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11.0 Strategy for Stabilization of the OIP Target Plant Taxa 
 
The Oahu Implementation Team (OIT) based the plant stabilization plans for the Oahu 
Implementation Plan (OIP) on the format set forth in the Makua Implementation Plan (MIP). 
However, due the reduced threat from military training within Schofield Barracks East Range 
(SBER) and Kawailoa Training Area (KLOA), preference was given to populations within the 
action area (AA) for stabilization. The U.S. Fish and Wildlife Service (USFWS) defines plant 
stabilization according to the recommendations published by the Hawaii and Pacific Plants 
Recovery Coordinating Committee (HPPRCC), a group of botanical experts gathered together by 
the USFWS to offer guidance on the recovery of listed plants in the Pacific.  The HPPRCC 
decided that a taxon would be considered stable if it met the following three criteria: 1) it has 
sufficient numbers of regenerating individuals in a minimum number of populations; 2) threats 
are controlled at these populations; and 3) these populations are fully represented in an ex situ 
collection (USFWS 1998b).  It is important to note that the requirements for stabilization are far 
below those required for delisting or downlisting, and that stabilization is not synonymous with 
recovery.  The OIT reviewed the HPPRCC guidelines and the stabilization plans in the MIP and 
refined the target number of reproducing individuals required per population for some taxa.  
Revisions were based on life history and other factors described in Table 11.1.  
 
Factors that were assessed regarding stabilization included threats that contribute to the decline 
of the target taxa, and aspects of their biology (especially reproductive biology) that are pertinent 
to natural regeneration, as well as the state of knowledge regarding propagation, cultivation, and 
in situ care of wild individuals.   
 
Setting Stabilization Targets for the OIP Plant Species 
 
The determination of stabilization targets for the Oahu Implementation Plan (OIP) species was 
based primarily on the outline used in the Makua Implementation Plan (MIP) as summarized 
below. 
 
It is difficult to determine if a given population structure and distribution will ultimately result in 
a stable population for a particular taxon.  Equally problematic is determining the number and 
life stage or age class of individuals that need to be introduced or maintained within a population 
to ensure the long-term stability of a reintroduced population (see Chapter 3: Identification of 
Units for Stabilization of Plant and Snail Populations). 
 
The HPPRCC (1994) recommended stability goals as three populations of plants with a 
minimum of either 25 mature and reproducing individuals of long-lived perennials (>10 year life 
span), 50 mature and reproducing individuals of short-lived perennials (<10 year life span) or 
100 mature and reproducing individuals of annual taxa per season (<1 year life span).  In 
addition to numerical criteria, genetic storage must be in effect for the taxon and all major threats 
must be controlled for a population to be considered stable.  These recommendations are 
consistent with the guidelines of the Center for Plant Conservation (CPC) (Falk and Holsinger 
1991). The HPPRCC believes that sustaining a population with this number of reproducing 
individuals over the short-term ensures that there will be an adequate reservoir of smaller or 
younger individuals that can develop into mature, reproducing plants with each subsequent 
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generation to prevent extinction, even though it is not adequate long-term to achieve full 
recovery of the taxon.  The target number of individuals per population for the OIP is meant to 
encompass the effective population size (Ne), which is the number of genetically distinct 
individuals in a population that are successfully producing viable offspring.  The total population 
size (N) is the Ne plus the remaining individuals in the population.  The bulk of research on Ne 
focuses on animal taxa, however, Mace and Lande (1991) found that for plants, the Ne is 
typically 20 to 50 percent of N.   
 
The Makua Implementation Team (MIT) adopted the HPPRCC population targets as the base 
population targets for plant taxon stabilization.  Though, they recognized that some factors might 
modify the base population target upward for some taxa. The OIT determined that these factors 
are also applicable to the OIP target taxa. These factors are described below with OIP specific 
examples. Modified target numbers are found in Table 11.1. 
 
Factors affecting stabilization targets  
The following factors can influence Ne, thereby requiring a larger number of individuals to reach 
an equivalent Ne to the original stabilization targets.  The numbered sections below correspond 
with the factors for modifying the base population targets in Table 11.1. Not all of these factors 
require that target numbers be adjusted but are important factors to consider when stabilizing 
these species. 
 
1.  Obligate outcrossing 
The fertilization of a flower of a genetically distinct individual by the pollen of another 
genetically distinct individual is known as outcrossing.  For taxa incapable of self-fertilization, 
outcrossing is obligatory.  Once a population of an obligately outcrossing taxon becomes too 
small, or the distance between its individuals increases beyond the range of pollination  
mechanisms, the population's regeneration rate may decrease, leading to a decline in the number 
of individuals.  Therefore, for taxa that are obligately outcrossing, the base population target  
should be doubled.  None of the target taxa are known to be obligate outcrossers, although some 
may prove to be such through the study of their breeding systems. 
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2.  Dioecy 
Dioecy is term applied to a plant taxon where an individual plant produces only functionally 
staminate (male) or pistillate (female) flowers.  Dioecious plants require the presence of both 
male and female individuals within pollination range that are flowering at the same time in order 
to effect fertilization and successful seed set. It is therefore much more difficult to ensure 
conditions for regeneration with dioecious taxa, especially when it may not be possible to 
determine the sex of a plant before it matures.  For dioecious taxa the base population target 
should be doubled, so that the chances of having adequate numbers of both sexes established in a 
managed population are increased.  Labordia cyrtandrae is the only dioecious species covered 
by the Oahu Implementation Plan.  
 

