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DISCLAIMER

THIS IS THE COMPLETEDRECOVERYPLAN FOR CAESALPINIA
KAVAIENSIS AND KOKIA DRYNARIOIDES. IT DELINEATES
REASONABLE ACTIONS THAT ARE BELIEVED TO BE REQUIREDTO
RECOVER AND/OR PROTECTTHESE SPECIES. OBJECTIVESWILL BE
AY~AINED AND ANY NECESSARYFUNDS MADE AVAILABLE
SUBJECTTO BUDGETARY AND OTHER CONSTRAINTSAFFECTING
THE PARTIESINVOLVED, AS WELL AS THE NEEDTO ADDRESS
OTHER PRIORITIES. THIS RECOVERYPLAN DOES NOT
NECESSARILY REPRESENTOFFICIAL POSITIONSOF OR APPROVALS
OF THE COOPERATINGAGENCIES,AND IT DOES NOT
NECESSARILY REPRESENTTHE VIEWS OF ALL INDIVIDUALS WHO
PLAYED A ROLE IN PREPARINGTHE PLAN. IT IS SUBJECTTO
MODIFICATION AS DICTATED BY NEW FINDINGS, CHANGES IN
SPECIESSTATUS, AND COMPLETION OF TASKS DESCRIBEDIN THE
PLAN.

LiteratureCitation: U.S. Fish and Wildlife Service. 1994. RecoveryPlan for
Caesalpiniakavaiensisand Kokia drynarioides. U.S. Fish and Wildlife
Service,Portland,OR. 82 pp + 8 pp Appendix B*.

ADDITIONAL COPIESMAY BE PURCHASEDFROM

:

Fish and Wildlife ReferenceService
5430 GrosvenorLane,Suite 110
Bethesda,Maryland 20814
301/492-6403or 1-800-582-3421

Thefee variesdependingon the numberof pagesof thePlan.

* Appendix B, which containssite specific maps, is not includedin the general

distribution of this Plan due to thepossibility that vandalizationor
unauthorizedcollection couldbe encouragedby the public releaseof this
information. TheU.S. Fish & Wildlife Servicewill considerrequestsfor the
mapson a caseby casebasis.
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EXECUTIVE SUMMARY ?F THE CAESALPINIA KAVAIENSIS

AND KOKIA DRYNARIOIDES RECOVERY PLAN

CurrentSpeciesStatus: Kokia drynarioidesis federally listed asendangered.
Only four wild individualsareknown from the North Konadistrict of Hawaii
island. Caesalpiniakavajensisis also federally listed as endangered.Its
populationconsistsof approximately30 individualsin threesubpopulationsin
North Kona, 11 individuals in threesubpopulationson Oahu,one maturetree
on Kauai anda single individual on Lanai. K. drynarioidesis not reproducing
in thewild, andonly limited reproductionof C. kavaiensisis occurring.

Habitat Requirementsand Limiting Factors: The major habitatof both species
is the native dry forestsof the North KonaDistrict, islandof Hawaii. They
occuron rougha’a lavawith a thin, highly drainedsoil layer between60 and
900 meters(200 and 2,950 feet) elevation. Major threatsto both speciesin
this areaarecompetitionwith seedlingsof and increasedfire dangercausedby
fountaingrass(Pennisetumsetaceum),and thegrazingof introducedungulates.
C. kavaiensisalso occursin similar dry foresthabitaton Oahu,Kauai and
Lanaiwhere it is threatenedby competitionfrom alien plantsand thegrazing
and rooting of feral ungulates.

RecoveryObjective: Downlisting to threatenedstatus.

RecoveryCriteria: Thesespeciesmaybe downlistedwhen: (1) thereare a
minimum of 100 naturally reproducingindividualsin eachof 3 secure
populationsof eachspeciesin North Kona and; (2) whentherearethree
Caesalpiniakavaiensispopulations,eachwith a minimum of 100 naturally
reproducingindividuals, on eachof Oahu,Lanai, Kauai and Maui.

Actions Needed

:

1. Securehabitatof currentpopulationsand managethreats.
2. Conductresearchon limiting factors.
3. Expandcurrentpopulations.
4. Establish new populations.
5. Validate and reviserecoveryobjectives.

iii



Total Fstim2teA Cn~t nf Recoverv($l000’s)

:

Needl Need2 Need3 Need4

26.5
152.55
391.05
337.2
95.2
95.2
95.2
95.2
95.2
95.2
95.2
95.2
95.2
95.2

32
239
239
239
239
207
142
142
142
142
142

0
0
0

1859.3 1905

43
48
54

107
133
121
121
100
44
0
0
0
0
0

766

0
0
5.75

45.25
22
21
21
21
0
0
0
0
0
0

136

Dateof Recovery: Downlisting to Threatenedshould
recoverycriteriaaremet.

initiate in 2006, if

Year

1993
1994
1995
1996
199’~
1998
1999
2000
2001
2002
2003
2004
2005
2006

Total

Need5

0
0
0
0
7
7
7
7
7
7
7
10.32
10.32
12.32

70

Total

101.5
439.55
689.8
728.45
496.2
451.2
386.2
365.2
288.2
244.2
244.2
105.52
105.52
107.52

4736.3

iv



TABLE OF CONTENTS

Page

EXECUTIVE SUMMARY ii

I. INTRODUCTION 1

1. BRIEF OVERVIEW ... 1

2. TAXONOMY 4

3. SPECIESDESCRIPTION S

4. HISTORICRANGE AND POPULATION STATUS 7

5. CURRENT RANGE AND POPULATION STATUS 13

6. LIFE HISTORY 19

7. HABITAT DESCRIPTION 21

8. REASONSFORDECLINE AND CURRENT THREATS ... 24

9. CONSERVATIONEFFORTS 30

10. POPULATION VIABILITY ANALYSIS... .. 36

II. RECOVERY 39

1. RECOVERY OBJECTIVES 39

2. STEP-DOWNNARRATIVE 42

3. LITERATURE CITED 63

III. IMPLEMENTATION SCHEDULE 66

APPENDIX A - INDIVIDUALS CONTACTED DURING PLAN

REVIEW 76

APPENDIX B - SITE-SPECIFICMAPS*

Figure 7. Thethreesectionsof the Kokia drynarioidescritical habitat
and locationsof CaesalpiniaandKokia

.

Figure 8. Portionsof USGSKailua and KeaholePointquadrangle
maps(Hawaii) showinglocationsof Caesalpinia
kavajensisin theahupuaaof Kealakehe.

Figure9. Portionsof USGS Kiholo and PuuAnahulu quadranglemaps
(Hawaii) showinglocationsof Caesalpiniakavaiensis

.

v



Figure 10. Portion of USGSPuuAnahuluquadrandlemap (Hawaii)
showingthe locationof oneCaesalpiniakavaiensistree.

Figure 11. Portion of USGSKaenaquandranglemap(Oahu)showing
presentand former locationsof Caesalpiniakavaiensis

.

Figure 12. Portionof USGSHaleiwaquadranglemap (Oahu)showing
locationof Caesalpiniakavaiensisat Puupane.

Figure 13. Portionof USGSWaianaequadranglemap (Oahu)showing
locationof Caesalpiniakavaiensisat WaianaeKai.

Figure 14. A Portion of theUSGSWaimeaCanyonquadranglemap
showingtwo recentlocationsof Caesalpiniakavajensisin
PoomauBranchand in Koaie Branchof WaimeaCanyon.

LIST OF TABLES

Table 1.

Table 2.

List of rareplant speciesassociatedwith Caesalpinia
kavaiensisand Kokia drynarioides

DOFAW plant sanctuarieswith wild or artificially
establishednurserystock of Caesalpiniakavaiensisor
Kokia drynarloides

24

34

* Appendix B is not includedin the generaldistribution of this Plan due to

thepossibility that vandalizationor unauthorizedcollection could be
encouragedby thepublic releaseof this information. The U.S. Fish &
Wildlife Servicewill considerrequestsfor the mapson a caseby casebasis.

vi



LIST OF FIGURES

Figure 1. TheHawaiianIslandsand the study areaof North Kona
and environson the islandof Hawaii 2

Figure2. TheNorth Konaand environsstudy areaon theislandof
Hawaii 3

Figure 3. The islandof Maui showingthreepossibleformer
locationsof Caesalpiniakavajensis 9

Figure 4. The islandof Oahushowingone former (Wailupe)and
threepresentWaianaeMountainssites of Caesalpinia
kavaiensis 10

Figure5. The islandof Kauai showingthreehistorical locations
(black dots) of Caesalpiniakavaiensiswhere the species
is no longerknown to occur 12

Figure6. Locationof oneCaesalpiniakavaiensistree(blackdot)
on PuhieleluRidge, Lanai 18

vii



RECOVERY PLAN FOR

CAESALPINIA KAVAIENSIS AND KOKIA DRYNARIOIDES

PART I. INTRODUCTION AND LITERATURE REVIEW

1. BRIEF OVERVIEW

Caesalpiniakavaiensis(Fabaceae)and Kokia drynarioides(Malvaceae)

are treesendemicto the HawaiianIslands(Figure 1). Most of the few

remainingwild treesof both speciesare growing in severelydegradedhabitat

in dry forestson theslopesof Hualalaivolcano in the district of North Kona,

Hawaii island (Figure2). Thenumberof surviving treeshasbeenreduced

over the pasttwo centuriesby thebrowsing of domesticcattleand feral

ungulates. Such browsinghaspreventedthegrowth andestablishmentof

young trees. Currently,wildfire threatensfinal extirpationof the North Kona

populations. Fountaingrass(Pennisetumsetaceum),an alien plant, now

coversthe once-barrenlavasubstratefueling wildfires wherepreviouslynone

burned,andcompetingwith nativetreeseedlingsfor light and water..

Citing the dwindling numbersof survivorsandthe completeabsenceof

regenerationin the faceof theseenvironmentalproblems,the U.S. Fishand

Wildlife Service(USFWS) listed Kokia drynarioidesand Caesalpinia

kavaiensisasendangeredspeciesin 1984 (USFWS 1984)and 1986 (USFWS

1986),respectively. Critical habitatwasdesignatedfor K. drynarioidesat the

time of listing.
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Figure 1. The HawaiianIslandsand the study areaof North Kona and
environson the island of Hawaii (outlined).
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Figure 2. The North Kona and environsstudy areaon theisland of
Hawaii.
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2. TAXONOMY

(1) Taxonomyof Caesalpiniakavaiensis

This specieswas first collectedon Kauai anddescribedby Mann in

1867 asCaesalpiniakavalensisMann (Wagneret al. 1990). Hillebrand

(1888),with additional specimensfrom OahuandMaui available,movedthe

speciesinto theIndo-Malesiangenus,Mezoneuron(Lamoureux1982).

Caesalpiniakavaiensiswas listed asendangeredunder the nameMezoneuron

kavaiensis(Herbst1986),the nameby which it had beenwidely known until

thepublication in 1990 of a new Hawaiian flora (Wagneret al. 1990).

Mezoneuronkavaiensisis a synonym, referring to thetotality of the taxon

Caesalpiniakavaiensis. Thechangeof the namebackto Caesalpinia

kavajensisdoesnot indicateany ambiguityof identificationof this Hawaiian

species,as it is distinctly different from otherCaesalpiniain Hawaii. The

namechangefollows theopinion of Hattink (1974) that all membersof the

genusMezoneuronproperly belongwithin Caesalpinia

.

Themost widely usedcommonnamefor Caesalpiniakavajensisis the

Hawaiian,uhiuhi. On Maui it is also knownaskea. Wagneret al. (1990)

and Lamoureux(1982)also list kalamonaasa nativename,but Rock (1913)

saysthat this is the commonnamefor an introducedCassiaspecies,not

Caesalpiniakavajensis

.

An isotypespecimenis in theBerniceP. Bishop Museum in Honolulu.

A collection in the Cornell University herbarium, Ithaca,New York, may be

designatedasthe lectotype.

Caesalpiniakavajensisis in the Fabaceaeor “legume’t family of the

flowering plants,and is placedin the subfamily Caesalpinioidae.Subspecies

or other infra-specificdesignationshaveneverbeendescribedfor the various

populationsof Caesalpiniakavaiensis,however,Degener(1946)doescomment

that the treesfrom Hawaii havelargerflowers anda slightly different pod than

the collection from Kauai and they maybe distinct.
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(2) Taxonomyof Kokia drynarioides

Thegenusname,Kokia, is derivedfrom the Hawaiiannamekokio.

Other commonnamesarehau, heleulaand Hawaiiantreecotton. Kokia

drynarioidesis in the Malvaceaeor mallow family of the flowering plants.

Kokia drynarioideswas first collectednearKealakekuaBay (Figure2),

on the islandof Hawaii by the naturalist,David Nelson,during Cook’sthird

voyage. Thecollection wasdescribedand namedby Seemannas Gossypium

drynarloides. Hillebrand (1888)misappliedthis nameto collectionsof Kokia

cookei from Molokai. WhenRock rediscoveredthetaxon collectedby Nelson

on the islandof Hawaii, he sentcollectionsto Lewton. Lewton subsequently

removedit from the genusGossypiumand createdthe new genusKokia for

this collection andthe two otherspeciesfrom Molokai and Oahu. Rock’s

Hawaii specimenwasnamedKokia rockii. It was left to Degenerin 1934 to

point out that the Hawaii taxon had originally bornethe specificepithet,

“drynarioides,” and that the combinationKokia drynarloidesshould be used

for the Hawaii species,not the Molokai species(Lamoureux1981). Kokia

drynarioidesis the nameunderwhich this specieswas listed by USFWS as

endangered(Herbst1984).

Synonymslisted by Wagneret al. (1990)areGossypiumdrynarioides

,

Hibiscusdrynarioidesand Kokia rockii. The type specimenis David Nelson’s

collection in the British Museumin London.

3. SPECIESDESCRIPTION

(1) Descriptionof Caesalpiniakavaiensis

Caesalpiniakavalensisis a medium-sizedtreeup to 10 meters(35 feet)

tall with rough, dark bark and a spreadingcrown. The leavesare twice

compound,madeup of 1 to 5 pinnaewith 4 to 8 pairs of leaflets. Eachleaflet

is about4 centimeters(1.5 inches)in length. The flowers areborne in

terminal racemesand arepink to red in color. The pink seedpodsareshort
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(9 to 13 centimetersor 3.5 to 5.1 inches)and broad (4.5 to 6 centimetersor

1.8 to 2.4 inches)and wingedon one side. Thesepink pods, thebright

flowers and bright greenlacy foliagecombineto makethis anattractivetree

(Rock 1913 and Wagneret al. 1990).

Thewood of Caesalpiniakavaiensisis highly valued for its color, grain

anddensity. Theheartwoodis very darkbrown, almostblack, and

close-grained.The wood would be readily usedby craftsmenif it were

available. Among otheruses,theHawaiianstook advantageof the wood’s

high densityto makea fishing implementthat sinks ratherthan floats (Rock

1913).

(2) Descriptionof Kokia drynarioides

Kokia drynarioidesis a small treefrom 4 to 10 meters(13 to 35 feet)

tall and with a trunk up to 20 centimeters(8 inches) in diameter. The

star-shapedleavesare large(7 to 28 centimeterslong or 2.75 to 11 inches)

with 7 to 9 palmatelobes,and arepale, glossygreen, oftenwith distinct red

veins. Thelargeand showy flowersarebornesingly in leafaxils. Three

largebractsbelow the flower arepersistent. Thepetalsarered, 10 to 15

centimeters(4 to 6 inches)long and up to 8 centimeters(3.1 inches)wide.

Theflowers aresimilar to Hibiscusflowers in that the stamensfuseto form a

column aroundthe style. Thepetalsaresomewhattwisted in thebud and the

spiral pattern remainsin the openflower. The fruit is a 5-lobeddry capsule

about2.5 centimeters(1 inches)long. (Lamoureux1981).

The showy flowers andbractsand the attractivestar-shapedleavesgive

Kokia drynarioidesan appealingappearance.It is sometimesusedas a garden

and ornamentalplant.
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4. HISTORIC RANGE AND POPULATION STATUS

(1) Historical Rangeof Caesalpiniakavaiensis

Overview. Caesalpiniakavaiensisoccursor hasoccurredon dry leeward

portionsof five of the main HawaiianIslands. Thespecieswas first

discoveredon Kauaiby HoraceMann, Jr., around 1864. By 1888, Hillebrand

had examinedcollectionsfrom Oahuand Maui aswell as Kauai, and in 1909

RockdiscoveredCaesalpiniakavajensison Hawaii in North Kona. Noneof

the writings of the early collectorscontainmuch informationaboutthe

abundanceor ecologicalimportanceof this speciesin its naturalcommunities.

Therelatively latediscoveryof this specieson thevarious islandsimplies that

it probablywasneverabundantin the past200 years.

