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As theNation’s principalconservationagency,theDepartmentof

theInteriorhasresponsibilityfor mostofournationallyowned

public landsandnaturalresources.This includesfosteringthe

wisestuseofour landandwaterresources,protectingourfish and

wildlife, preservingtheenvironmentalandculturalvaluesofour

nationalparksandhistoricalplaces,andprovidingfor theenjoyment

of life throughoutdoorrecreation.TheDepartmentassessesour

energyandmineral resourcesandworks to assurethattheir

developmentis in thebestinterestsofall ourpeople.The

Departmentalsohasa majorresponsibilityfor AmericanIndian

reservationcommunitiesandfor peoplewho live in island

TerritoriesunderU.S.administration.
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EXECUTIVE SUMMARY

CurrentSpeciesStatus:Twenty-fiveplantsaddressedin thisplanarefederallylistedas

endangered,andoneis federallylisted asthreatened.Numbersofknownremaining

populationsandindividualsareasfollows:

TAXA1~~J

Achyranthesmutica

Adenophorusperiens

Bonamiamenziesii

Cenchrusagrimonioides

Centauriumsebaeoides

Cyaneagrimesianassp. grimesiana

Cyperustrachysanthos

Diellia erecta

Euphorbiahaeleeleana

Flueggeaneowawraea

Hibiscusbrackenridgei

Isodendrionlaur~folium

Isodendrionlong~folium

Mariscuspennat~ormis

Neraudiasericea

Panicumniihauense

Phyllostegiaparv~flora

Plantagoprinceps

Platantheraholochila

Saniculapurpurea

Schiedeahookeri

Schiedeanuttallii

Sesbaniatomentosa

Solanumincompletum

Spermolepishawaiiensis

Vignao-wahuensis

PoPuLATIoNs

3

13-18

31-44

7-8

13

14

8

6-7

15

34

12

14

19

1-2

3

1

2

29

5

4-5

11

6

20-30

2

12

8

INDIVIDUALS

20-50

1,295-1,330

severalthousand

fewerthan 100

580-2,250

fewerthan50

517

34-36

450-625

124-195

311-364

190-210

fewer than 1,000

200

50-100

23

49

640-1,750

fewerthan41

181-261

220-330

4-100

4,000-5,000

40

2,000-6,000

fewer than100
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Distribution: The26 Hawaiianplantshaverelativelywide,but scattered,distributions

acrosstheislandchain. Theirhistoricalandcurrentdistributionsaveragefive islands

for eachtaxon. All 26 plantsarenowfoundon 1 ormoreof the8 mainHawaiian

Islands;2 oftheplantsarealsofoundon 1 or moreof3 NorthwesternHawaiianIslands.

HabitatRequirementsandLimiting Factors: The26 plantsgrowin awiderangeof

vegetationcommunities(grasslands,shrublands,andforests),elevationalzones(coastal

to subalpine),andmoistureregimes(dry to wet). Theyhavebeenaffectedby or are

currentlythreatenedby thefollowing, to differing degrees:habitatdegradationand/or

predationby pigs, goats,deer,sheep,andcattle;invasionandcompetitionfrom

naturalized,introducedvegetation;habitatlossfrom fires;erosionofsubstrateproduced

by hurricane,weathering,orhuman-oranimal-causeddisturbance;humanimpactsfrom

military andrecreationalactivities;alien insectinfestations;predationby aliensnails

andslugs;andthepotentialfor extinctionfrom randomnaturallyoccurringevents

becauseofsmall populationsizeand/orlimited distribution.

RecoveryObjectives: Delisting. Interim anddownlistingobjectivesareprovidedto

stabilizeextremelyrareplantsanddownlisttheendangeredplantsto threatenedstatus.

RecoveryCriteria

:

• Interim Objective

Theinterimobjectiveis to stabilizeall existingpopulationsof Multi-islandplants. To

beconsideredstable,eachtaxon’ mustbemanagedto controlthreats(e.g.,fencing,

weeding,etc.)andberepresentedin anexsitu2collection. In addition,a minimumof

threepopulationsofeachtaxonshouldbe documentedon islandswheretheynowoccur

oroccurredhistorically. Eachofthesepopulationsmustbenaturallyreproducingand

Taxon, plural taxa. A termusedin biological classification(taxonomy),meaninga

group of organisms at any rank (in this recoveryplan,theranksarevariety, subspecies,
andspecies).

2 Exsitu. Off-site, asin a botanical garden, as opposed to in situ, in aplant’snative
habitat.
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increasingin number,with thefollowing minimumnumbersofmatureindividuals:25

for long-lived perennials,

50 for short-livedperennials,and

100for theannualtaxa.

Downlisting Objectives

For downlisting,atotal offive to sevenpopulationsofeachtaxonshouldbe

documentedon islandswheretheynowoccuror occurredhistorically. Eachofthese

populationsmustbenaturallyreproducing,stableor increasinginnumber,and secure

with thefollowing minimumnumbersofmatureindividualsperpopulation:

100for long-livedperennials,

300 for short-livedperennials,and

500 for theannualtaxa.

Eachpopulationshouldpersistat this level for aminimumof5 consecutiveyearsbefore

downlistingis considered.

• Delisting Objectives

For delisting,atotalof8 to 10 populationsofeachtaxonshouldbedocumentedon

islandswheretheynowoccuroroccurredhistorically. Eachofthesepopulationsmust

be naturallyreproducing,stableor increasingin number,andsecurefromthreats,with

thefollowing minimumnumbersof matureindividualsperpopulation:

100for long-livedperennials,

300for short-livedperennials,and

500 for theannualtaxa.

Eachpopulationshouldpersistat this level for aminimumof five consecutiveyears.
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ActionsNeeded

:

1. Protecthabitatandcontrolthreats.

2.

3.

Expandexistingwild populations.

Conductessentialresearch.

4. Developandmaintainmonitoringplans.

5. Reestablishwild populationswithin thehistoricrange.

6. Validateandreviserecoverycriteria.

Total EstimatedCostofRecoverv(in thousandsofdollarsV

Year Need1 Need2 Need3 Need4 Need5 Need6 Total

0 _____ 352

0 352

0 352
13 352

13 352

0 79

o 79
0 79

0 79

0 79

0 79

0 79

0 79
0 79

0 79

0

0

0
62

62

62

62

62
62

62

62

62

62

62
62

0

0

0

0
0

15

15

0
0

0

0

0

0

0

0

0 1445

0 1713

0 2642

0 2788
0 2798

67 2317

67 2317

0 2235
0 2235

0 2235

0 2235

0 2235

0 2235

0 2235

0 2235

Totals 30416 26 2550 744 30 134 33900

Somecostsareyet to be determined.

DateofRecovery:Downlistingand/ordelistingmaybe consideredin 2010, if recovery

objectiveshavebeenmet.

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008
2009

2010

2011

2012

2013

1093

1361
2290

2371

2361

2094

2094
2094

2094

2094
2094

2094

2094

2094

2094
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INTRODUCTION

A. Brief Overview

This recoveryplandealswith 26 Hawaiianplanttaxathatare,orwere,widely

distributedacrosstheislandchain. Centauriumsebaeoides(awiwi) waslisted as

endangeredon October29, 1991 (54FR 55770—55786).Adenophorusperiens(pendant

kihi fern),Bonamiamenziesii(nocommonname[NCN]), Diellia erecta(NCN),

Flueggeaneowawraea(mehamehame),Hibiscusbrackenridgei(maohauhele),Mariscus

pennat~formis(NCN), Neraudiasericea(maaloa),Plantagoprinceps(ale),Sesbania

tomentosa(ohai),Solanumincompletum(thorny popolo),Spermolepishawajiensis

(NCN), andVignao-wahuensis(Oahuvigna)werelisted asendangeredonNovember10,

1994 (59FR56333—56351).Achyranthesmutica(NCN), Cenchrusagrimonioides

(kamanomano),Cyaneagrimesianassp.grimesiana(haha),Cyperustrachysanthos(pu

uka a), Euphorbiahaeleeleana(NCN), Isodendrionlaur~folium (aupaka),Panicum

niihauense(lauehu),Phyllostegiaparv~flora (NCN), Platantheraholochila(NCN),

Saniculapurpurea(NCN), Schiedeahookeri(NCN), andSchiedeanuttallii (NCN) were

listedasendangered,andIsodendrioniong4folium(aupaka)waslisted asthreatened,on

October10, 1996 (61 FR53 108—53124).

These26 taxa(hereafterreferredto asthe“Multi-islandplants”)arefoundon 1 or

moreofthe following HawaiianIslands:Laysan,Necker,Nihoa,Niihau, Kauai,Oahu,

Molokai, Lanai, Kahoolawe,Maui, andHawaii. Thecurrentand formerdistributionsof

eachtaxonaredescribedin theindividual speciesaccounts.Theirhabitatsare

summarizedin Table 1 (page7).
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B. GeneralDescriptionofHabitat

Muchofthe informationin thefollowing four sectionswastakendirectlyfrom the

listing packagesfor thesetaxa(USFWS 1991, 1994, 1996)?

TheHawaiianarchipelagoincludeseightlargevolcanicislands(Niihau, Kauai,

Oahu,Molokal, Lanai,Kahoolawe,Maui, andHawaii),aswell asoffshoreislets,

shoals,andatollsseton submergedvolcanicremnantsat thenorthwestendofthechain

(theNorthwesternHawaiianIslands;Figures1 and2). Thearchipelagocoversa land

areaofabout16,600squarekilometers(6,400squaremiles), extendingroughly between

latitude18050?to 28015?Northandlongitude154040?to 178070?West,andrangingin

elevationfrom sealevel to 4,200meters(13,800feet)(Dept.ofGeography1983). The

regionalgeologicalsetting is amid-oceanicvolcanicislandarchipelagosetin aroughly

northwest-to-southeastline, with youngerislandsto thesoutheast.Theyoungestisland,

Hawaii, is volcanicallyactive. Theolderislandsareincreasinglyeroded,sothatthe

basalticportionsofmanyofthenorthwestern-mostislands(suchasLaysan,Midway,

andKure)areentirelysubmerged,andcorallineatolls andshoalsareoftenall that

remainabovesealevel (Macdonaldet al. 1986). ThetopographyoftheHawaiian

Islandsis extremelydiverse. On theyoungestislands,HawaiiandMaui, gently sloping

unweatheredshieldvolcanoeswith very poorsoil developmentarejuxtaposedwith

older,heavilyweatheredvalleyswith steepwalls, well-developedstreams,andgently

slopedflood plains. Theolder islandsto thenorthwest(i.e.,Niihau,Kauai,Oahu,and

Molokai) aregenerallymoreweathered.On atypical olderisland,seacliffs andlarge

amphitheater-headed4valleysonthewindward(northeast)sidecontrastwith erosionally

younger,dissectedslopeson theleeward(southwest)side(Dept.of Geography1983).

Acronymsusedin thereferencesincludeUSFWS—U.S.FishandWildlife Service;
DOFAW—HawaiiDepartmentofLandandNaturalResources,Division ofForestry
andWildlife; HINHP—HawaiiNatvzralHeritageProgram;TNCH—TheNature
ConservancyofHawaii;HPCC—HawaiianPlantConservationCenter.

An amphitheater-headedvalley endsabruptlyat cliffs or steepslopes,whichat
thebottommayform a concaveslopereminiscentofa GreekorRomantheater.
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Thenative-dominatedvegetationoftheHawaiianIslandsvariesgreatlyaccordingto

elevation,moistureregime,andsubstrate.ThemostrecentclassificationofHawaiian

natural communitiesrecognizesnearly100 nativevegetationtypes(Gagn~andCuddihy

1990). Within thesetypesarenumerousisland-specificorregion-specificassociations,

comprisingan extremelyricharrayofvegetationtypeswithin avery limited geographic

area. Major vegetationformationsincludeforests,woodlands,shrublands,grasslands,

herblands,andpioneerassociationson lavaandcindersubstrates.

Hawaii haslowland,montane,andsubalpineforest types,extendingfrom sealevel

to above3,000meters(9,800feet)in elevation. Coastalandlowland forestsaregenerally

dry ormesic,rarelywet, andmaybe open-orclosed-canopied.Thestatureoflowland

forestsis generallyunder 10 meters(30 feet). Seventeentaxaincludedin this recovery

plan (Achyranthesmutica,Bonamiamenziesii,Cenchrusagrzmonioides,Cyanea

grimesianassp.grimesiana,Diellia erecta,Euphorbiahaeleeleana,Flueggea

neowawraea,Hibiscusbrackenridgei,Isodendrionlaur~folium, Isodendrionlongp’olium,

Mariscuspennat!formis,Neraudiasericea,Phyllostegiaparv~flora,Schiedeahookeri,

Schiedeanuttallii, Solanumincompletum,andSpermolepishawaijensis)havebeen

reportedfrom lowlanddryormesicforesthabitatwhile five taxa(Adenophorusperiens,

Bonamiamenziesii,Isodendrionlaur~folium, Isodendrionlongifolium,andPhyllostegia

parv~folia)havebeenreportedfrom lowlandwet foresthabitat. Montaneforests,

occupyingelevationsbetween500and2,000meters(1,640and6,560feet),aredry to

mesicon the leewardslopesofthe islandsofKauai,Maui, andHawaii. Onthoseislands,

aswell asOahu,Molokai, andLanai,mesicto wet montaneforestsoccuron the

windwardslopesandsummits. Thedry andmesicforestsmaybe open-to closed-

canopied,andmayexceed20 meters(65 feet) in stature.Of thespeciesin this recovery

plan,two (PlantagoprincepsandSolanumincompletum)havebeenreportedfrom

montanemesicanddry foresthabitats.Montanewet forestsareusuallydominatedby

severalspeciesof nativetreesandtreeferns. Threespecies(Plantagoprinceps,

Platantheraholochila,andSaniculapurpurea)havebeenreportedfrom montanewet

foresthabitat. Montanebogs,foundon Kauai,Molokai, Maui, andHawaii, occur

primarily on flat or gently slopingterrainwith impervioussubstratesatelevations

between1,130and 1,700meters(3,710and5,580feet). Thevegetationofmostofthese
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bogsconsistsof anirregular,hummockycushionofsedges,with Metrosideros(ohia)

usuallyacodominant.Two ofthetaxa,PlatantheraholochilaandSaniculapurpurea,

havebeenreportedfrom montanebog habitats.At high montaneandsubalpine

elevations,at andabove1,700meters(5,580feet)elevation,aresubalpineforests,usually

open-canopiedandforming amosaicwith surroundinggrasslandsandshrublands.

Subalpineforestsareknownonly from HaleakalaonEastMaui andfrom Hualalai,

MaunaKea,andMaunaLoaonHawaii. Solanumincompletumhasbeenreportedfrom

subalpineforest.

Hawaiianshrublandsarealsofoundfrom coastalto alpineelevations.Themajority

ofHawaiianshrublandtypesarein dry andmesicsettings,oron cliffs andslopestoo

steepto supporttrees. Wetmontaneshrublandsaretypically dominatedby ohia. Taxa

reportedfrom nativeshrublandsincludeHibiscusbrackenridgei,Neraudiasericea,

Panicumniihauense,Saniculapurpurea,Sesbaniatomentosa,Spermolepishawaijensis,

and Vignao-wahuensis.

Hawaiiangrasslandtypesarefoundfrom coastalto subalpinesettings.Coastaland

lowlandgrasslandsareknownfrom theNorthwesternHawaiianIslands,Kauai, Oahu,

Molokai, Lanai,Maui, andHawaii. Mariscuspennat~formis,Sesbaniatomentosa,and

Vignao-wahuensishavebeenreportedfrom nativegrasslands.

Coastalstrandvegetationis foundthroughouttheHawaiianIslandsandfourtaxa

includedin this recoveryplan,Cenchrusagrimonioidesvar. laysanensis,Centaurium

sebaeoides,Mariscuspennat~formis, andPanicumniihauensehavebeenreportedfrom

dry coastalstrandvegetation.Cyperustrachysanthoshasbeenreportedfrom dry to wet

siteson coastalcliffs or talusslopes,aswell asfrom flat, coastalareas.
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Table1. Summaryof Multi-islandplantshabitattypesand associatedplant species.

Soc— Speciesof Concern— mayrequirespecialmanagementin thefuturebut is notpr~sentlya candidatefor listing. Currentand/or
formerhabitatsof theMulti-islandplantsoverlapwith amajority of othernativeandalienplantspeciesfoundin Hawaii, including
mostotherendangered,threatened,andrarespecies.Associatedspecieslisted belowarelimited to thosethatbestcharacterizethe
immediateareaofcurrentMulti-island plantshabitat.

HabitatType:
CoastalDry Shrubland

Multi-island Recovery
PlanSpecies AssociatedNativeSpecies AssociatedAlien Species

elevation: Centauriumsebaeoides Bidenssp. (kookoalau) Melinusminut~flora
below 300meters Mariscuspennat~formis Eragrostisvariabilis (kawelu) (molassesgrass)
(below980 feet) Sesbaniatomentosa Sidafallax(ilima) Leucaenaleucocephala

Scaevolasericea(naupaka) (koa haole)
rainfall: Heteropogoncontortus(pili) Prosopispallida (kiawe)

lessthan 500 millimeters Ipomoeapes-caprae Cenchrusciliaris (buffeigrass)
(lessthan20 inches)peryear (beachmorningglory) Cynodondactylon

L,~ochaei’asp. (nehe) (Bermudagrass)
Myoporumsandwicense(naio)
Sporobolusvirginicus(akiaki)
Chamaesycecelastroidesvar. kaenana

(endangered)



HabitatType:
LowlandDry & Mesic
Grassland& Shrubland

Multi-island Recovery
PlanSpecies AssociatedNativeSpecies AssociatedAlien Species

elevation:
30—2,000meters
(98—6,560feet)

rainfall:
100—2,000millimeters
(4—79 inches)peryear

Hibiscusbrackenridgei
Mariscuspennat~formis
Neraudiasericea
Panicum niihauense
Spermolepishawaiiensis
Vignao-wahuensis

Chenopodiumoahuense(aheabea)
CyperusIaevigatus(makaloa)
Eragrostisvariabilis (kawelu)
Heteropogoncontortus(pili)
Ipomoeasp.
Scaevolasericea(naupaka)
Sidafallax(ilima)
Vitexsp. (kolokolokahakai)

Melinusminutiflora
(molassesgrass)

Pennisetumsetaceum
(fountaingrass)

Leucaenaleucocephala
(koahaole)

Prosopispallida (kiawe)
Cenchrusciliaris (buffelgrass)

HabitatType:
LowlandDry Forest

Multi-islandRecovery
PlanSpecies AssociatedNativeSpecies AssociatedAlien Species

elevation:
300—1,500meters
(984—4,920feet)

rainfall:
5 00—2,000millimeters
(19—79inches)peryear

Achyranthesmutica
Bonamiamenziesii
Cenchrusagrimonioides
Euphorbiahaelee!eana
Flueggeaneowawraea
Hibiscusbrackenridgei
Schiedeahookeri

Canthiumodoratum(alabee)
Diospyrossandwicensis(lama)
Dodonaeaviscosa(aalii)
Erythrinasandwicensis(wiliwili)
Myoporumsandwicense(najo)
Nestegissandwicensis(olopua)
Osteomelesanthyllid~folia(ulei)
Sapinduscahuensis(lonomea)
Sophorachrysophylla(mamane)

Lantanacamara(lantana)
Leucaenaleucocephala

(koahaole)
Melinis minut~flora

(molassesgrass)
Pennisetumclandestinum

(Kikuyugrass)
Pennisetumsetaceum

(fountaingrass)
Psidiumgua]ava(guava)
Schinusterebinth~folius

(Christmasberry)
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elevation:
30—1,600meters
(98—5,249feet)

rainfall:
1,200—3,800millimeters
(47—150inches)per year

Bonamiamenziesii
Cenchrusagrimonioides
Cyaneagrimesianassp.

grimesiana
Diellia erecta
Euphorbiahaeleeleana
Flueggeaneowawraea
Hibiscusbrackenridgei
IsodendrionIaur~folium
Isodendrionlong~folium
Mariscuspennatj,formis
Neraudiasericea
Phyllostegiaparv~flora
Schiedeahookeri
Schiedeanuttaliji
Solanumincompletum
Spermolepishawaiiensis

Metrosiderospolymorpha(ohia)
Acaciakoa(koa)
Antidesmapulvinatum(hame)
Bobeasp. (ahakea)
Xylosmasp.(maua)
Canthiumodoratum (alahee)
Diospyrossandwicensis(lama)
Pisoniasp. (papalakepau)
Pouteriasp. (alaa)
Myoporumsandwicense(naio)
Dicranopterislinearis (uluhe)
Erythrina sandwicensis(wiliwili)
Exocarpusluteolus(heau)
Psychotriasp. (kopiko)
Stypheliatameiameiae(pukiawe)
Syzygiumsandwicensis(ohiaha)
Wikstroemiasp. (akia)

Aleuritesmoluccana(kukui)
Pennisetumsetaceum

(fountaingrass)
Blechnumoccidentale
Clidemiahirta

(Koster’scurse)
Leucaenaleucocephala

(koabaole)
Lantanacamara(lantana)
Melinusminuqflora

(molassesgrass)
Psidiumcattleianum

(strawberryguava)
Seneciomikanicides

(Germanivy)
Schinusterebinth~foIius

(Christmasberry)

HabitatType: Multi-islandRecovery
LowlandMesic Forest PlanSpecies AssociatedNativeSpecies AssociatedAlien Species



elevation:
100—1,200meters
(328—3,937feet)

rainfall:
<1,500—>5,000millimeters
(<59—> 197 inches)peryear

Adenophorusperiens
Bonamiamenziesii
Isodendrionlaur~fo1ium
Isodendrioniong~/blium
Phyllostegiaparv~flora

Metrosiderospolymorpha(ohia)
Cibotiumglaucum(hapuu)
Broussaisiaarguta(kanawaokeokeo)
Cheirodendrontrigynum(olapa)
Cyaneasp. (haha)
Dicranopterislinearis (uluhe)
Freycinetiaarborea(ieie)
Myrsine sp. (kolea)
Perrottetiasandwicensis(olomea)
Pittosporumsp. (hoawa)
Psychotriahawaiiensis(kopiko)
Cyrtandrasp. (haiwale)

Ageratinaadenophora
(Maui pamakani)

Clidemiahirta
(Koster’scurse)

Paspalumconjugatum
(Hilo grass)

Psidiumcattleianum
(strawberryguava)

• Rubusros~fo1ius
(thimbleberry)

HabitatType: Multi-islandRecovery
LowlandWet Forest PlanSpecies AssociatedNativeSpecies AssociatedAlien Species
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elevation:
500—2,000meters
(1,640—6,560feet)

rainfall:
300—1,900 millimeters
(12—75inches)peryear

Plantagoprinceps
Solanumincompletum

Acaciakoa(koa)
Bobeaelatior (ahakealaunui)
Cyaneaacuminata(haha)
Dicranopterislinearis (uluhe)
Hibiscusarnottianus(kokio keokeo)
Labordiatinptolia (kamakahala)
Machaerinaangust~folia(uki)
Metrosiderospolymorpha(ohia)
Microsorumspectrum
Myrsinefosbergii(kolea)—SOC
Pisoniaumbell~fera(papalakepau)
Psychotriasp. (kopiko)
Touchardialat~folia (olona)
Sophora chrysophylla(mamane)

Aleuritesmoluccana(kukui)
Clidemiahirta

(Koster’scurse)
Psidiumcattleianum

(strawberryguava)

HabitatType:
MontaneMesic & Dry Multi-island Recovery
Forest PlanSpecies AssociatedNativeSpecies AssociatedAlien Species



elevation:
1,200—2,200meters
(3,937—7,218feet)

rainfall:
morethan2,500millimeters
(100inches)peryear

Plantagoprinceps
Platantheraholochila
Saniculapurpurea

Axonopusfiss~folius
(narrow-leavedcarpetgrass)

HabitatType: Multi-island Recovery
MontaneWetForest& Bog PlanSpecies AssociatedNativeSpecies AssociatedAlien Species

Antidesmaplatyphyllum(hame)
Bidenssandvicensis(kookoolau)
Broussaisiaarguta(kanawao)
Cheirodendrontrygynum(olapa)
Cibotiumsp. (hapuu)
Coprosmaernodecides(kukaenene)
Cyaneaacuminata(haha)
Cyrtandrasp.(haiwale)
Dicranopterislinearis (uluhe)
Dubautialaxa(naenaepuamelemele)
Hibiscusarnottianus(kokio keokeo)
Lagen~ferasp.
Labordiatin(folia (kamakahala)
Machaerinaangusufolia(uki)
Metrosiderospolymorpha(ohia)
Oreobolusfurcatus
Stypheliasp. (pukiawe)
Vacciniumspp.(ohelo)
Microsorumspectrum
Myrsinefosbergii(kolea)—SOC
Phyllanthusdistichus (pamakanimahu)
Psychotriasp. (kopiko)
Pipermethysticum(awa)
Pisoniaumbel1~fera(papalakepan)



elevation:
1,700—3,000meters
(5,578—9,843feet)

rainfall:
variable

Solanumincompletum Myoporumsandwicense(naio)
Acaciakoa(koa)
Sophorachrysophylla(mamane)
Argyrox4i’hiumsp. (silversword)

Seneciomikanioides
(Germanivy)

Verbascumthapsus(mullein)

HabitatType: Multi-islandRecovery
SubalpineForest PlanSpecies AssociatedNativeSpecies AssociatedAlien Species



C. Overall Reasonsfor Declineand Current Threats

Nativevegetationon all ofthemainHawaiianIslandshasundergoneextreme

alterationbecauseofpastandpresentlandmanagementpracticesincludingranching,

deliberatealienanimalandplant introductions,andagriculturaldevelopment(Cuddihy

and Stone1990;Wagneretal. 1985). MostoftheNorthwesternHawaiianIslandshave

undergonesimilaralteration,but to a lesserdegree.Theprimarythreatsfacingthe26

plant speciesincludedin this recoveryplanincludedestructionandadverse

modificationofhabitatby feral animalsandcompetitionwith alienplants. Threats

facingeachoftheMulti-island plantsaresummarizedin Table2.

FeralUngulateAnimals

Twenty-fourofthe26 speciesin thisrecoveryplanarethreatened,to differing

degrees,by introduced(alien)ungulateanimals. Ungulatessuchascattle(Bostaurus),

goats(Caprahircus),pigs (Susscrofa),sheep(Ovisaries),axis deer(Axisaxis),black-

taileddeer(Odocoileushemionuscolumbianus),andmouflon(Ovismusimon)were

introducedeitherby theearlyPolynesiansormorerecentlyby Europeansettlersfor

food,recreationalhunting,and/orcommercialranchingactivities. Overthe200years

following theirintroduction,theirnumbersincreasedandtheadverseimpactsof feral

ungulatesonnativevegetationhavebecomeincreasinglyapparent.Beyondthedirect

effectof tramplingandgrazingnativeplants,feralungulateshavecontributed

significantly to theheavyerosionstill taking placeonmostofthemainHawaiian

Islands.Thefollowing taxa’slow numbersmakethemespeciallyvulnerableto

disturbances:Achyranthesmutica,Cenchrusagrimonioides,Cyaneagrimesianassp.

grimesiana,Diellia erecta,Mariscuspennar~formis,Neraudiasericea,Panicum

niihauense,Phyllostegiaparv~fiora,Platantheraholochila,Schiedeanuttallii, Solanum

incompletum,andVignao-wahuensis.Suchdisturbancescouldalsopromoteerosion

andgreateringressionof alienplantspecies.
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Table 2. Summaryofthreatsto theMulti-island plants.

SPECIES

Pigs Goats

Alien animalactivity

Sheep!

Mouflon Deer Cattle Rodents

Slugs!

Snails

Alien

plants Fire

Human

impacts Insects

Substrate

loss

Limited

numbers*

Achyranthesmutica X X X

Adenophorusperiens X X X X

Bonamiarnenziesii X X X X X X X P

Cenchrusagrimonjoides X P P X P P

Centauriumsebaeoides X X X X X

XCyaneagrimesianassp. X X X P P X X P
grimesiana

Cyperustrachysanthos X X X

Diellia erecta X X X

X

X

X X P

K2

Euphorbiahaeleeleana X X X

XFlueggeaneowawraea X X X X P X X X

Hibiscusbrackenridgei

Isodendrionlaurifolium

X

X

X

X

X X X P X X X

X X P

Isodendrionlong~foIium X X X P P



Table2. (Continued).

SPECIES

Pigs
X

Goats
X

Alien animalactivity

Sheep!

Mouflon Deer Cattle Rodents

Slugs! Alien

Snails plants
X

Fire
X

Human

impacts Insects

Substrate

Loss

Limited

numbers*
Mariscuspennat~formis

Neraudiasericea X X P X X

Panicumniihauense X X

Phyllostegiaparv~flora X P X P P

Plantagoprinceps X X X

Platantheraholochila

Saniculapurpurea

X

X

X P X X K2

X X

Schiedeahookeri X X X X P P

XSchiedeanuttallii

Sesbaniatomentosa

Solanumincompletum

X X P X X P P X

X X X X X X X P

X X

X

X

X

P

XSpermolepishawatiensis X X X P

Vigna o-wahuensis X X X X

KEY: X=Immediateandsignificantthreat
P=Potentialthreat
*No morethan100 individualsand/or fewerthan10 populations

‘No more than100 individuals

2Fewerthan10 populations

3No morethan10 individuals
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Evidenceofpredationon threeofthetaxaby ungulates(cattle,deer,goats)is

documentedonKauai, Oahu,Lanai,andMaui. OnKauai,evidenceofpredationon

Isodendrionlaur~foliumby deerhasbeendocumented(USFWS 1996a). OnOahu,after

cattlewereremoved,plantsofBonamiamenziesiiat Luailualeigrowovernative

vegetationanddrapewell belowthebrowseline (USFWS1996a). OnLanai, axis deer

areknownto feedon this species,especiallyatKanepuu.DepredationofHibiscus

brackenridgeissp.brackenridgeiby goatshasbeenobservedonLanai andMaui. Goats

eatthebranchtips andstripthebarkoftheplants(USFWS 1996b). While thereis no

evidenceofpredationon the other23 species,noneofthemareknownto beunpalatable

to cattle,deer,orgoats. Predationis thereforeaprobablethreatto speciesgrowingat

siteswherethoseanimalshavebeenreported(Achyranthesmutica,Adenophorus

periens,Cenchrusagrimonioides, Centauriumsebaeoides,Cyaneagrimesianassp.

grimesiana,Diellia erecta,Euphorbiahaeleeleana,Flueggeaneowawraea,Isodendrion

longifolium,Neraudiasericea,Phyllostegiaparvflora, Plantagoprinceps,Platanthera

holochila,Saniculapurpurea,Schiedeahookeri,Schiedeanuttallii~ Sesbaniatomentosa,

Solanumincompletum,Spermolepishawaiiensis,andVignao-wahuensis).

Insects

Black twig borer(Xylosandruscompactus)hasbeencitedasan immediatethreatto

all extantpopulationsofFlueggeaneowawraea(USFWS 1996b). Theblacktwig borer

burrowsinto thebranchesandintroducesapathogenicfungus,mostlikely theambrosia

fungus (Fusariumsolani),pruningthehostseverelyand oftenkilling branchesorwhole

plants(Howarth1985;JamesNakatani,Hawaii StateBoardofAgriculture, in litt.

1996). All knownplantsofFlueggeaneowawraea”sufferslightto severedefoliation

andreducedvigor dueto infestationsofthis alien insect. Theblacktwig boreris apest

ofanumberofthreatenedandendangeredplants,anda seriouspestofanumberof

economicallyimportantplantsin Hawaii (J.Nakatani,in litt. 1996). Severalparasitoids

havebeenintroducedto controlthebeetle,thoughnoneofthemhavebecome

established.Furtherresearchonbiological controlofthebeetlewill needto proceed

cautiouslybecausea numberof rare native scolytidsin Hawaii arecloselyrelatedto the

blacktwig borer(PatrickConant,Hawaii DepartmentofAgriculture,personal
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communication1997; J.Nakatani,in litt. 1996). An alienbeetle(Physomerus

grossipes),whichhasrecentlybecomeestablishedonOahu,is apotentialsignificant

threatto Bonamiamenziesii(DavidOrr, WaimeaArboretumFoundation,personal

communication1999).

SnailsandSlugs

Little is knownaboutthepredationofcertainrareHawaiianplantsby aliensnails

(suchasthegiantAfricansnail [Achatinafulica]) andslugs(suchastheleopardslug

[Milax gagates]).Fieldbotanistshaveobservedindiscriminateslug predationonplant

partsof membersoftheCampanulaceae(bellflower) family (USFWS 1 996c). The

effectofthesealienpredatorson thedeclineofCyaneagrimesianassp.grimesiana(a

memberofthebellflower family) andrelatedspeciesis unclear,althoughtheymaypose

athreatby feedingon thestemsandfruit, therebyreducingthevigor oftheplantsand

limiting regeneration(USFWS 1 996c).Schiedeaseedlings,occurringin mesicorwet

sites,are apparentlyconsumedby introducedslugsand snails. Thesehavebeen

observedfeedingonSchiedeamembranacea,amesicforestspeciesthatoccurson

Kauai. In contrastto mesic-forestspecies,Schiedeaoccurringin dry areasproduce

abundantseedlingsfollowing winterrains,presumablybecausethe dry areashavefewer

introducedconsumers(StephenWeller,UniversityofCalifomia, Irvine,personal

communication1997).

Rodents

Two rat species,theblackrat (Rattusrattus)andthePolynesianrat(Rattus

exulans),andto a lesserextentotherintroducedrodents,eatlarge,fleshyfruits andstrip

thebarkofsomenativeplants,includingplantsin thebellflowerfamily (USFWS

1996a). ThelargestpopulationofEuphorbiahaeleeleanaonOahuis seriously

threatenedby ratpredation(USFWS 1 996a). It is possiblethatratseatthe fruits of

Cyaneagrimesianassp.grimesiana,whichproducesfleshyfruit andstemsandgrows

in areaswhereratsoccur(USFWS 1996a). Seedpredationby ratsandmice (Mus

musculus)threatensSesbaniatomentosaon Oahu. Whenratandmice controlswere

initiated in 1994and1995,respectively,thereweredramaticincreasesin seedling
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germinationandsurvival (DaveHopper,USFWSin litt. 1996;Bill Garnett,DOFAW,

personalcommunication1995).

Alien Plants

All 26 Multi-islandplantsarethreatenedby competitionwith 1 ormorealienplant

species.Themostsignificantof thesealiensappearto beSchinusterebinth~folius

(Christmasberry),Psidiumcattleianum(strawberryguava),Melinusminutflora

(molassesgrass),Pennisetumsetaceum(fountaingrass),Clidemiahirta (Koster’s

curse),Lantanacamara(lantana),Leucaenaleucocephala(koahaole),Rubusros~folius

(thimbleberry),Grevillearobusta(silk oak),Paspalumconjugatum(Hilo grass),

Psidiumguajava(commonguava),Ageratinaadenophora(Maui pamakani),and

Ageratinariparia (Hamakuapamakani)(USFWS 1995, 1996a,b).Otheralienplants

alsoposesignificantthreatsto populationsoftheplantsin this plan.

Christmas berry, introducedto Hawaiibefore1911,is a fast-growingtreeor

shrubinvadingmostmesicto wet lowlandareasofthemajorHawaiianIslands(Wagner

etal. 1990). Christmasberry is distributedmainlyby feral pigsandfruit-eatingbirds

andformsdensethicketsthat shadeout anddisplaceotherplants(Cuddihyand Stone

1990; Smith1985; Stone1985). This fast-growingspeciesis foundin lowlandareasof

themajorHawaiianIslandsandis currentlyexpandingits range. It is amajor

componentof themesicforestsoftheWaianaeandKoolauMountainsofOahu. It

negativelyaffectsoverhalfthepopulationsofBonamiamenz~iesii,1 ofthepopulations

ofPlantagoprincepsvar.princeps,two-thirdsofthe Cenchrusagrimonioides

populations,one-thirdoftheIsodendrionlaur~folium populations,1 of2 known

populationsofPhyllostegiaparvflora,6 of 11 populationsofSchiedeahookeri,andall

populationsofFlueggeaneowawraeathat occuron Oahu. In addition,Christmasberry

alsoaffects1 populationofDie/haerectain theHalawaValley onMolokaiand 1

populationofBonamiamenziesiion Lanai. OnMaui, Christmasberryis spreadinginto

lao Valleyandon thesouthslopeofEastMaui (HaleakalaVolcano). It is oneofthe

primaryalienplantthreatsto oneormorepopulationsofBonamiamenziesii,Dielhia

erecta,andPlantagoprincepsvar. laxtflora thatexist there(USFWS 1 996b). On the

islandofHawaii,Christmasberrycontinuesto threatenat leasttwo populationsof
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Die/haerectaandFlueggeaneowawraeain theregionsofManukaandHonomalinoin

theSouthKonaDistrict (USFWS1996b).

InHawaii, threeinsectshavebeenreleasedby theHawaii Departmentof

Agricultureto controlthenon-nativeChristmasbeny:Bruchusatronotatus,abeetle,

wasreleasedin 1932,andCrasimorphainfuscataandEpisiinusutihis, bothmoths,were

releasedin 1954. In addition,athrip anda sawflyhavebeenintroducedto controlthis

non-nativetreein dry forestsofFlorida(BiocontrolofForestPestsSteeringCommittee,

in litt. 1997). However,successhasbeenlimited in all cases(Myron Isherwood,

Hawaii DepartmentofAgriculture,personalcommunication1998). Currently,

researchersaresearchingin its nativeBrazil for additionalpotentialbiological control

agentsfor Christmasberry.

Strawberryguava,an invasiveshruborsmall treenativeto tropicalAmerica,has

becomenaturalizedon all ofthemainHawaiianIslands,forming densestandsthat

excludeotherplant speciesin disturbedareas(Cuddihy andStone1990). This alien

plantgrowsprimarily in mesicandwet habitatsandprovidesfoodfor severalalien

animalspecies,including feralpigs andgamebirds, which dispersetheplant’sseeds

throughtheforest(Smith 1985;Wagneretal. 1985). Strawberryguavais considered

oneofthegreatestalienplantthreatsto Hawaii’s rainforests.On theislandofKauai,it

is knownto directly threatenfourpopulationsof Isodendrioniong~foliumandat least

onepopulationeachofAdenophorusperiens,Bonamiamenziesii,Euphorbia

haeleeleana,andIsodendrionlaur~folium (HawaiiNaturalHeritageProgram[HINHP]

1995;LorenceandFlynn 1991, 1993;USFWS 1996a,b;JoelLau,TheNature

ConservancyofHawaii [TNCH],personalcommunication1992). Strawberryguavais a

majorinvaderofforestsin the WaianaeandKoolauMountainsofOahu,whereit often

formssingle-speciesstands. It posesan immediatethreatto 2 populationseachof

CenchrusagrimonioidesandIsodendrionlaurtfolium, 6 populationsofBonamia

menziesii,10 populationsofFlueggeaneowawraea,and 1 populationeachofCyanea

grimesianassp.grimesiana,Euphorbiahaeleeleana,Isodendrionlong~folium,Plantago

princepsvar.princeps,andSchiedeahookerion thatisland(HTNHP 1995;USFWS

1996a,b;J.Lau,personalcommunication1992). On Molokai, thehabitatoftheHalawa

Valley populationofDie/haerectais currentlybeinginvadedby strawberryguava
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(HINHP 1995;USFWS1996b). OnLanai, this invasiveplantthreatensoneofthat

island’spopulationsof Cyaneagrimesianassp.grimesiana(HINHP 1995; USFWS

1996a). OnMaui, strawberryguavais beginningto invadethehabitatof onepopulation

eachofBonamiamenziesiiandPlantagoprincepsvar. laxflora on WestMaui andat

leastonepopulationeachofDie//ia erectaandPlantagoprincepsvar. laxflora on East

Maui (USFWS 1996b). It is alsoamajorthreatto thehabitatofAdenophorusperiensin

theKahaualeaNaturalAreaReserveonthe islandofHawaii (HINHP 1995). To date,

no biocontrolagentshavebeenreleasedagainststrawberryguavain Hawaii,thoughtwo

speciesof insectsarein quarantineandarecurrentlyundergoinghost-screening(C.W.

Smith,formerlywith theCooperativeParkStudiesUnit [CPSU],in litt. 1998).

First introducedto theHawaiianIslandsascattle fodder,molassesgrasswaslater

plantedfor erosioncontrol(CuddihyandStone1990). This aliengrassquickly spread

to dry andmesicforestspreviouslydisturbedby ungulates.Molassesgrassproducesa

densematwhich maysmotherplants(Smith1985),essentiallypreventingseedling

growthandnativeplantreproduction(CuddihyandStone1990). Becauseit burns

readilyandoftengrowsat theborderofforests,molassesgrasstendsto carry fire into

areaswith woodynativeplants(CuddihyandStone1990; Smith1985). It is ableto

spreadprolifically afterafire andeffectively competeswith lessfire-adaptednative

plantspecies,ultimatelycreatinga standofaliengrasswhereforestoncestood.

Molassesgrassis becomingamajor threatto 10 taxaon 4 islands. In theWaianae

Mountainsof Oahu,threepopulationsofBonamiamenziesii,two populationsof

Schiedeahookeri,andonepopulationeachofCenchrusagrimonioides,Euphorbia

haelee/eana,andPlantagoprincepsvar.princepsareimmediatelythreatenedby this

grass(USEWS1996a). OnMolokai, atleastonepopulationeachof Die//ia erecta,

Plantagoprincepsvar. laxflora, andNeraudiasericeaandall populationsof Vignao-

wahuensisontheislandarealsonegativelyaffected. Molassesgrassis quickly

spreadingthroughoutthedry regionsofWestMaui, threateningtwo populationsof

Die//ia erectathere. On HawaiiIsland,apopulationofSesbaniatomentosain the

Hawaii VolcanoesNationalParkis locatedin anareainvadedby molassesgrass

(USFWS 1 996b). This planthasneverbeentargetedfor biological control(M.

Isherwood,personalcommunication1998).
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Fountain grass, like molassesgrass,hasgreatlyincreasedtherisk offire in some

regions,especiallyonthedry slopesofHualalai,Kilauea,andMaunaLoavolcanoeson

theislandofHawaii. Theeffectsoffountaingrassinvasionaresimilar to those

discussedabovefor molassesgrass. Fountaingrassthreatensthenativevegetationon

theleewardslopesofHualalaiin aregionwhereat leastonepopulationofHibiscus

brackenridgeissp.brackenridgeiandHawaii IslandpopulationsofBonamiamenziesii

andVignao-wahuensis(HINHP 1995;USFWS1996b)occur.

Koster’scurse,anoxiousshrubnativeto tropicalAmerica, is foundin mesicto

wet forestsonat leastsix islandsin Hawaii (Almeda1990;Hawaii Departmentof

Agriculture 1981;Smith 1992). Thisnoxiousshrubformsadenseunderstory,shading

out otherplantsandhinderingplantregeneration(CuddihyandStone1990). First

reportedon Oahuin 1941,it hadspreadthroughmuchof theKoolauMountainsby the

early 1960’s,andinto theWaianaeMountainsby 1970(CuddihyandStone1990). It

posesaseriousthreatto onepopulationof IsodendrionlaurWoliumandtwo populations

of Plantagoprincepsvar. longibracteatain theKoolauMountains. In theWaianae

Mountains,Koster’scurseposesaseriousthreatto two populationsofCyanea

grimesianassp.grimesiana,onepopulationofIsodendrion/ong~folium,the largest

populationofPhyllostegiaparvflora,andoneofthe largestpopulationsofSchiedea

hookeri(USFWS 1996a). Koster’scurseis widespreadin Honouliuli andthreatenstwo

populationsofFlueggeaneowawraeathat occurin thatareaoftheWaianaeMountains.

Thisprolific alienplant hasrecentlyspreadto five otherislands,includingKauai,

wherethereareat leastfive small infestationstotalingabout40hectares(100acres)

(Cuddihy andStone1990); oneoftheseposesanimmediatethreatto onepopulationof

Adenophorusperiensandtwo populationsofIsodendrionlong~foliumin Waioli Valley

(USFWS1996a,b;J. Lau,personalcommunication1992). Koster’scursethreatensone

ofthetwo populationsofCyaneagrimesianassp.grimesianaon Molokai (USFWS

1996a).

Perhapsthe mostpromisingbiological controlagentagainstKoster’scurseis the

Co/leotrichumfungusGloeosporioidesf. sp. clidemiaewhich is beingreleasedby the

Division ofForestryandWildlife in collaborationwith Dr. EduardoTrujillo, aplant

pathologistat theUniversityofHawaii. This funguswasfirst releasedin 1986 onAiea
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Loop Trail, andhasbeensubsequentlyreleasedon all islands. It hasan observable

negativeimpactonKoster’scurse,althoughno quantitativedataareavailable.

Otherbiological controlagentsreleasedby theHawaii DepartmentofAgriculture

includeAntib/emmaacclina/is.Thisnoctuidmothfrom TrinidadandTobagowas

releasedin 1995andis currentlyestablishedin thevicinity oftheAleaLoop Trail,

PabloValley, andpossiblyKalihi Valley. FurtherreleasesareplannedonArmy-

managedlandon Oahu. This mothwasreleasedon Kauaibutdid notbecome

established.Anotherbiologicalcontrolagent,Liusposeidon(buprestidbeetle),was

initially releasedon Oahu,Maui, Kauai,andHawaii in 1988. Thisbeetleis currently

establishedneartheAiea Loop Trail, andsomeleaffeedinghasbeenobserved,but

damageis not significant.Thefruit andflower-feedinginsect,Mompha tritha/ama,was

releasedin 1995—1996but only a fewrecoveriesweremadein theMakiki area.

Carposinabul/atawasintroducedin 1985and1986,but it provedto bedifficult to rear

in captivity. Thepyralidmoth,Ategumiamatutina/is,introducedin 1969 from

Trinidad, is well establishedon Oahu,butdamageto Clidemia foliage is insignificant

(M.Isherwood,personalcommunication1998). Liothrips urichi, introducedfrom Fiji

in 1953,is well establishedanddoing an excellentjob in openareas,buthasnotbeen

effectivein theforestunderstory.This insectis consideredto beasuccessfulbiological

controlagentbecauseit feedson terminalgrowth(M. Isherwood,personal

communication1998).

Lantana,ahorticultural derivativeof speciesnativeto tropicalAmerica,is an

aggressive,thicket-formingshrubthatproduceschemicalsthat inhibit thegrowthof

otherplant species.This speciescannowbe foundonall ofthemainislandsin mesic

forests,dry shrublands,andotherdry, disturbedhabitats(Cuddihy andStone1990;

Smith1985;Wagneret a/. 1990). OnKauai,lantanaposesathreatto two populations

ofEuphorbiahae/ee/eanaandonepopulationof Isodendrion/aur~fo/iumwithin the

Kuia NaturalAreaReserve,threeotherpopulationseachofEuphorbiahae/ee/eanaand

Isodendrion/aur~fo/ium,andonepopulationof Isodendrionlongifolium. Lantanais a

majorcomponentofthevegetationatPaaikiValley andWaimeaCanyonandis rapidly

becomingestablishedin Pohakuao.It posesathreatto populationsofF/ueggea

neowawraeain thoseareas(HINHP 1995;USFWS1996b). In theWaianaeMountains
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ofOahu,onepopulationeachof CenchrusagrimonioidesandCyaneagrimesianassp.

grimesianaandthreepopulationsofSchiedeahookeriareimmediatelythreatenedby

this shrub(LorenceandFlynn 1993;USFWS1996a). OnepopulationofBonamia

menziesiion Lanaiandoneon Maui arealsonegativelyaffectedby this invasiveplant

(HlNHP 1995; USFWS1996b).

Twenty-sixinsectshavebeenintroducedby theHawaii DepartmentofAgriculture

from 1902 though1951 forthe biological controlof lantana.Fifteenoftheseinsects

becameestablishedon oneormoreislands. Althoughlantanainfestationsarestill

prevalentin somelocalitiesoneachisland,theyarenotassignificantastheywereprior

to theintroductionofthebiocontrolagents(M. Isherwood,personalcommunication

1998). A fungus.Septorialantana,wasreleasedandestablishedonKauaiin 1997by

theDivision ofForestryandWildlife in cooperationwith Dr. Trujillo oftheUniversity

ofHawaii. It is too earlyto determineits impact(M. Isherwood,personal

communication1998).

Koa haole, anaturalized shrub,is sometimesthe dominantspeciesin low

elevation,dry, disturbedareasonall ofthemainHawaiianIslands(Geesinketal. 1990).

Thisalienspeciesthreatensto degradethehabitatofeightofthespeciesin this plan.