 

Table 11.1  Target Number of Mature, Reproducing Individuals per 
Plant Population to Ensure Stability  

TAXON LIFE FORM+ Base 
Population 

Target 

Modified 
Population 

Target 

FACTORS* 
 

Abutilon sandwicense S 50 - 8 
Chamaesyce rockii L 25 -  
Cyanea acuminata S 50 -  
Cyanea crispa S 50 -  
Cyanea koolauensis S 50 -  
Cyanea st.-johnii S 50 -  
Cyrtandra subumbellata S 50 -  
Cyrtandra viridiflora S 50 -  
Eugenia koolauensis L 25 50 pathogens 
Gardenia mannii L 25 50 5 
Hesperomannia arborescens L 25 -  
Huperzia (Phlegmariurus) nutans S 50 - 3 
Labordia cyrtandrae S 25 50 2, 6 
Lobelia gaudichaudii ssp. koolauensis S 50 100 4, 5 
Melicope lydgatei L 25 50 pathogens 
Myrsine juddii L 25 -  
Phyllostegia hirsuta S 50 100 7 
Phyllostegia mollis S 50 100 7 
Pteris lidgatei S 50 -  
Sanicula purpurea S 50 100 4, 5 
Schiedea trinervis S 50 -  
Stenogyne kanehoana S 50 100 3, 4, 6 
Viola oahuensis S 50 -  
+LIFEFORMS: L = long-lived (>10yrs), S = short-lived (<10 yrs) 

*FACTORS:     
1 obligate outcrossing 
2 dioecy 
3 vegetative reproduction 
4 infrequent or inconsistent flowering 
5 large percentage of non-flowering or non-fruiting plants 
6 low seed set or poor seed viability 
7 tendency for large declines or fluctuations in population size 
8 persistence of the seed bank 
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3.  Vegetative reproduction 
Plants that reproduce vegetatively produce clones of themselves, so that an area that appears to 
be composed of unique individuals may actually be composed of many genetically identical 
individuals.  These groups of individuals are often more genetically similar within populations 
and more distinct between populations than taxa that reproduce sexually.  Although it may not be 
necessary to increase the target population goal of vegetatively reproducing taxa, some way to 
detect genetically distinct individuals must be developed so that population target goals account 
for unique individuals, rather than clones of one another.  Stenogyne kanehoana has been 
observed to reproduce vegetatively when sprawling branches touch the ground and root. As 
flowering is seasonal and seed set appears to be low, this may have been one of the primary 
methods of reproduction for this species.  
 
4.  Infrequent or inconsistent flowering 
Since flowering is a key component of reproduction, any inconsistency in flowering or reduction 
in the frequency of flowering reduces Ne and therefore reduces the likelihood of maintaining 
stability. For example, there are some cases where, although the great majority of individuals in a 
population flower, flowering occurs infrequently.  The likelihood of environmental events 
reducing mass flowering and successful fruiting is much greater for plants that flower 
sporadically or infrequently than for plants that flower more regularly or frequently.  In those 
taxa with known infrequent or inconsistent flowering, the population target is doubled.  Lobelia 
gaudichaudii spp. koolauensis and Sanicula purpurea are both monocarpic, meaning they flower 
only once before senescence.  
 
5.  Large percentage of non-flowering or fruiting plants 
This problem is similar to the infrequent or inconsistent flowering factor described above, but 
concerns populations in which, even during peak flowering times, the majority of individuals do 
not flower, or are not able to produce fruit or seed.  The Ne is much lower than the N in this case, 
and the population target is doubled.  Lobelia gaudichaudii ssp. koolauensis and Sanicula 
purpurea also have a large percentage in each population that do not flower in any given year 
due to their monocarpic nature. 
 
6.  Low seed set or poor seed viability 
Low seed set or poor seed viability, whether due to seed predation, disease, pollination failure, or 
other factors, can potentially lead to decreases in reproductive potential.  For taxa with low seed 
set or poor viability, the target population goal is doubled.  Low seed set may be a factor in the 
rarity of Stenogyne kanehoana; more observations and seed collections are needed.   
 
7.  Tendency for large declines or fluctuations in population size 
Large declines in population size, even if balanced by large increases at other times, reduce the 
stability of the population through a reduction in Ne.  Any negative events during a major low 
point in a population fluctuation could extirpate the population.  For taxa prone to large declines 
or fluctuations in population sizes, the population target is doubled.  Phyllostegia mollis and P. 
hirsuta both have a tendency to seasonal or stochastic fluctuations in population size. 
Phyllostegia mollis prefers rocky, unstable talus slopes and therefore maybe subject to 
occasional landslides. 
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8.  Persistence of the seed bank 
This factor does not warrant increasing the population target, but suggests that surveys of 
historical occurrences should be conducted to check for regeneration from the seed bank, even 
years after the last observation of mature individuals at the site.  A persistent seed bank in a 
population of short-lived individuals could buffer fluctuations in population size.  Additionally, 
there may also be a tendency for ferns and fern allies to be persistent in the gametophyte stage 
until favorable conditions occur. Most pteridophyte gametophytes are minute and unknown. For 
all of the Oahu IP taxa the persistence of seed banks or gametophytes remains to be studied. 
 
Plant Propagule Collection and Storage 
 
Because of a trend of decline in population units (PUs), largely due to unmitigated threats to wild 
populations, there is an urgent need for collection of propagules for the purpose of safeguarding 
genetic variability, and for providing stock for outplanting efforts.  Significant effort will be 
required to gather propagules (seeds or cuttings) from all PUs identified for long-term genetic 
storage and for reintroduction and/or augmentation material. Priorities for collections of material 
for genetic storage and/or reintroduction are outlined in each species stabilization plan but 
generally are to first collect from all manage for stability PUs in tier 1. Secondly, collect from all 
tier 1 genetic storage PUs. The same formula would apply for each additional tier initiated.  
However, any opportunistic propagule collections of the target taxa would be beneficial in 
determining the best propagation and storage parameters for each species.  The benefits of using 
seeds versus cuttings or other propagules are discussed in Appendix 2.1:  Plant Propagule 
Collection Protocols. 
 
