asthe responsible

party,anasterisk(*) is usedto identify the leadentity.

Theactionsidentifiedin theImplementationSchedule,whenaccomplished,

shouldprotecthabitatfor thespecies,stabilizetheexistingpopulationsand

increasethepopulationsizesandnumbers.Monetaryneedsfor all parties

involved areidentifiedto reachthispoint,wheneverfeasible.

Priorities in Column 1 ofthefollowing implementationscheduleare

assignedasfollows:

Priority 1 -

Priority 2 -

Priority 3 -

An actionthatmustbe takento preventextinctionor to prevent

thespeciesfrom declining irreversibly.

An actionthatmustbe takento preventa significantdeclinein

speciespopulation/habitatquality, or someothersignificant

negativeimpactshortof extinction.

All otheractionsnecessaryto providefor full recoveryofthe

species.
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Key to acronymsused in the Implementation Schedule:

BOT Variousbotanicalgardens(e.g.,WaimeaArboretum,Honolulu

BotanicalGardens,NationalTropicalBotanicalGarden,Lyon

Arboretum,etc.)

BRD Biological ResourcesDivision oftheU.S. GeologicalSurvey,Pacific

IslandsOffice

C Oncestarted,taskwill continuethroughrecovery

DLNR Hawaii Departmentof LandandNaturalResources

FWS U.S. FishandWildlife Service,Pacific IslandsEcoregion,Honolulu,

Hawaii

0 Ongoingactivity

RES Researchersfrom variousagenciesanduniversities

TBD To bedetermined

WS U.S. DepartmentofAgriculture,Wildlife Services
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FORNIHOA PLANT SPECIES

Priority Task Task
Description

Task
Duration
(Years)

Responsible
Party

Total
Cost
Through
2012

CostEstimates($1,000~s)

FY
1998

FY
1999

FY
2000

FY
2001

FY
2002

1 11 Developandmaintain
monitoringprogram

C FWS* 450.0 30 30 30 30 30

RES 150.0 10 10 10 10 10

1 121 Continuetorestriethuman 0 FWS 30.0 2 2 2 2 2
access

1 122 Maintaingeneticstockex
situ

C BOT* 150.0 10 10 10 10 10

FWS 150.0 10 10 10 10 10

1 123 Control alien plants C FWS TBD

1 124 Control alien insects,if
theyposeathreat

C FWS TBD

1 1251 Continueregularsurveys
for alienson Nihoa

0 FWS 225.0 15 15 15 15 15

1 1252 Install andmaintainremote
monitors

0 FWS 114.0 100 1 1 1 1



RECOVERY PLAN IMPLEMENTATION SCHEDULE FORNIHOA PLANT SPECIES

Priority Task Task
Description

Task
Duration
(Years)

Responsible
Party

Total
Cost
Through
2012

CostEstimates($1,000’s)

FY
1998

FY
1999

FY
2000

FY
2001

FY
2002

1126 Monitorforrodentsand
control, if necessary

0 FWS* 15.0 TBD 1 1 1 1

WS 15.0 TBD I 1 1 1

127 Monitor for diseaseand
control,if necessary

C BRD* TBD

FWS TBD

1128 Ensureavailabilityof
pollinationvectors

C BRD* TBD

FWS TBD

129 Control otherthreats,as
necessary

TBD FWS* TBD

BRD TBD

NEED 1 (Protecthabitatandcontrolthreats) 1,297.0 177 80 80 80 80

2 21 Collectdiagnosticdataon
crucialecosystem
componentsandmapalien
vegetation

C BRD* 235.0 45 45 45 45 5

FWS 95.0 21 21 21 21 1
RES 62.0 10 10 10 10 2

0



RECOVERY PLAN IMPLEMENTATION SCHEDULE FORNIHOA PLANT SPECIES

Priority Task Task
Description

Task
Duration
(Years)

Responsible
Party

Total
Cost
Through
2012

Cost Estimates($l,000’s)