Recently,a single treewasdiscoveredon Lanai, the first recordfrom

that island (Joel Lau, TheNatureConservancyof Hawaii, personal

communication1992).

(a) Historical Rangeof Caesalpiniakavaiensison Hawaii

Rockdescribeda populationthat he discoveredin North Konaat 600

meters(2000feet) elevationbetweenHuehueand Puuwaawaa,wherelarge

treeswere “not uncommon”(Rock 1919) (Figure 2). This is the samelocale

asthat of the largestextantpopulationof Caesalpiniakavaiensis. Writing in

1934, Degener(1946)reportedthat this populationhad dwindled and thathe

knew of only a dozentrees. This may well havebeenan under-estimatedue

to the roughterrain and inaccessibilityof thehabitat.

In the last two decades,Caesalpiniakavalensishasbeenfound at more

North Kona locationsthanat any previoustime. However,Caesalpinia

kavaiensishasneverbeenfound growingnaturally in anyotherdistrict on

Hawaii.

7



(b) Historical Rangeof Caesalpiniakavaiensison Maui

Onecollection eachfrom two widely separatedoccurrenceson Maui

are in theBernice P. Bishop Museum herbarium. J. M. Lydgatemadea

collection from a locationhe called “West of Maui” (Figure3). This maybe

the collection on which Degener(1946)basesa referenceto thespecies

occurrencein the “dry fore hills of WestMaui.” Hillebrand collected

Caesalpiniakavaiensison southernEastMaui nearUlupalakua(Figure 3).

Writing in 1919, Rock reportedthat this speciesand all nativevegetationhad

sincedisappearedfrom Ulupalakua. No subsequentcollectionsfrom eitherof

thesesiteswereevermade. Rock (1919)reportedthat native informantssaid

Caesalpiniakavaiensisgrew at Kaupo,HanaDistrict, EastMaui, but no

collectionsare known that documentthis occurrence(Figure 3). No treeshave

beenfound at anyof theseMaui locationsin recentyears (Lamoureux1982).

(c) Historical Rangeof Caesalpiniakavaiensison Oahu

Historically, populationsof Caesalpiniakavaiensiswere known from

both mountain rangeson Oahu (Figure4). The WaianaeMountainspopulation

is extant; the Wailupepopulation in the Koolau mountainsis now extinct. In

the Waianaemountains,Caesalpiniakavaiensisstill grows in MakalehaValley

and at Puupane,two of the threelocales known to Hillebrand (1888).

Caesalpiniakavaiensishasnot beenseenat the third Waianaesite, Makua

Valley, since 1931 (Lamoureux1982).

In 1870, Hillebrand (1888)collectedthis speciesin the Koolau

Mountainsin theahupuaaof Wailupe (ahupuaa= land sectionsusually

running from the uplandsto the sea). Rock (1913)and Degener(1946)both

mentionthis occurrencewithout furthercommentupon recentobservation. It

wasneveragaincollectedat this site in southeasternOahuwhere it was

probablyextirpatedlong ago.
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Figure 3. The islandof Maui showingthreepossibleformer locationsof
Caesalpiniakavaiensis

.
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Figure 4. The islandof Oahushowingone former (Wailupe)and three
presentWaianaeMountainssites of Caesalpiniakavaiensis

.
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(d) Historical Rangeof Caesalpiniakavaiensison Kauai

This speciesfirst becameknown to sciencefrom a collection madein

the 1860’s from westernKauai (Figure5). At that time it wasprobablyfairly

widespreadin thedry forestsof leewardKauai, westof WaimeaCanyon.

Collectionswere madefrom threelocalesof this region:

Kaawaloa,Puu-ka-Peleand Kaholuamanu(Lamoureux1982). Rock (1919)

could find scatteredtreesat only oneof thesesites,Puu-ka-Pele.

(2) Historical Rangeof Kokia drynarioideson Hawaii

Kokia drynarioidesis endemicto the islandof Hawaii. All collections

and observationsthis centuryare from a very limited areain theahupuaaof

Puuwaawaaand Kaupulehuin North Kona (Figure2). This populationis in

the samedry forestcommunityon the slopeof Hualalai Volcanoas the major

populationof Caesalpiniakavaiensisdescribedabove.

Thefirst collection of Kokia drynarioideswasmadeby Nelson on

CaptainCook’s third voyageto the HawaiianIslands. From thejournalsof

that voyage, Degener(1986)and othersdeducethat thecollection musthave

beenmadenear KealakekuaBay, about32 kilometers(20 miles) south of the

critical habitat (Figure2). The specieswasneveragaincollected in that

vicinity. Degeneralso reportsconversationswith a nativeof Milolii, Kau,

abouttheethnobotanicuseof Kokia drynarioidesand suggeststhat the species

mayoncehavegrown there. The specieshasneverbeencollected in the

District of Kau.

Rock (1919)describedthis speciesas “exceedingly rare” but still in its

“prime” and in no dangerof extinction if protectedfrom cattle. Basedon a

1975 censusof 15 living, maturetrees,Lamoureux(1981)estimatedthat no

more than 20 treeslikely survived in the wild.
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Figure5. The island of Kauai showingthreehistorical locations (black
dots) of Caesalpiniakavaiensiswherethe speciesis no longer
known to occur. 1 = Kaawaloa,2 = Puu Ka Pele, 3 =

Kaholumanu.
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5. CURRENT RANGE AND POPULATION STATUS

Mapsor descriptionsof theexact locationsof known individuals will

not be includedin this Plan dueto the possibility that vandalizationor

unauthorizedcollection could be encouragedby thepublic releaseof this

information. The U.S. Fish and Wildlife Servicewill considerrequestsfor

Appendix B, which containssitespecific information,on a case-by-casebasis.

(1) Caesalpiniakavaiensis

Overview. Populationsor individual treesstill survive on Hawaii, Oahu,

Kauai and Lanai. This speciesis believedto beextincton Maui. On Oahu,

oneof the two formerly known populationsis extinct, and on Kauai only a

single treeis known. On Lanai, only one treehaseverbeenfound. Fewer

than 80 maturetreesare known to survive in thewild. Only the Makaleha,

Oahucolony appearsto be successfullyrecruiting new individualsinto the

breedingpopulationwithout activemanagement(Lamoureux1982; Steve

Perlman,National TropicalBotanicalGarden,personalcommunication1991).

(a) Currentand RecentRangeof Caesalpiniakavaiensison Hawaii

All occurrencesof Caesalpiniakavaiensisarewithin the District of

North Kona on theleeward(westand northwest)slopeof Hualalai. The

known rangeextendsfrom the ahupuaaof Puuanahulu,in the north to

Kealakehein the south (Figure2 and Appendix B). Dataareprovidedby the

Hawaii HeritageProgramDatabase(The NatureConservancyof Hawaii), the

1989 (Takeuchi 1990)and early 1992 (J. Lau, personalcommunication1992)

surveysof Statelandsof Puuwaawaa,Jon Giffin (Division of Forestryand

Wildlife (DOFAW), personalcommunication1992),and from Michael Tomich

(personalcommunication1992)a consultantfor PIA SportsProperty, Inc., a

lesseeof KamehamehaSchools/BishopEstatelands in Kaupulehu. It is

13



probablethat thereareotherliving Caesalpiniakavaiensisat unknown

locations.

Treesoccuraswidely scatteredsmall clustersor individuals,or in one

of two small subpopulations.Thebestknown of the two subpopulations,

containedabout48 treesin 1989 in a kipuka(a kipuka is a remnantareaof

older land surroundedby a recent lavaflow) of theKaupulehuflow. All of

thesetreeswere below the MamalahoaHighway betweenabout430 meters

(1400feet) and600 meters(2000feet). This site is within thecritical habitat

of Kokia drynarioides. By combiningandcollating the observationsby

Takeuchi(1990)andJ. Lau (personalcommunieation1992),an estimateof 19

treeswas reachedfor the state-ownedportion of the kipuka. It should be

notedthat both the 1989and 1992 surveyswere designedasvegetationsurveys

and were not conductedwith the goal to locateevery specimenof Caesalpinia

kavaiensis. An estimateof 29 treeson theprivately ownedportion of the

kipuka was reachedby combiningand collating the mappedobservationsby

PIA, Inc. (M. Tomich, personalcommunications,1992)with 1992 survey

observations(J. Lau, personalcommunications,1992). The majority of this

kipukawasburnedin a wildfire in May, 1993, and Loyal Mehrhoff (USFWS,

personalcommunication1993)estimatesthat 80% of theKokia drynarioides

and Caesalpiniakavajensisgrowingtherewere killed.

Takeuchi(1990) found no Caesalpiniakavaiensistreesabovethe

MamalahoaHighway. Theentire Halepiula3, WaimeaPaddockof

PuuwaawaaRanch,which is above(southot) thehighway, wasamongthe

areasproposedas critical habitatfor this species(Lamoureux 1982). Takeuchi

(1990) concludedthat Caesalpiniakavaiensiswasextirpatedfrom this partof

its recentrangeby wildfire in 1986.

The secondsizeablesubpopulationof 21 matureCaesalpiniakavaiensis

wasdiscoveredin 1989 in the ahupuaaof Kealakehein North Kona. This site

is about 11 kilometers(7 miles) south of theKokia drynarioidescritical habitat

14



in Puuwaawaa.All or mostof thetreesaregrowing on landownedby the

stateof Hawaii. (Belt Collins 1990).

Approximatelyten Caesalpiniakavaiensistreesareknown between

Kealakeheand the boundarykipuka. A singletreewas recordedin 1981 at 90

meters(300feet) elevationin the ahupuaaof Kaloko (Figure2). Two trees

were observedat 185 meters(600 feet) elevationin the ahupuaaof Puukalain

1986 (Figure2) (M. Tomich, personalcommunication1992). A clusterof 4

trees is at 500 meters(1600feet)elevationin Kaupulehunear theKaupulehu

lava flow (M. Tomich, personalcommunication1992). Another single tree

occursat 625 meters(2040feet) elevationin Kaupulehu. Hawaii Heritage

Programrecordsa 1983 single-treeobservationin this vicinity at 615 meters

(2000feet) elevation.

Approximately 11 othertreeshaverecentlybeenobservednortheastof

the kipuka. Onetreeis at 550 meters(1800feet)elevation(Takeuchi1990).

Another single treewasobservedat 430 meters(1400 feet)elevation

(Takeuchi1990). Two separatesightingsof Caesalpiniakavaiensistreesalong

thejeeproad from MamalahoaHighway to Kiholo Bay havebeenrecorded.

Nearthe easternboundaryof the ahupuaaof Puuwaawaa,a clusterof six or

seventreesoccurbetween300 and 330 meters(1000and 1100 feet) (J. Giffin,

personalcommunication1992). The northernmostoccurrenceof Caesalpinia

kavaiensisis in theahupuaaof Puuanahulu,within a kipuka in the 1859 lava

flow (J. Giffin, personalcommunication1992).

The highestelevationsightingof Caesalpiniakavaiensiswas recorded

in 1966 nearPuuanahulu.The elevationgiven with theherbariumcollection is

900 meters(2950feet) (Hawaii HeritageProgram). However, the site

descriptionindicatesthat this treewasprobably nearer650 meters(2400feet).

Lamoureux(1982) foundno saplingsor seedlingsin theNorth Kona

population,nor are thereanyother reportsof successfulnatural regeneration

on Hawaii. Takeuchi (1990)remarkedthat seedlingswere occasionallyfound,

but concludedthat thesewere ephemeraland that natural regenerationand
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recruitmentof this specieswasnot occurring in Puuwaawaa.Healso reported

that all the treesseenwere matureor senescentand that the population

appearedto bedying. Similarly, the matureCaesalpiniakavaiensisin

Kealakehe,North Kona,wereobservedin 1989 to be flowering andhad many

seedpods,but an intensivesearchfound no seedlingsor saplings(Belt Collins

1990).

(b) Current Rangeof Caesalpiniakavalensison Oahu

A total of elevenliving maturetreesare known from threelocations in

the Waianaemountains(Figure4 and Appendix B). Thefollowing dataare

believedto be the most up-to-dateavailable. A few othertreesmay exist

elsewhereat inaccessiblesites in the WaianaeMountains(Lamoureux1982).

Two maturetreesare in the WaianaeKai ForestReserveat an

elevationof 585 meters(1900feet) (JohnObata,Hawaii BotanicalSociety,

personalcommunication1992; J. Lau, personalcommunication1992). No

seedlingsor saplingsare reportedat this site.

Two maturetreessurvive at Puupane(Carolyn Corn, DOFAW,

personalcommunication1993). Five maturetreesand five seedlingswere

reportedat this site in 1981 (Hawaii HeritageProgramDataBase,The Nature

Conservancyof Hawaii, citing S. Perlman). This site is at 520-585meters

(1700-1900feet) elevationin KaimuholeGulch (Hawaii HeritageProgram

DataBase,TheNatureConservancyof Hawaii), and is within the Mount

KaalaNaturalArea Reserve.

Thelargestremainingpopulationin theWaianaemountainsis in

MakalehaValley. Eight maturetreesand threesaplingswereconfirmedin

1992 (J. Obata,personalcommunication1992)and four adultsand 3 saplings

were seentherein 1993 (C. Corn, personalcommunication1993). In 1987,

severalmorematuretreesand many saplingswerereportedat this site. It is

at 340 to 520 meters(1100-1700feet) elevation(Hawaii HeritageProgram

DataBase,TheNatureConservancyof Hawaii).
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(c) CurrentRangeof Caesalpiniakavaiensison Kauai

Lamoureux(1982) reportedone living Caesalpiniakavaiensistreein

the Koaie Valley near WaimeaCanyon (Appendix B) that appearedto be old

and somewhatdecadent. The treehassincefallen over anddied (Hawaii

HeritageProgram Data Base,The NatureConservancyof Hawaii.) Viable

seedsmay still be in the soil.

Another fallen but still living treewasdiscoveredin 1987 in the

PoomauBranchof WaimeaCanyonnear460 meters(1500 feet) elevation(S.

Perlman,personalcommunication1992). This treeand a saplingand seedling

reportednearbyhavesincedied. A mature, fruiting treeand severalyoung

individualswere observedin 1988on nearbyprivately owned land (John Fay,

USFWS,personalcommunication1994; and Fay 1988). Currently,accessto

this areais not allowed,but the ownerhasan ongoingnativeplant

conservationprogram,and seedfrom this individual is stored in the NTBG

collection (Loyal Mehrhoff, USFWS,personalcommunication1993).

(d) CurrentRangeof Caesalpiniakavaiensison Lanai

In 1990 a singlemature, fruiting Caesalpiniakavaiensistreewas found

in Kaohaahupuaaon windwardLanai. Thetreeis on the edgeof Puhielelu

Ridgeat 480 meters(1580feet)elevation(Figure6). Thevegetationof this

isolatedlocation is dominatedby othernative treespecies,including

Dodonaea,Diospyrosand Canthium. Thetreeappearsto benaturally

establishedeventhoughno othersareknown from this island. (J. Lau,

personalcommunication1992).

(2) Kokia drynarioides

Theonly known wild populationof Kokia drynarioidesis dispersedin

the designatedcritical habitatin theahupuaaof Kaupulehuand Puuwaawaain

North Kona on the islandof Hawaii (Figure2 and Appendix B). A 1975

censusfound 12 living, maturetrees,reportsof 2 or 3 otherliving trees,4 or
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Figure 6. Location of one Caesalpiniakavajensistree(black dot) on
PuhieleluRidge, Lanai.
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5 deadonesand no seedlingsor saplings(Lamoureux 1981). Lamoureux

(1981)estimatedthattherewereprobably no more than 20 living treesin the

wild. Sincewildfire burnedthrough the critical habitatin 1986, 1988 and

1993, only 4 wild Kokia drynarioidestreesareknown.

ThreeKokia drynarioideswere found in 1989by Takeuchi(1990)and

by The NatureConservancyin 1992 (J. Lau, PersonalCommunications,1992)

in theHalepiula3, WaimeaPaddockportion (PuuwaawaaPortion) of the

critical habitat. In 1992, the condition of thesethreetreeswasdescribedas

“two slender,partially dead;onebushy,5 meters(16 feet) tall, healthy” (J.

Lau,personalcommunication1992).

OneotherKokia drynarioidestreeis within the ahupuaaof Puuwaawaa,

within the boundarykipuka portion of the critical habitat. It is about2 meters

(6 feet) tall, bentand of poorvigor (Takeuchi1990, J. Lau, personal

communication1992). This treewasprobably killed in the May 1993 wildfire

is this area(L. Mehrhoff, personalcommunication1993).

