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Introduction 

The flora of the Hawaiian Islands has one of the highest rates of endemism in the world (89% 

for angiosperms, 71% for pteridophytes), with over half of all taxa at risk (Wagner et al. 1999, Sakai et 

al. 2002, Palmer 2003). Approximately ten percent of the flora is extinct (Wagner et al. 1999), and 

over thirty percent of the flora is federally listed as threatened or endangered (out of 1353 species; 

USFWS 2010). Conservation of Hawai„i‟s rare flora is necessary and challenging.  Reasons for the 

decline of native species are both numerous and uncertain, often centered around the introduction of 

many invasive species, including other plants, invertebrates, and large ungulates, which can also cause 

vast habitat degradation (Diong 1982, Loope et al. 1988, Loope 1992, Cuddihy and Stone 1993, Joe 

and Daehler 2008, Athens 2009, Weller et al. 2011). The need for conservation has been increasingly 

recognized for several decades. Programs are active on every island to conserve what remains of native 

ecosystems and rare species. Federal, state, and county agencies, non-profit organizations, community 

groups and private individuals are involved in plant conservation. Projects ranging from home 

gardening to reforestation and reintroductions of nearly extinct species are already occurring on all 

islands.  

The first step toward preventing extinction of threatened flora is to secure and maintain viable 

propagules in a “genetic safety net” using ex situ or “off-site” storage techniques (Havens et al. 2004). 

Ex situ collections can then be a propagule source for recovery efforts (reintroductions), where 

additional propagules can be collected to refresh ex situ collections as they age. Creating and 

maintaining the ex situ “genetic safety net” is especially challenging given the high number of species 

in Hawai„i in need of ex situ genetic representation. Conservation programs across Hawai„i are 

engaged in all aspects of ex situ conservation including greenhouse propagation, tree nurseries, living 

collections in botanical gardens, field nurseries, micropropagation, cryopreservation and seed banking. 

Conserving rare species requires utilizing all appropriate techniques to secure adequate plant material, 

replicate plants for restoration, represent sufficient genetic diversity for each taxon, and store replicates 

to be available as a backup. This work requires technical expertise regarding when and how to collect 

viable propagules. It also requires advanced horticultural and biological techniques to establish and 

maintain propagules to adequately represent the genetic diversity of all taxa of concern in the best way 

feasible on a species-by-species basis. Initial in situ collections are necessary for conducting research 

to determine the best propagules and storage conditions for each species. Seed storage is cheaper, less 

detrimental to the wild plants, and captures a higher level of genetic variation in a single collection 

than other ex situ methods (Havens et al. 2004). When viable, desiccation-tolerant, mature seeds 

cannot be obtained, clonal material, desiccation-sensitive seeds, or immature seeds can be harvested 
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and secured using micropropagation techniques or cryopreservation. If these methods fail, plants can 

be propagated and maintained as ex situ collections in nurseries and botanical gardens from seed or 

with additional clonal techniques such as cuttings, air layers, and grafts.  

Determining appropriate storage techniques for preserving healthy ex situ collections, and 

maintaining an accurate inventory with standardized provenance data are essential to preserve the 

genetic diversity of the flora. Research that determines optimal storage protocols for each taxon should 

be explained and provided to all ex situ conservation collaborators. Proven optimal conditions should 

be standardized and implemented at all ex situ facilities. As ex situ conservation research in Hawai„i is 

restricted to a small number of organizations, research should be shared and presented to the leading 

national and international authorities. Having access to statewide ex situ inventories will help to 

provide relevant information for related taxa and species from similar habitats. This database of 

inventories, proven techniques and collaboration will help prioritize future in situ collections to reduce 

the number of unrepresented rare taxa and to prevent use of ex situ techniques that may not be viable 

long-term storage options for particular species (see James 2004). Ultimately, planning and 

coordinating both in situ and ex situ efforts will require a system for organizing biological data, 

conservation needs and ex situ inventories. This is needed to facilitate the flow of propagules from 

collectors to the highest priority projects and allow managers to plan collection, outplanting and 

storage needs based on up to date inventories. Currently, databases are in use at several conservation 

groups. These systems must have the capability to handle the data associated with rare species and be 

compatible with a statewide ex situ network. Provenance data must be a priority in rare plant 

conservation and a comprehensive system to track propagules must be in place to ensure quality 

control and genetic integrity of the collections. 

 

 The goal of this project is to “conduct a statewide inventory and assessment of organizations 

and institutions qualified to participate in a potential statewide micropropagation and seed banking 

network to conserve native Hawaiian flora.” The specific questions proposed by this inquiry include: 

 How many micropropagation and seed storage facilities currently exist statewide? 

 Which institutions have made a commitment to micropropagation and seed storage as it relates 

to the conservation of native Hawaiian plants? 

 What is the condition of current facilities? 

 Which institutions have no such facilities, but would have if resources were available? 

 What greenhouse and nursery operations dedicated to growing native plants could benefit from 
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these new micropropagation facilities? 

 

To address these questions, we visited facilities and interviewed conservation experts in Hawai„i to 

create a proposal for a statewide ex situ conservation network. We determined the collection needs and 

current ex situ capacity, as well as the potential for interested facilities to increase capacity. Lastly, we 

evaluated existing collections to determine the most efficient ex situ method and location for secured 

and unsecured taxa.  

 

 

Methods 

 The assessment of the ex situ needs and capacity was designed in five stages: 

A. Compile a list of taxa of conservation concern (taxa of concern) 

B. Determine current ex situ representation of taxa of conservation concern. Compile a list of ex situ 

research and banking facilities, including their potential for increasing the number of taxa represented 

or studied 

C. Create a list of taxa in need of increased ex situ representation (All taxa of conservation concern  

[taxa of concern] – All taxa with adequate ex situ representation [secured taxa] = All taxa with 

inadequate or non-existent ex situ representation [unsecured taxa]) 

D. Compare the unsecured taxa list to the existing and potential ex situ operations to determine the 

cheapest, most efficient way to secure these taxa.  

E. Recommendations for establishing a statewide system of ex situ facilities 

 

A. Taxa of concern: In order to determine ex situ conservation goals and to identify the geopolitical 

landscape of the agencies involved with the regulation or protection for each taxon, the conservation 

status for local, state, national and international groups was identified. The list of taxa of concern 

includes Hawai„i State Species of Concern, Federal Endangered, Threatened, and Candidate taxa, all 

species that fall under the Plant Extinction Prevention Program (including potentially PEPP (POP) and 

rare-on-island (ROI) taxa), IUCN Red List species, and the species on the State of Hawai„i‟s Species 

of Greatest Conservation Need list from the State of Hawai„i Division of Forestry and Wildlife‟s 

Comprehensive Wildlife Conservation Strategy. For each taxon on this list, we recorded the species 

that were represented ex situ, including the location of the collection and the number and percentage of 
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the wild plants or populations represented. The list of taxa of concern native to the Hawaiian islands 

was compiled following the most recent nomenclature (Wagner et al. 1999, Wagner et al. 2012). The 

checklist for plants native to the Hawaiian Islands currently has 1353 records including extinct taxa. 

Extinct taxa without ex situ representation are not included in this assessment.  

Population estimates of the total number of populations and wild plants were compiled from 

information provided by the U.S. Fish and Wildlife Service (USFWS; updated 2 March 2011), Hawai„i 

Plant Extinction Prevention Program (PEPP), Oahu Army Natural Resource Program (OANRP), 

Haleakalā National Park (HALE), the National Tropical Botanical Garden (NTBG) and from 

communications with Joel Lau (PEPP), Ken Wood (NTBG), Hank Oppenheimer (PEPP) and Steve 

Perlman (NTBG). The number of populations is an estimate and does not have a single definition used 

by all surveyed agencies. Instead, it is a rough estimate of the number of locations where the plants are 

found. The estimates do not include outplanted individuals, but some may include immature plants. 

The distribution by island for each taxon was obtained from (Wagner et al. 2012), and updated by 

Hank Oppenheimer for Maui Nui taxa.  

Conservation groups working with each taxon were recorded, and a list of agencies involved in 

species-level management was initiated but still needs to be further updated. This information could be 

used to identify a „lead program‟ for each taxon to aid in coordinating conservation projects. The 

Center for Plant Conservation (CPC) is a national group that has the following institutions in Hawai„i 

as participating members: Waimea Valley, the National Tropical Botanical Garden, Bishop Museum 

Amy B.H. Greenwell Ethnobotanical Garden, Lyon Arboretum and the Honolulu Botanical Gardens. 

The PEPP program is identified as the „lead program‟ for all taxa on their lists. Plants found on Army 

training areas were listed under those programs. Taxa managed by Hawai„i and O„ahu DOFAW, the 

City and County of Honolulu, the National Parks, The Nature Conservancy, and other private lands 

and watershed partnerships were associated with these „lead programs‟ where applicable.  

 

B.  Determination of ex situ Representation: The number of individual founders and populations that 

were represented for each taxon was recorded from the inventories provided by each facility. Twenty-

four facilities provided an inventory of all or part of their collections (Table 1). Exact founder 

representation was not apparent on most inventories, so each accession was recorded as originating 

from a different founder when individual plant numbers were not available and/or the number of plants 

in a particular location was unknown. Each ex situ facility also received a rank for each taxon based on 

how representative their collection is of the remaining wild plants. Collections of each taxon held by 

every facility were ranked on a 5 point scale: 1) 1-10% of the founders represented, 2) 11-49%, 3) 50-
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84%, 4) 85-100% with less than 50 seeds, 3 explants, or 3 plants representing each founder, and 5) 85-

100% with greater than or equal to 50 seeds, 3 explants, and 3 plants representing each founder. To 

assess the quality of facilities, current inventories, their commitment to conservation, and to determine 

their limiting factors to increasing ex situ representation, we visited many facilities and interviewed 

botanists/collectors, ex situ facility managers, and conservation directors (see tables below). We asked 

a series of standardized questions (Appendix A1-A3). 

 

Table 1. Ex situ facilities that provided inventories. While some facilities may have more than one ex 

situ type (i.e. seed bank and nursery), some facilities may have only provided an inventory for one 

type. * Indicates facility visited for survey. ** Indicates visited within 2012 prior to survey. NCGRP 
last visited by L. Weisenberger in 2006. 

Name Abbrev. Location 
Micro

-prop 
Seed 

Bank 
Nursery Garden 

Amy Greenwell Ethnobotanical Garden* AGG Hawai„i    X 

DOFAW-Oahu**  O„ahu   X  

D.T. Fleming Arboretum* DTFA Maui    X 

Haleakala National Park HALE Maui  X X  

Hawai„i Island Native Seed Bank* HINSB Hawai„i  X   

Hawai„i Volcanoes National Park HAVO Hawai„i  X X  

Honolulu Botanical Gardens** HBG O„ahu    X 

Koke„e Rare Plant Facility KRPF Kaua„i   X  

La„au Hawai„i** La„au O„ahu   X  

Leeward Community College** LCC O„ahu   X X 

Lyon Arboretum* 

LYON O„ahu   X X 

LASB O„ahu  X   

LAML O„ahu X    

Maui Nui Botanical Garden* MNBG Maui    X 

Native Nursery LLC NN Maui   X  

USDA-National Center for Genetic 

Resources Preservation 
NCGRP Colorado  X   

National Tropical Botanical Garden* NTBG Kaua„i  X X X 

O„ahu Army Natural Resources Program* OANRP O„ahu  X X  

Olinda Rare Plant Facility* ORPF Maui   X  

Pahole Rare Plant Facility** PRPF O„ahu   X  

UC-Irvine** UCI California  X X  

Ulupalakua Ranch ULU Maui   X  

U.S. Army-Pohakuloa Training Area PTA Hawai„i  X X  

Volcano Rare Plant Facility* VRPF O„ahu  X X  

Waimea Arboretum** WBG O„ahu    X 
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C. Unsecured taxa: The species that were present in at least one inventory became the „secured‟ taxa, 

while the taxa of concern not present in any inventory became the „unsecured‟ taxa.  

   

D. Increasing ex situ capacity: We reviewed facilities based on their answers to survey questions, as 

well as from interviews with conservation programs, to propose ex situ locations most suited to 

securing the unsecured taxa, as well as increasing the representation of secured taxa. The quality of the 

ex situ facilities was assessed to determine what types of facilities should increase their capacity. The 

quality of collections (representation scores) was analyzed to determine which type of ex situ service 

(micropropagation, seed banks, nurseries, gardens) most efficiently represents taxa of concern. The 

potential for each taxon to be stored in seed banks was determined and classified as “likely” or “not 

likely” to be stored long-term in a seed bank, or “unknown.” This was accomplished by reviewing 

storage viability tests conducted at Lyon Arboretum Seed Bank (LASB) and OANRP Seed Bank. If 

taxa had not been tested at these facilities, information on that genus or species was queried from the 

Royal Botanical Gardens-Kew Millennium Seed Bank Database. If the genus had no information, the 

potential remained classified as “unknown.” All taxa have the potential to be represented in ex situ 

living collections at nurseries and gardens and maintained by controlled breeding or vegetative 

cloning. These collections require adequate space and an intensive propagation schedule and it is 

therefore more difficult to preserve many founders. The potential for each taxon to be represented in 

micropropagation labs is not completely known, and needs to be further developed with 

micropropagation experts. Users of the Lyon Arboretum Micropropagation Lab (LAML) have 

documented successes and limitations and certain taxa may be better suited for tissue culture than 

others. A list of difficult taxa should be developed.  

E. Ex situ network: The benefits to integrating ex situ facilities with collection and recovery efforts in a 

coordinated network are reviewed and recommendations are proposed for structure and participants. 

All staff at the ex situ facilities and conservation programs were surveyed for their interest in 

participating in a coordinated network and suggestions were documented and incorporated into 

recommendations. Examples of established ex situ conservation networks were explored.    
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Results 

A-C. Secured & Unsecured Taxa of concern: There are 724 taxa of concern on the target list, 

representing 54% of the native flora. Their distributions range from being located on all major islands 

to being endemic to single islands, and estimates of population size range from zero to thousands (Fig. 

1a-b, Fig. 2). Within the target list, 528 (73%) taxa are secured at some level of representation and 196 

(27%) taxa are unsecured with no ex situ collections at any of the surveyed facilities (Appendix B). 

Forty-nine unsecured taxa were extinct and consequently removed from the original taxa of concern 

list, while 18 taxa that are extinct in the wild are represented ex situ by at least one founder. Of the 528 

secured taxa, 64% are represented by collections from 10% or less of the known founders (remaining 

wild plants). Nine percent of the secured taxa are represented by 85-100% of the known founders, and 

representation appears to increase with the rarity of the taxa (Fig. 3, 4). Taxa of concern range from 

being represented by collections at zero to 13 (Gardenia brighamii) different ex situ facilities (Fig. 5). 

There are 14 taxa with USFWS population estimates showing that one extant founder is remaining, and 

three of these are unsecured. Thirty-seven of the 196 unsecured taxa are estimated to have less than 50 

founders. Of the 169 secured taxa with less than 50 founders, 29% are only represented at one ex situ 

facility, and 22% are only represented ex situ by ≤10% of the remaining founders.  

 

 

 
Fig. 1a. Island distribution of the 724 taxa of concern. Each color represents an island except turquoise, 

which represents the northwest Hawaiian Islands, Kahoolawe, and Niihau. 
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Fig. 1b. Representation of single-island endemics. Blue is unsecured taxa, green has 10% or less 

founders represented, tan = 11-49%, purple = 50-84%, yellow = 85-100% with low replication of 
founder representation, red = 85-100% founders represented with high replication of founder 

representation.  
 

 
Fig. 2. Number of wild plants for taxa of concern. Each color equals a range of wild plant totals. 

 

 

Kaua‘i: 161 Taxa       O‘ahu: 113 Taxa  Maui: 67 Taxa 

Lana‘i: 7 Taxa         Moloka‘i: 30 Taxa   Hawai‘i: 69 Taxa 
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Fig. 3. Ex situ representation of all taxa of concern by conservation status. The first pie includes all 

724 taxa of concern. The middle pie includes all taxa on PEPP and USFWS lists. The last pie includes 

all taxa with 50 or less remaining wild plants. Blue is unsecured taxa, green has 10% or less founders 
represented, tan = 11-49%, purple = 50-84%, yellow = 85-100% with low replication of founder 

representation, red = 85-100% founders represented with high replication of founder representation. 
 

 
Fig. 4. The 724 taxa of concern grouped by the maximum number of founders represented in ex situ 
collections  

 

 

 All Taxa          Rare Taxa: PEPP, POP, ROI, FWS     PEPP Taxa Only 
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Fig. 5. The number and percentage of taxa of concern grouped by the # of ex situ locations they are 

housed. Blue = unsecured taxa. Green = 1 location. The remaining colors (tan-white) range from 2 -13 

locations. 

  

Ex situ Facilities: There is currently only one micropropagation facility active in the conservation of 

native Hawaiian flora. This facility is at Lyon Arboretum and is operated by Nellie Sugii (LAML; all 

abbreviations can be found in Appendix G). There is one small, non-operational facility at NTBG. We 

attempted to contact many additional micropropagation facilities not actively engaged in ex situ 

storage of native plants. Only one (UH-Hilo) expressed interest in this assessment. Despite their 

inability to serve as an ex situ facility due to their emphasis on teaching, the manager expressed 

interest in conducting research to help develop protocols. An additional facility, also near Hilo, has 

assisted VRPF in propagation of the native orchid Anoectochilus sandvicensis. There are currently four 

seed banks in the state: LASB, OANRP, NTBG and HINSB, with varying degrees of storage 

preparation protocols and capacity for viability testing. In addition, several facilities store seeds (short-

term and long-term) without storage preparation protocols and viability testing: HALE, HAVO, VRPF, 

MNBG, PTA, and UCI. There are 15 nursery and 8 garden facilities that maintain living collections of 

taxa of concern.  