These genetic storage collections will be utilized to guard against loss of wild populations (in 
storage) and as propagule sources to support reintroduction efforts, if necessary.  A secure 
seed/propagule storage facility is required to realize the short, medium, and long-term propagule 
storage needs related to Oahu target plant taxa stabilization actions. The Center for Conservation, 
Research, and Training (CCRT) Seed Conservation Lab and Lyon Arboretum Micropropagation 
Lab have been invaluable in securing genetic material against loss for numerous Hawaiian 
species. Both of these facilities have been utilized in the implementation of the Makua 
Implementation Plan (MIP). Because of the large seed collection effort initiated by the Army 
under the MIP more seed storage information is now available for native Hawaiian genera. The 
Army has recently initiated its own seed storage facility that will conduct storage and research on 
all the MIP and OIP plant taxa. 
 
If seeds from a particular taxon are known to be recalcitrant (not storable under standard freezing 
techniques), collection of vegetative material and research on alternative storage methods will be 
required.  If storage potential for a target taxon is not yet known, further collection for the 
purposes of seed storage testing will be required.  Current knowledge of seed storage potential 
for target taxa can be found in individual species stabilization plans.  If propagation techniques 
for any target taxa are not yet known, collection for the purpose of propagation testing will be 
required, following guidelines in Appendix 2.1: Plant Propagule Collection Protocols.   
 
These protocols were developed by the MIT, for the MIP, for propagule collection and were 
derived from a balance between the need to remove seed or other living material in sufficient 
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quantity to serve the purposes of stabilization without harming wild plants or unduly reducing 
potential natural regeneration.  The MIT, in turn consulted with The Center for Plant 
Conservation and the Hawaii Rare Plant Restoration Group (HRPRG).  Each has worked with 
rare Hawaiian plant taxa and developed specific, recommended protocols for propagule 
collection (see Appendix 2.4: HRPRG Collecting and Handling Protocols).  These protocols are 
applicable to the needs of the OIP and are reproduced in this document without modification (see 
Appendices). 
 
Reintroduction and Augmentation 
 
The reintroduction and augmentation protocols for the OIP are adapted (without major 
modification) from those developed for the MIP. Modifications to this text stem from differences 
in the knowledge base for the OIP taxa on specific augmentation information and the decision to 
move away from the sequencing of actions as included in the MIP. These guidelines are based on 
the Hawaii Rare Plant Restoration Group (HRPRG) Reintroduction Guidelines (See Appendix 
1.2).  
 
Given the historical trend of reduction in geographic range, numbers of populations, and 
numbers of individuals of endangered taxa in Hawaii, one of the strategies in the stabilization of 
the Oahu IP target taxa is reintroduction of individuals into suitable managed habitat within the 
known historical range or likely suitable habitat of a taxon.  Reintroduction is defined in this 
plan as establishing a number of individuals into a geographic area within a taxon’s historic 
range that is currently not known to contain the taxon, with the express purpose of establishing a 
sustained or growing population. The plant reintroduction and augmentation strategies presented 
in the MIP were based on other efforts, including the HRPRG reintroduction. These guidelines 
are also applicable to the OIP target taxa. 
 
Most of the target taxa have declined to such levels that threat management alone will not allow 
return of the taxa to stable levels.  Reintroduction supports the primary strategy of active in situ 
management of extant wild populations toward stability.  While reintroduction might be 
necessary to achieve stability, activities involved in reintroduction can be extremely harmful 
unless care is taken to minimize impacts such as damage to habitat or other native taxa via 
trampling, introduction of disease and alien taxa, and genetic contamination of target taxa or 
other native taxa.   
 
Reintroduction must be distinguished from augmentation, which involves the addition of 
individuals to a geographic area that is currently known to contain the taxon.  The express 
purpose of an augmentation is to increase the number of individuals in a population to enhance 
the possibility of cross-pollination between the plants.  It is also used to increase the genetic 
variability of the population by introducing individuals that bring new alleles into the population 
that may have become lost over time as the population declined.  A major concern in 
augmentation lies in the increased potential to negatively impact the genetic makeup of the pre-
existing population.  This is discussed in more detail below. 
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Genetic considerations 
It is important to carefully consider potential genetic consequences when choosing individuals 
for use in reintroduction and augmentation.  Reintroduction and augmentation can be carried out 
using plants from a single source or by mixing plants from more than one source.  Each strategy 
may have both positive and negative consequences and the risks of each must be carefully 
balanced.   
 
When a large and healthy source population is available, it is generally wise to use a variety of 
individuals from a single source for reintroduction.  For such a population, it can be assumed that 
genetic problems such as inbreeding are not manifested and will likely produce a genetically 
healthy reintroduction.   
 
Large healthy populations are not always available.  In these situations, the risks of mixing 
versus using a single source must be weighed.  For normally outcrossing plants with small 
populations, random genetic drift may play a larger role in the genetic structure of a population 
than natural selection.  The consequence of this is often a reduction in fitness known as 
inbreeding depression.  Such a reduction in fitness occurs because inbreeding increases 
homozygosity, which may lead to the expression of recessive deleterious alleles.  In addition, an 
inbred population may lack the allelic diversity required for a population to change gene 
frequencies in order to adapt to a changing environment over time.  Small population size and 
inbreeding are not necessarily problematic for plants that are normally self-pollinated because 
such plants may have already purged their deleterious alleles.  
 