ThreeKokia drynarioidestreesareknown from the ahupuaaof

Kaupulehu. Two are in the boundarykipuka, nearthe firebreakaccessroad

(M. Tomich, personalcommunication1992)and were probablykilled in the

1993 fire (L. Mehrhoff, personalcommunication1993). Theothertreeis in

the Kaupulehuportion of thecritical habitat.

6. LIFE HISTORY

(I) Life History of Caesalpiniakavaiensis

(a) ReproductiveBiology of Caesalpiniakavaiensis

Someisolatedtreesproduceviable seed,showingthat the speciesis

capableof self-pollination,e.g. the singleliving wild treeon Kauai. Some

wild treesand somecultivatedtreesregularly producea goodquantity of
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viable seeds. Seedsgerminatein natureandcanbegerminatedin nurseries.

However,someisolatedtreesthat flower apparentlydo not produceviable

seed. Thetreegrowing in theBotanyDepartmentCourtyard,University of

Hawaii at Manoa, hasbeenfound to producenormalpollen, but hasneverset

seed. It is not known what kinds of barriersto self-pollination, if any, maybe

responsiblefor this failure (Lamoureux1982).

Neithernaturalnoradventivepollinatorsaredescribedin available

literature. Lamoureux(1982) interpretsthe flower asinsect-pollinated. The

broad, winged pod suggeststhat the seedsaredispersedby a combinationof

gravity andwind. Seedsmay also bedispersedby ingestionby birds

(Lamoureux 1982)or introducedmammals.

Sproutssometimesform at thebaseof the stumpbut no other

vegetativereproductionis known (Lamoureux1982). Attempts to root

cuttingshavebeenunsuccessful(Woolliams 1978).

(b) Life Cycleof Caesalpiniakavaiensis

Thelife cycle of Caesalpiniakavaiensishasnot beendescribedin the

literature. Growth rates,ageat reproductivematurity and life spanarealmost

entirely unknown. The extremedensityof the wood suggestsa slow growth

ratein the adult stage.

Eight nurserygrown seedlingsless thanone yearold were.plantedin a

Puuwaawaaexciosurein 1989. Two of theseflowered and set fruit in 1991

and 1992. Seedcollectedappearednormal in every way. Viability wasnot

tested. It was noted that many young podsblew off the treesbeforematuring.

(S. Bergfeld,personalcommunication1992)

(c) Phenologyof Caesalpiniakavaiensis

Herbariumspecimenscollectedthroughoutthe yearhaveflowers, fruit

and new leaves,indicating no markedseasonality. Growth and flower and leaf
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productionmay declineduring droughtperiods(Lamoureux1982). Little else

is known.

(2) Life History of Kokia drynarioides

(a) ReproductiveBiology of Kokia drynarloides

Thereproductivebiologyof wild plantsis completelyunknown. The

naturalpollination and seeddispersalmechanismsarenot known (Lamoureux

1981). Individual, isolatedtreesdo produceviable seed,so self-fertilization is

possiblewith this species. There is someevidenceof vegetativereproduction,

as threedamagedindividuals re-sproutedwhenthe trunks were cut.

(b) Life Cycleof Kokia drynarioides

Vegetativegrowth rates,ageat reproductivematurity and lifespansare

not reportedin the literature. A commentby Young and Popenoe(1916)

indicatesthat a cultivated seedlingof Kokia cookeibeganflowering at about

age4 years.

(c) Phenologyof Kokia drynarioides

Herbariumcollectionsshowthat Kokia drynarioidesmay flower at any

time of the year. During dry periods,thetreesmaylose many leaves

(Lamoureux1981).

7. HABITAT DESCRIPTION

(1) Descriptionof Habitat of Caesalpiniakavaiensisand Kokia drynarloideson
Hawaii

(a) PhysicalCharacteristics

.

The major habitatof thesetwo speciesis the northwestand west slopes

of Mount Hualalai in the District of North Kona. Historically, Caesalpinia
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kavaiensishasoccurredbetweenabout6(1) meters(200 feet)and approximately

900 meters(3000feet) elevation.Kokia drynarioideshashistorically grown

between460 meters(1500feet) and900 meters(3000feet) elevation. The

generalslopeis 50 to 100. The substrateis mostly rougha’a lavacoveredby a

thin anddiscontinuouslayerof organicsoil (Satoet al. 1973, Lamoureux

1981). The steepslopeand ruggedvolcanic featuresof the landscapeimpede

passageon the ground.

The rainfall in this areais about75 to 100 centimeters(30 to 40

inches)a year,with no pronouncedwet and dry seasons(Blumenstockand

Price 1961). Air temperaturealso fluctuateslittle during the year,with mean

monthly temperaturesvaryingbetween140 and 180 Celcius (580 and 640

Fahrenheit)(Lamoureux 1982). Themoderaterainfall and high insolation in

combinationwith the shallow,excessivelydrained,soil providesa dry habitat

where moistureis probablyfrequently limiting.

(b) Vegetationof Habitat

.

Becauseof their very low numberstoday, Caesalpiniakavaiensisand

Kokia drynarioidesarevery minor componentsof the dry forestcommunities

wheretheyoccur, and thereis not muchevidenceof their formerdensitiesand

ecologicalimportancein thesecommunities.

The Kaupulehuand Puuwaawaahabitatof Kokia drynarioidesand

Caesalpiniakavaiensisis Lama/KauilaForest(Diospyros/Colubrina

oppositifolia), a subtypeof theLowland Dry Forest(Gagneand Cuddihy

1990). Thecanopyof this open forest is 5 to 6 meters(16.4 - 19.7 feet) high

and is madeup of a diversity of native treespecieswith native shrubsbelow,

and includesseveralotherrareplant species(Table 1). Formerly, theground

betweenthe woody plantswas mostlybare. Today,theground layeris filled

with thealien Lantanacamaraand,especially,fountaingrass(Pennisetum

setaceum).Few nativegrassesor forbsare found.
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The treesof Caesalpiniakavaiensisthat persistat lower elevationsin

Kiholo may be within anotherLowland ForestSubtype,the Wiliwili

(Erythrina) Forest. Thehabitatof the subpopulationof Caesalpiniakavaiensis

in Kealakeheis describedas OpenMixed Shrublandon a’a lava. Other

communitiesthat may oncehavebeenhabitatfor Caesalpiniakavaiensis

include Lowland Dry Shrublandsand CoastalDry Forests. The southernend

of the range,nearKailua, may includeLowland Mesiccommunities(Gagne

and Cuddihy 1990).

All of theseformerly diversenative treeand shrub communitieshave

beenheavily impactedby humanactivity, especiallybrowsing by domesticand

feral ungulates,alien plant invasions,and fire (Gagneand Cuddihy 1990).

The degradedcondition of the habitatand potentialhabitatfor Caesalpinia

kavaiensisand Kokia drvnarioidesabove500 meters(1650feet) is indicatedby

the resultsof the USFWSHawaii ForestBirds Survey(Jacobiand Scott 1985).

The surveymappeda total of 5,933 hectaresof Dry Mixed NativeTreeForest

above500 meters(1650feet) elevationin North Kona and neighboringSouth

Kohala. 21.4% of thedry mixed native forestareawascategorizedas tree

layer dominatedby nativeplants,but alien plantsdominatedthe lower layer

(mostly fountaingrassin this case). The remaining78.6% wasclassifiedas

dominatedby alien plantswith remnantpopulationsof nativeplants.

(2) Habitat for Caesalpiniakavaiensison Oahu.Kauai and Lanai

Thehabitatson otherislandsare similar to that describedaboveon

Hawaii in that they haverelatively low rainfall and areon rough, steep

substrateswith stony soils (Lamoureux1982).

On Oahu,Caesalpiniakavaiensisis listed as a componentin the

Waianaemountainsof the Aulu (Sapindus)Forestcommunityof theLowland

Dry ForestSubtype. This is a drought-resistantcommunitydominatedby 15

meters(50 feet) tall Sapindustreeswith a sparseunderstory,including some

other rarenative plant species(Table 1) (Gagneand Cuddihy 1990). The
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specific Waianaesitesare in mixed forestsof Lama and Kauila with alien

Lantanacamara,Psidiumsp., Christmasberry(Schinusterebinthifolius)and

Toonaciliata (Hawaii HeritageProgram). Toonais a particularproblem,as

its tall, densecanopyheavily shadesthe Caesalpiniatrees.

The Caesalpiniakavalensistreesknownon Kauai, Lanaiand formerly

known on Maui havebeenin degradedopen forestsof mixed nativetrees,

including somerarespecies(Table 1) with infestationsof numerousalienplant

species,including Lantanacamara(Lamoureux1982, Hawaii Heritage

Program).

Table 1. List of rareplant speciesassociatedwith Caesalpiniakavaiensis
and Kokia drynarioides

.

Scientific name

Nothocestrumbreviflorum1 ProposedEndangered
Isodendrionpyrifolium’ ProposedEndangered
Colubrinaoppositifolia’ ProposedEndangered
Abutilon sandwicensis2 Endangered

ProposedEndangered= hasbeenformally proposedfor listing asan
endangeredspecies.

1 - Recoveryof thesespecieswill beaddressedin the Big IslandPlantCluster
RecoveryPlan

2 - Recoveryof this specieswill beaddressedin the WaianaePlantCluster
RecoveryPlan

8. REASONSFORDECLINE AND CURRENT THREATS

Overview

Thesespecieswere listed asendangeredbecauseof a combinationof

diminishedrangeand greatly diminishednumbersin theirwild populations

(Herbst1984, 1986). Thereis also very little successfulrecruitmentof new
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plants into the breedingpopulationand thepopulationstructuresaredominated

by matureand agingplants(Lamoureux1981, 1982). Thehistorical reasons

for thedeclineof thesetwo speciesareessentiallythe samemajorthreats

imperiling them today, i.e. grazingor browsing of domesticand feral

ungulates,alien plant invasion,insectinfestations,droughtand fire hazard

enhancedby alien plant invasion.

(1) Habitat Degradation

(a) Grazing and Browsing by Ungulates

Rock (1913), Degener(1946)and others recognizedthat therapid

disappearancefrom North Kona of Caesalpiniakavaiensisand Kokia

drynarioideswasmostly due to forest destructionand communitydisintegration

asa resultof cattleranchingin thedry forest. Nearly all of the habitaton the

islandof Hawaii is or hasuntil recentlybeenmanagedfor commercialcattle

production. Seedlingsand saplingsof both speciesarehighly palatableto

cattle. Feral goatsand sheepalsolive in this habitat. On Oahu, Maui and

Kauai, feralgoatshaveunrestrictedaccessto the Caesalpiniakavaiensishabitat

(Lamoureux1982)and the Lanai individual may alsobe subjectto browsing

by Axis deer(Axis axis) and Mouflon sheep(Ovis musimon). It is unlikely

that either speciescan recoverwhile subjectedto suchgrazing.

(b) FountainGrassInvasion and EnhancedFire Danger

Today the most devastatingfactor within thedry foresthabitatof these

two specieson theislandof Hawaii is the invasionby fountaingrassthat has

occurredduring this century,resulting in its completedominationof the

groundcoverin thedry foresthabitatof North Kona. Fountaingrasshastwo

major negativeimpactson thecommunity: thepromotionof fire and

usurpationof nativeplant habitat. Fountaingrassis a fire-adaptedbunchgrass

that enhancesfuel-loadingand promotesfire (Tunisonin press). Unlike most
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otheralien grasses,fountaingrasscan invadebarrenlava flows that werenot

formerly subjectto wildfire. Major fires burnedthroughPuuwaawaaRanch

in 1986and 1988. Treesof both species,aswell asothernative dry forest

species,were completelyeliminatedfrom theburnedareasin thesefires.

Wildfire also burneda major portion of theboundarykipuka sectionof the

Kokia drynarioidescritical habitatin May, 1993, killing anestimated80% of

the Kokia drynarioidesand Caesalpiniakavaiensisfound there(L. Mehrhoff,

personalcommunication1993).

The establishmentof a closedlayerof fountaingrasscompletelyalters

the structureof the vegetationat theseformerly bare-lavasites. The

competitiveinteractionsof fountaingrasswith nativetreeseedlingshavenot

beenscientifically studied,but it is believedthat the fountaingrasshasan

adverseeffecton seedlingsof Caesalpiniakavalensisand Kokia drynarioidesas

well as othernative woodyplantsin thesecommunities(Lamoureux1981,

1982). Upon the removalof fountaingrassfrom protectedexclosureson

Bishop Estateland, numerousKokia drynarloidesseedlingshavebeenobserved

nextto a fallen adult tree(SteveBergfeld, Division of ForestryandWildlife,

personalcommunication1991),and five Caesalpiniakavaiensisseedlings

survive where fountaingrasswas removedfrom underanadult treeinsidea

DOFAW exclosure.

Control strategiesfor fountaingrasshavebeenassessedby the National

ParkServiceat Hawaii VolcanoesNational Park(Tunisonet al. 1989, Tunison

in press). Mechanical(hand-pulling)meanshavebeenusedto eradicate

satellitepopulationson the edgeof the major infestationsto preventfurther

spread. This strategyfollows recommendationsfor cost-effectivecontrol of

plant pests(Moody and Mack 1988). Someexperimentalwork hasbeendone

by thePark Serviceusing a preemergenceherbicideto preventreestablishment

from the seedbank. Somesuccessis reportedbut resultshavenot yet been

released(J. Timothy Tunison, Hawaii VolcanoesNational Park, personal

communication1991). Prospectsfor biological control of fountaingrassare
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generallyconsideredpoor,becauseno pathogensor predatorsspecific to this

speciesareknown (Gardnerand Davis 1982). A 1992 surveyby theHawaii

Departmentof Agriculture (DOA) foundno organismsof potential valuefor

control in the speciesnativerange(Lyle Wong, DOA, personalcommunication

1993). Thereis also somereluctanceto introducepathogensor predatorsthat

may damageeconomicgrasscrops (Markin and Yoshiokain press).

(c) Other Alien Plants

Many otheralien plantsarenaturalizedin the North Kona habitat.

Two that arewidespreadand disruptivearelantana(Lantanacamara)and silk

oak (Grevillea robusta). Two cultivatedplantsthat havebecomeestablished

locally on the cinderconeof Puuwaawaaitself are the custardapple (Annona

cherimola)and Pittosporumviridiflorum (Takeuchi 1990). Takeuchicautions

that if fountaingrassis controlledin the future, theseor otheralien plantsmay

increasein coverand becomeseriouspests. The subpopulationat Puupane,

Oahu,is being shadedand crowdedby Australianred cedar(Toonaciliata) (J.

Obata,personalcommunication1992)and both theMakalehaand Puupane

populationsaresurroundedby standsof Christmasberryand Strawberryguava

(Psidiumcattleianum). The Makalehapopulation is also borderedon one side

by Lantanacamera

.

(2) Land Ownership/LandUse Classification

Thecritical habitatof Kokia drynarioidesand the surroundingareasof

Kaupulehuand Puuwaawaaahupuaathat containseveralCaesalpiniakavaiensis

treesdo not haveprotectivestateor countyzoning. All or nearlyall of the

land hasa StateLand UseClassification (LUC) of Agriculture, and muchof it

is actively managedfor commercialranching. This lackof protectivezoning

is somewhatalleviatedby the Hawaii endangeredspecieslaw which gives

jurisdiction to the Departmentof ForestryandWildlife (DOFAW) to manage

endangeredplant populations.
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(3) InsectDamage

Thealien black coffeetwig borer (Xylosandruscompactus) attacksand

may kill Caesalpiniakavaiensisseedlings(Lamoureux1982). Xvlosandrus

attackson outplantedseedlingsin North Kona havebeenobservedbut no

deathshavebeenattributedto them (S. Bergfeldpersonalcommunication

1991). Damagefrom Xylosandrusmaybe far moreseriouson Oahu. Based

on observationsover a 20 yearperiod,J. Obata(personalcommunication

1992)attributesthe markeddeclineof this previously “widespread” specieson

Oahuto a combinationof thetwig borerand drought. DOFAW staff report

(C. Corn, personalcommunication1993) that ants farming aphidsareoneof

thebiggestthreat to the survival of outplanted C. kavaiensisseedlingsin

NorthKona.

No insectpredatorsof Kokia drynarioidesarereported(Lamoureux

1981), but Xylosandrusis known to kill otherspecies,apparentlythrough the

introductionof a fungus(L. Wong, personalcommunication1993),and may

be a threat to Kokia drynarioides

.

(4) SeedPredation

.

Predationof seedsof both speciesby introducedrats, miceand

unspecifiedgamebirds and invertebratesis well known. Ratseatthe seedsof

both specieswhile they arestill on the tree(Lamoureux1981, 1982). The

large, hard, bean-likeseedsof Caesalpiniakavaiensishavebeenfoundin rat

burrows(Lamoureux1982)as havethe seedcoatsof Kokia drynarioides

(Derral Herbst,U.S. Fish and Wildlife Service,personalcommunication

1992). Theimportanceof seedpredationhasnot beenscientificallyassessed.