There are 91 Hawaiian taxa included in the CPC‟s National Collection, several of which are 

sponsored; providing the corresponding garden with modest funds for work to conserve these specific 

taxa (Table 2). All of these facilities have various methods of operation and capacity (Table 3a,b-6a, 
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b). The CPC gardens (AGG, HBG, LYON, NTBG, WBG) have committed to maintaining collections 

of these taxa and some receive funding for sponsored plants. Of these 91 taxa, 82 are represented in ex 

situ collections at one or more facility. Fifty-nine of these 82 taxa are represented in the collections of 

the CPC Garden listed as the custodian for that taxon. Hence, 23 taxa are represented in ex situ 

locations other than the CPC Garden identified as the custodian for that taxon. For example, LYON 

currently has collections of seven of their 12 CPC taxa. Of the five taxa they do not have, two are in 

collections at other facilities. NTBG currently has collections of 35 of their 49 CPC taxa. Of the 14 

CPC taxa that NTBG does not have, eight are in collections at other facilities. There is no CPC Garden 

anywhere on Maui Nui. Consequently, CPC taxa found there are listed under other gardens. Fourteen 

of the 34 CPC taxa that do not occur on the same island as the sponsoring CPC Garden are found on 

Maui Nui. These examples show the potential for ex situ facilities to network and transfer propagules 

of CPC-sponsored taxa to replicate collections.  

 

Table 2. Center for Plant Conservation taxa and Hawai„i CPC Gardens 
CPC Garden # Hawai„i taxa in 

the CPC National 

Collection for each 

garden 

# CPC taxa currently 

in the collections of 

each garden  

# CPC taxa that are not at 

the listed CPC Garden, 

but are represented at 

other ex situ facilities 

# CPC taxa that occur on 

a different island from 

than the custodial CPC 

Garden for that taxa 

AGG 9 5 3 1 

HBG 3 1 2 0 

LYON 12 7 2 6 

NTBG 49 35 8 20 

WBG 18 14 2 7 

TOTAL 91 59 17 34 
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Table 3a. Seed Banks for Native Hawaiian Plants. All were interviewed/surveyed in this assessment. 
Name Location Contact  Storage 

Conditions  
Estimated # 

Staff  
# Taxa of 

Concern 
Collection Sources  

NCGRP Fort Collins, CO Christina Walters -18C, -80C, -190C 2? 1 (12 from old 

collections) 
NTBG 

HINSB Hawai„i Jill Wagner 4C .25 18 FWS, DOFAW 
NTBG Kaua„i Margaret Clark 4C, -18C .75 187 NTBG, PEPP 
LASB O`ahu Tim Kroessig 4C, -18C 1 188 PEPP, DOFAW 
OANRP O`ahu Lauren Weisenberger 4C, -18C, -80C 1.5 41 OANRP, PEPP, NARS, PTA 
HALE Maui Patti Welton & Dave Palumbo 4C 0 13 HALE 
PTA Hawai„i Kathy Kawakami 4C, -18C 0 14 PTA 
VRPF Hawai„i Patty Moriyasu 4C, -18C 0 3 PEPP, DOFAW, NARS 
UCI Irvine, CA Steve Weller & Ann Sakai 4C Student help? 2  

 

Table 3b. Survey Results for Seed Banks 
Name Capacity Data Management Limiting Factors 

NCGRP Space is not a limiting factor. Many cooling units are 

available for storing seeds at several storage conditions. 

This is the leading genetic preservation facility in the 

nation and has all available equipment needed to 

conduct research and store seeds. 

A database is used to link each 

accession with collection and 

provenance data. Research collections 

utilize Excel spreadsheets. This 

system could be linked with HRPRG 

data collection. 

Lack of funding for directed research on 

developing storage protocols for Hawaiian taxa.  

 

Transport to Colorado. Properly sending 

collections would be difficult and be an 

additional expense. 

HINSB One refrigerator to dry and store seeds. A larger walk-in 

10‟x10‟ refrigerator may be available within the next 

year. HINSB cannot increase storage capacity or handle 

more frequent collections without additional funding 

support. The National Park Service currently funds 4 

hours a week for seed bank work. 

 

All stored seeds were collected from wild plants native 

to west Hawai„i. They are stored for the short-term 

(<10-15 years) until used for restoration projects. The 

collector directs use and access to the collections when 

seeds are deposited.  

 

An Excel spreadsheet links collections 

to wild populations or individual 

plants. For rare taxa, each collection 

from an individual plant is given a 

unique accession code. Common taxa 

are grouped by species and region. 

 

 

Lack of equipment. This includes additional 

storage units, drying capabilities and growth 

chambers for seed viability tests. 

 

Additional staff. There is currently no support 

for a full-time staff. Without adequate staffing, 

new collections cannot be promptly processed, 

viability testing cannot occur, and research is 

limited.  

 

Lack of funding for common taxa. There is a 

lack of funding sources for restoration work with 

common species.   

 

Database support to upgrade software, 

customize reports and integrate with other 

programs to report on the status of collections.   

NTBG 3 refrigerator/freezer units are currently at or near The NTBG uses an Excel spreadsheet Additional space is needed to house the 
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Name Capacity Data Management Limiting Factors 
capacity.  

 

The facilities at NTBG have adequate space to expand 

the seed bank. A hurricane-proof reinforced structure to 

house collections; a nursery dedicated to propagating 

native plants and a clean room for processing and 

germination testing are available. A generator is 

available for back-up power. 

 

to link collections to wild plants and 

track storage treatments and 

germination results. It does not 

directly link the collections in the seed 

bank to other NTBG databases that 

track provenance data, but they can be 

combined. 

 

IT support is available and is used to 

update the databases and ensure 

provenance data is linked to 

accessions throughout the gardens. 

germination chambers, drying and storage units 

More space is needed for staff working to process 

incoming collections.  

 

Additional staff. There is currently no lab 

manager with seed biology experience; new 

collections are not immediately processed, 

viability testing and research is limited.  

 

Lack of essential equipment. This includes 

additional storage units, growth chambers for 

viability tests, ultra-low temperature storage 

conditions for researching cryopreservation. 

 

Unknown viability of older collections.  

LASB There are three refrigerator and freezer units at the 

LASB for storing seeds. These are at or near capacity.  

 

Collections vary in size and frequency. In June 2012, 

150 plants from 35 species were submitted. This was a 

busy month and caused a backlog due to lack of 

technicians to process collections. 

 

PEPP is the dominant user, but other groups have 

deposited collections: Lyon Arboretum staff for garden 

restoration projects, Kahoolawe Island Reserve 

Committee, PTA, FWS and a large collection of 

Erythrina sandwicensis from across the state. 

 

 

The LASB receives collections from 

across the state and uses a Microsoft 

Access database built under contract 

by the Hawai„i Biodiversity and 

Mapping Program to track incoming 

collections and document research. 

There is no database support available 

and staff indicates that there are 

several improvements that could be 

made to queries and reporting. 

Currently, staff are limited by the non-

standardized provenance data 

provided by collectors and outdated 

reports. For example, the database 

does not currently track seedlings that 

leave the LASB.  

 

 

 

 

Additional space is needed for processing and to 

house the germination chambers, drying and 

storage units to enhance seed banking services & 

research.  

 

Additional staff. There is currently no lab 

manager for this facility. Without adequate staff, 

processing, research, records, & viability testing 

of older collections is limited.  

 

Lack of essential equipment. This includes 

possibly losing a back-up generator, additional 

storage units, growth chambers, & ultra-low 

temperature storage conditions for researching 

cryopreservation. 

 

Unknown viability of older collections. Viability 

of many banked collections is unknown.  

 

Lack of fee for service system. Contracts and 

grants that mandate seed storage as mitigation fail 

to stipulate funding for seed banking. As a result, 

seeds are often deposited at Lyon without any 

financial support, goals or plans for withdrawal. 

OANRP There are three storage units & three growth chambers 

for conducting viability testing and seedling 

A Microsoft Access database is used 

to link each collection back to the 
Improvements to reinforce the building 
housing the seed bank are needed to secure it 
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Name Capacity Data Management Limiting Factors 
propagation. Access to the -80C unit for research is 

provided free of charge by Bishop Museum. A new 

building was recently constructed at Schofield Barracks 

to house the OANRP seed bank. This facility includes a 

room dedicated to the equipment and a separate 

laboratory.  

individual wild plants and document 

propagation treatments. Database 

support is available from OANRP 

staff to update software and reports. 

 

 

from hurricanes and back-up power from a 

generator is needed.  

 

 

 

HALE 

PTA 

VRPF 

UCI 

These programs do not conduct seed banking as a 

primary function, but do have collections in refrigerators 

at their facilities. Most collections were not intended to 

be kept for a long-term ex situ backup and are kept until 

needed for propagation. 

Inventories are maintained 

electronically. 
Limited capacity to dry and store seeds. 

Processing at these facilities is unknown. The 

capacity to dry & store seeds under maintained 

conditions is needed. Alternatively, duplicate 

collections could be transferred to seed banks. 

 

Database support to upgrade software, 

customize reports and integrate with other 

programs and ex situ facilities.    

 

Table 4a. Micropropagation Facilities for Native Hawaiian Plants 
Name Location Contact  Surveyed? Primary Focus Estimated # Staff  # Taxa of Concern  

UH-Hilo Hawai„i Michael Tanabe Yes Education & Training n/a n/a 

NTBG Kaua„i Margaret Clark Yes Plant Conservation, Research 0 0 

LAML O„ahu Nellie Sugii Yes Plant Conservation 4.5 109 

UH-CTAHR O„ahu Kheng Cheah No Plant Tissue Culture & Transformation unknown 0 

HARC O„ahu Chifumi Nagai No Agriculture Crop Production unknown 0 

 

 

 
 

 

 

 

 

 

 
 

 

 

 



 17 

Table 4b. Survey Results for Micropropagation Facilities 
Name Capacity Data Management Limiting Factors 

UH-Hilo This facility is used for instruction and would not be able to 

provide ex situ services for native plants. It is willing to align 

curriculum with research needs. 

No rare plant data management 

systems are used at this facility. 

Although the facilities exist, they are not 

available for use by conservation programs 

and are dedicated to classroom education. 

NTBG The NTBG micropropagation facility is not currently in use. 

The space and equipment for a facility exists, but maintenance 

and operators are needed. The facility needs to be reorganized 

so that the culture room is separate from the rest of the lab.  

There is no data management system 

in place, since the lab has not been 

operating. NTBG has databases and a 

data manager that can be used to link 

accessions to provenance data.  

No funding for staff to manage the facility. 

Experienced staff is needed to direct 

propagation protocols, research new 

methods, & maintain the facility. 

LAML 

 

The facility is currently near capacity, but is the focus of an 

ongoing capital raising campaign to fund restoration and 

expansion of one of the cottages at Lyon for a new facility. 

According to the UH Foundation website, this project will, 

“Nearly double the capacity of the lab, include the…visitor 

viewing and interpretive component, bring greater protection 

for endangered plants, provide an efficient working 

environment more conducive to the Arboretum's critical rescue 

and recovery research, include an area where visitors…can 

view scientists at work and learn from interpretative materials.” 

The LAML uses a Microsoft Access 

database designed by HBMP to link 

individual wild plants and document 

propagation treatments. This 

database can be linked with the 

standard HRPRG data for each 

collection. There is currently no 

support for updating the data 

management system or designing 

new reports. 

Additional trained staff to maintain & 

process incoming collections and data entry.   

Space for staff to conduct tissue culture 

work.  

Database support to upgrade software, 

customize reports and integrate with other 

programs to produce updated reports on the 

status of collections.   

 

Table 5a. Nursery Facilities for Hawaiian Native Plants 
Name Location Contact  Surveyed? Inventory 

Included? 

Elevation Estimated # 

Staff  

# Taxa of Concern 

HAVO Hawai„i Sierra McDaniels Yes Yes 4000‟ 2? 14 

PTA Hawai„i Kathy Kawakami Yes Yes 6800‟ 1 2 

VRPF Hawai„i Patty Moriyasu Yes Yes 4000‟ 2 54 

UCI Irvine, CA Steve Weller & Ann Sakai Yes Yes n/a student help? 22 

KRPF Kaua„i Lynlie Wailau No Yes 3600‟ 1 13 

HALE Maui Dave Palumbo Yes Yes unknown 1 9 

Native Nursery LLC Maui Ethan Romanchak Yes Yes ~3000‟ 2 25 

ORPF Maui Anna Palomino Yes Yes 3500‟ 1 13 

ULU Maui Art Medeiros No Yes <2000‟ 1+? 8 

DOFAW-O„ahu O„ahu Greg Mansker Yes Yes 100‟ 1 6 

Hui ku maoli ola O„ahu Rick Barboza Yes No <1000‟ 5 unknown 

La„au Hawai„i O„ahu Kay Lynch Yes Yes 50‟ 1 4 

LCC O„ahu Frani Okamoto Yes Yes 100‟ 1 45 

PRPF O„ahu Doug Okamoto Yes Yes 2000‟ 1 57 
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Table 5b. Survey Results for Nursery Facilities  
Name Capacity Data Management Limiting Factors 

PTA This facility holds plants for ex situ storage and 

produces plants for outplanting. Currently, they 

can handle a 20% increase in ex situ production.  

 

The facilities and staff are dedicated to growing 

rare plants found on PTA as directed by 

programmatic conservation plans. Other taxa are 

not propagated at these facilities. 

A Microsoft Access database and Excel 

spreadsheets are both used to link 

accessions to provenance data. 

Lack of a lower-elevation nursery that could be 

used to grow plants that are not tolerant of the 

higher-elevation conditions at the PTA facility.  

 

Lack of secured suitable habitat for 

outplanting.  

 

Low seed viability & quantity from collections 

of wild plants.  

 

Access to adequate seed banking facilities. 

 

VRPF 4 greenhouses that can be easily filled to capacity 

by VRPF staff and the many collectors on Hawai„i 

Island. The VRPF has produced over 60,000 

plants for outplanting and serves as the center for 

plant conservation for Hawai„i Island. VRPF staff 

also partner with HAVO nursery facilities for 

some taxa. VRPF facilities are primarily devoted 

to producing plants for outplanting, although there 

are several taxa that are held as living collections 

for controlled breeding. There is also a small seed 

bank collection in a refrigerator. 

A database built by HBMP is used to 

link plants with provenance and 

collection data. Detailed data on 

collections, provenance, maternal and 

paternal lines and propagation 

treatments are linked to each plant. At 

least a subset of all outplants are tagged 

with codes that can be linked back to 

the original data so that all provenance 

data is tracked.  

Lack of staff to make the collections and 

maintain/monitor outplantings. 

 

Additional space and staff to expand ex situ 

services. New greenhouses to increase living 

collections. 

 

Database support to upgrade software, 

customize reports and integrate with other 

programs to produce reports on collections.    

HALE Collections are made for propagating with short-

term seed storage of taxa that occur within the 

park. HALE is currently developing conservation 

plans that will include ex situ goals. Collections 

may be delivered to LASB for storage. 

A database created and maintained by 

HALE staff is used to document rare 

plant locations, collections and 

outplantings. This database can be used 

to track wild plants ex situ. There are 

staff that update the database and 

provide customized reports and 

inventories.  

Lack of ex situ facilities on island. Inter-island 

delivery of propagules to LAML for storage and 

micropropagation is uncertain, inconvenient, & 

affects the collection‟s viability.  

 

Database support would be needed to upgrade 

software, customize reports and integrate with 

other programs to produce reports on collections.    

Native 

Nursery 

LLC 

NN is capable of large-scale production of native 

plants. They have produced thousands of plants for 

outplanting under contract by DOFAW. This type 

of service can be provided again in the future if 

contracted. Focus is on producing plants for 

commercial sale and restoration projects. 

There is currently no data management 

system in place to link accessions to 

provenance data. The facility owners 

keep provenance data electronically. 

The facilities are available for contracting.  

 

Database support would be needed to upgrade 

software, customize reports and integrate with 

other programs to produce collection reports.    

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   
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Name Capacity Data Management Limiting Factors 

ORPF Space is available to hold more living collections 

and propagate for outplanting. However, this could 

be quickly filled by collections of commons by 

DOFAW & collections from PEPP, who direct the 

propagation goals and ex situ needs. There are also 

plans to build another shade house. The grounds 

are also being used to hold collections of native 

species. This will increase the capacity of the 

facility to hold larger long-lived taxa for ex situ 

storage and become a propagule source. 

 

Excel spreadsheets are used to link 

nursery collections to provenance and 

collection data.  

 

A Microsoft Access database built by 

the HBMP is available to link plants 

with provenance and collection data, 

but is not currently in use. 

To expand, additional staff would be needed to 

maintain plants, process new incoming 

collections and keep up with data entry.   

Database support to upgrade software, 

customize reports and integrate with other 

programs to produce collection reports.    

 

Lack of secured suitable habitat for 

outplanting. This can cause plants to build up in 

the nursery, consume precious resources and 

become sanitation problems.  

 

Unknown propagation schedule and methods 

for taxa new to cultivation. Since many plants 

brought to this facility are being grown for the 

first time, not knowing how many to grow or 

optimal conditions can limit planning. This can 

result in too few or too many plants. 

DOFAW

-O„ahu 

One shade house is used to produce plants for a 

mitigation project for Abutilon menziesii on 

O„ahu, as well as plants for restoration of several 

coastal sites. The facility is near capacity. 

There is no data management system to 

link accessions to provenance data. 

Collections in the nursery are tagged so 

that provenance data is tracked, but 

there is no system to integrate with 

existing databases. 

Additional space and staff would be needed to 

expand ex situ services; including a new 

greenhouse. 

 

Database support to create a database to 

integrate with other programs to produce 

collection reports.  

Hui ku 

maoli ola  

The nursery facilities are capable of large-scale 

production of native plants. They have produced 

thousands of rare plants for outplanting under 

contract by USFWS. This type of service can be 

provided again in the future. The primary focus is 

on producing plants for commercial sale and for 

use in restoration project contracts. 

There is currently no data management 

system in place to link accessions to 

provenance data. The facility owners 

keep provenance data, but there is no 

system in place that could integrate 

with existing databases.  

The facilities are available for contracting  

 

Lack of a clean room for seed storage or 

micropropagation. 