Koahaoleis oneofthemajorweedsfoundatPolihaleon theislandofKauai, growing

in thevicinity ofapopulationofSesbaniatomentosaandtheonly knownpopulationof

Panicumniihauense(HINHP 1995;USFWS1996b;J.Lau,personalcommunication

1992). On Oahu,theKaenaPoint,DiamondHead,andMakapuupopulationsof

Cyperustrachysanthosarethreatenedby aliengrassesandpossiblyby koahaole

(USFWS 1 996a;J. Lau,personalcommunication1994). In theWaianaeMountains,koa

haoleis oneoftheprimaryweedthreatsto halfof theBonamiamenziesiipopulations

andall oftheHibiscusbrackenridgeissp.moku/eianuspopulationsfoundin thearea

(HINHP 1995;USFWS1996b;J. Lau,personalcommunication1992). Mostofthe

Molokai populationsofSesbaniatoinentosaandoneKahoolawepopulationof Vignao-

wahuensisarealsonegativelyaffectedby koahaole(HINHP 1995;USFWS 1996b;J.

Lau,personalcommunication1992). On Maui, koahaoleposesathreatto Hibiscus

brackenridgeissp.brackenridgeiandSpermo/epishawaiiensisin theLihausectionof

theWestMaui NaturalAreaReserve,andis probablyalsoathreatto Hibiscus

brackenridgeissp.brackenridgeiandSesbaniatomentosaelsewhereonWestMaui
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(HINHP 1995; USFWS1996b;J. Lau,personalcommunication1992). This specieshas

neverbeentargetedfor biological control(M. Isherwood,personalcommunication

1998).

Thimbleberry, nativeto Asia,is naturalizedin disturbedmesicto wet foreston all

ofthe mainHawaiianIslands(CuddihyandStone1990). On Kauai,this shrubposesa

threatto the largestpopulationof Euphorbiahae/ee/eana,two populationsof

Isodendrion/aur~fo/ium,andfive populationsofIsodendrion/ong~fo/ium(Lorenceand

Flynn 1993;USFWS 1 996a). Oneofthetwo populationsofCyaneagrimesianassp.

grimesianaon Lanai is threatenedby thimbleberry(USFWS 1996a).

Silk oak,nativeto QueenslandandNewSouthWales,Australia,wasextensively

plantedin Hawaii for timberandis nownaturalizedon mostofthe mainHawaiian

Islands(Smith 1985;Wagnereta/. 1990). OnKauai,thisalientreethreatensEuphorbia

hae/ee/eanain HipalauValley. IntheWaianaeMountainsofOahu,silk oaknegatively

affectsonepopulationeachofCenchrusagrimonioides,Euphorbiahaeleeleana,

Isodendrion/aur~fo/ium,Schiedeahookeri,andSchiedeanutta//ii (USFWS 1996a).

This specieshasnotbeentargetedfor biological control(M. Isherwood,personal

communication1998).

Hilo grass is naturalizedin moistto wetdisturbedareason all ofthemain

HawaiianIslandsexceptNiihau andKahoolawe,andproducesa densegroundcover.

OnKauai,thisperennialgrassthreatenstheWahiawaMountainsandWaioli Valley

populationsof Isodendrion/ong~fo/ium(LorenceandFlynn 1991, 1993;USFWS

1996a). In theWaianaeMountainsofOahu,Hilo grassthreatensonepopulationof

Cenchrusagrimonioidesandthelargestpopulationof Schiedeahookeri(USFWS

1 996a). No biological control agentshavebeenreleasedfor this species(M. Isherwood,

personalcommunication1998).

Common guava,a shrub or small tree native to the NewWorldtropics,is

naturalizedon all ofthemain islands,exceptperhapsNiihauandKahoolawe(Wagneret

al. 1990). Commonguavais aseriousweedthat invadesdisturbedsites,formingdense

thicketsin dry andmesicandwet forests(Smith1985;Wagneretal. 1990). On Kauai,

commonguavaposesathreatto apopulationof Isodendrion/ong~fo/iumin Waioli

Valley (LorenceandFlynn 1993). In theWaianaeMountainsofOahu,thisalienplant

threatensthe largestpopulationsofSchiedeahookeriandSchiedeanutta//ii, while on
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the islandofHawaii, commonguavathreatensat leastonepopulationofAchyranthes

mutica,andFlueggeaneowawraeaatManuka(D. Paul, in (itt. 1998;USFWS 1996a).

No biological controlagentshavebeenreleasedfor this species(M. Isherwood,personal

communication1998).

Maui pamakaniandHamakua pamakani,bothnativeto tropicalAmerica,have

naturalizedin dryareasto wet foreston Oahu,Molokai, Lanai,Maui, andHawaii

(Wagneretal. 1990). Thesetwo noxiousweedsform densematswith otheralienplants

andpreventregenerationofnativeplants(Andersonet al. 1992). In theWaianae

Mountainsof Oahu,two populationsofSchiedeahookeriarethreatenedby both Maui

pamakaniandHamakuapamakani,andthelargestpopulationofPhyl/ostegiaparvflora

is threatenedby Maui pamakani(USFWS 1996a). On Hawaii, onepopulationof

Achyranthesmuticais threatenedby Hamakuapamakani(USFWS 1996b).

Themostsuccessfulbiological controlagentusedfor suppressionofHamakua

pamakaniinfestationsis thefungusEnty/omaageratinae.It wasintroducedfrom

Jamaicain 1974by Dr. Trujillo oftheUniversityofHawaii.After its releasein 1975,it

quickly becameestablishedonOahuandHawaii. This fungussignificantlyreduced

Hamakuapamakaniinfestationson rangelandson theislandof Hawaii.

In additionto thefungus,theHawaiiDepartmentofAgriculturereleasedthree

insectsfor controlofthisweed. A tephritidfly, Xanthaciuraconnexionus,was

introducedfrom Mexicoin 1955,but it did notbecomeestablished.In 1973,another

tephritid,Procedidocharesa/ani,wasintroducedfrom Mexico. This species,knownin

Hawaiiasthe Hamakuapamakanigall fly, becameestablishedon OahuandHawaiiand

hascontributedto thesuppressionofinfestationsoftheweed,particularlyin drier

habitatsthatarenot favorableforthefungus.TheHamakuapamakaniplumemoth,

Oidaematophorusbeneficus,wasalsointroducedfrom Mexico in 1973. This

pterophoridmothis establishedin wetterhabitatsonHawaii,but it is difficult to

determineits effectivenessasit thrivesin thesamewethabitatastheEnty/omafungus

(M.Isherwood,personalcommunication1998).

Theeupatoriumgall fly, Procecidocharesutilis, wasintroducedfrom Mexico in

1944 for controlofMaui pamakani,knownin otherpartsoftheworldascroftonweed

andformerly identifiedasEupatoriumadenophorum.Thistephritidbecameestablished

on Maui, wheretheweedwasknownto havebeenintroducedandwhereit wasmost
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prevalent,andhasbeencreditedwith nearlycompletesuppressionof Maui pamakani

infestationsin the islands(M. Isherwood,personalcommunication1998).

Kiawe (Prosopispa//ida), adeciduousthorny treethat cangrowto 20meters(65

feet) in height, overshadowsotherplantsandcompeteswith associatedvegetationfor

availablewaterandspace.Introducedto Honolulu in theearly 19thcentury,it spread

rapidly throughoutthedrierpartsoftheHawaiianIslands(Geesinketal. 1990). At

Polihaleon the islandofKauai,it is theprimaryalienplantthreatto Sesbaniatomentosa

andto theonly knownpopulationofPanicumniihauense.Two Molokai populationsof

Sesbaniatomentosacompetewith kiawefor waterandspaceon Moomomi’s beaches.

Theprimaryalienplantthreatto Vignao-wahuensison theislandofKahoolaweis

kiawe(HINHP 1995).

Australian red cedar(Toonaciliata) is a fast-growingtreethatwasprobably

introducedto Hawaii for lumber. It is nowfoundin manyofHawaii’s extensively

plantedlowlandforestsandhasbecomenaturalizedin mesicto wet forests(Wagneret

a/. 1990). Today,this treeis adefinite threatto at leastonepopulationofBonamia

menziesii andmostof theplantsofFlueggeaneowawraeain theWaianaeMountainsof

Oahu(J. Lau,personalcommunication1992).

Buffeigrass(Cenchrusciliaris) formscontinuouscoverin dry habitatsand

providesexcellentfuel for fire, from whichit recoversquickly. Its seedsareeasily

dispersedby wind (Smith1985). Buffelgrassthreatensthehabitatof two populationsof

Sesbaniatomentosaon Molokai,andatleastonepopulationof Vignao-wahuensison

Kahoolawe(J. Lau,personalcommunication1992).

Prickly Florida blackberry (Rubusargutus)wasintroducedto theHawaiian

Islandsin the late 1800’s(HaselwoodandMotter 1976). Thefruits areeasilyspreadby

birds to openareaswherethis plantcanform dense,impenetrablethickets(Smith 1985).

TheKauaipopulationofAdenophorusperiensthatis locatedattheboundaryof the

Hono0 NaPaliNaturalAreaReserveandNaPali CoastStateParkis threatenedby this

noxiousweed(J. Lau,personalcommunication1992). On Oahu,prickly Florida

blackberrythreatensthelargestpopulationofCenchrusagrimonioides(USFWS 1 996a).

TheHawaii Departmentof Agriculturehasreleasedfive insectbiological control

agentsfor prickly Floridablackberry. Theblackberryskeletonizer,Schreckensteinia

festalie/la,wasintroducedfrom Californiain 1963. This heliodiidmothis established
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onHawaii,Maui, andKauai. After recentreleaseson Oahu’sMt. Kaala,it is now

establishedatthat site. Although feedingdamageto terminalshootsis very noticeable

in somelocalities,prickly Floridablackberrycontinuesto outgrowthedamagebecause

soil moistureis alwaysadequatein thehabitatwhereit grows. A tortrioid moth,

Croesiazimmermani,wasintroducedfrom Mexico in 1963. This speciesis established

on Hawaii,Maui, andKauai. Typically, it is a leaf-eaterandhascausedextensive

damageto terminalshoots. However,aswith theblackberryskeletonizer,thevigorous

growthoftheblackberryovercomesfoliar damage.An aegeridmoth,Bembecia

marginata,wasintroducedfrom Oregonin 1963,but failedto becomeestablished.The

blackberrysawfly,Priophorusmono,wasintroducedfrom Oregonin 1966. This

tenthredinidis establishedonKauaiandOahu(Mt. Kaala),butpopulationdensitiesare

very low anddamageto blackberryis negligible. A chrysomelidbeetle,Ch/amisus

gibbosa,was introducedfrom Missouri in 1967and1968,butneverbecameestablished

(M.Isherwood,personalcommunication1998).

A recentintroductionto theHawaiianIslands,yellow Himalayan raspberry

(Rubusnivens),is rapidlybecomingamajorweedpestin wet forests,pastures,andother

openareason theislandofHawaii. It formslargethorny thicketsanddisplacesnative

plants. It caninvadetheunderstoryofwet forestsandfill anichepresentlyunoccupied

by any othermajorwet forestweedin Hawaii. This alienplanthasspreadvery rapidly

in recentyears. OnepopulationofAdenophoruspeniensgrowsin OlaaTractwithin the

Hawaii VolcanoesNationalParkin aregionwhereyellow Himalayanraspberryis found

in increasingnumbers(J. Lau,personalcommunication1992).

A vine in thepassionflowerfamily, bananapoka (Passflora mo//issima),was

introducedto the islandsin the 1920’s,probablyasan ornamental.This vineis

extremelydetrimentalto certainwet foresthabitatsofKauai,Maui, andHawaii. Heavy

growthofthisvine candamageorkill nativetreesby overloadingbranches,causing

breakage,or by forminga densecanopycover,interceptingsunlightandshadingout

nativeplantsbelow. An infestationofthisvineis locatedat OlaaTractonHawaii

Island,the siteofonepopulationofAdenophorusperiens(J. Lau,personal

communication1992).

Twomothshavebeenreleasedby theHawaiiDepartmentofAgriculture to control

bananapoka: Pyraustapere/gans,abud-feeder,andCyanotrichanecynia,a defoliator.

28



In addition,two othermothsandtwo flies arecurrentlybeingtestedin quarantine(P.

Conant,personalcommunication1999).

Kikuyu grass(Pennisetumclandestinum),an aggressive,perennialgrass

introducedto Hawaii asapasturegrass,withstandstramplingandgrazingandis

naturalizedon fourHawaiianIslandsin dry to mesicforest. It producesthick mats

whichchokeoutotherplantsandpreventtheirseedlingsfrom establishingandhasbeen

declaredanoxiousweedby theU.S. DepartmentofAgriculture (7CFR360)(O’Connor

1990; Smith1985). Kikuyu grassis athreatto onepopulationofAchyranthesmutica

(USFWS1996b).

A numberofotheralienplant speciesposea significantthreatto populationsofthe

Multi-islandplants. Narrow-leaved carpet grass(Axonopusfiss~o/ius)(possiblythe

sameascommoncarpetgrass,A. affinis) is nativeto subtropicalNorthAmericaandthe

NewWorld tropics. Introducedto Hawaii in 1912,narrow-leavedcarpetgrasshas

becomecommonin wetpastures,disturbedwet forest,andbogson Kauai,Oahu,Lanai,

Maui, andHawaii. Narrow-leavedcarpetgrassis athreatto onepopulationofSanicula

purpureaon Oahu(O’Connor1990;USFWS1996a). Hairy horseweed(Conyza

bonariensis)is nearlycosmopolitanin distribution,althoughit is perhapsnativeto

SouthAmerica. It wasnaturalizedin Hawaii before1871 andis acommonweedin

urbanandnon-urbanareasthroughoutHawaii, generallyin dryhabitats. It threatensone

populationofAchyranthesmutica(USFWS 1996b;Wagneret a/. 1990). Bermuda

grass(Cynodondacty/on)is amajorthreatto atleastonepopulationofSesbania

tomentosaatMoomomionMolokai. Panini(Opuntiaficus-indica),aprickly-pear

cactus,wasintroducedto Hawaii before1809 from Mexico andhasbecomenaturalized

in dry, disturbedhabitatson Kauai,Oahu,Maui, Kahoolawe,andHawaii. Panini

threatensonepopulationofAchyranthesmutica(LTSFWS 1996a;Wagnereta/. 1990).

German ivy (Seneciomikanioides),anoxious,wind-dispersedvinethat formslocalized

matsofvegetation,is athreatto 1 of2 knownpopulationsofSo/anumincomp/etumon

theislandofHawaii (USFWS1996b). ThisSo/anumincomp/etumpopulationis fenced

andprotectedfrom ungulates,but it is notprotectedfrom Germanivy. Javaplum

(Syzygiumcumini),alargeevergreentree,is anaggressiveinvaderofundisturbedforests

(Smith1985). It threatensto shadeout theonly knownpopulationsofHibiscus

brackenridgeissp.moku/eianuson Oahu(USFWS 1 996b). PrideofIndia (Me/ia
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azedarach),afast-growingdeciduoustreethat formsdeepshade,growsin opendry

habitats.A majorinfestationofthis largetreein WaimeaCanyononKauaiposesan

immediatethreatto individualsofF/ueggeaneowawraea(USFWS 1996b).

Fire

Fire threatens13 Multi-islandplants,andpotentiallythreatens6, thatgrow in dry to

mesicgrassland,shrubland,andforestson five islands. On Oahu,military training

exercisesontheMakuaMilitary ReservationandtheSchofieldBarracksMilitary

Reservationhaveresultedin unintentionallyignited fires. Suchfires maythreaten

populationsofBonamiamenziesii,Cenchrusagrimonioides,Euphorbiahae/ee/eana,

Flueggeaneowawraea,Schiedeanutta/lii, andSpermo/epishawaiiensisthatgrowin dry

andmesicforeston thoseinstallations(USFWS 1996a). ThreepopulationsofBonamia

menziesiiandtwo populationsofF/ueggeaneowawraealocatedadjacentto theMakua

Military Reservationare alsopossiblythreatenedby unintentionallyignited fires

(HINHP 1995; J.Lau,personalcommunication1992). Theareahashadahistoryof

fires,whichmayhaveburnedthroughat leastonepopulationofBonamiamenziesii,and

burnedto within a fewtensofmetersofanother(HINHP 1995;USEWS1996b).

Accidentallyormaliciouslysetfires in residentialareasneartheLualualeiNaval

Reservationaiid theMakuaMilitary Reservationcouldeasilyspread,potentially

threateningonepopulationofCenchrusagrimonioides,mostoftheisland’sindividuals

ofEuphorbiahae/ee/eana,onepopulationof Isodendrion/ong~fo/ium,several

populationsof Schiedeahookeri,andonepopulationofSchiedeanutta//ii (USFWS

1996a). Fire is alsoathreatto thefollowing populations:onepopulationeachof

BonamiamenziesiiandFlueggeaneowawraeaon Oahu,onepopulationofBonamia

menziesiion Lanai, threepopulationsof Cyperustrachysanthos,two populationsof

Sesbaniatomentosaandonepopulationof Vignao-wahuensison Molokai, all known

populationsof Vignao-wahuensisonKahoolawe,andat leastonepopulationeachof

Bonamiamenziesii,Hibiscusbrackenridgeissp.brackenridgei,andSesbaniatomentosa

onHawaiiIsland(HINHP 1995;StevenBergfeld,DOFAW, in /itt. 1996;J. Lau,

personalcommunication1992). Also, volcanicactivity threatensonepopulationof

AdenophorusperiensonHawaii Island.
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OtherHumanImuacts

OntheislandsofOahuandHawaii,habitatdisturbancecausedby humanactivities

maythreatenrareplantpopulationsthat growwheremilitary trainingexercisesand

groundmaneuversareoccasionallyconducted.However,becausemostofthetaxagrow

onmoderateto steepslopes,ridges,andgulches,habitatdisturbanceis probably

restrictedto foot andhelicoptertraffic. Tramplingby groundtroopsassociatedwith

training activitiesandconstruction,maintenance,andutilizationofhelicopterlanding

anddrop-offsitescouldaffectpopulationsof 14 ofthetaxathatoccuron landleasedor

ownedby theArmy (Bonamiainenziesii,Cenchrusagrimonioides,Cyaneagrimesiana

ssp.grimesiana,C~yperustrachysanthos,Euphorbiahae/ee/eana,Flueggea

neowawraea,Isodendrion/aur~fo/ium,Phy//ostegiaparvflora, Plantagoprinceps,

Sanicu/apurpurea,Schiedeahookeri,Schiedeanutta//ii, So/anumincomp/etum,and

Spermo/epishawaiiensis)(IJSFWS1994, 1996a).

Disturbancecausedby off-roadvehiclesthreatenstwo ofthetaxa: Panicum

niihauenseatPolihaleStateParkonKauaiandseverallocationsofSesbaniatomentosa

onMaui andHawaii Island.

SubstrateLoss

Erosion,landslides,androckslidesdueto naturalweatheringresultin thedeathof

individual plantsaswell ashabitatdestruction.This especiallyaffectsthecontinued

existenceoftaxaorpopulationsfoundon cliffs andsteepslopesthathavelimited

numbersand/ornarrowrangessuchastheOahupopulationsof Cyaneagrimesianassp.

grimesianaandthePahole-MakuaRidgepopulationofSchiedeanutta//ii on Oahu

(USFWS 1996a;Loyal Mehrhoff,USFWS,personalcommunication1995).

Small Numbers

The small numberofpopulationsandof individualplantsof 14 ofthesetaxa

(Achyranthesmutica,Cenchrusagrimonicides, Cyaneagrimesianassp.grimesiana,

Cyperustrachysanthos,Die//ia erecta,MariscuspennatWormis,Neraudiasericea,

Panicumniihauense,Phy//ostegiaparvflora, Platantheraho/ochila,Sanicula

purpurea,Schiedeanutta//ii, So/anumincomp/etum,and Vignao-wahuensis)increases

the potentialfor extinctionfrom randomnaturallyoccurringevents.
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Thelimited genepool maydepressreproductivevigor,orasinglehuman-causedor

naturalenvironmentaldisturbancecoulddestroyasignificantpercentageofthe

individualsortheonly knownextantpopulation.Forexample,So/anumincomp/etumis

knownfrom only 2 populationsofapproximately40 individualsonHawaiiIsland,while

Panicumniihauenseis knownfrom asinglepopulationof23 plants,respectively.

Thirteenofthetaxahave10 orfewerpopulationsand11 ofthetaxaareestimatedto

numberfewerthan100 individuals.

Thereproductivesystemsof bothEuphorbiahaelee/eanaandFlueggea

neowawraeafurtherexacerbatetheproblemof limited numbers:becauseeachtreebears

only maleorfemaleflowers,it mustbecross-pollinatedfrom adifferenttree(Hayden

1990;Wagneretal. 1990). If only afewtreesflower atthe sametime, or if flowering

treesaretoowidely separatedfor pollinationby insects,no seedwill be set. The

survivalofsmall, isolatedpopulations,which probablyarealreadyexperiencing

depressedreproductivevigor, is thereforefurtherthreatened.

D. Overall ConservationEfforts

FederalandState

Onespecies(Centauriumsebaeoides)coveredby this planwasaddedto the

Federallist ofendangeredandthreatenedplantsonOctober29, 1991 (USFWS 1991),

while 12 ofthetaxawereaddedon December12, 1994(IJSFWS1994),andthe

remaining13 wereaddedonNovember12, 1996 (USFWS 1996a).

Whenaspeciesis listed asendangeredorthreatenedundertheEndangeredSpecies

Act, it is automaticallyaddedto the StateofHawaii’s list ofprotectedspecies(Hawaii

RevisedStatutesChapter[HRS] 1 95D). HawaiiStatelaw prohibitstaking of

endangeredfloraandencouragesconservationby Stategovernmentagencies.(“Take”

asdefinedby Hawaii Statelaw means“to harass,h~... , wound,kill.. . , orcollect

endangeredorthreatened...species..,orto cut, collect,uproot,destroy,injure,or

possessendangeredorthreatened... speciesof. . . landplants,or to attemptto engage

in any suchconduct”[I{RS 19SDID. TheEndangeredSpeciesAct offersadditional

protectionto thesetaxasinceit is aviolationoftheEndangeredSpeciesAct for any

personto remove,cut, dig up, ordamageordestroyan endangeredplant in anareanot
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under Federal jurisdiction in knowing violation of any Statelaw orregulationor in the

courseof anyviolation ofa Statecriminaltrespasslaw [Section9(a)(2)ofthe

EndangeredSpeciesAct].

Critical habitatwasnot designatedfor any of theMulti-islandplanttaxabecauseof

thepossibleincreasedthreatto theplantsby vandalism,researchers,curiosity seekers,

orcollectorsofrareplantsdueto themandatedpublicationofprecisemapsand

descriptionsofcritical habitatin localnewspapers(USFWS 1991, 1994, 1996a).

Thosetaxagrowingon landsmanagedby theNationalParkServiceandU.S. Fish

andWildlife Service,andsomelandsmanagedby theDepartmentof Defenseandthe

State(landownershipis summarizedin AppendixD) havebenefittedfrom ongoing

managementprograms,which includealien speciescontrol,fire control,research,and

species-specificmanagement.

Someoftheplanttaxain this planarelocatedon theSchofieldBarracks,the

MakuaMilitary Reservation,andthePohakuloaTrainingAreaunderthejurisdictionof

theU.S. Army. Army Environmentalstaffemployedby theResearchCorporationofthe

UniversityofHawaiihavecompletedareportentitled “U.S. Army GarrisonHawaii,

OahuTraining Areas,NaturalResourceManagementFinal Report” (Report). The

Reportincludesverydetailedmanagementplansanddescriptionsof completedactions

for eachendangeredplantspeciesthat occurson Army land(Barry Totten,U.S.Army,

SchofieldBarracks,in /itt. 1998). Uponimplementation,actionsoutlinedin theReport

mayenhanceconservationoftheMulti-islandplantsfoundon theirlands.

At theLualualeiNavalReservation,Bonamiamenziesiiandonepopulationof

Flueggeaneowawraeahavebeenfenced,andthereis anon-goingweedremoval

programfor thesefencedareas(JoelMoribe,U.S. Navy,personalcommunication1997).

ThreepopulationsofSchiedeahookeriareinunfenced,naturalmanagementareas,

whichareareassetasidefor conservation.

The StateofHawaii andtheU.S. FishandWildlife Serviceprovidefundingto the

NationalTropicalBotanicalGarden,Lyon Arboretum,PaholeMid-elevationNursery,

andtheVolcanoRarePlantFacility whichstoreandpropagateMulti-islandplantsand

manyotherendangeredandthreatenedplant species.TheStateofHawaii also

maintains propagation and outplanting programs for many rare Hawaiian taxa, including

Flueggeaneowawraea,Hibiscusbrackenridgei,SesbaniatomentosaandVignao-
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wahuensis,andprotectiveexclosures(areasfencedto excludegrazinganimals)for

HibiscusbrackenridgeiandSesbaniatomentosa.

Private

A long-rangemanagementplanfor theHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol,fire control,rarespeciesrecovery,andnative

habitatrestoration(TNCH 1997). It is expectedthattheseactionswill benefitMulti-

islandplantswithin thePreserve,includingCenchrusagrimonicides,Cyanea

grimesianassp.grimesiana,Phy/lostegiaparvflora, Plantagoprinceps,Schiedea

hookeri,andSchiedeanutta//ii. TheNatureConservancyofHawaii is alsoconsidering

constructingafencenearSouthEkahanuiGulchon thePreserveto protectapopulation

ofPlantagoprincepsthatoccursnearthecliffs (JoanYoshioka,TNCH, personal

communication1999). In addition,two oftheMulti-islandplanttaxahavebeen

outplantedon thepreserve,Hibiscusbrackenridgeissp.mokuleianusandSchiedea

hookeri. Theseoutplantingsweremadewithin fencedexclosureswherethereis on-

going weed,slug,androdentcontrol.

TheNatureConservancyofHawaii hasimplementedafuel reductiontreatment

strategyfor theKanepuuPreserveon Lanaithatincludesmowing,at leastyearly,the

sevendistinctfencedunits (ColeenCory, TNCH, personalcommunication1999). In

addition,theKanepuuPreservefire protectionplanis updatedeachyearand

incorporatestheparticipationof local,State,andprivateagencies(AlenkaRemec,

TNCH, personalcommunication1999). It is expectedthattheseactionsmayenhance

conservationoftheMulti-island plantsfoundthere. In addition,fenced.exclosures

protectBonamiamenziesiiandHibiscusbrackenridgeifoundonthePreserve.

Duringthepastyear,a fencedexclosurewasconstructedaroundthepopulationof

Platantheraho/ochilafoundon theNatureConservancyofHawaii’s KamakouPreserve

onMolokai (J. Yoshioka,personalcommunication1999).

Seeds,spores,and/orplantsof25 of thesetaxahavebeencollectedby botanical

gardensorby university researchers.However,theviability ofseedsin storageis likely

to be minimal, sincemanyHawaiianplantshaveseedsthat do not storewell under

standardstoragemethodology.FifteenoftheMulti-islandplanttaxahavebeen

successfullypropagatedin botanicalgardensoruniversityresearchfacilities (Table3; 5.
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Weller, personalcommunication1997). Plansfor theseholdingsincludepopulationand

pollination studies,researchinto propagationmethods,andfeasibilityof long-termseed

storage.Thereareno collectionsofseeds,tissue,orplantsofSaniculapurpureain any

botanicalgardensoruniversity researchfacilities.

CorporateownershipoftheWaimeaFallsParkchangedhandsin 1997. In amove

to downsize,theentiretechnicalstaffoftheWaimeaArboretumandBotanicalGardens

weredismissed(HonoluluWeekly,May 14—20, 1997). Currently,two full-time andtwo

part-timeemployees,who arepaidby thenonprofitWaimeaArboretumFoundation,

maintainthecollection. Thefutureoftheendangeredplantholdingsat thearboretum

remainsuncertainasfoundationcapitalis beingusedto paythebotanists(D. Orr,

personalcommunication1999).

Six of the26plantstreatedin this recoveryplanaremaintainedin exsitu holdings

in thefour botanicalinstitutionsfor theCenterforPlantConservation’sNational

Collectionof EndangeredPlantsprogram. ThebotanicalinstitutionsincludetheAmy

B. H. GreenwellEthnobotanicalGarden,Lyon Arboretum,NationalTropicalBotanical

Garden,andWaimeaArboretum. These6 taxaare subjectto the Center’snational

collectingandgeneticmanagementguidelinesfor exsitu
5 holdings. TheCenter

cooperateswith the Serviceandotheragenciesandorganizationswishingto undertake

actionsassociatedwith thecontrolledpropagationoflisted plants. Many conservation,

research,education,monitoring,andrestorationprojectsassociatedwith all 26 taxaare

beingprioritizedandcoordinatedbytheHawaiiRarePlantRestorationGroup— a

Centerfor PlantConservation-Hawaiichairedbodymadeupofrepresentativesof

Federal,State,andprivateagenciesandorganizations.

Ex situ. Off-site,as in abotanicalgarden,asopposedto in situ, in a plant’snative
habitat.
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Table3. Seeds,cultures,andplantsoftheMulti-islandplantsin storage/propagationatbotanicalgardens,nurseries,orresearch

facilities. NTBG = NationalTropicalBotanicalGarden. LA = Lyon Arboretum. WA = WaimeaArboretum. PN = Pahole

Mid-ElevationNursery. HBG = HonoluluBotanicalGardens.Note:numbersofseedsstoredattheLyon Arboretumwerenot

available.

Taxon Seedaccessions/totalnumberof
seedsin storage

Tissueaccessions/total
numberofcultures

Numberofplantsin nursery Numberof Plantsplantedon

grounds

WA PN WANTBG
—

567

LA
—

PN
—

WA
—

NTBG
—

LA
~n

NTBG
—

LA
———

NTBG
—

21

LA
—

HBG
a

WA
—

Achyranthes mutica

Adenophorusperiens many
spores

2

0*

Bonamia menziesii 100 5 seeds 15 8

Cenchrus agrimonioldes 2 30 4

Centauriumsebaeoides 100

Cyanea grimesiana ssp.

grimesiana

Cyperus lracirysanihos

1,466 343 10 9 0* 2

3,800 18

Diellia erecta many
spores

10Euphorbia hoeleeleana 367 seeds 80 9 4

Flueggea neowawraea 2,414

987

38

190

1 21

Hibiscus brackenridgei 20 200 19 304 10 19 78

Isodendrion laur~folium

Isodendrion long Ifolium

15 0*

1 0*

0~~



Table3 (Continued).Seeds,culturesandplantsof theMulti-islandplantsin storage/propagationatbotanicalgardens,nurseries,

or researchfacilities. NTBG = NationalTropicalBotanicalGarden.LA = Lyon Arboretum. WA = WaimeaArboretum. PN
PaholeMid-ElevationNursery. HBG = HonoluluBotanicalGardens.

Taxon Seedaccessions/total

numberof seedsin storage

Tissueaccessions/total

numberof cultures

Numberof Plantsinnursery Numberof Plantsplantedon

grounds

WA HBG WANTBG
—

1,330

LA
—

WA
—
2,000

NTBG
n

LA
—

30

WA NTBG
—

LA
—

PN
——

184

NTBG
—

0*

LA
———

5Mariscuspennat~formis

Neraudia sericea 0*

Panicumniihauense 3,180

Phyllostegiaparv~flora 5 0*

Plantagoprinceps 2 9 0*

Platanthera holochila seeds 0*

Saniculapurpurea 0*

Schiedea hookeri ** 17,185 9 2 7 0* 24

2

Schiedea nuttallii* * 5,489 20

29

13 2 3

Sesbania tomentosa 8,224 45 1 58 38

Solanum incompletum

Spermolepis
hawatiensis

seeds

20 0*

Vignao~wahuensis*** 69 0*

* indicatesthatspecimenswerepropagatedbutdid not survivetransplantation.

* * currentlypropagatedfor populationor geneticstudiesin a universityresearchfacility.

‘~“~ successfullypropagatedatVolcanoRarePlantFacility.



E. SpeciesAccounts

1. Achyranthesmutica

(No commonname)RecoveryPriority Number 2

(Recovery Priority Number system is described in Appendix E)

a. Description

AppendixB containsa line drawingofAchyranthesmutica.

Achyranthesmutica,amemberoftheamaranthfamily (Amaranthaceae),is a

many-branchedshrubwith stemsrangingfrom 30 to 60 centimeters(12 to 24 inches)

long. The opposite leaves, usually 3.2 to 4 centimeters (1.3 to 1.6 inches)long and 1.5

to 2 centimeters (0.6 to 0.8 inch) wide, areinverselyegg-shapedto elliptic or inversely

lance-shaped.Thestalklessflowersarearrangedin spikes(flowersdirectly attachedto

themainflower axis) thatare0.4 to 1.5 centimeters(0.2to 0.6 inch) long. Thepetalless

flowersareperfect(containingbothfemaleandmaleparts). The sepalsareofunequal

length,3 to 4.2 millimeters(0.1 to 0.2 inch) long, andhavesharplypointedtips. This

speciesis distinguishedfrom othersin thegenusby theshapeandsizeofthesepalsand

by characteristicsof thespike,which is shortandcongested(Wagneret al. 1990).

b. Taxonomy

Achyranthesmuticawasfirst describedby AsaGray(in Mann1867)basedon a

specimencollectedon Kauaibetween1851 and1855by EzechielJulesR~my,a French

naturalistandethnologist(St. John1979;Wagneret al. 1990). Achyranthesne/sonii

(St. John1979)is consideredto besynonymouswithAchyranthesmuticaby the authors

ofthecurrenttreatmentofHawaiianmembersofthefamily (Wagneret al. 1990).
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c. CurrentandHistoricRangesandPoDulationStatus

HistoricallyAchyranthesmuticawasknownfromthreecollectionsfrom opposite

endsofthemainarchipelago— KauaiandHawaii (USFWS1996a). Currently,this

speciesis knownonly fromHawaii Island,from theKeawewalStreamarea,thesouth

slopeofPuuLoain theKohalaMountains,andLanikepuGulchonprivateland(Linda

Pratt,US GeologicalSurvey—BiologicalResourcesDivision [BRD], in /itt. 1997; Rick

Warshauer,BRD in /itt. 1996). Between20 and50 plantsareknownto exist.

d. Life Historv

Little is knownaboutthe life historyofthis plant. Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescription

Achyranthesinutica is foundinAcaciakoaja (koala)lowlanddryforestat an

elevationofabout920 meters(3,030feet)(USEWS 1996a). Associatedspeciesinclude

Dodonaeaviscosa(aalii),Myoporumsandwicense(naio),Nestegissandwicensis

(olopua),Osteomelesanthyllid~foIia(ulei), andSophorachrysophylla(mamane)

(HawaiianPlantConservationCenter[HPCC]1992).

f Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Achyranthesmuticaarehabitatdegradationand/or

destructionby ungulatessuchascattle(Bostaurus)andferal goats(Caprahircus),

competitionwith alienplants,anda risk ofextinctionfrom naturallyoccurringevents

(suchaslandslidesorhurricanes)and/orreducedreproductivevigor dueto thesmall

numberof existing individualsandpopulations(USFWS 1 996a).
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g. ConservationEfforts

AchyranthesmuticahasbeensuccessfullypropagatedattheNationalTropical

BotanicalGarden. Currently,morethan500 seedsarein storageand21 plantsarein

cultivation (MelanyChapin,NTBG, personalcommunication1997).

Oneplant, in anareacalledKalopi, is protectedby afencethatthelandowner

constructedrecently. Cattlearenot allowedto grazethis area(L. Pratt,in litt. 1997).

No otherspecificconservationactionsareknownfor this species.

h. NeededRecoveryActions6

1) Constructprotectivefencesaroundtheknownpopulations,andinitiateremovalof

cattleandferal goatsfrom its habitat.

Exclosuresshouldbeconstructedto reduceimpactsfrom domesticcattleandferal

goats. Cattlecouldbemovedawayfrom thepreferredhabitatofAchyranthesmutica

while variousmethodsofferal goatremoval,whichhavebeentriedsuccessfully

elsewherein the State,couldbe implemented.Commitmentsshouldbe developedfor

long-termstewardshipandconservationoftheseareasoncetheyhavebeenenclosed.

2) Controlalienplants.

A long-rangemanagementplanto controlalienplantssuchaspanini,kikuyu grass,

commonguava,hairy horseweed,andHamakuapamakani,needsto be developedand

implemented.Commitmentfor long-termstewardshipandconservationofthefew

remainingpopulationsneedsto bedeveloped.

6 In the individual speciesaccounts,thesuggestedspecies-specificrecovery

actionsarenotnecessarilylisted in theorderin whichthey shouldbe
accomplished,nordo theynecessarilytakepriority overanyotherrecovery
tasks. Theoverallrecoverystrategyis presentedin theStep-downNarrative
sectionofthis plan,startingonpage169.
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3) Maintainadequategeneticstock.

To preventextinctionofthis species,efforts shouldbe initiatedto propagatethis

speciesandmaintainadequategeneticstock(exsitu). Propagationmaterialshouldbe

collectedimmediately,if possible,from all populationssothat all geneticlineagesare

represented.

4) Outplantadditionalplantsin areasofreducedthreats.

Outplantingto enhancetheremainingwild populationsshouldbeginafterthey

havebeenprotectedfrom ungulates,weedcontrolhasbegun,andadequatepropagated

materialis available. BecausethehistoricalrangeofAchyranthesmuticais highly

vulnerable,establishmentofnewpopulationswithinandbeyondits historicalrange

maybeconsideredin areasfreefrom the impactsofcattle,feralgoats,andnatural

eventssuchaslandslides.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriatefor this species.

2. Adenophorusperiens

(Commonname: pendant kihi fern) RecoveryPriority Number 11

a. Description

No line drawingis availablefor this species.

Adenophorusperiens,amemberofthegrammitisfamily (Grammitidaceae),is a

small, pendant,epiphytic(not rootedon theground)fern. Therhizome(prostratestem)

is coveredwith small dark,stiff scales2 to 4 centimeters(0.8 to 1.6 inches)long. Its

yellowishgreenfrondsareusuallybetween10 and40 centimeters(4 and 16 inches)

long andcoveredwith hairs. Thefrondshaveslightly hairy stalkslessthan1 centimeter

(0.4inch) long. Eachfrondis comprisedofoblongornarrowlytriangularpinnae

(divisionsor leaflets)5 to 15 millimeters(0.2to 0.6 inch) longwith marginsthat are
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smoothor toothedandlined with sparsehairs. Thepinnaeare situatedperpendicularto

theaxisofthemidrib, with eachpinnatwistedsuchthat its uppersurfacefacesupward.

Roundsori (groupsofspore-producingbodies)usuallydevelopin thecentralportionof

thefertile frond, forming 2 regularrowsoneachpinna. This speciesdiffers from other

speciesin this endemicHawaiiangenusby havinghairsalongthepinnamargins,by the

pmnnaebeingat rightanglesto themidrib axis,by theplacementoftheson on the

pinnae,andthedegreeofdissectionofeachpinna(Bishop1970, 1974;Hillebrand

1888;Linney 1989).

b. Taxonomy

Adenophorusperienswasfirst collectedby CaptainFrederickWilliam Beecheyin

the 1820’sor 1830’s. It wasnot formally describeduntil 1974,whenL. EarlBishop

publishedthenameAdenophorusperiens.Prior to its description,thenames

PolypodiumadenophorusandAdenophoruspinnatfidushadbeenerroneouslyapplied

to thespeciesrepresentedby Beechey’sspecimen(Bishop 1974).

c. CurrentandHistoric RangesandPopulationStatus

Historically,Adenophorusperienswasknownfrom thefollowing generalareas:

Halemanuon Kauai,theKoolauMountainsofOahu,thesummitofLanai, Kula

Pipelineon EastMaui, andHilo andWaimeaon Hawaii Island(H1NHP1995).

Currently,Adenophorusperiensis knownfrom severallocationson Kauai,

Molokai,andHawaii. Thestatewidetotalof 13 to 18 currentpopulationscomprises

approximately1,295to 1,330individualsofthisspecies:onKauaithereareabout79 to

84 individuals,on Molokai, thereare6, andonHawaiithereareapproximately1,215to

1,241 individuals(HPCC 1995;LorenceandFlynn 1991;USFWS1996b;L. Pratt,in

/itt. 1997;R. Warshauer,in /itt. 1996;J.Yoshioka,personalcommunication1997).

On Kauai,onepopulationis knownfrom the boundaryofHono0 NaPali Natural

AreaReserveandNaPali CoastStateParkon Stateland,onefrom Waioli on State
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land,onefrom WainihaValley onprivateland,onefrom southofMt. Namahana,and

fourareclusteredin theWahiawaareaoveradistanceof 2 squarekilometers(0.8

squaremile) onprivateland(USFWS 1 996b).

OnMolokai, asinglepopulationofsix plantsis onprivatelandat Kamakou

Preserve(USFWS 1996b;JoanYoshioka,TNCH,personalcommunication1997).

Onthe islandofHawaii,therearebetween5 and10 populationsonprivate,State,

andFederalland. Oneis on theOlaaTract(althoughtheseplantshavenotbeenseenin

morethan13 years),oneoccursonKaneNui o Hamoandin KahaualeaNaturalArea

Reserve,andseveralothersoccurin ornearthis area,perhapsincludingtheHawaii

VolcanoesNationalPark(USFWS 1996b;D. Paul,in litt. 1998;L. Pratt,in /itt. 1997;

R. Warshauer,in /itt. 1996).

d. Life History

Little is known about the life historyofAdenophorusperiens,which seemsto grow

only in closedcanopydenseforestwith highhumidity. Its breedingsystemis unknown

but outbreedingis very likely to bethepredominantmodeofreproduction.Sporesare

dispersedby wind, possiblyby water,andperhapson thefeetofbirds or insects(Linney

1989). Sporeslackathick resistantcoatwhichmayindicatetheir longevityis brief,

probablymeasuredin daysatmost. Dueto theweakdifferencesbetweentheseasons,

thereseemsto beno evidenceof seasonalityin growthorreproduction.Adenophorus

periensappearsto be susceptibleto volcanicemissionsand/orresultantacid

precipitation(Linney1989). Additional informationon reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsis not available.

e. HabitatDescription

Adenophorusperiens,anepiphyteusuallygrowingon Metrosiderospolymorpha

(ohia) trunks,is found in theOhi.a’Cibotiumglaucum(hapuu)LowlandWetForestat

elevationsbetween470 and1,265meters(1,540and4,150feet)(USFWS 1996b). It is
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foundin habitatsofwell-developed,closedcanopyprovidingdeepshadeandhigh

humidity (Lmnney 1989). AssociatedspeciesincludeBroussaisiaarguta(kanawao

keokeo),Cheirodendrontrigynum(olapa),Cyaneaspp. (haha),Cyrtandrasp. (haiwale),

Dicranopterislinearis (uluhe),Freycinetiaarborea(ieie), Hedyotissp.(manono),

Labordiahirtella, andPsychotriahawaiiensis(kopiko) (Linney1989;USFWS 1996b).

f. ReasonsforDeclineandCurrentThreats

OnHawaii Island,theprimarythreattoAdenophorusperiensis habitatdegradation

by pigs,which damagetheunderstoryplants,suchastreeferns,alteringthemoist,

shadyconditionsapparentlyrequiredby thefern (L. Pratt,in /iz’t. 1995). An additional

threattoAdenophorusperiensis infestationandreplacementofthenativewet forest

with thealienplantstrawberryguava(D. Paul,in /itt. 1998).

Anotherthreatto thisplantis habitatdestructionby fires andfumesfrom volcanic

eruptions(WinonaChar,Char& Associates,in /itt. 1995;L. Pratt,in litt. 1996). Of

noteis thepopulationofAdenophorusperiensreportedfrom theKahaualeaNatural

AreaReserveonthe islandofHawaii (HINHP 1995; L. Pratt,in /itt. 1996),whichhas

beenaffectedby tephrafallout andlavaflows from KilaueaVolcanoover thepast

severalyears. Wildfires ignitedby volcanicactivity havedestroyedsomeoftheNatural

AreaReserve’smesicandwet forests. In addition,tephrafallout andnoxiousvolcanic

gasseshavecausedextensivedamageto surroundingnativeforests. While 65,000to

100,000plantswerereportedfrom this areain 1988,noAdenophorusperiensplants

were foundhereduringa 1993survey. Manyoftheseplantsmayhavebeenkilled by

eithersulfurdioxide fumesfrom PuuOoorby severalperiodsof drought(L. Pratt,in

/itt. 1997). However,Paul(in litt. 1998)reportedthatanundeterminednumberof

plantshavepersistedin theNaturalAreaReservethroughoutthisperiod.

OnKauai,competitionwith thealien plant, strawberryguava,andpredationand

habitatdegradationby feral goatsaremajorthreats(USFWS 1 996b).
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g. ConservationEfforts

In 1996,sporeswerecollectedfrom anindividual on Molokai for exsitu

propagationat theUniversityofHawaii’s Lyon Arboretum. However,germinationwas

not successful(Koob 1997;EdwinMisaki, TNCH, in /itt. 1997). An unknownnumber

ofsporesarein storageat theNationalTropicalBotanicalGarden(M. Chapin,personal

communication1997). No otherspecificconservationactionsareknown.

h. NeededRecoveryActions

1) Constructexclosuresto protectagainstferalungulates.

Exclosuresshouldbe constructedonprivate,State,andFederallandto reduce

impactsto thewet foresthabitatfrom feral ungulates.Controlorremovalofferal

ungulatesfrom landsthatareprotectedasnaturalconservationareasorparkswill

alleviatetheimpactofferalungulateson thenativeecosystemswithin thoselands. A

commitmentshouldbedevelopedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

2) Developavolcanichazardcontingencyplan.

To reducetherisk thatpopulationsof Adenophorusperienswill beextirpatedin

volcanicallyactiveareas,avolcanichazardcontingencyplan is needed.It maybe

necessaryto “rescue”thesepopulationsif habitatis threatenedby fire, tephrafallout, or

lavaflows during somefuturevolcanicevent.

3) Maintain adequategeneticstockandreestablishtheplantin its historic range.

Micropropagationwill be necessaryto successfullyreestablishthis species

throughoutits historicalrange(MichaelBuck,DOFAW, in /itt. 1996). Although

micropropagationeffortshavenotyet beensuccessful,theyshould be continued.In situ

45



(on site—in thewild) propagationof freshsporeson old growthohiawithinprotected

habitatmayalsobebeneficial(D. Paul, in litt. 1998).

4) Controlalienplants.

A long-rangemanagementplanto controlalienplantssuchasstrawberryguava,

one ofthegreatestthreatsto windward,lowlandwet foreston Hawaii Island,needsto

be developedandimplemented.

5) Conduct/encourageresearchinto thereasonsfor its decline.

Researchthatmayleadto understandingofthereasonsfordeclineofAdenophorus

periens,in additionto studiesofhabitatdegradationanddestructionfrom feral

ungulatesorvolcanicactivity, mayincludestudyof life history requirementsand/or

otherlimiting factorsthatarenotyetwell understood.

Additional recoveryactions,asdiscussedin the Step-downNarrativebeginningon

page169, arealsoappropriateforthis species.

3. Bonamiamenziesii

(No commonname)RecoveryPriority Number 5

a. Description

AppendixB containsa line drawingofBonamiamenziesii.

Bonamiainenziesii,a memberofthemorning-gloryfamily (Convolvulaceae),is a

vine with twining branchesup to 10 meters(33 feet)long that arefuzzy whenyoung.

Theleathery,oblongto oval leavesmeasure3 to 9 centimeters(1.2to 3.5 inches) in

lengthand 1 to 4 centimeters(0.4to 1.6 inches)wide. Theupperleafsurfaceis usually

hairlessorcoveredwith sparsehairsandthelowersurfaceis coveredwith densefuzzy

hairs. Thewhiteto greenishfunnel-shapedflowers,each2 to 2.5 millimeters(0.08to

0.1 inch) long, areproducedsingly or in clustersofthreeonstalks 1 to 2 centimeters
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(0.4to 0.8 inch)longwith tiny bracts(modified leaves)atthebaseofeachstalk.

Stamensusuallyhaveglandularhairsattheirbases.Theflowerhas2 styles,which are

separateor partlyfused. The fruits aretanoryellowishbrowncapsules1 to 1.5

centimeters(0.4to 0.6 inch) long,which contain 1 or2 oval seedsimbeddedinblack

pulp. This speciesis theonly memberofthegenusthat is endemicto theHawaiian

Islandsanddiffers from othergenerain thefamily by its two styles,longerstemsand

petioles,androunderleaves(Austin 1990).

b. Taxonomy

AsaGraygavethenameBonamiamenziesii(NCN) to aplant from theSandwich

Islands(Hawaii) in honorofits collector,ArchibaldMenzies(Gray 1862). Wilhelm

Hillebrand(1888)placedthespeciesinto thesegregategenusBreweria. Otto Degener

(1932a,1932b)describedanewgenus,Perispermum,andplacedBonamiamenziesiiin

it. HealsodescribedanotherspeciesofPerispermum,P. a/bforum. T. Myint and

D.B. Ward(1968)recognizedonly oneHawaiianspeciesandplacedit in thegenus

Bonamia. Theyrecognizedtwo varieties:variety menziesiiandanewvariety,rockii.

Thecurrenttreatment(Austin 1990)recognizesonly onespecieswith nosubspecific

taxa.

c. CurrentandHistoricRangesandPopulationStatus

Historically, Bonamiamenziesiiwasknownfrom thefollowing generalareas:

scatteredlocationson Kauai,theWaianaeMountainsof Oahu,scatteredlocationson

Molokai, onelocationon WestMaui, andeasternHawaii (HTNHP 1995).