(5) GeneticProblems

Sincethe numbersof individualsof both of thesetwo speciesarevery

low, it is possiblethat eachspecies’viability maybe reduceddue to problems
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with in-breedingand the depletedgenepool. At this time, it appearsthat both

speciesproduceviable seedsthat grow normally whenprotected.

If Kokia drynarioidesaregrown in botanicalgardensnearotherKokia

speciesfrom other islands,it is possiblethat cross-pollinationleadingto

hybridizationmaytakeplace. Such mixing of thegenepools should be

avoidedby keepingcareful recordsof provenance. It is unlikely that

Caesalpiniakavaiensiswill inadvertentlyhybridizewith anyavailablespecies.

(6) Destructionby Volcanic Eruption

TheNorth Kona populationsof thesetwo speciesoccur in a relatively

restrictedareaon the sideof a dormantvolcanothat last eruptedabout 1800

AD. A futureeruptioncould threatenthesewild populations.

(7) Illegal Harvestsof Caesalpiniakavaiensis

Thedark, densewood of Caesalpiniakavaiensisis prizedby a few

knowledgeablecraftsmen(Lamoureux1982). The few remainingwild trees

areconsideredat somerisk to illegal harvesting(Herbst1986).

(8) Drought

TheNorth Kona areahasexperienceddroughtconditionsfor several

years,and if thesetwo speciesreproduceonly in widely spacedtimes of

favorableclimacticconditions,the prolongeddroughtcould bea factor in their

recentdecline. It is also possiblethat the droughtconditionshaveexacerbated

theinsectinfestationproblemsbecausedry vegetationis moresusceptibleto

suchinvasion(C. Corn, personalcommunication1993).

(9) Instability of Substrate

Becauseof pasthabitatdestruction,currentCaesalpiniakavalensis

populationson Oahuarenow limited to steep,inaccessibleterrain which is

subjectto frequentrock slideswhich damagethe trees. Feralgoatsin these
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areasadd to the landslideproblemby dislodgingrock and soil, and by

browsingon stabilizinggroundcover (C. Corn, personalcommunication

1993).

9. CONSERVATION EFFORTS

(1) ProtectionasEndan2eredSpecies

Kokia drynarioideswas listed asan endangeredspeciesin 1984 by the

U.S. Fish and Wildlife Servicewith critical habitatin the Puuwaawaaand

Kaupulehuabupuaa(USFWS 1984). Caesalpiniakavalensiswas listed as

endangeredin 1986 (USFWS 1986). Although Lamoureux(1982) had

recommendeddesignatingthecritical habitatof Kokia drynarioidesas the

critical habitatfor Caesalpiniakavaiensis,no critical habitatwas designatedfor

fear that publicationof the locationof this speciesmight leadto illegal

harvesting.

The critical habitatof Kokia drynarloidesis on Stateand privateland.

Thecritical habitatcontainsall knownwild Kokia drynarioidesand is madeup

of threeseparatesectionsidentified in this report as thePuuwaawaaportion,

Kaupulehuportionand theboundarykipuka.

Federallisting of thesetwo speciesasendangeredtriggeredlisting by

the stateof Hawaii, resulting in significantbenefits. TheState’sendangered

specieslaw (HRS 195D, Conservationof Aquatic Life, Wildlife and Land

Plants)hasmorestringentprohibitions on taking or damagingthesespeciesin

their naturalhabitatand placesthesespeciesin the State’sthreatenedand

endangeredplant managementprogram. Under this program,the state

(DOFAW) hasmadeuseof federal funds for fencing,fire control, weed

removaland outplantingof both species(C. Corn, personalcommunication

1991).
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(2) Habitat Managementin Puuwaawaaby theStateof Hawaii

.

Thehabitatwithin Puuwaawaaahupuaais ownedby the stateof

Hawaii. It is zonedasagricultural land and managedunder thejurisdiction of

the Division of Land Managementof the Departmentof Land and Natural

Resources. Most of the besthabitatfor thesetwo speciesis within the

PuuwaawaaRanchwhich is leasedto a private operator. The best forest

habitatwithin this leasewasproposedasa StateNaturalArea Reserveprior to

the fires of 1986, 1988 and 1993. Most of theStateland below the

MamalahoaHighway wherethe majority of Caesalpiniakavaiensisare found

(Puuwaawaamakai lands) hasbeenwithdrawn from the ranchinglease. This

land will probably be managedin the futureasa StateGameManagement

Area (S. Bergfeld,personalcommunication1992). A new county landfill is

alsoproposedfor the Puuwaawaamakai lands.

DOFAW actively managespartof thehabitatof the remainingwild

trees. The sites undermanagementareon the State-ownedlandsof

Puuwaawaa. Managementgoals includereductionof the threatsof fire and

damageby mammalianherbivores,habitatimprovementto encouragenatural

regeneration,and outplantingnursery-raisedtrees.

Themanagementstrategyis centeredon fencedexclosures. The

exclosuresaredesignedto be largeenoughto permit expansionof the

subpopulationby natural regenerationand outplanting. Fire breaksand fire

roadsoutsidethe exclosureshavebeenclearedto protectand giveaccessto the

exclosures. Thefencesprotect thetreesfrom browsingby domesticcattleand

feral ungulates. Within the exciosures,fountaingrassis periodically removed

to reducethe fuel neartheendangeredtrees. Fountaingrassremovalalso

increasesthe probabilityof natural regenerationand seedlingestablishmentby

reducingthe competitionfor water and light. Sometrappingof rats hasbeen

carried out to reduceseedpredation(S. Bergfeld, personalcommunication

1991).
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Wild and cultivatedtreesof both speciesproduceviable seedwhich can

be readily germinated. Seedsareoccasionallycollectedby DOFAW and

grown in theirHilo nursery. Seedlingshavebeenplantedinto the fenced

exclosures. Seedlingestablishmentis aidedby somewateringand weed

removal. Survival of outplantedseedlingsof Kokia drynarioidesis high.

Caesalpiniakavaiensisseedlingsalsodo well but havebeenattackedby boring

beetles. All attackedseedlingsand saplingshavesurvived(S. Bergfeld

personalcommunication1991). Seedcollections,plantings,and survivorship

arenot documented.Limited resourcesandpersonnelpreventthe frequent

monitoring and tending of out-plantedseedlings(S. Bergfeld,personal

communication1991).

Onefencedplant sanctuary(approvedby the Boardof Land and

NaturalResources)and five additionalexclosuresin Puuwaawaacurrently

protect individuals of oneor both of thesespecies. The sanctuary,

“PuuwaawaaI sanctuary,”is locatednortheastof the northeastcornerof the

Puuwaawaaportion of theKokia drynarioidescritical habitat. Nurserystock

of Kokia drynarioideshasalsobeenplantedinto the Acacia koaiaPlant

Sanctuaryat Waiakamali(Figure2), outsidethe historical rangeof the species.

A secondsanctuary,PuuwaawaaII, had sevenoutplantedKokia drynarioides

individuals which were severelydamagedwhen cattlebrokein in early 1993.

‘After beingcut back, threehavere-sprouted.

Noneof theseexclosurescontainnaturallyoccurringKokia

drynarioides,i.e. all Kokia drynarioideswithin exclosuresareout-planted

nursery-raisedstock (Table 2). Oneexclosureat Puuwaawaacontainsone

naturally occurringCaesalpiniakavaiensis;the Caesalpiniakavaiensisin all

otherexclosuresareout-plantednurserystock. Noneof thefew remaining

wild Kokia drynarioidesarewithin DOFAW exclosures.
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Thecolony of 21 or morematureCaesalpiniakavaiensisrecentlyfound

in Kealakeheis on land ownedby the Departmentof Land andNatural

Resources,Stateof Hawaii. This parcel is theproposedsite of a housing

developmentsponsoredby the HousingFinanceand DevelopmentCorporation,

a Stateagency(Belt Collins 1990). A mitigationplan to protectCaesalpinia

kavaiensishasbeenproposedto DLNR by Paul Weissichand Associates,Inc.

of Kaneohe,Hawaii (WayneTakeuchi,Division of Forestryand Wildlife,

personalcommunication1992).

Theproposalconcentrateson protectiveactionsduring theconstruction

phaseand calls for a masterplan to manageCaesalpiniakavaiensisand other

natural resourceson the site following the constructionphase. Theproposal

specifiesprotectivefencing,fire preventionand otheractivities.

(4) Habitat Managementin Kaupulehuby PrivateLandowner/Lessee

.

Thehabitatwithin Kaupulehuahupuaais ownedby theKamehameha

Schools/BernicePauahiBishop Estate. The landbelow the Mamalahoa

Highway is leasedto PIA SportsProperties,Inc. Most of the areais

undevelopedand unused. PIA hastakensomestepsto protectand managethe

endangeredspecieson the leasedlands. TheKaupulehuland abovethe

MamalahoaHighway is leasedto HualalaiRanchwhich practicescommercial

ranchingand otheragriculturalpursuits.

PIA SportsProperties,Inc., hasestablisheda fencedexclosureof 230

meters2(2500feet2) to protectone Caesalpiniakavaiensisand one Kokia

drynarioidestree. Seedlingsof both specieswere reportedin September1991,

but the matureKokia drynarioideshad died. Recentdroughtconditionsare

threateningsurvivalof the seedlingsof both species(HeatherCole, PIA Sports

Properties,Inc., personalcommunication1991). A jeeproad throughthe

Kaupulehuside of the boundarykipuka is maintainedto provideaccessand to

serveasa firebreakwithin thehabitat.
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Table 2. DOFAW plant sanctuarieswith wild or artificially established
nurserystock of Caesalpiniakavaiensisor Kokia drynarioidesas of 1992 (5.
Bergfeld, personalcommunication1993).

PuuwaawaaI
Sanctuary

Koaia Plant
Sanctuary

PuuwaawaaII
Sanctuary

PuuwaawaaIII
Exclosure

Uhiuhi Exclosure

10 PlantedKokia drynarioldes

2 PlantedKokia drynarioides

3 PlantedKokia drynarioides(re-sprouting)
4 PlantedCaesalpiniakavaiensis

16 PlantedKokia drynarioldes
10 PlantedCaesalpiniakavaiensis

5 Wild Caesalpiniakavaiensis
3 PlantedCaesalpiniakavaiensis

A 2.4 hectare(5.8 acre)exciosureon Hualalai ranchis known asthe

KaupulehuForestReserve,Section B (not a stateforestreserve). This

exclosurecontainsno living Caesalpiniakavaiensisat this time, but one

(possibly two) Kokia drynarioideswere observedtherein 1991. This

exclosure,privately-ownedby BishopEstate,was formerly managedby the

National Tropical BotanicalGarden(NTBG), Lawai, Kauai, but NTBG hasno

active managementprogramat this time (S. Perlman,personalcommunication

1991). The statusof endangeredplantselsewhereon this leaseis not known.

Reconnaissancesurveysof HualalaiRanchhavefound no Caesalpinia

kavaiensisor Kokia drynarioides(M. Tomich, personalcommunication1992).
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(5) Habitat Managementon Kauai by PrivateLandowners

.

Since 1986, a privatelandownerhasmanageda 100 acrepreserveon

his land for the conservationof nativeplant species. After clearingof the

dominant,non-nativevegetationfrom this area,the native vegetationbeganto

recoverand individualsof severalextremelyrare species,including

Caesalpiniakavajensis,were ableto grow from long dormantseedswhich

remainedin the soil (Fay 1988). On a visit to the propertyin the late 1980’s,

JohnFay, who was thenworking for thePacificTropical BotanicalGarden,

observeda matureC. kavaiensisindividual aswell as severalseedlingsand

saplingswhich werethriving in thepreservethanksto the landowner’sefforts

(John Fay, USFWS, personalcommunication1994). Any individualsof this

specieswhich havesurvivedthanksto the landowner’shard work and

dedicationareprobably the last on Kauai.

(6) ConservationStatusof Caesalpiniakavaiensison Kauai. Oahuand Lanai

Caesalpiniakavaiensisgrowson Oahuand Kauai on State-ownedforest

reserveszonedconservationdistricts. The treeat Puupane,Oahu, is within

the Mount KaalaNaturalArea Reserve. No specific managementprograms

arecarriedout for the treeson any of theseislands(DOFAW personnel,

PersonalCommunications,1991). Noneof thesetreesareprotectedby

exclosurefences.

(7) Germ PlasmReserves

Both of thesespeciesare readily grown from seedin cultivation

(Lamoureux1981, 1982; DianeRagone,National Tropical BotanicalGarden,

personalcommunication,1991), and adult treesareknown from several

arboreta,botanicalgardensand public parkswithin the state(Lamoureux1981,

1982). It is well known that both speciesaregrown in privategardens;

however,numberand conditionof thesearenot known. Both speciesare
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being grown at the DOFAW baseyard nurseryin Hilo. Seedlingsof Kokia

drynarioldeswere also grown in the Maui District baseyardnurseryand then

outplantedat threelocationson Molokai in 1986 for testingof site suitability

for theeven rarerKokia cookei. Seedlingshavealso beenusedasroot-stock

for graftingsof Kokia cookei

.

NTBG on Kauai maintainsa seedbank for Caesalpiniakavaiensisand

is growing seedlingsin a nursery. NTBG hasenteredinto a cooperative

agreementwith DOFAW and hasa permit to collect seedsandpropagate

endangeredspecies. NTBG participateswith the Centerfor Plant

Conservation,St. Louis, Missouri, and maintainsCaesalpiniakavaiensisas

part of the nationalcollection of endangeredplants. NTBG mademultiple

seedcollectionsof Caesalpiniakavaiensisin 1990, 1991 and 1993 from

Hawaii, Kauai, and Oahuand someseedis in storageat NTBG. Currently,

they also havea small numberof seedlingsin the nurseryand a few dozen

havebeenplantedon theirgrounds.

NTBG hastwo live specimensof Kokia drynarioidesin their collection,

and about30 seedsin storage.

10. POPULATION VIABILITY ANALYSIS

(1) Introductionto PopulationViability Analysis

PopulationViability Analysis (PVA) is a structuredand comprehensive

approachto estimatingtheprobability of extinctionof a populationof a given

sizeand, perhapsmore importantly, to investigatethe interactionsof the

factors affectingsurvival of thepopulation (Shaffer1990). Thereis no single

PVA methodology. Two kinds of PVA are mentionedhere. The first uses

demographicdatato constructa numericalmodel that predictsthe growth rate

(negativeor positive) of a population (Menges1990). The secondmodelsthe

environmentaldynamicsthat control availability of suitablehabitat(Murphy et

al. 1990).
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(2) DemographicModels for Kona Dry ForestSpecies

A demography-basedPVA requiresdetailedlife history information,

especiallyknowledgeof theratesat which the organismsgraduatefrom one

life-stageto the next, e.g. from seedto germinantto establishedseedlingto

sapling to fruiting adult. A matrix of theseratesor probabilitiescanbe used

in a deterministicMarkov Chain model or a probabilisticMonte Carlo-type

model to project a growth ratefor thepopulation.

At this time, a formaldemography-basedPVA is inappropriatefor the

endangeredKonadry forest speciesfor two conspicuousreasons: detailed

demographicdataarenot availableandthe prognosisfor thenatural recovery

of thesepopulationsis obvious. Observationsoverthe last ten or moreyears

of the wild NorthKona populationsof thesetwo specieshavefound no

seedlingestablishmentand no recruitmentof reproductivetrees. These

observationssetthe probability of population growthand longtermsurvival to

zero. They also pointout that the key to recoveryis reclaimingthe habitatby

removalof fountaingrass,alien herbivores,seedpredatorsand all other

factorsthat preventnatural regeneration.

Reproductionstudiesshould include theobjectiveof determiningif

thesespeciesmight be “episodic reproducers”in which seedlingestablishment

is dependentupon widely spacedfavorableperiodsof higherthannormal

rainfall. Such a finding would greatly affect the estimatesof the negative

impactof suchexternal threatsas fountaingrasscompetitionand herbivoryand

the overall understandingof the species’demography.

(3) An EnvironmentalModel for Risk Analysis of Kona Dry ForestHabitat

A PVA model that identifiessuitablehabitatand theappearanceand

disappearanceof habitatpatches(due to fires, volcanism,changesin land use,

etc.) for thesespecieswould be useful. This kind of PVA is useful for species

that can thriveas long as suitablehabitatis available. Theworking

assumptionsthat both of thesedry forest speciesarereproductivelyand
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biologically viable but endangereddue to habitatlossand habitatdegradation

emphasizethat it is thedynamicsof the habitatsegmentsratherthan the

demographicsthat arecritical.