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   

 

Database support to create a database to 

integrate with other programs to produce 

collection reports.  

La„au 

Hawai„i 

This is currently the only facility in the state 

specializing in fern propagation and has produced 

plants for restoration projects. They have several 

taxa that no other facility has in cultivation. Staff 

There is currently no data management 

system in place to link accessions to 

provenance data. 

The facilities are available for contracting to 

produce plants for restoration projects or as part 

of an ex situ network.  
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Name Capacity Data Management Limiting Factors 

use micropropagation techniques to produce ferns. 

This expertise has been developed in cooperation 

with the LAML. 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   

 

Database support to create a database to 

integrate with other programs to produce 

collection reports.  

LCC Provides academic support for science classes, 

plant sales and propagation for native collections. 

Funding to support conservation projects and 

staffing is difficult. Limited access to wild-

collected material. 

 

Excel spreadsheets are used to link 

nursery collections to provenance and 

collection data. 

Additional space and staff would be needed to 

expand ex situ services; including a new 

greenhouse. 

 

PRPF The Pahole RPF is used to propagate plants for 

outplanting by the O„ahu NARS and PEPP 

programs. Initial propagation, including 

propagules coming from the LAML and LASB, is 

conducted at Lyon Arboretum and plants are then 

transferred to PRPF. The same staff manages both 

facilities, which are able to provide all ex situ 

types.  

There is currently no data management 

system in place  

 

A Microsoft Access database built by 

the HBMP is available to link plants 

with provenance and collection data, 

but is not currently in use.    

Database support to create a database to 

integrate with other programs to produce 

collection reports.  

 

 

Table 6a. Botanical Gardens for Native Hawaiian Plants 
Name Location Contact  Surveyed? Inventory 

included? 

Habitat Type  Elevation Size Estimated # 

Staff  

# of Taxa 

of concern 

AGG Hawai„i Peter Van Dyke & Brian 

Kiyabu 

Yes Yes Dry-Mesic 500-1000‟ 15 Acre 3+ volunteers 45 

NTBG Kaua„i Mike DeMotta Yes Yes Coastal-Mesic 100‟ 269 Acres + 

985 Acres of 

preserve 

2+ grounds 

crew 

236 

DTFA Maui Martha Vockrodt-Moran No Yes Dry 2600‟ 17 Acres 1+ small 

grounds crew 

59 

MNBG Maui Tamara Sherill Yes Yes Coastal-Dry Coastal 7 Acres 3 11 

HBG O`ahu Naomi Hoffman Yes Yes Dry, Mesic-Wet  648 Acres 1+ grounds 

crew 

92 

LYON O`ahu Mashuri Waite Yes Yes Wet   200 Acres 3 56 

WBG O`ahu David Orr Yes Yes Dry-Mesic 0-1000‟ 1875 Acres 2+ grounds 

crew 

74 

 

 



 21 

 

Table 6b. Survey results for Botanical Gardens  
Name Capacity Data Management Limiting Factors 

AGG The gardens are at near capacity, but have nursery space 

available.   

 

Staff have worked on controlled breeding of rare plants 

and producing plants for restoration projects. They can 

continue this work with plants that are suited to the 

habitat at the garden if there is a need. 

Some collections are accessioned into 

a Microsoft Access database, however 

this has not been updated. They are 

able to produce a list of plants in their 

collections and recall the provenance 

of each collection, however, they 

cannot currently produce a digital 

inventory.  

Database support to create a database to integrate 

with other programs to produce collection reports.  

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.  

NTBG NTBG is the lead group for conserving taxa native to 

Kaua„i. The nursery and garden facilities are dedicated to 

native plants and are capable of holding and producing 

thousands of plants annually. 

 

Needs to develop conservation plans for Kaua„i taxa that 

include specific ex situ goals and protocols for each 

taxon. Most collections are opportunistic and not as part 

of a comprehensive ex situ plan.  Have had restoration 

projects where specific plans are made for numbers of 

species to be planted.  

 

 

 

A Microsoft Access database is used 

to link collection and provenance data 

to each accession in the nursery and 

garden using unique codes. The 

database is maintained by NTBG staff 

and can be linked to other databases in 

the herbarium and seed bank. 

Improving collections of fewer fruit that are of 

higher quality to improve production while 

decreasing the cost to wild populations. 

 

Staff time to process collections for propagation 

and maintain plants in the nursery. 

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   

 

Enhanced data system is needed to track 

individual wild plants; changes to integrate with 

the data systems used by other programs  

DTFA The grounds are committed to maintaining native plants 

across the landscape.  

 

The gardens are near capacity to keep larger living 

collections, but they are able to plant additional species.  

 

Plants are tagged and accessions can 

be linked to the provenance data. 

There is currently no data 

management system in place to 

automatically link accessions to 

provenance data and integrate with 

existing databases. 

 

Additional space and staff would be needed to 

expand ex situ services, additional grounds staff 

would be needed to increase living collections. 

 

Database support to create a database to integrate 

with other programs to produce collection reports.  

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   

 

MNGB There are nurseries and gardens devoted to native plant 

collections. Currently expanding to provide more space 

for native plant conservation for species native to low-

elevation/coastal habitats on Maui.  

MNBG was able to provide a detailed 

inventory of their collections 

including unique codes that could be 

tracked to individual wild plants for 

some taxa. They maintain ex situ 

collections and the data tracking 

Database support to create a database to integrate 

with other programs to produce collection reports.  

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   
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Name Capacity Data Management Limiting Factors 

methods are sufficient to preserve 

genetic lineages.  

HBG There are several HBG gardens on O„ahu, and all have 

sections that are dedicated to native plants. Some hold 

extensive collections of certain taxa for ex situ storage.  

 

Collections on the grounds at the gardens could be 

expanded to include better representation of certain taxa. 

The habitat conditions available at each of the gardens 

(elevation, rainfall) would dictate the taxa most 

appropriate for each site. 

HBG was able to provide a list of taxa 

that are in the inventory in their 

gardens with associated provenance 

data.  

 

Additional space and staff would be needed to 

expand ex situ services. Additional grounds staff 

would be needed to increase living collections. 

 

Enhanced data system is needed to link the data 

needed for rare plant management. In order to 

track individual plants and populations, changes 

would need to integrate others‟ data systems. 

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   

LYON The grounds and nursery facilities are committed to 

providing native plants for increasing native landscapes 

in the garden. Currently, the only expansions planned in 

the gardens are for native plants. 

 

The nursery is currently at capacity for holding plants. 

LYON staff makes the most of the collections of native 

plants.  

 

LYON staff has worked with collections of rare plants to 

isolate them for controlled breeding in the past, but now 

space limitations hinder this kind of work.  

A Microsoft Access database is used 

to link plants on grounds and in 

nursery to provenance data. It is 

maintained by LYON staff.  

 

Plants are marked with unique 

accession codes that are linked to the 

records in the database. When tags 

break or are lost, the associated data is 

also lost. Data is also often not entered 

in the database.  

Additional space and staff would be needed to 

expand ex situ services, additional grounds staff 

would be needed to increase living collections. 

 

Enhanced data system is needed to link the data 

needed for rare plant management. In order to 

track individual plants and populations, some 

small changes would need to be made to integrate 

with the data systems used by other programs. 

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   

WBG The facilities are able to grow and maintain many native 

taxa in the nursery and on the grounds. Secure planting 

sites are limited to the lower elevations of the grounds, 

but upland areas may be fenced in the future. The staff 

maintains important collections of many rare native taxa 

for ex situ storage. They are able to expand collections in 

partnership with conservation programs.  Plants are 

individually marked and tracked using accession codes. 

A database using BGbase software is 

used to link provenance data to each 

accession using unique codes. This 

system links accessions to individual 

wild plants when provided by the 

collector. Staff assign a new accession 

code to each incoming collection.  

 

 

Additional space and staff would be needed to 

expand ex situ services in the nursery and grounds. 

 

Enhanced data system is needed to link the data 

needed for rare plant management. In order to 

track individual plants and populations, some 

small changes would need to be made to integrate 

with the data systems used by other programs. 

 

Sanitation protocols for transferring propagules 

would need to be established so that no pests or 

pathogens could be exchanged between facilities.   
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D. Ex Situ Potential: Nineteen conservation programs were surveyed (Table 7a,b). Every ex situ 

nursery facility and garden surveyed would be interested in increasing their capacity if funds were 

provided. NTBG is interested in establishing another micropropagation facility. AGG would be 

interested in establishing another seed bank and all existing seed banks are interested to expand with 

additional resources. While the majority of taxa were represented in more than one type of ex situ 

facility, seed banks represent more of the rare species than any other ex situ type (Fig. 6; though not 

significantly so, p >0.05). Furthermore, seed banks represent the most taxa of concern, and have the 

highest number of taxa with complete representation (Fig. 7; Appendix C). Gardens have the best 

representation of the more common taxa. 

 

 
Fig. 6. The percentage of the 528 secured taxa grouped by rarity rankings that are represented by ex 
situ type. Each color represents a different ranking in rarity from PEPP and USFWS.  
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Fig. 7. Number of taxa grouped by percentage of founder representation by ex situ type. 

Representation was determined by the number of founders represented in the collection with the largest 

number of founders by ex situ type. 

 

 Long-term seed bank storage potential varied among taxa, but the majority of taxa of concern, 

78%, are likely candidates for long-term seed storage. The proportion of unsecured taxa that have low 

seed bank potential is comparable to the secured taxa list, suggesting that the majority of these taxa can 

be stored in seed banks (Fig. 8). Representation of taxa with unknown and little to no potential for 

long-term storage varied among seed banks (Fig. 9).  
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Fig. 8. Percentage of secured and unsecured taxa that have unknown, not likely, and likely long-term 
storage seed bank potential. 

 

 
Fig. 9. The number of taxa of concern at each seed bank facility, grouped by seed bank storage 

potential. 
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Table 7a. Native Hawaiian Plant Conservation Programs Surveyed 
Program Location Contact Surveyed Lead 

Agency? 

Collecting 

for ex 

situ? 

Ex situ facilities used 

DOFAW-HI Hawai„i Lyman Perry Yes Yes Yes VRPF, HINSB, AGG, 

PTA 

NARS- Hawai„i Hawai„i Nick Agorastos Yes No Yes VRPF, DOFAW Tree 

Nursery, NN 

PEPP- State 

Manager 

Hawai„i Joan Yoshioka Yes Yes No see below for each 

island 

PTA Hawai„i Kathy Kawakami Yes Yes Yes PTA, VRPF, HAVO, 

NTBG, LAML, 

LASB, OANRP 

Silversword 

Alliance 

Hawai„i Rob Robichaux Yes Yes Yes VRPF 

NTBG Kaua„i Chipper Wichman Yes Yes Yes NTBG, LASB, LAML 

PEPP- Kaua„i Kaua„i Wendy Kishida Yes Yes Yes NTBG, LASB, 

LAML, KRPF 

The Nature 

Conservancy- 

Kaua„i 

Kaua„i Trae Menard Yes No No None 

Haleakala NP Maui Patty Welton Yes Yes Yes HALE, LAML, LASB 

NARS- Maui Maui Bryon Stevens Yes No No  None 

PEPP- Maui Maui Hank Oppenheimer Yes Yes Yes ORPF, LASB, LAML, 

MNBG, DTFA 

KANP Molokai Paul Hausten Yes Yes Yes KANP 

PEPP Molokai Molokai Ane Bakutis Yes Yes Yes ORPF, LASB, LAML, 

NTBG 

Pu„u o Hoku Ranch Molokai Bill Garnett Yes No Yes NTBG 

UH-CCRT O„ahu, 

Maui, 

Hawai„i 

Ken Kaneshiro Yes No No *Manages staff 

positions at ORPF, 

VRPF, LASB 

Lyon Arboretum O„ahu Christopher Dunn & 

Nellie Sugii 

Yes No Yes *Manages LASB, 

LAML, PRPF 

NARS- O„ahu O„ahu Marigold Zoll Yes Yes Yes  PRPF, LASB, LAML 

OANRP O„ahu Matthew Keir Yes Yes Yes OANRP, LAML, 

PRPF 

PEPP- O„ahu O„ahu Susan Ching-Harbin Yes Yes Yes PRPF, LASB, LAML, 

OANRP 

USFWS O„ahu Vickie Caraway & 

Marie Bruegman 

Yes Yes No None 
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Table 7b. Native Hawaiian Plant Conservation Programs Survey Results 
Program Ex situ goals What limiting factors prevent adequately securing  

more taxa ex situ? 

What ex situ facilities and services are you 

lacking on island? 

USFWS The USFWS is the primary agency 

responsible for the conservation of 

federally listed taxa. They are the main 

funding agency for most conservation 

programs and help to develop ex situ 

goals through the HPPRCC. All 

collections, propagation and outplanting 

of listed taxa are reported to USFWS by 

permitted programs. USFWS staff also 

directs ex situ goals at conservation 

programs for mitigation.  Establishing 

ex situ collections that are 

representative of the remaining wild 

plants is a required step in the process 

of down-listing and delisting 

Endangered plants.  

Sanitation protocols should be standardized across 

the state to facilitate the transfer of propagules 

between nursery and gardens. There are some 

facilities that have rare plants that cannot be 

transferred to their island of origin due to sanitation 

concerns and this should be remedied.   

 

Lack of focus on ex situ storage for rare plant 

conservation. There are opportunities to secure 

collections of rare plants in seed banks that have 

been outplanted but not stored. Taxa that have 

benefitted from outplanting by conservation 

programs could be collected from for ex situ storage. 

Taxa represented only at outplantings and in nursery 

collections are more susceptible to disasters and 

should be secured in seed banks.  

 

There are limitations to micropropagation 

methods such as not being able to transition plants 

of some taxa from tissue culture to traditional 

propagation methods in nurseries and gardens, an 

unknown mutation rates, the high expense of 

maintaining a facility, having to maintain live plants 

without the benefits of controlled breeding and 

requiring facilities that are prone to natural disasters.  

 

A statewide database is needed to manage 

population estimates, ex situ inventories and 

facilitate the development of management plans.  

 

Funding for plant conservation in Hawai„i is not 

adequate to provide staffing needed to make the 

collections. The taxa on the PEPP list have been the 

priority for collections and have received lots of 

attention. Many other taxa that are estimated to be 

less rare still have declining populations and need to 

be secured ex situ. Adequate staffing is needed to 

secure collections from these taxa before they are on 

the PEPP list.  

Seed bank facilities need to be enhanced so that 

adequate services can be provided to programs 

across the state. More investment in the LASB 

at Lyon is needed. More cooperation with 

NCGRP is needed to conduct the research 

needed to finalize storage protocols for 

Hawaiian taxa. A method to transfer propagules 

and plants between NCGRP and Hawai„i is 

needed.  

 

Ex situ facilities are lacking on Moloka‟i, At 

this time, a nursery to propagate and harden 

plants for outplanting is needed to continue 

PEPP work.   
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Program Ex situ goals What limiting factors prevent adequately securing  

more taxa ex situ? 

What ex situ facilities and services are you 

lacking on island? 

DOFAW-

Hawai„i 

This program collects for genetic 

storage when propagules are 

available, but the focus continues to 

be on outplanting and habitat 

restoration. Ex situ goals for each 

taxon would follow the 

recommendations for securing 

propagules from 50 plants from each 

population. 

Lack of funding to hire experienced staff to 

conduct surveys, make regular collections in remote 

locations and maintain outplantings. 

 

Database support to design, implement, and 

upgrade software, customize reports and integrate 

with ex situ facilities to produce updated collection 

reports. Currently, collection and outplanting records 

are kept in field notebooks.  

 

Limited interaction with colleagues on other 

islands. Would want to know more about the 

capabilities and potential for seed bank services. Sees 

need to increase networking to share techniques, 

successes and failures. 

 

Lack of lower elevation nursery. Most rare plants 

are propagated at the VRPF, which is at 4000‟. Taxa 

from lower and drier conditions may grow better at a 

facility closer to a similar habitat.  

A lower-elevation nursery is needed. VRPF staff 

direct propagation goals and propagation 

methods, including micropropagation (at 

LAML) and seed storage. Currently collections 

rarely need micropropagation services. VRPF 

staff gives feedback on collections (i.e. what 

does not germinate) and when plants are ready 

for outplanting.  

 

 

NARS-

Hawai„i 

The program does collect for genetic 

storage when propagules are 

available, but the focus continues to 

be on outplanting and habitat 

restoration. VRPF staff direct 

propagation goals and propagation 

methods including micropropagation 

and seed storage needs for each taxon. 

Lack of funding to hire experienced staff to 

conduct surveys, make regular collections in remote 

locations and maintain outplantings. “Too many rare 

plants over too large an area. Takes a lot of time to 

get to field sites and there is not enough staff to 

cover the work when you get there.” 

 

Access to collect from plants off State lands. 

Having better access to all plants within a taxon 

(regardless of land owner) would allow for 

collections and outplantings with better 

representation.  

 

Lack of ex situ facilities on island.  Inter-island 

delivery of propagules to LAML for storage and 

micropropagation is uncertain, inconvenient, and 

affects the collection‟s viability.  

 

Lack of secured habitat for outplanting rare taxa. 

Although there are thousands of acres of fenced 

native habitat on Hawai„i Island, there are rare taxa 

The production of outplants at VRPF for 

restoration projects is not a limiting factor at this 

time. Collections rarely need micropropagation 

services but since there are none on island for 

rare taxa, they would work with LAML. VRPF 

staff gives feedback on collections (i.e. what 

does not germinate) and when plants are ready 

for outplanting.  

 

 



 29 

Program Ex situ goals What limiting factors prevent adequately securing  

more taxa ex situ? 

What ex situ facilities and services are you 

lacking on island? 

that still have no secured habitat, making it difficult 

to find appropriate outplanting sites.  This can cause 

plants to build up in the nursery, consume precious 

resources and become sanitation problems. 