To ensure adequate genetic diversity and to avoid inbreeding depression so that a population can 
evolve over time, multiple sources may be mixed for both reintroduction and augmentation.   
Using multiple sources does, however, introduce the risk of reduced fitness due to outbreeding 
depression.  Outbreeding depression is thought to be a consequence of crossing individuals that 
are locally adapted for different environments.  The result is offspring that are poorly adapted to 
either of the parental environments.  Outbreeding depression may also result due to the 
disruption of coadapted gene complexes when highly unrelated individuals are crossed.  This 
may be less of a concern when working in already degraded sites because plants may be adapted 
to formerly pristine habitats and are no longer adapted to current conditions.   
 
The risks of inbreeding and outbreeding depression are serious, yet such genetic problems are 
difficult to detect with certainty.  In order to reduce the risks of each, both the MIT and the OIT 
have chosen to approximate naturally occurring genetic interactions by choosing stock for 
augmentation from the same population unit (PU) or a geographically adjacent PU. Similarly, 
stock for reintroduction is normally chosen from one or more sites that are in close geographic 
proximity to each other.  In certain cases in which populations are known to have recently 
declined to very low numbers, more aggressive mixes of sources are proposed as experiments. 
 
In addition to avoiding the risks of inbreeding and outbreeding depression in order to create 
genetically viable populations, it is important to maintain the genetic variability of the taxon as a 
whole.  For taxa in which unique populations are managed separately, other management actions, 
such as reintroduction or augmentation using stock from a larger population or mixed stock, will 
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also be conducted in order to avoid relying solely on populations that carry a higher possibility of 
being inbred.  
 
Given the genetic concerns of augmentation in particular, to distinguish geographically between 
a proposed reintroduction and an augmentation (especially given the uncertainty of the presence 
or absence of wild individuals of the target taxa in a reintroduction/augmentation area) the MIT 
originally proposed that for plants, reintroduction sites be selected using the distance criterion 
developed to distinguish between separate in situ PUs. The same protocol is proposed for the 
OIP.  This being the case, a reintroduction is any outplanting of a taxon that occurs 1,000 
meters or more from known wild individuals of that taxon. There is one caveat to the 1,000 
meter rule, which is applied if there are natural barriers to gene flow between the outplanted and 
the wild individuals (such as a major ridge or habitat discontinuity).  In those cases, a proposed 
reintroduction may occur as little as 500 meters from a wild population, but the barrier to 
gene flow must be described and the consequences of the reintroduction should be 
monitored carefully for unwanted genetic effects.  In cases where a reintroduction occurs 
within 1,000 meters of an in situ PU, the justification based on natural barriers is described in the 
stabilization plans (SPs).  An augmentation is any addition occurring within a 1,000 meter 
radius of wild individuals, if there are no barriers to gene flow. 
 
For plant taxa, concern over genetic interactions between outplanted individuals and closely 
related taxa via hybridization is another complication that might argue against reintroductions or 
augmentations where such related taxa are present.  For the MIP, the MIT determined very 
explicit protocols on locations for outplanting each species that required reintroduction. This was 
mainly due to the very discrete geographical distributions of some of the MIP species, the 
distance between populations in the Makua AA, and the potential for each PU to be adapted to 
their respective local environments in the highly fragmented native forests of the Waianae 
Mountains. These general guidelines will be followed for the Waianae Mountain taxa covered in 
the OIP (see species specific stabilization plans). However, for the Koolau OIP plants, in 
particular, many species have a much wider geographical distribution, more intact habitat, and 
generally more abundant numbers of individuals. Therefore, it is anticipated that any 
reintroduction sites needed will be addressed based on the definitions described above.  
 
By the same token, a conservative approach was taken with regards to the potential negative 
genetic consequences of initial reintroductions or augmentations involving very different stocks.  
Therefore, the mixing of individuals from widely separated geographic locations is generally not 
included in the SPs except an exception was made for the reintroduction of Phyllostegia hirsuta 
in the Koolau mountains see Stabilization Plan for Phyllostegia hirsuta. Likewise, the mixing of 
distinct ecotypes or morphologically distinct forms is generally not recommended by the OIT. 
Discussions of genetic stock to be used in reintroductions/augmentations will be held at the 
annual OIT meetings.  
 
Genetic analysis 
Genetic analysis for the Oahu plant target taxa have been considered for Stenogyne kanehoana 
and other species, see individual species stabilization plans for more discussion.  
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Sanitation concerns 
The second major concern (common to both reintroduction and augmentation) is contamination 
of the pre-existing population of the same taxon, as well as any other taxa in the area, with new 
pathogens (e.g., diseases, parasites, invertebrate pests, or non-native plants) that might be 
brought to an area with the introduced plant or animal material.  Although this risk is also 
important in reintroductions, the risk is even higher in augmentations because any pathogen that 
is deleterious to the introduced individuals is more likely to affect the individuals of the same 
taxon in the augmented population.  Great care must be taken to avoid harm to the augmented 
population, especially in initial augmentations, when the protocols are being validated.  The 
sanitation concern can be addressed by taking several actions:  
 

• thorough surveying of a prospective augmentation or reintroduction site for the presence 
of rare taxa (i.e., target taxa and other rare taxa ) 

• strict sanitation and pest control measures at facilities preparing propagules or individuals 
for augmentation  

• strict protocols for prevention of contamination during the augmentation process  
• careful selection of augmentation sites 
• careful management of the augmentation sites  
• intensive monitoring of augmentation sites for contamination 

 
Careful monitoring will address the effectiveness of the sanitation protocols and some of the 
initial restrictions may be relaxed.  With the implementation of the MIP the Army began to 
outplant plants grown under the MIP phytosanitation protocols. To date, the Army staff have 
monitored these outplants and are satisfied that the plants pose no pathogen threats to any nearby 
taxa. Therefore, the Army staff is comforatble with planting greenhouse plants grown under 
these protocols within 100 meters of other rare taxa in the area (see individual management unit 
summaries for lists of rare taxa located in each MU.).  The full phytosanitation guidelines 
developed by the MIT are presented in Appendix 2.2: Phytosanitation Standards and Guidelines. 
 