Until the threatsof fountaingrass,fire, ungulatedamageand

developmentarealleviated,managementof thewild populationsof these

specieswill essentiallyconsistof preventingtheirextinctions. An

environmentalPVA might be useful in estimatingthe probabilityof loss to

development,fire, lava flows and otherlarge-scaleactivities that could destroy

the existing trees.An environmentalPVA might be usefulat the presenttime

and againafter fountaingrassand thethreatof fire arebroughtundercontrol.

An environmentalmodelof thedry forest habitatwould at least:

1) identify areasthat havethe suitablephysicalcharactersto be habitatfor

thesespecies;

2) considerplanneddevelopmentandland usewithin the rangesof these

species;

3) considerthe frequencyand sizeof possiblefires;

4) considerthe frequencyand sizeof lava flows from Mt. Hualalaiand how

they might reducethe habitat.

Themodel would predict the likelihood thatall the existingpopulations

could beextirpatedin a relatively short time periodbeforenew populations

could be established.
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PART II. RECOVERY

1. RECOVERY OBJECTIVES

This recoveryplan hastwo operationalobjectives: 1) preventthe

imminentdestructionof the few remainingwild treesof thesespecies;and 2)

removethe environmentalfactorsthat preventtheirnatural regenerationand

dispersal. The first canprobablybe achievedby building exclosurefencesand

preventingfire from burning thetrees. The secondobjectiveis dependent

upon developmentof effectiveregion-widecontrol methods,suchasbiological

control, for fountaingrassandotheralien plants, feral ungulatecontrol and

insectcontrol. Unfortunately,thereis no concertedresearchand development

programfor fountaingrasscontrol at this time and control of the otherfactors

is often difficult, expensiveand controversial. This recoveryplan is written

with the assumptionthat researchwill provideregion-widecontrol of fountain

grass,but is written with an incrementalapproachthat directsbasicprotection

of existing treesandexpansionof germplasmreservesthat shouldbe

implementedat once.

Downlisting or delistingof thesespeciesis completelydependentupon

restorationof naturally regeneratingpopulations. Managementandresearch

activities will be directedtowardsreductionof theknown environmental

factorsthat threatenextinction and preventnatural regeneration.

Literaturereview leadsto theconclusionthat thesetwo speciesare

endangeredbecauseof identifiableexternalfactorswithin theirhabitatthat

preventseedlingestablishmentand recruitment,predationby introduced

ungulatesand insects,and thethreatof fire. The low numberof individualsof

thesespeciescould alsobe an obstacleto reproductionof viableplantsand

populations. From the presentstateof knowledge,it is concludedthat if the

external threatsare significantly reducedthroughouta largeportion of dry

foresthabitat, thesespecieswould reproduceon theirown, but given the
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extremelysmall numberof matureplants,they maynot be ableto reproduce

fast enoughto supportviable populationson theirown.

At the present,thereis no scientificbasisfor setting minimum

populationsizesor minimum numberof populationsrequiredfor down-listing

or delisting thesespecies. Thelackof suchbasicknowledgeaslife spanand

ageat reproductivematurity makedemographicmodellingand projections

impossible;therefore,recoveryobjectivesdealingwith minimum population

size shouldbe viewedastemporaryestimateswhich will beupdatedand

refinedasmoreinformationbecomesavailable.

Thesespeciesshould be consideredfor downlistingwhen:

1) It is observedand documentedthat the major threatslisted in PartI are

greatly reduced.

2) It is observedand documentedthat following the removalof threats,

new treesarebeing recruitedby natural regenerationat a rateadequate

to replaceindividualslost from thepopulationand preservelong term

geneticdiversity.

3) Recoveryproceedsfor the time, approximately13 years,neededto

providedemographicdatato be usedin populationviability analysis

(PVA) to estimateminimum populationnumbersanddensitiesfor

effectivereproduction.

4) A thoroughreview of the environmentaldynamicsand humanactivities

within the dry forest habitatis conductedto determinethe minimum

habitatareaneededto give a high probabilityof survival of the species

over the next200 years.

5) Currenthabitathasbeensecuredin perpetuity.

6) Any managementpracticesnecessaryto maintainthe protectedhabitats

havebeenimplemented.
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7) The habitatis populatedwith the numbersand densitiesof thesetwo

speciesindicatedby the resultsof researchand the PVA (minimumof

100 naturally reproducingindividualsin eachof 3 populationsof each

speciesin North Kona anda minimum of 100 naturally reproducing

Caesalpiniakavaiensis,in eachof threepopulations,on eachof Oahu,

Lanai, Kauai and Maui).
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2. STEP-DOWNNARRATIVE

1.Protecthabitatof currentpopulationsand managethreats

.

Currenthabitatof Caesalpiniakavaiensisand Kokia drynarioidesshould be
protectedthroughcooperativeagreementswith landowners,and threatsto
currentpopulationsshould be controlled.

11. Protectand manageNorth Kona populations

.

Severalmanagementareasadequatein size for long-term recovery
should be designatedbasedon the presentlocationof critical biological
resourcesand a realisticevaluationof future land usein North Kona.

111. Selectmanagementareas

.

A scientific statementof theareaneededto support
self-sustainingpopulationsof thesespeciesis not now possible,
but sincethey are large,long-lived life forms in a dynamicand
stressfulenvironment,the managementareaswill be regional
ratherthan local in scale. Managementareasshould be
measuredin hundredsof hectaresat the minimum. Each
managementareamay containseveralmanagementsites
prioritized for intensivemanagementand othercandidatesites
that will be usedfor reestablishingCaesalpiniakavaiensisand
Kokia drynarioideswhenconditionsand availableresources
permit. Managementareasmust be chosentaking into
considerationthe distributionof thebiological resource,an
analysisof habitathazards,and theability to obtain long-term
securityof the area.

Although knowledgeof the occurrencesof Caesalpinia
kavaiensisand Kokia drynarioidesis not complete,severalsites
canbe recommendedfor high priority asmanagementareas.
Priority should be given to the areawithin the Halepiula3,
WaimeaPaddockportion of thecritical habitatwith threeKokia
drynarioidestreesand theCaesalpiniakavaiensispopulationin
Kealakehe. Becauseof its locationwithin a proposed
development,managementof theKealakehepopulationmay
requirea modificationof managementaspresentedin this plan
and/oradaptationof theproposalsthat havebeensubmittedasa
mitigation plan (SeeSection9 of Introduction). The Kealakehe
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populationis importantbecauseof the numberof Caesalpinia
kavaiensistreesthere,but moresobecausethis sitemarksan
extensionof the rangefar south of the critical habitat. A third
potential site on stateland would includeall or someof the
treeson either sideof thePuuwaawaa-Puuanahuluboundary.
This site is also nearthenorthernextremeof the rangeof
Caesalpiniakavaiensis. Other sites that should be considered
for inclusion in managementareasare: all othersiteswith one
or moreCaesalpiniakavaiensisor Kokia drynarioidestreeswith
otherrareor endangeredplantsof otherspecies;and sites
dominatedby nativeplant communitieswhich arewithin the
historical rangeof the subjectspecies(Takeuchi1990).

1111. Usedistribution information in this report and
future surveysto prioritize sitesaccordingto their
value asendangeredspecieshabitat

.

Priority shouldbe given to areasthat havewild
Caesalpiniakavaiensisor Kokia drynarioidestrees. This
plan should be fully integratedwith otherendangered
speciesrecoveryplans; therefore,priority canalso be
given to areassuitablefor thesespecieswhich contain
otherendangeredor candidatespecies. Two other tree
speciesof thedry forestcommunity,Colubrina
oppositifoliaand Nothocestrumbreviflorum, areproposed
for listing asendangered,and otherrareand unique
plantsoccur in the region. Becauseof thegoal of
maintainingCaesalpiniakavaiensisand Kokia
drynarioidesin a naturalecosystem,communitieswhich
aresuitablefor thesespeciesand contain a high
proportionof nativeto alien plants,or othercharacters
that enhancetheirvalueasnative plant habitatshouldbe
includedin managementareaswhetheror not they
contain eitherof thesespeciesat the presenttime.

1112. Identify Stateor private lands that canbe secured
for managementin perpetuity

.

A review of public andprivafelandswithin the historical
rangeof the speciesshould be madeto determinewhich
canbe madeavailableas managementareasand canbe
securedin perpetuityby meanssuchas long-term
cooperativeagreements,zoning, conservationeasements,
etc.
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1113. Determineextentof habitatreouiredfor recovery

.

Therisk of habitatdestruction,especiallyby fire or
volcanism,shouldbe analyzedto help determinethe
extentand dispersionof managementareasnecessaryto
decreasethechancethat a singledisastercoulddamage
theentire protectedpopulationsof Caesalpiniakavaiensis
or Kokia drynarioides. Extent of pastfires and lava
flows shouldbe analyzed. Planningshould take
advantageof natural firebreaks,suchaslava flows, if any
exist.

112. Protectthemanagementareas

.

Efforts should be madebetweenadjacentlandownersand
managersto enterinto long-termagreementsfor the protection
of siteswhereCaesalpiniakavaiensisor Kokia drynarioidesare
known to exist or wherethey may be found in the future. Such
protectionmay involve changesin land use,large-scalefencing,
fire suppressionand control,etc.

After theareasareprotected,the first objectiveof site
managementis thepreventionof the accidentallossof treesof
thesetwo species. This objectivecanbeachievedlargely by
removingthe threatsof fire and browsingby establishing
intensivemanagementsitesaroundall wild Kokia drynarioides
and Caesalpiniakavaiensistrees. Intensivelymanagedsites
should be largeenoughto includeareasfor natural reproduction
and the augmentationtasks(#3) describedbelow.

1121. On State-ownedlands.changeStateland use
classificationsof managementareasto
Conservation

.

On State-ownedlands,the land-useclassification(LUC)
of managementareasshould bechangedto Conservation,
Protectedsubzone,to maximizeprotection. This LUC
will afford legal protectionto the entire regional
managementarearatherthanprotectingonly the
individual endangeredplant or the local siteasrequired
by the Stateendangeredspecieslaw.
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1122. ProtectStatelands leasedfor ranching

.

Agreementsfor the managementof endangeredspecies
shouldbe negotiatedwith the lessees(Hualalal and
Puuwaawaaranches)of theseproperties.

1123. Protectlandsowned by Kamehameha
Schools/BishopEstateand lesseePIA Sports
Properties

.

High priority shouldbe given to reachingagreementwith
KamehamehaSchools/BishopEstateand its lessee,PIA
SportsProperties,Inc., for themanagementof the
Kaupulehusideof theboundarykipuka. At this time,
PIA is working to protect theseendangeredplants(see
Section9, PartI of this plan). Recoveryefforts should
include assistingthe landownerand/orlesseeto continue
to managethis sitewith themethodsdetailedbelow, in
Section3. A secondpotentialmanagementareawithin
the KamehamehaSchools/BishopEstateland of
Kaupulehuwould includethe siteof four Caesalpinia
kavaiensistreesat 500 meters(1600feet) elevationin
Kaupulehu,anda third is theexclosurewhereKokia
drynarioidesseedlingshaverecentlysprouted.

113. Createand/orexpandscientifically managedgermplasm
reservesincluding a seedbankand specimensin arboreta

.

Both speciesshouldbe protectedagainstthe catastrophiclossof
the few remainingtreesin the wild. It is believedthat a sizable
numberof both speciesaregrown in private and institutional
gardens. However, it is not known how well thesetreesare
faring or if reliablepropagationis occurring. Therefore,an
effort shouldbe madeto locateand assesall individuals
growingin theseprivate gardents. In addition, it is importantto
supporta scientifically managedgermplasmreserve,including a
seedbank and specimensin arboreta. At this time, the National
TropicalBotanicalGarden(NTBG), Kauai, hasa permit from
the Stateof Hawaii to collectseedsandpropagateendangered
plants. Caesalpiniakavaiensisis amongtheplantsthat they
maintainaspart of thenational collection of endangeredplants
sponsoredby the Centerfor PlantConservation. Such
germplasmreservesfor both speciesshould be financially
supportedat NTBG and at leastone otherfacility. This should
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include material from all islandswherethe speciesoccurs,and
from as many individuals aspossible. Carefulrecordsof the
origin of all material mustbe kept.

114. Developa fire responseand suppressionplan for both
species

.

Short-termsurvival aswell as long-termrecoveryof the
remainingwild populationsof thesespeciesrequiresaggressive
implementationof a fire control plan in the managementareas.
Wildfire should be stoppedby continuingthe currentDOFAW
North Kona fire control plan until a new plan is adopted.
Under the currentplan, DOFAW maintainsfirebreakson both
sidesof the Belt Highway in Puuwaawaaand otherfirebreaks
which also serveasaccessto the siteswith endangeredplants,
and periodicallyremovethe highly flammablefountain grass
from near the trees. Theadequacyof thecurrentplan should
be reviewed,updatedif necessary,and extendedto the
populationof Caesalpiniakavaiensisin Kealakeheand anyother
sites with theseendangeredspecies.

1141. Improve accessto all managementsites:file
accessmaps with fire department

.

All managementsites mustbeaccessiblein caseof fire.
Roadsmay needto bebuilt and/orupgradedto provide
access. Also, easyto read mapsthat showaccessto the
managementsites and alternativeroutesmustbeprovided
to the fire department.

1142. Train severalpeopleas liaisonswith thefire
departmentto facilitate the responseplan

.

Personnelfrom theprincipal endangeredplant protection
agency(probablyDOFAW) must beavailableas liaisons
to the firefighters. More thanone personmustbe
well-trainedin this role sothat a liaison is always
available. The liaison should beableto indicatewhere
the managementsitesareand what resourcesare
available,suchaslocationof water reservoirsand
equipmentthat might beavailablefrom otheragencies.
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1143. In cooperationwith otherstateand federal land
managingagencies.assemblebestavailable
technicalinformation for fire preventionin
fountaingrassinfestedlands

.

Contactshould be establishedwith other stateand federal
agenciesthat managefountaingrassinfestedlandsto
assemblebest-availabletechnicalinformation for fire
prevention.

1144. Implementupdatedfire control strategyin North
Kona.

Information from tasks 1141 - 1143 should be usedto
implementan updatedfire controlplan in North Kona.

1145. Schedulemaintenance

.

A regularscheduleof monitoringand maintenanceof fire
breaksand fuel-freeareasshouldbe set.

115. Implementa fountain grasscontrol plan for North Kona

.

Thecontrol of fountaingrassis likely to be the most recalcitrant
problem facing restorationof the dry forest ecosystemand
recoveryof its endangeredspecies. Forminga dense,grassy
groundcover in communitiesthat formerly had a sparseground
coveron near-barrenlava, fountaingrasspresentstwo
formidablethreatsto endangeredtreesand the formernative
community: 1) it is a fire-adaptedgrassthat promoteswildfire;
and 2) it dominatesthegroundcoverand appearsto
out-competeseedlingsof nativetreesandotherplants. Hawaii
VolcanoesNational Park,ResourceManagementDivision, is
managinga largeareawith a fountaingrassproblem.The most
widely usedcontrol methodis simply hand-pulling;however,a
considerableamountof planningtime hasgoneinto determining
the mostcost-effectivestrategyfor selectingwhereand when to
apply control. The bestcurrently availablecontrol methodsfor
small managementsites mustbe identified while research
proceedsin developingeffectiveregionalcontrol methods.
Attention shouldbe given, asthe ParkServicehas,to
determininga cost-effectivestrategyfor applying mechanical
control.
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Using information from other land managementagenciesand
from research,implementa coordinatedfountain grasscontrol
programfor theNorth Kona managementsites.

116. Control ungulatedamage

.

Browsingby ungulateswill be stoppedby establishingand
maintainingexclosurefencesand removingany animalsfrom
the exclosures. Fencesmustbe adequateto excludedomestic
and feral livestock. Exclosuresshouldbe largeenoughto
protecta functioning communityunit with room for natural
regenerationandaugmentationof the endangeredspeciesand
othernativeplants.

117. Continuecontrol of alien plantsin North Kona
exclosures

.

Control of alien plantsincluding fountaingrass,Lantana,Silk
oak and Custardapple,should continuein theNorth Kona
managementareas.

118. Control rodents.samebirds and insects,asnecessary

.

Rodents, game birds and invertebrates,including Xylosandrus

,

should be trappedor otherwisecontrolledbasedon research
results.

119. Manageotherenvironmentalfactorsthat limit natural
re2eneration

.

Otherlimiting factors,suchasrecreationalimpactsfrom hikers,
may needto be managedbasedon research results (Task # 29).

1110. Implementtagging and long term monitoring of North
Kona individuals

.

In order to keepaccuraterecordsof recoveryprogress,all
individualsmustbe mapped,taggedand routinely monitored.
Taggingand monitoringactivities should be expandedto include
new individualsand subpopulationsasthey areestablished.
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12. Protectand manageOahupopulations

.