PEPP- 

State 

Coordinator 

(Joan 

Yoshioka) 

Collecting for ex situ storage is the 

primary objective of the PEPP 

program. The ex situ conservation 

goal for all PEPP taxa is to secure 

collections from up to 50 plants from 

each taxa. All four types of ex situ 

facilities are needed to secure all 

PEPP taxa. 

Staff to conduct surveys, make regular collections in 

remote locations and maintain outplantings. 

Additional staff is needed for planning and project 

administration.  

 

Inadequate helicopter budget for some island 

programs to regularly access remote areas to make 

collections. 

 

Database support to upgrade software, customize 

reports and integrate with ex situ facilities to produce 

collection reports.  

See discussion below for each island 

PTA The PTA Natural Resources Program 

has ex situ conservation goals to 

represent taxa found on or near Army 

training areas on Hawai„i Island. 

Lack of secured suitable habitat for outplanting.  

 

Low seed viability & quantity from collections of 

wild plants.  

 

Access to adequate seed banking facilities. 

Lower-elevation nursery, long-term seed bank, 

micropropagation. 

NTBG- 

Director 

(Chipper 

Wichman) 

NTBG has an updated strategic plan, 

which identifies the priorities for the 

next several years. A primary 

objective is to prevent the extinction 

of any plant species from Kaua„i. 

 

NTBG wants to provide all essential 

ex situ services for conserving plants 

on Kaua„i. More funding is needed to 

make improvements to the seed bank 

and micropropagation facilities and 

support full-time, trained staff to 

manage operations. 

Lack of government funding for work with 

Endangered taxa. NTBG has supported staff 

botanists to work on PEPP projects across the state 

for decades and will continue to do so. 

 

Lack of experienced staff to maintain the NTBG 

micropropagation lab or seed bank. Also lacking 

essential equipment for the seed bank (Appendix D).  

 

Need to have more conservation partners to increase 

capacity and production of rare plants for restoration. 

More cooperation with the KRPF, DOFAW and land 

managers in the Kaua„i Watershed Alliance would 

facilitate increased ex situ representation.  

Better access to the KRPF would allow for 

plants collected by NTBG to have a nursery site 

at a higher elevation.  This would benefit many 

taxa as the facilities at NTBG are at low 

elevation near the coast. 

 

There is no backup facility for rare plant 

collections at LYON, and NTBG could have 

adequate facilities and space for a seed bank and 

micropropagation lab that could provide that 

service.  

PEPP- 

Kaua„i 

See PEPP- State Coordinator section 

above  

Inadequate helicopter budget to regularly access 

remote areas to make collections. 

 

Access to seed bank and micropropagation 

Improvements to seed banking services, 

including fruit processing, are needed to 

facilitate more ex situ collections of Kaua„i 

PEPP taxa at NTBG. 
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Program Ex situ goals What limiting factors prevent adequately securing  

more taxa ex situ? 

What ex situ facilities and services are you 

lacking on island? 

facilities. There are no micropropagation services 

available on island and the NTBG seed bank is 

unable to support cleaning and processing of all 

collections. Inter-island delivery of propagules to 

LYON for seed storage and micropropagation is 

uncertain and inconvenient, and can affect the 

collection‟s viability.  

 

Would like more feedback on the health and 

viability of the collections that are delivered to 

ex situ facilities and the propagation success and 

failures of congeners.   

 

Micropropagation services are seldom needed 

but it is an inconvenience to send immature 

propagules of rare plants to LYON without 

risking damage to the seeds.  

 

Increased planning with DOFAW nursery. 

HALE Collections are made for growing 

plants for outplanting and storing 

seeds from taxa that occur within the 

park. HALE is currently developing 

more detailed conservation plans that 

will include ex situ goals. Collections 

may be delivered to Lyon Arboretum 

for propagation and storage. 

Inadequate helicopter budget to regularly access 

rare plants to make collections. 

 

Lack of ex situ facilities on island.  Inter-island 

delivery of propagules to LAML for storage and 

micropropagation is uncertain, inconvenient, and 

affects the collection‟s viability.  

 

Micropropagation services are seldom needed 

but it is an inconvenience to send immature 

propagules of rare plants to LYON without 

risking damage to the seeds.  

 

 

PEPP- 

Maui 

See PEPP- State Coordinator above 

 

To expand, additional experienced staff would be 

needed to make collections, monitor plants, and 

conduct outplantings and additional surveys. This 

would also require an increased helicopter budget. 

Database support to upgrade software, customize 

reports and integrate with other programs to produce 

collection reports.    

 

Lack of secured suitable habitat for outplanting. 

This can cause plants to build up in the nursery, 

consume precious resources and become sanitation 

problems.  

 

Unknown propagation methods and schedule for 

taxa new to cultivation.  

 

Ideally, it would be beneficial to have seed 

banks and micropropagation services available 

on all islands. A seed bank would be most 

useful on Maui. On the rare occasion that 

immature fruit are collected, these could be sent 

off-island to LAML. Seed banking services at 

LASB are currently relied on to store seeds from 

PEPP collections on Maui. LASB staff is able to 

provide feedback on the viability and status of 

collections. Transport of propagules to the 

LASB is inconvenient and uncertain but 

essential. Ex situ nursery and garden services on 

Maui are provided by ORPF, DTFA and 

MNBG. Implement a statewide network of ex 

situ services with a coordinator to improve data 

management capabilities and facilitate the 

transfer of propagules and plants between 

islands. A statewide database that can track 

individual plants in populations and integrate 

with ex situ facilities over a carefully managed 
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Program Ex situ goals What limiting factors prevent adequately securing  

more taxa ex situ? 

What ex situ facilities and services are you 

lacking on island? 

server is essential. 

PEPP- 

Moloka‟i 

See PEPP- State Coordinator above 

 

 

 

 

Vehicle access to rare plants to make collections is 

limited by poor road conditions. There are currently 

no resources to support improving roads into remote 

areas. 

 

Inadequate helicopter budget to regularly access 

remote areas to make collections. Many of the 

locations for PEPP taxa (~40%) on Moloka‟i can 

only be accessed via helicopter. Ferry time to bring 

the closest helicopter over from Maui 2-4 times for 

each collection trip quickly becomes prohibitive due 

to insufficient funding.      

 

Lack of ex situ facilities on island. There is no State 

Mid-elevation facility on Molokai. PEPP staff 

currently use a nursery on private land staffed by 

volunteers to harden off plants transferred from 

facilities on other islands before outplanting. 

Transporting plants between islands is detrimental to 

the health of the plants, is logistically difficult and is 

an added expense. All collections are sent off-island 

for propagation. This could reduce the viability of 

seed collections and greatly reduces the likelihood 

that cuttings will be successful if not delivered the 

day of collection. Collections are mailed to LAML 

and LASB and the conditions they are exposed to 

during transport are unknown. Communication with 

off-island ex situ facilities is more difficult. This may 

limit potentially beneficial feedback from the 

propagators on the status of propagules and direction 

from the collector on the purpose for the collection. 

 

 

Establish a mid-elevation facility on Moloka‟i 

devoted to propagating native plants. A nursery 

is needed to propagate plants from seeds and 

cuttings, receive plants from off-island nurseries 

and micropropagation facilities, and provide 

clean plants for outplanting.  

 

 

Kalaupapa 

National 

Park 

Collections are made for growing 

plants for outplanting and storing 

seeds from taxa that occur within the 

park. KANP is currently developing 

more detailed conservation plans that 

will include ex situ goals. Collections 

Lack of ex situ facilities on Moloka‟i. (See PEPP 

Moloka‟i section for discussion) 

The nursery at KANP is used for growing taxa 

from the Park. Lack of other ex situ facilities on 

Moloka‟i limits options for propagation. (See 

PEPP Moloka‟i section for discussion) 
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Program Ex situ goals What limiting factors prevent adequately securing  

more taxa ex situ? 

What ex situ facilities and services are you 

lacking on island? 

may be delivered to Lyon Arboretum 

for propagation and storage. 

Pu„u o 

Hoku 

Ranch 

Collections are made for growing 

plants for outplanting and storing 

seeds from taxa that occur within the 

Ranch. Collections may be delivered 

to Lyon Arboretum for propagation 

and storage. 

Lack of ex situ facilities on Moloka‟i. (See PEPP 

Moloka‟i section for discussion) 

A nursery at the Ranch can be used to propagate 

native taxa, but the lack of other ex situ facilities 

on Moloka‟i limits options for propagules. (See 

PEPP Moloka‟i section for discussion) 

CCRT- 

Ken 

Kaneshiro 

The ex situ facilities at VRPF, ORPF, 

and LASB are devoted to providing 

services for conserving native taxa. 

The type of service and capacity of 

each facility varies. See individual 

facilities for further discussion. 

A full-time faculty position staffed by the UH-Center 

for Conservation Research and Training that was 

located at the LASB has not been filled since it was 

vacated in 2011. Alvin Yoshinaga, who pioneered 

seed banking for native plants in Hawai‟i, previously 

occupied this position. Both the Lyon Arboretum and 

UH-CCRT support filling this position in whatever 

way possible to bring more support for ex situ 

activities at LASB. Once support from the UH 

administration is secured, this position can be 

dedicated to seed storage at the LASB.  

 

See individual facilities sections for discussion 

of the VRPF, ORPF, and LASB 

Lyon 

Arboretum 

Christopher 

Dunn & 

Nellie Sugii 

The primary ex situ services at LYON 

are LASB and LAML. LASB is 

currently the leading repository for 

storing and growing seeds from rare 

native plants and the LAML is the 

only micropropagation lab working 

with native taxa. Both of these ex situ 

methods were first developed and 

established by researchers working at 

LYON and they continue their 

commitment to plant conservation in 

Hawai„i. LAML is the focus of an 

ongoing capital campaign to fund 

restoration and expansion of one of 

the cottages at Lyon for a new MP 

facility. LAML currently supports all 

staffing and funding for work at the 

LASB. LYON also has grounds and 

nurseries dedicated to native 

Hawaiian plants. 

In order to expand the LAML, renovations of an old 

cottage are necessary. Due to its location in the 

Conservation District and the historic status of the 

cottages, the Arboretum has some restrictions on 

construction. There is also a limited amount of flat 

ground that can be used for constructing new 

buildings or nurseries and the potential to expand 

onto neighboring properties is being explored.  

 

Non-native plants currently dominate the grounds of 

LYON and while it will be difficult, the goal is to 

increase the presence of native plants. 

 

Staff will be needed to expand the ex situ services at 

the Arboretum. More nursery and grounds staff 

would be needed to maintain and expand native 

gardens and additional staff are needed for the 

LASB. The Arboretum currently receives funding 

from Federal/State Section 6 funds, grants from 

private and non-profit groups grants, the Center for 

Lyon is dedicated to continuing its leading role 

in providing seed bank and micropropagation 

services for the conservation of native plants 

across the state. Dr. Dunn envisions LYON as a 

center for research on developing and sharing ex 

situ protocols, facilitating training staff at all 

facilities, and providing backup collections to 

other facilities. 

 

There is also benefit in forming a larger network 

with other facilities and programs with aligned 

missions in that this entity may attract more 

funding and matching grants. As a larger 

network, this entity could then support 

additional staffing and infrastructure 

improvements at each participating facility.  
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Program Ex situ goals What limiting factors prevent adequately securing  

more taxa ex situ? 

What ex situ facilities and services are you 

lacking on island? 

Plant Conservation, the Institute for Museum and 

Library Sciences and from the University of Hawai„i 

at Manoa. See UH-CCRT section above for 

discussion of staffing at the LASB. 

NARS-

O„ahu  

 

NARS- O`ahu is currently developing 

conservation plans for ~30 taxa not 

already covered by PEPP or OARNP 

that will include ex situ goals. 

Collections will be delivered to the 

LAML and LASB. 

Lack of ex situ nursery facilities to grow common 

native plants for habitat restoration projects to 

improve outplanting sites for rare taxa. 

 

Database support to upgrade software and integrate 

with ex situ facilities to produce updated collection 

reports.  

Unsure of other limiting factors for ex situ 

services at this time since collections have been 

minimal in the last few years. 

OANRP The OANRP has ex situ conservation 

goals to represent 51 taxa found on or 

near Army training areas on O„ahu.  

Lack of secured suitable habitat for outplanting. 

This can cause plants to build up in the nursery, 

consume precious resources and become sanitation 

problems.  

 

Some other limiting factors for this program were 

described in the individual ex situ sections above.  

At this time, no additional facilities are needed. 

OANRP has its own seed bank and nursery 

facilities, contracts LAML for micropropagation 

services and partners with HBG and WBG to 

grow some taxa in gardens. 

PEPP- 

O„ahu 

See PEPP- State Coordinator above 

 

 

Inadequate helicopter budget to regularly access 

remote areas to make collections. 

 

Database support to upgrade software and integrate 

with ex situ facilities to produce updated collection 

reports. 

At this time, ex situ facilities are available for all 

PEPP taxa on O„ahu.  

 

 
 

 

 



                 

E. Network: All ex situ facilities and conservation programs indicated that a coordinated network of ex 

situ facilities would enhance services and benefit their programs. Plant conservation networks have 

brought together collectors and ex situ facilities in other regions and should serve as models for a 

similar network in Hawai„i. A network of seed banks in the Mediterranean called GENMEDOC 

(http://www.genmedoc.org/eng/progetto/presentazione.htm) was founded to promote the exchange of 

technical information and adoption of common protocols to conserve biodiversity in the region, which 

includes the West Mediterranean islands. The Millennium Seed Bank (http://www.kew.org/science-

conservation/save-seed-prosper/millennium-seed-bank/index.htm) is the largest ex situ plant 

conservation project in the world and is managed by the Royal Botanic Gardens-Kew. It has a large 

network of collectors around the world to with the goal of securing 25% of the world‟s flora by 2020. 

The New Zealand Plant Conservation Network (http://www.nzpcn.org.nz) was founded in 2003 to 

prevent the extinction of indigenous plant life and improve the practice of plant conservation and the 

efficiency in achieving outcomes. The European Native Seed Conservation Network 

(http://ensconet.maich.gr/) was a project sponsored by the European Union to coordinate native seed 

conservation within Europe. It has produced seed collection, processing, curating and storage manuals 

for seed banking and has created a venue during meetings, workshops and exchange visits for partners 

to share experiences, ideas and protocols. As demonstrated by these other networks, creating an entity 

to coordinate ex situ services would greatly benefit the facilities that provide them and the 

conservation programs that rely on them.  

 

Discussion 

Increasing Capacity: Of the 724 taxa of conservation concern in this assessment, 528 are 

represented in ex situ collections. This is a significant achievement and is the result of years of diligent 

collections and maintenance by all involved. In the last ten years, conservation programs have been 

increasing the pace of collections as funding for field crews and partnerships have increased. At the 

same time, most rare plants are in decline in the wild and collections must be made at an increased 

pace to secure the remaining populations in ex situ collections to ensure their availability to managers 

in the future, once habitat protection is in place. Securing the 196 taxa that are not represented in ex 

situ collections is a priority for conservation groups. Also, securing ex situ collections that are 

representative of the genetic variation in the remaining naturally occurring plants must be a priority. 

Only 189 taxa are represented by ex situ collections from more than 10% of available founders, and 

this is not adequate. PEPP has an objective to collect from every unrepresented individual; this strategy 

will direct collectors to secure more founders in storage. As seed storage is the most efficient way to 
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represent taxa with genetically diverse ex situ collections, access to this service should be the priority 

for conservation programs statewide. With nearly all taxa of conservation concern still under-

represented in ex situ collections, the need to increase the pace of collections and the capacities for 

facilities to secure them is apparent and pressing.  

Seed storage is the optimal ex situ method for most taxa of conservation concern in Hawai„i. 

To be able to meet the needs for this service, more investment is needed to build the capacity of the 

existing facilities on Kaua„i, O„ahu and Hawai„i. This must include obtaining equipment for 

conducting adequate research and storage practices to properly germinate, dry and store seeds at 4C,    

-18C and -80C and/or -160C (over lN2). Ultra-low temperature storage or cryopreservation practices 

are currently being researched and facilities and protocols have yet to be established for Hawaiian taxa. 

Research is being conducted at OANRP and NCGRP. These conditions are necessary for long-term 

storage of many taxa in Hawai„i and this service should become established in the state. Access to seed 

storage should be improved and more information about the benefits and protocols of seed banking 

should be promoted in order to secure more collections in storage. Seed banking is a service that needs 

to be financially compensated in written contracts with users. The following summaries detail our 

recommendations to increase the capacity of each seed bank to process and store collections as well as 

proposed roles in an ex situ network (see Appendix E1-4 for table summaries by facility; Appendix F 

for rough cost estimates for expanding ex situ services). 

The LASB, NTBG, HINSB, OANRP and NCGRP are able and willing to increase 

communication, share collections, and establish research-driven protocols. A network of the seed 

banks would require coordination to oversee protocol development and implementation, a unified 

database system, and an inventory for supplies and maintenance. This network would connect to 

LAML, collectors, gardens and nurseries. LASB is the primary repository for seed storage of rare 

plants in Hawai„i. It is capable of conducting research and protocol development for seed storage. It 

has most of the equipment needed to conduct quality storage, germination and viability research and 

the conditions to store seeds of most taxa of conservation concern, as well as a database capable of 

tracking the necessary data for storage collections and research. In collaboration with the other seed 

banks and with financial support, LASB should become the central seed repository and ex situ facility 

for the state. A full-time position staffed by the UH-CCRT that was located at the LASB has not been 

filled since it was vacated in 2011. Alvin Yoshinaga, who pioneered seed banking for native plants in 

Hawai„i, previously occupied this position. Both LYON and CCRT support filling this position in 

whatever way possible to bring more support for ex situ activities at LASB. Once support from the UH 

administration is secured, this position can be dedicated to seed storage at the LASB. However, if this 
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is not accomplished, the plant conservation community and especially the users of the facility must 

find a way to invest in this facility with additional staff, space, and funding. The NTBG also has 

facilities for seed banking, but lacks systematic research protocols and does not currently receive 

funding or as many collections from outside agencies as LASB does. All seed banks in the state should 

coordinate research efforts with NCGRP, who serves as the seed storage research center for the 

country. The OANRP seed bank has the equipment needed to conduct storage, germination and 

viability research and the conditions to store seeds of most taxa of conservation concern. Their 

database is capable of tracking the necessary data for storage collections and research. At this time, the 

facility has the financial support to secure the taxa covered in their conservation plans and could 

collaborate with other seed banks in the state. This seed bank currently serves as the main research 

collaborator with NCGRP.  