FY
1998

FY
1999

FY
2000

FY
2001

FY
2002

2 22 Studyvariousaspectsof
growth

4 BRD* 80.0 20 20 20 20

FWS 40.0 10 10 10 10

RES 40.0 10 10 10 10

2 23 Studyreproductive
viability

4 BRD* 80.0 20 20 20 20

FWS 40.0 10 10 10 10

RES 40.0 10 10 10 10

2 24 Determineparametersof
viablepopulations

4 I3RD* 80.0 20 20 20 20

FWS 40.0 10 10 10 10

RES 40.0 10 10 10 10

2 25 Determinekind anddegree
of threatposedby selected
introducedorganismsand
diseases

4 BRD* TBD

FWS TBD

RES TBD



RECOVERY PLAN IMPLEMENTATION SCHEDULE FORNLHOA PLANT SPECIES

Priority Task Task
Description

Task
Duration
(Years)

Responsible
Party

Total
Cost
Through
2012

CostEstimates($l,000’s)

FY
1998

FY
1999

FY
2000

FY
2001

FY
2002

2 26 Determinecontrolmethods
to combatthreats

TBD BRD* TBD

FWS TBD

RES TBD

2 27 Developseedstorage,
propagation,and
outplanting

3 BOT* 150.0 50 50 50

FWS 90.0 30 30 30

RES 90.0 30 30 30

2 28 Researchandclarify
taxonomyofPritchardia
genus

2 RES* 40.0 20 20

BOT 40.0 20 20

2 29 Evaluateresultsandusein
future management

C FWS* 30.0 2 2 2 2 2

NEED 2 (Conductessentialresearch)

131 1 Augmentexistingcolonies 10 1 FWS*
ofAmaranthusbrownii

1,312.0 348 348 308 198 10

2 80.0 15 15

k)



RECOVERY PLAN IMPLEMENTATION SCHEDULE FORNIHOA PLANT SPECIES

Priority Task Task
Description

Task
Duration
(Years)

Responsible
Party

Total
Cost
Through
2012

CostEstimates($1,000’s)

FY
1998

FY
1999

FY
2000

FY
2001

FY
2002

2 32 Reestablishcolonieswithin
historic locationson Nihoa.

10 FWS* 80.0 15 15

NEED 3 (Augmentexistingcoloniesof Amaranthusbrownii) 160.0 30 30

2 41 Assesssuitability and
feasibility of reintroduction

2 FWS* 10.0 5 5

BRD 10.0 5 5

DLNR 10.0 5 5

RES 10.0 5 5

2 42 Preparesites I FWS 10.0 10

2 43 Outplantandmonitor C FWS 70.0 10 5 5

2 44 Controlthreats C FWS 26.0 2 2 2

WS 26.0 2 2 2

NEED4 (ReestablishPritchardiaremotaon LaysanIsland) 152.0 10 10 24 9 9



RECOVERY PLAN IMPLEMENTATION SCHEDULE FORNIHOA PLANT SPECIES

Priority Task Task
Description

Task
Duration
(Years)

Responsible
Party

Total
Cost
Through
2012

CostEstimates($1 ,O0Os)

FY
1998

FY
1999

FY
2000

FY
2001

FY
2002

2 51 Investigatefeasibility and
desirabilityof introduction

3 FWS* 15.0 5 5 5

BRD 15.0 5 5 5

DLNR 15.0 5 5 5

RES 15.0 5 5 5

2 52 Identify specific
introductionsiteson other

2 FWS* 20.0 10 10

Hawaiianislands DLNR 20.0 10 10

2 53 Protectandprepare
establishmentsitesand

2 FWS* 200.0 100 100

plant DLNR 200.0 100 100

2 54 Monitor andmaintainnew
populations

C FWS* 240.0 20 20

DLNR 240.0 20 20

NEED 5 (Explorenecessityof establishingtaxaoutsidetheir historic range) 980.0 40 40 20 240 240



RECOVERY PLAN IMPLEMENTATION SCHEDULE FORNIHOA PLANT SPECIES

Priority Task Task
Description

Task
Duration
(Years)

Responsible
Party

Total
Cost
Through
2012

CostEstimates($1,000’s)

FY
1998

FY
1999

FY
2000

FY
2001

FY
2002

3 61 Determinenumberof
populationsneededfor
longterm survival

5 FWS* 10.0 2 2 2 2 2

BRD 10.0 2 2 2 2 2

RES 10.0 2 2 2 2 2

3
62 Determinenumberof

individualsneededfor
long-termsurvival

5 FWS* 10.0 2 2 2 2 2

BRD 10.0 2 2 2 2 2

RES 10.0 2 2 2 2 2

3 63 Refine/revisedownlisting
and delistingcriteria

C FWS 30.0 2 2 2 2 2

NEED 6 (Validateandreviserecoverycriteria) 90.0 14 14 14 14 14

TOTAL COST 3,991.0 589 492 446 571 383

tJI
(I’



APPENDIX A - AGENCY AND PEER REVIEWERS

USFWSWashington.D.C

.