Thehabitatof the threeWaianaemountainpopulationsof Caesalpinia
drynarioidesmustbe protected,and threatscontrolled.

121. Enter into a long term agreementwith the Stateof
Hawaii for managementof Oahuforest reservelands
containing Caesalpinia kavaiensis

.

An agreement for management of the WaianaeKai, Mount
Kaala and Makaleha Valley Caesalpinia kavaiensisindividuals
should be negotiated with theStateof Hawaii.

122. Createand/orexpandgermplasmreserves

.

Seenarrativeunder task# 1131.

123. Evaluate need for a fire control programon Oahu

.

The extent of fire threat to the Oahupopulationsshould be
evaluated and a fire control program developed if necessary.

124. Control ungulateson Oahu

.

The WaianaeKai, Mount Kaalaand MakalehaValley
Caesalpinia kavaiensis populations should be fenced. Fenced
areasshould be largeenoughto accommodatenatural
regenerationand augmentationof the populations. Fencingof
theentire areashould be consideredin costeffectiveand
warrantedby otherresourcesin the area.

125. Control alien plants on Oahuasneeded

.

Australian red cedar must becontrolledandthe individuals
shading the Caesalpiniakavaiensistreesremovedat Puupane.
Removal work shouldbedoneby experiencedpeopleso asnot
to damagethe endangeredtrees. Schinusand Psidiumcontrolis
also needed in all areas,and otherspeciesmay needcontrol in
the future.

126. Control rodents, game birds and insects,as necessary

.

See narrative under task # 118.
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127. Manageotherlimiting factorson Oahu

.

Seenarrativeundertask //119.

128. Implementtagging and long term monitoring of all Oahu
individuals

.

Seenarrativeunder task# 1110.

13. Protectand manageLanai population

.

Thehabitatof Caesalpiniakavaiensison Lanai should beprotectedand
threatscontrolled.

131. ProtectLanai habitatownedby Castle& Cooke

.

Stepsshouldbe takento ensurethat Castle& Cookeis awareof
thepresenceof Caesalpiniakavaiensison their landsandevery
effort should bemadeby DOFAW and/orthe USFWS to assist
Castle& Cooke, asnecessary,in developingandimplementing
long-termmanagementplansfor theprotectionand restoration
of C. kavaiensison theselands.

132. Createand/orexpandgermplasmreserves

.

Seenarrativeundertask# 1131.

133. Evaluateneedfor a fire controlprogramon Lanai

.

Theextentof fire threat to the Lanaipopulationshouldbe
evaluatedand a fire control programdevelopedif necessary.

134. Control ungulateson Lanai

.

The singleLanai individual should be includedin a fencedarea
largeenoughto accommodatenatural regenerationand
augmentation. Thesteepterrain may makethis taskdifficult.

135. Control alien plantson Lanai as needed

.

Alien plants in the Lanai exclosureshouldbe controlled,as
needed.
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136. Control rodents.gamebirds and insects,as needed

.

Seenarrativeunder task# 118.

137. Manageotherlimiting factorson Lanai

.

Seenarrativeunder task# 119.

138. Implementtagging and long term monitoring of Lanai
individuals

.

Seenarrativeundertask # 1110.

14. Protectand manageKauai populations

.

If Caesalpiniakavaiensisstill occurson privateland on Kauai, the
remaininghabitatshould beprotectedand threatsto the individuals
should becontrolled.

141. ProtectKauai habitat

.

Thelandowner’scurrentprogramof rareplant conservation
shouldbe supportedand assisted.

142. Createand/orexpandgermplasmreserves

.

See narrativeunder task //1131.

143. Evaluateneed for a fire control programon Kauai

.

Theextentof fire threat to any remainingKaua population
should beevaluatedanda fire controlprogramdevelopedif
necessary.

144. Control ungulateson Kauai

.

Any remainingindividualson Kauai should be includedin a
fencedarealargeenoughto accommodatenatural regeneration
and augmentation.

145. Control alien plantson Kauai asneeded

.

Control of alien plantsin the Kauai exclosureshouldbe doneas
needed.
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146. Control rodents,gamebirds and insects,as needed

.

Seenarrativeundertask # 118.

147. Manageother limiting factorson Kauai

.

Seenarrativeunder task # 119.

148. lmplementtagging andlong term monitoring of Kauai
individuals

.

See narrative under task # 1110.

15. Protectand managehabitaton Maui

.

AlthoughCaesalpiniakavaiensisis thoughtto be extincton Maui, it
existedtherein the recentpast,and unknownindividuals may still be
present. Searchesfor individualsaswell as habitatsuitablefor
reintroductionshould be conducted,and suitablehabitat should be
protectedand managed.

151. Searchfor unknown Caesalpiniakavaiensisindividuals on
Maui

.

Systematicsearchesshould beconductedin likely habitaton
Maui, and the extentand quality of potential habitatshould be
recorded.

152. ProtectCaesalpiniakavaiensishabitaton Maui

.

Using theresultsof task # 151, suitablehabitatfor extant
individuals and for reintroductionof C. kavalensison Maui
should beprotectedthrougha cooperativeagreement,lease,fee
purchase,or otheragreementwith the landowner.

153. ManageCaesalpiniakavajensishabitaton Maui

.

Oncethe habitathasbeenprotected,threatsto any individual
plantsand habitatshould beevaluated,andcontrol of the threats
should begin. Fencingand alien plant control will probablybe
necessaryin preparationfor reintroductions.
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2. Conductresearchon limiting factors

.

Implementingthe managementplan will requirefurther researchto identify
and characterizetheenvironmentalthreatsthat arepreventingnatural
regenerationof thesetwo speciesand to developmanagementtechniques. It is
suggestedthat all dry forestendangeredspeciesresearchbe coordinatedand
contractedthrougha singleoffice in order to maximize informationsharing
amongresearchersand to avoid duplicationof efforts.

21. Researchpollination, seedset. germinationand life cycle

.

Observations indicate that in both species, only some isolated treesare
able to produce viable seed (Lamoureux 1981) and thepollination
mechanismsfor self-pollinationand outbreeding,germination
requirementsand life cyclesarenot known. Researchon thesesubjects
should bedone.

22. Determineextentof inbreedingsuppressionand inter-relatedness
of subpopulations

.

Recoveryof a viable, interbreeding population of eachof thesespecies
may be inhibited by unknownreproductivefailure dueto inbreeding
suppression. Researchon geneticvariablity andpossibleinbreedingin
thesespeciesshould be done.

23. Evaluaterole of abiotic factorsandcompetitionwith alien plants
in survival and reproduction

.

Studiesof the ecologyof thetwo subjectspeciesshould be supportedto
determinethe environmentalresourcesincluding light, water
availability, mineral nutrients, and soil requirementsneededfor natural
regenerationand survival. Thesestudiesmustalsoevaluatethe
importanceof fountaingrassandotheralien plantsas competitorsfor
theseresources. Theprobability that thesetwo speciespreviously
successfullyreproducedonly during unusualepisodesof favorable
climatic conditionsshould alsobeevaluatedin this context. Someof
this researchmay bedonewith seedlingsraisedin authorizednurseries
or botanicalgardens,but, on the whole, seedlingecologystudiesmust
be field oriented.

This researchcould includeobservationof theeffectsof weeding,
watering,fertilizing, etc. Caremust be takento insure that no research
which maybe harmful to the remainingwild individualsis undertaken.
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24. DetermineDronertiesof seedbank in soil

.

Thenumberof dormantseedsin thesoil should be determinedfor both
species.

25. Researchutilization of endangeredplant flowers, fruit. seeds.or
seedlingsby alien rodents.birds. and invertebrates

.

Theimportanceof seedand seedlingpredationin curtailing natural
regenerationmustbe evaluated. Rats,mice, and unspecifiedgame
birds, and invertebrateshaveall beennamedaspredatorsof seedsof
oneor bothof thesespecies. Seedlingshavealsobeenreportedto have
beenchewedby rodents. No recordsof mortality havebeenkept.
Researchmustdeterminethe quantityof seedproducedand the fateof
the seeds.

26. Investigatepossiblerelationshipsbetweensubjectspeciesand
root symbiontswhennumbersallow

.

Thepresentdangerouslylow numbersof both speciesprecluderoot
symbiot researchat this time. However,whenmorenumerous
specimentsareavailable,the existenceand natureof mycorrhizal
symbiosisshouldbe determined,as should the associationsof
Caesalpiniakavaiensiswith nitrogen-fixing Rhizobium. Thepresence
of otherroot commensals,includingalien pathogens,should also be
investigated.

27. Researchalien plant control methods

.

Developmentof effectivemethodsof control for Fountaingrass,
Christmasberry, Strawberryguava,Silk oak, Lantanaand otheralien
plantsmustbe aggressivelypursuedin cooperationwith otherstateand
federal agenciesthat manageinfestedlands.

271. Appraisefeasibility and risk vs. benefitsof biological
control

.

Although pastevaluationsfor biological control havebeen
pessimistic,efforts to find safebiological controlsfor fountain
grass and other alien plants shouldbe aggressivelypursued.
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272. Evaluateuseof pre-emergenceherbicide.including
adverseimpactson native plant seedbank

.

TheParkServicehasgottensomeencouragingpreliminary
resultsfrom theexperimentalapplicationof pre-emergence
herbicideto clearedareasto preventreestablishmentfrom the
seedbank. DOFAW hasusedRound-Upherbicidewith some
successto maintainfirebreaksin Puuwaawaa.Pre-emergence
herbicidesshould be furtherevaluatedfor alien plant control,
includingdeterminationof any adverseimpacton seedsof
nativeplantsin the soil seedbank.

273. Evaluateuseof grazingby cattlefor fountain grass
control

.

The effectivenessand the negativeimpactsof using cattleto
suppressfountaingrassoutsidethe managementareasshould
also beevaluated.

28. Researchcontrol methodsfor insects

.

Researchexploringmethodsof control for scaleinsects,aphid farming
ants, Xylosandrusandotherpest insectsshouldbe conducted.

29. Evaluaterole of otherfactorslimiting natural regenerationthat
may be indicated

.

Any otherenvironmentalfactor that may limit natural regenerationor
survival of either of thetwo subjectspeciesshould be investigated.

210. Synthesizefindings from 21 - 29 to developtechniquesto
improvesurvivorship of seedsand seedlings

.

Following the identificationand evaluationof factorslimiting recovery,
managementtechniquesmust bedevelopedto eliminateor reducethe
adverseeffects. All researchleadingto managementtechniquesfor the
various limiting factorsmust be coordinatedand mutually informedso
that all work well together. Restorationmanagementplans shouldbe a
synthesisof up-to-dateresearch.

3. Increasenumbersin existing populations

.

It is hopedthat by eliminatingcurrentthreats,populationswill be ableto
reproducewell enoughon theirown to reachnumbersnecessaryfor
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downlisting. The increasein numbersof thesetwo speciesshould beenhanced
by specialcareandtreatmentof seedsand seedlingswithin the management
sites. Whenpossible,the presentpracticeof outplantingnursery-raised
seedlingsshould be de-emphasizedfor two reasons:1) increasingnumbersby
outplanting will not reducetheenvironmentalfactorsthat areresponsiblefor
endangerment;and 2) nursery-raisedstock may carry insectsor pathogensinto
thenaturalpopulation. Recruitmentfrom seedscollectedon the site or from
nearbytreesshould be promotedby managementtechniquesdevelopedthrough
research. Techniquesmight includebarriersto discourageseedpredation,drip
irrigation systems,placementof seedsin select microhabitats,and sheltersor
otherfeaturesto reduceevapotranspiration.Augmentationthrough transplant
of nurseryraisedstock maybe necessaryin areaswhereonly a few or no
matureindividuals remain.

31. Determinepopulationsto be increased

.

The populationson Lanai and Kauai will needto be enhancedby
transplantationof nursery-raisedindividuals. The needfor such
augmentationon Oahuandin North Kona will needto be evaluated.

32. Determineappropriatetechniquesfor increasingnumbers

.

Augmentationthroughtransplantof nurseryraisedseedlingsof both
speciesand increasedreproductionthroughalien plant control have
alreadybeenstartedin North Kona by DOFAW. Theseefforts should
becontinuedin order to determinethe optimum techniquesfor
increasingnumbers.

33. Developan augmentationplan for North Kona. if necessary

.

If adequatenatural regenerationdoesnot occur,detailedaugmentation
planswhich addressthe specificgeneticstockto be usedand the
preciselocationof all transplantsshould bedeveloped.

331. Select genetic stock to be used in augmentation

.

The results of task # 22 should be usedto selectthe most
appropriategeneticstock for usein augmentation.

332. Identify areasto augment

.

Within managementexclosures,specific areaswithin the
historical rangeof the speciesmust be identified asthe precise
anticipatedlocationsof all transplants.
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333. PropagategeneticallysuitableCaesalpiniakavaiensis
plants

.

Oncethe geneticstock hasbeenselected,plantsmustbe
propagatedin an appropriatefacility. Specialcaremustbe
taken to insure that seedlingsto be outplantedarefreeof insects
and pathogens.Enoughseedlingsfor usein bothaugmentation
and new populationestablishment(task# 4) should be
propagated.

334. PropagategeneticallysuitableKokia drynarioidesplants

.

Seenarrativeundertask # 333.

335. Transplantnursery-grownplants

.

Oncethetransplantareashavebeenidentified and theproper
geneticstock propagated,transplantationcanproceed.
Transplantingshould bedoneusing thebest informationon
techniques,time of year, etc. All plantswhich fail to survive
transplantationwill needto be replacedwith geneticallysimilar
individuals.

34. Developan augmentationplan for Oahu. if necessary

.

If adequatenatural regenerationdoesnot occur,detailedaugmentation
planswhich addressthe specific geneticstock (from Oahu, if available)
to be usedand the preciselocationof all transplantsshould be
developed.

341. Selectgeneticstock to be usedin augmentation

.

Seenarrativeunder task# 331.

342. Identify areasto augment

.

See narrative under task # 332.

343. Propagate genetically suitableCaesalpiniakavajensis
plants

.

Seenarrativeunder task #333.
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344. Transplantnursery-grownplants

.

Seenarrativeunder task # 335.

35. Developan augmentationplanfor Lanai

.

Detailed augmentation plans which addressthe specific geneticstock
(from Lanai, if available)to beusedand thepreciselocationof all
transplantsshould bedeveloped.

351. Selectgeneticstock to beusedin augmentation

.

Seenarrativeunder task# 331.

352. Identify areasto augment

.

Seenarrativeundertask # 332.

353. PropagategeneticallysuitableCaesalpiniakavaiensis
plants

.

Seenarrativeunder task#333.

354. Transplantnursery-grownplants

.

Seenarrativeunder task# 335.

36. Developan augmentationplan for Kauai

.

Detailedaugmentationplanswhich addressthe specific geneticstock
(from Kauai, if available) to be used and the precise location of all
transplantsshould bedeveloped.

361. Select genetic stock to be used in augmentation

.

See narrative under task # 331.

362. Identify areasto augment

.

Seenarrativeundertask # 332.
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363. PropagategeneticallysuitableCaesalpiniakavaiensis

plants

.

See narrativeundertask#333.

364. Transplantnursery-grownplants

.

Seenarrativeundertask # 335.

4. Establishnewpopulations

.

In orderto reachthedelisting goalsof 3 populationsof eachspecieson Hawaii
islandand 3 populationsof Caesalpiniakavaiensison Oahu,Lanai, Kauai and
Maui, newpopulationsof Caesalpiniakavaiensiswill haveto be establishedon
Lanai, Kauai and Maui within the historical rangeof the species.

41. Establishnewpopulationson Lanai

.

Stepsshould be takento establishtwo new populationsof Caesalpinia
kaviensison Lanai within thehistorical rangeof the species.

411. Selectnew sites on Lanai

.

High priority for new siteswill begiven to areaswith thebest
quality remnantcommunitiesof nativeplantswithin the
historical rangeof the species. In choosingbetweensites of
equalbiological value,considerationshould begiven to the
logistics of managingthe siteand thegoal of dispersingthe
sites.

412. Securenew sites on Lanai

.

An agreementfor managementof the new siteswill needto be

negotiatedwith Castle& Cooke.

413. Select geneticstock to beusedin reintroductionson
Lanai

.

Using information from task# 22, appropriategeneticstock
should be chosenfor reintroduction. Geneticstockfrom
anotherisland shouldonly be usedwhen material from the same
island is not available.
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414. Control ungulatesat new sites on Lanai

.

Areaslargeenoughto support100 reproducingindividuals
should be fenced.

415. Control fire asneeded

.

Seenarrativeunder task# 133.

416. Control alien plantsas needed

.

Seenarrativeunder task # 135.

417. Control seedpredatorsas needed

.