The value of seed storage research facilities is that the practices developed to improve 

collection and storage protocols can be shared and adopted at facilities that lack the capacity to conduct 

research on their own. Practices developed through research at the LASB and OANRP include: 

identifying fruit characteristics that indicate optimal harvesting time, estimating seed set to instruct 

how may fruit should be collected, maintaining a list of collection needs so that plants can move off 

the list once they are collected, and determining re-collection intervals based on research on when 

collections under certain conditions start to age to the point that another collection is necessary to 

replace that founder. These practices should be adopted statewide through a network of ex situ 

facilities and collectors. This network could identify re-collection intervals for PEPP taxa and other 

taxa of conservation concern if research collections are created at those facilities. Both collectors and 

seed bank staff indicated that better communication on fruit quality and quantity would improve 

efficiency of collections, and help to avoid collections that are not likely to store well under the 

conditions available at each facility. Many collections are brought in without any direction for a length 

of time to store them, when or how withdrawals may occur and identifying who has access to certain 

taxa (i.e. Erythrina sandwicensis at LASB). PEPP collectors are most interested in the fate of 

collections and the seed bank is able to provide lists including the number of propagules secured in 

order to direct collection needs. 

 

Recommendations for enhancing and expanding seed banking: 

1. Enhance seed storage capabilities and expand access to this service across the state. This should 

include efforts to improve the equipment, storage capacity, research capabilities, staff training, 

and data tracking at the existing facilities at Lyon Arboretum, O„ahu Army Natural Resources 
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Program, National Tropical Botanical Garden and Hawai„i Native Seed Bank. OANRP (with 

the exception of the USDA-ARS – NCGRP, Fort Collins, CO.) is currently the only facility that 

is researching and utilizing ultra-low temperature storage for seeds. Ultra-low/cryopreservation 

is necessary for many Hawaiian genera (Walters, pers. comm.).  

2. Identify collections held in seed banks from taxa with unknown or unlikely storage potential. 

Samples of these collections should be assayed or transferred to facilities capable of conducting 

germination assays to determine the quantity of viable propagules. 

3. Establish a program to collect from more common taxa. The Bureau of Land Management‟s 

„Seeds of Success‟ program could be a model for securing collections of many of the taxa of 

concern in this assessment that are important in plant communities or ecosystems. These 

collections could be used in the case of catastrophe (fire, hurricane) and to restore habitat. This 

could also involve the public in native plant conservation projects and provide a seed source for 

demonstration gardens.   

 

Micropropagation services are critical for germinating seeds from immature fruit, maintaining 

cultures indefinitely in a sterile condition, and researching methods for propagating plants from non-

reproductive tissue such as leaves or single cells. These specialized techniques are best applied to 

establish new taxa in cultivation or maintain clones of taxa that are easily sub-cultured. It is 

undetermined which Hawaiian taxa can and cannot be easily maintained in culture. Plants, however, in 

the Orchidaceae, Campanulaceae, Caryophyllaceae, Lamiaceae and Gesneriaceae families as well as 

ferns may be best suited to this method for long-term storage. Because the collections must be kept 

sterile and regularly sub-cultured, this method is not optimal for taxa that could otherwise be 

represented in seed storage. Also, micropropagation techniques require expensive facilities and highly 

trained staff. Consequently, it may not be efficient to establish facilities on every island. LAML 

conducts the necessary research and protocol development and is the main repository for 

micropropagation conservation in Hawai„i. There are plans to double the capacity of LAML within the 

next two years, greatly increasing the space available for staff to conduct tissue culture work. This will 

also allow for the development of more efficient work areas to improve sanitation and overall success 

of the cultures. The conservation programs we surveyed indicated that micropropagation services were 

needed less frequently than seed storage, and collections could be made in a way that they were usually 

not deterred to send material to LAML when necessary (though transportation conditions may be 

detrimental). Currently, LAML also manages an additional facility at the University of Hawai„i‟s 

Magoon Research Station on O„ahu. This facility functions as a back up for holding duplicates of the 
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collections secured by LAML. The LAML should continue to maintain a facility for this purpose on 

O„ahu and seek a commitment from the University to dedicate this space. Duplicate collections are 

particularly important for the taxa of concern that can currently only be secured with 

micropropagation. If long-term dedicated funding were available, micropropagation facilities could be 

developed on other islands to be able to provide ex situ services using protocols developed at LAML 

and provide a place for housing duplicate back-up collections. This effort should be done under the 

direction of LAML staff. Research efforts could increase through a potential collaboration with UH 

Hilo and LAML. 

 

Recommendations for enhancing micropropagation: 

1. Investigate possibility of collaboration of UH-Hilo teaching micropropagation facility with 

LAML 

2. Support completion of the planned improvements to the LAML and the database 

3. Seek a commitment from UH to maintain the additional facility at the University of Hawai„i‟s 

Magoon Research Station used as a back up for collections at LAML 

 

Nurseries play a crucial role in producing plants for restoration projects and holding living 

collections of rare taxa as part of breeding collections. Seed banks and micropropagation labs can 

secure collections for storage, but nurseries are needed to complete the process of returning plants to 

the wild. The system of mid-elevation nurseries serves many plant conservation programs in Hawai„i 

and is mostly under-utilized. Two of the nurseries in this system fall under UH-CCRT (ORPF, VRPF) 

and the other two fall under DOFAW (PRPF, KRPF). The nurseries are able to provide propagation 

services for most rare plants, but do not exist on every island. The lack of a facility to propagate 

collections on Moloka„i provides the greatest opportunity to expand these services. A nursery is 

needed to be able to process and grow collections and harden plants transferred from facilities on other 

islands for outplanting. Another opportunity to expand ex situ nursery services would be to establish a 

nursery on Hawai„i Island at a lower elevation that could be used to grow plants for dry-forest 

restoration. The nurseries working with rare plants there are located at upper elevations (PTA, VRPF). 

A lower elevation facility could provide better conditions for maintaining taxa found in drier habitats. 

There are several other private nurseries that could be part of a larger ex situ network, but are currently 

not able to meet the sanitation guidelines for facilities growing rare plants for outplanting into native 

ecosystems. Sanitation protocols should be developed that could be adopted by facilities statewide to 

aid in the transfer of plants. 
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Recommendations for enhancing and expanding nurseries: 

1. Establish a nursery on Moloka„i that is part of the statewide system of mid-elevation facilities. 

2. Invest in improvements in horticulture technology at the existing nursery facilities to increase 

production. The existing facilities would be able to produce more plants for restoration projects 

if they were both more water and energy self-sufficient, had more automated irrigation and 

chemigation systems, had areas devoted to quarantine and sanitation, and had trained staff to 

run automated systems.  

 

Botanical gardens are currently not being used to their full potential by conservation programs 

to maintain living collections. Few collections of native plants at botanical gardens are of high 

conservation value due to unknown provenance or having been cultivated from only a single wild 

source plant. Many of the collections of native plants in botanical gardens are not rare and are not 

being used as part of a conservation plan. Conservation programs could identify taxa that are good 

candidates to be adequately represented in botanical gardens and partner with those gardens to 

establish more representative collections. Good candidates would be taxa that are long-lived, in need of 

controlled breeding or exposure to ambient pollination, have research needs that would benefit from a 

living collection, will not interbreed with related species, have high ornamental value, and are 

culturally significant. More funding for staff and garden maintenance would be necessary to increase 

propagation of more taxa by the gardens. A limiting factor to establishing collections in botanical 

gardens is the overlap of habitat conditions in the gardens with that of the wild plants. There are 

regions with rare taxa that are not represented by any of the gardens. For example, there are no gardens 

on Moloka„i and Lana„i and little representation of wet forest and alpine zones.  

 

Recommendations for enhancing and expanding services from botanical gardens: 

1. Support a project to mark important ex situ collections in gardens with unique codes and 

develop a system to track provenance data to assist recovery efforts. Focus on accounting for 

representation of all wild founders for rare taxa with 50 plants or less. 

2. Develop standardized protocols for sanitation at nurseries and gardens that can be used when 

transferring plants between facilities and islands. This could involve partnerships with plant 

diagnostic centers, University of Hawai„i extension programs, Hawai„i State Agricultural 

Inspection agencies and Hawaiian Airlines.  
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3. Expand this type of assessment to culturally significant plants on Polynesian origin in Hawai„i. 

Many of the gardens we surveyed maintain collections of important and rare varieties that are 

only represented at a single facility. There are many facilities that maintain collections of niu, 

mai`a, and kalo, but other important plants are under-represented. This kind of assessment may 

facilitate the exchange of propagules and additional surveys to locate rare varieties before they 

are lost.  

 

Formalizing an ex situ network in Hawai‘i: 

Conservation programs in Hawai„i often partner with others to accomplish shared goals in 

protecting habitats and conserving native taxa. All of the programs that manage rare plants work with 

others to make collections, share propagules, store seeds, grow plants and establish outplantings in 

secured habitats. Many programs and facilities on each island already work together to share 

propagules and data on collections and outplanting. Collections are sent to the Lyon Arboretum from 

across the state for the services provided by the micropropagation lab and seed bank. Collections by 

NTBG botanists have been grown at their facilities and transferred back to programs on every island 

for many years. This informal network of programs, including the botanists surveying and making 

collections, the field crews conducting habitat protection and outplanting, and the ex situ facilities 

storing seeds, growing and maintaining plant collections has been working together to share expertise 

and facilitate plant conservation. Each program has dedicated staff time and funding to shared efforts, 

which have resulted in successful outplantings.  

To strengthen and formalize this network, a non-profit entity should be identified or created 

that can represent the consortium of involved programs, fund network projects and infrastructure 

improvements, and facilitate progress towards their shared goals.  

Such an entity could: 

 Coordinate propagule and plant transfer between collectors and ex situ facilities 

 Standardize record keeping for tracking provenance of all taxa of conservation concern 

 Manage a database to produce reports required for permits (Collection and Propagation 

Reports) and track the ex situ inventory of each species on a plant or population level 

(including species found on multiple islands and managed by different agencies and 

stored at multiple ex situ facilities) 

 Develop and implement standardized protocols for collection, propagation and storage methods 

for native plants/propagules.  
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 Document and publish protocols as a resource for conservation programs 

 Produce resources to help collectors in identifying mature fruit and optimal collection times  

 Establish a venue at workshops and exchange visits to increase communication between 

programs 

 Assist partners with permit administration to facilitate applications and renewals  

 Sponsor workshops and training in propagation and genetic storage protocols 

 Develop and implement sanitation protocols for transferring plants between ex situ facilities 

 Identify research needs and researchers that will focus on resolving conservation 

obstacles for rare plant conservation  

 Help develop ex situ goals for all taxa of conservation concern. Schedule for experienced staff 

to visit other facilities on a regular basis to ensure standard protocols are properly executed, 

assist with maintaining collections, entering data, conducting research and improving 

infrastructure 

 

 Several groups currently engaged in networking among conservation programs in 

Hawai„i include the Hawai„i Rare Plant Restoration Group, the Center for Plant Conservation, 

the Watershed Partnerships, and the Hawai„i Conservation Alliance. These groups could be used 

to create or support an entity for coordinating an ex situ network. With sufficient financial 

support, a coordinator position could be created to lead the network.  

 

Recommendations for forming and managing an ex situ network: 

1. Establish an entity to represent the consortium of government agencies, university research 

units, and private and non-profit groups involved in plant conservation in Hawai„i. This entity 

would coordinate propagule transfer between ex situ facilities, coordinate training for staff in 

the latest propagation and genetic storage protocols, and standardize record keeping for 

tracking provenance of all taxa of conservation concern.  

2. Draft detailed conservation plans that include specific ex situ goals for each taxon. Once goals 

are in place, programs can be directed by funding agencies to establish genetically 

representative ex situ collections as a primary goal. 
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Securing adequate ex situ representation of taxa of conservation concern: 

There are several limiting factors to securing adequately representative ex situ collections for 

each taxon of concern: the rapid decline of many taxa (making it more difficult to find and collect from 

rare plants), reduced or absent seed set due to lack of pollination or depredation of fruit, logistical 

difficulties and large expense of conducting surveys and making collections in remote areas, and a lack 

of experienced staff to conduct work which requires detailed knowledge of the Hawaiian flora and the 

ability to conduct work under harsh conditions.  More support for the field crews conducting this work 

and training new staff is needed at every program to overcome these limiting factors.  

Another limiting factor to adequately representing more taxa in ex situ collections is that goals 

for this objective are poorly defined for many taxa. Industry standard recommendations by the Center 

for Plant Conservation, the Hawai„i and Pacific Rare Plant Recovery Coordinating Committee and the 

State of Hawai„i Plant Extinction Prevention Program stipulate that each population must be 

represented by storing propagules from at least 50 individual plants in an ex situ collection that is 

secure and well-managed (Havens et al. 2004). Where programs are required to conduct plant 

conservation as mitigation, there are clearly established ex situ goals to represent each plant population 

by adequately securing propagules from at least 50 individual plants. Ex situ goals should be better 

defined for taxa that lack recovery or other conservation goals. In addition, if a „lead program‟ were 

identified to adopt responsibility for coordinating conservation efforts for taxa not covered by other 

programs, this would also increase attention to securing propagules in ex situ storage.  

Each ex situ type presents advantages and challenges, which can help direct the optimal method 

for each taxon. Collections with the highest conservation value are genetically diverse, representative 

of the wild plants, and have been managed to ensure that the provenance data and history in cultivation 

are well documented. Ideally, the collections must be maintained under conditions that preserve them 

for research and restoration projects. These attributes are most commonly associated with seed storage 

as this is the cheapest method to capture a high level of genetic variation in a single collection and 

provides the longest storage life for propagules. For example, the OANRP seed bank has 4,500 

accessions (stored), representing 38 taxa and 113 populations for a total of 2,454,122 seeds in storage. 

This collection is located in one refrigerator/freezer and a chest freezer. LAML has ~6000 accessions 

represented by ~30,000 explants in two culture rooms. The capabilities of a seed banking facility far 

outweigh the capacity of a micropropagation laboratory to store many propagules in a small space. 

Micropropagation labs are needed for storing certain taxa and for establishing ex situ collections from 

immature fruit but are less efficient in holding large collections that can otherwise be readily stored in 

a seed bank. Living plant collections in nurseries or gardens can provide direct or indirect conservation 
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value for ex situ storage depending on the how the collections were established and curated. Many 

collections in nurseries and gardens in Hawai„i do not meet these standards due to being of unknown 

provenance or having been cultivated from other plants within the collection. Nurseries and gardens 

are needed for propagating plants for outplanting, for periodically growing out collections held in 

storage and for securing taxa that cannot otherwise be stored in seed banks or micropropagation labs.  

 

Recommendations to securing more taxa of concern: 

1. Identify research needs for taxa that are difficult to secure in ex situ storage with existing 

methods. Native taxa with „recalcitrant seeds‟, ferns and lycophytes, and orchids are likely 

targets for new research projects on developing optimal ex situ methods. These needs can then 

be taken to researchers interested in determining preparation and storage protocols. 

2. Identify taxa that are not represented in ex situ collections despite repeated collections and 

propagation attempts. Direct research projects on these taxa to determine what is affecting the 

viability of seeds and success of the collections. This will involve both field and propagation 

research. 

 

Establishing duplicate (backup) collections at multiple ex situ facilities: 

 Management of ex situ collections should minimize the risk of loss due to catastrophic events 

or natural disasters. Events such as hurricanes, flooding, fire, theft, and staff changeovers can risk the 

loss of collections kept at a single facility. Maintaining duplicate collections at multiple facilities will 

mitigate this risk. In most cases, there are not enough propagules in collections from rare plants to split 

collections between facilities. However, when possible, this strategy would protect against the risk of 

losing all stored propagules to a single catastrophe. If ex situ propagules could be exchanged between 

facilities, they would be more secure. There are several examples of existing collections in seed 

storage at OANRP, LASB, NTBG, HALE, VRPF, UCI and PTA that are or could be shared among 

facilities. Quality assurance of the proper storage facilities and maintenance would need to be ensured. 

 

Recommendations for establishing duplicate collections: 

1. A single entity should be identified to coordinate ex situ collections and storage for each taxon 

of concern. This would include working with many organizations, some of which would remain 

the „lead‟ for many taxa (i.e. PEPP).  

2. Exchange seed bank collections held at OANRP, LASB and NTBG seed banks, so that 

duplicates can be held at more than one facility. 
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3. Ensure that there is sufficient back up for collections that can only be secured with 

micropropagation. Duplicate collections should be secured by LAML at the UH Magoon 

Research Station or at another facility. 

 

Curatorial Management: 

Plant conservation programs and ex situ facilities must be diligent about curatorial management 

of their ex situ collections to preserve genetic diversity and maintain collections that are equally 

representative of the remaining individual plants. Without proper curatorial management, the 

conservation value of a collection could be lost. The process begins with the collectors who tag 

individual wild plants using unique codes. These plant codes must be linked to the accession codes that 

are assigned to propagules as they are stored and grown at ex situ facilities, then transferred to field 

crews for outplanting. It is essential for all involved to maintain these data. Most programs use 

databases and spreadsheets to track collection and provenance information and communicate about 

inventories and collection needs. Each program or agency has its own needs for data. Collectors need 

GPS coordinates and observation dates; propagators need to know the numbers and status of 

propagules and collection and provenance information; seeds banks need to know the viability of their 

collections. Propagules that are collected from living collections and outplantings require provenance 

data to be tracked through multiple cohorts.  