Reintroduction and augmentation guidelines 
The selection of reintroduction sites is based on careful review of biological criteria designed to 
provide appropriate habitat for the target taxa within management units (MUs).  Initially, until 
effective and safe outplanting techniques are developed, reintroduction locations within a site, 
while still within appropriate habitat, will avoid the most pristine areas to avoid contamination 
and minimize harm to in situ native taxa and their habitats. If needed the OIT will revisit this 
requirement to determine if exceptions to the rule are warranted.  
 
The initial reliance on in situ management and reintroductions, using augmentation only when 
threat management does not result in adequate natural regeneration, is a fundamental approach 
for all of the stabilization strategies.  The decision to augment an in situ population must be 
approved by the IT and the USFWS.  In general, no augmentation will be conducted until 
after at least one year of partial or full PU management.  Augmentation of plant populations 
will be initiated if any of the following changes are detected at a PU despite active threat 
management for at least one year: 

• If the number of mature individuals is five or less  
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• If no evidence of regeneration is detected over two subsequent years in which more 
common community constituents are showing significant regeneration  

• If the numbers of mature individuals show declines of 10% or more (5% for long-lived 
taxa) between successive years for two subsequent years, and there is no significant 
regeneration  

• If the numbers of mature individuals decline >20% in a single year  
 

In special cases, the Army managers may decide on the need for augmentation prior to a year of 
threat management.  Similarly, they may decide that augmentation is unnecessary.  Such 
decisions are subject to review at annual OIT meetings. 
 
Augmentation is justified only if there is no regeneration response as a result of threat 
management (e.g., ungulate removal, weed control, etc.) over time.  Initial augmentations will 
be done conservatively, using source stock only from the same PU.  Mixing will be avoided 
unless genetic problems, such as inbreeding depression or loss of variability, are suspected.  In 
general, any mixing will use sources from populations as near as possible to the planting site, 
both geographically and ecologically. 
 
Reintroduction population size 
Determining the optimal number of individuals for initial reintroductions is difficult at best 
(Guerrant 1996).  The long-term goal is to attain a genetically diverse and viable PU, but the 
actual number of individuals needed to reach that goal is not well understood.  The OIT 
developed target numbers of individuals for each taxon it feels are adequate to achieve the long-
term goal, through the maximization and equalization of genetic representation of the initial 
outplanted individuals (within the constraints identified above in Genetic considerations), and the 
maximization of survivorship and reproductive output of those individuals.  
 
For the MIP, the MIT developed detailed lists of the number of individuals that the Army might 
expect to need to outplant in order to reach the stabilization target numbers. For the OIP 
however, the OIT determined that not enough information is currently known about 
reintroductions and outplanting for the Oahu taxa to prepare a useful list like the one used in the 
MIP. Additionally, very little outplanting in general has been done in the Koolau Mountains. 
Therefore, survivorship rates are unknown.  
 
The Army will monitor any reintroductions and track survivorship for all Oahu target taxa. Thus, 
adaptive management will play a key role in predicting the total number of outplants that are 
needed to meet stabilization goals over time.  
 
 
Approach to Plant Stabilization in the OIP 
 
Development of the Oahu implementation plan plant stabilization plans 
In writing the Oahu Implementation Plan (OIP), the Oahu Implementation Team (OIT) 
recognized the value of the Makua Implementation Plan (MIP) and based the stabilization of the 
Oahu taxa on the MIP model. Information was gathered on the specific threats and habitat needs 
of each target species in order to determine a stabilization plan (SP) for each species. Each SP 
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identifies the PUs targeted for stabilization, taxon specific issues, propagation, genetic storage, 
and reintroduction information, and priority management actions.  
 
As a result, 23 plant SPs were developed and are compiled in this chapter. The protocols to 
support these stabilization actions were developed for use in the MIP. Protocols for plant 
propagule collection, phytosanitation standards, and rare plant monitoring are reproduced in this 
document without major modification (see Appendices 2.1-2.3).  
 
Each SP will be followed closely and changes must be discussed by the OIT and approved 
by the U.S. Fish and Wildlife Service (USFWS). 
 
How to use the SPs 
Each SP can be used as a stand-alone document that outlines the goals, taxon status, and 
recommended stabilization actions at the time of writing.  For the purposes of specific 
stabilization actions for each target taxon, that taxon's SP provides the primary guide for 
management actions.  
 
The goal of each SP is to provide the information and necessary actions to achieve stabilization 
for each taxon.  The strategy is to undertake specific and quantifiable taxon-specific actions, that 
along with habitat level management actions and adaptive management against changing 
conditions and/or population unit status, will result in stability for each target taxon. To 
effectively and fairly measure progress, a program of monitoring has been designed to give the 
OIT sufficient data to rigorously assess the success of actions and strategies and guide adaptive 
management.  Each plan follows a similar outline that provides the following information: 

• Requirements for stability 
• Summary of the current status of known PUs inside and outside of the action area (AA) 
• Identify specific PUs designated for in situ management actions 
• Discussion of management designations 
• Discuss pertinent propagation, storage or reintroduction information including identifying 

any research and/or experimentation needed 
• Notes specific to the stabilization of each taxa from a management perspective 
• Identify priority management actions 
• Identify specific threats to each PU 
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11.1: Tier 1 Abutilon sandwicense:  
Taxon Summary and Stabilization Plan 