Chief, U.S. Fishand Wildlife Service

Division of EndangeredSpecies

Arlington SquareBuilding

4401 N. FairfaxDr., Room452

Arlington, VA 22203

Chief,Office ofPublicAffairs

U.S. FishandWildlife Service,DOI

Main Interior Building

1849C. St, NW, Room3447

Washington,D.C. 20240

Chief,Office ofInternalAffairs

U.S. FishandWildlife Service

Washington,DC 20240

Chief,U.S. Fishand Wildlife Service

Division ofRefugesandWildlife

4401 N. FairfaxDr., Rm. 670

Arlington, VA 22203

Others- Washington.D.C

.

Biological ResourcesDivision, U.S.G.S.

Office ofResearchSupport

4401 N. FairfaxDr., Room725

Arlington, VA 22203

56



EnvironmentalProtectionAgency

HazardEvaluationDivision - EBB (T5769C)

401 M St., SW

Washington,D.C. 20460

Ms. PeggyOlwell

National ParkService

Wildlife andVegetation

P.O. Box 37127

Washington,DC 20013

Dr. WarrenL. Wagner

BotanyDepartment,NHB #166

SmithsonianInstitution

WashingtonD.C. 20560

USFWS - PacificIslandsEcoregion

Biodiversity Joint VentureCoordinator

U.S. FishandWildlife Service

P.O.Box 50088

Honolulu,HI 96850

Marie Bruegmann(**)

U.S. FishandWildlife Service

300 Ala Moana,Room3108

Honolulu,HI 96850

FederalAid Coordinator

U.S. FishandWildlife Service

300 Ala MoanaBlvd., Rm. 3315A

P.O. Box 50167

Honolulu,HI 96850
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FieldSupervisor,Pacific IslandsEcoregion

RefugesandWildlife

U.S. Fish andWildlife Service

P.O.Box 50167

Honolulu,HI 96850

Dr. ElizabethFlint (**)

U.S. FishandWildlife Service

PacificIslandsOffice

300 Ala Moana,Room5302

Honolulu,HI 96850

David Hopper(**)

U.S. Fishand Wildlife Service

300 Ala Moana,Room3108

Honolulu,HI 96850

Dr. ChuckMonett (**)

U.S.FishandWildlife Service

Pacific IslandsOffice

300 Ala Moana,Room5302

Honolulu, HI 96850

ProgramLeader,Contaminants

U.S. Fish andWildlife Service

PacificIslandsEcoregion

P.O.Box 50088

Honolulu,HI 96850

ProgramLeader,Interagency

U.S. FishandWildlife Service

Pacific IslandsEcoregion

P.O.Box 50088

Honolulu,HI 96850
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ProgramLeader,Listing

U.S. FishandWildlife Service

Pacific IslandsEcoregion

P.O. Box 50088

Honolulu,HI 96850

ProgramLeader,Wetlands

U.S. FishandWildlife Service

PacificIslandsEcoregion

P.O.Box 50088

Honolulu,HI 96850

KarenRosa(**)(*)

U.S. Fishand Wildlife Service

300 Ala Moana,Room3108

Honolulu,HI 96850

CraigRowland(**)

U.S. Fishand Wildlife Service

300 Ala Moana,Room3108

Honolulu,HI 96850

ChristaRussell(**)(*)

U.S. FishandWildlife Service

300 Ala Moana,Room3108

Honolulu,HI 96850

SeniorResidentAgent

U.S. FishandWildlife Service

Division of Law Enforcement

P.O. Box 50223

Honolulu,HI 96850
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PlantRecoveryTeam

Mr. PatrickDunn

TheNatureConservancy

111 WashingtonSt. SE

P.O.Box 47016

Olympia,WA 98504-7016

Dr. SamGon

TheNatureConservancyof Hawaii

1116SmithStreet,Suite201

Honolulu,HI 96817

Mr. RobertHobdy

Division ofForestryand Wildlife

StateOffice Bldg.