Currently, when propagules are collected, the collectors provide some type of provenance 

information such as a unique code for the plant and population, an observation number, GPS 

coordinates or descriptive narrative including one of several place names. These can be entered into 

various fields on the collection record and linked to a unique accession code. The code is marked 

directly on plant containers and trays to identify each tube. Ex situ facilities will accept any 

propagation material from rare plants and have no requirements or standards for provenance 

information. They use what the collector provides. As a result, for many taxa, the database cannot be 

used to determine how many individual plants are represented. Physical inventories of the facility are 

labor intensive and are conducted once or twice a year.  There needs to be a statewide system or format 

for this type of curatorial management. Due to discontinuity with recording population names and 

individual plant numbers, it is not currently possible to examine inventories from ex situ facilities 

across the state and quickly determine which collections come from the same wild plants. For example, 

Gardenia brighamii is a critically rare plant that is in the inventories of most of the facilities we 

surveyed, but it is currently not possible to determine which wild trees are represented at each facility. 
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To determine which trees were underrepresented statewide, the ex situ accession records would need to 

be individually examined and cross-referenced with collection records and historic location data.  

Some rare plant mid-elevation facilities, PEPP, Lyon Arboretum, OANRP, and PTA use a 

Microsoft Access database that was built under contract by the Hawai„i Biodiversity and Mapping 

Program. These databases share similar data structure and labeling to track observations of wild plants, 

incoming collections and propagation treatments. In the last few years, there has been no contract to 

continue software updates, improve quality control, develop new reports or improve the data entry 

interface for the database. This has left many facilities and programs without database support or 

reliable systems to track the data needed for curating ex situ collections. Data entry is often too 

cumbersome for the current reporting capacity of these databases and consequently is a low priority for 

some programs. Database and IT support is needed for conservation programs throughout the state. 

 

Recommendations for increasing curatorial management and database support: 

1. Maintain and update the statewide population data kept by the USFWS and DOFAW. A project 

should be supported to better delimit population units for rare taxa, regularly update population 

estimates, and identify where more surveys are most needed to clarify the status of certain taxa.   

2. Contract database support for systems currently used by collectors at the PEPP and DOFAW, 

and ex situ facilities at Lyon Arboretum and mid-elevation nurseries. This should then be 

expanded to include other conservation programs and ex situ facilities. Identify a technology, 

such as RFID tags, and corresponding information management system that can be used to 

mark individual plants with permanent weatherproof tags that use an accession code to link 

with collection and provenance data.  

 

By continuing to develop the existing facilities on each island and improving access to all ex situ 

services across the state in the ways suggested above, we will be better able to meet the challenge of 

securing propagules from these unique Hawaiian plants.  
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Appendix A1. Survey Questions for Ex Situ Facilities: 

 
1. Which Hawaiian plant taxa have you received propagules (seeds or tissue) of for conservation in 

the last ten years? Can you provide an inventory, as an attachment, that includes species, 

population, year, propagule type 

2. What computer software or other form of record keeping is implemented at your facility? 

3. Do you know of other organizations that provide ex situ services for any of the same taxa you 

currently store/propagate? Is there a lead program? 

4. Who is directing the propagation and storage needs for these taxa? 

5. Do you receive government, provide or other funding to conserve these taxa? 

6. Which collectors/conservation managers do you work with to provide collections? 

7. Do these groups pay for services?  
8. Do conservation groups/collectors provide you with ex situ representation goals, or preferred 

methods of storage? Do they periodically ask for feedback on, inventories or withdrawals of their 

collections/plants?  

9. Have you sent plants out from your ex situ facility? If so, for what purpose? 

10. Do conservation groups/collectors provide propagation goals (i.e. XX number of 

plants/explants/seeds for restoration or other purposes)? 

11. Do you receive or send out plants from neighbor islands? If so, how is this done? 

12. To what extent are the incoming propagules from collectors for propagation or storage a limiting 
factor in the conservation of the taxa you work with (i.e. not enough seeds to test, poor quality 

material, limited communication with collectors)?  

13. What % increase in collections/production can your facility/staff handle? 
14. Are you able to handle an influx of propagules following a catastrophic event such as a hurricane, 

fire, or a new pathogen? 

15. What are the limiting factors in your facility? 

16. What is needed to overcome these obstacles or increase the number of collections currently 

processed at you facility? 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

 

 

 

 



 48 

Appendix A2. Survey Questions for Conservation Directors: 

 
1. What are the conservation goals of your organization? How does your mission align with 

conservation of native Hawaiian plants?  

2. What do you consider important ex situ services (grounds, nursery tissue culture, seed bank)? 

3. Do you have recovery plans or implement recovery plans for any taxa? 

4. Do you receive funding for recovery efforts for certain native Hawaiian taxa? If so, which taxa and 

what funding? Is there funding specifically for ex situ services?  

5. Do you designate funds to recovery efforts or native plant conservation? What part of your budget 

goes towards ex situ services? 

6. Are ex situ facilities (seed storage, tissue culture, living collections) a part of the conservation 

plans for the taxa you work with? Do you have specific ex situ goals? 
7. To what extent is the lack of sufficient funding for recovery efforts a limitation to the conservation 

goals of your organization?  

8. Are your ex situ facilities show cased in your fundraising efforts for your organization? 

9. What are the limiting factors in increasing the amount of conservation work your organization 

conducts? 

10. How much do you regularly meet with your employees regarding conservation efforts of your 

organization? 

11. How do you envision a network of ex situ facilities? 
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Appendix A3. Survey Questions for Collectors/Conservation Program Managers: 

 
1. Which Hawaiian plant taxa have you collected propagules (seeds or tissue) in the last ten years? 

Can you provide an inventory, as an attachment, that includes species, population, year, propagule 

type 

2. Which Hawaiian plant taxa have you outplanted for conservation in the last ten years?  

3. Do you know other conservation groups that work on these taxa? If so, is there a lead program? 

4. Do you receive government, private or other funding to conserve these taxa? 

5. Which ex situ facilities do you work with to store and propagate your collections, or provide 

outplants? 

6. Are micropropagation and seed banking services available on your island for conserving Hawaiian 

plants? Would you establish relationships with ex situ facilities if they were on your island? 
7. Do you or your group pay for those services?  

8. Are ex situ facilities (seed storage, tissue culture, living collections) a part of the conservation 

plans for the taxa you work with?  

9. Have you received material back from a seed bank or tissue culture facility? If so, for what 

purpose? Do you request and/or have you been provided feedback on your collections from ex situ 

facilities? 

10. To what extent is the lack of sufficient plant stock for outplanting or storage due to insufficient ex 

situ services. Is a lack of ex situ storage a limiting factor in the conservation of the taxa you work 
with?  

11. How does the availability or capability of the ex situ facilities you work with to store and produce 

propagules compare with the obstacles to obtaining propagules from the remaining in situ plants?  
 

MICROPROPAGATION 

12. Do you use micropropagation? If so, for what purpose?  

13. (Germinating seeds from immature fruit, replicating stock, long-term storage, other…) 

14. Do you rely on Lyon Arboretum to provide this service? If not, who is providing this service? 

15. Does the micropropagation facility you work with fulfill the conservation needs for the taxa?  

 
SEEDBANKING 

16. Do you have a repository for seeds for storage? 

17. Do you rely on Lyon Arboretum to provide this service? If not, who is providing this service? 
18. Do you know the optimal storage conditions for the taxa of which you store seeds? 
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Appendix B. Alphabetical listing of unsecured taxa, not represented in any type of ex situ facility. 

   Pop. Estimates Conserv. Status Distribution 

Taxa Family Common Name 
# of 

Pops 

Total 

Wild 

(Mature) 

Plants 

PEPP 

LIST 

Fed. 

Status 

H
aw

ai„i 

M
au

i 

L
an

ai 

M
o

lo
k

ai 

O
ah

u
 

K
au
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N
W
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K
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o
o
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e, 

N
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Adenophorus periens   Polypodiaceae No common name 12 100 X E X   X* X X* X   

Amaranthus brownii   Amaranthaceae No common name 1 40   E             

Nihoa 

CH 

Argyroxiphium caliginis Asteraceae   6 10000       X           

Argyroxiphium sandwicense 

ssp. sandwicense Asteraceae 

`Ahinahina, 

Mauna Kea 2 27 X E X             

Asplenium dielfalcatum Aspleniaceae No common name 15 1000s   E         X     

Asplenium dielunisorum Aspleniaceae No common name 3 1200   E         X     

Asplenium haleakalense Aspleniaceae   10 200     X X           

Asplenium x laui Aspleniaceae     100s             X     

Bidens hawaiensis Asteraceae           X             

Bidens hillebrandiana ssp. 

hillebrandiana Asteraceae   1 50 POP   X             

Bidens molokaiensis Asteraceae   50 3000           X       

Bidens populifolia Asteraceae   5 5000             X     

Bolboschoenus maritimus Cyperaceae   COM       X X   X X X X 

Calamagrostis expansa Poaceae Reedgrass, Maui  20 600   C X X           

Calamagrostis hillebrandii Poaceae 

Reedgrass, 

Hillegrand's  2 200   PE   X   X*       

Charpertiara ovata var. 

niuensis Amaranthaceae     1000s             X     

Cheirodendron dominii Araliaceae „Olapa   1000s POP             X   

Cheirodendron forbesii Araliaceae „Olapa   1000s               X   

Cheirodendron platyphyllum Araliaceae Lapalapa COM               X X   

Cladonia solitaria  Cladoniaceae     100 POP     X           

Clermontia arborescens 

subsp. arborescens Campanulaceae   5 100s       X           

Clermontia calophylla Campanulaceae   11 1000     X             

Clermontia clermontioides Campanulaceae ohawai ? 1000s     X             

Clermontia drepanomorpha   Campanulaceae `Oha wai 3 300   E X             
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Clermontia fauriei Campanulaceae haha'aiakamanu ? 1000s             X X   

Clermontia grandiflora  ssp. 

maxima Campanulaceae   2 140 POP     X           

Clermontia oblongifolia ssp. 

mauiensis   Campanulaceae `Oha wai 2 5 X E   X X*         

Clermontia peleana ssp. 

singuliflora   Campanulaceae `Oha wai 1 30   E X X*           

Clermontia tuberculata Campanulaceae `Oha wai 10 1000       X           

Clermontia waimeae Campanulaceae   12 500     X             

Coprosma elliptica Rubiaceae pilo   1000s               X   

Coprosma ernodeoides Rubiaceae Kukae nene ? 1000s     X X           

Coprosma menziesii Rubiaceae pilo ? 100s     X             

Coprosma montana Rubiaceae pilo ? 1000s     X X   X       

Coprosma ochracea Rubiaceae pilo COM       X X X X X     

Coprosma rhynchocarpa Rubiaceae pilo ? 1000s     X X           

Cryptocarya mannii Lauraceae Holio ? 100s ROI           X X   

Ctenitis squamigera   Dryopteridaceae Pauoa 10 200 

POP-K, 

ROI-

Mo,L, O E   X X X X X   

Cyanea fernaldii Campanulaceae Haha 1 3 X                 

Cyanea floribunda Campanulaceae   ? 100s     X             

Cyanea habenata Campanulaceae     1000s               X   

Cyanea hamatiflora ssp. 

carlsonii   Campanulaceae Haha 3 14 X E X             

Cyanea hamatiflora ssp. 

hamatiflora   Campanulaceae Haha 10 600   E   X           

Cyanea humboldtiana   Campanulaceae Haha 7 259   E         X     

Cyanea mannii   Campanulaceae Haha 9 200   E       X       

Cyanea membranacea Campanulaceae Haha 20 2000             X     

Cyanea recta   Campanulaceae Haha 8 203   T           X   

Cyanea salicina  Campanulaceae Haha       T           X   

Cyanea solenocalyx Campanulaceae Haha 10 5000           X       

Cyclosorus boydiae Thelypteridaceae 

maiden fern, 

Boyds  5 300   C   X     X     

Cyclosorus wailele Thelypteridaceae   4 500               X   

Cyperus fauriei   Cyperaceae No common name 3 5000   E X   X* X       

Cyperus odoratus Cyperaceae   2 29 X   X* X*   X* X X*   
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Cyperus pennatiformis ssp. 

bryanii   Cyperaceae No common name 1 488   E             L CH 

Cyrtandra biserrata Gesneriaceae   2 1000s       X   X       

Cyrtandra ferripilosa Gesneriaceae   1 5   PE   X           

Cyrtandra giffardii   Gesneriaceae Ha`iwale 2 112 POP E X             

Cyrtandra halawensis Gesneriaceae   3 200 POP         X       

Cyrtandra hematos Gesneriaceae   1 30 X         X       

Cyrtandra kamoloensis Gesneriaceae   4 1000               X   

Cyrtandra kealiae ssp. 

kealiae  Gesneriaceae Ha`iwale 6 1000s   T           X   

Cyrtandra kealiae subsp. 

urceolata Gesneriaceae   12 10000               X   

Cyrtandra macrocalyx Gesneriaceae   10 1000s       X   X       

Cyrtandra nanawalensis Gesneriaceae   ? 200     X             

Cyrtandra oxybapha Gesneriaceae Ha`iwale  2 200   PE   X           

Cyrtandra pickeringii Gesneriaceae   12 2000               X   

Cyrtandra rivularis Gesneriaceae   3 300             X     

Cyrtandra sandwicensis Gesneriaceae   1 500             X     

Cyrtandra waiolani Gesneriaceae   2 2000 X PE         X     

Cystopteris douglasii Woodsiaceae   ? 1000s POP   X X           

Doodia lyonii Blechnaceae  ? 3000 POP  X* X   X X  

Doryopteris takeuchii  Pteridaceae   1 109   PE         X     

Dryopteris crinalis var. 

podosorus Dryopteridaceae 

Palapalai 

„aumakua 3 39 X E           X   

Dryopteris tetrapinnata Dryopteridaceae   10 1000       X           

Dubautia hanaulaensis Asteraceae   1 200       X           

Dubautia imbricata ssp. 

acronaea Asteraceae Na„ena„e 1 350               X   

Dubautia kenwoodii  Asteraceae Na„ena„e 1 1 X E           X   

Dubautia microcephala Asteraceae Na„ena„e 6 750               X   

Dubautia paleata Asteraceae na'ena'e pua kea 1 3000               X   

Dubautia plantaginea ssp. 

magnifolia  Asteraceae Na„ena„e 1 100 POP E           X   

Dubautia sherffiana Asteraceae Na„ena„e 17 300             X     

Eragrostis deflexa Poaceae   30 2000     X X X X       

Eragrostis monticola Poaceae   ? 1000s     X X X X       
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Euphorbia clusiifolia Euphorbiaceae „Akoko 50 5000             X     

Euphorbia eleanoriae  Euphorbiaceae „Akoko 3 51 POP E           X   

Euphorbia halemanui   Euphorbiaceae „Akoko 4 350 POP E           X   

Euphorbia kuwaleana   Euphorbiaceae „Akoko 3 2000   E         X     

Euphorbia remyi var. 

kauaiensis  Euphorbiaceae „Akoko 5 1000   E           X   

Euphorbia rockii   Euphorbiaceae „Akoko 7 136   E         X     

Euphorbia skottsbergii var. 

vaccinioides Euphorbiaceae „Akoko ? 2500 ROI     X   X     X 

Euphorbia sparsiflora Euphorbiaceae „Akoko 2 4000 POP             X   

Exocarpos gaudichaudii Santalaceae Heau ? 300 ROI   X X X X X   X 

Exocarpos luteolus   Santalaceae Heau 8 39 POP E           X   

Fimbristylis hawaiiensis Cyperaceae   ? 2000     X             

Geranium cuneatum subsp. 

tridens Geraniaceae hinahina ? 1000s       X           

Geranium hanaense Geraniaceae Nohoanu  1 500   PE   X           

Geranium hillebrandii Geraniaceae Nohoanu  3 10000   PE   X           

Gouania hillebrandii  Rhamnaceae No common name 3 2000   E   X X* X     K* 

Huperzia nutans   Lycopodiaceae Wawae`iole 3 9 X E         X X*   

Hypolepis hawaiiensis var. 

mauiensis Dennstaedtiaceae   3 10       X           

Isachne distichophylla Poaceae „Ohe COM       X X X X X X   

Isoetes hawaiiensis Isoetaceae   2 100000     X X           

Kadua cordata var. remyi Rubiaceae Kopa 1 2   E     X*         

Kadua elatior Rubiaceae   ? 5000       X   X X X   

Kadua formosa Rubiaceae   7 300       X           

Keyserria helenae Asteraceae No common name 3 1000 POP e?           X   

Keyserria maviensis Asteraceae   4 300       X   X       

Keysseria erici  Asteraceae No common name 4 1000s   E           X   

Keysseria helenae  Asteraceae No common name ? 300   E           X   

Korthalsella degeneri Santalaceae Hulumoa  1 1000   PE         X     

Labordia hosakana Loganiaceae Kamakahala 5 200             X     

Labordia tinifolia var. 

wahiawaensis   Loganiaceae Kamakahala 2 34 X E           X   

Labordia waialaeale Loganiaceae 

Kamakahala 

lauli„i   1000           X   X   
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Lepechinia hastata Lamiaceae pakaha 1 100 POP     X           

Lepturus repens Poaceae     1000s                 X 

Liparis hawaiensis Orchidaceae 

„Awapuhi a 

Kanaloa ? 1000s ROI   X X X X X X   

Lipochaeta lobata var. 

leptophylla   Asteraceae Nehe 7 400   E         X     

Lobelia gaudichaudii  Campanulaceae No common name 15 150             X     

Lobelia oahuensis   Campanulaceae No common name 5 37 X E         X     

Lobelia villosa Campanulaceae     1000s               X   

Lobelia wahiawa Campanulaceae     1000s               X   

Lysimachia pendens   Primulaceae No common name 1 8 X E           X   

Melanthera micrantha ssp. 

exigua   Asteraceae Nehe 2 125 POP E           X   

Melanthera micrantha ssp. 