 
Scientific name:  Abutilon sandwicense (Deg.) Christoph. 
Family:  Malvaceae (Mallow Family)  
Hawaiian Name: Kooloa 
Federal status:  Listed endangered  
 
Requirements for Stability 

• 4 population units (PUs) (4 due to presence in both Makua and Oahu AAs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 1 stabilization priority 

 
Description and biology:  Abutilon sandwicense is a large shrub or a tree.  Its branches grow to up 
to 10 m (33 ft) long (Degener 1932).  The plant is covered with white to yellowish stellate hairs and 
glandular tomentulose pubescence. The leaf blades are cordate-ovate to cordate-orbicular in shape, 
and measure 8-22 cm (3.1-8.7 in) in length.  The pendulous flowers are solitary in leaf axils.  The 
petals are 4-5 cm (1.6- 2 in) long and 1.4-2 cm (0.55-0.79 in) wide at the distal end, yellowish green 
to reddish in color, and extend beyond calyx. The fruits are vase-shaped capsules 17-25 mm (0.7-1.0 
in) long comprised of 8-10 mericarps.  Each mericarp contains several seeds.  The dull brown seeds 
are up to 3 mm (0.1 in) long, and are triangular-reniform in shape. 
 
The flowers of A. sandwicense are large and showy, indicating that the original pollinating agent of 
the species may have been nectar-feeding birds.  Nowadays introduced honeybees can be observed 
visiting flowers.  Flowering can be observed at any time of the year, but the peak flowering months 
are April through June.  Dispersal agents for this species are unknown.  Reproduction in this species 
is primarily by seed.  The seeds are probably viable for years, as are many Hawaiian Malvaceae 
species.  Cultivated plants usually take at least 3-4 years to reach maturity (Lau pers. comm.).  For 
the purposes of the Implementation Plan, A. sandwicense is categorized as a short lived plant. 
 
Known distribution:  Abutilon sandwicense is endemic to the Waianae Mountains of Oahu.  It 
occurs on both the windward and leeward sides of the range, from 293-732 m (960-2,400 ft) in 
elevation. 
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Population trends:  Only a few population units of A. sandwicense have been tracked for a decade 
or more.  Some of them have increased in population size, and others have decreased.   
One colony of plants that has grown in recent years is located in Huliwai Gulch in The Nature 
Conservancy's Honouliuli Preserve.  These plants are right alongside the Honouliuli Contour Trail, 
which has been a major hiking trail since the 1930's.  Although historically recorded from 
Honouliuli Preserve, there had been no recent observations of the species in the preserve until a 
single plant was spotted just below the Honouliuli Contour Trail at the Huliwai Gulch site in 1994.  
Today there are at least 7 mature and 28 immature plants at the site.  The discovery of A. 
sandwicense in Huliwai Gulch and the subsequent increase in the number of plants at the site may be 
part of a general trend of re-colonization of the native plant species along the Honouliuli Contour 
Trail in recent decades after serious degradation in the 1800's and into the early 1900's.  Several of 
the common native tree species along the trail are present as a few old individuals along with 
numerous younger individuals (Lau pers. comm. 2005).  The control of invasive alien weeds at the 
Huliwai Gulch site since the discovery of A. sandwicense has presumably contributed to the sharp 
increase in population size. 
 
The North Mikilua and Halona PUs are both located in Lualualei on land owned by the U.S. Navy.  
They were both discovered in 1994 during a botanical survey of Lualualei.  When observed again in 
2004, ten years after its discovery, the North Mikilua PU had increased in population size.  In 1994 
only two mature plants were observed, while in 2004, two mature plants and 39 immature plants 
were counted.  In contrast, in the same time span, the number of plants in the Halona PU went from 
seven mature plants to only two mature and seven immature plants.  After the discovery of the two 
A. sandwicense PUs, fences were constructed around both sites to exclude feral pigs.  Invasive alien 
plants may be a major factor leading to the divergent population trends in these two population units.  
The Halona site has a more serious weed problem than does the North Mikilua site 
 
Current Status: Abutilon sandwicense is still found throughout its recorded range in the Waianae 
Mountains. There are approximately 115 mature individuals with the majority individuals occurring 
on the leeward and northern sides of the Waianae Range. The current population units and numbers 
of individuals are listed in the status table below and their locations are plotted on Figure 11.1. 
 
Habitat:  Abutilon sandwicense grows on gulch slopes and in gulch bottoms in dry to dry-mesic 
forests, which are commonly dominated by the native trees lama (D. sandwicensis), lonomea 
(Sapindus oahuensis), and/or wiliwili (Erythrina sandwicensis).  Other common associated species 
include mehame (Antidesma pulvinatum), nioi (Eugenia reinwardtiana), kokio keokeo (Hibiscus 
arnottianus), kolea (Myrsine lanaiensis), olopua (Nestegis sandwicensis), mamaki (Pipturus 
albidus), papala kepau (Pisonia sandwicensis), hoawa (Pittosporum spp.), halapepe (Pleomele 
forbesii and P. halapepe), alahee (Psydrax odorata), hao (Rauvolfia sandwicensis), and ohe-o-kai 
(Reynoldsia sandwicensis).  
 
Taxonomic background: There are four species of Abutilon native to Hawaii.  Three are endemic to 
Hawaii, and one also occurs naturally outside Hawaii.  Three occur on Oahu – the common, non-
endemic A. incanum, and the rare, listed endangered Hawaiian endemics A. menziesii and A. 
sandwicensis. 
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Outplanting considerations:  Abutilon sandwicense is not known to occur in close proximity to the 
other two native Abutilon species on Oahu.  The common A. incanum grows only in extremely arid 
habitats, and would not be found near outplantings of A. sandwicense established within A. 
sandwicense's appropriate habitat. 
 