Currently,Bonamiamenziesiiis knownfrom 31 to 44 populationson 5 islands.

ThetotalcurrentpopulationthroughouttheStateconsistsof severalthousand

individuals,mostofthemonKauai(StevenPerlmanandKennethWood,NTBG,

personalcommunications1997). OnKauai,thereareseveralthousand,on Oahuno

morethan 150, onLanaiapproximately12, on Maui between10 and 15,andon the
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islandofHawaii at leastoneindividualhasbeenobserved(HINHP 1995;Robert

Hobdy,DOFAW, personalcommunication1997;LorenceandFlynn 1991;J. Moribe,

personalcommunication1997;5. PerlmanandK. Wood,personalcommunications

1997).

On Kauai,at leasta dozenpopulationsareknownfrom Kalalau,upperWaioli

Valley, scatteredacrossthenorth coastfrom Limahuli, Hanakapialto Milolii, Kawaiula

Valley, HipalauValley, PaaikiValley,Mount Kahili, andtheHono0 NaPaliNatural

AreaReserveon Stateandprivateland; andWahiawadrainageonprivateland(HTNHP

1995;Lorenceand Flynn 1991;S.Perlmanand K. Wood, personalcommunications

1997).

On Oahu,Bonamiamenziesiiis knownfrom boththeWaianaeandtheKoolau

Mountains. In theWaianaeMountainsbetweenKuaokalaandNanakuli,7 to 8

populationstotaling25 to 50 individuals,arespreadover adistanceof 24 kilometers(15

miles) on the Lualualei Naval Reservation and the U.S. Army’s Makua Military

Reservation,privateland,andStateland. Sevenofthesepopulationsareclusteredon

thenorthernmostsectionovera distanceof8 kilometers(5 miles) (HINHP 1995; J.

Moribe, personalcommunication1997). In thesoutheasternpartoftheKoolau

Mountains, 4 populations totaling 75 to 100 individuals are found over an area of 6

squarekilometers(2.5squaremiles) onprivateandStateland(HINHP 1995).

On Lanai,Bonamiamenziesiiis known from three scattered locations: about six

individualsat Kaa,two individualsonPuhieleluRidge,andfour individualsat Paomai,

on private land (Garnett1991;HINHP 1995;HPCC 1995;BaneMorgan,formerly

with TNCH, personalcommunication1997). On Maui, 1 populationofa single

individual is known from private land on the western slopes of West Maui, and 3 to 5

populationsof9 to 14 individualsareonprivateandStatelandonEastMaui (HINHP

1995;R. Hobdy,personalcommunication1997;R. HobdyandLloyd Loope,BRD, in

/itt. 1997).

On the island of Hawaii, a singlepopulationofatleast1 individual is locatedat

Kaupulehu on private land (HTNHP 1995).
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d. Life History

Little is known about the life historyofthis plant. Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescription

Bonamiamenziesiiis foundon steepslopesaswell ason level groundin dry to

mesic forest and sometimes in wet forest at elevations between 150 and 625 meters (490

and 2,050 feet) (Austin 1990; R. Hobdy and L. Loope, in /itt. 1997;B. Morgan,

personalcommunication1997). Associatedspeciesincludeohia,Canthiumodoratum

(alahee), Diospyrossandwicensis(lama),aalii, naio,Nestegissandwicense(olopua),

Pisoniasp. (papala kepau), and Sapindusoahuensis(lonomea)(HINHP 1995;R. Hobdy

and L. Loope, in /itt. 1997).

f. Reasons for Decline and Current Threats

The primary threats to Bonamiamenziesiiare habitat degradation and possible

predation by wild and feral ungulates(pigs,goats,axisdeer,black-taileddeer,and

cattle); competition with a variety of alienplantspecies,particularlyfountaingrasson

Hawaii Island; and, fire (USFWS 1996b). An alien beetle(Physomerusgrossipes),

which has recently become established on Oahu, is potentiallya significantthreatto

Bonamiamenziesii(D. Orr, personal communication1999). Military activitiesarea

possible threat to populations on the LualualeiNavalReservationandademonstrated

threat on the U.S. Army’s Makua Military Reservation.

g. Conservation Efforts

Army Environmentalstaffhavecompletedareportentitled “U.S. Anny Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinal Report.” The
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Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for each endangered plant species that occurs on Army land (B. Totten, in litt. 1998).

Whenthey are implemented, actions outlined in the Report may enhanceconservation

of the Bonamiamenziesiiplants found on the Army’s Makua Military Reservation. In

addition, the Army is currently conducting weed control actions in Bonamiahabitat and

monitoring phenology quarterly (Kapua Kawelo, U.S. Army Garrison, personal

communication 1997).

The Bonamiamenziesiiplant on the Navy’s Lualualei Naval Reservation has been

fenced for protection from cattle. A program of alien plant removal within the

exclosureis ongoing(J. Moribe,personalcommunication1997).

Most of the Bonamiamenziesiiat Kanepuu Preserve on Lanai are found within

fenced exclosures. In addition, the Nature Conservancy of Hawaii has implementeda

fuel reduction treatment strategy for the Kanepuu Preserve on Lanai that includes

mowing, at least yearly, of the seven distinct fenced units (C. Cory, personal

communication 1999). In addition, the Kanepuu Preserve fire protection plan is updated

each year and incorporates the participation of local, State, and privateagencies(A.

Remec, personal communication 1999). It is expectedthattheseactionsmayenhance

conservation of the Bonamiamenziesiiplantsfoundthere.

Bonamiamenziesiihas been successfully propagated at the Lyon Arboretum’s

micropropagationlaboratories,at theWaimeaArboretum,andthe NationalTropical

BotanicalGarden(Koob 1997; M. Chapin,personalcommunication1997;GregKoob,

formerly with the Lyon Arboretum,personalcommunication1997;D. Orr, personal

communication1997). Currently,approximately25 individualsexist in cultivation

(Koob 1997;M. Chapin,personalcommunication1997;D. Orr, personal

communication 1997). Reintroduction of cultivatedindividualsto thewild hasnotbeen

attempted.
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h. Needed Recovery Actions

1) Construct exclosures to protect against wild and feral ungulates.

Exclosures should be constructed around the known populations on private, State,

and Federal land to reduce impacts from wild and feral ungulates. Subsequent control or

removal of ungulates from these lands will alleviate their impact on the native

ecosystems.A commitmentshouldbe developedfor long-termstewardshipand

conservationoftheseareasoncetheyhavebeenenclosed.

2) Controlcompetingalienplantspecies.

A long-rangemanagementplanneedsto bedevelopedto controlalienplantssuch

asfountaingrass,lantana,koahaole,Christmasberry, strawberryguava,andsilk oak.

Additionally, immediateefforts shouldbemadeto weedandprotectthosepopulations

thatconsistofonly oneremainingindividual(Kalalauon Kauai; Makaleha,Waialae

Nui-KapakahiRidge,Keawaula,NanakuliValley, Kului Gulch,andKapunaGulchon

Oahu;Puu o Kali, andHonokowaiDitchTrail onMaui; andKaupulehuon Hawaii).

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitu propagationshouldbecontinued.

Propagationmaterialsshouldbecollectedimmediatelyfrom thosepopulationsthat

consistofonly oneremainingindividual.

4) Enhancewild populations.

Theremainingin situwild populationsshouldbe enhancedby outplantingwhen

adequatepropagatedmaterialis available,andafterthepopulationshavebeenprotected

from ungulatesandweedcontrolis underway.Newpopulationsshouldbeestablished

within thehistoric rangeofBonamiamenziesii,in areasfreefrom theimpactsof

ungulates,alienplants,andmilitary activities.
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5) Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasBonamiamenziesii

shouldbeimplementedby theArmy on theMakuaMilitary Reservation,wherecurrent

ordnancetrainingexercisescouldunintentionallyignite fires.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealsoappropriatefor thisspecies.

4. Cenchrusagrimonioides

(Hawaiian name:kamanomano)RecoveryPriority Number 5

a. Description

AppendixB containsaline drawingof Cenchrusagrimonioidesvar.

agrimonioides.No line drawingis availablefor Cenchrusagrimonicidesvar.

laysanensis.

Cenchrusagrimonioides,a memberof the grassfamily (Poaceae),is a perennial

grasswith stems0.3 to 2 meters(ito 7 feet) tall. Theleafblades,20 to 40 centimeters

(8 to 16 inches)long and5 to 25 millimeters(0.2to 1 inch) wide, areflator foldedand

haveaprominentmidrib. Theinflorescence(flower cluster)is araceme(anunbranched

inflorescencewith flowersopeningfrom thebottomupward,eachon its own stalk)5 to

10 centimeters(2to 4 inches)long,bearingcylindrical to lance-shapedburs8 to 18

millimeters(0.3 to 0.7 inch) long. Thebursaredenselyhairy with anouterseriesof

numerous,somewhatspreadingbristles.Eachburpartiallyenvelopsonespikelet

(ultimateflower cluster).This speciesis distinguishedfrom othersin the genusby the

cylindrical to lance-shapedburandthearrangementandpositionofthebristles.

Cenchrusagrimonicidesvar. agrimonjoidesdiffers from var. laysanensisin generally

havingsmallerburs,shorterstems,andnarrowerleaves(O’Connor1990).
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b. Taxonomy

A botaniston theRussianvessel“Rurik,” LudolfK. A. von Chamisso,first

collectedCenchrusagrimonioldeson Oahuduringa world exploringexpedition

between1816and1817. Carl BernhardvonTriius describedthespeciesseveralyears

later (DegenerandWhitney 1937). Otherpublishednamesconsideredsynonymous

with CenchrusagrimonioidesincludeCenchruscalyculatusvar. unflorus,Cenchrus

laysanensis,and Cenchruspedunculatus(O’Connor1990). Currently,thespeciesis

recognizedasconsistingof two varieties— variety agrimonioidesandvariety

laysanensis,describedby F. B. Brown (Brown 1931).

c. CurrentandHistoric RangesandPopulationStatus

Historically, Cenchrusagrimonioidesvar. agrimonioideswasknownfrom three

generalareas— theWaianaeMountainsof Oahu,Kaaukuuon Lanai, andthesouth

slopeofHaleakalaandUlupalakuaonMaui. It maypossiblyhaveoccurredon the

islandofHawaii; undocumentedobservationsofthis taxonhavebeenreportedfrom

unspecifiedlocationson this island(USFWS 1 996a;Hillebrand1888).

CurrentlyCenchrusagrimonioidesvar.agrimonicidesis knownfrom Oahuand

Maui. Thetotal numberofindividualsstatewideis fewerthan100.

In theWaianaeMountainsonOahu,approximately27 to 28 individuals arefound

in thefollowing populations—3 to 4 individualsin PaholeGulch in theState’sPahole

NaturalAreaReserve;about10 individualson theMakaha-WaianaeKai Ridgeon City

andCountyofHonolululand; 19 individualsin threedistinctpopulationsin ornear

KahanahaikiGulchon theArmy’s MakunMilitary Reservation;6 individualsin east

Makalehaon Stateland; and2 individualsin thePualii drainageonprivateland

(USFWS 1996a;K. Kawelo,personalcommunication1997; B. Totten,in litt. 1998).

On Maui, apatchofCenchrusagrimonioidesvar. agrimonioidesplants,0.9square

meters(10 squarefeet)in size,is knownfrom Statelandwithin KanaioNaturalArea

Reserve(R. Hobdy,personalcommunication1997).
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Theothervarietyofthis species,Cenchrusagrimonioidesvar. laysanensis,was

knownhistorically from thenorthwesternHawaiianIslandsof Laysan,Kure, and

Midway, all within theNorthwesternHawaiianIslandsNationalWildlife Refuge. This

varietyhasnotbeenseensince1973. Theseislandsareinfrequentlysurveyedfor

plants,the lastcomprehensivesurveybeingcompletedin the 1980’s,so it is possible

thatthevariety still existsandwill befoundwith furthersurveyefforts (Corn 1980;

USFWS1996a).

d. Life History

Little is knownaboutthelife historyofthisplant. Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsaregenerallyunknown,

however,this specieshasbeenobservedto producefruit yearround(B. Totten, in /itt.

1998).

e. HabitatDescription

Cenchrusagrimonicidesvar. agrimonioidesis usuallyfoundondry, rocky ridges

or slopes,orridgesin mesicohia-Acaciakoa (koa) forestat elevationsbetween560 and

820meters(1,830and2,700feet). AssociatedplantsincludeAlyxiaclivWormis(maile),

alahee,Carexsp.,Diospyrossp.(lama),Styphe/ia tameiameiae(pukiawe),and

Eragrostisvariabilis (kawelu)(K. Kawelo, in litt. 1998;USFWS 1996a).

f. Reasonsfor DeclineandCurrentThreats

The majorthreatsto Cenchrusagrimonicidesvar. agrimonioidesare habitat

degradationand/ordestructionby feral pigs (Susscrofa)(Oahuonly), competitionwith

alienplants,andarisk ofextinctionfrom naturallyoccurringeventsand/orreduced

reproductivevigor dueto thesmall numberofexisting individuals. ThePaholeGulch

populationonOahuis potentiallythreatenedby tramplingandfire from military
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activitiesandtheMaui populationis potentiallythreatenedby goatsandcattle(USFWS

1996a). ThepopulationsnearKahanahaikiValley onOahuarealsothreatenedby fire

from theMakuaMilitary Reservation(K. Kawelo, in /itt. 1998).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled “U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinal Report.” The

Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplantspeciesthat occursonArmy land(B. Totten,in litt. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

ofCenchrusagrimonioidesvar. agrimonioidesplantsfoundon theArmy’s Makua

Military Reservation.In addition,the Army hasconstructeda fencearound2

populationsof 18 plantsin or nearKahanahaikiGulchandremovedall pigsfrom within

theexclosure.Weedcontrolandquarterlyphenologicalmonitoringarein progress(K.

Kawelo,personalcommunication1997).

A long-rangemanagementplanfor theHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol,fire control,rarespeciesrecovery,andnative

habitatrestoration(TNCH 1997). It is expectedthattheseactionswill benefitCenchrus

agrimonioidesvar. agrimonioideswithin thePreserve.

TheCenchrusagrimonioidesvar.agrimonioidesplantsatthePaholeNaturalArea

Reservearefoundwithin afencedexclosure(B. Gamett,DOFAW, personal

communication1997).

Cenchrusagrimonioidesvar. agrimonioideshasbeensuccessfullypropagatedat

theLyon Arboretum’smicropropagationlaboratory,attheWaimeaArboretum,at the

Division ofForestryandWildlife’s PaholePlantNursery,andattheNationalTropical

BotanicalGarden(Koob 1997;B. Garnett,personalcommunication1997; G. Koob,

personalcommunication1997;D. Orr, personalcommunication1997). Reintroduction

hasnot beenattempted.

No otherspecificconservationactionsareknownfor this plant.
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h. NeededRecoveryActions

1) Constructexclosuresto protectpopulationsagainstferal ungulates.

Exclosuresshouldbe constructedaroundtheknownpopulationsto reduceimpacts

from feralungulates.Subsequentcontrolor removalofferalungulatesfrom theseareas

will alleviatetheir impactonnativeecosystems.A commitmentshouldbedeveloped

for long-termstewardshipandconservationoftheseareasoncetheyhavebeen

enclosed.

2) Controlcompetingalienplantspecies.

A long-rangemanagementplanmustbedevelopedto controlalienplantssuchas

Christmasberry, lantana,strawberryguava,silk oak,molassesgrass,Hilo grass,and

prickly Floridablackbeny.Additionally, efforts shouldbemadeimmediatelyto weed

andprotectthepopulationin Pualii Drainagethathasonly two remainingindividuals.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitupropagationshouldbecontinued.

Propagationmaterialshouldbecollectedimmediatelyfrom thepopulationsthat have

only oneortwo remainingindividuals,suchastheunfencedindividual on theMakua

Military Reservationandthepopulationin Pualii Drainage.

4) Enhancewild populationsandestablishnewpopulations.

Onceadequatepropagatedmaterialis available,theremainingin situ populations

areprotectedfrom ungulates,andweedcontrolis underway,outplantingto enhancethe

remainingwild populationsshouldoccur. Newpopulationsshouldbeestablished

within thehistoricrangeof Cenchrusagrimonioidesvar. agrimonioides,in areasfree

from theimpactsofungulates,alienplants,andmilitary activities.

5) SurveytheNorthwesternHawaiianIslandsofLaysan,Kure,andMidway andcollect

geneticmaterial.
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A surveyof theNorthwesternHawaiianIslandsofLaysan,Kure,andMidway for

extantpopulationsofCenchrusagrimonicidesvar. laysanensisshouldbe initiated. At

thesametime, geneticmaterialshouldbecollectedfrom anyrelocatedplants,andex

situpropagationshouldbe initiated. Onceadequatepropagatedmaterialis available

andtheremainingin situ populationshavebeenprotected,if appropriate,theremaining

wild populationsshouldbeenhancedby outplanting. Establishmentofnewpopulations

within thehistoric rangeof Cenchrusagrimonicidesvar. /aysanensismayalsobe

appropnate.

6) Protectendangeredplantsfrom fire.

Coordinatedfire protectionis neededfor endangeredplant specieson Statenatural

areareserves,suchasPaholeonOahuwherefewerthanfive individualsofCenchrus

agrimonioidesvar. agrimonioidesoccur.

Additionalrecoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriatefor this species.

5. Centauriumsebaeoides

(Hawaiian name: ‘awiwi) RecoveryPriority Number 2

a. Description

AppendixB containsaline drawing ofCentauriumsebaeoides.

Centauriumsebaeoidesis the only speciesof thegentianfamily (Gentianaceae)

nativeto theHawaiianIslands. It is anannualherbabout6 to 20 centimeters(2.4to 8

inches)tall. Theleavesareratherfleshy, inverselyovateorelliptic, and0.7 to 3.2

centimeters(0.3to 1.3 inches)long by lessthan2 centimeters(1 inch)wide. Flowers

arestalklessandarearrangedalongthestemsneartheirends.Thefusedsepalsare8

millimeters(0.3 inch) longandaredivided intounevenlobes. Thewhite orpalepink

petalsarefusedintoa tubeup to 10 millimeters(0.4 inch) long, with lobesup to 4.5
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millimeters(0.2 inch) long. Thecylindrical capsulesareup to 9.5millimeters(0.4 inch)

long andcontainnumeroustiny brownseeds.This speciesis distinguishedfrom

Centauriumerythraea,which is naturalizedin Hawaii,by its fleshy leavesandthe

unbranchedarrangementoftheflower cluster(Degener1934; DegenerandDegener

1960;Wagneretal. 1990).

b. Taxonomy

On thebasisofacollectionofspecimensby BertholdCarl Seemanofwhatis now

calledCentauriumsebaeoides,AugustGrisebach(1853)namedanewgenusofplants,

Schenkia,andgaveit thespecificepithetofsebaeoides,indicating its resemblanceto a

speciesofSabaea,anothergenusin thegentianfamily. Thespecieswastransferredto

thegenusErythraeain 1862by AsaGray(1862),andlaterby G. ClaridgeDruce(1917)

to thegenusCentaurium.

c. CurrentandHistoric RangesandPopulationStatus

Historically, Centauriumsebaeoideswasknownfrom scatteredlocalitieson State

andprivatelandon theislandsofKauai,Oahu,Molokai,Lanai,andMaui (Wagneret

al. 1990). This speciesremainson Stateandprivatelandin AwaawapuhiValley,

KalalauBeach,andPohakuaoseacliffson Kauai;at KaenaPoint (possibly),andonthe

slopesaboveHalonaPoint on Oahu;nearMokio Point andManaeopapaon Molokai;

MaunaleiValley on Lanai;andonWestMaui (USFWSin litt. 1997;R. Hobdy,

personalcommunication1997; ChristaRussell,USFWS,personalcommunication

1997;WesleyWong,Jr.,DOFAW, in /itt. 1998).

The 13 currently-knownpopulationscontainfewerthananestimated580to 2,250

plants(USFWSin litt. 1997). Kauaihas3 knownpopulationsoffewerthan100

individuals,about4 miles (6 kilometers)apart. WestMaui has1 populationbetween

WaiheeandMakamakaole,1 populationof I individual atMakamakaole,1 population

with anunknownnumberof individualsatPuuKoae, l populationof 104 individualsat
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Pohakupule,1 populationof 1,636individualsat Kahakulao,and1 populationof 192

individualsatMokulea(Art Medeiros,BRD,personalcommunication1999;W. Wong,

Jr. in /itt. 1998). Oahuhas1 populationconsistingof500 individuals;Molokai has2

populationswith atleast2 individuals;andLanai has1 populationwith approximately

23 individuals.

d. Life History

Centauriumsebaeoideshasbeenobservedflowering in April. Floweringmaybe

inducedby heavyrainfall. Populationsarefoundin dry areas,andplantsaremore

likely to be foundfollowingheavyrains(USFWS1995).

e. HabitatDescription

Centauriumsebaeoidestypically growsin volcanicorclaysoilsoron cliffs in arid

coastalareasbelow 120meters(400 feet)elevation(USFWS 1995;Wagneretal. 1990).

AssociatedspeciesincludeBidenssp.(kookoolau)andLipochaetasp. (nehe)(USFWS

1995).

f. ReasonsforDeclineand CurrentThreats

Themajorthreatsto Centauriumsebaeoidesarehabitatdegradationby feralgoats

andcattle;competitionfrom thealienplant species,koahaole;tramplingby humanson

orneartrails; andfire (USFWS 1995). Thethreatsarebelievedto be similaron Kauai,

Oahu,Molokai, andWestMaul (USFWS 1995).
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f. ConservationEfforts

Seedsfrom the OahupopulationwerecollectedduringJuly 1997andarestoredat

theNationalTropicalBotanicalGarden(B. Garnett,personalcommunication1997).

No otherspecificrecoveryactionsareknownfor thisplant.

g. NeededRecoveryActions

1) Constructexclosuresto protectpopulationsagainstungulates.

Exclosuresshouldbe constructedaroundtheknownpopulationsofCentaurium

sebaeoideson Stateandprivatelandto reduceimpactsfrom feralungulates.

Subsequentcontrolorremovalofungulatesfrom theseareaswill alleviatetheirimpact

onnativeecosystems.Additionally, thosepopulationsthathaveonly afewremaining

individuals,suchasat Mokio Point andManaeopapaonMolokai shouldbe fencedand

protectedimmediately.

2) Control competing alien plant species.

A long-rangemanagementplanto control alienplantssuchaskoahaoleneedsto

bedeveloped.Additionally,populationsthathaveonly a fewremainingindividuals

suchasthoseatMokio PointandManaeopapaon Molokai shouldbeweededand

protectedimmediately.

3) Protectendangeredplantsfrom fire.

Implementa coordinatedeffortoffire protectionactionsfor endangeredplant

specieson Stateandprivatelandwherejusta fewindividualsoccur.
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6. Cyaneagrimesianassp.grimesiana

(Hawaiian name:haha) RecoveryPriority Number 6

a. Description

AppendixB containsa line drawingofCyaneagrimesianassp.grimesiana.

Cyaneagrimesianassp.grimesiana,amemberofthebellfiower family

(Campanulaceae),is ashrubito 3.2 meters(3.3 to 10.5 feet)tall. Theleavesare

pinnatelydivided, with 9 to 12 segmentsper side. Theleafbladesare27 to 58

centimders(10.6to 22.9 inches)long and 14 to 32 centimeters(5.5to 12.6 inches)wide

(acrossthesegments).Theinflorescencecomprises6 to 12 flowers. Thecalyxlobes,

10 to 44 millimeters(0.4to 2 inches)longand4 to 14 millimeters(0.2to 0.55 inch)

wide, areegg-shapedto lance-shapedandoverlapatthebase. Thepetalsarepurplishor

greenishto yellowish-white,oftensuffusedor stripedwith magenta,and55 to 80

millimeters(2to 3 inches)long. Theorangeberriesare18 to 30 millimeters(0.7to 1.2

inches)long.

This speciesis distinguishedfrom othersin this endemicHawaiiangenusby the

pinnatelylobedleafmarginsandthewidth oftheleafblades.This subspeciesis

distinguishedfromtheothertwo subspeciesby the shapeandsizeofthecalyxlobes

whichoverlapatthebase(Lammers1990).

b. Taxonomy

Cyaneagrimesianassp.grimesianawascollectedby CharlesGaudichaud-Beaupr~

in 1819onOahuwhile hewasthepharmaceuticalbotaniston thevessel“Uranie” (Rock

1919,Wagneretal. 1990). Gaudichaudlaterdescribedthis taxonandnamedit for the

FrenchNavy’sheadpharmacist(ThomasG. Lammers,Field Museum,personal

communication1994). Otherpublishednamesconsideredsynonymouswith Cyanea

grimesianassp.grimesianainclude C. grimesianavar. lydgatei,C. grimesianavar.

mauiensis,C. grimesianavar. munroi,andC. lobatavar. hamakuae(Lammers1990).
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Currently,threesubspeciesarerecognized— theextinctssp.cylindrocalyx(Rock

1917);ssp.grimesiana;andthefederallyendangeredssp.obatae(St. John1978a).

c. CurrentandHistoricRanaesandPopulationStatus

Historically,Cyaneagrimesianassp.grimesianawasknownfrom at least40

populationslocatedin theWaianaeandKoolauMountainsonOahu,WailauValley and

PuuKaheaonMolokal, centralandnorthernLanai,andscatteredlocationsonMaui

(USFWS 1996a;Heidi Bornhorst,formerlywith TNCH, andS. Perlman,in /itt. 1992).

Currently,Cyaneagrimesianassp.grimesianais knownfrom 14 populationson

those4 islands(USEWS1996a;H. BornhorstandS. Perlman,in /itt. 1992;USFWSin

litt. 1997). Thetotal currentpopulationstatewideconsistsoffewerthan50 individuals

(USFWS 1996a;H. Bomhorstand S. Perlman,in /itt. 1992;USEWSin /itt. 1997;B.

Garnett,personalcommunication1997).

Oi Oahu,thefollowing populationsareknownfrom theWaianaeMountain— one

populationofthreeindividualsfrom Mt. KaalaNaturalAreaReserve,two populations

of oneindividual eachfromNorthHaleauauGulchon thefederallyownedSchofield

BarracksMilitary ReservationandNorthKaluaaGulchonprivateland,andperhaps

threepopulationsofan unknownnumberofindividualsfromthePaholeNaturalArea

Reserveon Stateland. Thethreepopulationsreportedfrom Paholehavenotbeenseen

sincethelate 1970’s,andhavenotbeenrelocatedduringsurveysthereoverthe lastyear

(B. Garnett,personalcommunication1997). Two populationsareknownfrom Oahu’s

KoolauMountains:four individualsin Kului Gulchandthreeindividualsin “Waialae

Iki-Kapakahi” on Stateandprivateland(USFWS 1996a;H. BomhorstandS. Perlman,

in /itt. 1992;B. Garnett,personalcommunication1997;U.S.Army GarrisonHawaii

1 997a).

On Molokai, onepopulationoffive individualsis knownfrom Kukuinui Ridgeon

Stateland andtheotherpopulationoftwo individualsis within the State’sOlokui

NaturalAreaReserve(USFWS1996a).
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OnLanai,onepopulationofanunknownnumberof individualsfrom Kaiholena

Gulchandonepopulationoftwo individualsfrom Waiakeakuaareknown. Both

populationsareonprivateland(USFWS1996a;USEWSin /itt. 1997).

OnMaui, two populationsofanunknownnumberof individualsareknownfrom

laoValley onprivateland. A populationpreviouslyreportedin lower KipahuluValley

within HaleakalaNationalParkhasbeendeterminedto beCyaneaasplen~fo/ia,based

onrecLiltly availableflowering material(USFWS 1996a;L. Loope,in /itt. 1995;A.

Medeiros,personalcommunication1995).

d. Life History

Little is knownaboutthe life historyof thisplant. On Molokai, flowering plants

havebeenreportedin July andAugust. Reproductivecycles,longevity,specific

environmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescription

Cyaneagrimesianassp.grimesianais typically foundin mesicforestoften

dominatedby ohiaorohiaandkoa,, oron rockyor steepslopesofstreambanks,at

elevati.msbetween350 and945 meters(1,150and3,100feet). Associatedplants

includeAntidesmasp. (hame),Bobeasp. (ahakea),Myrsinesp. (kolea),olopua,

Psychotriasp.(kopiko),Xy/osmasp. (maua),andvariousnativeandalien ferns

(USFWS1996a;H. BornhorstandS. Perlman,in /itt. 1992).

f. Reasonsfor DeclineandCurrentThreats

Themajorthreatsto Cyaneagrimesianassp.grimesianaarehabitatdegradation

and/ordestructioncausedby wild andferal ungulates(axisdeer,goats,andpigs);

competitionwith variousalienplants; andrandomlynaturallyoccurringeventscausing

extinctiondueto thesmall numberofexisting individuals. Fire threatenstheOahu
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populauonsofCyaneagrimesianassp.grimesianaon Mt. KaalaandPaholeNatural

Area Reserves.Potentialovercollection,tramplingby hikersand/ormilitary activities

threatenthePalikeapopulationonOahu. TheOahupopulationsarealsothreatenedby

landslides(USFWS1996a;H. BornhorstandS. Perlman,in /itt. 1992; B. Garnett,

personalcommunication1997; LoyalMehrhoff,USFWS,personalcommunication

1995). Potentialthreatsincluderats(Rattusspp.),which areknownto eatthefruits and

girdle thestemsofspeciesin thebellflowerfamily, andvariousslugsthat feedon the

stemsofspeciesin thebeliflower family (Marie Bruegmann,USFWS,personal

communication1997).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled“U.S. Army Garrison

Hawaii, OahuTrainingAreas,NaturalResourceManagementFinalReport.” The

Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplantspeciesthat occursonArmy land(B. Totten,personal

communication1998). Whentheyareimplemented,actionsoutlinedin theReportmay

enhanceconservationof Cyaneagrimesianassp.grimesianaplantsgrowingon the

Army’s SchofieldBarracksMilitary Reservation.

A long-rangemanagementplanfor theHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol,fire control,rarespeciesrecovery,andnative

habitatrestoration(TNCH 1997). It is expectedthattheseactionswill benefitCyanea

grimesianassp.grimesianawithin thePreserve.

Cyaneagrimesianassp.grimesianahasbeensuccessfullypropagatedand

outplantedat theLyon ArboretumandattheDivision of ForestryandWildlife’s Pahole

PlantNursery(Koob 1997;B. Garnett,personalcommunication1997;G. Koob,

persoiulcommunication1997). Morethan1,000seedsarein storageattheNational

TropicalBotanicalGarden(M. Chapin,personalcommunication1997). No other

specificrecoveryactionsareknownfor this plant.
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h. NeededRecoveryActions

1) Constructexclosuresto protectpopulationsagainstferal andwild ungulates.

Exclosuresshouldbeconstructedaroundtheknownpopulationson Federal,State,

andprivatelandto reduceimpactsfrom feralandwild ungulates.Subsequentcontrolor

removalofungulatesfrom theseareaswill alleviatetheir impactonnativeecosystems.

A commitmentshouldbe developedforlong-termstewardshipandconservationof

theseaieasoncetheyhavebeenenclosed.

2)Controlcompetingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchasChristmasberry,

strawberryguava,clidemia,lantana,andthimbleberryshouldbe developed.

Additionally, thosepopulationsthatconsistofonly oneremainingindividual, suchasat

NorthHaleauauGulchandNorthKaluaaGulch,shouldbeweededandprotected

immediately.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitupropagationshouldbecontinued.

Propagationmaterialshouldbe collectedimmediately from populationsthathaveonly

oneremainingindividual, suchasatNorthHaleauauGulchandNorthKaluaaGulch.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingin situpopulationsby outplantingshould

beginwhenadequatepropagatedmaterialis available,afterweedcontrolbeginsandthe

populationshavebeenprotectedfrom ungulates.Newpopulationsshouldbe started

within thehistoric rangeofCyaneagrimesianassp.grimesianain areasfreefrom the

impactsof ungulates,alienplants,and,on Oahu,naturaleventssuchaslandslides.
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5) Protectendangeredplantsfrom fire.

A coordinatedeffortoffire protectionactionsfor endangeredplant specieson State

naturalareareserves,suchasPaholeandMt. Kaalaon Oahuwherefewerthan10

individualsofCyaneagrimesianassp.grimesianaoccur,shouldbe instigated.

Additionalrecoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriatefor this species.

7. Cyperustrachysanthos

(Hawaiian name: puukaa)RecoveryPriority Number 2

a. Description

AppendixB containsa line drawingof Cyperustrachysanthos.

C,perustrachysanthos,amemberof thesedgefamily (Cyperaceae),is aperennial

grass-likeplantwith a shortrhizome(undergroundstem). Thecuims(aerialstems)are

denselytufted,obtuselytriangularin crosssection,20 to 45 centimeters(8 to 18 inches)

tall, sticky,andleafyat thebase. Thelinearleafbladesaregreen,coveredwith awaxy

coating,andsomewhatleathery. Theleafsheathis yellowishbrownandpartitioned

with nodes. Theflower clustersare5 to 9 centimeters(2to 3.5 inches)longand6 to 12

centimeters(2to 5 inches)wide. Eachflower headcontains10 to 30 pale,yellowish-

brownspikelets,eachofwhichcontains8 to 20 flowers. Theglumes(small pairof

bractsatthebaseofeachspikelet)arebroadlyegg-shaped.Thefruit is adark-brown,

egg-shapedachene.This speciesis distinguishedfrom othersin thegenusby theshort

rhizome,theleafsheathwithpartitionsatthenodes,theshapeoftheglumes,andthe

lengthoftheculms(Koyama1990).

66



b. Taxonomy

First collectedby Chamissobetween1816and1817 in the“SandwichIslands,”

Cyperustrachysanthoswasdescribedby William J.HookerandG. A.W. Arnott in

1832(Hillebrand1888,Mill etal. 1988). Thisspecieshasbeenmaintainedin themost

recenttreatmentof Hawaiianmembersofthe genus(Koyama1990). Thespecific

epithetrefersto theroughorpaperyflowers.

c. CurrentandHistoricRan2esandPopulationStatus

HistoricallyCyperustrachysanthoswasknownfrom Niihau,Kauai,scattered

locationson Oahu,MaunaLoa on Molokai, andKaenaon Lanai (USFWS 1996a).

Currentlythis speciesis knownfrom 8 populationswith atotalof517 ormore

individualson Niihau, Kauai,andOahu(USFWS1996a;M. Bruegmann,1997;Carolyn

Corn, formerlywith DOFAW, personalcommunication1997;D. HopperandChris

Swenson,USFWS,personalcommunications1997). Onprivately-ownedNiihau,an

unknownnumberofindividualsareknownfrom anareawestofMokouiaValley

(USFWS1996a). On Kauai,morethan300 individualsareknownfrom Statelandin

theNualoloValley. On Oahu,S individualsareknownfrom theKaenaPointNatural

AreaReserve,110 individualsareknownfrom andscatterednearbyManim Gulch,38

individualsareknownfrom Statelandat DiamondHead,37 to 39 individualsare

reportedat Makapuu,3 individualsarereportedat QueensBeach,andabout24

individualsarereportedfrom theKawainuiMarsharea(M. Bruegmann,in litt. 1997; C.

Corn,personalcommunication1997;D. HopperandC. Swenson,personal

communications1997;USFWS1996a).

d. Life History

Little is knownaboutthelife historyofthis species.Reproductivecycles,

longevity, specificenvironmentalrequirements,andlimiting factorsareunknown.
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e. HabitatDescription

Cyperustrachysanthosis usuallyfoundin wetsites(mud flats,wetclay soil, orwet

cliff seeps)oncoastalcliffs ortalusslopesatelevationsbetween3 and160 meters(10

and525 feet)(Koyama1990;USFWS1996a). OnKauai,associatesincludeHibiscus

tiliaceus(hau),Plantagolanceolata(narrow-leavedplantain),andPterisvittata while in

DiamondHead,Cyperustrachysanthosis foundin associationwith koahaole,kiawe,

Brachiariamutica(Californiagrass),Ammaniaauriculata, Lythrummaritimum,and

Leonotisnepet~folia(lion’s tail) (D. Hopper,personalcommunication1997).

f. ReasonsforDeclineandCurrentThreats

Cyperustrachysanthosrisksextinctionfrom naturallyoccurringeventsdueto the

small numberofpopulationsand,onOahu,competitionwith alienplants,fire, andoff-

roadvehicles. Thepopulationin DiamondHeadmayalsopotentiallybethreatenedby

pumpingofthewetlandfor flood andmosquitocontrol,modificationsto thewetland

topography,mowingandherbicideapplication,andrun-offfrom nearbyHawaiiArmy

NationalGuard(HIARNG) activitiessuchasthecleaningofvehicles,dumpingof

paintsorthinners,ortheuseofpesticides(USFWS 1996a;C. Corn,personal

communication1997;D. Hopper,personalcommunication1997).

g. ConservationEfforts

In 1995,HIAR.NG fundedtheU.S. FishandWildlife Serviceto conduct

endangeredspeciessurveysof its landsthroughouttheState. Recommendationsfor

managementof endangeredspeciesontheselands,including Cyperustrachysanthos,

areincludedin thefinal reportentitled “EndangeredandRareSpeciesSurveysand

ManagementRecommendationsfor HawaiiArmy NationalGuardLandson theIsland

ofOahu” (USFWS 1998). Managementrecommendationsfor theendangeredCyperus

trachysanthosin DiamondHeadincludeweedcontrol,deterrentsto vehicleaccess,
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modificationofmowingandherbicideapplicationregimes,modificationofwater

pumpingregime,adocumentedprotocolfor contaminantspill cleanup,exsitu

propagation,andenhancementoftheexistingpopulation(USFWS1998). TheStatehas

constructedbarriersto off-roadvehicletraffic in KaenaPointNaturalAreaReserve,

whichmayprotectthepopulationthere.

CyperustrachysanthoshasbeensuccessfullycultivatedattheNational Tropical

BotanicalGarden,wheremorethan3,000seedsarein storage(M. Chapin,personal

communication1997).

Nootherspecificrecoveryactionsareknownfor thisplant.

h. NeededRecoveryActions

1) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitu propagationshouldbe continued.

2) Enhancewild populationsandestablishnewpopulations.

Onceadequatepropagatedmaterialis availableandweedcontrol is underwayin

theareasof theremainingin situpopulations,outplantingto enhancetheremainingwild

populationsby shouldoccur. Newpopulationsshouldbeestablishedwithin thehistoric

rangeof Cyperustrachysanthos,in areasfreefrom theimpactsofalienplants.

3) Controlcompetingalienplantspecies.

Developandimplementa long-rangemanagementplanto controlalienplantssuch

asGuineagrass,koahaole,kiawe, andCaliforniagrass.

4) Protectionfrom fire.

Managementactionsto protectendangeredspeciessuchasCyperustrachysanthos

from fire shouldbedevelopedfor areaswherefire is knownto beathreatto individuals

thatoccurthere,suchasatKaenaPoint andnearby.
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5) Protectplantsfrom off-roadvehicles.

Fencesorothervehicleobstructiondevicesareneededto preventvehicleimpactto

theplantsoutsidetheKaenaPointNaturalAreaReserveandthepopulationat

Makapuu.

6) Implementmanagementrecommendationsfor theDiamondHeadpopulation.

Managementrecommendationsmayincludeweedcontrol,deterrentsto vehicle

access,modificationofmowingandherbicideapplicationregimes,modificationof

waterpumpingregime,a documentedprotocolfor contaminantspill cleanup,exsitu

propagation,andenhancementoftheexistingpopulation.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriateforthis species.

8. Diellia erecta

(No commonname)RecoveryPriority Number 2

a. Description

No line drawingis availablefor thisplant.

Die//ia erecta,amemberof thespleenwortfamily (Aspleniaceae),is a fernthat

growsin tufts of3 to 9 lance-shapedfronds,each20 to 70 centimeters(8to 28 inches)

long. Thefrondsemergefrom a 1- to 2.5-centimeter(0.4-to 1-inch) longrhizome

coveredwith brownto darkgray scales.Thefrondstalksarereddishbrownto black

andsmoothandglossy,2 to 21 centimeters(0.8to 8.3 inches)long,andhavea few stiff

scalesattheirbases.Eachfrondhas15 to 50 lance-shapedpinnaearrangedoppositely

alongthemidrib. Thepmnnaeareusuallybetween2 and4 centimeters(0.8and 1.6

inches)long and4 to 8 millimeters(0.2to 0.3 inch)wide. Tento 20 sori, whichmaybe

separateor fused,areborneoneachmarginofthepinna. Eachsorusis coveredby an

indusium(protectivemembrane)thatfalls shortoftheedgeofthefrondandruns

parallelto the edgeofeachpinna. This speciesdiffers from othermembersofthegenus

70



inhavingbrownordarkgray scalesusuallymorethan2 centimeters(0.8 inch)in length,

fusedor separatesori alongbothmargins,shinyblackmidribsthathavea hardened

surface,andveinsthat do notusuallyencirclethesori (DegenerandGreenwell1950,

Hillebrand1888, Robinson1912,Smith1934,Wagner1952).

b. Taxonomy

Die//ia erecta(NCN) wasdescribedby William Dunlop Brackenridgebasedon a

specimencollectedduring theWilkes Expeditionin 1840(Brackenridge1854). Healso

describedDie//iapumila,which subsequentlyhasbeenconsideredadepauperateform

ofDie//ia erecta. Dava/liaalexandriwaspublishedby Hillebrandin 1873. It has

subsequentlybeenconsideredaform ofD. erectawith finely dissectedfronds. Die//ia

erectaandDavallia alexandrihadbeenplacedin thegenusLindsayaby certainearly

authors,andDie//ia erectahadbeenplacedin thegenusSchizo/omaby otherauthors.

DegenerandAmy B. Greenwell(1950)publishedthenewcombinationDie//ia erecta

var.falcatafor whatBrackenridgehadoriginally describedasDie//iafalcata. Further

studyhassinceestablishedthatDie//iafalcata is bestconsideredaseparatespecies,so

Die//ia erectais nowconsideredto beaspecieswith no subspecifictaxa(Wagner1952;

WagnerandWagner1992).

c. CurrentandHistoricRangesandPopulationStatus

Historically,Die//ia erectawasknownfrom theKokeeareaonKauai;theKoolau

Mountainson Oahu;KahuaawiGulch,PuuKolekole,Pukoo,PelekunuValley, and

KaunakakaiGulchon Molokai; MahanaValley andHauolaGulchon Lanai;scattered

locationson Maui; andvariouslocationson Hawaii Island(USFWS1996b, in /itt. 1997;

R. Warshauer,in litt. 1996). Currently,Die//ia erectais only knownfrom Molokai,

Maui, andHawaii. Statewide,this specieshasatotal of6 to 7 populationsand

approximately34 to 36 knownindividuals. OnMolokai, 1 individual is knownfrom

HalawaValley onprivateland(USFWS 1996b;R. Hobdy,personalcommunication
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1991). OnMaui, atotal ofat least12 to 14 individualsoccursatthese3 or 4 locations:

onWestMaui, anunconfirmedpopulationat laoValley on privateland, 10 to 12

individualsat ManawainuiPlantSanctuary,and1 individual atPapalauaGulchon State

land; andonEastMaui, 1 individualat WaiopaiGulchon Stateland(HPCC 1995;

Kabikinui ForestPartnershipWorking Group 1995;USFWS 1996b;R. Hobdy,personal

communication1997). On theislandof Hawaii, 2 populationsexiston Stateland: 1 at

Honomalinowith morethan20 plantsand1 at ManukaNaturalAreaReservewith at

leastI plant (USEWS1 996b;R. Warshauer,in liu. 1996).

d. Life Historv

LiLfle is knownaboutthelife historyofthis taxon. Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescription

Die//ia erectais foundin Lama/OhiaLowlandMesic Forestatelevationsbetween

210 and 1,590meters(700and5,200feet)(HPCC1995;USFWS1996b;R. Warshauer,

in /ztt. 1996). Otherassociatedplant speciesinclude Coprosmasp. (pilo), aalii,

Dryopterisunidentata,Myrsinesp. (kolea),Psychotriasp. (kopiko),Pleomele

auwahiensis(halapepe),Syzygiumsandwicensis(ohiaha),and Wikstroemiasp.(akia)

(HIINHP 1995;HPCC 1995; USFWS 1 996b).

f. Reasonsfor DeclineandCurrentThreats

Themajorthreatsto Dieiia erectaarehabitatdegradationby pigs, goats,and

cattle;competitionwith alienplant species,includingBlechnumoccidentale;and

randomnaturallyoccurringeventscausingextinctiondueto thesmall numberof

existing individuals(USFWS1996b).
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g. ConservationEfforts

A fence,built in the1980’s,protectsthepopulationof Die//ia erectain the

ManawainuiPlantSanctuary.TheNativeHawaiianPlantSocietyconductsperiodic

weedii±gatthis site(R. Hobdy,personalcommunication1997).

An unspecifiednumberofsporesarein storageattheNationalTropicalBotanical

Garden(M. Chapin,personalcommunication1997). No otherspecificconservation

actionsareknownfor thisspecies.

h. NeededRecoveryActions

Die//ia erectais expectedto recoverrapidlywith implementationofrecovery

actionscontrolling its majorthreats(M. Bruegmann,personalcommunication1996).

Themostimportantactionswill beto:

1) Constructexclosuresto protectpopulationsagainstungulates.

Exclosuresshouldbe constructedaroundtheknownpopulationsofDie//ia erecta

on Stateandprivatelandto reduceimpactsfrom ungulates.Subsequentcontrol or

removalofungulatesfrom theseareaswill alleviatetheirimpacton nativeecosystems.

A commitmentshouldbedevelopedfor long-termstewardshipandconservationof

theseareasoncetheyhavebeenenclosed.

2) Controlcompetingalienplant species.

A long-rangemanagementplanto controlalienplantssuchasChristmasberry,

strawberryguava,andmolassesgrassshouldbe developed.Additionally, populations

that haveonly oneremainingindividual, suchasthoseatPapalauaGulchon Maui and

HalawaValley onMolokai shouldbeweededandprotectedimmediately.
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3) Maintainadequategeneticstock.

Ex situpropagationshouldbe initiatedto preventextinctionofthis species(M.

Buck, in /itt. 1996). Propagationmaterialshouldbe collectedimmediatelyfrom

populationsthat havefew individualssuchasat PapalauaGulchonMaul andHalawa

Valley on Molokai.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingsto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andafterfencingofthepopulationsandweed

controlareunderway.Newpopulationsshouldbe establishedwithin thehistoric range

ofDie//ia erectain areasfreefrom theimpactsof alienplantsandungulates.

9. Euphorbiahaeleeleana

(No commonname)RecoveryPriority Number 5

a. Description

AppendixB containsa line drawingofEuphorbiahaelee/eana.

Euphorbiahae/ee/eana,amemberofthespurgefamily (Euphorbiaceae),is a

dioecious(femaleandmaleflowerson separateplants)tree3 to 14 meters(10to 46

feet)tall. Thealternateleavesarepaperyin texture,elliptic, andusually10 to 15

centimeters(4 to 6 inches)longand4 to 6 centimeters(2 inches)wide. Maletreesbear

manysmallmaleflowerswithin a cyathium(acompactinflorescencewithsmall

individual flowers). Thefemaletreeshavecyathiawith asinglefemaleflower

surroundedby numerousabortivemaleflowers. Thecapsules(dryfruit thatopenat

maturity)areround. This speciesis distinguishedfrom othersin thegenusin that it is a

tree,whereasmostoftheotherspeciesareherbsorshrubs,aswell asby thelargeleaves

withprominentveins (Wagneretal. 1990).
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b. Taxonomy

In 1970,StevenMontgomeryandthelateWayneGagn~collectedaspecimenofan

uniden!ifiedtreein MahanaloaValley onKauai. Thefollowing year,DerralHerbst

(1971)describedit asEuphorbiahae/ee/eana,namingit for anothervalleywherethe

plant grows. This specieshasbeenmaintainedin the mostrecenttreatmentofHawaiian

membersofthegenus(Wagneretal. 1990).

c. Currentand HistoricRangesandPopulationStatus

Euphorbiahaelee/eanais knownhistorically andcurrentlyfrom 15 populations

andbetween450 and625individualsfrom northwesternKauaiandtheWaianae

MountainsofOahu(USFWS 1996a;USFWSin litt. 1997). OnKauai, 11 populations

of approximately360to 510 individualsareknownfrom valley slopesandcliffs along

Kauai’snorthwesterncoastfrom Pohakuaoto HaeleeleValleyandHipalauValley

within WaimeaCanyon. All oftheKauaipopulationsoccuron Stateland,including

KuiaNaturalAreaReserveandtheNaPali CoastStatePark(USFWS 1996a;S.

Perlman,personalcommunication1996). OnOahu,2 populationsofapproximately90

to 115 individualsareknownfrom thenorthernWaianaeMountains. Onepopulationof

79 individualsoccursatKeawaulaon theArmy’s MakuaMilitary Reservation,andone

populationoccurson privatelyownedland(B. Totten,in /itt. 1998;USFWS1996a).

d. Life History

Individual treesofEuphorbiahaeleeleanabearonly maleor femaleflowers,and

mustbecross-pollinatedfrom adifferenttreeto produceviable seed(Wagneretal.