micrantha   Asteraceae Nehe 4 400   E           X   

Melanthera tenuis Asteraceae Nehe 3 1000             X     

Melicope christophersenii Rutaceae Alani  3 250   PE         X     

Melicope cinerea Rutaceae     250       X*     X     

Melicope haleakalae Rutaceae   ? 1000s       X           

Melicope hiiakae Rutaceae Alani  8 40   PE         X     

Melicope kaalaensis Rutaceae   ? 100s             X     

Melicope makahae Rutaceae Alani  4 200   PE         X     

Melicope munroi Rutaceae Alani 1 550   E     X X       

Melicope orbicularis Rutaceae Alani 2 1000s       X           

Melicope puberula  Rutaceae Alani 3 900   E           X   

Melicope quadrangularis Rutaceae Alani 1 13 X E           X*   

Melicope saint-johnii  Rutaceae Alani 4 200   E         X     

Melicope sandwicensis Rutaceae   ? 100s             X     

Melicope sp. nov. 1  Rutaceae   1 3 X     X           

Melicope sp. Nov. 2  Rutaceae   ? 200       X           

Melicope wawraeana Rutaceae     1000s             X X   

Mucuna sloanei var. 

persericea Fabaceae   1 50 POP PE   X           

Myrsine degeneri Primulaceae   ? 1000s             X     

Myrsine fernseei Primulaceae     500               X   

Myrsine fosbergii Primulaceae Kolea  19 141 POP C         X X   
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Myrsine petiolata Primulaceae     1000s POP             X   

Myrsine vaccinioides Primulaceae Kolea  3 500   PE   X           

Nama sandwicensis Boraginaceae   COM       X X X X X X X 

Neraudia sericea   Urticaceae Ma„oloa 9 27   E   X X X     K* 

Nothocestrum longifolium Solanaceae „Aiea 6 1000s     X X X X X X   

Oreobolus furcatus Cyperaceae   COM         X   X X X   

Panicum ramosius Poaceae     <50         X X   X   

Peperomia ligustrina Piperaceae „ala „ala wai nui 3 100s POP   X X   X       

Peperomia rockii Piperaceae „Ala„ala wai nui ? 300           X       

Phyllostegia ambigua Lamiaceae   ? 1000s ROI   X X   X       

Phyllostegia kahiliensis Lamiaceae No common name   <50               X   

Phyllostegia macrophylla Lamiaceae   10 100 ROI   X X           

Phyllostegia parviflora var. 

glabriuscula 
Lamiaceae 

No common name 1 50 X E X             

Phyllostegia wawrana   Lamiaceae No common name 5 13 X E           X   

Pittosporum argentifolium Pittosporaceae Ho„awa ? 300       X   X       

Pittosporum terminalioides Pittosporaceae Ho„awa ? 24     X X* X*         

Plantago princeps var. 

longibracteata   Plantaginaceae Ale 4 3000 POP E         X X   

Pleomele fernaldii Asparagaceae Hala pepe  1 500   PE     X         

Poa mannii   Poaceae No common name   300 POP E           X   

Poa siphonoglossa   Poaceae No common name   500 POP E           X   

Polyscias gymnocarpa   Araliaceae `Ohe`ohe 16 129   E         X     

Pritchardia perlmanii Arecaceae   2 500               X   

Pritchardia sp. nov.  Arecaceae   3 23 X     X           

Pritchardia woodii Arecaceae     <50       X           

Prtichardia lanigera Arecaceae Loulu 1 150     X             

Pseudognaphalium 

sandwicensium var. 

molokaiense Asteraceae `Ena`ena  5 1000s ROI C   X X X X     

Psychotria grandiflora  Rubiaceae Kopiko 10 23 X E           X   

Psychotria greenwelliae Rubiaceae     2000               X   

Psychotria hexandra subsp. 

oahuensis var. oahuensis Rubiaceae   1 8 X PE         X     

Rhynchospora chinensis 

subsp. spiciformis Cyperaceae kuolohia 6 1000s     X X   X X X   
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Sanicula sandwicensis Apiaceae   6 50 ROI   X X           

Santalum involutum Santalaceae   5 75               X   

Schiedea attenuata   Caryophyllaceae No common name 1 10 X E           X   

Schiedea hawaiiensis Caryophyllaceae   1 1 X   X             

Schiedea mannii Caryophyllaceae   50 50000             X     

Schiedea menziesii Caryophyllaceae   ? 5000       X X         

Schiedea pubescens Caryophyllaceae Ma`oli`oli  8 50 ROI C   X X* X       

Sicyos cucumerinus Cucurbitaceae Panunu kuahiwi 4 1000 ROI   X X   X   X   

Sicyos waimanaloensis Cucurbitaceae „Anunu ? 1000s             X X   

Silene hawaiiensis  Caryophyllaceae No common name 50 30000   T X             

Stenogyne calycosa Lamiaceae   5 1000       X           

Stenogyne kauaulaensis Lamiaceae   1 3 X PE   X           

Stenogyne kealiae Lamiaceae No common name 5 200 POP E           X   

Stenogyne purpurea Lamiaceae     3000               X   

Stenogyne rugosa Lamiaceae ma'ohiohi ? 100s     X X*           

Stenogyne scrophularioides Lamiaceae Mohihi 3 200     X             

Tetramolopium 

consanguineum subsp. 
consanguineum Asteraceae 

No common name 

50 10000 

POP 

            X*   

Tetramolopium diersingii Asteraceae No common name 1 100 POP   X             

Tetramolopium humile var. 

humile Asteraceae   2 500     X             

Tetramolopium rockii var. 

calcisabulorum  Asteraceae No common name 1 1000s   T       X       

Tetramolopium sylvae Asteraceae   8 50000       X   X       

Trisetum inaequale Poaceae   2 50000 ROI     X X         

Vaccinium calycinum Ericaceae 

'ohelo; 'ohelo kau 

la'au COM       X X X X X X   

Vaccinium reticulatum Ericaceae 'ohelo COM       X X   X X X   

Viola lanaiensis Violaceae Pamakani 2 150 X E   X X         

Wikstroemia phillyreifolia Thymelaeaceae „Akia COM       X             

Wikstroemia sanwicensis Thymelaeaceae „Akia COM       X             

Wikstroemia skottsbergiana Thymelaeaceae „Akia 1 10 X             X   

Wikstroemia villosa Thymelaeaceae „Akia 1 1 X PE   X           

Xylosma crenatum   Salicaceae No common name 14 28 X E           X   
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Zanthoxylum dipetalum var. 

tomentosum   Rutaceae A`e 1 13 X E X             

Zanthoxylum oahuense Rutaceae A`e  8 100s   PE         X     
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Appendix C. Taxa with complete ex situ representation 

Taxa Family Common Name 

# of 

Pops 

Total 

Wild 

Mature 

Plants 

PEPP 

LIST 

Fed. 

Status 
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Abutilon eremitopetalum Malvaceae No common name 1 10 X E     X         

Argyroxiphium sandwicense ssp. 

sandwicense Asteraceae 

`Ahinahina, Mauna 

Kea 2 27 X E X             

Brighamia insignis   Campanulaceae Alula 1 1 X E           X 

Niihau

*CH 

Clermontia oblongifolia ssp. 

brevipes   Campanulaceae `Oha wai 2 3 X E       X       

Cyanea dunbariae   Campanulaceae Haha 1 7 X E       X       

Cyanea glabra   Campanulaceae Haha 0 0 X E   X           

Cyanea grimesiana ssp. grimesiana   Campanulaceae Haha, Kue nui 0 0 X E       X* X*     

Cyanea grimesiana ssp. obatae   Campanulaceae Haha, Kue nui 8 20   E         X     

Cyanea lobata  ssp. lobata  Campanulaceae Haha 2 3 X E   X           

Cyanea magnicalyx  Campanulaceae Haha 3 5 X PE   X           

Cyanea munroi  Campanulaceae Haha 1 2 X PE     X X       

Cyanea pinnatifida   Campanulaceae Haha 0 0 X E         X     

Cyanea superba ssp. superba   Campanulaceae Haha 0 0 X E         X     

Cyanea truncata   Campanulaceae Haha 1 2 X E         X     

Cyperus pennatiformis ssp. 

pennatiformis  Cyperaceae No common name 0 0 POP E   X     X* X*   

Cyrtandra gracilis Gesneriaceae   1 7 X PE         X     

Delissea waianaeensis  Campanulaceae No common name 12 24 X E         X     

Gardenia brighamii Rubiaceae Na„u 2 6 X E X* X* X X* X     

Hibiscadelphus hualalaiensis   Malvaceae Hau kuahiwi 0 0 X E X             

Hibiscus brackenridgei ssp. 

mokuleianus   Malvaceae Ma`o hau hele 6 53 POP E         X     

Isodendrion pyrifolium   Violaceae Wahine noho kula 1 4 X E X X* X* X* X*   

Niihau

* 

Kokia cookei Malvaceae Koki`o 0 0   E       X*       

Melicope adscendens   Rutaceae Alani 1 1 X E   X           

Myrsine mezii   Primulaceae Kolea 1 1 X E           X   

Neraudia angulata var. dentata  Urticaceae No common name 1 1   E         X     

Neraudia ovata   Urticaceae Ma„oloa 5 10 X E X             

Panicum niihauense   Poaceae Lau`ehu 1 7 X E           X 

Niihau

* 

Phyllostegia bracteata Lamiaceae   1 1 X PE   X           
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Phyllostegia haliakalae Lamiaceae No common name 1 1 X PE   X   X* X*     

Phyllostegia hispida Lamiaceae No common name 2 2 X E       X       

Phyllostegia kaalaensis   Lamiaceae No common name 0 0 X E         X     

Phyllostegia mannii   Lamiaceae No common name 1 1 X E   X*   X       

Phyllostegia mollis Lamiaceae No common name 1 2 X E         X     

Phyllostegia parviflora var. lydgatei Lamiaceae No common name 0 0 X E         X     

Phyllostegia warshaueri   Lamiaceae No common name 3 3 X E X             

Sanicula mariversa   Apiaceae No common name 4 648   E         X     

Schiedea adamantis Caryophyllaceae No common name 1 4 X E         X     

Schiedea diffusa subsp. macraei Caryophyllaceae   1 1 X   X             

Schiedea jacobii Caryophyllaceae   0 0 X PE   X           

Schiedea nuttallii Caryophyllaceae No common name 2 10 POP E   X*   X* X     

Schiedea obovata  Caryophyllaceae No common name 1 35 X E         X     

Silene perlmanii   Caryophyllaceae No common name 0 0 X E         X*     

Stenogyne bifida   Lamiaceae No common name 1 1 X E       X*       

Stenogyne kaalae subsp. sherfii Lamiaceae   0 0 X           X     

Stenogyne kanehoana   Lamiaceae No common name 1 1 X E         X     

Tetramolopium remyi   Asteraceae No common name 1 3 X E   X* X         
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Appendix D. List of features and equipment necessary for a Seed Bank 

 
1. Air-conditioning (preferably central air) to maintain a consistent temperature and reduce relative 

humidity within the laboratory 

 

2. Generator with Automatic Transfer Switch to supply power to environmental control chambers & 

freezers in the case of power loss 

 

3. Reinforced walls & ceiling surrounding storage collections  

 

4. Environmental control chambers to complete viability assays under consistent, regulated 

temperatures and relative humidity. Also can be used for propagation of seedlings from viability 
assays. 

 

5. Drying units (chambers with salts, cabinets) 

 

6. Database: To link accession to wild plants and maintain research records 

 

7. Analytical Balance with readability to 0.01mg.  

 
8. Chest freezers 

 

9. Refrigerators 
 

10. Cryopreservation capabilities (whether on or off-site through another laboratory): research needed 

 

11. Staff trained in biology (esp. plant reproductive & seed biology), experimental design, plant 

physiology/horticultural science, conservation & natural resource history in Hawai„i, and systematics 

 

12. Clean working space utilized solely for laboratory 
 

13. Established relationships and communications with other seed banking facilities, 

botanists/collectors, and natural resource management.  
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Appendix E1. Recommendations for a statewide ex situ network and for overcoming limiting factors (by ex situ type and facility).  

Name Ability/potential to participate in an ex situ 

network 

What is needed to overcome limiting factors? 

LASB The LASB is the primary repository for seed 

storage of rare plants in Hawai„i. This facility 
is capable of conducting research and protocol 

development for seed storage. It has most of 

the equipment needed to conduct quality 
storage, germination and viability research and 

the conditions to store seeds of most taxa of 

concern.  

 

A database to document the viability and 
provenance of each accession is used; 

however, it should be upgraded to better link 

accessions with provenance data, to integrate 
data fields with PEPP and track plants sent out 

to nurseries.    
 

With adequate staffing, database, and 

equipment upgrades, the LASB can provide 

the guiding research and serve as the central 

hub for seed storage activities in Hawai„i.  

 

 

Additional space and equipment are essential to meet the need for 

services at this facility. There is the potential to expand into the space 
currently housing the LAML once their new facility is complete. This 

would significantly increase capacity for the LASB, but still is not 

suitable as a permanent location for these important collections. The 
same reasoning that resulted in the planned improvements to the 

LAML would equally apply to the LASB, which occupies the same 

building. A list of equipment and features needed to provide adequate 

seed banking services is included as APPENDIX D.    

 
At least one additional full-time position is essential to meet staffing 

needs at this facility. Both the Lyon Arboretum and UH-CCRT 

support filling the full-time faculty position staffed by the UH-CCRT 
that was located at the LASB in whatever way possible to bring more 

support for ex situ activities. Once support is secured, this position 
can be dedicated to seed storage at the LASB. However, if this is not 

accomplished soon, the plant conservation community and especially 

the users of the facility must find a way to invest in its capacity with 

additional staff. Also, determining a fee for service that could be 

assessed or suggested for each accession may help to place a value on 

this service and bring financial support from the major users. 

 

Database support to update data entry and reporting needs, strengthen 
the relationships with databases at other programs and document 

outgoing propagules.  

 

More frequent communication with collectors on fruit quality and 

quantity needed to meet ex situ goals would improve efficiency and 

help avoid collections that are not likely to store well under the 

conditions available at this facility. Nearly all collections are 

delivered without any direction on a length of time to store them, 

when or how withdrawals may occur, what to do with seedlings or 
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Name Ability/potential to participate in an ex situ 
network 

What is needed to overcome limiting factors? 

identifying who has access to certain taxa. PEPP collectors are most 

interested in the fate of collections and the seed bank is able to 

provide feedback on the viability of collections and lists of the 
number of secured propagules. 

 

Exchanging older collections with other facilities able to conduct 
germination assays to determine if any of the seeds are still viable. 

This would help to address the older collections where it is unknown 

if any seeds are still viable. This could be coordinated with other seed 

banks; nurseries and the micropropagation lab. Some of the resulting 

propagules could be incorporated into existing outplantings. 

National Tropical 

Botanical Garden 

The NTBG collectors are the primary users of 

their seed bank. Staff shares data with other 
facilities. There is some space to store back-up 

collections held at other facilities, but 

additional equipment, staff and space are 

needed to provide the services that would 

enable NTBG to participate in an expanded ex 
situ network.  

 

The NTBG seed bank has a system to 
document data on the viability and provenance 

of each collection. However, this system 
should be upgraded to a database to link 

accessions with provenance data and integrate 

with databases used at other programs.   

 

Additional staff experienced in cleaning and processing fruit 

collections are needed, so that seeds can be properly stored or 
propagated. At current levels of incoming collections, a minimum of 

one full-time staff is needed to process, test and store seeds. To 

expand services, at least one additional staff would be needed. 

Regular exchange visits with other programs and international 

experts would also increase the capacity implement standard 
protocols and exchange collections for testing. 

 

Essential equipment including additional cooling units, growth 
chambers for germinating seeds for viability tests, and access to ultra-

low temperature storage conditions for researching cryopreservation 
are essential. A list of equipment and features needed to provide 

adequate seed banking services is included as APPENDIX D.    

 

The space currently occupied by seed storage activities at NTBG 

should be consolidated in one room to improve efficiency. The space 

currently occupied by the micropropagation lab could be used for the 

seed bank. This would provide the space needed for a clean area to 

process incoming collections, a room to house the incubators and 
drying cabinets and is set up to be able to feature this important ex 

situ service to garden visitors. In addition, the space inside the 
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Name Ability/potential to participate in an ex situ 
network 

What is needed to overcome limiting factors? 

reinforced building occupied by non-essential storage should be 

dedicated to additional cooling units to expand storage capacity.   

 
Upgrades to the data management systems are needed to strengthen 

the link with other NTBG databases and enable it to integrate with 

other facilities.  
 

Exchanging older collections with other facilities able to conduct 

germination assays is necessary to determine if any of the seeds are 

still viable. This would help to address the older collections where it 

is unknown if seeds are still viable. This could be coordinated with 
other seed banks; nurseries and the micropropagation lab. The 

resulting propagules could be used in existing outplantings or at the 

garden.  

Hawai„i Native 

Seed Bank 

Additional equipment and staff would be 

needed to enable HINSB to participate in an 

expanded ex situ network for securing seeds.  

 
Upgrades to data management systems and 

procedures for viability testing would allow it 

to be a partner in an ex situ network to transfer 
propagules and data between facilities.  

 
 

Additional staff to assist with cleaning and processing fruit 

collections so seeds can be promptly stored or propagated. To expand 

seed storage services, a minimum of one full-time staff is needed to 

process, test and store seeds. To expand so duplicate collections from 
across the state could be housed at this facility may require another 

additional staff. Alternatively, regular exchange visits with other 

programs and international experts would also increase the capacity 
implement standard protocols and exchange collections for testing. 

 
Essential equipment including additional cooling units, growth 

chambers for germinating seeds for viability tests would be needed to 

expand services. Some work on the data systems would be needed to 

integrate with databases at other facilities.  

O`ahu Army 

Natural 

Resources 
Program 

The OANRP seed bank is able to participate in 

a network of ex situ facilities to exchange 

collections, share data and provide services to 
test viability. They are able to link accession 

via the commonly used HRPRG codes for 

individual plants and have adequate testing 

Access to equipment to provide ultra-low temperature storage 

conditions for researching cryopreservation is needed. A reinforced 

building and a power generator are needed to secure the collections 
during a hurricane. 
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Name Ability/potential to participate in an ex situ 
network 

What is needed to overcome limiting factors? 

capabilities to share testing data with other 

facilities.  