The two known populations of A. menziesii on Oahu are on the leeward side of the island in low 
elevation, arid areas in Lualualei and on the plains of Ewa.  However, based on the larger body of 
information on the habitat requirements of A. menziesii throughout its historically documented range, 
which includes the islands of Maui, Lanai, and Hawaii, the species on Oahu would have extended 
much farther inland and higher in elevation than the two remaining stations, and the species' range 
would have overlapped the lower, drier portions of A. sandwicense’s range.  These two Abutilon 
species appear to be closely related, and are very easily artificially hybridized in cultivation, 
resulting in fertile offspring (Lau pers. comm. 2005).  The flowers of the two species differ markedly 
in several respects, most noticeably in the flowers' size and shape, so the two presumably had 
different pollinating agents prior to the arrival of humans in Hawaii.  If this was the case, the two 
species could have had overlapping ranges, yet continue to exist as distinct, separate species through 
time in the region of overlap.  Nowadays, however, pollination in both species may be effected 
mainly by non-native honeybees or other generalist pollinators, and the planting of one species near 
preexisting populations of the other could possibly lead to the formation of hybrid populations and 
the loss of genetic distinctiveness of both species.  Abutilon sandwicense outplantings should be 
established only where wild or planted A. menziesii is not in close proximity. 
 
Abutilon grandifolium is a weedy naturalized species of Abutilon that commonly occurs in A. 
sandwicense habitat.  No putative hybrids between the two species have been reported to date.  The 
potential for hybridization between the two species is not known.  There are also non-native Abutilon 
species cultivated in Hawaii either as ornamentals or as sources for lei-making materials.  The 
potential for the cultivated species of Abutilon to cross with A. sandwicensis is also not known. 
 
Threats:  Major threats to A. sandwicense include fire, black twig borer (Xylosandrus compactus), 
Chinese rose beetle (Adoretus sinicus), cattle, feral pigs and goats, and invasive alien plant species.  
The major alien plant threats to A. sandwicense include Hamakua pamakani (Ageratina riparia), 
kukui (Aleurites moluccana), Koster's curse (Clidemia hirta), Chinese banyan (Ficus microcarpa), 
silk oak (Grevillea robusta), comb hyptis (Hyptis pectinata), airplant (Kalanchoe pinnata), koa 
haole (Leucaena leucocephala), pride-of-India (Melia azedarach), molasses grass (Melinis 
minutiflora), tree daisy (Montanoa hibiscifolia), basketgrass (Oplismenus hirtellus), guinea grass 
(Panicum maximum), huehue haole (Passiflora suberosa), allspice (Pimenta dioica), strawberry 
guava (Psidium cattleianum), common guava (Psidium guajava), coral berry (Rivina humilis), 
Christmas berry (Schinus terebinthifolius), Java plum (Syzygium cumini), and Australian red cedar 
(Toona ciliata).   
 
Threats in the Action Area: The only threat from army training activities to A. sandwicense in the 
action area is wildfire, which is considered low. Additionally, throughout the range of this species 
there is also competition from non-native plant species, habitat degradation by feral pigs, and 
predation by the black twig borer and the Chinese rose beetle. 
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Figure 11.1 Current and historical distribution of Abutilon sandwicense in the Waianae Mountains 
of Oahu.  
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Discussion of Management Designations 
The PU within the Oahu action area, Kaawa to Puulu, was chosen to be managed for stability within 
the Manuwai MU. However, the entire PU may be used as a propagule source for outplanting within 
the Manuwai MU and will be represented in genetic storage collections. The Ekahanui and Huliwai 
PU was chosen for stability over the Nanakuli, North and South Mikilua, and Halona PUs due to the 
substantial conservation and restoration efforts already underway in Ekahanui and the remote 
location of the other PUs. The Waianae Kai and Makaha Mauka and Makai PUs are less than 1000m 
apart, however they are all separated by dry ridges and/or exposed cliffs and are therefore considered 
distinct. The Makaha Makai PU was chosen for stability rather than the Mauka PU due to larger 
number of individuals in the Makai population. A fourth Manage for Stability PU Kaluakauila MU 
representing Makua stock, was designated due to the occurrence of this species within both the 
Makua and Oahu Action Areas. Other source PU stock may also be used in this reintroduction 
pending surveys to determine which is the closest geographically. 
 
Propagation and Genetic Storage 
Viable seed has been collected from this taxon from many different populations.  The collection of 
vegetative cuttings has also been a successful means of propagation.  Seeds have physical dormancy 
requiring scarification to stimulate germination.  Seeds may have an additional physiological or 
morphophysiological dormancy that will continue to be researched.  Seeds display traditional 
orthodox behavior in storage and will continue to be stored at dry, freezing conditions.  Seeds 
collected from wild and reintroduced plants will be stored to meet genetic storage requirements for 
this taxon when available.  Vegetative cuttings can be taken from wild founders and maintained as 
living collection in a nursery when seed is not available.  Reintroductions will be created using 
material grown from seeds and cuttings.   
 