54 SouthHigh St.

Wailuku, HI 96793

Dr. JamesD. Jacobi

Biological ResourcesDivision

Pacific IslandsScienceCenter

P.O.Box 44

Hawaii VolcanoesNationalPark,HI 96718

Dr. CharlesLamoureaux(**)

Lyon Arboretum

University ofHawaiiat Manoa

3860ManoaRd.

Honolulu,HI 96822-1180
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Mr. JoelLau

TheNatureConservancyof Hawaii

1116 SmithStreet,Suite201

Honolulu,HI 96817

Dr. Lloyd Loope

BiologicalResourcesDivision, USGS

HaleakalaStation

P.O.Box 369

Makawao,HI 96768

Dr. Loyal Mehrhoff

U.S. Fish andWildlife Service

Office ofTechnicalSupport

911 NE 11th Ave.

Portland,OR 97232-1481

Dr. Cliff Morden(**)

DepartmentofBotany

Universityof Hawaii at Manoa

3190Maile Way

Honolulu,HI 96822

Mr. StevePerlman(**)

NationalTropicalBotanicalGarden

P.O. Box 340

Lawai,HI 96765

Ms.LindaPratt

Biological ResourcesDivision, USGS

P.O.Box 52

HawaiiVolcanoesNationalPark,HI 96718
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Dr. GaryRay

Aalii ConsultingEcologists

3759RoundTopDrive

Honolulu,HI 96822-5043

Mr. Keith R. Woolliams(**)

WaimeaArboretumand BotanicalGarden

59-864KamehamehaHwy.

Haleiwa,HI 96817

OtherFederalOffices

Biological ResourcesDivision, USGS

Pacific IslandsEcosystemsResearchCenter

P.O. Box 44

Volcano,HI 96718

Ms. LaurenBjorkman

ResourceConservationist

USDA - NaturalResourcesConservationService

P.O.Box 50004

Honolulu,HI 96850

Ms. Mary Blevins

U.S. EnvironmentalProtectionAgency

75 HawthorneStreet

H-32

SanFrancisco,CA 94105

EnvironmentalProtectionAgency

HazardEvaluationDivision -EEB

(T5769C)

401 M St., SW

Washington,DC 20460

62



Director,PacificAreaOffice

NationalParkService

P.O. Box 50165

Honolulu,HI 96850

Director

InstituteofPacific IslandsForestry

U.S. ForestService

1151 PunchbowlSt., Rm. 323

Honolulu,HI 96813

Dr. William J.Hoe

USDA-APHIS-PPQ

TerminalBox 57

HonoluluInternationalAirport

Honolulu,HI 96813

StateofHawaii

Michael G. Buck, Administrator(*)

Division ofForestryandWildlife

DepartmentofLandandNaturalResources

1151 PunchbowlSt., Room325

Honolulu,HI 96813

TheHonorableBenjaminCayetano

Governor,Stateof Hawaii

StateCapitol

Honolulu,HI 96813

PatrickConant(**)

Stateof HawaiiDepartmentof Agriculture

P.O.Box 22159

Honolulu,HI 96823-2159
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Mr. Paul Conry

Hawaii Departmentof LandandNaturalResources

Division of Forestryand Wildlife

1151 PunchbowlStreet,Rm. 325

Honolulu,HI 96813

Dr. CarolynCorn (*)

Hawaii Departmentof LandandNaturalResources

Division ofForestryandWildlife

1151 PunchbowlStreet,Rm. 325

Honolulu,HI 96813

Ms. BetsyHarrison-Gagne

DepartmentofLandandNaturalResources

NaturalAreaReserveSystem

KendallBuilding

888 Mililani St., Suite700

Honolulu,HI 96813

Office of HawaiianAffairs (*)

711 KapiolaniBoulevard,suite500

Honolulu.HI 96813

Mr. RandyKennedy

DepartmentofLandandNaturalResources

NaturalAreaReserveSystem

1151 PunchbowlSt.

Honolulu,HI 96813

OahuDistrict Manager

Division ofForestryand Wildlife

1151 PunchbowlSt., Rm. 325

Honolulu,HI 96813
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Mr. MichaelWilson