NCGRP The NCGRP can participate in an ex situ 

network as a research facility and store 

duplicate collections to back-up locally stored 

accessions. The facility would be able to 

integrate data management with other 
facilities.  

 

It would be difficult to transfer propagules and 
plants between the NCGRP and Hawai„i. 

Research needs for storing seeds of Hawaiian taxa should be 

compiled and those best conducted at NCGRP be identified. Funding 

for this research could be sought once the taxa and techniques 

involved are identified.  

 
Identify a method to transfer propagules and plants between Hawai„i 

and NCGRP that will securely deliver collections to the facility and 

be able to return seeds or plants to Hawai„i. This may require some 
research on the permitting and temperature controlled shipping 

options. 

 

E2. Recommendations for expanding Micropropagation Facilities for Hawaiian plants 

Name Ability/potential to participate in an ex situ network What is needed to overcome limiting factors? 

LYON 

 

The LAML is the only facility conducting 

micropropagation work with rare native plants. They have 

developed protocols for hundreds of native taxa and have 
the expertise and facilities to conduct research. The 

facility continues to develop new protocols to secure taxa 
in storage and provides the only propagation service 

available for growing seeds from immature fruit.  

 

The data management systems are in place to integrate 

with other programs using Microsoft Access databases to 

link accessions to collection and provenance data. 

However, the database entry and reporting interfaces 

should be upgraded and the link between accessions and 
provenance data that can integrate with other databases 

should be strengthened.   

 

The LAML can provide the guiding research and serve as 

the central hub for seed storage activities in a network of 

There are plans to double the capacity of the LAML within the next 

few years. This will greatly increase the space available for staff to 

conduct tissue culture work. This will also allow for the development 
of more efficient work areas to improve sanitation and overall 

success of the cultures.  
 

As the facility expands, additional staff may be needed to maintain 

cultures and process incoming collections. At that time, the primary 

users of the facility could provide a fee for service that best meets 

their use.  

 

Database support is needed to upgrade software, customize reports, 

improve the data entry interface and integrate with other programs 
and ex situ facilities to produce updated reports on the status of 

collections. 
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ex situ facilities.  

NTBG At this time, the facility is not in operation and is unable 

to participate in an ex situ network. The space formerly 

occupied by the micropropagation lab is adequate to 

develop into a functioning facility again. With small 
changes to the space to improve sanitation, an investment 

in new equipment and a database system, this facility 

could serve as a back up to the LAML.  

A significant initial investment and a long-term commitment to 

staffing would be needed to maintain this facility to be adequate to 

participate in an ex situ network for rare plant conservation. A 

partnership with LAML could be established where protocols 
developed at Lyon would be implemented at NTBG. A minimum of 

one full-time experienced staff supplemented by management and 

assistance from an enhanced ex situ network and experts from LAML 
is needed to provide adequate support for lab operations. Once initial 

set-up is complete, this facility could serve as a back up for 

collections held at LAML.  

UH-
Hilo 

This program plays an important role in training students 
in micropropagation techniques and could participate in a 

network as a partner providing research and a venue for 

training and education. The staff and faculty are interested 
in becoming more involved in plant conservation. 

Involving faculty in identifying research needs for native plants.  

 

 

 
E3. Recommendations for expanding Nursery Facilities for Hawaiian plants 

Name Ability/potential to participate in an ex situ network What is needed to overcome limiting factors? 

LCC The facility at LCC is small and cannot serve as a major 
repository for ex situ nursery collections. They are able to hold 

living collections of plants able to withstand the conditions at 

this location. They currently have a small but important 

collection of rare dry forest taxa from Oahu and are able to 

manage the provenance data to maintain their conservation 

value. They would be better able to participate in an ex situ 

network with more support for staffing and funding from 

conservation programs.  

Funding from conservation managers to support their 
requested projects. To expand ex situ services at this facility, 

additional staffing and more bench space would be needed.  

 

Database support would be needed to design software, 

customize reports, improve the data entry interface and 

integrate with other programs and ex situ facilities to produce 

updated reports on the status of collections. 

KRPF The mid-elevation nursery facilities already play a central role 

in the plant conservation activities on each island. They often 

serve as the main coordinator by working with the collectors to 

schedule collections, set ex situ goals and direct outplantings. 

These facilities have exchanged propagules and plants and 

Database support is needed to upgrade software, customize 

reports, improve the data entry interface and integrate with 

other programs and ex situ facilities to produce updated reports 

on the status of collections. 

 

ORPF 

PRPF 

VRPF 
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Name Ability/potential to participate in an ex situ network What is needed to overcome limiting factors? 

have received collections from LAML and LASB to propagate 

for outplanting.  

 

Databases are utilized to different degrees at these facilities. 
Improvements would be needed to exchange data and integrate 

with systems at other conservation programs. These facilities 

would be able to participate in an ex situ network to exchange 
data, plants and propagules. 

Additional staffing is needed to increase productivity at these 

nurseries.  Additional space is needed at the VRPF to expand 

ex situ services and increase production there. 

    
 

DOFAW

-O`ahu 

This facility is dedicated to growing plants from the coastal 

areas of Oahu and for mitigation for Abutilon menziesii. Plants 

and propagules have been exchanged with other facilities, but 
most collections are brought to the nursery by the propagator 

for ongoing restoration plantings. Improvements in data 

management systems would be needed to exchange data and 
integrate with systems at other conservation programs.   

Database support is needed to design software, customize 

reports, improve the data entry interface and integrate with 

other programs and ex situ facilities to produce updated reports 
on the status of collections. 

 

Hui ku 

maoli 

ola  

The facilities available at this nursery could be used for 

production of native plants for restoration projects. In order to 

be able to exchange propagules and plants with other facilities, 
the capacity to quarantine groups of plants to be transferred is 

needed.  Improvements in curatorial management systems 

would be needed to exchange data and integrate with systems 
at other conservation programs.   

 

Hui ku maoli ola is interested in doing more ex situ 

conservation work and would develop the capacity to provide 

more ex situ services if there was the financial support 
available. 

Support for establishing a sanitation protocol and quarantine 

areas for cleaning plants for transfer to other facilities.  

 
Investment in a data management system that can link 

provenance data to each plant accession.  

 
 

La„au 

Hawai„i 

The facilities available at this nursery could be used for 

production of native plants for restoration projects. In order to 

be able to exchange propagules and plants with other facilities, 

the capacity to quarantine groups of plants to be transferred is 

needed. Improvements in curatorial management systems 

would be needed to exchange data and integrate with systems 

at other conservation programs.   

Support for establishing a sanitation protocol and quarantine 

areas for cleaning plants for transfer to other facilities.  

 

Investment in a data management system that can link 

provenance data to each plant accession.  
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Name Ability/potential to participate in an ex situ network What is needed to overcome limiting factors? 

 

La„au Hawai„i is interested in doing more ex situ conservation 

work and would develop the capacity to provide more ex situ 

services if there was the financial support available. 

Native 

Nursery 

LLC 

The nursery facilities are capable of large-scale production of 

native plants. They have produced thousands of plants for 

outplanting under contract by DOFAW.  In order to be able to 

exchange propagules and plants with other facilities, the 
capacity to quarantine groups of plants to be transferred is 

needed. Improvements in curatorial management systems 

would be needed to exchange data and integrate with systems 
at other conservation programs.   

 

They are interested in doing more ex situ conservation work 
and would develop the capacity to provide more ex situ 

services if there was the financial support available. 

Investment in a data management system that can link 

provenance data to each plant accession. There is currently no 

data management system in place to link accessions to 

provenance data. The facility owners keep provenance data, 
but there is no system in place that could integrate with 

existing databases. 

 
Support for establishing a sanitation protocol and quarantine 

areas for cleaning plants for transfer to other facilities.  

 
 

PTA This facility is dedicated to growing plants from PTA. Plants 

and propagules have been exchanged with other facilities, but 
most collections are brought to the nursery for ongoing 

restoration plantings.  Improvements in curatorial management 

systems would be needed to exchange data and integrate with 
systems at other conservation programs.   

An additional nursery at lower-elevation is needed to grow 

plants that would do better at those conditions.  
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E4. Recommendations for expanding Botanical Gardens for Hawaiian plants 

 

Name 
Ability/potential to participate in an ex situ network What is needed to overcome limiting factors? 

AGG The AGG has been involved in rare plant conservation projects 
with Kokia cookei, Pritchardia maideniana and Isodendrion 

pyrifolium. They are able to provide ex situ services for these 

types of projects again if needed. They have been able to 
provide plants for restoration projects and conduct controlled 

breeding with living collections. AGG is interested in doing 

more ex situ conservation work and making seed storage 

services available at the gardens.  

 
The system for tracking provenance data and linking 

accessions to collection records needs to be upgraded and 

improved. At this time, they are not able to use database 
systems for curatorial management. With improvements in 

curatorial management systems. These facilities would be able 
to participate in an ex situ network to exchange plants and 

propagules. 

Improvements could be made to ensure provenance data is 
carefully managed and able to be integrated with systems used 

at other programs.  

 
Partnerships with conservation programs working with plants in 

the Kona region to provide collections and outplanting sites.  

 

 

LYON LYON is interested in doing more ex situ work at the gardens 

and nursery. Staff would like to expand their role in the ex situ 

network and be a better resource for rare plant conservation. 
With adequate database upgrades and improvements in nursery 

space and sanitation, they can participate in an ex situ network.  

Small changes would be needed to existing data management 

systems to be able to manage detailed provenance data and 

integrate with other programs and ex situ facilities to produce 
updated reports on the status of collections. Support for 

establishing a sanitation protocol and quarantine areas for 
cleaning plants for transfer to other facilities.  

 

Partnerships with conservation programs on O„ahu should be 

strengthened to provide collections.  

NTBG NTBG has dedicated their nursery and grounds facilities to 

growing Hawaiian plants and have been exchanging 

propagules and plants with good accession and provenance 
data for many years. Additional staff to assist with cleaning 

and processing fruit collections so that seeds can be stored or 

propagated is needed to expand services. 

Small changes would be needed to existing data management 

systems to be able to manage detailed provenance data and 

integrate with other programs and ex situ facilities to produce 
updated reports on the status of collections. 

 

Support for establishing a sanitation protocol and quarantine 
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Name 

Ability/potential to participate in an ex situ network What is needed to overcome limiting factors? 

areas for cleaning plants for transfer to other facilities.  

 

Partnerships with conservation programs on Kaua„i should be 
strengthened to provide more outplanting sites. 

DTFA The DTFA has been involved in rare plant conservation 

projects for several rare taxa. They are able to provide ex situ 

services for these types of projects again if needed. They have 
been able to provide propagules and plants for restoration 

projects with known provenance data.  

 
With improvements in curatorial management systems. These 

facilities would be able to participate in an expanded ex situ 

network to exchange plants and propagules. 

Improvements could be made to ensure provenance data can be 

integrated with systems used at other programs.  

 
Partnerships with conservation programs working with plants in 

the Pu`u Mahoe region to provide collections and outplanting 

sites.  
 

HBG The HBG has been involved in rare plant conservation projects 
for several rare taxa. They are able to provide ex situ services 

for these types of projects again if needed. They have been 

able to provide plants for restoration projects and conduct 
controlled breeding with living collections. HBG is interested 

in doing more ex situ conservation work. 

 
With improvements in curatorial management systems. These 

facilities would be able to participate in an ex situ network to 

exchange plants and propagules. 

Improvements could be made to ensure provenance data can be 
integrated with systems used at other programs.  

 

Partnerships with conservation programs working with rare 
plants across the state to provide collections and outplanting 

sites.  

 

WBG The WBG has been involved in rare plant conservation 
projects for several rare taxa. They are able to provide ex situ 

services for these types of projects again if needed. They have 

been able to provide plants for restoration projects and conduct 

controlled breeding with living collections.  

 

With improvements in curatorial management systems. These 

facilities would be able to participate in an ex situ network to 

exchange plants and propagules. 

Improvements could be made to ensure provenance data can be 
integrated with systems used at other programs.  

 

Partnerships with conservation programs working with rare 

plants across the state to provide collections and outplanting 

sites.  

 

MNBG The MNBG has been involved in rare plant conservation Improvements could be made to ensure provenance data can be 
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Name 

Ability/potential to participate in an ex situ network What is needed to overcome limiting factors? 

projects with Portulaca molokiniensis. They are able to 

provide ex situ services for these types of projects again if 

needed. They have been able to provide plants for restoration 
projects and conduct controlled breeding with living 

collections.  

 
MNBG is interested in doing more ex situ work and including 

that service at the gardens. With adequate database upgrades, 

they can participate in an ex situ network.  

integrated with systems used at other programs.  

 

Partnerships with conservation programs working with rare 
plants in the Maui Nui region to provide collections and 

outplanting sites.  
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Appendix F. Initial Cost Estimates for Expanding Ex Situ Services: 

 
1. A seed bank facility that is adequate for storing seeds from rare Hawaiian plants should be housed in 

a building in a secured location that is structurally reinforced for hurricane protection. The facility 

should have a back-up power in case of emergency and have a reliable supply of clean water. The 

cooling units and incubators must be kept in a temperature-controlled room with air conditioning 

capable of maintaining a temperature of 24C. The facility itself should be organized in a manner to 

provide a clean area for processing with ample room to allow for multiple staff. Costs to equip a seed 

storage facility to process and store collections of rare taxa, conduct germination trials, and track 

viability of stored research collections are estimated below: 

Cooling units (refrigerators and freezers)    $15,000 

Processing supplies (screens, tubs, tweezers, etc.)   $10,000 
Office supplies (computer, software, desk)    $  5,000 

Propagation Incubators (Percival Scientific)    $25,000 

Drying Cabinets       $  3,000 

Air-conditioning and dehumidifier units    $  5,000 

Cryopreservation equipment ( liquid nitrogen vat)   $20,000 

Labeling equipment       $  3,000 

Annual supply and maintenance costs    $20,000 

 
2. Costs to upgrade an existing seed storage facility with all of the equipment listed above to process 

and store bulk collections of common taxa for large-scale restoration projects similar to the BLM 

„Seeds of Success‟ program: 
Larger walk-in cooling unit      $10,000 

Seed processing equipment (Debearder, Clipper, Blower)  $  9,500  

Seed drying cabinets       $  2,000 

Lab Supplies for processing      $  1,000 

Tables, chairs, lamps       $    600 

Dehumidifier        $    300 

Annual supply and maintenance costs    $10,000   
Travel for statewide coordination     $  5,000 

 

4. Estimated costs for establishing another micropropagation lab depend on the quality of the building 
to house the facility. The cost to equip a fully functioning lab able to receive incoming propagules and 

maintain duplicate cultures as a backup for Lyon is unknown but estimates are provided below. 

Additional costs would include the expense of the oversight from LAML staff to ensure protocols are 
followed and collections are replicated.  

Chemicals        $  5,200 

Equipment        $81,000 

Supplies        $12,100 

Annual supply and maintenance costs    $15,000 
Travel for statewide coordination     $  5,000   

    

3. Annual salaries for staff conducting horticultural research, managing rare plant collection field 
projects and coordinating plant conservation in Hawai„i vary by program. In order to add each 

additional staff, including administrative overhead, projects should expect to spend at least $55,000 - 

$110,000 annually to be competitive.  
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4. Costs for helicopter time to bring up to three staff into remote field sites can range from $700-$1300 

per hour depending on availability, details of the flight plan and amount of travel time when ferrying 
between islands. Operations to insert and extract crews of up to three staff from remote sites in Hawai„i 

can require 1-6 hours of helicopter time. Helicopter companies operate on Kaua„i, Oahu, Maui and 

Hawai„i. Securing collections from a single rare plant population can take at least 1-5 separate trips to 

get representative collections of mature fruit or cuttings. 
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Appendix G. List of acronyms used: 

 

AGG- Amy Greenwell Ethnobotanical Garden Grounds 

CCRT- Center for Conservation Research and Training at the University of Hawai„i 

CWCS- Hawai„i State Comprehensive Wildlife Conservation Strategy (October 2005) 

DFTA- D.T. Fleming Arboretum 

DLNR- Hawai„i State Department of Land and Natural Resources 

DOFAW- Hawai„i State Division of Forestry and Wildlife 

FWS- U.S. Fish and Wildlife Service 

HALE- Haleakala National Park 

HARC- Hawai„i Agriculture Research Center 

HAVO- Hawai„i Volcanoes National Park 

HBG- Honolulu Botanical Gardens 

HINSB- Hawai„i Native Seed Bank 

IMLS- Institute of Museum and Library Sciences 

IUCN- International Union for the Conservation of Nature 

KANP- Kalaupapa National Park 

KRPF- Koke‟e Rare Plant Mid-elevation Facility 

LAML- Lyon Arboretum Micropropagation Lab 

LCC- Leeward Community College 

La„au- La„au Hawai„i 

LYON- Lyon Arboretum Greenhouse and Gardens 

MNBG- Maui Nui Botanical Garden 

NARS- Hawai„i State Natural Area Reserves System 

NN- Native Nursery LLC 

NTBG- National Tropical Botanical Garden: Seed Bank, Nursery and Gardens  

OANRP- Oahu Army Natural Resources Program 

ORPF- Olinda Rare Plant Mid-elevation Facility 

PEPP- Hawai„i Plant Extinction Prevention Program 

POP- Potentially a PEPP taxa with <100 known plants 

PRPF- Pahole Rare Plant Mid-elevation Facility 

PTA- U.S. Army Pohakuloa Training Area Natural Resources Program  

ROI- Rare on Island (a PEPP designation for plants with >100 known but is rare on 

one or more island 

LASB- UH-CCRT Seed Conservation Lab at Lyon Arboretum 

SOC- Species of Concern a designation kept by State and Federal agencies 

UCI- University of California at Irvine 

UH- University of Hawai„i 

ULU- Ulupalakua Ranch Greenhouse 

VRPF- Volcano Rare Plant Mid-elevation Facility 

WBG- Waimea Valley Botanical Garden 

 

 