1990). This speciessetsfruit betweenAugustandOctober(B. Totten,in /itt. 1998).

Little elseis knownaboutthelife historyof this species.Reproductivecycles,

longevity,specificenvironmentalrequirements,andlimiting factorsareunknown.
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e. HabitatDescription

Euphorbiahaelee/eanais usuallyfoundin lowlandmixedmesicor dryforestthat

is oftendominatedby ohia,ohiaandkoa, lama,orAleuritesmo/uccana(kukui). The

plantis typically foundat elevationsbetween205and670 meters(680 and2,200 feet),

but afew populationshavebeenfoundup to 870 meters(2,860feet). Associatedplants

includeaalii,Erythrinasandwicensis(wiliwili), Pleomelesp. (halapepe),Reynoldsia

sandwicensis(ohe),andSapindusoahuensis(aulu) (USFWS 1996a).

f. Reasonsfor DeclineandCurrentThreats

Habitatdegradationand/ordestructionby wild andferalungulatesincludingblack-

taileddeer,goats,andpigs;predationby rats;fire; potentialmilitary activities; and

competitionwith alienplantsseriouslythreatenEuphorbiahaelee/eana(USEWS

1996a;M. Bruegmann,in /itt. 1994;USFWSin litt. 1997;5. Perlman,personal

communication1996).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled“U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinal Report.” The

Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplant speciesthatoccursonAnny land(B. Totten,in litt. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

oftheEuphorbiahaelee/eanaplantsgrowingon theArmy’s MakuaMilitary

Reservation.In addition,Army Environmentalstaffhaveconductedintensiverat

controlaroundthe Keawaulapopulationin orderto collectmatureseedandhave

propagatedplantsin theirshadehouse(B. Totten, in /itt. 1998).
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Severalyearsago,theStateDivision ofForestryandWildlife constructedafence

enclosingabouthalfthe individualsofEuphorbiahae/ee/eanain MahanaloaValley on

Kauai (M. Bruegmann,personalcommunication1997).

Euphorbiahaelee/eanahasbeensuccessfullypropagatedattheNationalTropical

BotanicalGardenandtheWaimeaArboretum. Currentlymorethan440 seedsarein

storageand16 individualsarein cultivation(M. Chapin,personalcommunication1997;

D. Orr, personalcommunication1997). An unspecifiednumberofseedsareattheLyon

Arboretum(G. Koob,personalcommunication1997).

h. NeededRecoveryActions

1) Constructexclosuresto protectpopulationsagainstwild andferalungulates.

ExclosuresshouldbeconstructedaroundtheknownpopulationsofEuphorbia

haelee/eanaon State,Federal.andprivatelandto reduceimpactsfrom ungulates.

Subsequentcontrolorremovalofungulatesfrom theseareaswill alleviatetheir impact

on nativeecosystems.Additionally,populationsthathaveonly oneortwo remaining

individuals, suchasthoseatHaeleeleValley andKoaie CanyononKauai,and

KeawaulaGulchon Oahushouldbefencedandprotectedimmediately. Oncetheyhave

beenfenced,commitmentsshouldbe developedfor long-termstewardshipand

conservationoftheseareas.

2) Controlcompetingalienplant species.

A long-rangemanagementplanto controlalienplantssuchaslantana,strawberry

guava,silk oak,molassesgrass,Pass~floramo//isima(bananapoka), andthimbleberry,

shouldbedeveloped.Additionally, populationsthathaveonly afewremaining

individuals,suchasthoseatHaeleeleValley andKoaieCanyononKauaishouldbe

weededandprotectedimmediately. Weedcontrol is alsonecessarywithin existing

exclosures,suchasin MahanaloaValley.
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3) Maintainadequategeneticstock.

To preventextinctionof thisspecies,exsitupropagationshouldbecontinued.

Propagationmaterialshouldbecollectedimmediatelyfrom populationsthathavefew

individuals,suchasat HaeleeleValley, KawaiulaValley,KoaieCanyon,andPohakuao

on Kauai,andKahanahaikiValley, andKaumokuikiRidgeonOahu.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andafterfencingandweedcontrolare

underway. Newpopulationsshouldbeestablishedwithin thehistoricrangeof

Euphorbiahae/ee/eanain areasfreefrom theimpactsofungulatesandalienplants.

5) Reducethreatfromrats.

ThelargestpopulationofEuphorbiahae/ee/eanaonOahuis seriouslythreatened

by rat predation.A managementplanto controlratsshouldbedevelopedand

implemented.This shouldincludetheuseofthecurrentlyapprovedDiphacinonebait

blocksandultimatelyamorebroad-scalemethodsuchasaerialdispersalofrodenticide.

6) Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasEuphorbiahae/eeleana

shouldbe implementedby theArmy on theMakuaMilitary Reservation,wherecurrent

ordnancetrainingexercisescouldunintentionallyignite fires.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealsoappropriateforthis species.
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10.Flueggeaneowawraea

(Hawaiian name:Mehamehame)RecoveryPriority Number 5

a. Description

AppendixB containsa line drawingofFlueggeaneowawraea.

Flueggeaneowawraea,amemberofthespurgefamily (Euphorbiaceae),is a large

treeup to 30 meters(100feet)tall and2 meters(7 feet)in diameterwith white oblong

porescoveringits scaly,palebrownbark. Thethin, papery,oval leaves,4 to 14

centimeters(1.5to 5.5 inches)long and2 to 9 centimeters(0.8to 3.5 inches)wide, are

greenon theuppersurfaceandpalegreenon thelowersurface.This speciesis usually

dioecious(having separatemaleandfemaleplants)withunisexualflowerslacking

petals. Male flowers,on stalks lessthan4 millimeters(0.2 inch) long, have5 green

sepalswith brownishtips. Thefemaleflowers,onstalksI to 2.5 millimeters(0.04to

0.1 inch) long, havesepalsof unequallengthwith irregularmargins. The2-lobed

stigmais positionedatopa2.5-to 3- millimeter (0.1-inch)long, roundovarywith a

nectarydisk. The fleshy,roundfruits, about5 millimeters(0.2 inch)in diameter,are

reddishbrownto blackandcontain2 slightly curvedseedsabout3 millimeters(0.1

inch)long thataresomewhattriangularin crosssection. This speciesis theonly

memberofthegenusfoundin Hawaii andcanbe distinguishedfrom otherspeciesin the

genusby its largesize;scalybark;theshape,size,andcolorofthe leaves;flowers

clusteredalongthebranches;andthesizeandshapeof thefruits (Hayden1990;Linney

1982;Neal 1965).

b. Taxonomy

In 1912,JosephF. Rockcollectedthefirst specimensof Flueggeaneowawraea

(mehamehame)from Kapuaon theislandofHawaii (Rock 1913). Basedon his

specimens,hedescribedandnamedthemonotypicgenusNeowawraea,for his

colleagueDr. HeinrichW. Wawra. HenamedthespeciesNeowawraeaphyllanthoides
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becauseof its apparentresemblanceto Phy/lanthus,amemberofthesamefamily

(Euphorbiaceae).EarlEdwardSherff(1939)latertransferredthetaxonto the genus

Drypetes.W. JohnHayden(1987),uponfurther investigation,placedthespeciesin the

genusFlueggea. Thespecificepithetcouldnotbe retainedbecauseit would have

resultedin a laterhomonym,soHaydenchoseto maintainthetributeto Wawrain the

newepithet,neowawraea.

c. CurrentandHistoric RangesandPopulationStatus

Historically,F/ueggeaneowawraeawasknownfrom Waihii nearKapunaon

Molokai, but is nowpresumedextincton thatisland(HINIIP 1995; Hayden1990). This

specieswasalsoknownfrom KealiaTrail, KahanahaikiValley, andPohakeaGulch in

theWaianaeMountainsofOahuandfrom KauaiandHawaii Islands(H1NHP 1995).

Currently,F/ueggeaneowawraeais knownfrom Kauai,Oahu,eastMaui, and

Hawaii. Statewide,thespeciestotals34 populationscontainingapproximately124to

195 individuals.

On Kauai,Flueggeaneowawraeafrom Limahuli Valley, Kalalau,Pohakuao,and

from theKoaieandPoomaubranchesof WaimeaCanyon(HTNHP 1995;HPCC 1995;

S. PerlmanandK. Wood,personalcommunications1997). Also, 3 individuals(some

ofwhichmaybedead)arelocatedin thetwo adjacentvalleysofMahanaloaandPaaiki,

nearMakahaPoint,onState-ownedland(HTNHP 1995). Only 1 unhealthyindividualis

knownfrom Limahuli Valley onprivatelyownedland(HINHP 1995). At least4 trees

areknownfrom Kalalauand10 from Pohakuaoon State-ownedland(HINHP 1995;J.

Lau,personalcommunication1992;5. PerlmanandK. Wood,personalcommunications

1997). Sixteentreesarefoundin thePoomaubranchofWaimeaCanyon,and40 to 80

individualsarein 4 scatteredpopulationsalongtheKoaiebranchofWaimeaCanyonon

State-ownedland(HINHP 1995; HPCC1995;J. Lau,personalcommunication1992;5.

Perlman,personalconimunication1996).

On Oahu,Flueggeaneowawraeais knownfrom 19 locationswith approximately

28 to 30 individualsin theWaianaeMountains. Thepopulationsarespreadfrom East
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KapuahikahiGulch to PuumaialauGulchovera distanceof about15.5 kilometers(9.6

miles) on the LualualeiNavalReservation,theU.S. Army’s SchofieldBarracksMilitary

ReservationandMakuaMilitary Reservation,Stateland,Countyland,andprivateland

(HINHP 1995;K. Kawelo,personalcommunication1997;J. Lau,personal

communication1992;J. Moribe, personalcommunication1997).

On EastMaul, 1 or2 individualsarelocatedat Auwahion thesouthwestslopeof

Haleakalaatapproximately850meters(2,800feet)elevationonprivatelyownedland

(HINHP 1995)andatleast1 otherindividual is eastof Auwahiat approximately730

meters(2,380feet)elevationon Stateland(A. MedeirosandL. Loope,in litt. 1997).

Fivepopulationsareknownfrom theislandofHawaiion Stateandprivatelandin

SouthKonaandKau,extendingoveranareaofabout10 by 5 kilometers(6 by 3 miles)

from Papato Manuka,andnumberingapproximately20 individuals(HINHP 1995;J.

Lau,personalcommunication1990). A Hawaii Islandpopulationonprivatelandat

HuehueRanchin NorthKonaconsistsof anunknownnumberofindividuals(Hayden

1990).

d. Life History

Individual treesofFlueggeaneowawraeabearonly maleorfemaleflowers,and

mustbecross-pollinatedfrom adifferenttreeto produceviableseed(Hayden1990).

Liffle elseis knownaboutthe life historyofthisspecies.Reproductivecycles,

longevity,specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescription

Flueggeaneowawraeaoccursin dry to mesicforestat elevationsof250to 1,000

meters(820to 3,280feet)(Hayden1990). Associatedplantspeciesincludelama,

Aleuritesmo/uccana(kukui), Antidesmapulvinatum(hame),Bobeasp. (ahakea),alahee,

olopua,Rauvo/fiasandwicensis(hao),andStreb/uspendulina(alal) (HINHIP 1995;5.

Perlman,personalcommunication1997).
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f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatto the continuedexistenceofFlueggeaneowawraeais theblack

twig borerthathasaffectedall knownFlueggeaneowawraeaplants(HINHP 1995;

USFWS1996b;M. Bruegmann,personalcommunication1997). Othermajorthreats

includehabitatdegradationby feral andwild ungulates(pigs, goats,deer,andcattle),

competitionwith alienplantspecies,andfire. Thesmall populationsizewith its limited

genepool anddepressedreproductivevigor, compoundedby arequirementfor cross-

pollinationbecausethespeciesis dioecious,mustbeconsidereda seriousthreat

(USFWS 1996b;S.Perlman,personalcommunication1996). Military activities are

possiblethreatsattheLualualeiNavalReservationandtheU.S.Army’s Schofield

Barracksandademonstratedthreaton theMakuaMilitary Reservation.Predationof

thefruit by ratsis anotherpossiblethreat(M. Bruegmann,personalcommunication

1997).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled“U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinal Report.” The

Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplantspeciesthat occursonArmy land(B. Totten, in litt. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

oftheFlueggeaneowawraeaplantsgrowingon theArmy’s MakuaMilitary

ReservationandSchofieldBarracksMilitary Reservation.OneFlueggeaneowawraea

is within theKahanahaikiGulchfencedareaontheMakuaMilitary Reservation(K.

Kawelo, personalcommunication1999). Additionally, amatureplantin Kahanahaiki

Gulchwasexperimentallytreatedwith insecticideto controltheblacktwig borer. If

successful,this methodcouldalsobeappliedto otherpopulationsofFlueggea

neowawraea(B. Totten, in /itt. 1998).
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OneoftheFlueggeaneowawraeaplantson theNavy’sLualualeiNaval

Reservationhasbeenfencedfor protectionfrom cattleandferal pigs. A programof

alienplantremovalwithin theexclosureis on-going(J. Moribe, personal

communication1997).

A long-rangemanagementplanfortheHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol,fire control,small mammalcontrol,rare

speciesrecovery,andnativehabitatrestoration(TNCH 1997). Theseactionsare

expectedto benefitF/ueggeaneowawraeaon thePreserve.

TheNationalTropicalBotanicalGardenhasmorethan2,000seedsandthePahole

mid-elevationnurseryhascloseto 40 seedsin storage.TheNationalTropicalBotanical

Gardenhas21 individualsin cultivation,whilePaholehas1 plantin its nursery(M.

Chapin,personalcommunication1997; B. Gamett,personalcommunication1998).

MicropropagationhasbeenattemptedattheLyon Arboretumbuthasnotbeen

successfulto date(Koob 1997).

No otherspecificconservationactionsareknownforthis plant.

h. NeededRecovervActions

1)Conductfurtherresearchinto, andimplement,controlmethodsfor theblacktwig

borer.

Theblacktwig borerhasbeenidentifiedasthesinglemostimportantthreatto the

continuedsurvivalofFlueggeaneowawraea.All knownplantsofthisspeciessuffer

slightto severedefoliationandreducedvigor dueto infestationsof thisalien insect. A

numberofparasitoidshavebeenintroducedto controlthebeetle,thoughnoneofthem

havebecomeestablished.Furtherresearchon biological controlofthebeetlewill need

to proceedcautiouslyasthereareanumberofrarenativescolytidsin Hawaii whichare

closelyrelatedto theblacktwig borer(P. Conant,personalcommunication1997;J.

Nakatani,in litt. 1996).

If successful,theexperimentalinsecticidetreatmentto controlblacktwig boreron

an individualon theMakuaMilitary Reservationcouldbeappliedto otherpopulations.
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2) Constructexclosuresto protectpopulationsagainstferalungulates.

SincemostpopulationsofFlueggeaneowawraeahaveonly oneortwo remaining

individuals,efforts shouldbemadeimmediatelyto fenceandprotectthesetreesto

reduceimpactsfrom feral andwild ungulatesonFederal,State,andprivateland.

Subsequentcontrol orremovalofungulatesfrom theseareaswill alleviatetheirimpact

on nativeecosystems.Commitmentsshouldbedevelopedforlong-termstewardship

andconservationoftheseareasoncetheyhavebeenenclosed.

3) Controlcompetingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchaslantana,strawberry

guava,commonguava,andChristmasberryshouldbe developedandimplemented.

4) Maintainadequategeneticstock.

To preventextinctionof thisspecies,exsitu propagationfrom severalpopulations

shouldbe triedagain,thoughto dateit hasnotbeensuccessful.Sincemostpopulations

ofFlueggeaneowawraeahaveonly oneortwo remainingindividuals,propagation

materialshouldbecollectedfrom theseindividualsimmediately.

5) Enhancethewild populationsandreestablishtheplantin its historicrange.

Outplantingto enhancetheremainingwild populationscanbeginwhenadequate

propagatedmaterialis available,controloftheblacktwig borerhasprovensuccessful,

andthe in situpopulationshavebeenprotectedfrom ungulates.Newpopulationscan

beestablishedwithin thehistoric rangeofFlueggeaneowawraeawhencontrolofthe

blacktwig borerhasprovensuccessfulin areasfreefrom theimpactsofferal andwild

ungulates.

6) Cross-pollinatetreesto ensureseedset.

Sinceindividual treesofFlueggeaneowawraeabearonly maleorfemaleflowers,

theflowersmustbecross-pollinatedfrom adifferenttreeto-produceviable seed

(Hayden1990). MostpopulationsofF/ueggeaneowawraeahaveonly oneor two
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remainingindividuals,sospecificefforts shouldbemade,whenpracticable,to hand-

pollinateisolatedpopulations.

7) Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasFlueggeaneowawraea

shouldbe implementedby theArmy ontheMakuaMilitary Reservationandthe

SchofieldBarracksMilitary Reservation,wherecurrentordnancetrainingexercises

couldunintentionallyignite fires. Coordinatedfire protectionfor endangeredplant

speciesshouldbeinstigatedon Statenaturalareareserveswherepopulationsof

Flueggeaneowawraeaoccur,suchasMt. KaalaandPaholeonOahu,andManukaon

Hawaii. A fire protectionplan is alsowarrantedfor endangeredplantson theLualualei

NavalMagazine,wherefive populationsoccur.

Additional recoveryactions,asdiscussedin the Step-downNarrativebeginningon

page169, arealsoappropriatefor this species.

11.Hibiscusbrackenridgei

(Hawaiian name:Mao hau hele)RecoveryPriority Number 2

a Description

AppendixB containsa line drawingofHibiscusbrackenridgei.

Hibiscusbrackenridgei,Hawaii’s Stateflower, a memberofthemallow family

(Malvaceae),is asprawlingto erectshruborsmall treeup to 5 meters(16 feet)tall.

Most plantparts(youngbranches,leaves,andsomeflower parts)vary in thedegreeof

hairiness.Theleaves,about5 to 15 centimeters(2to 6 inches)long andequallywide,

have3 to 7 lobesbut aregenerallyheart-shapedin outline. Beneatheachleafstalk is a

pairofvery thin stipules(leaf-likeappendages),5 to 15 millimeters(0.2to 0.6 inch)

long, whichfall off earlyin development,leavinganelliptic scar. Flowersareborne

singlyor in smallclusters. Thepetals,between3.5 and8 centimeters(1.4and3.1
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inches)long, areyellow, usuallywith amaroonspotin thecenteroftheflower. Each

triangularcalyx lobe is reddishto yellow, andusuallyhasaraised,elongatedglandon

themidrib. Sevento 10 bractsareattachedbelowthecalyx. Thestaminalcolumn,

which hasanthersattachedto theupperthree-fourthsornearlyto thebase,extends

beyondthepetals. Thefruits aresomewhatroundorovalcapsules1.1 to 2 centimeters

(0.4to 0.8 inch) long, whichhaveabeak-likeappendageat oneend. This species

differs from othermembersof thegenusinhavingthefollowing combinationof

characteristics:yellowpetals,acalyxconsistingoftriangularlobeswith raisedveins

andasinglemidrib oftenbearingaprominentelongatedgland,7 to 10 bractsattached

below thecalyx,andthin stipules5 to 15 millimeters(0.2to 0.6 inch) longthat fall off,

leavinganelliptic scar(Bates1990).

b. Taxonomy

In 1838,AsaGraydescribedHibiscusbrackenridgeifrom aspecimencollectedon

WestMaui (Roe 1961). Then,in 1930,EdwardLeonardCaumpublishedtwo varieties,

mo/okaianaandkauaiana,basedupontypespecimensfromtheislandsof Molokaiand

Kauai. An additionalvariety,var. mokuleiana,wasnamedby SisterMargaretJames

Roein 1961. In 1990,DavidBatesrecognizedtwo subspeciflctaxa:ssp.moku/eianus

andssp.brackenridgei(includingvar. mo/okaiana).HeplacedHibiscusbrackenridgei

var. kauaianain synonymywith anon-HawaiianspeciesofHibiscus,H calyphy/lus.

c. CurrentandHistoricRangesandPopulationStatus

Hibiscusbrackenridgeiis currentlyknownfrom Oahu,Lanai,Maui, andHawaii; it

maypossiblyoccuronKauai. Twelvepopulationsareknownto exist, containingatotal

ofapproximately311 to 364 individuals. Onepopulationwasplantedat theKanepuu

Preserveandappearsto be reproducingnaturally(B. Morgan,in litt. 1997). Thetwo

recognizedsubspeciesarediscussedseparatelybelow.
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Hibiscusbrackenridgeissp.brackenridgeiwasknownhistorically from LaauPoint

onMolokai, from scatteredlocationson Lanai,andfrom PohakeaGulchsouthto near

McGregorPointonWestMaul (HINHP 1995). Hibiscusbrackenridgeiwasalso

collectedfrom an unspecifiedsiteonKahoolawe(H1NHP 1995). However,the

specimenis unavailable,andthesubspecieswasnotdetermined(Bates1990).

Currently,Hibiscusbrackenridgeissp.brackenridgeiconsistsof about5 to 8

populationscontainingprobablyfewerthan150 individualson Stateandprivatelandon

theislandsofLanai,Maui, andHawaii (H1NHP1995;HPCC 1995;5. Bergfeld,

personalcommunication1997; R. Hobdy,personalcommunication1997; J. Lau,

personalcommunication1992).

OnLanai,only eightorninewild plantsremain,nearKeomukuRoadat 275 meters

(900feet)elevationonprivately ownedland(H1NHP 1995; HPCC1995). Anunknown

numberofplantswereplantedon theKanepuuPreservein the1970’s andappearto be

reproducingnaturally (B. Morganin litt. 1997). Threeseedlingsarealsoknownto be

surviving in afencedareaon thedry plainsof KaenaPoint (W. Wong,Jr. in litt. 1998).

On WestMaui, Hibiscusbrackenridgeissp.brackenridgeiis knownfromtwo

populationsoccurringat KaunohuaGulchandtheWestMaui NaturalAreaReserve

(HlNUP 1995;R. Hobdy,personalcommunication1997;J. Lau,personal

communication1992). TheKaunohuaGulchpopulation,numberingfewerthan100

individuals,is foundwithin a fencedareaof5 to 10 squaremeters(55 to 110 square

feet)on privatelyownedland(HTNHP 1995;R. Hobdy, personalcommunication1997).

TheWestMaui NaturalAreaReservepopulation,consistingof2 to 14 individuals, is

locatedin theLihausectionat about400meters(1,300feet)elevationin lowlanddry

foreston State-ownedland(HINHP 1995;R. Hobdy,personalcommunication1997; J.

Lau,personalcommunication1992).

OnEastMaui, two of thethreeknownpopulationsextendovera 6.2Ssquare

kilometer(2.4squaremile) area,numberingno morethan12 to 15 individuals(HINHP

1995; HPCC 1995;R. Hobdy,personalcommunication1997). Thesepopulationsare

nearPuuo Kali on State-ownedlandatelevationsbetween250 and440 meters(800

and 1,450feet)(HINHP 1995;R. HobdyandL. Loope, in litt. 1997). An additional

87



populationis knownfrom Keokeaat elevationsbetween250 and390meters(800and

1,000feet)on State-ownedland(H1NHP1995).

On theislandofHawaii,Hibiscusbrackenridgeissp.brackenrzdgeiis knownfrom

two populationson Stateland: 5 plantsatLalamilo on landleasedforpasture,and4

adultplantswith closeto 100 seedlingsat PuuAnahulu(S. Bergfeld,personal

communication1997).

UndocumentedobservationsofHibiscusbrackenridgeissp.mokulejanushavebeen

reportedfrom LihueandOlokeleCanyononKauai(Bates1990). OnOahu,H. b. ssp.

mokulejanuswasknownhistoricallyfrom scatteredlocationsin theWaianaeMountains

(HINHP 1995). Thesescatteredpopulationsoccurredin theareafrom which this

subspeciesis currentlyknown. Scatteredwithin this 12- by 5-kilometer(7.5-by 3-mile)

areaextendingfrom PuuPaneto Kealia-Kawaihapaiarecurrentlythreecurrent

populationscontainingbetween153and203 individuals(J. Lau,personal

communication1997). Thenorthernmostpopulation,consistingof3 individualsand

occupyingan areaof 10 to 100 squaremeters(110to 1,080squarefeet),is in the

mountainssouthoftheDillinghamMilitary Reservationatanelevationof 170 meters

(560feet)onprivatelyownedland(HINHP 1995;HPCC 1995). Anotherpopulationis

knownfrom two adjacentgulchesbetweentheDupontTrail andPuuIki atelevations

between120 and240 meters(400and800 feet)(J. Lau,personalcommunication1997).

This populationon Stateandprivatelyownedlandconsistsof 150 to 200 individuals(J.

Lau,personalcommunication1997). A populationofHibiscusbrackenridgeissp.

mokulelanusreportedfrom thePuuPaneareahasnotbeenseenfor morethan40 years

(HINHP 1995).

d. Life History

Hibiscusbrackenridgeiis knownto flower continuouslyfrom earlyFebruary

throughlate May,andintermittentlyat othertimesofyear. Intermittentfloweringmay

possiblybe tied to daylength(KeithWooliams,formerlywith theWaimeaArboretum,

personalcommunication1996). Little elseis knownaboutthe life historyofthis plant.
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Pollinationbiology, longevity,specificenvironmentalrequirements,andlimiting factors

areunknown.

e. HabitatDescription

Hibiscusbrackenridgeioccursin lowlanddry to mesicforestandshrublandfrom

130 to 800 meters(425to 2,625feet)in elevation(Geesinket al. 1990;HINHP 1995).

Associatedplantspeciesincludeaalii,alahee,wiliwili, ohe,andSidafallax(ilima)

(HINHP 1995).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Hibiscusbrackenridgeiarehabitatdegradationandpossible

predationby pigs,goats,axis deer,sheep,andcattle;competitionwith alienplant

species;roadconstruction;fire; andrandomnaturallyoccurringeventscausing

extinctionand/orreducedreproductivevigor dueto thesmallnumberofpopulations(J.

Lau,personalcommunication1997;USFWS 1996b). Predationby ratsmayalsobea

potentialthreatto this species(M. Bruegmann,personalcommunication1997).

Climatechangedueto habitatalterationmaybealimiting factor(Cliff Smith,

UniversityofHawaii, in litt. 1995).

g. ConservationEfforts

Most, if not all, oftheKaunohuaGulchpopulation,numberingfewerthan100

individuals,is in a fencedareamaintainedby theStateDivision ofForestryand

Wildlife. ThePuuAnahulupopulation,ofapproximatelyfour individuals,was

enclosedby afencein 1993, alsomaintainedby the StateDivision ofForestryand

Wildlife. Currentlyonly 1 original adult individualremains,thoughtherearecloseto

100 seedlings(S.Bergfeld,in litt. 1996).
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Approximately25 propagatedplantsofHibiscusbrackenridgeissp.brackenridgei

wereoutplantedby theDivision ofForestryandWildlife in thePuuwaawaalKaupulehu

areabefore1993. Someof theseplantswereburnedduringtheKaupulehufire of 1993

buthaveresproutedfrom thebase,andappearto bethriving (S. Bergfeld,in litt. 1996).

In 1996,theDivision of ForestryandWildlife fencedfive seedlingson dryplainsat

KaenaPoint,Lanai andthreeseedlingssurvivedto thespringof 1998. Theseplants

mayhavegerminatedfrom long-dormantseeds(W. Wong,Jr., in litt. 1998).

In 1994, two propagatedplantsofHibiscusbrackenridgeissp.mokuleianuswere

outplantedby TNCH on the Honouliuli Preservein fencedexclosuresfor protection

from ungulates.Weeds,slugs,androdentsarealso controlled. Bothplantshave

survivedandat leastonehasflowered(B. Morgan,personalcommunication1997).

TheNatureConservancyofHawaii hasimplementeda fuel reductiontreatment

strategyfor theKanepuuPreserveonLanai thatincludesmowing thesevendistinct

fencedunitsatleastonceayear(C. Cory, personalcommunication1999). In addition,

theKanepuuPreservefire protectionplanis updatedeachyearandincorporatesthe

participationoflocal, State,andprivateagencies(A. Remec,personalcommunication

1999). Theseactionsareexpectedto enhanceconservationofthePreserve’sHibiscus

brackenridgeissp.brackenridgeiplants.

Hibiscusbrackenridgeissp.brackenridgeihasbeensuccessfullypropagated(G.

Koob,personalcommunication1997;D. Orr, personalcommunication1997;M.

Chapin,personalcommunication1997;Winnie Singeo,HonoluluBotanicalGardens,in

litt. 1999). Plantsexistin cultivationatall majorfacilities. More than900 seedsof

Hibiscusbrackenridgeissp.brackenridgeiarein storageat theNationalTropical

BotanicalGarden(M. Chapin,personalcommunication1997). While seedgermination

testsindicateagerminationrateof30 percentfor freshseeds,no germinationofseeds

occurredafteraminimumof45 daysin storage(Ragone1993).
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h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferal andwild ungulates.

Exclosuresshouldbe constructedaroundtheknown,unfencedpopulationsof

Hibiscusbrackenridgeion Stateandprivatelandto reduceimpactsfrom ungulates.

Subsequentcontrolorremovalofungulatesfrom theseareaswill alleviatetheirimpact

on nativeecosystems.Additionally,populationsthat haveonly oneortwo remaining

individuals,suchasthoseatMahanaon Lanai,shouldbefencedandprotected

immediately. Oncetheseareashavebeenenclosed,acommitmentshouldbe developed

for theirlong-termstewardshipandconservation.

2) Controlcompetingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchaskoahaole,lantana,

fountaingrass,Christmasberry,Panicummaximum(Guineagrass),andRicinus

communis(castorbean)shouldbe developedandimplemented.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitupropagationshouldbe continued.

Propagationmaterialshouldbecollectedimmediatelyfrompopulationsthat havefew

individualssuchasat KaumokuGulchon Oahu,andMahanaon Lanai.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andfencingandweedcontrolareunderway

attheremainingin situpopulations.Newpopulationsshouldbeestablishedwithin the

historic rangeofHibiscusbrackenridgei,in areasfreefrom theimpactsofungulates

andalienplants.
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5) Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasHibiscusbrackenridgei

from fire shouldbeplannedandimplementedfor areaswherefire is knownto bea

threat,suchasatPuuoKahon Maul.

Additional recoveryactions,asdiscussedin the Step-downNarrativebeginningon

page169, arealsoappropriatefor this species.

12. Isodendrion lau,jfolium

(Hawaiianname:aupaka)RecoveryPriority Number 8

a. Description

AppendixB containsa line drawingof Isodendrionlaur~folium.

Isodendrionlaur~folium, a memberoftheviolet family (Violaceae),is a slender,

straightshrub,generally1 to 2 meters(3to 6 feet)tall, with fewbranches.Theleaves,

4 to 16 centimeters(2 to 6 inches)longand 1.5 to 5 centimeters(0.6to 2 inches)wide,

aresomewhatleathery,oblong-elliptic,narrowly elliptic lance-shaped,orrarelyelliptic.

Thefragrantflowersareperfectandbornesinglyalongthestems. Thefive petals,

whichareclawedandsomewhatunequal,arepurplewith greenishwhite edges

externally,anddustypurpleon theinnerfaceofthelobe. Thefruit is agreen,lance-

shapedcapsule.Thisspeciesis distinguishedfrom othersin this endemicHawaiian

genusliy theshapeof its leaves(Wagneretal. 1990).

b. Taxonomy

Isodendrionlaur~fo1iumwasfirst describedby Grayin 1852basedon acollection

madeon Oahuby membersoftheU.S.Exploring Expeditionin 1840(St. John1952).

Otherpublishednamesconsideredsynonymouswith Isodendrionlaur~folium areL
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forbesii,I. lydgatei,L subsessil~folium,andL waianaeense(Wagneret al. 1990). The

specificepithetrefersto theresemblancein the leavesto thoseofthe laurel tree.

c. CurrentandHistoricRangesandPoDulationStatus

Historically, Isodendrionlaur~foliumwasknownfrom scatteredlocationsonKauai

andboththe WalanaeandKoolaumountainsofOahu(USEWS 1996a). Fourteen

populationson two islandscomprisingapproximately190 to 210 individualsare

currentlyknownstatewide.

On Kauai,approximately130 to 140individualsareknownfrom eight populations

in thefollowing locations:5 individualsin PaailciValley, about20 individualsin

KawaiulaValley, 50+ individualsin HaeleeleValley, 40+individuals in Makaha

Valley, 10 to 20 individualsin PoopooilciValley, 2 individualsin MahanaloaandKuia

valleys,and1 individual in theKoaiebranchofWaimeaCanyon. All Kauai

populationsareon State-ownedland,with severalin theKuiaNaturalAreaReserve

(USFWS 1 996a).

On Oahu,approximately60 to 70 individualsofthis speciesareknownfrom six

populations:40+ individualsin Makahain theWaianaeMountainson City andCounty

of Honolululand; 4 individualsin EastMakalehaValley,2 to 10 individualsin

WaianaeKai, 9 individualsin KaawaGulch, 6 individualsin KaumokunuiGulchin the

WaianaeMountainson Stateland(including Mt. KaalaNaturalAreaReserve);and2

individualsin southKaukonahuaGulchwithin thefederally-ownedSchofieldBarracks

Military Reservationin theKoolauMountains(U.S. Army GarrisonHawaii 1997;

USFWS1996a).

d. Life History

Little is knownaboutthe life historyofthisplant. Reproductivecycles,longevity,

specifi....environmentalrequirements,andlimiting factorsareunknown.
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e. HabitatDescription

Isodendrionlaur~folium is usually foundat elevationsbetween490 and820 meters

(1,620and 2,700feet)in diversemesicforest,orrarelywet forest,dominatedby ohiaor

koa-ohia,orohia-lamawith hame,maua,Hedyotisterminalis(manono),Pisoniasp.

(papalakepau),andPouteriasp. (alan)(USFWS 1996a;S. Perlman,personal

communication1996).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Isodendrionlauijfolium arehabitatdegradationby ungulates

(black-taileddeer,goats,andpigs), competitionwithalienplants,andapotentialthreat

from military activities(USEWS1996a;M. Bruegmann,in litt. 1994;5. Perlman,

personalcommunication1996).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled“U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinalReport.” The

Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplant speciesthatoccursonArmy land(B. Totten,in lilt. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

oftheIsodendrionlaur~foliumplantsgrowingon theArmy’s SchofieldBarracks

Military Reservation.

Oneindividual of Isodendrionlaur~folium is foundin eachoftwo oftheState

Division ofForestryandWildlife’s fencedexclosureson Kauai in MahanaloaValley

andPaaikiValley (M. Bruegmann,in litt. 1994).

Isodendrionlaur~foliumhasbeensuccessfullypropagatedat theLyon Arboretum’s

micropropagationlaboratory(G. Koob,personalcommunication1997). Outplanting

94



hasbeenattemptedat theNationalTropicalBotanicalGardenbut theplantsdid not

survive.

No otherspecificrecoveryactionsareknownfor thisplant.

h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferalandwild ungulates.

To reduceimpactsfrom ungulates,exciosuresshouldbe constructedaroundthe

known,unfencedpopulationsof Isodendrionlaur~folium onFederal,State,andprivate

land. Controlor removalofungulatesfrom theseareas,aftertheexclosuresarebuilt,

will alleviatetheir impacton nativeecosystems.Additionally, unfencedpopulations

thathaveonly 6neor two remainingindividualssuchasatKaukonahuaGulchon Oahu

shouldbefencedandprotectedimmediately. Oncetheseareashavebeenenclosed,

commitmentsshouldbedevelopedfor their long-termstewardshipandconservation.

2) Controlcompetingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchaslantana,

thimbleberry,strawberryguava,Christmasberry,andclidemiashouldbedeveloped.

Weedcontrolwithin existingexclosures,suchasin MahanaloaValley andPaaiki

Valley, is alsonecessary.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitupropagationshouldbecontinued.

Propagationmaterialshouldbecollectedimmediatelyfrom populationsthathavefew

individuals— suchasat PaaikiValley andseveralpopulationswithin WaimeaCanyon

onKauai;andWaianaeKai, KaukonahuaGulch,andMakalehaValley on Oahu.
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4) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andfencingandweedcontrolareunderway

in theareasoftheremainingin situpopulations.Newpopulationsshouldbe

establishedwithin thehistoric rangeofIsodendrionlaurWolium, in areasfreefrom the

impactsofungulatesandalienplants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealso appropriateforthis species.

13. Isodendrion longjfolium

(Hawaiian name:aupaka) RecoveryPriority Number 8

a. Description

AppendixB containsaline drawingofIsodendrionlong~folium.

Isodendrioniongzfolium,amemberof theviolet family (Violaceae),is a slender,

straightshrubgenerally0.6 to 2 meters(2 to 7 feet)tall. Thehairless,somewhat

leatheryleavesarelance-shaped,10 to 30 centimeters(4 to 12 inches)long, and3.4 to

6.5 centimeters(1 to 3 inches)wide. Thefragrantflowersareperfectandareborne

singly alongthebranches.Thefive petalsarepurple,clawed,andsomewhatunequal.

Thepurplecapsularfruit is 10 millimeters(0.4 inch) long. This speciesis distinguished

from othersin thisendemicHawaiiangenusby the shapeofits leaves(Wagneret a!.

1990).

b. Taxonomy

Isodendrionlong~folium wasfirst collectedin 1840 in the“Kaala” [Waianae]

Mountainsof Oahuby membersoftheU.S. Exploring Expedition.Graylaternamed

thisspeciesfor its longleaves(St. John1952). Isodendrionchristenseniiand
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Isodendrionmaculatum(St. John1952, 1 978b)areconsideredsynonymouswith

Isodendrionlongifolium (Wagnereta!. 1990).

c. CurrentandHistoric RangesandPoDulationStatus

HistoricallyIsodendrionlong~foliumwasknownfrom scatteredlocationsonKauai

andtheWaianaeMountainson Oahu(LorenceandFlynn 1991, 1993;USFWS 1996a;

Hawaii andPacificPlantsRecoveryCoordinatingCommittee,in litt. 1996). Currently

Isodendrionlong~oliumis knownfrom 19 populationson Kauaiand Oahu. Thetotal

currentpopulationthroughoutthe Stateconsistsof fewerthan1,000individuals,with

mostofthepopulationsandindividualsoccurringonKauai.

OnKauai, 16 populationstotaling500 to 800 individualsarescatteredoverridges

andvalley slopesofnorthwesternKauai:severalhundredindividualsin Limahuli

Valley, about100 individualson Mt. Kahili, 3 individualseastofHaupuPeak,an

unknownnumberofindividualsin theIliiliula drainage,1 individual in theWainiha-

Manoadrainage,25 individualsnearWainonoiaStream,andseveralhundred

individualsin the WahiawaMountainson privateland; 1 individual on Hanakapiai-

HooluluRidge,15 to 20 individualsin Hanakapiai,atleast9 individualsin Kawaiula

Valley, 10 individualsin KalalauValley, 80 to 90 individualsin Waioli Valley, and

approximately20 individualsin Limahuli on Stateland,which includesthe Hono0 Na

PaliNaturalAreaReserveandtheNaPali CoastStatePark(LorenceandFlynn 1991,

1993;USEWS 1996a;M. Bruegmann,in litt. 1994;5. Perlman,personal

communication1996).

Threepopulationstotalingfewerthan30 to 40 individualsareknownfrom Oahu.

Two populations,1 in PalikeaGulchofanunknownnumberofindividualsand 1 of 25

to 30 individualsin KaawaGulch,arefoundwithin theMt. KaalaNaturalAreaReserve

on Staie-ownedlandin theWaianaeMountains,andanunconfirmedspecimenwas

collectedin MakauaGulchin theKoolauMountainson private or Stateland(USFWS

1 996a;Hawaii andPacific PlantsRecoveryCoord. Comm.,in lilt. 1996;J.Lau,

personalcommunication1997).
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d. Life Historv

Little is knownaboutthelife historyofthis plant. Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsareunknown.

e.HabitatDescription

Isodendrioniongifolium is foundon steepslopes,gulches,andstreambanksin

mixed mesicor wetohiaforest,usuallyat elevationsbetween410and760meters

(1,350and2,500feet). Associatedplantsincludeahakea,hame,Cyaneasp. (haha),

Cyrtandrasp. (haiwale),Hedyotissp. (manono),Peperomiasp.(alaalawai nui),

Perrottetiasandwicensis(olomea),andPittosporumsp. (hoawa),Psychotriasp.

(kopiko)(LorenceandFlynn 1991, 1993; USFWS 1996a;S. Perlman,personal

communication1996).

f. Reasonsfor DeclineandCurrentThreats

Themajorthreatsto Isodendrionlong~foliumarehabitatdegradationand/or

destructionby feralgoatsandpigs, andcompetitionwith variousalienplants. On

Oahu,thePalikeaGulchpopulationis potentiallythreatenedby overcollectionandfire

(LorenceandFlynn 1993;USFWS 1996a,USFWS,in lilt. 1997).

g. ConservationEfforts

IsodendrionlongifoliumhasbeensuccessfullypropagatedattheLyon Arboretum’s

micropropagationlaboratory(Koob 1997). Outplantinghasbeenattemptedatthe

NationalTropicalBotanicalGardenbutheplantsdid not survive. No otherspecific

recoveryactionsareknownfor this plant.
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h. NeededRecoveryActions

1) Constructexclosuresto protectpopulationsagainstferalungulates.

ExclosuresshouldbeconstructedaroundtheknownpopulationsofIsodendrion

long~foliumon Stateandprivatelandto reduceimpactsfrom feralungulates.

Subsequentcontrolorremovalofungulatesfrom theseareaswill alleviatetheirimpact

onnativeecosystems.Additionally, immediateefforts areneededto fenceandprotect

theunfencedpopulationswith only oneortwo remainingindividuals,suchasat

Hauakapiai-HooluluRidgeonKauaiandMakauaGulch on Oahu.Commitments

shouldbedevelopedfor long-termstewardshipandconservationoftheseareasonce

theyhavebeenenclosed.

2) Controlcompetingalienplant species.

Developandimplementa long-rangemanagementplanto controlalien plantssuch

asclid~mia,thimbleberry,strawberryguava,Erechtitesvalerian~folia,Hilo grass,and

lantana.

3) Maintainadequategeneticstock.

To preventextinctionofthis species.exsitupropagationshouldbe continued.

Propagationmaterialshouldbecollectedimmediatelyfrom populationsthathavefew

individuals,suchasatHanakapiai-HooluluRidgeonKauaiandMakauaGulchon

Oahu.

4) Enhancewild populationsandestablishnewpopulations.

Onceadequatepropagatedmaterialis available,andfencingandweedcontrolare

underwayin theareasoftheremainingin situpopulations,outplantingto enhancethe

remainingwild populationsshouldbegin. Newpopulationsshouldbe established

within thehistoric rangeofIsodendrionlongifolium, in areasfreefrom theimpactsof

feralungulatesandalienplants.
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5) Protect endangeredplants from fire.

Coordinatedfire protectionis neededfor endangeredplant specieson Statenatural

areareserves,suchasMt. Kaala,whereoneofthreeOahupopulationsofIsodendrion

Iong~folium occurs.

Additionalrecoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealsoappropriateforthis species.

14. Mariscuspennat~formis

(No commonname)RecoveryPriority Number 5

a. DescriDtion

AppendixB containsa line drawingofMariscuspennat~formis.

Mariscuspennat~formis(NCN), amemberofthesedgefamily (Cyperaceae),is a

perennialplantwith awoodyrootsystemcoveredwith brownscales.The stout,

smooth,three-angledstemsarebetween0.4 and 1.2meters(1.3 and4 feet)long,

slightly concave,and3 to 7 millimeters(0.1 to 0.3 inch) in diameterin thelowerpart.

Thethreeto five linear,somewhatleatheryleavesare8 to 17 millimeters(0.3 to 0.7

inch)wideandatleastaslong asthestem. Eachflower cluster,umbrella-shapedand

moderatelydense,is 4 to 15 centimeters(1.5to 6 inches)long and5 to 25 centimeters

(2to 10 inches)wide. About 5 to 18 spikes,comprisedofnumerousspikelets,form

eachcluster. Eachspikelet,measuringabout8 to 14 millimeters(0.3 to 0.6 inch) in

length,is yellowishbrownor grayishbrownandis comprisedof 8 to 25 densely

arrangedflowers. Theglumes(bractsbeneatheachflower),which arelessthantwice as

long aswide, arespreadingandoverlaptightly. Thelowestglumedoesnotoverlapthe

baseoftheuppermostglume.

This speciesdiffers from othermembersofthegenusby its three-sided,slightly

concave,smoothstems;the lengthandnumberofspikelets;theleafwidth; andthe

lengthanddiameterofstems. Thetwo subspeciesaredistinguishedprimarily by larger
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andmorenumerousspikelets,largerachenes(dry,one-seededfruits), andmore

overlappingandyellowerglumesin ssp.pennat~formisascomparedwith ssp.bryanii

(Koyama1990).

b. Taxonomy

In 1931,thenameCyperuspennat~formiswaspublishedby GeorgKukenthalbased

ona specimencollectedfrom HanaonMaui (ChristophersenandCaum1931). Healso

describedavarietyofthespecies,varietybryanii, for plantscollectedfrom the

NorthwesternHawaiianIslandofLaysan. TetsuoKoyamamovedthespeciesinto the

genusMariscusandmaintainedthetwo subspeciflctaxa,preferringto call them

subspeciesratherthanvarieties(Wagneret a!. 1989).

c. CurrentandHistoricRan2esandPopulationStatus

Historically,MariscuspennatWormisssp.pennat~formiswasknownfrom six

populations,onKauaiat Halemanuin KokeeStatePark,on Oahuin theWaianae

MountainsonaridgeaboveMakahaValley, onEastMaul at KeanaeValley, Hana,and

Nahiku,andon theislandof Hawaiiat anunspecifiedlocation(HINHP 1995). Only

onepopulationhasbeenseenin thelast70 years,whenanunknownnumberofplants

were seensometimein the1970’sin KeanaeValley (HLNHP 1995;Roy Kam, Hawaii

NaturalHeritageProgram,personalcommunication1997).

MariscuspennatWormisssp.bryanii is knownonly from LaysanIslandin the

HawaiianIslandsNationalWildlife Refuge. Thissubspecieswasfounduntil recently

on thesoutheastendofthecentrallagoon,andthewestandnortheastsidesoftheisland

on sandysubstrateat anelevationof5 meters(16 feet)(HJNHP 1995;Koyama1990).

Thepopulationhasfluctuatedfrom asmanyas200 to asfewas1 individualoverthe

past10 years. Currently,only 1 populationofabout200 individualsremainsonthe

southeastendofthe lagoon(ElizabethFlint, USFWS,personalcommunication1997).
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d. Life Historv

IndividualsofMariscuspennat~ormisssp.bryaniion LaysanIslandhavebeen

closelymonitoredfor 10 years,but floweringwasneverobserveduntil thecontinuous

floweringofoneindividualfrom November1994to December1995(M. Bruegmann,

personalcommunication1995). This flowering eventcoincidedwith recordhigh

rainfall on Laysan(M. Bruegmann,personalcommunication1995). Little elseis

knownaboutthe life historyofthis plant.

Reproductivecycles,longevity, specificenvironmentalrequirements,andlimiting

factorsareunknownfor MariscuspennatWormisssp.pennatWormis.

e. HabitatDescription

PopulationsofMariscuspennatWormisssp.penna4formiswerereportedonopen

sitesin mesicforestsandlow elevationgrasslandsfrom sealevel to 1,200meters(3,900

feet)in elevationwhileMariscuspennatWormisssp.b,yanii is foundon coastalsandy

substrateat anelevationof5 meters(16 feet). AssociatedspeciesincludeCyperus

laevigatus(makaloa),kawelu,andIpomoeasp. (HINHP 1995;Koyama1990).

f. ReasonsforDeclineandCurrentThreats

Theinitial declineof MariscuspennatWormisssp.bryanii wasprobablycausedby

thereleaseof rabbitsonLaysanIsland,andsubsequentdestructionof almostall ofthe

island’svegetation(M. Bruegmann,personalcommunication1995). Causesofthe

recentdeclineandcurrentthreatsto Mariscuspennat~ormisssp.bryaniiareunclear,

butseedpredationby theendangeredLaysanfinch (Telespizacantans)is aprobable

threatsincethefincheshavebeenobservedfeedingontheseeds,anddestructionofthe

remainingindividualsduringburrowingactivitiesofnestingseabirdsis alsoapossible

threat(M. Bruegmann,personalcommunication1995). Thenativebeachmorningglory
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(Ipomoeapes-caprae)is anotherpossiblethreatsinceit periodicallygrowsoverthe

Mariscusindividuals(JeffMarks,USEWS, personalcommunication1995).

ThreatsareunknownforMariscuspennat~formisssp.pennat~ormiswhichwaslast

seenin thewild in the 1970’s. Threatsto the historicallocationsforthis subspecies

includegrazingandhabitatdegradationcausedby ungulates;competitionfor light,

water,space,andnutrientsfrom avarietyofalienplantspecies;andfire (USFWS 1996b).