Chairperson

BoardofLandandNaturalResources

1151 PunchbowlSt.

Honolulu,HI 96813

Libraries

Hawaii StateLibrary

478 SouthKing Street

Honolulu,HI 96813

Counties

MayorJeremyHarris

City and CountyofHonolulu

630 SouthKing Street

Honolulu,HI 96813

OtherInterestedParties

Dr. IsabellaAbbott

BotanyDepartment

UniversityofHawaii

3190Maile Way

Honolulu,HI 96822

Amy GreenwellBotanicalGarden

P.O. Box 1050

CaptainCook,HI 96704

Ms. WinonaChar

4471 PuuPaniniAve.

Honolulu,HI 96816
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Dr. SheilaConant(**)

ZoologyDepartment

UniversityofHawaii at Manoa

Honolulu,HI 96822

Mr. Ranjit Cooray

HaroldL. Lyon Arboretum

3860ManoaRoad

Honolulu,HI 96822

MatthewFord (**)

RoyalBotanicGardens

Kew, Richmond

SurreyTW9 3AB

UnitedKingdom

Ms. EvangelineFunk

BotanicalConsultants

P.O. Box 90765

Honolulu,HI 96835

Mr. Bill Garnett

59753 Alapio St.

Haleiwa,HI 96712

Dr. RobertGustafson

MuseumofNaturalHistory

900ExpositionBlvd.

Los Angeles,CA 90007

Hawaii AudubonSociety

850RichardsStreet

Honolulu,HI 96813-4709
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HawaiianBotanicalSociety

c/o BotanyDepartment

UniversityofHawaii,Manoa

3190Maile Way

Honolulu,HI 96822

HawaiiNaturalHeritageProgram

TheNatureConservancyofHawaii

1116SmithStreet,Suite201

Honolulu,HI 97817

HawaiiNatureCenter

2131 Makiki HeightsDr.

Honolulu,HI 96822

Dr. DerralHerbst(**)

BishopMuseum

BotanyDepartment

P.O. Box 19000-A

Honolulu,HI 96817

Mr. DonaldR. Hodel

UniversityofCalifornia,CooperativeExtension

2615 5. GrandAve., Suite400

LosAngeles,CA 90007

Mr. ClydeImada

BotanyDepartment

BishopMuseum

P.O.Box 19000-A

1525BerniceSt.

Honolulu,HI 96817
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Dr. William Klein (deceased)

Director,NationalTropicalBotanicalGarden

P.O.Box 340

Lawai,HI 96765

Mr. GregKoob (**)

P.O.Box 12191

Honolulu,HI 96828

Director

HonoluluBotanicalGardens

50 N. Vineyard

Honolulu,HI 96817

Dr. DavidLorence

NationalTropicalBotanicalGarden

P.O. Box 340

Lawai,HI 96765

Mr. Bert Lum

P.O. Box 152

Honolulu,HI 96810

Dr. StevenMontgomery

ConservationCouncil ofHawaii

P.O.Box 2923

Honolulu,HI 96802

TheNatureConservancyofHawaii

1116Smith Street,Suite201

Honolulu,HI 97817
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Dr. DanielPalmer

197 JuddHillside Street

Honolulu,HI 96822

Dr. DianeRagone

National TropicalBotanicalGarden

P.O.Box 340

Lawai,HI 96765

Dr. RobertRead

DepartmentofBotany

NationalMuseumofNaturalHistory

SmithsonianInstitution

Washington,D.C. 20560

Ms. JoshlynSand(**)

HonoluluBotanicGardens

50 N. Vineyard Blvd.

Honolulu,HI 96817

Secretariatfor ConservationBiology

University ofHawaii at Manoa

Pacific BiomedicalResearchCenter

3050Maile Way,Gilmore310

Honolulu,Hawaii 96822

Mr. Michael Sherwood

Earthjustice

180 MontgomerySt., Suite1400

SanFrancisco,CA 94109

SierraClub

P.O.Box 2577

Honolulu,HI 96803
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Dr. Clifford W. Smith