Seenarrativeunder task# 1163.

418. Establishseedlingsin new sites

.

Seenarrativeunder task # 335.

42. Establishnew populationson Kauai

.

Stepsshould be takento establishtwo new Caesalpiniakavaiensis
populations on Kauai within the historical rangeof the species.

421. Selectnew sites on Kauai

.

Seenarativefor task # 411.

422. Securenew sites on Kauai

.

A agreementfor managementof the new sites will needto be
negotiatedwith the landowner(s).

423. Select geneticstock to be usedin reintroductionon
Kauai

.

Seenarrativeunder task# 413.

424. Control ungulatesat new site on Kauai

.

Seenarrativeunder task# 414.
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425. Control fire asneeded

.

Seenarrativeundertask# 133.

426. Control alien plantsasneeded

.

Seenarrativeunder task# 135.

427. Control seedpredatorsasneeded

.

Seenarrativeunder task# 1163.

428. Establishseedlingsin new sites

.

Seenarrativeunder task# 335.

43. Establishnew populationson Maui

.

Stepsshould be taken to establishthreenew Caesalpiniakavaiensis
populationson Maui, within the historical rangeof the species.

431. Selectnew sites on Maui

.

Seenarativefor task#411.

432. Securenew sites on Maui

.

A agreementfor managementof the new siteswill needto be
negotiatedwith the landowner(s).

433. Selectgeneticstock to be usedin reintroductionon Maui

.

Seenarrativeunder task# 413.

434. Control ungulatesat new siteon Maui

.

Seenarrativeundertask # 414.

435. Control fire asneeded

.

Seenarrativeundertask# 133.

61



436. Controlalien plantsas needed

.

Seenarrativeunder task# 135.

437. Control seedpredatorsas needed

.

Seenarrativeunder task# 1163.

438. Establishseedlingsin new sites

.

See narrative under task # 335.

5. Validate recoveryobjectives

.

An importantrole for researchis to verify the scientific validity of the stated
recoveryobjectivesin this plan.

51. Determinethe numberof populationsneededto ensuresurvival
over the next 200 years

.

It will be importantto know if thecurrentobjectivescall for enough
populationsfor thesespeciesto survive long term impactssuchas
hurricanes,volcaniceruptions,inbreedingsuppression,fire and
development.

52. Determinethe numberof individuals neededto ensuresurvival
over the next 200 years

.

It will be importantto know if thecurrentobjectivescall for enough
individuals to sustainpopulationsand to guardagainstinbreeding
suppression.

53. Reviserecoveryobiectives

.

Therecoveryobjectivesshouldbe revisedasoften aswarrantedby new
information.

54. Determineif hypothesizedhuman-inducedchangesin climate
will affectpopulations

.

Human-inducedchangesin global climatemay also impact on local
climatesandthus plant distributions. How theseglobal climate changes
might affect the long-term survivability of existing Caesalpinia
kavaiensisand Kokia drynarioidespopulationsshould be studied.

62



3. LITERATURE CITED

Belt Collins and Associates. 1990. Appendix to the final environmental
impactstatement: KealakehePlannedCommunity,KealakeheN.
Kona,Hawaii. Preparedfor HousingFinanceand Development
Corporation,Stateof Hawaii.

Blumenstock,D. I., and S. Price. 1961. Climatesof the States: Hawaii.
Climatographyof the UnitedStates60-51.

Degener,0. 1946. Flora Hawaiiensis,Books 1-4. 2nd ed. Family 169.
Mezoneuronkavaiensis. Privately Published.

Degener,0. 1986. FloraHawaiiensis,Book 7. Family 221. Kokia
drynarioides. Privately Published.

Fay, J.J. 1988. Hawaii’s PlantGuardianAngel. Garden11(3):2-4.

Gagne, W. C., and L. W. Cuddihy. 1990. Vegetation. in W. L. Wagner, D.
R. Herbst, and S. H. Sohmer. Manual of the flowering plants of
Hawaii. Vol. 1. University of Hawaii Press,Honolulu, Hawaii.

Gardner, D. E., and C. I. Davis. 1982. The prospects for biological
control of nonnativeplantsin HawaiianNational Parks. CPSU/UH
TechnicalReportNumber45. CooperativeNational ParkResources
StudiesUnit, University of Hawaii, Honolulu, Hawaii.

Hattink, T. A. 1974. A revisionof MalesianCaesalpinia,including
Mezoneuron(Leguminosae-Caesalpinaceae).Reinwardtia9:1-69.

Hillebrand,W. 1888. Flora of the Hawaiian Islands: a descriptionof their
phanerogamsand vascularcryptogams. Carl Winter, Heidelberg,
Germany.

Jacobi,I. D., and J. M. Scott. 1985. An assessmentof the currentstatusof
native uplandhabitatsand associatedendangeredspecieson the island
of Hawai’i. in C. P. Stone and J. M. Scott (editors) Hawai’i’s
terrestrialecosystems:preservationand management. Cooperative
National ParkResourcesStudiesUnit, University of Hawaii, Honolulu,
Hawaii.

LamoureuxC. H. (1981)Unpublishedstatussurveyof Kokia drynarloides
(Seem.) Lewt. U.S. Fish and Wildlife Service, Honolulu.

63



Lamoureux C. H. (1982) Unpublished status survey of Mezoneuron
kavaiensis (Mann) Hbd. U.S. Fish and Wildlife Service, Honolulu.

Markin, G. P., and E. Yoshioka. In Press. Evaluating proposed biological
control programs for introducedplants. in C. P. Stone,C. W. Smith,
and J. T. Tunison (editors),Alien plant invasionsin nativeecosystems
of Hawaii: managementand research. Univ. Hawaii Pressfor
Cooperative National Park Resources Studies Unit, University of
Hawaii, Honolulu, Hawaii.

Menges, E. 5. 1990. Population viability analysis for an endangered plant.
ConservationBiology 4:52-62.

Moody, M. E., and R. N. Mack. 1988. Controlling the spreadof plant
invasions: the importanceof nascentfoci. Journalof Applied Ecology
25:1009-1021.

Murphy, D. D., E. F. Kathy, and S. B. Weiss. 1990. An environment-
metapopulationapproachto populationviability analysisfor a
threatenedinvertebrate. ConservationBiology 4:41-51.

Rock, J. F. 1913. The indigenous trees of the Hawaiian Islands. Honolulu,
Hawaii.

Rock, J. F. 1919. The arborescent indigenous legumes of Hawaii. Terr.
Haw. Bd. Agr. For. Bot. Bull. 5:1-53.

Sato, H. H., W. Ikeda, R. Paeth, R. Smythe, and M. Takehiro, Jr. 1973.
Soil surveyof the islandof Hawaii, stateof Hawaii. U.S. Dept. of
Agriculture, Soil ConservationService,WashingtonD.C.

Shaffer, M. L. 1990. Populationviability analysis. ConservationBiology
4:39-40.

Takeuchi,W. 1990. Botanicalsurveyof Puuwaawaa:draft of final report.
Unpublishedreport submittedto DOFAW, DLNR, Stateof Hawaii.
ContractUC 1988-1(ESP)-042.

Tunison,J. T. In Press. Fountaingrasscontrol in Hawaii VolcanoesNational
Park: effort, economics, and feasibility, in C. P. Stone,C. W. Smith,
andJ. T. Tunison(editors),Alien plant invasionsin native ecosystems
of Hawaii: management and research. Univ. Hawaii Pr. for
Cooperative National Park Resources Studies Unit, University of
Hawaii, Honolulu, Hawaii.

64



Tunison,J. T., M. Gates,and C. Zimmer. 1989. Thefountaingrasscontrol
programin Hawai’i VolcanoesNational Park: A progressreport.
Unpublishedreport. Division of ResourceManagement,Hawaii
VolcanoesNational Park,Hawaii.

USFWS. 1984. Endangeredand threatenedwildlife and plants;determination
of endangeredstatusand critical habitatfor Kokia drynarioides
(Koki‘o). Fed. Reg. 49:47397-47401.

USFWS. 1986. Endangeredandthreatenedwildlife and plants;
determination of endangered status for Mezoneuron kavaiensis (uhiuhi)

.

Fed. Reg. 51:24672-24675.

Wagner, W. L., D. R. Herbst, and S. H. Sohmer. 1990. Manual of the
flowering plantsof Hawai’i. Vol. 1. University of Hawaii Press,
Honolulu, Hawaii.

Wooliams, K. 1978. Propagationof someendangeredplantsat Waimea
Arboretum. Notes from Waimea Arboretum 5:3-4.

Young, R. A., and P. Popenoe. 1916. Saving the kokio tree. J.
Heredity 7:24-28.

65



PARTIII. IMPLEMENTATIONSCHEDULE

TheImplementationSchedulethat follows outlinesactionsand

estimatedcost for the Caesalpiniakavaiensisand Kokia drynarioidesrecovery

program,asset forth in this recoveryplan. It is a guide for meetingthe

objectivesdiscussedin Part II of this plan. This scheduleindicatestask

priority, task numbers,taskdescriptions,durationof tasks,the agencies

responsiblefor committing funds, and lastly, estimatedcosts. Theagencies

responsiblefor committing fundsarenot, necessarily,the entitiesthat will

actuallycarry out the tasks. When more than one agencyis listed asthe

responsibleparty, an asteriskis usedto identify the leadentity.

The actions identified in the implementation schedule, when

accomplished,should protecthabitatfor thesespecies,stabilizetheirexisting

populationsand increasetheirpopulationsizesand numbers. Monetaryneeds

for all partiesinvolved are identified to reachthis point.

Priorities in
as follows:

Priority 1 -

Priority 2 -

Priority 3 -

Column 1 of the following implementationscheduleareassigned

An action that must be taken to prevent extinction or to prevent
the speciesfrom decliningirreversibly.

An action that must be taken to prevent a significant decline in
speciespopulation/habitatquality, or someothersignificant
negativeimpact shortof extinction.

All otheractionsnecessaryto providefor full recoveryof the
species.
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Key to Acronyms

ES

DLNR

HUAL

BISH

PIA

HCFD

NBS

NPS

C&C

Key to Other

C

0

Usedin ImplementationSchedule

Fish and Wildlife Service,EcologicalServices,Honolulu,
Hawaii

Hawaii StateDepartmentof Land and NaturalResources

HualalaiRanch,Island of Hawaii

KamehamehaSchools/BerniceP. Bishop Estate

PIA Sports Properties, Inc.

- Hawaii County Fire Department

- National Biological Survey

- National ParkService

- Castle & Cooke, Inc.

Codes Used in Implementation Schedule:

- Continuous task

- Ongoing (already begun as of writing of plan)
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Recovery Plan ImpLementation Schedule for Kona Oryland Forest Plants

PRIOR- TASK RESPONSIBLE COST ESTINATES (SV,O0O’S)
ITY TASK TASK DURA- PARTY TOTAL
# # DESCRIPTION TION COST FY1993 FY 1994 FY 1995 FY 1996 FY1997 Conraents

(YRS)

Protect and manage Kona populations:

1 1111 Prioritize management sites

1 1112 Identify Lands that can
be protected

1 1113 Determine extent of habitat
required for recovery

1 1121 Change state land use class
to Conservation, Protected
subzone

1 1122 Protect habitat Leased
by the State

1 1123 Protect Lands owned and
leased by Bishop Estate

1 113 Create/ expand germplasm reserves

1 1141 Improve access to sites
and fiLe maps with fire
department

1 1142 Train liaisons for fire
management

1 1143 Assent~Le best info, on
fire management in
fountain grass areas

1 1144 ImpLement updated fire
control pLan in North Kona

1 * ES
DLNR

1 ES
~ DLNR

2 *ES
DLNR

2 ES
*DLNR

2 *ES
OLNR
HUAL

2 *ES
DLWR
DISH

PIA

2 ES
* DLNR

2 ES
* DLNR

HCFO

2 ES
* DLNR

HCFD

2 *ES
OLNR
HCFO

1 ES

* DLNR

HCFO

a.’

0.5
0.5

0.5
0.5

0.1
0.5

0.25
0.25
0.25

0.25
0.25
0.25
0.25

10 10
10 10

0.5
0.5
0.5

2.5
2.5
2.5

0.5
0.5
0.5

0.5
0.5

0.5
0.5

2
2

0.2

0.5
0.5
0.5

0.5
0.5
0.5
0.5

20
20

5
S
5

5
5
5

0.1
0.5

0.25
0.25
0.25

0.25
0.25
0.25
0.25

0.5
0.5
0.5

2.5
2.5
2.5

0.5
0.5
0.5

5
5
5



Recovery Plan Implementation Schedule for Kona DryLand Forest Plants

PRIOR- TASK RESPONSIBLE COST ESTIMATES ($1,000’S)
ITY TASK TASK DURA- PARTY TOTAL
U U DESCRIPTION TION COST FY1993 FY 1994 FY 1995 FY 1996 FV1997 Comnents

(YRS)

1 1145 Schedule maintenance of
fire breaks

1 115 Implement a fountain grass
controL plan for N. Kona

1 116 Control ungulate damage
in North Kona

1 117 Continue alien plant
control in North Kona

1 118 Control rodents, game birds
and insects as necessary

1 119 Manage other Limiting
factors in North Kona

1 1110 Tag and monitor all
North Kona individuals

Protect and manage Oahu populations:

1 121 Negotiate a Long term agree-
ment with State of Hawaii
for Oahu habitat

1 122 Create and/or expand
germplasm reserves

1 123 Evaluate need for fire
control on Oahu

1 124 ControL ungulates on Oahu

1 125 ControL alien plants on
Oahu

1 126 ControL rodents, game birds
and insects, as necessary

1 127 Manage other limiting
factors on Oahu

0 ES
* DLNR

HCFD

C ES
* DLNR

C CES
DLNR

C. ES
* DLNR

C ES
* DLNR

C ES
* DLNR

C ES
* DLNR

7
70
14

13
65

170
170

26
26

13
65

TBO
TBO

13
26

2 *ES 0.5
DLNR 0.5

2 ES
* DLNR

1 ES
* DLNR

C ES
* DLNR

C ES
* DLNR

C ES
* DLNR

C ES
* DLNR

0.5 0.5 0.5
5 5 5
1 1 1

1 1
5 5

60
60

2
2

5

2
2

5

TBD
TRO

1
2

0.5 0.5
5 5
1 1

1 1
5 5

60 5
60 5

2 2
2 2

1 1
5 5

1 1 1
2 2 2

0.25 0.25
0.25 0.25

2.5
2.5

0.5
0.5

5
5

0.5
0.5

70
70

25
25

260
260

TBD
TBD

5
5

20
20

TBD
TBD

2.5
2.5

30 30 1
30 30 1

5 5 1
5 5 1

20 20 20
20 20 20

a’

Ongoing



Recovery Plan Implementation ScheduLe for Kona Dryland Forest PLants

PRIOR- TASK RESPONSIBLE COST ESTIMATES ($1,OO0’S)
ITY TASK TASK DURA- PARTY TOTAL
U U DESCRIPTION TION COST FY1993 FY 1994 FY 1995 FY 1996 FY1997 Comnents

(YRS)

128 Tag and monitor aLL

Oahu individuaLs

and manage Lanai population:

131 Protect Lanai habitat

owned by CastLe & Cooke

132 Create and/or expand
germplasm reserves

133 EvaLuate need for fire
control on Lanai

134 ControL unguLates on Lanai

135 Control alien plants an
Lanai

136 Control rodents, game birds,
and insects, as necessary

137 Manage other limiting
factors on Lanai

138 Tag and monitor all
Lanai individuals

and manage Kauai population:

141 Protect privately owned

habitat on Kauai

1142 Create and/or expand
germplasm reserves

1143 EvaLuate need for fire
control on Kauai

1144 ControL ungulates on Kauai

1145 ControL aLien pLants on
Kauai

ES 6.5
* DLNR 13

2 * ES
DLNR

C&C

2 ES
* DLNR

1’ ES
* OLNR

C ES
* DLNR

C ES
* DLNR

C ES
* OLNR

C ES
* DLNR

C ES
* DLNR

2 *ES
DLNR

2 ES
* DLNR

1 ES
* DLNR

C ES
* OLNR

C ES
* DLNR

0.5 0.5 0.5 0.5
1 1 1 1

0.5
0.5
0.5

5
5

0.5
0.5

30
30

6.5
6.5

TBD
TBD

TBD
TBD

1.3
6.5

0.25
0.25
0.25

2.5
2.5

0.5
0.5

0.5
0.5

TBD
TBD

TRO
TBD

0.1
0.5

0.5
0.5
0.5

5
8

0.5
2

50
TO

6.5
39

0.25
0.25
0.25

2.5
4

0.5
2

0.25
0.25
0.25

2.5
2.5

10 10 1
10 10 1

0.5 0.5 0.5
0.5 0.5 0.5

0.1 0.1 0.1
0.5 0.5 0.5

0.25
0.25
0.25

2.5
4

20 20 1
30 30 1

0.5 0.5 0.5 0.5
3 3 3 3

Protect

.-J 1
0

Protect



Recovery Plan Implementation Schedule for Kona DryLand Forest Plants

PRIOR -TASK RESPONSIBLE COST ESTIMATES (S1,000’S)
ITY TASK TASK DURA- PARTY TOTAL
U U DESCRIPTION TION COST FY1993 FY 1994 FY 1995 FY 1996 FY1997 Comnents