Thesmall numberofindividualsandonly two knownwild populationsof

MariscuspennatWormismakethis speciesvulnerableto randomnaturallyoccurring

eventscausingextinctionand/orreducedreproductivevigor.

g. ConservationEfforts

Mariscuspennat~ormisssp.pennat~ormisexistedin cultivationattheMaui

ZoologicalandBotanicalGardens,accordingto anunconfirmedreport. Sincethe

gardenswereclosedto thepublic in early 1997,thecurrentstatusofthis subspeciesin

thegardensis unknown(RichardNakagawa,DOFAW, personalcommunication1997).

Thecultivatedplantswereoriginally from Nahiku,EastMaui (J. DavisandR. Silva,

Maui ZoologicalandBotanicalGardens,in litt. 1978).

Seedsfrom asingleflowering individual ofMariscuspennat~formisssp.bryanii

werecollectedby U.S. FishandWildlife Servicepersonnelin October1994and

propagatedattheUniversityofHawaii’s Lyon ArboretumandattheWaimea

Arboretum(Koob 1997; M. Bruegmann,in litt. 1994;D. Orr, personalcommunication

1997). Currently,219 individualsarein cultivationattheLyon andWaimea

Arboretums(G. Koob,personalcommunication1997;D. Orr, personalcommunication

1997). Reintroductionofcultivatedindividualshasbeenconsidered,but amethodto

keeptheplantshealthyduring thelong seavoyagehasnotyet beendeveloped(M.

Bruegmann,personalcommunication1995).

U.S. FishandWildlife ServicepersonnelonLaysanIslandhavebegunanongoing

monitoringandprotectionprogramfor thecurrentwild individuals,which includes

baggingof theseedheadsto preventLaysanfinch predation(J. Marks, in litt. 1995).
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Matureseedhasalsobeenspreadin suitableareas,butno germinationhasoccurred(M.

Bruegmann,personalcommunication1995). Controlofbeachmorningglory is

conductedwhenit beginsto covertheMariscusplants,andaLaysanalbatross

(Diomedeaimmutabilis)chickwasrelocatedwhenit beganto tearpiecesfrom a

Mariscus individual (J. Marks, in litt. 1995). Mostoftheindividualshavebeen

enclosedby asmallfenceerectedto preventalbatrossesfrom tramplingtheplants(E.

Flint, personalcommunication1997).

h. NeededRecovervActions

ThemostimportantrecoveryactionsforMariscuspennat~ormisssp.pennatiformis

are:

1) Conductsurveys.

Surveysto determineif thereareadditionalextantwild populationsofthis plant

shouldbeconductedin appropriatehabitatin historicallocationsonKauai,Oahu,and

Maul.

2) Maintainadequategeneticstock.

To preventextinctionofthisplant, exsitupropagationshouldbe initiated

immediatelyif extantindividualsarefound.

3) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancethesepopulationsshouldbeginwhenadequatepropagated

materialis available,andfencingandweedcontrol,asappropriate,areunderway.New

populationsshouldbeestablishedwithin thehistoric rangeofMariscuspennat~formis

ssp.pennat~formis,in areasfree from theimpactsofungulatesandalienplants.

104



Recoveryactionsfor MariscuspennatWormisssp.bryanji shouldinclude:

1) Protectplantsfrom Laysanfinchpredationandseabirdroosting/nesting.

Baggingofseedheadshasbeenpartially successful,but someseedheadshave

sufferedmolding asaresult. Othermethodsof protectingtheplantsshouldbe devised

thatwill keepoutLaysanfinchesanddiscourageroostingand/ornestingofseabirdsin

the immediatearea(M. Bruegmann,personalcommunication1995).

2) Protectplantsfrom burrowingseabirds.

Protectionfrom burrowingseabirdsshouldalso beimplemented,possiblythrough

sturdy wire meshcoveringthegroundfor 3 meters(10 feet)aroundeachplant(M.

Bruegmann,personalcommunication1995).

3) Re-establishpopulationsinto historicrange.

Newpopulationsshouldbe establishedwithin thehistoric rangeofMariscus

pennat~ormisssp.bryanii.

Additionalrecoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealsoappropriatefor this species.

15. Neraudiasericea

(Hawaiian name:Maaloa)RecoveryPriority Number 5

a. DescriDtion

No line drawingis availablefor thisplant.

Neraudiasericea,amemberof thenettlefamily (Urticaceae),is a3- to 5-meter-

(10- to 16-foot)tall shrubwithdenselyhairybranches.Theelliptic oroval leavesare

between4.3 and 13 centimeters(1.7and5.1 inches)longandhavesmoothmarginsor

slightly toothedmarginson youngleaves.Theupperleafsurfaceis moderatelyhairy
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andthelower leafsurfaceis denselycoveredwith irregularlycurved,silky grayto white

hairsup to 1 millimeter (0.04 inch)long alongtheveins. Themaleflowersmaybe

stalklessorhaveshortstalks. Thefemaleflowersarestalklessandhavea denselyhairy

calyxthat is eithertoothed,collar-like, ordivided intonarrowunequalsegments.The

fruits are1 millimeter (0.04inch)long acheneswith theapicalsectionseparatedfrom

thebasalportionby adeepconstriction. Seedsareovalwith aconstrictionacrossthe

upperhalf. Neraudiasericeadiffers from theotherfourcloselyrelatedspeciesofthis

endemicHawaiiangenusby thedensity,length,color, andpostureofthehairson the

lowerleafsurfaceandby its mostlyentireleafmargins(Wagnereta!. 1990).

b. Taxonomy

ThenameNeraudiasericea(inaaloa)waspublishedby Gaudichaud-Beaupr~in

1851 (Cowan1949). In 1888, Hillebrandreducedit to avarietyofN. melastomaefolia

(N melastomaefoliavar. sericea). Healsodescribedanewspecies,N kahoolawensis,

namedfrom aspecimencollectedby J.M. Lydgateon theislandofKahoolawe. In the

mostcurrenttreatment(Wagnereta!. 1990),thereductionofN sericeato avarietyof

N. melastomaefoliais notacceptedandN. kahoolawensisis consideredaKahoolawe

populationofN sericea.

c. CurrentandHistoricRangesandPonulationStatus

Neraudiasericeawasknownhistorically from KamaloandnearWaianuion

Molokai, from KaiholenaoncentralLanai,OlowaluValley onWestMaui, thesouthern

slopesofHaleakalaon EastMaui, andfrom an unspecifiedsiteonKahoolawe(HINHP

1995). Currently,threepopulationsofthis speciesareknown,from theslopesbelow

PuuKolekoleonMolokal (specificallyalongthebottomandlowerslopesofMakolelau

Gulchonprivateland);from PohakeaGulchonWestMaul onprivateland; andtwo

individualsin theKahikinul area,EastMaul (onStateland)(HINHP 1995; M.

Bruegmann.in litt. 1995; A. Medeiros,in litt. 1995). TheMakolelaupopulation
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containsanestimated50 to 100 individualsin anareaof over 100 squaremeters(1,080

squarefeet)(HINHP 1995). ThepopulationsizeofthePohakeapopulationis

undetermined(HINHP 1995).

d. Life Historv

Little is knownaboutthe life historyofthis species.Reproductivecycles,

longevity,specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescription

Neraudiasericeagenerallyoccursin lowlanddryto mesicOhia/Aalii/ Styphelia

tameiameiae(pukiawe)shrublandor forestat elevationsbetween670and 1,370meters

(2,200and4,500feet)(HINHP 1995;Wagnereta!. 1990). Otherassociatedplant

speciesincludeilima. lama,Bobeasp.(ahakea),Coprosmasp.(pilo), Hedyotissp.

(manono),aswell astheendangeredClermontialindseyana,Phiegmariurusmannii

(listed asLycopodiummannii),andPhyllostegiamollis, andseveralspeciesofconcern

— Cyrtandraoxybapha,Hillebrandiasandwicensis,Ranunculushawaijensis,and

Rubusmacraei(HINUP 1995;M. Bruegmann,in litt. 1995;A. Medeiros,in litt. 1995).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Neraudiasericeaarehabitatdegradationby feralpigsand

goats;competitionwith molassesgrass;fire, especiallyonMolokai andat siteswith

molassesgrass(L. Pratt, in litt. 1995;USFWS 1996b);andrandomnaturallyoccurring

eventscausingextinctionand/orreducedreproductivevigor dueto thesmallnumberof

existingpopulationsandindividuals(USFWS1996b). In addition,thepopulationin the

Kahikinui area,EastMaul, is potentiallythreatenedby feral cattle(A. Medeiros,in lilt.

1995).
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g. ConservationEfforts

More than1,000seedsare in storageattheNationalTropicalBotanicalGarden(M.

Chapin,personalcommunication1997). Seedgerminationtestsshowagermination

rateofonly 2 percentfor freshseeds,andno germinationof seedsoccurredaftera

minimumof45 daysin storage(Ragone1993).

Nootherspecificconservationactionsareknownfor this species.

h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferalungulates.

ExclosuresshouldbeconstructedaroundtheknownpopulationsofNeraudia

sericeato reduceimpactsfrom feral ungulates.Subsequentcontrolor removalof

ungulatesfrom theseareaswill alleviatetheirimpactonnativeecosystems.

Commitmentsshouldbedevelopedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

2) Controlcompetingalienplant species.

A long-rangemanagementplanto controlalienplantssuchasmolassesgrass

shouldbedeveloped.

3) Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasNeraudiasericeafrom

fire shouldbedevelopedfor areassuchasMakolelauGulchwherefire is knownto bea

threatto individualsoccurringthere.

4) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitu propagationshouldbe continued.

Propagationmaterialshouldbecollectedimmediatelyfrom populationsthathaveonly

oneor two individuals,suchasatKahikinui.
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5) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andfencingandweedcontrolareunderway.

Newpopulationsshouldbeestablishedwithin thehistoricrangeofNeraudiasericea,in

areasfree from theimpactsofferal ungulatesandalienplants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriateforthis species.

16.Panicumniihauense

(Hawaiian name: lauehu) RecoveryPriority Number 2

a. Description

No line drawingis availablefor thisplant.

Panicumniihauense,amemberofthe grassfamily (Poaceae),is a perennial

bunchgrasswith unbranchedculms(stems)50 to 125 centimeters(20to 49 inches)

long. The leafbladesareflat, 15 to 35 centimeters(6to 14 inches)long and0.7 to 1.9

centimeters(0.3to 0.7 inch)wide. Thepanicles(looselybranchedinflorescences)are

13 to 35 centimeters(5 to 14 inches)long. Thepaniclebrancheslie closeto themain

stemoftheinflorescence(not spreadingoutward),andthespikeletsarebornedensely

alongtheinflorescencebranches.Thespikelets,whichcontaintwo flowers,are2.6 to

3.2 miilimeters(0.1 inch) long. Thisspeciesis distinguishedfrom othersin thegenus

by theshapeofthe inflorescencebranches,whichareerectandappressed,andthe

arrangementofthe spikelets,whicharedenselyclustered(Davidse1990).
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b. Taxonomy

In 1912,J.F. StokescollectedagrassonNiihauthatSt. JohnlaternamedPanicum

niihauense(St. John1931). This specieshasbeenmaintainedin themostrecent

treatmentofHawaiianmembersofthegenus(Davidse1990).

c. CurrentandHistoricRangesandPopulationStatus

Panicumniihauensewasknownhistorically from Niihau,whereit waslast

collectedin 1949, andonelocationonKauai (USFWS I 996a). Currentlythisspeciesis

only knownfrom 23 individualson State-ownedlandat thePolihaleStateParkon

Kauai.

d. Life Historv

Little is knownaboutthe life historyofthis species.Reproductivecycles,

longevity,specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescriDtion

Individualsofthesinglepopulationarefoundscatteredin sanddunesin a coastal

shrublandat between9 and15 meters(30and50 feet)elevation.Associatedplants

includeaalii, Cassythafil~ormis(kaunaoapehu),kiawe,Scaevolasericea(naupaka),

ilima, and Vitexsp.(kolokolokahakai)(USFWS 1996a).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto thesingleknownpopulationofPanicumniihauenseareoff-

roadvehicles,competitionwith alienplants,andarisk ofextinctionfrom naturally

occurringeventsand/orreducedreproductivevigor duetothesmall numberof
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individualsin theoneremainingpopulation(USEWS1996a;S. Perlman,personal

communication1996).

g. ConservationEfforts

More than3,000seedsofPanicumniihauensearein storageattheNational

TropicalBotanicalGarden.No plantsarein cultivationthere(M. Chapin,personal

communication1997).

N” otherspecificconservationactionsareknownfor this grass.

h. NeededRecovervActions

1) Constructexclosureto protectpopulationagainstoff-roadvehiculartraffic.

TheplantsatthePolihaleStateParkarebeingimpactedby off-roadvehicletraffic.

A fenceis neededto protectthem,or othervehicle-obstructiondevicesto prevent

vehicularaccessto theirdunehabitat.

2) Controlalienplants.

A long-rangemanagementplanto controlalienplantssuchaskiawe,Atriplex

semibaccata(Australiansaltbush),andkoahaoleneedsto be developed.Also, a

commitmentneedsto bedevelopedfor long-termstewardshipandconservationofthe

remainingpopulation.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitu propagationshouldbe initiated

immediately.

4) Enhancewild population and establishnewpopulations.

Outplantingto enhancethispopulationshouldbeginwhenadequatepropagated

material is available,andfencingandweedcontrolareunderway. Newpopulations
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shouldbeestablishedwithin thehistoricrangeofPanicumniihauense,in areasfree

from theimpactsofvehicles,ungulates,andalienplants.

5) Conductsurveys.

Surveysin appropriatehabitatin historicallocationsonNiihauandKauaishould

beconductedto determineif thereareadditionalextantpopulationsofthis grass.

Additional recoveryactions,asdiscussedin the Step-downNarrativebeginningon

page169,arealsoappropriatefor this species.

17. Phyllostegiaparvjflora

(No commonname) RecoveryPriority Number 5

a. Description

AppendixB containsaline drawingofPhyllostegiaparv~flora.

Phyllostegiaparv~flora,amemberofthemint family (Lamiaceae),is aperennial

herb. Theegg-shapedto broadlyegg-shaped,wrinldedleavesareusually 19 to 33

centimeters(7.5 to 13 inches) long and 7.5 to 15.3 centimeters(3 to 6 inches)wide.

Theleafstalksaretypically 6 to 13.5 centimeters(2.4to 5.3 inches)long. Usuallysix

flowersarearrangedalonga floweringstalk. Thecorollais white, sometimestinged

with purple,andabout9 to 13 millimeters (0.4to 0.5 inch) long. Theuppercorollalip

is about3 millimeters(0.1 inch) longwhile thelower lip is about6 to 9 millimeters(0.2

to 0.4 inch) long. Thefruits arenutlets.

Thespeciesis distinguishedfrom othersofthegenusby theleafshapeandlength

oftheleafstalkandlower corollalip. Phyllostegiaparv~floravar.glabriusculahas

fewerglandularhairsin the inflorescence,lesspubescentleaves,andusually

unbranchedinflorescences,ascomparedto P.parv~/!oravar.parv~flora. A recently

discovered,unnamedvarietyofPhyllostegiaparv~lorahasshorterleafstalks,
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spreadinghairsontheleafstalks,andfewergland-tippedhairsin the inflorescence

(Wagneret a!. 1990).

b. Taxonomy

Phyllostegiaparv~lorawas first describedby Gaudichaud-Beaupr~asPrasium

parv~florumbasedonaspecimencollectedon Oahu(Hillebrand 1888). Later,Bentham

transferredthespeciesto Phyllostegiaandthis is thenameacceptedin thecurrent

treatmentofHawaiianmembersofthegenus(Wagnereta!. 1990). Currentlytwo

varietiesarerecognized— var.parv~f!oraandvar.glabriuscula,whichwasdescribed

by AsaGrayin 1862(Wagnereta!. 1990). A third, recently-discovered,variety hasnot

yetbeenformally named(Wagnereta!. 1990). TheserecentcollectionsofPhyllostegia

parv~/lorafrom the WaianaeMountainsdiffer from thetwo othervarietiesby several

characLersandrepresentanewvarietypreviouslyconsideredto bePhyllostegiamollis

var. !ydgatei(Wagnereta!. 1990;WarrenL. Wagner,SmithsonianInstitution, in litt.,

1994; W. L. Wagner,personalcommunication1994). PublishednamesthatWagneret

a!. (1990)considerto besynonymouswith Phyllostegiaparv~floravar.pari4fiora

includeP. leptostachys,P. parv~floravar. canescens,P.parv~floravar. gaudichaudii,

andP. parv~/loravar. major (Wagnereta!. 1990).

c. CurrentandHistoric RangesandPopulationStatus

HistoricallyPhyllostegiaparvftorawasknown from three islands— Oahu,

Hawaii, andMaui (Sherff1935, USFWS1996a;Wagnereta!. 1990). Thisspeciesis

nowknownonly from two populationson Oahu. Phy!!ostegiaparv~floravar.

glabriusculawasonly knownfromtheislandofHawaii andhasnotbeenobserved

sincetnc 1800’s(USFWS 1996a). In 1995,StevePerlman(NTBG) observeda

populationofover 30 individualsofPhyllostegiaparv~fioravar.pari4flora nearthe

cliffs abovePunaluuValley off of theKoolauSummitTrail (J. Lau, personal

communication1999). Thenew,undescribedvarietyofPhy!!ostegiapari4florais
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knownfrom only 19 plantsin NorthPalawaiGulchonprivatelandattheHonouliuli

Preserve(USFWS1996a).

d. Life History

Little is knownaboutthe life historyofthis species.Plantson Oahuhavebeen

observedin fruit in January(K. Kawelo, in lift. 1998). Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsareunknown.

e. Habitat Description

Phy!!ostegiaparv~florais typically foundonmoderateto steepslopesin diverse

mesicto wet forestfrom 500to 830 meters(1,640to 2,700feet)elevation.Native

plantsassociatedwith Phy!!ostegiaparv~fioraincludeohia,kanawaokeokeo,Mrysine

sp.(kolea),Pipturusalbidus(mamaki),Psychotria sp.(kopiko), Urera kaalae,and

Cyrtandrasp. (haiwale)(USFWS 1996a;Wagnereta!. 1990).

f. Reasonsfor DeclineandCurrentThreats

Themajorthreatsto Phyllostegiaparv~floraarehabitatdegradationand/or

destructionby feral pigs,competitionwith severalalienplants,andarisk ofextinction

from naturallyoccurringeventsand/orreducedreproductivevigor due to thesmall

numberofremainingindividualsandpopulations(USFWS1996a;S. Perlman,in lift.

1996;C. Russell,personalcommunication1994). In addition,military activitiesarea

possiblethreatto theNorthKaukonahuaStreampopulation.Thenew,undescribed

varietyof Phy!lostegiaparv~fIorais potentiallythreatenedby fire andcattle(USEWS

1 996a;USFWS,in lift. 1997).
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g. ConservationEfforts

A long-rangemanagementplanfor theHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol,fire control,rarespeciesrecovery,andnative

habitatrestoration(TNCH 1997). It is expectedthattheseactionswill benefit

Phyllostegiaparv~florawithin thePreserve.

Phyl!ostegiaparv~florahasbeensuccessfullypropagatedattheLyon Arboretum

(G. Koob,personalcommunication1997).

No otherspecificconservationactionsareknownfor thisspecies.

h. NeededRecovervActions

1) Controlcompetingalienplant species.

A long-rangemanagementplanshouldbe developedandimplementedto control

alienplantssuchasclidemia,Christmasberry,andMaui pamakani.

2) Maintain adequategeneticstock.

To preventextinctionofthis species,exsitupropagationshouldbecontinued.

Propagationmaterialshouldbecollectedimmediatelyfrom thetwo extantpopulations.

3) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andfencingofthepopulationsandweed

controlareunderway. Newpopulationsshouldbe establishedwithin thehistoric range

ofPhyllostegiaparv~floravar.parv~floraandwithin therangeofthenew,undescribed

varietyofPhyllostegiaparvflora, in areasfreefrom theimpactsofferalungulatesand

alienplants.
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4) Conductsurveys.

Surveysshouldbeconductedin appropriatehabitatin historicallocationsonthe

islandofHawaiito determineif thereareany extantpopulationsofthis plant.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriatefor this species.

18.Plaiutagoprinceps

(Hawaiian name:Ale) RecoveryPriority Number 5

a. Description

AppendixB containsaline drawingof Plantagoprinceps.

Plantagoprinceps,amemberof theplantainfamily (Plantaginaceae),is asmall

shruborrobustperennialherb. Its erectorascendingstemsarehollow, about2 to 250

centimeters(1 to 100 inches)long,andoftenbranchedwith younginternodesthat are

moreor lesswoolly with reddishbrownhairs. Theoblongto elliptic, thick, leathery

leavesarebetween6 and30 centimeters(2.4and 12 inches)long andup to 5

centimeters(2 inches)wide andaretuftedneartheendsofstems. Theleaveshave

smoothor minutelytoothedmargins,apointedtip, andprimaryveinsthatconvergeat

thebaseofthe leaves.Numerousstaildessflowersaredenselyarrangedin a cluster11

to 28 centimeters(4.3 to 11 inches)longwith eachclusterona stalk10 to 50

centimeters(4 to 20 inches)long. Eachflower spreadsatanangleofnearly90 degrees

to theaxisofthestalkorgrowsupright. ThesepaLaresomewhatdistinctandelliptic

in shape.Thefruits arecapsules,whichcontain3 or4 tiny blackseeds;thesurfaceof

theseedsis coveredwith a stickymembrane.

Thisspeciesdiffers fromothernativemembersofthegenusin Hawaiiby its large

branchedstems,flowersat nearlyright anglesto theaxisoftheflower cluster,andfruits

thatbreakopenat apointtwo-thirds fromthebase.Thefourvarieties(anomala,

laxflora, longibracteata,andprinceps)aredistinguishedby thebranchingand
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pubescenceofthestems;the size,pubescence,andvenationofthe leaves;thedensityof

theinflorescence;andtheorientationoftheflowers(Wagnereta!. 1990).

b. Taxonomy

In 1826,LudolfKarl Adelbertvon ChamissoandDiederichFranzLeonhardvon

SchlecLendaldescribedthespeciesPlantagoprinceps(ale) (Rock 1 920a). In 1829,P.

quelenianawasdescribedby Gaudichaud-Beaupr&An additional species,P.fauriei,

wasdescribedby HerbertL~veill~ (1911)from aspecimencollectedby AbbeUrbain

JeanFauriefrom HanapepeFallsonKauai. SeveralvarietiesandformsofP.princeps

havealsobeendescribed.ThecurrentlyacceptedclassificationplacesP. queleniana

andP.fauriei in synonymywith P. princepsandrecognizesonly fourvarieties:

anomala,lax~folia,longibracteata,andprinceps(Gaudichaud-Beaupr~1829;Gray

1862;Hillebrand1888;Mann1867; Rock 1920a;Wagnereta!. 1990;Wawra 1874).

c. CurrentandHistoricRan2esandPopulationStatus

Plantagoprincepswashistorically foundon Kauai,Oahu,Molokai,Maui, andthe

islandofHawaii. It is no longerextanton theBig Island. A total of 29 populations

containingapproximately640to 1,750individualsis currentlyknown. Historically,

Plantagoprincepsvar.anomalawasknownfrom aridgewestofHanapepeRiveron

Kauai (HINHP 1995). CurrentlyonKauai,onepopulationof 40 individualson Mt.

Kahili, onepopulationof 12 individualsonupperPohakuao(nearPuuK.i), andfour

populationswith 45 individualsareknownfrom thesouthrim andupperreachesof

KalalauValleyon Stateland(HINHP 1995;HPCC 1995; 5. PerlmanandK. Wood,

personalcommunications1997). Historically,Plantagoprincepsvar. laxflora was

knownfrom Waikolu, Olokui, Kamakou,andPelekunuon theeastsideofMolokai; in

backofLahainaonWestMaui; andHamakuaandKohalaonHawaii Island(HINHP

1995). Currentlyon Molokai, Plantagoprincepsvar. laxflora is knownfrom one

populationwith 5 individualsatKawelaGulch on privateland(HINHP 1995). On
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Maui, it is knownfrom 2 locationswith atotal of51 individualsin laoValley; 1

locationwith anunspecifiednumberofindividualsin KaunulaValley on WestMaul on

Stateandprivateland; and5 locationswith atotalof27 to 37 individualsin Haleakala

NationalParkonEastMaul, onFederalland. Thetotalnumberofplantson Maui is

between78 and88 (HJNHP1995;HPCC1995; 5. PerlmanandK. Wood,personal

communications1997).

Plantagoprincepsvar. longibracteatawashistoricallyknownfrom Hanalei,the

WahiawaMountains,andHanapepeFalls on Kauai,andfrom KaalaandtheKoolau

MountainsonOahu(HINHP 1995). Currently,6 populationsareknownfrom Kauaiat

Namolokama,Iliiliula drainage,WainihaValley, Waioli ValleyandWaialealeon State

andprivate land;theyareestimatedto containbetween400to morethan1,400

individuals(HINHP 1995; 5. Perlman, in litt. 1994;5. Perlman,personal

communication1996;5. PerlmanandK. Wood,personalcommunications1997). On

Oahu,oniy 1 populationis known,in thePoamohoareaonprivateorStateland. This

populationwaslastobservedin 1976and.thenumberofindividualsis notknown

(HINHP 1995).

Historically, Plantagoprincepsvar.princepswasknown from Nuuanu Pali and

Kalihi in theKoolauMountainsandfrom MakalehaandNapepeiauoleloGulch in the

WaianaeMountainsofOahu(HINHP 1995;USFWS, in litt. 1997). Six current

populationsofthisplantareknownfrom theWaianaeMountains:NorthPalawaiand

EkahanuiGulches,MakuaValley,Palikea,Pahole,andNapepeiouoleleGulch,on

Federal,State,andprivateland. Therearean estimated50 to 150 individualsin the

WaianaeMountains(HINHP 1995;U.S. Army GarrisonHawaii 1997;USEWS, in litt.

1997; J.Lau,personalcommunication1997;5. PerlmanandK. Wood,personal

communications1997).Currently 1 populationofabout100 individualsis knownfrom

theWaianaeMountains,inN. MohiakeaGulchon theArmy’s SchofieldBarracks

Military Reservation,westrange(K. Kawelo,personalcommunication1997).
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d. Life Historv

Little is knownaboutthe life historyof thisplant. Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsaregenerallyunknown.

However,individualshavebeenobservedin fruit from April throughSeptember(K.

Kawelo, in litt. 1998).

e. HabitatDescription

Plantagoprincepsis typically foundonsteepslopes,rockwalls, orat basesof

waterfallsfrom 480 to about1,100meters(1,580to 3,600feet)in elevation(Wagneret

a!. 1990). Associatedplant speciesincludeaalii,kopiko, ohia,uluhe,Cyaneaspp.

(haha),Hedyotisspp.(manono),Melicopespp.,andDubautiaplantaginea,aswell as

theendangeredExocarpusluteolus,Poasiphonoglossa,Nothocestrumpeltatum.Remya

montgomeryi,andStenogynecampanulata,andthethreatenedMyrsine linear~fo!ia

(HTNHP 1995; HPCC 1995;M. Bruegmann,in litt. 1994;5. PerlmanandK. Wood,

personalcommunications1997).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Plantagoprincepsarepredationandhabitatdegradationby

ungulates(pigs andgoats)andcompetitionwith variousalien plantspecies(USFWS

1 996b). Ungulatepredationis especiallysevere,with numerousobservationsof

Plantagoprincepsindividualsexhibitingbrowsedamage(M. Bruegmann,personal

communication1996). In PalawaiGulch,Plantagoprincepsvar.princepsis seriously

threatenedby Erigeron karvinskianus(daisyfleabane)(K. Kawelo, in litt. 1998).
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g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled“U.S. Army Garrison

Hawaii,OahuTraining Areas,NaturalResourceManagementFinalReport.” The

Reportincludesverydetailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplantspeciesthat occursonArmy land(B. Totten, in lift. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

ofthePlantagoprincepsplantsfoundontheArmy’s MakuaMilitary Reservationand

SchofieldBarracksWestRange.

A long-rangemanagementplanfortheHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol,fire control,small mammalcontrol,rare

speciesrecovery,andnativehabitatrestoration(TNCH 1997). Theseactions,including

theprc’vosedconstructionofa fencenearSouthEkahanuiGulch, areexpectedto benefit

Plantagoprincepsin thePreserve(J. Yoshioka,personalcommunication1999).

ThePlantagoprincepsplantsatthePaholeNaturalAreaReservearefoundwithin a

fencedexclosure.In addition,nineplantsaregrowingin theDivision ofForestryand

Wildlife’s Paholemid-elevationnursery(B. Gamett,personalcommunication1997).

Twoplantsof anunspecifiedvarietyofPlantagoprincepsarein cultivationatthe

NationalTropicalBotanicalGarden(M. Chapin,personalcommunication1997).

MicropropagationofPlantagoprincepsvar. anomalahasbeenattemptedat the

Lyon Arboretumbuthasnotyetbeensuccessful(Koob 1997). No otherspecific

conservationactionsareknownforthis plant.

h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferal ungulates.

Exclosuresshouldbeconstructedaroundtheknown,unfencedpopulationsof

Plantagoprincepsto reduceimpactsfrom feral ungulates.Subsequentcontrolor
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removalofungulatesfrom theseareaswill alleviatetheir impactonnativeecosystems.

Commitmentsshouldbedevelopedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

2) Controlcompetingalienplantspecies.

A long-rangemanagementplanshouldbe developedto controlalienplantssuchas

prickly Floridablackberry,bananapoka,strawberryguava,Christmasberry,molasses

grass,Hilo grass,Maui pamakani,Melastomacandidum,Setariagracilis (yellow

foxtail), Tibouchinaherbacea,andthimbleberry.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitupropagationshouldbeattempted

again. Propagationmaterialshouldbe collectedimmediatelyfrom populationsthat

haveonly oneortwo individuals,suchasatPoamohoonOahuandNakalaloaStream

onMaui.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andfencingoftheremainingpopulationsand

weedcontrolareunderway. Newpopulationsshouldbestartedwithin thehistoric

rangeofPlantagoprinceps,in areasfreefrom theimpactsof feralungulatesandalien

plants.

Additional recoveryactions,asdiscussedin the Step-downNarrativebeginningon

page169,arealsoappropriatefor this species.
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19.Platantheraholochila

(No commonname)RecoveryPriority Number5

a. Description

AppendixB containsa line drawingofPlatantheraholochila.

Platantheraholochila,amemberoftheorchidfamily (Orchidaceae),is an erect,

deciduousherb. Thestemsarisefrom undergroundtubersandare15 to 60 centimeters

(6 to 24 inches)long. Thepale-greenleaves,generally4 to 12 centimeters(2to 5

inches)long and 1 to 3 centimeters(0.4to 1 inch) wide,arelanceto egg-shaped.The

greenish-yellowflowersoccurin openspikes. Thebacksepalis inverselyegg-shaped

andhoodedandthelateralsepalsareerectandelliptic. Thelateralpetals,2 to 2.5

centimeters(1 inch)long, areirregularlyegg-shapedandenclosedby thesepals.The

lowestpetalis strap-like,about3 millimeters(0.1 inch) long,with a spuratthebase,3

to 5 millimeters(0.1 to 0.2-inch)long. Thefruit is anellipsoidcapsulewith six ribs.

This is theonly speciesofthisgenusthatoccursin theHawaiianIslands(Wagnereta!.

1990).

b. Taxonomy

Hillebrand(1888)describedandnamedHabenariaholochilabasedonhis

collectionsandonmaterialsentto him by J.M. LydgateandV. Knudsen.

Subsequently,F. W. Kraenzlintransferredthespeciesto thegenusPlatanthera,

resultingin thenewcombinationPlatantheraholochila; thisnameis acceptedin the

currenttreatmentofHawaiianmembersofthefamily (Kores 1979, Wagnereta!. 1990).

C.A. Luer(1975)publishedthecombinationPlatantherahyperboreavar. viridflora,

nowconsideredsynonymouswith Platantheraholochila (Wagneret a!. 1990). The

specificepithetrefersto theundividedlip ofthe flower.
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c. CurrentandHistoricRangesandPopulationStatus

HistoricallyPlatantheraholochilawasknownfrom theAlakai Swampand

KaholuamanoareaandtheWahiawaMountainsonKauai,theKoolauMountainson

Oahu,.~catteredlocationsonMolokai, andvariouslocationsonMaul (USFWS 1996a).

Currently,Platantheraholochila is knownfrom five locationsonKauai,Molokai,

andMaui. BeforethedevastationofHurricaneIniki onKauaiin September1992,two

populationswereknownfrom theAlakalSwampwithin theAlakai WildernessPreserve

on Stateland(USFWS 1 996a). Onepopulation,lastseenin 1977,wasnotseenwhen

thelocationwasrevisitedin 1994(M. Bruegmann,in !itt. 1994). Theotherpopulation

comprised100plantletsrepresenting3 clonesbeforeHurricaneIniki, butonly 10

immatureplantletsrepresenting1 cloneremainedoverayearafterthehurricane

(Perlman1995;5. Perlman,personalcommunication1996). On Molokai, a single

populationof20plantsoccurson privatelandon theKamakouPreserve(E. Misaki, in

litt. 1997). OnMaui, threepopulationsareknown— atHanaula,on Stateandprivate

land,andattheWaikamoiandKapunakeaPreservesonprivateland(USFWS 1996a).

The5 currentpopulationscontainfewerthan41 individuals; 1 individual on Kauai;20

on Mok~kai; andbetween15 and20 on Maui (USFWS1996a;E. Misaki, in litt. 1997).

d. Life Historv

Little is knownaboutthelife historyofthisplant. Reproductivecycles,longevity,

specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescriDtion

Platantheraholochila is foundin ohia-uluhemontanewet forestorohiamixed

montanebog between1,050and1,870meters(3,450and6,120feet)elevation.

Associatednativeplantsincludehapuu,Coprosmaernodeoides(kukaenene),Oreobolus

sp.,Stypheliasp. (pukiawe),and Vacciniumspp.(ohelo)(USFWS1996a).
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f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Platantheraholochila arehabitatdegradationand/or

destructionby ungulatessuchascattleandferalpigs, competitionwith alienplants,

overcollection,andarisk ofextinctionfrom naturallyoccurringeventsand/orreduced

reproductivevigor, dueto thesmall numberofremainingpopulationsandindividuals

(USFWS 1 996a;C. Russell,personalcommunication1994). Predationby slugsmay

alsobeapotentialthreatto this species(M. Bruegmann,personalcommunication

1997).

g. ~pservation Efforts

In FebruaryandMarchof 1997,undertheauspicesofaU.S. FishandWildlife

Service-fundedgeneticmaterialcollectionproject,S. PerlmanandK. Woodattempted

to collectpropagationmaterialfrom theKauaiandtheHanaula,Maui, plantsof

Platantheraholochila. However,all plantsweredormant(no signofgrowthabove

ground)(S.PerlmanandK. Wood,personalcommunications1997). Duringtheir

collectingtrips, PerlmanandWood notedthattheplantsat Hanaulahadrecentlybeen

fencedby theDivision ofForestryandWildlife. PerlmanandWoodalsovisited the

plantsat theKamakouPreservein hopesofcollectingmaterialfor propagation.

However,while severalplantswereseen,theydecidednot to takecuttingsat thattime

astheplantsappearedfeebleandveryyellow (S. PerlmanandK. Wood,personal

communications1997). Theseplantswerefencedin 1995by TheNatureConservancy

ofHawaii, usingfundsprovidedby theU.S.FishandWildlife Service(E. Misaki, in

litt. 1997). Early in 1997,theKauaiplantwasprotectedby fencingfundedby theU.S.

FishandWildlife Service(M. Bruegmann,personalcommunication1997).

MicropropagationofPlatantheraholochila is beingattemptedattheLyon

Arboretumthoughsuccessfulresultshavenot yetbeenattained(Koob 1997).

No otherspecificconservationactionsareknownfor this species.
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h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstcattleandferal ungulates.

Fxclosuresshouldbe constructedaroundtheknown, unfencedpopulationsof

Platantheraholochilato reduceimpactsfrom feralungulates.Subsequentcontrolor

removalof ungulatesfrom theseareaswill alleviatetheirimpactonnativeecosystems.

Commitmentsshouldbe developedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

2) Controlcompetingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchasHypochoeris

radicata(hairy cat’sear)andHolcuslanatus(velvet grass)shouldbe developed.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,ex situpropagationshouldcontinue.

Propagationmaterialshouldbe collectedimmediatelyfrom populationsthathaveonly

oneor two individuals,suchasin theAlakai Swampon KauaiandHanaulaon Maui.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andprotectionofthepopulationsby fencing

andweedcontrol is underway. Newpopulationsshouldbeestablishedwithin the

historic rangeofPlatantheraholochila in areasfreefrom theimpactsofferal ungulates

andalienplants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealsoappropriatefor thisspecies.
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20. Saniculapurpurea

(No commonname)RecoveryPriorityNumber5

a.DescriDtion

AppendixB containsa line drawingofSanicu!apurpurea.

Saniculapurpurea,amemberoftheparsleyfamily (Apiaceae),is astoutperennial

herb,8 to 36 centimeters(3 to 14 inches)tall, arisingfrom a massivestem. Thebasal

leavesarenumerousandleatheryin texture. Theleavesare2 to 8 centimeters(0.8to 3

inches)wide, kidney-shapedorcircularto egg-heart-shaped,with 3 to 7 lobes. The

small flowersarepurpleorcream-coloredwith apurpletingeandoccurin branched

terminalclusters,eachofwhichcontains6 tolO flowers. Eachflower clustercontains

oneto threeperfectflowersandfive to sevenstaminateflowers. Thenearlyspherical

fruits arecoveredwith prickles. This speciesis distinguishedfrom othersin thegenus

by thenumberofflowersperclusterandby thecolorofthepetals(Constanceand

Affolter 1990).

b. Taxonomy

While hiking theSchofield-WaikaneTrail on Oahu,St. Johncollectedaplantthat

he andEdwardHosakadescribedin 1935 asSaniculapurpurea. Otherpublished

namesconsideredsynonymouswith this speciesincludeS. lobataandS.sandwicensis

(ConstanceandAffolter 1990). Thespecificepithetrefersto thepurplepetals.

c. CurrentandHistoricRanaesandPopulationStatus

Historically,Sanicu!apurpureawasknownfrom six scatteredlocationsalongthe

KoolauMountainsof Oahuandfrom four locationson WestMaui (USFWS1996a).

This speciesis currentlyknownfrom fourto five populationsonOahuandMaui. On

Oahu,thereis onepopulationofsix individualsin theKoolauMountainson the

boundaryof StatelandandthefederallyownedSchofieldBarracksMilitary
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Reservation;anotherpopulation,lastseenon thesummitbetweenAieaandWaimanoin

1985,wasnot seenduringa 1987surveyandmayno longerbe extant. Recently,an

additionalpopulationconsistingofaboutfive individualshasbeenlocatedat the

Poamohosummitin theKoolauMountains(K. Kawelo,personalcommunication

1998). On WestMaui, in thePuuKukui watershed,Sanicu!apurpureais sporadically

scatteredalong2.5kilometers(1.6miles) ofthePuuKukui Trail onprivate land(J.

ScottMeidell, Maui PineappleCompany,Ltd., personalcommunication1997). Two

otherpopulationsareknownon Stateland,includingtheWestMaui NaturalArea

Reserve(USFWS 1996a). On Maui, thisspeciestotalsbetween175 and255

individuals. Thetotal numberofplantsofthis speciesis estimatedto bebetween181

and261 individuals.

d. Life Historv

Little is knownaboutthelife historyofthis species.Reproductivecycles,

longevity,specificenvironmentalrequirements,andlimiting factorsareunknown.

e. HabitatDescription

This speciestypically growsin openohiamixed montanebogs,or occasionally

ohiamixed montanewet shrublandat elevationsbetween700 and1,698meters(2,300

and5,570feet). Associatednativeplantsincludepukiawe,Argyroxiphiumgrayanum

(greensword),Coprosmaochracea,Lagen~ferasp.,Machaerinasp.(uki), Oreobolus

furcatus,Vacciniumreticulatum(ohelo),and Viola maviensis(USFWS 1996a;J. S.

Meidell, personalcommunication1997).

f. ReasonsforDeclineandCurrentThreats

Themajorthreatsto Saniculapurpureaarehabitatdegradationby feralpigs;

humantramplingandovercollection,andthesubsequentintroductionofalienplants
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following ingressby humansthroughintactbogareas;arisk ofextinctionfrom

naturallyoccurringeventsand/orreducedreproductivevigor dueto thesmall numberof

existingpopulations(USFWS1996a;J.S. Meidell, personalcommunication1997). On

Oahu,theKaukonahua-KahanaDivide populationis additionallythreatenedby

competitionwith analiengrass(narrow-leavedcarpetgrass)andpotentiallyby military

activities(USFWS1996a).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled “U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinalReport.” The

Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplantspeciesthat occursonArmy land(B. Totten,in !itt. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

oftheSaniculapurpureaplantsfoundon theArmy’s SchofieldBarracksMilitary

Reservation.

Thebog habitatoftheSaniculapurpureaplantsin thePuuKukui watershedhas

beenstrategicallyfencedby thelandowneragainstferal pigs, andadditionalfencesare

plannedto insurethelong-termsecurityofthisuniqueandimportantecosystem.To

preventdegradationof this boghabitatandunintentionaltramplingoftherareplantsin

thebogs,the landowneris constructingaboardwalkthatwill spantheknownrangeof

this populationofSaniculapurpurea.A verystrict policy is maintainedby the

landownerprohibitingentry into thewatershedto preventthe inadvertentintroduction

ofaggressivealienplants(J. S. Meidell, personalcommunication1997).

No otherspecificconservationactionsareknownfor thisspecies.
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h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferal ungulates.

ExclosuresshouldbeconstructedaroundtheknownpopulationsofSanicula

purpureato reduceimpactsfrom feralungulates.Subsequentcontrolorremovalof

ungulatesfrom theseareaswill alleviatetheirimpactonnativeecosystems.

Commitmentsshouldbe developedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

2) Controlcompetingalienplants.

A long-rangemanagementplanto controlthealien grass,narrow-leavedcarpet

grass,is neededfor theKaukonahua-KahanaDivide population.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitu propagationshouldbe initiated.

Propagationmaterialshouldbe collectedimmediatelyfrom theKaukonahua-Kahana

populationthathasfew individualsandis highly threatened.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingsto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterial is available,andfencingofpopulationsandweedcontrol

areunderway. Newpopulationsshouldbestartedwithin thehistoric rangeofSanicula

purpureashouldin areasfreefrom theimpactsof feralungulatesandalienplants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriatefor thisspecies.
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21.Schiedeahookeri

(Nocommonname)RecoveryPriority Number8

a. Description

No line drawingis availableforthis species.

Schiedeahookeri,amemberofthepink family (Caryophyllaceae),is a sprawlingor

clumpedperennialherb. The stems,0.3 to 0.5 meters(1 to 1.6 feet)long, curveslightly

upwardor lie closeto thegroundandoftenproducemattedclumps. Thethin, opposite

leaves,3 to 8 centimeters(1.2to 3.2 inches)long and0.4 to 1.5centimeters(0.2to 0.6

inch)wide, arenarrowly lance-shapedto narrowlyelliptic. Thepetalless,perfect

flowersarebornein openbranchedinflorescences,whicharehairy, somewhatsticky,

and5 to 22 centimeters(2to 9 inches)long. Thelance-shapedsepalsaregreento

purpleand3 to 4.5 millimeters(1.2to 1.8 inches)long. Thefruit is acapsuleabout3

millimeters(0.1 inch) long. Thisspeciesis distinguishedfrom othersin this endemic

Hawaiiangenusby its open,hairy,andsometimessticky inflorescence,andby thesize

ofthecapsules(Wagnereta!. 1990).

b. Taxonomy

Schiedeahookeriwasfirst describedby Grayin 1854basedona specimen

collectedonOahuby ArchibaldMen..ziesoftheU.S. Exploring Expedition(Wagneret

a!. 1990). Later,EarlSherffdescribedS. hookerivar. acrisepalaandS. hookerivar.

intercedens,consideredsynonymsofS. hookeri(Sherff1944, 1945;Wagnereta!. 1990).

c. Currentand.HistoricRangesandPopulationStatus

HistoricallySchiedeahookeriwasknownfrom theWaianaeMountainsof Oahu

andfrom a singlefragmentarycollectionfrom HaleakalaonMaui that mayrepresent

SchiedeamenziesiiratherthanSchiedeahookeri(USFWS1996a;Wellereta!. 1990;
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USEWS, in lift. 1997). Currentlythisspeciesis knownfrom 11 populationsin Oahu’s

WaianaeMountains. Between220and 330individualsarescatteredon slopesand

ridgesfrom KaluakauilaGulch to LualualeiValley — onepopulationof60 individuals

onprivatelandon theHonouliuli Preserve;threepopulationsonCity andCountyof

Honolululand,including40 individualsontheMakaha-WaianaeKai Ridge,between

30 andover 100 individualsin WaianaeKai, andanunknownnumberofindividualson

theMakua-MakahaRidge; threepopulationson Stateland,includingabout3

individualsin EastMakalehaGulchandabout20 individualsonaridgebetween

KalalulaandKanewalstreams;and5 populationsonFederalland(threepopulations

with atotal of55 individualson theLualualeiNavalMagazine,onepopulationofabout

6 individualson theMakuaMilitary Reservation,andonepopulationof5 individuals

on theSchofieldBarracksMilitary Reservation)(USEWS 1 996a;T. Rubenstein,in litt.

1995;USEWS, in litt. 1997).

d. Life Historv

Little is knownaboutthe life historyofSchiedeahookeri. Basedon field and

greenhouseobservations,it is hermaphroditic,whichmeanseachindividual hasboth

maleandfemalereproductiveorgans(Wellereta!. 1990). Maturefruits havebeen

observedin JuneandAugust(HINHP 1995).

Schiedeahookeriappearsto beanoutcrossingspecies.Undergreenhouse

conditions,flowersdo not set fruit unlesspollinated. In thefield, the speciesis

presumedto bepollinatedby insects,althoughnonehavebeenobserved(arelated

species,SchiedealydgateionMolokai, is apparentlypollinatedby native,night-flying

moths)(S. Weller,personalcommunication1997).

A seriesof self-pollinations,intra-populationalcrosses,andcrossesamong

populationshavedemonstratedthatSchiedeahookeriexperiencesmoderatelystrong

inbreedingdepression(WellerandSakai,unpublisheddata). Theseresultsindicatethat

reductionsin populationsizecouldresultin expressionofinbreedingdepressionamong

progeny,with deleteriousconsequencesfor the long-termpersistenceofthisspecies.
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IndividualsofSchiedeahookeriappearto be long-lived,butthereis noevidenceof

reproductionfrom seedunderfield conditions. SeedlingsofSchiedeaoccurringin

mesicor wet sitesareapparentlyconsumedby introducedslugsandsnails,whichhave

beenobservedfeedingonSchiedeamembranacea,anothermesicforestspeciesthat

occursonKauai. In contrastto mesic-forestspecies,Schiedeaoccurringin dryareas

produceabundantseedlingsfollowing winterrains,presumablybecausethedrier sites

havefeweralienconsumers(S. Weller, personalcommunication1997).

&hiedeahookeridiffers considerablythroughits rangein potentialfor clonal

growth. Plantsfrom KaluakaullaGulchareupright,andshowlittle potentialfor clonal

spread. In contrast,clonalgrowthhasbeendetectedfor individualsatKaluaaGulch,

wherethegrowthform is decumbentandplantsapparentlyrootat thenodes(S. Weller,

personalcommunication1997).

e. HabitatDescription

Schiedeahookeri is usually foundin diversemesicor dry lowlandforest,often

with ohiaor lamadominant,between365 and790meters(1,200and2,600feet)

elevation.Onepopulationis reportedat anelevationof850 to 900meters(2,800to

2,950feet). Associatedplantsincludeaalii,Artemisiaaustralis(ahinahina),Bidenssp.

(kookoolau),Carex meyenii,andEragrostisgrandis(USFWS 1996a).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Schiedeahookeriarehabitatdegradationand/ordestruction

by feral goatsandpigs,competitionwith alienplants,andpredationby introducedslugs

andsnails. TheKaluakauilaGulchpopulationis alsopotentiallythreatenedby fire and

military activities(USFWS 1996a;USFWS,in litt. 1997).
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g. Con.~ervationEfforts

Army Environmentalstaffhavecompletedareportentitled“U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinal Report.” The

Reportincludesvery detailedmanagementplansanddescriptionsof completedactions

for eachendangeredplant speciesthat occurson Army land(B. Totten, in lift. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

oftheSchiedeahookeriplantsfoundon theArmy’s MakuaMilitary Reservationand

SchofieldBarracksMilitary Reservation.