UniversityofHawaii

Departmentof Botany

3190Maile Way

Honolulu,HI 96822

Mr. JanTenbruggencate

Honolulu Advertiser

P.O. Box 524

Lihue,HI 96766-0524

UniversityofHawaii

DepartmentofBotany

3190Maile Way, Room 101

Honolulu,HI 96822

Dr. Kerry Walter

World ConservationMonitoring Centre

219 HuntingtonRd.

CambridgeCB3 ODL, England

Dr. StephenWeller(**)

DepartmentofEcologyandEvolutionaryBiology

UniversityofCalifornia

Irvine,California 92717

Mr. KenWood

NationalTropicalBotanicalGarden

P.O. Box 340

Lawai, HI 96765
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Ms. Marjorie F.Y. Ziegler

Earthjustice

223 SouthKing Street

Austin Building, Suite400

Honolulu.HI 96813

ZoologyDepartment

UniversityofHawaii

2538TheMall

Honolulu,HI 96822

(*) Providedcommentson theDraft RecoveryPlan

(**) Providedinformationusedin thedevelopmentof theDraft RecoveryPlan
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APPENDIX B - LINE DRAWINGS OF PLANTS

No line drawingswereavailablefor Pritchardiarernota.
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Line drawingof

Amaranthusbrownii

from Wagneretal.

(1990).
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Line drawingof

Schiedeavertici/lata

from Wagneretal.

(1990).

early
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APPENDIX C - MAPS OF CURRENT RANGE

Mapsofcurrentrangesof thethreeNihoataxaarebasedon themost

recentdataavailable,whichrangesfrom 1980to 1997. Thereareno mapsof

historic distributions. However,reportsfrom a 1923expeditionindicatedthat

Arnaranthusbrownii wasonce“common” on Miller Ridge and“abundant”on the

ridgesto theeast(Conant1985). Generaldescriptionsand countsfor Pritchardia

rernotaandSchiedeaverticillata indicatethat the locationandsizeofcolonieshas

remainedrelativelyconstant.
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LocationsofPritchardia remotacolonieson NihoaIsland (Rowland1997).
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LocationsofSchiedeavertici/lata colonieson Nihoa Island(Rowland1997).
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APPENDIX D - RECOVERY PRIORITY SYSTEM

TheRecoveryPriority Systemusesthecriteriaof(1) degreeofthreat,(2)

recoverypotential,and(3) taxonomy(level of geneticdistinctiveness).By

applyingthesecriteria,all listed speciesareassignedaspeciespriority numberof

1 through18. A fourth factor, conflict, is a supplementaryelementin determining

whatactionsareto be implementedfor recoveryofaspecies. In addition,the

fourth factorgivespriority, within eachcategory,in preparationof recoveryplans

to thosespeciesthat are,or maybe in conflict with constructionor development

projects. Thus,thespeciesretainsits numericalrank andacquirestheletter

designationof”C,” indicatingconflict (IC-18C).

A detaileddiscussionoftheRecoveryPriority Systemcanbe foundin FR

Vol. 48, No. 221, Pg. 51985ofthe issueTuesday,November15, 1983.
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Degreeof
Threat

Recovery
Potential Taxonomy Priority Conflict

High

High

High

High

Low

Low

Low

Monotypicgenus

Species

Subspecies

Monotypicgenus

Species

Subspecies

6

6

6

6

6

6

IC

2C
2
3C
3
4C
4
SC
5
6C
6

Moderate

High

High

High

Low

Low

Low

Monotypicgenus

Species

Subspecies

Monotypicgenus

Species

Subspecies

1

1

1

10

II

12

7C
7
8C
8
9C
9
1 OC
10
I iC
11
1 2C
12

Low

High

High

High

Low

Low

Low

Monotypic genus

Species

Subspecies

Monotypicgenus

Species

Subspecies

13

14

15

16

17

18

13C
13
14C
14
1 SC
15
1 6C
16
17C
17
1 8C
18
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APPENDIX E - SUMMARY OF COMMENTS

TheU.S. FishandWildlife Servicereceivedcommentletterson theDraft

RecoveryPlanfor ThreePlantSpecieson Nihoa Islandfrom theHawaii

DepartmentofLandandNaturalResources’Division ofForestryandWildlife, the

Office ofHawaiianAffairs, andthe StateLandUseCommission. These

commentsconsistedof minor editorialsuggestionsandhave,for themostpart,

beenincorporatedinto thefinal plan.

81