(YRS)

1 146 Control rodents, game birds
and insects, as necessary

1 147 Manage other limiting
factors on Kauai

1 148 Tag and monitor all
Kauai individuals

C ES
* DLNR

C ES
* DLNR

C ES
* DLNR

13
39

TBD
TBD

1.3
13

3

TBD
TBD

0.1

1 1 1
3 3 3

0.1 0.1 0.1
1 1 1

Protect and manage Maui habitat:

1 151 Search for unknown

individuals on Maui

1 152 Protect habitat on Maui

1 153 Manage habitat on Maui

NEED 1 (Protect and manage current sites)

2 21 Research pollination, germ- 10
ination and life cycle

2 22 Determine extent of inbreeding
supress ion

2 23 EvaLuate role of abiotic
Limiting factors and
alien plant cofl~etition

2 24 Determine properties of
seed bank

2 25 Research utilization of seeds,
seedlings, fruits and fLowers

2 26 Research ecology of root
syinb i ot s

2 271 Appraise feasability of
biological controL

2 *DLNR
ES

2 *ES
DLNR

C *DLNR
ES

* NBS

DLNR

5 *NBS

DLNR

10 * NBS
DLNR

5 *NBS

OLNR

5 *NBS

DLNR

10 *NBS
DLNR

0 NBS
DLNR

* NPS

5
5

0.5
0.5

TBD

TBD

1859.3

280
40

70
10

280
40

70
10

140
20

280
40

5
5

70

2.5
2.5

0.25
0.25

26.5 152.55

28
4

14
2

28
4

2.5
2.5

0.25
0.25

TBD
TBD

391.05

28
4

14
2

28
4

337.2

28

4

14

2

28

4

14 14 14
2 2 2

28 28 28
4 4 4

28 28 28
4 4 4

11 1 1
11 1 1

14 14 14 14

—4

95.2

28

4

14

2

28
4

14
2

28
4

28
4

14

Ongoing



Recovery PLan Implementation Schedule for Kona Oryland Forest Plants

PRIOR -TASK RESPONSIBLE COST ESTIMATES (S1,000’S)
ITY TASK TASK DURA- PARTY TOTAL
U U DESCRIPTION TION COST FY1993 FT 1994 FY 1995 FT 1996 FY1997 Co4mnents

(YRS)

2 272 Evaluate use of herbicides
for alien plant control

2 273 Evaluate use of cattle
grazing for fountain
grass control

2 28 Research control methods
for insects

2 29 Evaluate role of other
limiting factors

2 210 Develop new techniques based
on outcome of research

NEED 2 (Conduct research)

2 31 Determine populations to

be increased

2 32 Determine techniques for

increasing nuters

Augment North Kona populations:

2 331 Select genetic stock for
augmentation

2 332 Identify specific areas
to augment

2 333 Propagate genetically
suitable C. kavaiensis plants

2 334 Propagate genetically
suitable K. drynarioides plants

2 335 TranspLant nursery grown

plants

Augment Oahu populations:

2 341 Select genetic stock for
augmentation

0 *NPS
NBS

OLNR

5 NPS
NBS

* DLNR

10 *NBS
DLNR

10 *NBS
DLNR

5 *ES
DLNR

2 ES
* DLNR

O ES
* DLNR

1 ES
* DLNR

1 ES
* DLNR

O ES
* DLNR

O ES
* DLNR

6 ES
* DLNR

1

70
5
5

5
5

35

140
50

140
50

35
5

1905

5

5

15

15

2
2

10
50

7
140

6
30

14 14 14 14 14
1 1 1 1 1
1 1 1 1 1

1 1 1 1
1 1 1 1
7 7 7 7

14 14 14 14
5 5 5 5

14 14 14 14
5 5 5 5

32 239

2.5

2.5

5 5
5 5

239

2.5
2.5

5
5

2
2

2 2 2
10 10 10

1 1 1
20 20 20

ES 1
*DLNR 1

239 239

2 2
10 10

1 1
20 20

1 1
5 5

1
1

Ongoing

Ongoing

Ongoing

Ongoing



Recovery Plan Implementation Schedule for Kona Dryland Forest Plants

PRIOR- TASK RESPONSIBLE COST ESTIMATES ($1,000’S)
ITT TASK TASK DURA- PARTY TOTAL

U U DESCRIPTION TION COST FT1993 FT 1994 FT 1995 FT 1996 FT1997 Co4ivnents
CYRS)

2 342 Identify specific areas
to augment

2 343 Propagate genetically
suitable C. kavaiensis plants

2 344 Transplant nursery grown

plants

Lanai populations:

351 Select genetic stock for
augmentation

2 352 Identify specific areas
to augment

2 353 Propagate genetically

suitable C. kavaiensis plants

2 354 TranspLant nursery grown

plants

Augment Kauai populations:

2 361 Select genetic stock for
augmentation

2 362 Identify specific areas
to augment

2 363 Propagate genetically
suitable C. kavaiensis plants

2 364 TranspLant nursery grown

plants

NEED 3 (Augment current populations)

Establish new populations on Lanai:

2 411 Select new sites on Lanai

2 412 Secure new sites through
an agreement with Castle & Cooke

Augment

2

1 ES
* DLNR

5 ES
* DLNR

5 ES
* DLNR

1 ES
* OLNR

1 ES
* DLNR

5 ES
* DLNR

5 ES
* DLNR

1 ES
* DLNR

1 ES
* DLNR

5 ES
* DLNR

5 ES
* DLNR

1 ES
* DLNR

2 *ES
DLNR

C&C

10
50

5
20

10
100

5
75

1
1

10
100

5

75

766 43 48

4

0.5
0.5
0.5

2
10

2
20

2
20

2
10

5

2
20

15

2
20

15

54 107 133

4

0.15
0.25
0.25

0.25
0.25
0.25



Recovery Plan Implementation Schedule for Kona Dryland Forest Plants

PRIOR -TASK RESPONSIBLE COST ESTIMATES (S1,OOO’S)
ITY TASK TASK OLJRA- PARTY TOTAL
U U DESCRIPTION TION COST FT1993 FT 1994 FT 1995 FT 1996 FT1997 Coninents

(YRS)

2 413 Select genetic stock
for reintroduction

2 414 ControL ungulates at
new Sites

2 415 Evaluate need for fire
control at new sites

2 416 Control alien plants
as needed

2 417 ControL seed predators
as needed

2 418 EstabLish seedlings at
new sites

Establish new populations on Kauai:

2 421 Select new sites on Kauai

2 422 Secure new sites through an
agreement with landowners

2 423 Select genetic stock
for reintroduction

2 424 Control ungulates at
new Sites

2 425 Evaluate need for fire
control at new sites

2 426 ControL alien plants
as needed

2 427 Control seed predators
as needed

2 428 Establish seedlings at
new sites

Establish new populations on Maui:

1 ES
* DLNR

C *ES
DLNR

1 ES
* DLNR

C ES
*OLNR

C ES
* DLNR

S ES
* DLNR

1 ES
* OLNR

2 *ES
OLNR

1 ES
* DLNR

C *ES
DLNR

1 ES
* DLNR

C ES
* OLNR

C ES
* DLNR

5 ES
* OLNR

-J
-C-

TBO
TBD

0.5
0.5

TBD
TOO

TOO
TOO

S
25

TOO
TOO

0.5
0.5

TBD
TBD

TOO
TBO

5

4

0.5
0.5

TOO
TOO

0.5
0.5

TOO
TOO

TOO
TOO

5
25

5

0.25
0.25

5

4

0.25
0.25

TBD
TOD

0.5
0.5

TOO
TOO

TOO
TOO

5



Recovery Plan Implementation Schedule for Kona DryLand Forest Plants

PRIOR- TASK RESPONSIBLE COST ESTIMATES ($1,OO0’S)
ITY TASK TASK DURA- PARTY TOTAL
U U DESCRIPTION TION COST FY1993 FY 1994 FY 1995 FY 1996 FY1997 Co4lrnents

(YRS)

2 431 Select new sites on Maui

2 432 Secure new sites through an
agreement with landowners

2 433 Select genetic stock
for reintroduction

2 434 Control ungulates at
new sites

2 435 Evaluate need for fire
control at new sites

2 436 Control alien plants
as needed

2 437 Control seed predators
as needed

2 438 Establish seedlings at

new sites

NEED 4 (Establish new populations)

3 51 Determine nui~er of popuLations

needed for 200 year survival

3 52 Determine U of individuals

needed for 200 year survivaL

3 53 Revise recovery objectives

3 54 Determine effects of
climate change

1 ES
* DLNR

2 *ES
DLNR

1 ES
* DLNR

C *ES
DLNR

1 ES
* DLNR

C ES
* DLNR

C ES
* DLNR

S ES
* DLNR

3 ES
DLNR

* FWS-RES

3 ES
DLNR

* FWS-RES

1 *ES
DLNR

20 *NBS
ES

OLNR

NEED 5 (VaLidate recovery objectives)

TOTAL YEARLY COST

1.5
5

0.5
0.5

1.5
1.5

TBD
TBD

TBD
TBD

TBD
TBD

7.5
37.5

136

0
0
0

0
0
0

0
0

50
10
10

70

4736.3

•0

0

101.5

1.5
5

0.25
0.25

1.5
1.5

TBD
TBD

TBD
TBD

TBD
TBD

1.5

7.5

0 5.75 45.25

0

439.55

0

689.8

5

0 7

728.45 496.2

U,

0.25
0.25

1.5

7.5

22



APPENDIXA - INDIVIDUALS CONTACTEDDURINGPLANREVIEW

Chief) Fish andWildlife Service
Division of Endangered Species
Mail Stop 452 ARLSQ
Arlington) VA

Chief, Fish and Wildlife Service
Office of Public Affairs
PA, 3447 MIB
Washington, D.C. 20240

Chief, Fishand Wildife Service
Division of Refuges
Mail Stop 670 ARLSQ
Arlington, VA

* Mr. Bruce McBryde

Fish and Wildlife Service, Region 8
Office of ResearchSupport
RD-8/ORS,Mail Stop 725 ARLSQ
Arlington, VA

Environmental Protection Agency
Hazard Evaluation Division - EEB (T5769C)
401 M St., SW
Washington,D.C. 20460

* Dr. Loyal Mehrhoff

U.S. Fish and Wildife Service
Pacific IslandsOffice -

P.O. Box 50167
Honolulu, HI 96850

Ms. Linda Cuddihy
Hawaii Volcanoes National Park
P.O. Box 52
Volcano, HI 96718
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Mr. Patrick Dunn
The Nature Conservancy of Hawaii
1116 Smith St., Suite201
Honolulu, HI 96817

* Dr. Derral Herbst

U.S. Army Corps of Engineers
CEPOD-ED-ME, Bldg. T223
Fort Shafter, HI 96858-5440

Mr. Robert Hobdy
Division of Forestry and Wildlife
State Office Bldg.
54 South High St.
Wailuku, HI 96793

Dr. JamesD. Jacobi
U.S. Fish and Wildlife Service
Hawaii Research Station
P.O. Box 44
Volcano, HI 96718

Dr. Charles Lamoureaux
Lyon Arboretum
Universityof Hawaii at Manoa
3860 Manoa Rd.
Honolulu, HI 96822-1180

Dr. Lloyd Loope
Haleakala National Park
P.O. Box 369
Makawao, HI 96768

Dr. Clifford Morden
Dept. of Botany
University of Hawaii at Manoa
3190Maile Way
Honolulu, HI 96822

Mr. StevePerlman
Hawaii Plant Conservation Center
National Tropical BotanicalGarden
P.O. Box 340
Lawai, HI 96765
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* Chair-at-Large,Board of Agriculture

Dept. of Agriculture
1428 5. King St.
Honolulu, HI 96814

Hilo PublicLibrary
300 Waianuenue Ave.
Hilo, HI 96720

Kauai RegionalLibrary
4344 Hardy Ave.
Lihue, HI 96766

Kailua-Kona Public Library
75-138Hualalai Rd.
Kailua-Kona, HI 96720

Lanai Public and School Library
P.O. Box A-149
Lanai City, HI 96763

* State of Hawaii

Land UseCommission
335 MerchantSt., Rm. 104
Honolulu, HI 96813

Mr. Leonard A. Newell
Instituteof Pacific IslandsForestry
U.S. Forest Service
1151 Punchbowl St., Rm. 323
Honolulu, HI 96813

* Mr. Michael G. Buck, Administrator

Division of Forestryand Wildlife
Dept. of Land & Natural Resources
1151 PunchbowlSt.
Honolulu, HI 96813

Mr. Ronald Bachman
Dist. Wildlife Biologist
Div. of Forestry & Wildlife
P.O. Box 4849
Hilo, HI 96720
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Mr. SteveBergfeld
Div. of Forestry& Wildlife
P.O. Box 4849
Hilo, HI 96720

* Dr. Carolyn Corn

Botanist
Div. of Forestry & Wildlife
1151 PunchbowlSt., Rm. 325
Honolulu, HI 96813

Mr. DuaneKanuha
Director,PlanningDept.
County of Hawaii
25 Aupuni St.
Hilo, HI 96720

Botany Dept.
B.P. Bishop Museum
P.O. Box 19000-A
Honolulu, HI 96817

Ms. Peggy Olwell
Center for Plant Conservation
Missouri Botanical Garden
P.O. Box 299
St. Louis, MO 63 166-0299

Dr. Warren L. Wagner
Botany Dept., NHB #166
SmithsonianInstitution
WashingtonD.C. 20560

Mr. Keith R. Woolliams
Waimea Arboretum and Botanical Garden
59-864 Kam. Hwy.
Haleiwa, HI 96817

Mr. Michael S. Kristiansen
Honolulu Botanical Gardens
50 N. Vineyard
Honolulu, HI 96817
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Dr. Diane Ragone
National Tropical BotanicalGarden
P.O. Box 340
Lawai, HI 96765

University of Hawaii
Dept. of Botany
3190 Maile Way, Room 101
Honolulu, HI 96822

Dr. Bob Cook
Arnold Arboretum
125 Arborway
Jamaica Plain, MA 02130

Ms. Heather Cole
PIA Sports Properties, Inc.
P.O. Box 4375
Kailua-Kona,HI 96745-4375

Mr. Michael Tomich
PIA Sports Properties, Inc.
P.O. Box 4375
Kailua-Kona, HI 96745-4375

Mr. Joel Lau
The NatureConservancyof Hawaii
1116 Smith St., Suite 201
Honolulu, HI 96817

Mr. John Obata
Hawaii BotanicalSociety
1337Ala Aolani
Honolulu, HI 96819

Mr. J. Timothy Tunison
Hawaii Volcanoes National Park
P.O. Box 52
Volcano, HI 96718

Ms. R. Lani Stemmermann
P.O. Box 308
Volcano, HI 96785
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Ms. KatherineT. Bradley
Univ. of Wisconsin- Madison
1207 SeminoleHwy.
Madison,WI 53711

Mr. Grenville Lucas
ThreatenedPlantsCommittee,I.U.C.N.
do TheHerbarium,Royal Botanic Gardens
Kew, Richmond,Surrey
England,U.K. TW9 3AE

Mr. CharlesChristensen
P.O. Box 172
Lihue, HI 96766

Mr. Paul Higashino
P.O. Box 474
Volcano, HI 96785

Mr. GeorgeYim, President
Castle& CookeLand Co.
do Dole FoodCo., Inc.
P.O. Box 2990
Honolulu, HI 96802

HualalaiRanchCo.
72-3375Hawaii Belt Rd.
Kailua-Kona,HI 96740

PuuwaawaaRanchCo.
P.O. Box 1536
Kailua-Kona,HI 96745

Mr. William K. Rosehill
KamehamehaSchools/BishopEstate
P.O. Box 688
Kealakekua,HI 96750

Mr. Myron B. Thompson
Board of Trustees
KamehamehaSchools/BishopEstate
P.O. Box 3466
Honolulu, HI 96801

81



KamehamehaSchools-BishopEstate
78-6831Aiji Dr., Suite232
Kailua-Kona,HI 96740

Mr. Andy Yuen
Land ProtectionCoordinator
HI/PAC NWR Complex
P.O. Box 50167
Honolulu, HI 96822

* Commentswerereceived.
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