Thethreepopulationson theNavy’s LualualeiNavalReservationarein a“natural

managementarea,”anareasetasidefor conservation(J. Moribe,personal

communication1997). However,this areais not fenced,thoughtheNavysponsorsa

publichuntingprogram(bowandarrow) in this areawhichmayalleviatetheimpactof

ungula~eson thesepopulations.

A long-rangemanagementplanfor theHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol,fire control,small mammalcontrol,rare

speciesrecovery,andnativehabitatrestoration(TNCH 1997). It is expectedthat these

actionswill benefitSchiedeahookeriwithin thePreserve.In addition,in 1994,

SchiedeahookeriwasoutplantedontheHonouliuli Preserveinsidea fencedexclosure.

Weeds,slugs,androdentswerealso controlled.However,all Schiedeahookeriplants

within theexclosurehavedied. Only onenaturallyregeneratedplantremains,outside

theexclosure(B. Morgan,personalcommunication1997).

SchiedeahookerihasbeensuccessfullypropagatedattheNationalTropical

BotanicalGarden,thePaholemid-elevationnursery,andtheWaimeaArboretum.

Currently,approximately42 individualsexistin cultivationandmorethan17,000seeds

arein storage(M. Chapin,personalcommunication1997;D. Orr, personal

communication1997).

No otherspecificconservationactionsareknownfor this species.
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h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferalungulates.

Exclosuresshouldbe constructedaroundtheknownpopulationsofSchiedea

hookerito reduceimpactsfrom feral ungulates.Subsequentcontrolorremovalof

ungulatesfrom theseareaswill alleviatetheirimpactonnativeecosystems.

Commitmentsshould bedevelopedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

2) Controlcompetingalienplants.

A long-rangemanagementplanto controlalienplantssuchasChristmasberry,

clidemia,molassesgrass,strawberryguava,lantana,Maui pamakani,andHamakua

pamakanishouldbedeveloped.

3) Protectthespeciesfrom fire.

Managementactionsto protectendangeredspeciessuchasSchiedeahookeri

shouldbe implementedby theArmy ontheMakuaMilitary Reservation,wherecurrent

ordnancetrainingexercisescouldunintentionallyignite fires. A fire protectionplanfor

endangeredplantsontheLualualeiNavalReservation,wherecurrentlive fire training

exerci~esareconductedandwherethreepopulationsofSchiedeahookerioccur,is also

warranted.

4) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitupropagationshould be continued.

Propagationmaterialshouldbe collectedimmediatelyfrom populationsthat haveonly

oneor two individuals, suchasatEastMakalehaGulchandsouthMohiakeaGulch.

5) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancethesewild populationsshouldbeginwhenadequate

propagatedmaterialis available,andfencingaroundpopulationsandweedcontrolare
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underway.Newpopulationsshouldbe establishedwithin thehistoricrangeofSchiedea

hookeriin areasfreefrom theimpactsofferalungulatesandalienplants.

6) Control introducedsnailsand slugs.

Controlof introducedsnailsandslugsis essentialto protectthis species,because

evidencefrom otherSchiedeaspeciesfrom mesicareassuggeststhatthesealiensnails

andslugsconsumeessentiallyall the seeds,andprobablya substantialportionofthe

seedcrop (S. Weller, personalcommunication1997). Methodsto controltheir

predationon seedsand/orseedlingsofthis speciesneedto bedevelopedand

implemented.

7) Conductresearchon pollinators.

Researchonpollinatorsis necessarybecausethis speciesis vulnerableto

inbreedingdepression.Declinesin thenativepollinator faunamight increaselevelsof

inbreeding,resultingin theexpressionofinbreedingdepression(S. Weller, personal

communication1997).

Additional recoveryactions,asdiscussedin the Step-downNarrativebeginningon

page169, arealsoappropriatefor this species.

22.Schiedeanuttaliji

(Nocommonname)RecoveryPriority Number5

a. Descrintion

No line drawingis availablefor this plant.

Schiedeanutta!!ii, amemberofthepink family (Caryophyllaceae),is agenerally

hairless,erectsubshrub,with stemsnormally 0.3 to 1.5 meters(1 to 5 feet)long, and

internodesusually 0.8 to 4 centimeters(0.3 to 1.6 inches)long. Thegreen,sometimes

purple-tingedleavesareopposite,narrowly egg-shapedor lance-shapedto narrowlyor
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broadlyelliptic, 5 to 10 centimeters(2 to 4 inches)long, and1.5 to 2 centimeters(0.6to

0.8 inch)wide. Thepetalless,perfectflowersarebornein openbranched

inflorescences,normally20 to 25 centimeters(8 to 10 inches)long. Thelance-shaped

sepals,2 to 3.8 millimeters(0.08to 1.5 inches)long,aregreenor sometimes

purple-tinged.Thefruit is acapsule.Theroundto kidney-shapedseedsareabout1

millini~ter (0.04inch) long. This speciesis distinguishedfrom othersin thisendemic

Hawaiiangenusby its habit, lengthofthesteminternodes,lengthofthe inflorescence,

numberofflowersperinflorescence,smallerleaves,smallerflowers,andsmallerseeds

(Wagnereta!. 1990;5. Weller. in lift. 1994).

b. Taxonomy

In 1834,ThomasNuttall collecteda specimenin theKoolauMountainsofOahu

which, 10 yearslater,William Hookerusedto describeSchiedeanutta!lii asanew

species(Mill eta!. 1988,Nagata1980). Otherpublishednamesconsidered

synonymouswith Schiedeanuttallii includeS. nuttallii var. lihuensisandS. oahuensis

(Wagnereta!. 1990;5. Weller, in lilt. 1994).

c. CurrentandHistoric RangesandPopulationStatus

HistoricallySchiedeanutta!!ii wasknownfrom scatteredlocationsonsoutheastern

Kauai,Oahu,Molokai, andMaui (USFWS1996a;USFWSin litt. 1997;5. Weller, in

litt. 1994, 1995).

Currently,6 populationsin theStatecontainatotal of 40 to 100individualsofthis

species,with 10 to 50 individualsonKauaiand 50 to 80 individualsonOahu(USFWS

1996a;M. Bruegmann,in litt. 1994;5. Weller, in litt. 1994;K. Kawelo,personal

communication1997;TalbertTakahama,DOFAW, personalcommunication1999).

Kauaihastwo populationsofSchiedeanutallii — eastofHaupuPeakandin the

Limahuli Valleyonprivateland(USFWS1996a;S. Penman,personalcommunication

1996). FourpopulationsarefoundonOahu— onepopulationof28 individualsin
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KahanahaikiValley on theArmy’s MakuaMilitary Reservation;4 populationsof 20 to

50 individualswithin theStateownedPaholeNaturalAreaReserve(T. Takahama,

personalcommunication1999);and 1 populationof2 individualsin EkahanuiGulch,

on privatelandin theHonouliuli Preserve(USFWS 1 996a;USFWS in litt. 1997;K.

Kawelo, personalcommunication1997).

d. Life History

Little is knownaboutthelife historyofSchiedeanutta!lii. Basedon field and

greenhouseobservations,it is hermaphroditic(Welleret a!. 1990).

Plantslocatedcloseto theMakuarim havebeenunderobservationfor 10 years,

andtheyappearto be long-lived (WellerandSakai,unpublishedobservations).

Schiedeanuttal!ii appearsto beanoutcrossingspecies.Undergreenhouse

conditions,plantsfail to setseedunlesspollinated,suggestingthatthis speciesrequires

insectsfor pollination. Seedlingsof Schiedeaoccurringin mesicorwet sitesare

apparentlyconsumedby introducedslugsandsnails. Thesehavebeenobservedfeeding

on £ membranacea,anothermesicforestspeciesoccurringonKauai. In contrastto

mesicforestspecies,Schiedeaoccurringin dryareasproduceabundantseedlings

following winterrains,presumablybecausetherearefewer alienconsumersin drier

sites(S.Weller,personalcommunication1997). Fruits andflowersareabundantin the

wetseasonbutcanbe foundthroughouttheyear(K. Kawelo, in litt. 1999).

Individualsfrom KeawapilauGulch(PaholeGulch) aregeneticallydiverseat

allozymeloci, andprobablywould sufferfrom severeinbreedingdepressionif forcedto

inbreed(S. Weller,personalcommunication1997).

e. HabitatDescription

Schiedeanutta!lii typically growsin diverselowlandmesicforest, oftenwith ohia

dominant,atelevationsbetween415and 730 meters(1,360and2,400feet). The

populationon Kauai is foundat790 meters(2,590feet) elevation.Associatedplants
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includehame,kopiko,olomea.papalakepau,andHedyotisacuminata(au) (USFWS

1996a).

f. Reasonsfor DeclineandCurrentThreats

Schiedeanuttallii is seriouslythreatenedby habitatdegradationand/ordestruction

by feral ungulatessuchaspigs, goats,andpossiblydeeron Kauai;competitionwith

severalalienplants;landslides;predationby theblacktwig borer, slugs,andsnails;and

arisk ofextinctionfrom naturallyoccurringeventsand/orreducedreproductivevigor,

dueto thesmall numberofpopulationsandindividuals. Thisspeciesis alsopotentially

threatenedby fire andmilitary activities(USFWS1996a;USFWSin lilt. 1997;K.

Kawelo,personalcommunication1997;5. Weller,personalcommunication1997).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled“U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinalReport.” The

Reportincludesvery detailedmanagementplansanddescriptionsof completedactions

for eachendangeredplant speciesthatoccursonArmy land (B. Totten, in lift. 1998).

Whentheyareimplemented,actionsoutlinedin the Reportmayenhanceconservation

oftheSchiedeanuz’tal!ii plantsfoundon theArmy’s MakuaMilitary Reservation.The

28 Schiedeanutta!!ii plantsfoundontheArmy’s MakuaMilitary Reservationare

currentlywithin a fencedexclosure(K. Kawelo,personalcommunication1997).

A long-rangemanagementplanfor theHonouliuli Preserveprescribesactionsfor

alienplantmanagement,ungulatecontrol, fire control,smallmammalcontrol,rare

speciesrecovery,andnativehabitatrestoration(TNCH 1997). It is expectedthatthese

actionswill benefitanyplantsofSchiedeanuttallii still extantwithin thePreserve.

Schiedeanuttallii hasbeensuccessfullypropagatedattheLyonArboretum,the

NationalTropicalBotanicalGarden,andtheState’sPaholemid-elevationnursery.

Over5,000 seedsarein storageattheNationalTropicalBotanicalGarden(M. Chapin,
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personalcommunication1997;B. Garnett,personalcommunication1997; G. Koob,

personalcommunication1997).

No otherspecificconservationactionsareknownfor this species.

h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferal andwild ungulates.

ExclosuresshouldbeconstructedaroundtheknownpopulationsofSchiedea

nuttallii to reduceimpactsfrom ungulates.Subsequentcontrolorremovalofungulates

from theseareaswill alleviatetheirimpactonnativeecosystems.Commitmentsshould

be developedfor long-termstewardshipandconservationoftheseareasoncetheyhave

beenenclosed.

2) Controlcompetingalienplants.

A long-rangemanagementplanto controlalienplantssuchasChristmasberry,

strawberryguava,Guineagrass,Australianredcedar,commonguava,andsilk oak,

should be developedandimplemented.

3) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitu propagationshouldbe initiated.

Propagationmaterialshouldbe collectedimmediatelyfrom populationswith only one

or two individuals, includingthepopulationatEkahanuiGulch,which hasnot been

seensince1978.

4) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancethesewild populationsshouldbeginwhenadequate

propagatedmaterialis available,andfencingofpopulationsandweedcontrolare

underway.Newpopulationsshouldbeestablishedwithin thehistoric rangeofSchiedea

nuaallii, in areasfreefrom theimpactsofferalungulatesandalienplants.
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5) Conductfurtherresearchinto,andimplement,controlmethodsfortheblacktwig

borer.

Theblacktwig borerhasbeenidentifiedasanimportantthreatto plantsof

Schiedeanuttallii on theMakuaMilitary Reservation(K. Kawelo,personal

communication1997). Plantssufferslightto severedefoliationandreducedvigor due

to infestationsofthis alieninsect. A numberofparasitoidshavebeenintroducedto

controlthebeetle,thoughnoneofthemhavebecomeestablished.Furtherresearchon

biologicalcontrol ofthebeetlewill needto proceedcautiouslyasthereareanumberof

rarenativescolytidsin Hawaii whicharecloselyrelatedto theblacktwig borer(P.

Conant,personalcommunication1997;J.Nakatani,in litt. 1996).

6) Control introducedslugsandsnails.

Methodsto controlalienslug andsnailpredationonseedlingsofthis speciesneed

to bedevelopedandimplemented.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriateforthis species.

23. Sesbaniatomentosa

(Hawaiianname:Ohai)RecoveryPriority Number8

a. Description

AppendixB containsa line drawingofSesbaniatomentosa.

Sesbaniatomentosa,amemberofthepeafamily (Fabaceae),is typically a

sprawlingshrubwith branchesup to 14 meters(45 feet)long butmayalsobea small

treeup to 6 meters(20 feet)in height. Eachcompoundleafconsistsof 18 to 38 oblong

to elliptic leaflets,each15 to 38 millimeters(0.6to 1.5 inches)longand5 to 18

millimeters(0.2to 0.7 inch)wide, andis usually sparselyto denselycoveredwith silky

hairs. Theflowers,in clustersof2 to 9, aresalmontingedwith yellow, orange-red,or
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scarlet— orrarely,pureyellow. Thepetalsarebetween23 and45 millimeters(0.9 and

1.8 inches)long,theupperpairsometimesofa lighter colorthantheotherpetals.The

calyx is about7 to 12 millimeters(0.3to 0.5 inch) long. Fruits areslightly flattened

pods7 to 23 centimeters(2.8to 9 inches)long andabout5 millimeters(0.2 inch) wide,

whichcontainabout6 to 27 olive to paleordarkbrown,oblongseeds.Sesbania

tomentosais theonly endemicHawaiianspeciesin thegenus,differingfrom the

naturalizedS sesbanby thecolor oftheflowers,the longerpetalsandcalyx,andthe

numberofseedsperpod(Geesinketa!. 1990).

b. Taxonomy

Sesbaniatomentosa(ohai)was first describedby W. J.HookerandG. A.W. Arnott

in 1836 from collectionsfrom Oahu(Degener1937)andwasnamedfor its silvery hairs.

In 1920,JosephF. Rockdescribedanarborescent(tree)form ofthespecies(S.

tomentosaformaarborea)basedon aMolokal specimen.DegenerandSherff(Sherif

1949)publishedanewvariety, var. molokajensis,basedonplantsfrom WestMolokai.

Nearly30 yearslater,OttoandIsaDegenerelevatedthat variety,aswell asforma7

arborea,to thespecific level (DegenerandDegener1978). At thattime,theDegeners

alsodescribedtwo newspecies,S. hawaiiensisandS. hobdyi. Inthecurrentlyaccepted

classificationby Geesinkandothers(1990),5. arborea,S. hawaiiensis,S. hobdyi,and

S. mo!okaiensisaresynonymizedwith S. tomentosa.However,theynotethatthe

arborescentform ofthespeciesfoundontheislandofMolokai probablymerits formal

taxonomicrecognition. Recently,isozymedatasuggestthattheHawaiianSesbania

specie~.recognizedby Char(1983),andneverformally published,areindeeddiscrete

entities(ChrissenGemmill,Universityof Waikato, in lift. 1998).

Forma is the lowestrankin botanicalnomenclature,below varietyor subspecies.It is seldom
usedtoday.
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c. CurrentandHistoricRangesandPopulationStatus

OntheprivatelyownedislandofNiihau,Sesbaniatomentosawasknownfrom the

southtip ofthe islandattheheadlandwestofKaumuhonuBay. In 1947, atleastone

collectionwasmadeat an elevationof50 meters(160feet)(HINHP 1995). OnKauai,

asrecentlyas10 yearsago,Sesbaniatomentosawasfoundbetweenthetownof Mana

andManaPoint. However,thispopulationis no longerextant(S. PerlmanandK.

Wood,personalcommunications1997). OnOahu,Sesbaniatomentosawasknown

historically from easternOahuatUlupauCrater,andon theisletsofKaohikaipuand

Mokulua (HINHP 1995). This specieswasalsoknownhistoricallyfrom westernOahu

at anunspecifiedlocationalongtheWaianaecoast(HINHP 1995). On Molokai,

Sesbaniatomentosawasknownhistoricallyfrom MahanaonMaunaLoa, in thevicinity

ofthecoastnearWaiahewahewaGulch,andonMolokai’s westcoastatLaauandIlio

Points (HINHP 1995). OnLanai,Sesbaniatomentosawasknownhistoricallyfrom

scatteredlocationson thesouthhalfoftheisland, thenorthernslopesbetweenPaomai

andMaunalei,andeastslopeofthe islandatKahinahina(HJNHP1995). Sesbania

tomentosawasalsoknownhistorically from anunspecifiedlocationonKahoolawe

(HLNHP 1995).

Currently,Sesbaniatomentosaoccursonat leastsix oftheeightmainHawaiian

Islands(Kauai,Oahu,Molokai, Kahoolawe,Maui, andHawaii) andin theNorthwestern

HawaiianIslands(NihoaandNecker)in theHawaiianIslandsNationalWildlife Refuge

(HTh4HP 1995;E. Flint, personalcommunication1997;R. Hobdy,personal

communication1997). ThetotalcurrentlyknownpopulationsofSesbaniatomentosa

on themain HawaiianIslandscontainan estimated2,000to 3,000individuals. In the

NorthwesternHawaiianIslands,thelargestpopulationoccursonNihoaandconsistsof

severalthousandindividuals(CraigRowland,USFWS,personalcommunication1997).

In theNorthwesternHawaiianIslands,onepopulationis on theislandofNihoa,a

0.8 squarekilometer(0.3squaremile) island(Dept.ofGeography1983;E. Flint andC.

Rowland,personalcommunications1997). TheNihoaplantshavebeendescribedas

relativ~’~ly commonin someareas,with severalthousandindividualsknown(HINHP
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1995;C. Rowland,personalcommunication1997). Anotherpopulationis knownfrom

NeckerIsland,which is only 0.2squarekilometer(0.1 squaremile) in area(E. Flint,

personalcommunication1997). OnNeckerIsland,Sesbaniatomentosais knownto

occurfrom 45 meters(150feet)elevationto the 84 meter(276foot) summit,growing

on thetopsofall hills ofthemainisland. A fewindividualsarefoundontheNorthwest

Cape,aswell, for atotal of severalhundredindividuals(J. Marks, in litt. 1995).

OnKauai,Sesbaniatomentosais knownonly from thePolihaleStateParkon

State-ownedland(HiINHP 1995,HPCC 1995; 5. PerlmanandK. Wood,personal

communications1997). This populationconsistsofabout10 individualsgrowingin a

lithifled duneareaat approximately12 meters(40 feet)elevationin anareaof

approximately10 to 50 squaremeters(110to 540 squarefeet)(H1NHP 1995; 5.

PerlmanandK. Wood,personalcommunications1997).

OnOahu,Sesbaniatomentosais currentlyknownfrom 1 populationof50 to 100

wild andapproximately200 outplantedindividualsonState-ownedlandatKaenaPoint

(HINHP 1995). This populationis primarily within theKaenaPointNaturalArea

Reserve,growingin sanddunesin a NaupakakahakaiMixed CoastalDry Shrubland

(HINHP 1995; HPCC 1995). However,scatteredindividualsarealsolocatedto theeast

for about3.5 kilometers(2.25miles)alongthenorthcoast(HTNHP 1995; Woodwardet

a!. 1991).

On Molokai,Sesbaniatomentosais knownfrom thesouthslopesofcentral

Molokai from Kamiloloato MakolelauandalongMolokai’s northwestcoastfrom

Moomomito eastofHinanaulua.The4 populationsonprivateandState-ownedland

from Kamiloloato Makolelautotal fewerthan2,000individualsandgrowin a7-by 3-

kilometer(4.5-by 2-mile)area(HINHP 1995;HPCC1995;W. Wong,Jr. in litt. 1998).

The3 populationsfrom Moomomito eastofHinanauluaconsistof about100to 150

plantsgrowing on Stateandprivatelandfrom sealevel to 60 meters(200feet)elevation

in a5- by 1-kilometer(3- by 0.5-mile) area(HTNHP 1995;HPCC 1995;E. Misaki, in

litt. 1997). TheDivision ofForestryandWildlife’s 10-acreOhaiPlantSanctuary

exclosureat Kamiloloaprotectsapopulationofseveralhundredplants(W. Wong,Jr. in

lift. 1998).
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OnMaui,Sesbaniatomentosais only knownfrom two areason WestMaui and

two areasonEastMaui. On WestMaui, oneplantis on State-ownedlandbelowLihau

Peak(HINHP 1995;R. Hobdy,personalcommunication1997). Sesbaniatomentosa

alsooccursona 6-kilometer(4-mile) stretchofthenortheastcoastofWestMaui, from

thelighthousenearNakalelePointto PuuKahulianapa(HJNHP 1995;.HPCC 1995).

Thisclusterof4 populationscontainsanestimated50 to 75 individualson landowned

by theState,theCountyof Maui, andprivateindividuals(HINHP 1995;R. Hobdy,

personalcommunication1997). On EastMaui, two treesexistonprivatelyownedland

in Kamaole,but theyappearto havebeenplanted(W. Char, in lift. 1993). Sesbania

tomentosaalsooccurson the southeasternslopesofPimoecinderconeat elevations

between450 and500meters(1,480to 1,640feet). Thispopulationconsistsof 13 plants

locatedon theHawaiiNationalGuardKanaioTrainingArea(SamGon,TNCH, in litt.

1993;D. Hopper,personalcommunication1997). Off thesouthcentralcoastof

Kahoolawe,approximately25 to 30 individualsofSesbaniatomentosaarefoundon the

sparselyvegetatedislet of PuuKoae,which is a State-ownedseabirdsanctuary(Hl7NHP

1995;R. HobdyandL. Loope,in lift. 1997).

OntheislandofHawaii,Sesbaniatomentosais knownfromtwo regionsofthe

southeastcoastandtwo areasalongthenorthwesterncoast. Onthesoutheasterncoastit

occursalong 16 kilometers(10 miles) ofcoastlinebetweenKaLaeandKaalela. This

clusterofpopulations(exactnumberunknown)on State-ownedlandcontainsan

estimated260 individuals growingbetweensealevel and25 meters(80 feet)elevation,

with somepopulationsoccurringin Ilima CoastalDry Shrubland(HINI-IP 1995;HPCC

1995; W. Char,in lift. 1993). Thesecondclusteris inHawaii VolcanoesNationalPark

andconsistsof 5 populations:ApuaPoint/Kahue,nearsealevel, hasat least80

individuals;KipukaNene,at 853 to 884 meters(2,800to 2,900feet)has2 groups

numbering12 and5 individuals;KipukaPepeiauandtheadjacentareaabove

KukalauulaPali,at 270to 660meters(900to 2,150feet),haveatleast21 plants;at

Kamooalii,between30 and 180meters(100and600 feet),thereare43 individuals;and

16 individualsoccurat30 to 230 meters(100to 750 feet)at Kueein thefarwestern

lowlandsofthePark(L. Pratt,in lift. 1995). Thisclusterofpopulationson federally
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ownedlandtotals 177 individuals(HJNHP 1995;L. Pratt,in lift. 1995). Onthe

northwesterncoastasingleplantoccursat 30 meters(100feet)elevationonprivate

landatKaupulehua(W. Char, in lift. 1993). Theothernorthwestcoastpopulationis

alsoon privatelandat Waiakailio,andconsistsofeightplantswith severalseedlingsat

300 meters(1,000feet)elevation(W. Char, in lift. 1993).

d. Life History

ThepollinationbiologyofSesbaniafomentosais beingstudiedby DavidHopper,a

graduatestudentin theDepartmentofZoologyattheUniversityofHawaii at Manoa.

His prc~liminaryfindingssuggestthatalthoughmanyinsectsvisit Sesbaniaflowers,the

majority ofsuccessfulpollinationis accomplishedby nativebeesofthegenusHy!aeus

andthatpopulationsat KaenaPointareprobablypollinator limited. Floweringat

KaenaPoint is highestduringthewinter-springrains,andgraduallydeclinesthroughout

the restoftheyear(D. Hopper,in lift. 1996). Otheraspectsofthisplant’s life history

areunknown.

e. HabitatDescription

Sesbaniatomentosais foundon sandybeaches,dunes,soil pocketson lava.and

alongpondmargins(Geesinket a!. 1990). It commonlyoccursin coastaldry

shrublandsandgrasslands,but is alsoknownfrom openohiaforestsandMixed Coastal

Dry Cliffs (HINHP 1995). Associatedplantspeciesincludeilima, naupakakahakai,

Heteropogoncontortus(pili), nab,andSporobolusvirginicus (akiaki)andthe

endangeredChamaesycecelastroidesvar. kaenana(HINHP 1995).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Sesbaniatomentosaarehabitatdegradationcausedby axis

deer,goats,andcattle;competitionwith variousalienplant species;lackofadequate
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pollination(USFWS 1996b;D. Hopper,in lift. 1994, 1996;D. Hopper,personal

communication1997); seedpredationby ratsandmiceand,potentially,alieninsects

(D. Hopper,personalcommunication1997);fire; destructionby off-roadvehicles;and

theintroductionofalien congenerics— otherspeciesofSesbaniathatcanpotentially

hybridizewith this species,causingthe lossofuniquegeneticcharacters(USFWS

1996b;D. Hopper,personalcommunication1997).

g. ConservationEfforts

Sesbaniatomentosahasbenefittedfrom extensiveconservationactions,manyof

themconductedby theStateofHawaii. OnOahu,individualshavebeenprotectedfrom

off-roadvehicleswithin theKaenaPointNaturalAreaReservethroughconstructionof

rockbarriers,andanextensivepropagationandoutplantingeffort is ongoing. Several

hundredseedlingswerepropagatedatthetheDivision of ForestryandWildlife’s

Makilci RarePlantFacilityandoutplantedatKaenaPoint from 1992 to 1994.

Approximately250 individualssurvivedandbecameestablished,but very little natural

reproductionwasobserved.Ratand micecontrolswereinitiated in 1994and1995,

respectively,andresultedin dramaticincreasesin seedlinggerminationandsurvival(B.

Gamett,personalcommunication1995;D. Hopper,in lit t. 1996). Sesbaniafomentosa

hasalsobeenpropagatedin theDivision ofForestryandWildlife’s nurseryin Kahului,

Maui, andapproximately30seedlingswereplantedwithin aprotectiveexclosureat

MokoleaPoint. OneseedlingsurvivedasofJune1995. In 1986,theDivision of

ForestryandWildlife constructedafencearoundapopulationof severalhundredplants

atKamiloloa,Molokai. This fencedenclosure,theOhaiPlantSanctuary,hassurvived

threemajorfires(1988,1991, 1998)in theareaandremainsintact(W. Wong,Jr., in lift.

1998). Propagationandoutplantingwerealsoconductedin theHawaii Volcanoes

NationalParkin the 1970’s. Thestatusoftheseplantsis unknown,becausethe

outplantedindividualshavenotbeenvisitedsincetheywereplanted(L. Pratt, in lift.

1995). SeveralplantshavebeenoutplantedattheKilaueaPointNationalWildlife
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Refugeon Kauaiusingseedlingspropagatedby theKauaiDivision ofForestryand

Wildlife (M. Castillo,personalcommunication1999).

Sesbaniatomentosa’spollinationbiology andhow it is affectedby population

isolationandfragmentationarebeingstudiedby DavidHopper.

Morethan8,000seedsarein storageat theNationalTropicalBotanicalGarden(M.

Chapin,personalcommunication1997). Eighty-eightindividualsarein cultivationat

theLyon Arboretum,theNationalTropicalBotanicalGarden,thePaholemid-elevation

nursery,theHonoluluBotanicalGardens,andtheWalmeaArboretum(M. Chapin,

personalcommunication1997;G. Koob,personalcommunication1997;D. Orr,

personalcommunication1997;W. Singeo,in lift. 1999).Seedgerminationtestsindicate

65 percentgerminationoffreshseedsandlessthan20 percentgerminationaftera

minimumof45 daysin storage(Ragone1993).

A researchprojectoncultivationofSesbaniatomentosais currentlyunderwayat

Hawaii CommunityCollegeon theislandofHawaii. Theeffectsofdifferenttreatments

of scarificationandheaton seeddormancyis beingexamined,aswell astheeffectsof

variousfertilizer regimesonseedlinggrowthrate,vigor, andflowering. The objective

is to determineoptimalconditionsfor seedgerminationandseedlinggrowthof

Sesbaniatomentosa(LesterKnight, Hawaii CommunityCollege, in lift. 1997).

h. NeededRecovervActions

AlthoughSesbaniatomentosacurrentlyoccursinmorethan27 populationsandup

to 7 ofthepopulationshavemorethan300 individuals,reproductionsufficientto

sustaincurrentnumbersis occurringonly in theNihoaandNeckerpopulations.

Therefore,implementationofrecoveryactionswill benecessarybeforedownlisting

and/ordelistingcanbeconsidered:
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1)Find thereasonsfor poorreproductivesuccess.

Themostimportantrecoveryactionsfor thisspeciesareresearchinto thereasons

forpoorreproductivesuccessfollowedby implementationofmeasuresto reducethreats

to reproduction(e.g.,controlofrats,mice,andalieninsects;andconservationofnative

pollinators).

2) Constructexclosuresto protectpopulationsagainstferalandwild ungulates(cattle,

goats,andaxisdeer).

ExclosuresshouldbeconstructedaroundtheknownpopulationsofSesbania

tomentosato reduceimpactsfrom feral andwild ungulates.Subsequentcontrol or

removalofungulatesfromtheseareaswill alleviatetheirimpactonnativeecosystems.

Commitmentsshouldbedevelopedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

3) Controlcompetingalienplantspecies.

A long-rangemanagementplanshouldbedevelopedto controlvariousalien

grasses(bufflegrass,Ch!oris barbata [swollenflngergrass],andCynodondactylon

[Bermudagrass]),andkiawe.

4) Protectendangeredplantsfrom fire.

Coordinatedfire protectionshouldbeinstigatedfor endangeredplant speciessuchas

Sesbaniatomentosaon Statenaturalareareserves,Stateparks,StateNationalGuard

training areas,andFederallandssuchasHawaii VolcanoesNationalPark.

5) Constructdevicesto protectpopulationsagainstoff-road vehiculartraffic.

Someplants,suchasatMoomomiandMakolelauonMolokai, arebeingimpacted

by off-roadvehicletraffic. A fencearoundtheseplants,orothervehicleobstruction

devicespreventingvehicleimpact,is needed.
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6) Maintainadequategeneticstock.

To preventextinctionofthis species,exsitu propagationshouldbe continued.

Propagationmaterialshouldbecollectedimmediately frompopulationsthathaveonly

oneortwo individuals suchasat LihauPeakon Maui andMakolelauon Molokai.

7) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationson themainHawaiian

Islandsshouldbeginwhenadequatepropagatedmaterialis available,andfencingof

remainingpopulationsandweedcontrolareunderway.Newpopulationsshouldbe

establishedwithin thehistoricalrangeofSesbaniatomenfosa,in areasfreefrom the

impactsofferal ungulatesandalienplants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealsoappropriatefor this species.

24.Solanumincompletum

(Hawaiianname:Popolo)RecoveryPriority Number 5

a.DescriDtion

AppendixB containsa line drawingofSolanumincompletum.

Solanumincomplefum,amemberofthenightshadefamily (Solanaceae),is a

woodyshrubup to 3 meters(10 feet)tall. Its stemsandlower leafsurfacesarecovered

with prominentreddishpricklesabout4 millimeters(0.2 inches)longor sometimes

with yellow fuzzyhairsonyoungplantpartsandlower leafsurfaces.Theovalto

elliptic leaves,10 to 15 centimeters(4 to 6 inches)longandabout7 centimeters(2.8

inches)wide,haveprominentveinson thelower surface,andareon stalksup to 7

centimeters(2.8 inches)long. Theleafmarginsarelobedwith 1 to 4 lobesoneach

side. Numerousflowersgrowin loosebranchingclusterswith eachflower ona stalk

about9 millimeters(0.4 inch) long. Thecalyxandflowers generallylackprickles. The
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whitepetalsform astar-shapedcorollaabout2 centimeters(0.8 inch)in diameter. The

curvedanthers,about2 millimeters(0.08inch) long,top shortfilamentsthatdo not

extendbeyondthepetals.Fruits areroundberriesabout1.5 centimeters(0.6 inch) in

diameter,whichmaturefrom yellow-orangeto black. This speciesdiffers from others

in thegenusby beinggenerallyprickly andhavinglooselyclusteredwhiteflowers,

curvedanthersabout2 millimeters(0.08inch) long,andberries1 to 2 centimeters(0.4

to 0.8 inch)in diameter(Symon 1990).

b. Taxonomy

A specimencollectedby DavidNelsonin 1779 from theislandofHawaiiwas

describedasanewspeciesandnamedSolanumincomplefum(thornypopolo)by Dunal

(1852). In 1888,Hillebranddescribedtwo varietiesofthespecies:var.glabratumand

var. mauiense.In 1969,Harold St. Johndescribedthespecies£ ha!eaka!aensebased

ona specimencollectedby Hillebrandon thesouthslopeofHaleakalaon Maui. The

latesttreatmentsynonymized£ haleaka!aensewith £ incompletum,andrecognizedno

subspecifictaxaofS. incompletum(Symon 1990).

c. CurrentandHistoricRangesandPopulationStatus

Historically,Solanumincompletumwasknownfrom centralandnortheastern

Lanai,scatteredlocationson Maui, andtheKohalaMountains,Kona,PuuWaawaa,Puu

IkaakaCrater,Kanehaha,PuuHuluhulu,andOmaokoilion theislandof Hawaii

(H1NHP 1995;Symon 1990). Accordingto David Symon(1990),theknown

distributionofSolanumincompletumalsoextendedto the islandsofKauaiand

Molokai. A specimencollectedby theDivision ofForestryandWildlife’s Robert

Hobdyin 1983 at Honouliwal,MolokaihasbeententativelyidentifiedasSolanum

incompletum(W. Wong,Jr., in litt. 1998).

Currently,Solanumincompletumis only knownfrom two populations,recently

discoveredon theArmy’s PohakuloaTrainingArea(PTA) on theislandofHawan.
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Approximately40 individualsofthis speciesareknown(ColoradoStateUniversity

[CSU],in lift. 1996; M. Bruegmann,in lift. 1997;M. BruegmannandMick Castillo,

USFWS,personalcommunications1999).

d. Life History

Little is knownaboutthe life historyofSolanumincompletum.Reproductive

cycles,longevity,specificenvironmentalrequirements,andlimiting factorsare

unknown.

e. HabitatDescription

Specieshistorically associatedwith Solanumincompleturn includenab,koa, and

mamanein dry to mesicforest, diversemesicforest, andsubalpineforestat elevations

from 300 to 2,040meters(1,000to 6,700feet)(HTNHP 1995; Symon 1990;J.Lau,

personalcommunication1992).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto thefewremainingindividualsofSolanumincomplefumare

habitatdegradationby feral sheepandmouflon,competitionwith variousalienplants,

randomnaturally-occurringmassmortality events,andreducedreproductivevigor due

to theextremelysmall numberofexistingplants. Solanumincompleturn is potentially

threatenedby military activitiesandfire resultingfrom theseactivitiesatthePohakuloa

TrainingArea (M. Bruegmann,personalcommunication1997).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled “U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinalReport.” The
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Reportincludesverydetailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplantspeciesthat occursonArmy land(B. Totten, in lift. 1998).

Whentheyareimplemented,actionsoutlinedin theReportmayenhanceconservation

oftheSolanumincompletumplantsfoundon theArmy’s PohakuloaTraining Area. In

addition,themilitary havebuilt fencedexclosuresto protecttheseplantsfrom feral

shecpandmouflon(M. BruegmannandM. Castillo,personalcommunications1997).

An unspecifiednumberofseedsarehousedat theLyon Arboretum(G. Koob,

personalcommunication1997).

No otherspecific conservationactionsareknownfor this species.

h. NeededRecovervActions

1) Constructhabitatexclosuresto protectpopulationsagainstungulates.

ExclosuresshouldbeconstructedaroundtheknownhabitatofSolanum

incompletumto reduceimpactsfrom feral sheepandmouflon. Subsequentcontrolor

removalof ungulatesfrom theseareaswill alleviatetheirimpacton nativeecosystems.

Commitmentsshouldbedevelopedfor long-termstewardshipandconservationofthese

areasoncetheyhavebeenenclosed.

2)Controlcompetingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchasfountaingrass

shouldbe developed.

3) Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasSolanumincompletum

shouldbe implementedby theArmy on thePohakuloaTrainingArea,whereordnance

trainingexercisescouldunintentionallyignite fires.
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4)Conductsurveysandcollectgeneticmaterial.

Surveysofpreviouslyrecordedlocationsandotherareasofpotentiallyappropriate

habitatshouldbeinitiated to locateadditionalextantpopulationsofSolanum

incompletum.Geneticmaterialshouldbe collected,atthesametime, from any

relocatedplants.

4) Maintainadequategeneticstock,enhancewild populations,andestablishnew

populaiions.

To preventextinctionofthis species,exsitu propagationshouldbe initiated.

Outplantingto enhancethesewild populationsshouldbeginwhenadequatepropagated

materialis available,andfencingandweedcontrolareunderway. Newpopulations

shouldbe establishedwithin thehistoricrangeofSolanumincompletum,in areasfree

from theimpactsofungulatesand alienplants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealsoappropriatefor this species.

25.Spermolepishawaijensis

(No commonname)RecoveryPriority Number5

a. Description

AppendixB containsaline drawingofSpermolepishawaiiensis.

Spermolepishawaiiensis,amemberoftheparsleyfamily (Apiaceae),is aslender

annualherbwith fewbranches,which growsto aheightof S to 20 centimeters(2 to 8

inches). Its leaves,dissectedintonarrow,lance-shapeddivisions,areoblongto

somewhatoval in outlineandgrow onstalksabout2.5centimeters(1 inch) long.

Flowersarearrangedin a loose,compoundumbrella-shapedinflorescencearisingfrom

thestem,oppositetheleaves.Eachclusterconsistsof two to six flowers,with each

flower on a stalkbetween2 and6 millimeters(0.08and0.2 inch)long. Thecalyxis
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lacking in this species,but oneto five bractsgrowbelowtheclustersofflowers. The

fruits areovalandlaterallycompressedandconstrictedatthe line wherethetwo halves

ofthefruit meet. Thefruits are4 millimeters(0.2 inch) longand3 millimeters(0.1

inch) wide, coveredwith curvedbristles,andcontainseedsthat aremarkedwith

longitudinalgroovesbeneathoil tubesthatarecharacteristicoftheparsleyfamily.

Spermolepishawaiiensisis theonly memberofthegenusnativeto Hawaii. It is

distinguishedfrom othernativemembersofthefamily by beinganon-succulentannual

with anumbrella-shapedinflorescence(ConstanceandAffolter 1990).

b. Taxonomy

Spermolepishawaiiensis(NCN) wasfirst describedby H. Wolf in 1921. Inthe

past,this Hawaiianspecieshadbeenconfusedwith theEuropeanplants,Apium

echinafurn andCaucalisdaucoides(ConstanceandAffolter 1990; Wolf 1921).

c. CurrentandHistoricRangesandPopulationStatus

Historically,Spermolepishawaiiensiswasknownfrom Waimeaon Kauai,Koko

HeadonOahu,PaomaiandKahinahinaonLanai andApuaonHawaii(HINHIP 1995;

H. Huntzinger,in litf. 1993). Currently,atotalof 12 populationsis knownonKauai,

Oahu,Molokai, Lanai,WestMaui, andHawaii. Thetotal numberofindividuals

statewideis probablybetween2,000and6,000individuals.

On Kauai,this specieshasbeenobservedin theKoaiebranchandotherunspecified

locationswithin WaimeaCanyon,HanapepeatKapahili Gulch, andHipalauon State

andprivateland. Thetotal numberofplantson Kauaiis a fewthousand(S. Perlman

andK. Wood,personalcommunications1997).

On Oahu,on Statelandat DiamondHead(land leasedto theDepartmentof

DefenseattheDiamondHeadReservation),10 plantswereobservedin 1992duringthe

dry season.In 1988, whenthesitewasfirst visited,thousandsofplantswereseenover

an areaoflessthan50 squaremeters(540squarefeet)(WayneTakeuchi,formerlywith
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DOFAW,personalcommunication1992). Thepopulationfluctuationsprobablyreflect

seasonalchangesin precipitation(USEWS 1996b). AnotherOahupopulationwith

severalhundredindividuals is on Ohilcilolo Ridgeat 600 meters(1,970feet)ontheU.S.

Army’s MakuaMilitary Reservation(USFWS 1996b).

On Molokai,about600 plantswerereportedfrom Kamaloon privatelandwithin

anareaoflessthan400 squaremeters(0.1 acre)(HJNHP1995; R. Hobdy,personal

communication1997). OnLanai,2 populationsofSpermolepishawaiiensisareknown

onprivateland: 1 eastofPuuManuwith 50 to 100 individuals coveringanareaof

about0.1 hectare(0.25acre),and 1 in KaaGulchwith about300 individuals(HINHP

1995;R. Hobdy,personalcommunication1997).

On WestMaui, 3 populationsareknownon Stateland: 1 in theLihausectionof the

WestMaui NaturalAreaReserve,with 60 to 100 individualswithin anareaofabout0.4

hectare(1 acre); 1 farthereastin theLihausectionoftheWestMaui NaturalArea

Reserve,with severalhundredto thousandsofplantsscatteredovera distanceof0.7

kilometers(0.4mile); and1 aboveLahainalunaSchool,with about100 individuals

spreadoveranareaof about0.4 hectare(1 acre)(HJNHP 1995;HPCC 1995;R. Hobdy,

personalcommunication1997).

OntheislandofHawaii,3 populationsof about500 individualsoccurontheU.S.

Army’s PohakuloaTrainingArea:KipukaAlala, PuuAnahulu,andin akipukawithin

the 1859lavaflow (CSU, in lift. 1996;M. Castillo,personalcommunication1997;

TrishaTierney,formerlywith PohakuloaTrainingArea,personalcommunication

1997).

d. Life History

Little is knownaboutthelife historyofSperrnolepishawaiiensis.Reproductive

cycles,longevity,specificenvironmentalrequirements,andlimiting factorsareunknown.
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e. HabitatDescriDtion

Spermolepishawaiiensisis knownfrom variousvegetationtypes,includingohia

forests,Aalii LowlandDry Shrubland,cultivatedfields,andpasturesatelevationsfrom

about300to 600 meters(1,000to 2,000feet)(HINHP 1995; HPCC 1995). Associated

plantspeciesincludeilima, Doryopterissp.,theendangeredGouaniahillebrandii, and

thealienplant, koahaole(HINIP 1995).

f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Spermolepishawaiiensisarehabitatdegradationby feral

goats,axis deer,andmouflon; competitionwith variousalienplants;fire resultingfrom

military activitieson theMakuaMilitary ReservationandthePohakuloaTrainingArea;

anderosion,landslides,androckslidesdueto naturalweatheringwhichresultin the

deathofindividualplantsaswell ashabitatdestruction(USFWS1996b;M.

Bruegmann,personalcommunication1997).

g. ConservationEfforts

Army Environmentalstaffhavecompletedareportentitled “U.S. Army Garrison

Hawaii,OahuTrainingAreas,NaturalResourceManagementFinalReport.” The

Reportincludesvery detailedmanagementplansanddescriptionsofcompletedactions

for eachendangeredplantspeciesthatoccursonArmy land (B. Totten,in lift. 1998).

Whentheyareimplemented,actionsoutlinedin the Reportmayenhanceconservation

oftheSpermolepishawaiiensisplantsfoundontheArmy’s MakuaMilitary Reservation

andPohakuloaTrainingArea. Inaddition,approximately15 to 25 knownindividuals

arenow protectedfrom ungulatebrowsingwithin a 559-acrefencedexclosurethatwas

constructedatthePohakuloaTrainingAreaby theArmy in thefall of 1998(M.

Castillo,personalcommunication1999).

156



SpermolepishawaiiensishasbeensuccessfullypropagatedattheLyon Arboretum

andtheNationalTropicalBotanicalGarden(M. Chapin,personalcommunication1997;

G. Koob,personalcommunication1997).

No otherspecificconservationactionsareknownfor this plant.

h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstungulates.

ExclosuresshouldbeconstructedaroundtheknownpopulationsofSpermolepis

hawaiiensisto reduceimpactsfrom feral goats,axisdeer,andmouflon. Subsequent

controlor removalofungulatesfromtheseareaswill alleviatetheirimpactonnative

ecosystems.Commitmentsshouldbe developedfor long-termstewardshipand

conservationoftheseareasoncetheyhavebeenenclosed.

2) Controlcompetingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchaskoahaole,lantana,

andChristmasbenyshouldbedeveloped.

3) Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasSpermolepis

hawaijensisshouldbeimplementedby theArmy on theMakuaMilitary Reservation

andPohakuloaTraining Area.whereordnancetrainingexercisescouldunintentionally

ignite fires.

4) Maintainadequategeneticstock,enhancewild populations,andestablishnew

populations.

To preventeliminationofthis speciesfrom anypartof its currentrange,exsitu

propagationshouldcontinue. Outplantingto enhancethesewild populationsshould

beginwhenadequatepropagatedmaterialis available,andfencingandweedcontrol are

underway. Newpopulationsshouldbe establishedwithin thehistoric rangeof

157



Spermolepishawaiiensis,in areasfreefrom theimpactsofferal andwild ungulatesand

alienplants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169,arealsoappropriateforthis species.

26. Vigna o-wahuensis

(Commonname:Oahuvigna)RecoveryPriority Number 5

a. Description

AppendixB containsaline drawingof Vignao-wahuensis.

Vignao-wahuensis,amemberof thepeafamily (Fabaceae),is aslendertwining

annualorperennialherbwith fuzzystems,which growsto 0.4 meters(1.3feet)in

length. Eachleafis madeupofthreeleaflets,which vary in shapefrom roundto linear,

are 1.2 to 8 centimeters(0.5to 3 inches)longand0.1 to 2.5 centimeters(0.04to 1 inch)

wide, andaresparselyormoderatelycoveredwith coarsehairs. Flowers,in clustersof

oneto four,havethin,translucent,paleyelloworgreenishyellowpetalsabout2 to 2.5

centimeters(0.8to 1 inch) long. Thetwo lowermostpetalsarefusedandappear

distinctly beaked.Thesparselyhairycalyx is 4 to 8 millimeters(0.2to 0.3 inch) long

with asymmetricallobesthatmeasureabout3 millimeters(0.1 inch) long. Thefruits

are longslenderpods4 to 9 centimeters(1.6to 3.5 inches)long andabout5 millimeters

(0.2 inch)wide,whichmayormaynot be slightly inflatedandcontain7 to 15 grayto

blackseedslessthan6 millimeters(0.2 inch)long. Thisspeciesdiffers from othersin

thegenusby its thinyellowishpetals,sparselyhairy calyx,andthinpods,whichmayor

maynotbe slightly inflated(Geesinketa!. 1990).
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b. Taxonomy

Vignao-wahuensis(Oahuvigna)wasdescribedby T. Vogel in 1836 from a

specimenfrom theWaianaeMountainsof Oahu(Gray 1854). In 1854,Graydescribed

anotherspecies,Vignasandwicensis,for which Rocklaterdesignatedtwo varieties:var.

heterophyllaandvar. sandwicensis(Rock 1 920b). Thecurrentlyacceptedtreatment

placesV sandwicensisin synonymyunderV o-wahuensis(Geesinketa!. 1990).

c. CurrentandHistoric RangesandPopulationStatus

Historically, Vignao-wahuensiswasknownfrom Niihau andfrom anunspecified

locationon Kauai(HINHP 1995). OnOahu,it wasknownfrom betweenWaimanalo

andMakapuuPoint, theMokulua Islets,andtheWaianaeMountains(HINHP 1995).

On Maui, Vignao-wahuensiswasknownfrom MakawaoandWaiakoaon EastMaui

(HINHP 1995). Thereareno currentlyknownpopulationsonNiihau,Kauai,orOahu.

On Mulokai, Vignao-wahuensiswasknownhistorically from thewesternendof the

islandin thevicinity ofIlio Point(HJNHP 1995). On Lanai, this speciesoccurred

historically at scatteredlocationsacrossthe island’ssouthernhalfandat Kanepuu

(HJNHP 1995). And on theislandofHawaii, Vignao-wahuensiswasknownfrom Kau

(HINHP 1995).

Currently,a totalof fewerthan100 individualsof Vignao-wahuensisareknown

from 8 populationson theislandsofMaui, Molokai, Lanai,Kahoolawe,andHawaii

(HINHP 1995, HPCC1995;J. Lau,personalcommunication1992). OnEastMaui,

threeplantswerediscoveredin thewinter of 1997onthedry lavaplainat KanaioBeach

(W. Wong,Jr.,in lift. 1998). OnMolokal therearetwo populationsseparatedby a

distanceof4 kilometers(2.5miles). Onepopulation,southof Onini Gulchatabout850

meters(2,800feet)elevationon privatelyownedland,coversanareaof 18 square

meters(200squarefeet)in aforestryplantingofFraxinusuhdei(tropical ash)and

Pinus i~pine) (HINHP 1995). TheotherMolokai populationofabout10 individualsis

onprivatelyownedlandat Makolelau(J. Lau,personalcommunication1992). On
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Lanai,at leastone individualof Vignao-wahuensisis knownfrom thearidwindward

slopesnortheastofKanepuuaboveLapaiki at about370 meters(1,200feet)elevation

on privatelyownedland(HINHP 1995). OntheState-ownedislandof Kahoolawe,one

individual of Vignao-wahuensisgrowsin pili grasslandbetweenMakaalaeandLua

Kealialaloat 140meters(460feet)elevation.Nearthe summitat about400 meters

(1,300feet)elevation,about20plantsgrowin a9-square-meter(100-square-foot)area

with afewmoreplantsscatterednearby. Thesizeofthepopulationabout0.8 kilometer

(0.5mile) southofHanakanaeanear“Sailor’s Hat” hasnotbeendetermined,butat least

onecollectionhasbeenmaderecently(HINHP 1995;R. Hobdy,personal

communication1997;J. Lau,personalcommunication1992). Onthe islandofHawaii,

Vignao-wahuensisis knownonly from NohonaohaeCinderConeonprivatelyowned

land. Tenplantsareknownfrom Aalii LowlandDry Shrublandwithin anexclosure

containingpasturegrass(HINHP 1995).

d. Life Historv

Little is knownaboutthelife historyofthis Vignao-wahuensis.Reproductive

cycles,longevity,specific environmentalrequirements,andlimiting factorsare

unknown.

e. HabitatDescription

Vignao-wahuensisoccursin lowlanddryto mesicgrasslandandshrublandat

elevationsfrom 10 to 1,370meters(30to 4,500feet)(Geesinketa!. 1990;HINHP

1995). Otherassociatedplant speciesinclude ilima, Chenopodiumsp.(aheahea),

Dubautiamenziesii,andulei (HLNHP 1995;HPCC 1995).
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f. Reasonsfor DeclineandCurrentThreats

Theprimarythreatsto Vignao-wahuensisarehabitatdegradationby ungulates

(pigs andaxisdeer),competitionwith variousalienplant species,fire, andrandom

naturallyoccurringeventscausingextinctionand/orreducedreproductivevigor dueto

thesmallnumberofexistingpopulationsandindividuals(USFWS 1996b).

g. ConservationEfforts

OnNohonaohaeCinderCone,Hawaii island,10 plantsof Vignao-wahuensisare

within a fencedexclosurecontainingseveraltypesofpasturegrass(D. Paul,in lift.

1998).

Vignao-wahuensishasbeensuccessfullypropagated,andoneindividual existsin

cultivationattheUniversityofHawaii’s VolcanoRarePlantFacility, whereit has

flowered.

Seedscollectedfrom plantsat KanaioBeachon EastMaui havebeenpropagated

by theDivision ofForestryandWildlife (W. Wong.Jr., in lift. 1998). Fewerthan100

seedsarein storageat theNationalTropicalBotanicalGarden(M. Chapin,personal

communication1997). Seedgerminationtestsindicate52 percentgerminationoffresh

seedsandlessthan10 percentgerminationafteraminimumof 45 daysin storage

(Ragone1993).

No otherconservationactionsareknownforthis species.

h. NeededRecovervActions

1) Constructexclosuresto protectpopulationsagainstferalandwild ungulates.

Exclosuresshouldbeconstructedaroundtheknownpopulationsof Vignao-

wahuensisto reduceimpactsfrom feralpigs andaxis deer. Subsequentcontrol or

removalofungulatesfrom theseareaswill alleviatetheirimpactonnativeecosystems~
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Commitmentsshouldbedevelopedfor long-termstewardshipandconservationofthese

areasoncethey havebeenenclosed.

2) Control competingalienplantspecies.

A long-rangemanagementplanto controlalienplantssuchasfountaingrass,

kiawe,molassesgrass,lantana,andBermudagrass,shouldbedeveloped.

3)Protectendangeredplantsfrom fire.

Managementactionsto protectendangeredspeciessuchasVignao-wahuensis

from fire shouldbedevelopedfor areaswherefire is knownto beathreatto individuals

thatoccurthere.

4) Maintainadequategeneticstock.

To preventextinctionofthisspecies,exsitu propagationshouldbe initiatedand

researchon seedstoragemethodologycontinued.

5) Enhancewild populationsandestablishnewpopulations.

Outplantingto enhancetheremainingwild populationsshouldbeginwhen

adequatepropagatedmaterialis available,andfencingandweedcontrolareunderway.

Newpopulationsshouldbeestablishedwithin thehistoricrangeof Vignao-wahuensis

in areasfreefrom theimpactsof feral andwild ungulatesandalien plants.

Additional recoveryactions,asdiscussedin theStep-downNarrativebeginningon

page169, arealso appropriatefor this species.

F. OverallRecoveryStrategy

Immediateactionmustbetakento stabilizetheremainingwild populationsofthe

Multi-island plants. Theseactionsincludepropagationandmaintenanceofgenetic

stockexsitu, andprotectionofremainingwild individualsfromthreats.Currentthreats
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to thespeciesshouldbemanagedthroughfencingand/orhuntingto controlungulates;

controlofalienplants;protectionfrom fire; controlofrodents,damaginginsectsand

slugsarid snails;protectionfrom humandisturbance;acomprehensivemonitoring

program;and,if necessary,protectionfrom disease.Simultaneously,surveysshouldbe

conductedto determinethestatusofthetaxafor whichno individualsarecurrently

knownin thewild — Cenchrusagrimonioidesvar. laysanensis,Mariscuspennat~forrnis

ssp.pennat~ormis,andPhyllostegiaparvflora var. glabriuscula,aswell assurveysfor

populationsofotherspeciesthathavenotbeenobservedin recentyears. Individualsof

thesespeciesmayexistin formerhabitats,ormaybepresentin areasthathavenotbeen

surveyedrecently.

Secondly,managementunitsshouldbe delineatedto conservenotonly thesetaxa,

but theirhabitatsaswell (seeAppendixF). Theseunits shouldbe managedto preserve

asmanynativespecies(flora and fauna)aspossible,throughthreat-controlandhabitat-

restorationprograms.

Thenextstepin therecoveryofthesetaxais to enhancesmall populationsandre-

establi~hnewpopulationswithin theirhistoricalranges,whennecessaryto meet

downlistingand/ordelistingobjectives.This includesselectionofareasfor

augmentationandre-establishment,determinationofthebestmethodsfor exsitu

propagationandtransplanting,selectionof thebestgeneticstockfor eacharea,

propagationofsuitablestock,preparationof sitesfor seedingand/ortransplanting,and

monitoringandmaintenanceof newindividualsandpopulationsastheyareestablished.

A researchprogramis alsorecommendedto study thegrowthandreproductive

viability ofeachtaxon,determinetheparametersofviablepopulationsof eachtaxon,

study thereproductivestrategyandpollinatorsof eachtaxon,andstudypossiblepests

anddiseases.Researchresultswill beappliedto improvemanagementpractices.

To ultimatelyrecoverthe listedplanttaxain Hawaii,habitatmustbeprotectedand

managedfor naturalexpansionofthepopulations,aswell asfor reintroductionofthese

taxaintoportionsoftheirformerrange.Habitatsthatarepotentiallyimportantfor the

recoveryoflistedplant speciesin Hawaii areshownin AppendixF. Thesemapsmay
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beusedby landownersandmanagersto identiI~priority areasfor managementand

restoration,andfor wide-rangeplanningpurposes.

Finally, therecoveryobjectivesshouldberefinedandrevisedasnewinformation

becomesavailable.
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RECOVERY

A. Objectives

Thissectionoftheplansetsobjectivesfor stabilizing,downlisting,anddelisting

theMulti-islandplants. Theorderin whichthe recoverytasksarelisted in thestep-

downoutlineandnarrativeis notnecessarilytheorderin whichthetasksshouldbe

implemented.Prioritiesfor actionandrecommendedtime-framesarecontainedin the

ImplementationScheduleofthis plan.

An endangeredspeciesis definedin Section3 ofthe EndangeredSpeciesAct as

any speciesthat is in dangerofextinctionthroughoutall ora significantportionof its

range. A threatenedspeciesis definedasany speciesthat is likely to becomean

endangeredspecieswithin theforeseeablefuturethroughoutall orasignificantportion

of its range.

Forthepurposesofthissection,apopulationis definedasa discreteunitwith

sufficientdistancebetweenit andneighboringpopulationsthattheyarenot affectedby

thesamesmall-scaleevents(suchasalandslide),andarenotbelievedto be cross-

pollinated. Matureindividualsaredefinedasthoseeitherknownorbelievedto be

capableofreproduction. In general,long-livedperennialsarethosetaxaeitherknown

orbelievedto havelife spansgreaterthan10 years;short-livedperennialsarethose

knownorbelievedto havelife spansgreaterthan1 yearbut lessthan10 years;and

annualsarethoseknownorbelievedto havelife spanslessthanorequalto 1 year.

Flueggeaneowawraea,Schiedeahookeri,andSchiedeanuttallii aretheonly long-

lived perennialsin thisplan. Theshort-livedperennialsin this planare:Achyranthes

mutica,Adenophorusperiens,Bonamiarnenziesii,Cenchrusagrirnonioides,Cyanea

grirnesianassp.grimesiana,Cyperustrachysanthos,Diellia erecta,Euphorbia

haeleeleana,Hibiscusbrackenridgei~IsodendrionlaurWolium,IsodendrionlongWolium,

Mariscuspennat~forrnis,Neraudiasericea,Panicumniihauense,Phyllostegia

par-vflora, Plantagoprinceps,Platantheraholochila,Saniculapurpurea,Sesbania
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fomentosa,Solanumincompletum,and Vignao-wahuensis.Centauriumsebaeoidesand

Spermolepishawaiiensisareannuals.

Becausewehaveonly limited knowledgeofthe life historyof eachofthesetaxa

with respectto specificrequirementsfor theirshort-termandlong-termsurvival,this

planestablishesonly tentativecriteriafor stabilizing,downlisting,anddelisting. These

criteriawereformulatedbasedon recommendationsby theHawaii andPacific Plants

RecoveryCoordinatingCommittee,aswell astheInternationalUnion for Conservation

ofNatureandNaturalResources’(IUCN’s) draftredlist categories(Version2.2)and

theadviceandrecommendationsofvariousbiologistsandknowledgeableindividuals.

Additional informationis neededabouteachoftheMulti-island plantssothat

recoveryobjectivescanbequantifiedandmademoremeaningful.

InterimObjectives

The interim objectiveis to stabilizeall existingpopulationsoftheMulti-island

plants. To beconsideredstable,eachtaxonmustbe managedto controlthreats(e.g.,

fenced)andberepresentedin an exsitu collection. In addition,aminimumtotal of

threepopulationsofeachtaxonshouldbedocumentedon islandswheretheynowoccur

oroccurredhistorically. Eachofthesepopulationsmustbenaturallyreproducingand

increasingin number,with aminimumof25 matureindividualsper populationfor

long-lived perennials,aminimum of50 matureindividualsperpopulationfor short-

lived perennialsanda minimumof 100 matureindividualsperpopulationfor theannual

taxa.

DownlistiuaObjectives

Fordownlisting,atotal offive to sevenpopulationsof eachtaxonshouldbe

documentedon islandswheretheynow occuror occurredhistorically. In certaincases,

however,aparticulartaxonmaybe eligible for downlistingevenif all five to sevenof

thepopulationsareon only oneisland,providedall of theotherrecoverycriteriahave

beenmetandthepopulationsin questionarewidelydistributedandsecureenoughthat
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onemight reasonablyconcludethatthetaxonis not in dangerofextinctionthroughout

all ora significantpartof its range.

Eachofthesepopulationsmustbe naturallyreproducing,stableor increasingin

number,andsecurefrom threats,with aminimumof 100matureindividualsper

populationfor long-livedperennials,aminimumof300 matureindividualsper

populationfor short-livedperennialsand aminimumof 500matureindividualsper

populationfor theannualtaxa. Eachpopulationshouldpersistat this level for a

minimumoffive consecutiveyearsbeforedownlistingis considered.

DelistingObjectives

A totalof 8 to 10 populationsofeachtaxonshouldbedocumentedon islands

wheretheynowoccuror occurredhistorically. As with downlisting,theremaybe

certaincasesin which aparticulartaxonmaybe eligible for delistingevenif all 8 to 10

ofthepopulationsareon only oneisland,providedall oftheotherrecoverycriteria

havebeenmetandthepopulationsin questionarewidelydistributedandsecureenough

thatonemight reasonablyconcludethatthe taxonis not in dangerofextinction

throughoutall or asignificantpartof its range. Eachofthesepopulationsmustbe

naturallyreproducing,stableor increasingin number,andsecurefrom threats,with a

minimumof 100matureindividualsperpopulationfor long-livedperennials,a

minimumof300matureindividualsperpopulationfor short-livedperennials,anda

minimumof500 matureindividualsperpopulationfor theannualtaxa. Each

populationshouldpersistat this level for aminimum offive consecutiveyears.

167



B. Step-downOutline

1. Protecthabitatandcontrolthreats.
11. Identify andmapall extantwild populations.
12. Delineatemanagementunits.
13. Ensurelong-termprotectionofhabitat.
14. Identify andcontrolthreats.

141. Control feral andwild ungulates.
1411. Constructandmaintainfencing.
1412. Evaluatethepotentialfor controllingungulatesthrough

eradicationprogramsorestablishmentofgamepreserves.
142. Conductalienplantcontrol.
143. Providenecessaryfire protection.
-144. Control rodents,if necessary.
145. Propagateandmaintaingeneticstockexsitu.
146. Ensureavailabilityofpollination vectors.
147. Protectareasfrom humandisturbance.
148. Control insects,slugs,snails,and/ordisease,if necessary.
149. Controlall otheridentifiedthreats.

2. Expandexistingwild populations.
21. Selectpopulationsfor expansion.
22. Preparesitesandplant.

3. Conductessentialresearch.
31. Collectdiagnosticdataon crucialassociatedecosystemcomponents.
32. Mapalienvegetation.
33. Studyvariousaspectsofgrowth.
34. Study reproductiveviability.
35. Determineparametersofviablepopulations.
36. Determineeffectsofinsectsand/ordiseases,anddevelopcontrolmethods,as

needed.
37. Evaluateresultsandusein futuremanagement.

4. Developandimplementdetailedmonitoringplansfor all
species.

5. Reestablishwild populationswithinhistoric range.
51. Investigatefeasibility anddesirabilityofreintroduction.
52. Developandimplementspecificplansforreestablishment.

6. Validaterecoveryobjectives.
61. Determinenumberofpopulationsandindividualsneededfor long-term

survival.
62. Refine/revisedownlistinganddelistingcriteria.
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C. SteD-downNarrative

1. Protect habitat and control threats.

Becauseofthe altered nature of habitats oftheMulti-island plants, their low

numbers,andtheseverityofthe threats acting upon them, thehighestpriority recovery

actionsmustbeaimedatprotectingtheindividualsandpopulationsthatcurrentlyexist,

andmanagingtheirhabitatto controlthethreatsaffectingtheirsurvival. Surveys

shouldbeginimmediatelyfor taxathat havenot beenobservedfor severalyears,like

Cenchrusagrimonioidesvar. laysanensis,Mariscuspennatzformisssp.pennatWormis,

andPhyl!ostegiaparvfloravar. glabriuscula. A monitoringprogramis essentialto

trackthestatusofthepopulationsof all ofthetaxacoveredin thisplan,andto assess

the effectivenessofthreatmanagement.

11. Identifyandmapall extantwild populations.

Protectionofextantpopulationswill involve locatingall extantindividuals,

mappingtheirpreciselocations,andprovidingthis informationto theland

managers.Priority shouldbegivento taxathathavenotbeenobservedin recent

years,like Cenchrusagrimonioidesvar. laysanensis,Mariscuspennat~orrnisssp.

pennat~forrnis,andPhyllostegiaparvflora var. glabriuscula.

Surveysshouldbeconductedwherevertherearereportedorpossible

occurrencesofeachtaxon. Occurrencedata,includingpresencein orabsencefrom

previouslyreportedsites(aswell assitenotes)andall relevantinformationfor

newlyreportedoccurrences,shouldbecarefullydocumented.Detailedsite

information(including directions,maps,global positioningsystem[GPS]data,and

narratives)is recommendedfor eachsite.

12. Delineatemanagementunits.

Managementunits shouldbe identifiedfor the26 taxacoveredby this

recoveryplan. In mostcases,therangesoftheMulti-islandplantswill overlap

with thoseofotherlisted taxa,andmanagementunitsincludingmultiple listed taxa

from multiple recoveryplanscanbedelineatedandmanagedunderasingle
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managementplan. Managementunitsshould includeareasadequatefor buffer

zonesandfire breaksandfor expansionofexistingpopulationsandestablishment

ofnewpopulationsfor recovery. Similarareasfor newly discoveredpopulationsof

eachtaxonshouldbeidentified andtargetedfor protectionandmanagementwhen

necessaryfor recovery.TheHawaii andPacificPlantsRecoveryCoordinating

CommitteeandPlantRecoveryTeamsmayassisttheU.S.FishandWildlife

Service,theDivision of ForestryandWildlife, andotherlandownersandmanagers

in identifying thesemanagementunits.

13. Ensurelong-termprotectionofhabitat.

TheprotectionofMulti-islandplantsmanagementunits is aprimaryconcern.

Theprotectioncurrentlyprovidedto thesetaxaby variouslandownersshouldbe

continuedandenhanced,andadditionalprotectivemeasurespursuedasneeded.

This includes,but is not limited to,protectionprovidedby FederalandStatelaws,

regulations,andpolicies;managementplansandpoliciesofFederal,State,and

privatelandowners;cooperativeagreements,conservationeasements,andleases.

FederalagenciesmanaginglandscontainingpopulationsofMulti-island

plants includetheU.S. Army, U.S. Navy,NationalParkService,andU.S.Fishand

Wildlife Service.Federalagenciesarerequiredby section7 oftheEndangered

SpeciesAct to insurethat anyactionauthorized,funded,orcarriedoutby themis

not likely tojeopardizethecontinuedexistenceofany endangeredor threatened

species.Section7 furtherstipulatesthatall Federalagenciesutilize their

authoritiesin furtheranceofthepurposesoftheAct by carryingoutprogramsfor

theconservationoflisted species.EndangeredSpeciesManagementPlansor other

similarmanagementplansfor areasmanagedby theArmy,Navy,NationalPark

Service,andU.S. FishandWildlife Servicecontributeto therecoveryofthese

plants,sotheagenciesshouldbeassistedin theirattemptsto developand

implementplansfor areasthat arenotcurrently covered.

The Stateof Hawaii shouldensurethatall Statedepartmentsresponsiblefor

landzoning,developmentprojects,forestryprojects,recreationalprograms,and

otheractivitieson their lands,aremadeawareofthepresenceoftheMulti-island
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plantsontheir lands. In addition,theStateshouldreviewits proposedprojectsand

ensurethatappropriatemeasuresaretakento minimizeorprecludeall negative

impactsto the listedplanttaxa. In addition,theDivision ofForestryandWildlife

shouldconsiderdevelopmentandimplementationof long-termmanagementplans

for eachoftheMulti-islandplantsontheir lands.

PopulationsofMulti-island plantsalso occuron landsownedormanagedby

variousprivatelandowners.Stepsshouldbetakento ensurethat all such

landownersareawareofthepresenceofthe listedtaxaon theirlands,andevery

effort shouldbemadeby theDivision ofForestryandWildlife and/ortheU.S. Fish

andWildlife Serviceto assistthe landowners,asnecessary,in developingand

implementinglong-termmanagementplansfor thesetaxaon their lands.

14. Identifyand controlthreats.

ForeachpopulationoftheMulti-islandplants,threatsmustbe identified,

prioritized,andstepsmustbe taken,in priority order,to protectthepopulations.

Manythreatshavealreadybeenwell documented,while othersneedto befurther

defined. Additional threatsmaybecomeapparentif additionalpopulationsare

located. Knownthreatsincludecurrentandfuturedevelopmentactivities, feraland

wild ungulates,alienplants,fire, rodents,insects,slugsandsnails,human

disturbance,a lackofpollinators,and,potentially,disease.

Threatcontrolplansshouldbedevelopedfor eachareain whichthesetaxa

arefound. Whenhabitatsareownedby morethanoneparty,threatcontrolplans

shouldbedevelopedcooperativelyamongtheownerswhenpossible. The

delineationofmanagementunits (task#12)shouldallow for thecooperative

managementof logical groupingsofpopulations.Threatcontrolplansshouldbeas

all-encompassingaspossible,possiblyincorporatingseveralmanagementunits and

otherlisted,proposed,andcandidatetaxainto oneoverall planfor restorationand

managementofthehabitatsthat supportthe 26 taxaidentifiedin thisrecoveryplan,

alongwith othernativecomponents.
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141. Controlferalandwild ungulates.

TheforestsofHawaiihavelargenumbersof goats,pigs, cattle,deer,

sheep,andotherintroducedungulates.Controllingtheseungulatesto the

pointwheretheyareno longerimpactingnativevegetationis absolutely

imperative.

Themosteffectivemethodcurrentlyavailablefor providingimmediate

protectionfrom introducedungulatesin Hawaii is to fencediscrete

managementunits,andthenremoveungulatesfrom within thefencedareas.

Althoughthis approachis costly,it doeswork,asdemonstratedat Hawaii

VolcanoesandHaleakalaNationalParksandelsewhere,andis afeasible

meansofcontrolling introducedungulatesin Hawaii. Eradicationof

introducedanimalsmay sometimesbean optionand,givenpublic support,

shouldalsobeconsidered.

1411. Constructandmaintainfencing.

Themosteffectivestrategywill probablybe to usea

combinationofmethods.Short-term,small-scalefencingcanprotect

populationsunderimmediatethreatfrom ungulatesuntil longer-term,

large-scalefencingprojectsarecompleted.However,even“small”

exclosuresshouldbe largeenoughto offsetthenegativeimpactsof the

actualfencingandfenceandsitemaintenance(e.g.,scarificationof

fencelineandadjacentareaandpotentialintroductionofnewpestsinto

thearea). As ageneralguideline,minimum-sizedexclosuresshould

havetheirperimeterslocatedat least50 meters(164feet)distantfrom

thenearestindividualofthetargetspecies.

Fencesshouldinclude,if possible,thetargetpopulationsanda

bufferareaof good-quality,similarhabitatforpotentialreplanting

efforts(and/ornativebufferhabitat,if present,that is resistantto

invasionofalienspeciesandfire). To reducemaintenancecosts,fences

shouldbe constructedalongridgelinesandtied into streamcoursesand

naturalbarriers(suchasthetopsofwaterfalls)asmuchaspossible.
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Oncethebestmethodfor fencingthemanagementareasis

determined,fencingandmaintenanceplansshouldbeginassoonas

possible. Fencesshouldbe imperviousto all ungulatesfoundin the

area. Ongoinginspectionandmaintenanceoffencesis necessaryto

ensurethecontinuedexclusionofungulatesfrom thefencedareas.

Wheneachfenceis completed,all ungulatesfrom within should

be removed. Eradicationoptionsmayincludebaitedhunting,snaring,

andpoisoning. Hunting from helicoptersis alsoahighly effective

eradicationmethod,particularlyfor situationssuchassteepcliffs.

Managersmustrealizethepotentiallydetrimentalimpactsofthese

managementactivities. Soil andvegetationdisturbancecancreateopen

areasfor newalienspeciesinvasions,andinappropriateorcareless

activitiescandirectly damagetheendangeredplants.Huntersand

otherswhowill be workingin thehabitatoftheMulti-islandplants

shouldbeapprisedoftheexistenceoftheplantssothattheydo not

inadvertentlydamagethem.

Ongoingmonitoringfor ungulateswithin the largefencedareas

is necessaryto ensuretheircontinuedabsence.Monitoring shouldalso

include determiningtheeffectsoftheexclusionofungulates,sincetheir

herbivorymayhaveamoredramaticimpacton invasivealienplants

thanon theendangeredtaxa. If so, ungulateremovalwithoutalien

plantmanagementcouldreleasethe exotics,allowing themto

overwhelmnativeplants(seetask 142).

1412. Evaluatethepotentialfor controllingungulatesthrough

eradicationprogramsorestablishmentofgamepreserves.

Ideally,island-wideprogramsto eradicateintroducedungulates

shouldbe instigatedandsupported,whereapplicable. Fencesare

maintenance-intensive,cannotbebuilt in all areasdueto topography,

andarenotaltogetherafoolproofmethodofprotectinghabitats

necessaryfor theperpetuationoftheMulti-islandplants. Ultimately,

173



the eradicationofintroducedungulatepopulationsis theonly wayto

completelyeliminateungulatedamage.Suchremovalof introduced

animalswill alsoslowdownthedegradationofwatershedlands.

However,public supportofhuntingis very fervent,andthelikelihood

of acceptanceof island-wideungulateeradicationprogramsis remote.

Developmentoffencedgamepreserves,whereareasaresetasidefor

huntingofgameanimals,shouldbeahighpriority within the State.

142. Controlalienplants.

Alien plantsareknownto beathreatto 25ofthe26Multi-islandplants,

andapotentialthreatto 1 taxon,socontrolofalienweedsis oneofthemost

importantaspectsofhabitatmanagementfortheMulti-islandplants. This

maybecomeevenmoreimportantfor somespeciesif theremovalof

ungulatesrelievesgrazingandbrowsingpressureonalienplants.

Additionally, soil andvegetationdisturbanceby managerscancreateopen

areasfor newalienspeciesinvasions,andinappropriateorcarelessactivities

cancausedirect damageto endangeredplants. Stepsshouldalwaysbe taken

to minimize theseeffects.

Effectiveweedcontrolmethodsmustbedeveloped.Controlmethods

mayinclude,but arenot limited to, hand-pulling,localherbicideapplication,

andbiocontrol. Weedcontrolshouldbeaggressivelyimplementedin the

vicinity oftheMulti-islandplants,particularlywithin andaroundfenced

managementunits. Weedcontrol shouldbeprioritizedfor eachpopulation,

beginningin the immediatevicinity oftheexistingplants,andcontinuing

until controlis achievedin thefull managementunit. Follow-up visits to

eachsitearenecessaryto ensurethatweedsarepermanentlycontrolled,so

sitesshouldbe monitoredperiodicallyto determinewhenadditional

interventionis necessary.

Controlefforts shouldbe supervisedby personnelexperiencedin safe

controlmethodsto insurethatcrewsdonot compactsoil, damageroot

systems,or improperlyapplyherbicides.Considerationshouldbegivento
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theeffectsofdramaticallyincreasingsunlightto any areaby removingalien

canopyplants,andopeningupanareafor additional(possiblymore

threatening)alienspeciesinvasion. Also, careshouldbetakento protect

associatednativespecies,aswell astheendangeredspecies,duringweed

removal.

Introductionofalienplantsandotherspeciesto theStateofHawaii, and

betweenislandswithin theState,needsto becontrolledto preventfurther

threatsto theMulti-island plantsandtheirhabitats. In orderto preventthe

introductionof potentiallydetrimentalalienspecies,supportshouldbegiven

to legislation,programs,oractivitiesthat limit thepossibility offuture

introductionsofalienspecies.Thesuccessofsuchprogramsor activities

would contributenotonly to theperpetuationoftheendangeredspeciesin

this plan,but to thequalityofall nativeecosystemsaswell asagricultural

concernsin theStateofHawaii.

143. Providenecessaryfire protection.

Protectionfrom fire is critical to thesurvivalofMulti-islandplantsthat

occurin dry ormesichabitats(seeTable1). Theseplantsarenotwell-

adaptedto survivefire, particularlythosefires fedby unnaturalbuildupof

fuel (suchasthatprovidedby thegrowthofaliengrasses).In addition,many

introducedplant speciesarebetteradaptedto recoveryafterfires andoften

invadeburnedareas,permanentlychangingthehabitat. Protectionmustbe

both localandon alargerscaleto preventfiresfrom spreadingto areaswhere

theplantsgrow.

Plansto protecteachsite from fire shouldbedevelopedand

implemented.Plansarebeingdevelopedfor areasownedand/ormanagedby

themilitary, andplansarein placeforNationalParkServiceandU.S. Fish

andWildlife Servicelands. “Fire-free” zonesshouldbeestablished,with

huntersandotherlandusersapprisedofthedangersofsmokingandopen

flamesin sensitiveareas.Presuppressionactionssuchasconstructionoffuel

breaksorvegetationmanipulationarenecessaryfor theprotectionofthefire-
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pronepopulationsoftheMulti-islandplants. Fuelbreakswith aminimum

width of 6 meters(20feet)shouldbe constructedaroundthesetaxawherever

feasible. Thisminimumwidth is a guidelineonly andmaynotbe sufficient

to protectpopulationsfrom fire in especiallydryconditions. Vegetation

manipulation,suchasreplacingahighly flammablefuelwith aless

flammablefuel, maybeanothermethodto considerfor fire presuppressionin

Hawaiiannaturalareas(B. Morgan,personalcommunication1997). Land

managersandothersneedmoreinformationto adequatelyaddressfire

presuppressionin naturalareas. Supportshouldbegivento legislation,

programs,oractivitiesthatwill advanceourunderstandingofwildland fuels

in Hawaii. Thesuccessofsuchprogramsoractivitieswould contributenot

only to theperpetuationoftheendangeredspeciesin thisplan,butto the

qualityofall nativeecosystemsin theStateofHawan.

144. Control rodents, if necessary.

In somecases,rodentsmustbecontrolledto allowendangeredplant

taxato reproduce.Measuresshouldbe takenasneededto controlrodent

damageto theendangeredplantsandtheirfruits andseeds.Methodscould

includetrapping,poisoning(includingtheuseofthe currentlyapproved

Diphacinonebait blocksandultimatelyamorebroad-scalemethodsuchas

aerialdispersalofrodenticide),and/ortheuseofrodentbarriers. Intensive

rodentcontroloveraperiodpriorto andduring frult productionis

recommendedfor at leastoneseasonoruntil agoodproductionseason

occurs,in orderto haveaviablecropofseedsfor collectionandexsitu

propagation.Ratsareaseriousthreatto Euphorbiahaeleeleanaand

Sesbaniatornentosa,andapotentialthreatto Cyaneagrirnesianassp.

grimesiana,F!ueggeaneowawraea,andHibiscusbrackenridgei. Sesbania

tornentosais alsothreatenedby mice.
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145. Propagateand maintain geneticstock exsitu.

Althoughcultivationoftheseplantsis not a substitutefor their

preservationin thewild, cultivatedpopulationsofeachMulti-island plant

taxonshouldbemaintainedaspoolsofgeneticresourcesfor reintroductionto

appropriatesitesandto safeguardagainstlossesof geneticmaterialdueto

catastrophein wild populations.Additionally, theexistenceofcultivated

plantsmayreduceanydemandfor field-collectedspecimensoftheserare

taxaby providing apropagatedsourceofthosetaxafor whichtheremight be

ahorticulturaland/orresearchdemand.

As broada complementaspossibleoftheexistinggeneticstockfor

eachtaxonshouldbepreserved.Foreachidentifiablepopulation(eitherfrom

extantsitesortraceable,pure,cultivatedmaterial),geneticmaterialshouldbe

collectedfrom asmanyindividualsasfeasible. Collectionmethodsand

quantitiesofmaterialscollectedshouldbedevisedto haveminimal impacton

wild populations.All collectedmaterialsshouldbe labeledaccuratelyasto

exactorigin,collectiondate,etc.

Seedsofeachtaxonshouldbe collectedandentrustedto seedbanksfor

long-termstorageusingthebestavailabletechniquesfor preservation.Seeds

in long-termstorageshouldbe periodicallytestedfor viability andre-

collectedasnecessary.

146. Ensure availability of pollination vectors.

Basedon researchfindings,measuresshouldbe establishedto ensure

thatpollination vectorsremainavailableto theMulti-islandplants. If it is

discoveredthat pollinationvectorsfor certaintaxaaremissing,necessary

measuresshouldbe takento compensateforthese.This will beespecially

importantfor thethreespeciesofSchiedeaandfor Sesbaniatornentosa.

147. Protect areasfrom human disturbance.

TheMulti-island plantsshouldbeprotectedasmuchaspossiblefrom

hikers,vehicles,andotherpossibilitiesofdirecthumandisturbance.This
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protectioneffort will involve public awarenessandeducationregardingthe

Multi-islandplants,andnativehabitatsin general,andshouldbedonein

conjunctionwithpublic educationfor otherlistedtaxa. Educationeffortsare

currentlyunderwayto ensuremilitary training exercisesavoid sensitiveareas.

Signsdesignatingsensitiveenvironmentalareasand/orresearchareas

shouldbeplacednearsiteswherehumancontactmayoccur. “Kapu/No

Trespassing”signsshouldprohibit entryto theseareas.However,suchsigns

maynotbenecessaryfor somepopulationsin remoteareasand/orareasnot

frequentlyvisited,orwheresignsmayattractundueattentionto these

populations,therebyexposingthemto vandalism.Thedecisionregarding

signplacementshouldbebasedonthecircumstancessurroundingeach

population.

Wherepossible,accessto roadsand/ortrails thatpassthroughhabitatof

theMulti-islandplantsshouldbeallowedonly for necessarymanagement

activities (e.g.,fire control,hunting,monitoring,etc.). Careshouldbetaken

at any time duringroadortrail maintenancein ornearhabitatofthe

endangeredtaxato avoidpracticesthatwould causeopeningofcanopies,

excessiveerosion,orotherdamageto theMulti-island plantsortheirhabitats.

If hiking is permittedinmanagementareas,hikersshouldbeinformedofthe

presenceofsensitiveenvironmentsandprecautionsthatshouldbe takento

avoiddisturbanceofsuchareas(e.g., cleaningofbootsandclothing, the

importanceof stayingon existingtrails). All suchactivitiesshouldbeclosely

monitoredbytheappropriateconservationagencyorprivatelandowner.

Humandisturbanceis athreatto Hibiscusbrackenridgeissp.

brackenridgeiin thePuuAnahuluregion,PanicumniihauenseatPolihale

StatePark,Platantheraholochila in all locations,andSesbaniafomentosaat

KaenaPoint,anda possiblethreatto individualsofotherMulti-island plants

growing closeto roadsand/ortrails.
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148. Control insects,slugs,snails,and/or disease,if necessary.

Insects,slugs,snails,and/ordiseaseareknownthreatsto severalofthe

Multi-islandplants,andpotentialthreatsto all. Basedupontheresultsof

researchtask#36, controlmeasuresshouldbeimplementedwithin the

managementunits for thesetaxa

149. Control all other identified threats.

Theneedfor controlofotherthreatsmaybecomeapparentasmoreis

learnedabouttheMulti-islandplants.Newthreatsmayalsoarisewith further

changesto naturalhabitatsin Hawaii,suchasintroductionofnewalien

species.As newthreatsarise,managementactionsto reduceand/oreliminate

theireffectson theMulti-island plantsshouldbe implemented.

2. Expandexistingwild populations.

TheMulti-islandplantsmayexpandnaturallyaftermanagementeliminatescurrent

threats.However,m certaininstances,wild populationsmayneedto beaugmentedin

orderto reachdown/delistingobjectives.Suitablesitesforpopulationaugmentation

shouldbe selectedaftercarefulevaluationofthethreatof introducingdetrimental

organismsinto thewild populations.Augmentationefforts shouldalwaysbewell-

documentedasto lineageandmethods.

21. Selectpopulations for expansion.

Theneedfor expansionofcurrentpopulationsshouldbeevaluated,and

specificplansshouldbe createdfor theaugmentationof wild populationsthatneed

to be enhanced.

2. Preparesitesandplant.

Plansshoulddescribetheplant materialto beusedandthemostappropriate

methods.Eachselectedsitemustbepreparedandprotectedappropriately,

includingthebuilding ofexclosuresandcontrollingalien specieswithin.
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After sitesareprotected,exsitu-propagatedmaterialshouldbeaddedto

existingwild populationsin quantitiesandtimesdeemedappropriatebasedon

populationandgrowthstudies. Normally,in orderto maintainthe integrity ofthe

wild population’sgenepool,theexsitu propagatedmaterialshouldbe from the

samesite. Theexsitu materialsmustbefree from pests,diseases,andpathogens

thatmight beintroducedto thewild. Cultivatedplantsmayhavebeengrownin the

presenceofotherpathogen-carryingplants,andwild populationsmayhavelower

resistanceto suchpathogensthanplantsthat havebeennurturedundergarden

conditions. Careshouldbetakenregardingthematchingof soils if transplanting

already-startedplantsdueto differencesin waterretentionaroundtheroot areas

(i.e.,if surroundingsoil is moreabsorptive,thesoil directly aroundtherootscould

becomeoverly dry andweakenorkill thenewly transplantedspecimen).

Augmentedpopulationsshouldbe monitoredcarefully (seeTask#4),and

ongoingmalntenanceofeachsiteshouldbeginafterinitial preparationand

planting.

3. Conduct essentialresearch.

Researchmust be conductedinto aspectsofthelife history,habitat,pollinators,

reproductivebiology, symbionts,seedviability, optimum requirements for growth,

requir~~nentsfor populationviability, andcontrol ofthreatsfor eachoftheMulti-island

plantsto betterunderstandwhat is neededforperpetuationoftheseplants. Such

additionalknowledgewouldallowmoreappropriatemanagementandassessment

techniquesto bedeveloped,andis neededin orderto determinemeaningfulparameters

for definitionofspecificrecoverycriteriafor eachtaxon.

31. Collectdiagnosticdataon crucialassociatedecosystemcomponents.

Compositionofflora andinvertebrate,bird, andotherfaunapopulations

within eachmanagementareashouldbeestablishedto attemptto gainan

understandingof any relationshipsbetweentheseorganismsandtheMulti-island

plants.
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32. Map alienvegetation.

Periodicmappingofalienvegetationis recommendedusingvarious

techniques,includingdirectgroundobservationsaswell asaerialcolorand/or

infraredphotographs.Aerial techniqueshavetheseadvantages:(1) theydo not

directly invadethesensitivehabitatoftheendangeredplantsand(2) monitoringof

largeinaccessibleareasis feasible.Mappingwouldallowchangesin distributions

andabundanceofalienplantsto befollowed sothatappropriatemanagement

actionsmaybetaken.

33. Studyvariousaspectsofgrowth.

Aspectsofthegrowthofeachtaxonneedto bestudied,including growthand

mortalityof seedlings,growthof matureplants(including seasonalchanges),

optimumconditionsandlimiting factors,seasonaldifferencesin temperatureand

light needs,watersourcesandrequirements,andsoil andnutrientrequirements.

34. Study reproductive viability.

Factorsaffectingthereproductiveviability ofeachofthe Multi-islandplants

needto be investigated,including seedviability, breedingsystems(includingself-

compatibility), pollinationvectors,andpreferredconditionsfor flowering andseed

set. Thiswill allowdevelopmentofthebestmanagementstrategyfor eachtaxon.

35. Determineparametersofviable populations.

Definitions ofviablepopulationsneedto be established.This is neededto

morepreciselydeterminecriteriafor considerationofdownlistingor delisting.

Thesedefinitionsshouldincludethefollowing: minimumnumbersofindividuals

andpopulationsneededfor long-termsurvival,demographics,longevity,minimum

rangeneededfor long-termsurvival, geneticrelationships/susceptibilityto

inbreedingdepression,anddispersalpotential.
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36. Determineeffectsof insects,slugs,snails,and/or diseasesand develop

control methods,asneeded.

The blacktwig borer seriouslythreatensFlueggeaneowawraea.Effective

control methodsfor this andotherharmful insectsand diseasemustbe developed.

The black twig borer is also a seriouspestofa number of economicallyimportant

plants in Hawaii. A numberofparasitoids have beenintroduced for its control by

the.HawaiiDepartmentofAgriculture (DOA), butnonehasbecomeestablished.

TheDOA is consideringfurtherresearchon biological controlofthis beetle. The

researchwill needto proceeddiligently, asthereareanumberofrarenative

scolytidsin Hawaii whicharecloselyrelatedto theblacktwig borer(P. Conant,

personalcommunication1997;J. Nakatani,in lift. 1996). Predationby introduced

slugsandsnailsis a seriousthreatto SchiedeahookeriandS. nutta!!ii (S. Weller,

personalcommunication1997). Effectivecontrolmethodsfortheseharmfulalien

invertebratesmustbedeveloped.

37. Identify and testpotential biocontrol agentsfor hostspecificity and

efficacyof control.

Manyofthemostsignificantweedsarewidespreadoverlargeareasof land.

Forsuchweeds,manualandchemicalcontrolmaybe inefficientandineffective

dueto time, cost,and logisticsinvolved. Severaloftheweedsdiscussedin this

planhaveknownnaturalenemiesthathavenot yetbeenfundedfor evaluationas

potentialbiological controlagentsin Hawaii. ExamplesareChristmasberry,

strawberryguava,Koster’scurse,andlantana(M. Isherwood,personal

communication1998). Potentialbiological controlagentsforthesespeciesaswell

asotherparticularlyinvasiveweedssuchasArdisiaelliptica shouldbe identified

andresearchconductedon theirefficacyat controllingthetargetweedaswell as

theirhostspecificity.

38. Evaluate resultsand usein future management.

The resultsoftheabove studiesshould be evaluatedand incorporated into the

managementprocessand used in the developmentofrecoveryobjectives.
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4. Developand implementdetailed monitoring plansfor all species.

All populationsoftheMulti-island plantsshouldbemonitoredto ensurethat

currentinformationis availablefor each.A detailedmonitoringplanshouldbe

designedandimplementedfor eachtaxon. Permanentplotsshouldbesetup for each

population,andindividualsmappedby sizeclass,in orderto establishbaseline

informationregardingpopulationsize, localdistributionpatterns,andthreats.As new

populationsarediscoveredorestablished,theyshouldbe addedto themonitoring

program.

Whenappropriate,individualplantsmayalsobecarefullytaggedfor monitoring

purposes.Datacollectionshouldincludequantitiesandlocationsofall extantplantsas

well asany otherrelevantobservationsregardingphenology,habitat,orthreats.Plots

shouldbesetup to allowpoint-and/orline-interceptmonitoringmethodsasappropriate

for eachsituation. Informationsuchaschangesin numbersofplantsby sizeclass,

changesin vigor ofindividual plants,andchangesordisturbancesto theenvironment

shouldbe notedasappropriateandrecorded.

5. Reestablishwild populations within historic range.

If necessaryto meetrecoveryobjectives,populationsshouldbereestablishedin

areaswheretheyareknownorarebelievedto haveoccurredhistorically,particularlyif

geneticallyuncontaminated,cultivatedmaterialsexistthat areknownto haveoriginated

from thehistoricalsite. Thegoalofreintroductionis to permanentlyreestablishviable

populationsofthesetaxain stableandsecureconditions.

51. Investigatefeasibility and desirability of reintroduction.

For eachtaxon,appropriatenessofreintroductionintowild situationsshould

be assessed.Geneticpurity ofpopulationsis aprimeconcern,asis thepossibility

of introducingpathogensto naturalareas.Reintroductionefforts shouldalwaysbe

well documentedasto lineageandmethods.
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52. Developand implement specificplans for reestablishment.

Eachreestablishmenteffort shouldbeguidedby a specificplan. Theplan

shouldidentify reestablishmentsites,plantmaterials,andmethodsto beused. The

plan shouldspecifymethodsto ensurethat selectedmaterialsarefree from pests,

diseases,andpathogensthatmight beintroducedto thenewornearbywild

populations.This aspectisparticularly critical sincecultivatedplantsmayhave

beengrownin thepresenceofotherpathogen-carryingplants,andnearbywild

populationsmayhavelowerresistanceto suchintroductions. If the

reestablishmentsitesareoutsidethemanagementunitsalreadyestablished,they

shouldbeprotectedasdiscussedabove(Task#1).

Eachsitemustbepreparedappropriately,includingconstructionof

exclosuresandcontrolofalienspeciestherein,asnecessary.The selectedmaterial

shouldthenbeplanted.If already-startedplantsarebeingsetout, careshouldbe

takento matchpotsoilsto thoseofthesite,to minimizedifferencesin water

retentionaroundtherootareas(i.e., if surroundingsoil in thetransplantareais

moreabsorptivethanthesoil usedto starttheplant, therootscouldbe overly dried

andthenewly transplantedspecimencouldbeweakenedorcoulddie).

Newly establishedpopulationsshouldbemonitoredcarefully (seeTask#4)

andmaintenanceshouldbeginsoonafterinitial preparationandplanting.

6. Validate recovery objectives.

Thescientificvalidity oftherecoveryobjectivesshouldbereviewedandrevisedas

appropnateasmoreinformationbecomesavailable.

61. Determinenumber of populations and individuals neededfor long-term

survival.

For eachoftheMulti-island plants,thenumberofpopulationsandthe

numberof individualsneededfor long-termsurvivalshouldbedetermined.
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62. Refine/revisedownlisting and delisting criteria.

Basedonscientificinformationgatheredduring recoveryefforts (e.g.,dataon

viablepopulationsizes,longevity,etc.),recoverycriteriafor eachoftheMulti-

islandplantsshouldberevised.Until thisadditionalinformationis available,the

criteriapresentedin this recoveryplanshouldbeusedasthebasesfor downlisting

anddelisting.
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IMPLEMENTATION SCHEDULE

TheImplementationSchedulethatfollows outlinesactionsandestimatedcostfor

theMulti-island plantsrecoveryprogram,assetforth in thisrecoveryplan. It is a.gi~j4~

for meetingtheobjectivesdiscussedin PartII ofthisPlan. This scheduleindicatestask

priority, tasknumbers,taskdescriptions,durationsoftasks,theorganizationsinvolved

and/orresponsiblefor committingfunds,andlastly, estimatedcosts. Whenmorethan

oneorganizationis listedastheresponsibleparty,anasteriskis usedto identify the lead

entity.

Theactionsidentifiedin theImplementationSchedule,whenaccomplished,should

protecthabitatfor thetaxa,stabilizetheexistingpopulations,andincreasethe

populationsizesandnumbers.Monetaryneedsfor all partiesinvolved areidentifiedto

reachthispoint,wheneverfeasible.

Priorities in Column 1 ofthefollowing ImplementationScheduleareassignedas

follows:

Priority 1 -

Priority 2 -

Priority 3 -

An actionthatmustbetakento preventextinctionorto preventthe

speciesfrom decliningirreversibly.

An actionthat mustbetakento preventasignificantdeclinein species

population/habitatquality, or someothersignificantnegativeimpact

shortof extinction.

All otheractionsnecessaryto providefor full recoveryofthe species.
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Key to AcronymsUsedin theImplementationSchedule:

BOT — VariousBotanicalGardens(e.g.,NationalTropicalBotanicalGarden,

Lyon Arboretum,WaimeaBotanicalGarden,etc.)

BRD — Biological ResourcesDivision, U.S. GeologicalSurvey

C — Taskwill needto beperformedcontinuouslyorrepeatedly

DLNR — Hawaii DepartmentofLandandNaturalResources

DOD — U.S. DepartmentofDefense

FWS-PIE — U.S.Fish& Wildlife Service,PacificIslandsEcoregion,Honolulu,

Hawaii

HDOA — Hawaii DepartmentofAgriculture

NPS — NationalParkService

O — Taskis ongoing

OTHER — Variousprivatelandowners

TBD — Fundingor timing ofthetaskhasnotbeendetermined

TNCH — TheNatureConservancyof Hawaii

* — Party with leadresponsibility
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RECOVERY PLAN IMPLEMENTATION SCHEDULE

Priority Task
II

1 11

Task Description

Identify andmapall extantwild
populations

Duration
(Yrs)

S

Responsible
Party

DLNR*

FWS-PIE

DOD

NPS

TNCH

FOR THE MULTI-ISLAND PLANTS
Total cost,

1999-
2013 1999 2000

525.0 105 105

50.0 10 10

125.0 25 25

50.0 10 10

90.0 18 18

Costestimates,by fiscalyear,in thousandsof dollars.

2001

105

10

25

10

18

2002

105

10

25

10

18

2003

105

10

25

10

18

12 Delineatemanagementunits

13 Ensurelong-termprotectionof
habitat

1411 Constructandmaintainfencing,
whereverpossible

3

0

C

FWS~PIE*

DLNR

TNCH

15.0

12.0

TBD

-

-

-

-

-

-

-

-

-

-

-

-

DLNR* 150.0 10 10 10 10 10

NPS 45.0 3 3 3 3 3

DOD 120.0 8 8 8 8 8

OTHER 120.0 8 8 8 8 8

TNCH 90.0 6 6 6 6 6

FWS-PIE 75.0 5 5 5 5 5

DLNR*

DOD

NPS

TNCH

OTHER

FWS-PIE

2,717.0

3,250.0

1,300.0

2,379.0

TBD

1,300.0

209

— — 250

— — 100

— 183

TBD

— 100

1

t’J
0
0

I

1 209

250

100

183

100

209

250

100

183

100



Duration Responsible
11 Task Description

I

1

1

1

(Yrs)

142 Conductalienplantcontrol

143 Providenecessaryfireprotection

144 Controlrodents,if necessary

145 Propagateandmaintaingenetic
stockof eachtaxon ex situ

0

C

TED

0

Party

DLNR*

DOD

NPS

TNCH

OTHER

FWS-PIE

Total cost,
1999-
2013

3,135.0

1,860.0

600.0

1,365.0

TED

300.0

Costestimates,by fiscal year,in thousandsof dollars.

1999

209

124

40

91

TED

20

2000

209

124

40

91

20

2001

209

124

40

91

20

2002

209

124

40

91

20

2003

209

124

40

91

20

DLNR* 1,176.0 — 84 84 84 84

DOD 1,050.0 — 75 75 75 75

TNCH 770.0 — 55 55 55 ss
NPS 280.0 — 20 20 20 20

EWS-PIE 140.0 — 10 10 10 10

DLNR* TED TED - - -

FWS-PIE TED TED - - -

TNCH TED TED - - -

NPS TED TED - - -

DOD TED TED - - -

DLNR* 2,505.0 167 167 167 167 167

FWS-PIE 150.0 10 10 10 10 10

DOD 555.0 37 37 37 37 37

BOT 495.0 33 33 33 33 33

NPS 225.0 15 15 15 15 15

Priority Task

t’J
0



Duration Responsible
Task Description

Ensureavailability of pollination
vectors

(Yrs)

C

Party

DLNR*

FWS-PIE

DOD

NPS

Total cost,
1999-
2013

492.0

120.0

300.0

120.0

Costestimates,by fiscalyear, in thousandsofdollars.

1999 2000 2001 2002

— — — 41

— — — 10

— — - 25

— — — 10

147 Protectareasfrom human
disturbance

0 DOD

DLNR*

NPS

TNCH

OTHER

FWS-PIE

148 Controlinsectsand/ordisease,if
necessary

TED DLNR*

DOD

NPS

TNCH

FWS-PIE

375.0

615.0

150.0

270.0

195.0

75.0

TED

TED

TED

TED

TED

25

41

10

18

13

5

25 25 25 25

41 41 41 41

10 10 10 10

18 18 18 18

13 13 13 13

5 5 5 5

TBD

TED

TED

TED

TED

149 Control all other identified threats

Priority Task
‘I

1 146

t’J
0

2003

41

10

25

10

1

TED DLNR*

DOD

NPS

TNCH

OTHER

FWS-PIE

TED

TBD

TED

TED

TED

TED

TED

TED

TED

TBD

TED

TBD



Priority Task
if

Duration Responsible
Total cost,

1999-
Costestimates,by fiscalyear,in thousandsof dollars.

Task Description (Yrs) Party 2013 1999 2000 2001 2002 2003

2 1412 Evaluatethe potentialfor 3
eradicationprogramsfor control
of ungulates

NEED 1 (Protecthabitatandcontrolthreats)costsubtotals

DLNR*
OTHER
EWS-PIE

30.0
TBD

15.0

T

TED

—

10
—

10
—
s

10
—
5

—

—

30,416.0 1,093 1,361 2,290 2,371 2,361

2 21 Selectpopulationsfor expansion 2 DLNR* 8.0 — — — 4 4

OTHER 10.0 - - - 5 5

TNCH 4.0 - - - 2 2

2 22 Preparesitesandplant TED

FWS-PIE

DLNR*

4.0 - - — 2 2

TED - — — - TED

TNCH TED - - - TED

OTHER TED - - - - TED

NEED2 (Expandexistingwild populations)costsubtotals

EWS-PIE TED TED

26.0 0 0 0 13 13

2 31 5 ERD* 325.0 65 65 65 65 65

2

Collectdiagnosticdataon crucial
associatedecosystemcomponents DLNR

0

100.0 20 20 20 20 20

ERD* 645.0 43 43 43 43 43

DLNR 300.0 20 20 20 20 20

FWS-PIE 150.0 10 10 10 10 10

t~J
0tJ~

32 Map alienvegetation



Duration Responsible
if TaskDescription (Yrs)

33 studyvariousaspectsof growth 5

Party

Total cost, Costestimates,by fiscal year,in thousandsof dollars.
1999-
2013

BRD*

DLNR

FWS-PIE

215.0
100.0

50.0

1999

43
20

10

2000

43
20

10

2001

43
20
10

2002

43

20
10

2003

43
20
10

34 studyreproductiveviability 5

35 Determine parameters of viable 5
populations

36 Determineeffectsof insects
and/ordiseases,anddevelop
controlmethods,asneeded

37 Identify andtestpotential
biocontrolagentsfor host
specificityandefficacyof control

TBD

TED

38 Evaluateresultsandusein future 0
management

ERD*

DLN

FWS-PIE

215.0

100.0

50.0

43

20

10

43

20

10

43

20

10

43

20

10

43

20

10

FWS~PIE* 100.0 20 20 20 20 20

BRD 110.0 22 22 22 22 22

DLNR* TED TED - - - -

FWS-PIE TED TED - - - -

ERD TED TED - - - -

HDOA TED TED - - - -

DLNR* 60.0 4 4 4 4 4

FWS-PIE 30.0 2 2 2 2 2

Priority Task
if

2

2

2

t’J
0

2

2

2

NEED3 (Conductessentialresearch)costsubtotals 2,550.0 352 352 352 352 352



Total cost, Costestimates,by fiscalyear,in thousandsof dollars.Priority Task Duration
if if TaskDescription (Yrs)

Responsible
Party

1999-
2013 1999 2000 2001 2002 2003

3 4 Developandimplementlong- C
termmonitoringprogramsfor all
species

DLNR*
NPS
DOD

240.0
60.0

144.0

—

—

—

—

—

—

—

—

—

20
5

12

20
5

12

ROT 132.0 — — — 11 11

TNCH 108.0 — — — 9 9

NEED 4 (Developandmaintainmonitoringplans)cost subtotals

FWS-PIE 60.0 — — — 5 5

744.0 0 0 0 62 62

3 51 Investigatefeasibility and 2
desirabilityof reintroduction

FWS~PIE*
DLNR

10.0
20.0

—

—

—

—

—

—

—

—

ERD TED - - - -

3 52 Developandimplementspecific TED
plans for reestablishment

FWS~PIE*
DLNR

TED
TED

TED
TED

—

—

—

—

—

—

ERD TED TED - - -

TNCH TED TED - - -

OTHER

NEED5 (Reestablish wild populations within the historic range) cost subtotals ...

TED TED - - -

30.0 0 0 0 0 5,453

0



Priority Task
if

Duration Responsible
(Yrs) Party

Total cost,
1999-
2013

Costestimates,by fiscal year,in thousandsof dollars.

Task Description 1999 2000 2001 2002 2003

3 61 Determinenumberof populations
andindividualsneededfor long-
termsurvival

2 FWS.PIE*
DLNR
ERD

10.0
20.0
22.0

—

—

—

—

—

—

—

—

—

—

—

—

3 62 Refine/revisedownlistingand
delistingcriteria

2 FWS~PIE*
DLNR

10.0
20.0

—

—

—

—

—

—

—

—

NEED 6 (Validaterecoverycriteria)costsubtotals

BRD 22.0 - - - -

134.0 0 0 0 0 0

TOTAL ESTIMATED COST 33,900.0 1,285 1,498 2,247 2,392 2,382

0
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U.S. FishandWildlife Service

Washington,D.C.

Chief,FishandWildlife Service
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Chief, Office ofPublicAffairs
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Chief, Office ofInternalAffairs
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Chief, FishandWildlife Service
Division ofRefugesandWildlife
4401 N. Fairfax Dr., Rm.670

Arlington, VA 22203

Biological ResourcesDivision, U.S.G.S.

Office ofResearchSupport
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ProgramLeader,Listing & Recoveryof

Plants& Invertebrates

FishandWildlife Service

PacificIslandsEcoregion

P.O.Box 50088

Honolulu, HI 96850
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ProgramLeader,Conservation
Partnerships

FishandWildlife Service
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FishandWildlife Service
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Honolulu,HI 96850

FederalAid Coordinator

U.S. FishandWildlife Service
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P.O.Box 50167
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Plant RecoveryTeam

Ms.MarieBruegmann*

U.S. FishandWildlife Service

PacificIslandsEcoregion
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Honolulu,HI 96850

Mr. PatrickDunn

TheNatureConservancy

4619 17thAve. SE

Lacey,WA 98503

Dr. SamGon**

TheNatureConservancyofHawaii

1116 Smith Street,Suite201

Hono]ulu,HI 96817

A-2



Mr. RobertHobdy**

Division of ForestryandWildlife

StateOffice Bldg.

54 SouthHigh St.

Wailuku,HI 96793

Dr. JamesD. Jacobi

Biological ResourcesDivision-USGS

Pacific IslandsScienceCenter

P.O.Box 44

Hawaii VolcanoesNationalPark,HI

96718

Dr. CharlesLamoureux*

Lyon Arboretum

University of Hawaii atManoa

3860 ManoaRd.

Honolulu, HI 96822-1180

Mr. JoelLau**

TheNatureConservancyofHawaii

1116SmithStreet,Suite201

Honolulu, HI 96817

Dr. Lloyd Loope**

BiologicalResourcesDivision, USGS

HaleakalaStation

P.O.Box 369

Makawao,HI 96768

Dr. Loyal Mehrhoff~” *

USFWS- Office ofTechnicalSupport

911 NE 11thAve.

Portland,OR 97232-1481

Dr. Cliff Morden

Dept. of Botany

University ofHawaii at Manoa

3190 Maile Way

Honolulu, HI 96822

Mr. StevePerlman**

NationalTropicalBotanicalGarden

P.O.Box 340

Lawai,HI 96765

Ms. LindaPratt**

ResourcesManagement

P.O.Box 52

Hawaii VolcanoesNationalPark,HI

96718

Dr. GaryRay

Aalii ConsultingEcologists

3759 RoundTop Drive

Honolulu, HI 96822-5043

Other Federal Offices

Ms. LaurenBjorkman

ResourceConservationist

USDA - NaturalResourcesConservation

Service

P.O.Box 50004

Honolulu, HI 96850

Ms. Mary Blevins

U.S. EnvironmentalProtectionAgency

75 HawthorneStreet

H-32

SanFrancisco,CA 94105

A-3



Dr. William J. Hoe

USDA-APHIS-PPQ

TerminalBox 57
HonoluluInternationalAirport

Honolulu,HI 96813

Mr. KennethNagata

do USDA

P.O.Box 2549

Kailua-Kona,HI 96740

NaturalResourcesConservationService

154 Waianuenue

322FederalBldg.

Hilo, HI 96720

Biological ResourcesDivision, USGS

PacificIslandsScienceCenter

P.O.Box 44

Hawaii VolcanoesNationalPark,

HI 96718

Mr. BryanHarry, Director,Pacific Area

Office

NationalParkService

P.O. Box 50165
Honolulu, HI 96850

Mr. JimMartin, Superintendent

HawaiiVolcanoesNationalPark

Box 52

HawaiiVolcanoesNationalPark,HI

96718

Mr. Tim Tunison

HawaiiVolcanoesNationalPark

P.O.Box 52

HawaiiVolcanoesNationalPark,HI
96718

Mr. DonReeser,Superintendent**

HaleakalaNationalPark

Box 369

Makawao,HI 96768

Mr. SteveAnderson
ResourcesManagement

HaleakalaNationalPark

P.O.Box 369
Makawao,HI 96768

Ms. PattyWelton

ResourcesManagement

HaleakalaNationalPark

P.O.Box 369

Makawao,HI 96768

Dr. JackEwel, Director

Instituteof Pacific IslandsForestry

U.S. ForestService

1 ~51PunchbowlSt., Rim 323

Honolulu, HI 96813

Mr. Tim J. Ohashi

AssistantStateDirector

USDAAnimal & PlantHealthInspection

Service

Wildlife Services

3375 KoapakaSt.

SuiteH420

Honolulu,HI 96819

A-4



Mr. GeorgePhocas

SpecialAgent

U.S. FishandWildlife Service

Div. of Law Enforcement

300 Ala MoanaBlvd, Suite7324

Honolulu, HI 96850

Mr. JerryLeinecke

FieldSupervisor,Refuges

U.S. FishandWildlife Service

300 Ala Moana Blvd.

Room5-231

Box 50167

Honolulu, HI 96813

Dr. ElizabethFlint*

Refuge Biologist

U.S. FishandWildlife Service

300 Ala MoanaBlvd.

Room5-23 1

Box 50167

Honolulu, HI 96813

Jeff Marks* *

U.S. Fish and Wildlife Service

Hawaii/RemoteIslandsNWR

300 Ala MoanaBlvd.,Room5-231

Box 50167

Honolulu, HI 96813

Mr. RichardWaas,RefugeManager

HakalauForestNationalWildlife Refuge

32 Kinoole St., Suite 101

Hilo, HI 96720

Mr. Jack Jeffrey, Biologist

HakalauForestNationalWildlife Refuge

32 Kinoole St., Suite101

Hilo, HI 96720

Mr. DaveLedig, RefugeManager

KonaForestUnit

P.O.Box 244

Honaunau,HI 96726

Ms. GlynnisNakai,RefugeManager

KealiaPondNationalWildlife Refuge

P.O.Box 1042

Kihei, HI 96753

Mr. TomAlexander,RefugeManager

KilaueaPointNationalWildlife Refuge

P.O.Box 1128

Kilauea, HI 96754

Ms. Donna Stovall, Refuge Manager

OahuNationalWildlife RefugeComplex

66-950KamehamehaHwy

Room2 C/D

Haleiwa, HI 96712

Military

Scott Henderson

U.S. Army

EnvironmentalOffice

PohakuloaTrainingArea

APO AP 96556-0008

Col. Barry Totten

U.S. Army GarrisonHawaii

Directorateof Public Works

A-S



ATTN: APVGGWV

SchofieldBarracks,Hawaii96857-5000

Mr. Alvin Char

EnvironmentalOffice, USASCH

ATrN: APVG-GWV

FortShafter,HI 96858

CommandingOfficer

MarineCorpsBaseHawaii

EnvironmentalComplianceDepartment

Building 215, Box 63002
Kaneohe MCBH, Hawaii 96863-3002

Commander

U.S.Air Force

15th Air Base Wing

Hickam MB, Hawaii 96853

U.S. Department of theNavy

NaturalResourceManagementSpecialist

Naval Facility EngineeringCommand

(Code237)

PearlHarbor,Hawaii 96860-7300

JoelMoribe* *

U.S.Departmentof Navy

CommandOffice

NavyPublic WorksCenter

Bldg. XII, Code443

PearlHarbor,HI 96793

Commander,Naval BasePearlHarbor

N45

Box 110, Bldg iC

PearlHarbor,HI 96860-5020

Tim Sutterfield

do Commander

Pacific Division

NavalFacilitiesEngineeringCommand

Building 258,Makalapa,Attn: 232T5

PearlHarbor,HI 96860-7300

Commander(CEU)

14thCoastGuardDistrict

300AlaMoanaBlvd.

Honolulu,Hawaii 96850

KapuaKawelo*

Directorateof PublicWorks

U.S. Army

Attn: APVG-GWV
SchofieldBarracks,HI 96857

SteveKim

DirectorateofPublicWorks

U.S. Army

Attn: APVG-GWV

Schofield Barracks, HI 96857

U.S. Army Corpsof Engineers

EnvironmentalBranch

Attn: CEPOD-ED-ME

Bldg. T223

Fort Shafter, HI 96858

State of Hawaii

The Honorable Benjamin Cayetano

Governor,Stateof Hawaii

StateCapitol

Honolulu, HI 96813

A-6



Mr. Tim Johns

Chairperson

Boardof LandandNaturalResources

1151 PunchbowlSt.

Honolulu, HI 96813

Mr. Michael G. Buck

Administrator

Divisionof ForestryandWildlife

Dept. of Land& NaturalResources

1151 PunchbowlSt., Rm. 325

Honolulu,HI 96813

Paul Conry

Hawaii DepartmentofLand andNatural

Resources

Division of ForestryandWildlife

1151 PunchbowlStreet,Rm.325

Honolulu,HI 96813

CarolynCom**

StateBotanist

Hawaii DepartmentofLand andNatural

Resources

Division ofForestryandWildlife

1151 PunchbowlStreet,Rm.325

Honolulu, HI 96813

Jon Giffin, Hawaii District Manager*

Division ofForestry& Wildlife

P.O.Box 4849

Hilo, HI 96720

Richard Nakagawa* *

Dept. of ForestryandWildlife-Maui

54 SouthHigh St.

Wailuku, HI 96793

Mr. LymanPerry

DivisionofForestryandWildlife

P.O.Box 4849
Hilo, HI 96720

Bill Stormont

NARS Specialist

Divisionof ForestryandWildlife

P.O.Box 4849

Hilo, Hawaii 96720

Mr. Bill Evanson

NARS Specialist

Division of ForestryandWildlife

686HaleakalaHwy

Kahului, HI 96732

Mr. WayneSouza,Superintendent

Kauai District Divisionof StateParks

3060 Eiwa St., Rni 306

Lihue, HI 96766

Mr. WesleyWong,Jr.**

Maui District Manager

Divisionof ForestryandWildlife

54 5. High St., Rm 101

Wailuku, HI 96793

SteveBergfeld**

Division ofForestry& Wildlife

P.O.Box 4849
Hilo, HI 96720

A-7



Ed Pettys

KauaiDistrict Manager

Divisionof ForestryandWildlife

3060 EiwaSt.,Rm.306

Lihue, HI 96766

TomTelfer

Divisionof ForestryandWildlife

3060Eiwa St., Rm.306

Lihue, HI 96766

GalenKawakami*

ProtectionForester

Divisionof ForestryandWildlife

3060Eiwa St., Rm.306

Lihue,HI 96766

Director, DepartmentofTransportation

StateofHawaii

869PunchbowlStreet

Honolulu, Hawaii 96813

Ms. BetsyHarrison~Gagne*

Dept. of LandandNaturalResources

NaturalAreaReserveSystem

KendallBuilding

1151 PunchbowlSt.

Honolulu, HI 96813

Mr. RandyKennedy*

Dept.of LandandNaturalResources

Natural AreaReserveSystem

1151 PunchbowlSt.

Honolulu, HI 96813

Divisionof StateParks

1151 PunchbowlSt.

Honolulu, HI 96813

DepartmentofParksandRecreation

City and County of Honolulu

650 5. King St.

Honolulu, HI 96813

Office of Hawaiian Affairs

711 Kapiolani Blvd., Suite 500

Honolulu, HI 96813 -

Office of Planning

235 5. Beretania St., 6th floor

Honolulu, HI 96813

Departmentof HawaiianHomeLands

P.O.Box 1879
Honoululu, HI 96805

Chair, Boardof Agriculture

HawaiiDept. of Agriculture

1428King St.

Honolulu, HI 96814

PatrickConant**

Hawaii Departmentof Agriculture

16 E LanikaulaSt.

Hilo, HI 96720

Myron Isherwood**

Hawaii DepartmentofAgriculture

14285. King St.

Honolulu, HI 96814-2512

Dan Quinn

Dept. of Land &Natural Resources

A-8



LandUse Commission

P.O. Box 2359

Honolulu,HI 96804-2359

HonorableJamesApana

Mayor, Maui County

200 5. High St.

Wailuku, HI 96793

Libraries

Other InterestedParties

Univ. of Hawaii,Manoa

Hamilton Library

HawaiianCollection

2550The Mall

Honolulu,HI 96822

Hawaii StateLibrary

478SouthKing Street

Honolulu,Hawaii 96813

Dr. IsabellaAbbott

BotanyDept.

Univ. of Hawaii

3190 Maile Way

Honolulu, HI 96822

Amy GreenwellBotanicalGarden

P.O.Box 1050

Captain Cook, HI 96704

Counties

HonorableStephenYamashiro

Mayor, County of Hawaii

25 Aupuni

Hilo, HI 96720

Honorable Maryanne Kusaka

Mayor, County of Kauai

4396 Rice St.

Suite 101

Lihue, HI 96766

HonorableJeremyHarris

Mayor,City andCountyof Honolulu

City Hall

Honolulu,HI 96813

SteveAraujo

P.O.Box 637
Kurtistown, HI 96760

Big IslandNativePlantSociety**

P.O.Box 2081

Keaau,HI 96749

Vickie Caraway

Program Coordinator

Centerfor PlantConservation,Hawaii

do Lyon Arboretum

3860 ManoaRoad

Honolulu, HI 96822

Clifford Smith**

University ofHawaii

BotanyDept.

3190Maile Way

Honolulu, HI 96822

A-9



Dr. GeraldCarr

University of Hawaii, Manoa

BotanyDept.

3190Maile Way

Honolulu, HI 96822

Ms. Winona Char **

4471 Puu Panini Ave.

Honolulu, HI 96816

Dr. Sheila Conant

General Science Dept.

Univ. of Hawaii,Manoa

2450CampusRd., DeanHall, Rm2

Honolulu, HI 96822

Dr. Bob Cook

Arnold Arboretum

125 Arborway

JamaicaPlain, MA 02130

Mr. RanjitCooray

HaroldL. Lyon Arboretum

3860ManoaRoad

Honolulu, HI 96822

Dr. PaulCox, Director

NationalTropicalBotanicalGarden

P.O.Box 340

Lawai, HI 96765

MelanyChapin**

NationalTropicalBotanicalGarden

P.O. Box 340

Lawai, HI 96765

Jennifer Crummer**

TheNatureConservancyof Hawaii

1116 SmithStreet,Suite201

Honolulu,HI 96817

ColeenCory* *

TheNatureConservancyof Hawaii

1116 Smith Street,Suite201

Honolulu, HI 96817

PatriciaDouglas

Centerfor EcologicalManagementof

Military Lands

Dept. ofForestSciences

ColoradoStateUniversity

Ft. Collins, CO 80523

Mr. Tim Flynn

NationalTropicalBotanicalGarden

P.O.Box 340

Lawai, HI 96765

Harry Freitas

11 Hoomalu

Hilo, HI 96720

Paul Friesema

Professor

Institute for Policy Research

NorthwesternUniversity

2040 Sheridan Road

Evanston, IL 60208-4100

Evangeline Funk

BotanicalConsultants

P.O.Box 90765
Honolulu, Hawaii 96835

A-10



Mr. Bill Garnett*

Dept. of Forestry and Wildlife-Oahu

61-110-B Punalau P1.

Haleiwa, HI 96712

Chrissen E. Gemmill**

Pacific BiosystematicsResearchCentre

Dept. of Biological Sciences

University of Waikato

PrivateBag3105

Hamilton,NewZealand2001

Dr. RobertGustafson

MuseumofNaturalHistory

900 ExpositionBlvd.

Los Angeles,CA 90007

Hawaii AudubonSociety

850RichardsStreet,Suite505
Honolulu, HI 96813-4709

HawaiiNatureCenter

2131 Makiki HeightsDr.

Honolulu, HI 96822

HawaiianBotanicalSociety

do BotanyDept.

Univ. of Hawaii, Manoa

3190Maile Way

Honolulu,HI 96822

Dr. Derral Herbst**

BishopMuseum

BotanyDepartment

1525 BerniceStreet

Honolulu, HI 96817-2704

Mr. Paul Higashino

Kahoolawe Island Reserve Commission

270 Waiehu Beach Road, #114

Wailuku, HI 96793

Steve Hurt

Bird Huntersof Hawaii

17-124PalaaiStreet

Keaau, HI 96744

Mr. Clyde Imada

BotanyDept.,BishopMuseum

1525Bernice St.

Honolulu,HI 96817-2704

Laura Ishii

Plant Quarantine Inspector

State of Hawaii, Dept. of Ag.

4398A Pua Loke St.

Lihue, HI 96766-1673

Director

Honolulu Botanical Gardens

50 N. Vineyard

Honolulu, HI 96817

David Orr* *

WaimeaArboretum
59-864 KamHighway

Haleiwa, HI 96712

Dr. GregKoob*

Kalaikanu LLC

P.O. Box 12191

Honolulu, HI 96828

A-li



Dr. Thomas G. Lammers**

Field Museumof Natural History

Dept. of Botany

RooseveltRd.atLakeShoreDr.

Chicago,IL 60605

Ms.DeniseLight

U.S.D.A.-NaturalResources

ConservationService

154 Waianuenue;322 FederalBldg.

Hilo, HI 96720

Living IndigenousForestEcosystems

P.O.Box 1028

Wailuku, HI 96793

Dr. DavidLorence

NationalTropicalBotanicalGarden

P.O.Box 340

Lawai, HI 96765

Dr. Timothy K. Lowrey

Department of Biology

Univ. of NewMexico

Albuquerque,NM 87131

Mr. BertLum

P.O.Box 152

Honolulu,HI 96810

ScottMeidell**

Maui PinappleCo., Ltd.

4900 HonoapiilaniHwy

Lahina,Maui, HI 96761

ScottMattson

41-034Wailca

Waimanalo, HI 96795

Mr. Noel McGough

Threatened Plants Committee, I.U.C.N.

doTheHerbarium,Royal Botanic

Gardens
Kew, Richmond,Surrey

England,U.K. TW9 3AE

Mr. Art Medeiros**

BiologicalResourcesDivision, USGS

HaleakalaStation

P.O. Box 369
Makawao, HI 96768

Dr. Steven Montgomery

Conservation Council of Hawaii

P.O. Box 2923

Honolulu,HI 96802

Steve Nagano

UH- Coop. Extension Service

Urban Garden Center

962 Second St.

Pearl City, HI 96782

William S. Null

#4 Lakewood Oaks Dr. SW

Tacoma, WA98499

Mr. John Obata**

1337 Ala Aolani

Honolulu, HI 96819

A-12



Dr. DanPalmer

1975JuddHillside St.

Honolulu,HI 96822

Mr. JimPalmeira

KauaiHuntersAssoc.

P.O.Box 435

Kapaa,HI 96746

AnnaPalomino

Ho’olawaFarms

P.O.Box 731

Haiku, HI 96708

Mr. JohnPlews

3066 Wailani Road

Honolulu,HI 96813

Dr. Robert Robichaux

University of Arizona

Dept. of Ecology and Evolutionary

Biology

Tucson,AZ 85721

Mr. FredC. Schmidt

Head,DocumentsDept.

The Libraries

Colorado State University

Ft. Collins, CO 80523-1879

Secretariatfor ConservationBiology

University of Hawaii at Manoa

PacificBiomedicalResearchCenter

3050 Maile Way, Gilmore310

Honolulu, Hawaii 96822

Dr. ElizabethPowell

P.O.Box 61872
BoulderCity, NV 89006

Dr. RobertW. Read

BotanyDept.,NHB 166

SmithsonianInstitute

Washington,D.C. 20560

Ms.KateReinard

Director, CommunitySupport

KokeeNaturalHistory Museum

P.O.Box 100

Kekaha, HI 96752

Dr. RobertShaw

Centerfor EcologicalManagementof

Military Lands

Dept.of ForestSciences

ColoradoStateUniv.

Ft. Collins,CO 80523

Mr. Michael Sherwood

EarthJusticeLegalDefenseFund

180 MongomerySt., Suite1400

SanFrancisco,CA 94109

Mr. JohnJ. Sheehan

do DonnR. Campion

1257 OakmeadPkwy #A

Sunnyvale,CA 94086

A-13



Winnie Sinego**

Lyon Arboretum

University of Hawaii at Manoa

3860ManoaRd.
Honolulu,HI 96822-1180

Mr. & Mrs. K. Sunada

1695 Kinoole St.

Hilo, HI 96720

Dr. S. H. Sobmer

Director

Botanical Res. Institute of Texas

509 Pecan St.

Ft. Worth, TX 76102

Sierra Club

P.O. Box 2577

Honolulu, HI 96803

Sierra Club

P.O.Box2000

Kahului, HI 96732

Mr. Rene Sylva

P.O. Box 218

Paia, HI 96779

JanTenbruggencate

HonoluluAdvertiser

P.O.Box 524

Lihue, HI 96766-0524

University of Hawaii

Dept. of Botany

3190 Maile Way, Room 101

Honolulu,HI 96822

Dr. Kerry Walter

World Conservation Monitoring Centre

219HuntingtonRd.

CambridgeCB3 ODL, England

Michael Walther

2211 Alawai Blvd.

#3210 Honolulu, Hawaii

96815

Mr. Rick Warshauer

P.O. Box 192

Volcano, HI 96785

Dr. StephenWeller**

Dept.of EcologyandEvolutionary

Biology

University of California, Irvine

Irvine, CA 92717

Mr. CharlesR. Wichman,Jr.

P.O.Box 753
Hanalei, HI 96714

Mr. Ken Wood**

National Tropical Botanical Garden

P.O.Box 340

Lawai, HI 96765

Ms.Marjorie F.Y. Ziegler

EarthJusticeLegal DefenseFund
223 SouthKing Street

Austin Building, Suite 400

Honolulu,HI 96813

A- 14



Zoology Dept.

Univ. of Hawaii

2538TheMall

Honolulu, HI 96822

BarrieMorgan**

TheNatureConservancyofHawaii

1116Smith St., Suite201

Honolulu, HI 96817

Mr. DanOrodenker

Director, HawaiiNaturalHeritage

Program
TheNatureConservancyof Hawaii

1116 SmithStreet,Suite201

Honolulu, HI 97817

Ms. AlenkaRemec**

Director of Science and Stewardship

TheNatureConservancyof Hawaii

1116 SmithStreet,Suite201

Honolulu, HI 97817

TNC Preserves

Ms. HeatherCole

TheNatureConservancyof Hawaii

P.O.Box 2188

Kamuela,HI 96743

Director, OahuandLanai Preserves

TheNatureConservancyof Hawaii

1116 Smith Street,Suite201

Honolulu, HI 97817

Mr. Ed Misaki**

Director,Molokai Preserves

TheNatureConservancyof Hawaii

P.O.Box 220

Kualapuu,HI 96757

Mr. Mark White

Director, Maui Preserves

The Nature Conservancy of Hawaii

P.O. Box 1716

81 Makawao Ave., Suite 203A

Makawao, Maui 96768

Appropriate Landowners/Managers

Natural Resources Development

Alexander and Baldwin, Inc.

822 Bishop Street

Honolulu, HI 96813

Ainfac/JMB Hawaii Inc.

700 BishopStreet

Honolulu, HI 96813

JamesW. AustinTrust

P.O.Box 3467

Honolulu, Hawaii 96801

Trustees

Kamehameha Schools BishopEstate

BerniceP. BishopEstate

P.O.Box 3466

Honolulu, HI 96801

C. BrewerandCompany,Limited

827Fort Street

Honolulu, HI 96813

A-iS



Administratorof Agriculture

CampbellEstate

1001KamokilaBlvd.

Kapolei,HI 96707

Castle& Cooke

LandCompany

P.O.Box 898900

Mililani, HI 96789-8900

DeseretHolding Corporation

55-510 KamehamehaHighway

Laie,HI 96762

Dole FoodCo., Inc.

P.O.Box 2990
Honolulu,HI 96802

East Maui Irrigation et al.

P.O. Box H

Paia, HI 96779

Gay andRobinson

P.O.Box 117

Makaweli,HI 96769

JaniCorp.
333 QueenStreet 700

Honolulu, HI 96813

KapuaVentures

745 GrierDrive

LasVegas,NV 89119

KawelaPlantationDevelopment

Association

P.O.Box G
Kaunakakai,HI 96748

KealakekuaDevelopmentCorporation

Box 399

CaptainCook, HI 96704

Kualoa Ranch, Inc.

1000 Bishop Street, Suite 810

Honolulu, HI 96813

LihuePlantationCo., Ltd.

2970 KeleStreet

Lihue, HI 96766

GroveFarmCo., Inc.

P.O.Box 2069

Lihue, HI 96766

Frank Jalirling, Trustee

Liliuokalani Trust

P.O.Box 3200

Honolulu, HI 96847

Manager

HaleakalaRanch

Makawao, HI 96768

MacFarms of Hawaii, Inc.

S.R.Box 25
CaptainCook,HI 96704

Paul C. Hudson Trust, et al.

P.0. Box 16205

Baltimore,MD 21210

Maui Land& PineappleCo., Inc.

P.O.Box 187
Kahului, HI 96733-6687

A-16



McBryde SugarCompany,Inc.

P.O.Box 8
Eleele,HI 96705

McCandlessProperties

P.O.Box 497
Honolulu, HI 96809

Minanii GroupInc.

45-610 KionaoleRoad

Kaneohe,Hawaii 96744

MolokaiRanch,Ltd.

55 MerchantSt.

Suite2020

Box 96
Honolulu,HI 96813

Kamuela, HI 96753

Mr. William Hyde RiceLtd.

P.O.Box 1391

Lihue, HI 96766

UlupalakuaRanchInc.

P.O. Box 901

Kula, HI 96790

WailukuAgribusinessCo., Inc.

255 E. WaikoRd

Wailuku, HI 96793

Zions Securities Corporation

55-510 KamehamehaHighway

Laie, HI 96762

Richard Smart Trust

Parker Ranch

P.O.Box 458

(*) - PersonsandAgencieswhoprovidedinformationnecessaryfor the developmentof the

Plan

(**) - Personal communication received

A- 17





APPENDIX B

Line Drawings ofPlants
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permissionof University of Hawaii Press,Honolulu, Hawaii.
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W. L. Wagner,D. R. Herbst,andS. H. Sohmer,ManualoftheFlowering

PlantsofHawaii, UniversityofHawaii PressandBishopMuseumPress,

Honolulu,Hawaii, 1990. Reproducedby permissionofBishopMuseum,

Honolulu,Hawaii.

Drawing B15 (Neraudiasericea):
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No line drawingswereavailablefor thefollowing plants:
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Line drawing of Achyranthesmuticafrom St. John(1979).
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Line drawingof Bonamiamenziesiifrom Wagner etal. (1990).
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Cenchrusagrimonloidesvar. agrimonjoides

Line drawingofCenchrusagrimonicidesvar. agrimonjoidesfrom Wagneret al.
(1990)
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Line drawing ofCenchrusagrimonicidesvar. laysanensisfrom Degenerand
Whitney(1937)
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Centaurium sebaeoides

Line drawing ofCentauriumsebaeoidesfrom Wagneretal. (1990).
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Line drawingof Cyaneagrimesianassp. grimesianafrom Wagner et at. (1990).
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Linedrawing of Cyperustrachysanthosfrom Wagneret al. (1990)
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Euphorbiahaeleeleana

Line drawingof Euphorbiahaeleeleanafrom Wagner etal. (1990).
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Line drawing of Flueggeaneowawraeafrom Wagneret al. (1990).

staxnmateflower

B-b



Hibiscusbrackenridgeisubsp.brackenridgei

Line drawingof Hibiscusbrackenridgeissp. brackenridgeifrom Wagner~t al

.

(1990).

B-il



Line drawingofIsodendrionlaurWoliumfrom Wagneret al. (1990).
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Line drawing ofIsodendrioniong~oliumfrom Wagneretal. (1990).
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Line drawingofMariscuspennat~formisssp.bryanii from Wagneretat (1990).
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Line drawingofNeraudiasericeafrom Cowan(1945).
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Line drawing ofPhyllostegiaparv~floravar.parv~florafrom Wagneret al.

(1990).
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Line drawingof Plantagoprincepsvar. lax~f’lora from Wagner etal. (1990).
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Line drawingofPlatantheraholochila from Wagneret al. (1990).
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Line drawingofSaniculapurpureafrom Wagneret al. (1990).
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LinedrawingofSesbaniatomentosafrom Wagner etat (1990).
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Line drawingofSolanumincompletumfrom Wagneretal. (1990).
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Line drawingofSpermolepishawaijensisfrom Wagneretat (1990).
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Line drawing of Vignao-wahuensisfrom Wagneretat (1990).
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APPENDIX C

Historic and Current Distribution Maps

His~oflc distributions are estimates based on the best available information.
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APPENDIX D

Summary of Landownership/Management

City and County ofHonolulu: Cenchrusagrimonjoidesvar. agrimonioides,

Centauriumsebaeoides,Isodendrionlaur~folium,and Schiedeahookeri.

Department of Defense: Bonamiamenziesiz~Cenchrusagrimonioidesvar.

agriinonioides, Cyaneagrimesianassp.grimesiana,Cyperustrachysanthos,Euphorbia

haeleeleana,Flueggeaneowawraea,Hibiscusbrackenridgei,Isodendrionlaur~folium,

Phyllostegiaparvftora, Plantagoprincepsvar. princeps,Saniculapurpurea,Schiedea

hookeri,Schiedeanuttallii, Sesbaniatomentosa,Solanumincompletum,and

Spermolepishawajiensis.

National Park Service: Adenophorusperiens,Plantagoprincepsvar. lax~flora, and

Sesbaniatomentosa.

U.S. Fish and Wildlife Service: Mariscuspennat~formisssp. bryanii and Sesbania

tomentosa.

Stateof Hawaii: Adenophorusperiens,Bonamiamenziesii,Cenchrusagrimonioide

var.agrimonioides,Centauriumsebaeoides,Cyaneagrimesianassp.grimesiana,

Cyperustrachysanthos,Diellia erecta,Euphorbiahaeleeleana,Flueggeaneowawraea,

Hibiscusbrackenridgei,IsodendrionlaurWolium, Isodendrionlong~folium,Mariscus

pennat~formisvar. pennat~formis,Neraudiasericea,Panicumniihauense,Plantago

princeps,Platantheraholochila, Saniculapurpurea,Schiedeahookeri,Schiedea

nuttalli4 Sesbaniatomentosa,Solanumincompletum,Spermolepishawaiiensis,and

Vignao-wahuensis.

Private Landowners: Achyranthesmutica,Adenophorusperiens,Bonamiamenziesii,

Cenchrusagrimonioides, Centauriuinsebaeoides, Cyaneagrimesiana,Cyperus
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trachysanthos,Diellia erecta,Euphorbiahaeleeleana,Flueggeaneowawraea,Hibiscus

brackenridgei,Isodendrionlong~folium,Neraudiasericea,Phyllostegiaparv~flora,

Plantagoprinceps,Platantheraholochila,Saniculapurpurea,Schiedeahookeri,

Schiedeanuttallii, Sesbaniatomentosa,Spermolepishawaiiensis, andVigna o-

wahuensis
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APPENDIX E

RecoveryPriority System

The RecoveryPriority Systemusesthecriteriaof(l) degreeof threat,(2) recovery

potentialand(3) taxonomy(level of geneticdistinctiveness).By applyingthesecriteria,

all listed speciesareassignedaspeciespriority numberof 1 through18. A fourth factor,

conflict, is asupplementaryelementin determiningwhatactionsareto be implemented

forrecoveryof aspecies.In addition,thefourth factorgivespriority, within each

catego±y,to thosespeciesthat areor maybe in conflictwith constructionor

developmentprojects. Thus,thespeciesretainsits numericalrankandacquiresthe

letterdesignationof“C,” indicatingconflict (1C-i 8C).

A detaileddiscussionoftheRecoveryPrioritySystemcanbe foundin FRVol. 48, No.

221,Pg.S198Sof the issueTuesday,November15, 1983.
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RecoveryPriority Tablein FederalRegisterVol.48,No. 221,Pg 51985,Tuesday,November15, 1983.

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

Monotypic genus

Species

Subspecies

1

1

1

10

11

12

7C
7

8C
8
9C
9
lOC
10
11 C
11
12C
12

Low

High

High

High

Low

Low

Low

Monotypicgenus

Species

Subspecies

Monotypicgenus

Species

Subspecies

13

14

15

16

17

18

13C
13
14C
14
1 SC
15
1 6C
16
17C
17
18C
18
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APPENDIX F

HabitatPotentiallyImportantfor theRecoveryofHawaiianPlants

Introduction

In 1992,theHawaii StateDepartmentofLandandNaturalResources,theU.S. Fish

and Wildlife Service, andTheNatureConservancyofHawaii issuedajoint publication

entitled “Hawaii’s Extinction Crisis: A Call to Action.” Theseorganizationsproposeda

ten-pointactionplanto reversethedeclineofHawaiianspecies.Thefirst ofthese

recommendedactionswasto protectandmanagepotentiallyimportanthabitat(defined

as the area or areas on which conservation actions maybe necessary for the successful

recoveryandmaintenanceofrarespecies).This recommendationwasbasedon the

realizationthatthe long-termsurvivalofthemajority ofHawaii’s nativeplantsand

animals depends upon the management of large, intact natural areas.

The lackof mappedhabitatwasalsoseenby theHawaii andPacificPlantRecovery

CoordinatingCommittee(Committee)asasignificantimpedimentto therecoveryof

endangeredHawaiianplants. In 1994,theCommitteeinitiated aneffort to identify and

maphabitatbelievedto be“essential”for therecoveryofHawaii’s282 endangeredand

threatenedplantspecies(Table1). The Committee’seffort to maphabitat(hereafter

called“importanthabitat”)wasdrivenby threepracticalconcerns:

• That conservationagenciesandlandmanagerscurrentlylackinformationon the

relativevalueofHawaii’s remainingnaturalareasandasaresult,habitatthat maybe

crucial to endangered species recovery is being lost without an understanding of its

importance.

• Thathabitatrestoration,mitigation,andreintroductioneffortsmaynotalwaysbe

focusedon areaswhichcontributeto thelong-termsurvivalandrecoveryofthe

species.

• Many Hawaiianspecieshavebeenreducedto small relictpopulationsor arefound

only in cultivation. Becausetheprimarythreatsto Hawaiianplants(e.g.,alien
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species)aredifficult to control,the Committeeexpectsthatmanyspecieswill

continueto declineor beextirpatedin thewild. Consequently,a failure to protect

andrestoreunoccupiedhabitatmayprecludefuturerecoveryopportunitiesfor these

species.

Theoverall goaloftheCommittee’seffort is to identify habitatareasthat, if

properlymanaged,mayallowtherecoveryof Hawaii’sendangeredandthreatened

plants.

Theseareasarearecoveryplanningtool to focusconservationeffortson theareasthat

maybemostimportantto the conservationofHawaii’s listed speciesandotherplant

speciesofconcern.Thesemappedareasreceiveno protectionundertheEndangered

SpeciesAct oranyotherFederallegislation. TheCommittee’smappingof habitatis

distinctfrom critical habitat,aregulatorydesignationdefinedby section4 ofthe

EndangeredSpeciesAct. TheAct requiresthat Federalagenciesrefrainfrom

authorizing,funding,orcarryingoutactivitieslikely to adverselymodify ordestroy

critical habitat. Theprocessfor designatingcritical habitattakesintoaccountthe

economicandotherimpactsofthedesignation,andprovidesopportunitiesforpublic

comment.
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TableF-i. EndangeredandThreatenedHawaiianPlants.

Number

ofSpecies*

Percentage

ofFlora

NativePlantSpecies 1,304

EndemicSpecies 1,160 89

EndangeredSpecies 272 21

Threatened Species 10 1

ProposedSpecies 10 1

CandidateSpecies 42 3

Species of Concern 252 19

*Cup..entasof9/97

Habitatin theHawaiianArchipelago

TheCommitteeidentifiedareasofimportanthabitatonmostofthe islandsin the

Hawaiianchain. Protection,management,andrestorationoftheseareasmayprovide

habitatfor thevastmajorityof listedHawaiianspeciesandfor manyunlistedSpeciesof

Concernaswell.

TheCommitteedid notattemptto delineatethesehabitatareasto includeall extant

sitesof listed speciesnorall areaswith high-qualitynativehabitat. Outofthe3,82S

mappedlocationsfor listed species,2,638arethoughtto still be extant. Of theseextant

sites,2,398or 91 percentareincludedwithin an importanthabitat. Another2,737

locationsfor SpeciesofConcernwerealsoreviewedto seehowwell thesehabitatareas

might~~rovidefor theirhabitatneeds.

Similarly, approximately40 percentofHawaii’s total areamaystill be in

predominantlynativevegetation,butmostofthis habitatis at higherelevations.
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Importanthabitatareasaccountfor only 21 percentof theState,but theseareasarenot

locatedsolely in highquality habitat. Many importanthabitatareasareheavily

degradedandwill requireintensivemanagement.

A detaileddiscussionoftheCommittee’sdelineationoftheseareascanbe found

in theCommittee’sreportto theU.S.FishandWildlife Service,“HabitatEssentialto

theReuoveryofHawaiianPlants”(1998).

InadequatelySurveyedAreas

The Committee recognized a number of areas where the current state of knowledge

is insufficient to assesstheirimportancefor therecoveryoflisted species. Theseareas

arepoorly-surveyed,andsurveysareneededbeforetheir importancecanbe determined.

Theseareasarelikely to haveatleastsomehabitatwhich couldcontributeto conserving

listedspeciesthatarecurrentlypoorly addressedby areasofimportanthabitat. Manyof

theseareasarealsolikely to containspeciesnewto scienceor currentlythoughtto be

extinct. While theseareaswerenotincludedasimportanthabitatareas,andthusarenot

shownon themapsin this RecoveryPlan,theyaredelineatedin theCommittee’sreport

to the U.S.FishandWildlife Service,“Habitat Essentialto the Recoveryof Hawaiian

Plants’ (1998).

Importanthabitatareasfor therecoveryof Hawaiianplantsarefoundin the

following pages. The CommitteedecidedthatNiihauwastoo poorlysurveyedto

determine its value to endangeredspeciesrecovery.All oftheislandsof theNorthwest

Hawaiian Islands, with the exception of Midway, were evaluated for mapping.
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APPENDIX G

Summary of Comments

TheU.S. FishandWildlife Servicereceivedcommentsonthe DraftRecoveryPlan

for Multi-Island Plants from the Department of the Army; the State of Hawaii,

DepartmentofLandandNaturalResources,Division ofForestryandWildlife; theState

of Hawaii, Departmentof Agriculture; the City andCountyof Honolulu; theBig Island

NativePlant Society;andtwo privateindividuals. Manyof the editorialand

organizationalcommentsprovidedhavebeenincorporatedin thetextofthisdocument.

Additional commentsareaddressedspecificallybelow.

Comment: This recoveryplansuggestsfencingasthefirst stepin ungulatecontrol. The

planshouldreflectthatfencingis not the only, ornecessarilythebest,ungulatecontrol

option..,andis notalwaysanoptionbecauseof fundinglimitations.

Service Response: The Service recognizes the limitations of fencing as a recovery

strategyand acknowledges the useandefficacyof otherungulatecontrolmethods.

Further discussion can be found in the Stepdown Outline and Narrative.

Comment: Although we do not expect your agency to be able to identify candidatepests

for biocontrol, we suggest that you at least mention thatbiocontrolcanhaveapart in the

conservation effort.

Service Response: The Service agreesthatdueto the widespreadnatureof manyweeds

and the time, cost,andlogisticsof weedcontrol,useof biocontrolagentsto controlalien

plants should be considered. The Service supports the useofbiocontrolprovided

adequatetestingis conductedfor thehostspecificityusingnativeplants. This is

necessaryto ensurethatnativeplants,includingendangeredspecies,arenotadversely

impactedby the releaseof biocontrolagents.Wehaveincludedasynopsisof biocontrol

effortsto datefor eachalien speciesin the sectionentitled“Overall Reasonsfor Decline
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andCurrentThreats,Aliens Plants,”page19. Biological controlis alsoconsideredin

theStepdownOutline andNarrative.

Comment:Theuseofimmunocontraceptivesis a betterwayto controlwildlife

populations. With [this method]available,can’twenow controlthewildlife population

without thedangersinherentin hunting,hunterswoundingbut not cleanlykilling

animals,andwithout thecrueltyofpoisoningandsnaring?

Service Response: The Service is supportive of proven, cost-effective, methods for

control of feral ungulatesin orderto preservenative,threatened,andendangeredbiota.

Immunocontraceptivescanbeeffectivefor feralungulatecontrol,butonly in rare

instances. In order to be effective, the drugs must be delivered repeatedly throughout

the animal’s life. Manyof the areasthattheServiceandits partnerstargetfor ungulate

control are very remote. The likelihood of encountering the same animal multiple times

though its life cycle in many of these areas is very low. Also, long-term drug redelivery

may not be cost effective.

Comment: In situ controlofthreatsshouldbe suggestedas a management technique for

certain species.

Service Response: In situ control of threats is recommended in the “Needed Recovery

Actions” section for each of the Multi-island species. For example, constructionof

fences to protect extant plants and their propagules from feral ungulates, alien plant

control, rat control, and implementation of fire management plans.

Comment: The propagation facility on Wright Road [Volcano,Hawaii] should notbe

used as a zoo for any species. For recovery of any declining species, it mustbeallowed

to survive in suitable habitat with the idea that it eventuallywill continueits existence

withouthumanintervention.
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ServiceResponse:TheServiceagreeswith thesentimentthatcaptivepropagationis less

than an ideal recovery strategy. However, sometimes captive propagation is the only

resource left to us in order to prevent a species from going extinct.

Comment:RecoveryPlanswill only work, providedtherearepeoplethereto do the

work.

ServiceResponse:The Serviceagreeswith thecommentandaddsthattherecoveryof

threatenedandendangeredspeciestruly requiresthe coordinatedeffortsandpooled

resourcesof private,State,andFederalentities.
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