Management Notes 
The Makaha Makai PU is currently at or near stabilization target numbers and may only need 
fencing to control ungulate threats and weeding to increase the number of individuals.  This PU will 
be protected within the Kamaili MU in lower Makaha. The Army will maximize the number of 
Abutilon sandwicense individuals within this MU.     
The Ekahanui and Huliwai PU will need to be fenced and augmented in order to reach stability. 
Propagules for augmentation will come from both the Ekahanui and Huliwai. This means the 
Ekahanui MU will need an extension to capture the appropriate habitat for management of this 
species and the Huliwai plants will need to be fenced. Both of these sites will be managed however 
if there is difficulty in reaching stabilization targets this stock may be reintroduced in other nearby 
gulches such as Pualii. 
The Kaawa to Puulu PU will be stabilized within the Manuwai MU.  The Manuwai MU currently 
contains 66 individuals and may not need augmentation to sustain stability goals. However, all 
individuals in the PU will be represented in genetic storage collections that may be utilized in 
augmentations. 
The Kaluakauila PU is a reintroduction that represents a single individual from Kahanahaiki, within 
the Kaluakauila MU. Due to just one founding individual the Army may choose to add additional 
founders representing individuals from the closest geographic population. Surveys will be conducted 
in OIP year 1 and 2 in the surrounding areas and visits will be made to the nearest geographic 
populations and a decision to incorporate any new genetic material will be discussed at the next 
Implementation Team meeting.  
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Genetic storage collections will be made from all PUs of this species. 
Table 11.2 Priority Management Actions for Abutilon sandwicense Army Stabilization PUs 

Population 
Unit 

Specific Management Actions Concerns/ 
Partners 

Timeline 

 Kaawa to Puulu 
PU  
(Manuwai MU) 

• Construct Manuwai MU 
• Control priority weeds 
• Genctic storage collections sampling 

range of PU for storage and 
reintroduction within Manuwai   

• Fence requires 
State 
agreement.  

• Final EA 
(FONSI) done 

• Construct 
Manuwai MU 
MIP yr 6 (2010) 

Makaha Maikai 
(Kamaili MU) 

• Construct Kamaili MU 
• Control priority weeds 
• Collect propagules from Subunit III 

for genetic storage (near stability) 

• Final EA 
(FONSI) done 

• BWS agreement 
needed 

• Construct 
Kamaili MU 
OIP yr 6  

Ekahanui and 
Huliwai 
(Ekahanui and 
Huliwai MU)  

• Extend Ekahanui Fence 
(100mX100m) 

• Fence Huliwai plants if needed 
• Control priority weeds 
• Genetic storage collections from 

Ekahanui and Huliwai plants for 
storage and augmentation within 
fence (need approx. 41+ plants)  

• TNC anticipates 
leaving the 
Honouliuli 
Preserve at the 
end of 2008.  

• Extend fenceline 
w/ fence crew 
(2009) 

 

Kaluakauila PU 
(Kahnahaiki 
reintroduction 
within 
Kaluakauila 
MU) 

• Continue to monitor outplanted 
individuals for reproduction.  

• Conduct surveys within and near 
Makua for additional individuals to 
build the reintroduction population 

• Fence 
completed 
2001. 

• Kaluakauila 
fence complete; 
reintroduction 
underway 

• Begin surveys 
OIP yr 1; 2008 
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11.2 Tier 1: 
Cyanea acuminata: Taxon Summary and Stabilization Plan 

 
Scientific name:  Cyanea acuminata (Gaudich.) Hillebr. 
Hawaiian name:  Oha, haha, ohawai 
Family:  Campanulaceae (Bellflower Family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (short lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs  
• Tier 1 stabilization priority 

 
Description and biology:  Cyanea acuminata is a shrub 0.3-2.0 m (0.98-6.6 ft) tall.  The leaves 
are 11-32 cm (4.3-13 in) long and 3-9 cm (1.2-3.5 in) wide, and are oblanceolate to narrowly 
obovate or elliptic.  The flowers are borne 6-20 in axillary inflorescences.  The corollas are 
white, sometimes tinged purplish, and measure 3.0-3.5 cm (1.2-1.4 in) long.  The globose berries 
are yellow to yellowish orange, and 4-6 mm (0.16-0.24 in) long.   
 
Flowering and fruiting has been observed at all times of the year.  As with other Cyaneas with 
their long tubular flowers, this species is thought to have been pollinated by nectar-feeding birds.  
A study by Lammers and Freeman (1986) found that most Hawaiian lobelioids have a nectar 
sugar profile typical of bird-pollinated flowers.  It is probably capable of self-pollination, as 
several other species of Cyanea have been found capable of selfing in cultivation.  The species' 
orange berries are indicative of seed dispersal by fruit-eating birds.  Cyanea acuminata is 
categorized as a short-lived species for the purposes of the Implementation Plan. 
 
Known distribution:  Cyanea acuminata is endemic to Oahu.  It has long been known 
throughout the Koolau Mountains.  Only in recent years has it been found in the Waianae 
Mountains, on the windward side of Kaala.  This species occurs from 300-915 m (985-3,000 ft) 
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in elevation in the Koolau Mountains, and 911-1,120 m (2,990-3,660 ft) in the Waianae 
Mountains. 
 
Population trends:  Population trends for this species have not been well documented. 
 
Current status:  Cyanea acuminata is still extant throughout its recorded range. 
The total number of mature plants known is less than 250.  The species occurs in the action areas 
of KLOA and SBMR East Range in the Koolau Mountains, and in the West Range part of the 
SBMR action area.  More than half of the known plants known are found within these army 
action areas.  The current population units and the number of plants they contain are given in 
Table 11.3 and their locations are plotted on Figures 11.2-4 below. 
 
Habitat:  Cyanea acuminata is found in mesic to wet ohia (Metrosideros polymorpha)-uluhe 
(Dicranopteris linearis), koa (Acacia koa)-ohia or lama (Diospyros sandwicensis)-ohia forest. 
 
Taxonomic background: There are approximately 60 species in the endemic Hawaiian genus 
Cyanea. 
 
Outplanting considerations:  Cyanea taxa potentially occurring with or near C. acuminata are 
C. calycina, C. koolauensis, C. humboldtiana, C. lanceolata, C. st.-johnii, C. crispa, and C. 
angustifolia.  All except C. angustifolia are rare species.  Another rare Cyanea occurring with C. 
acuminata in the northern Koolau Mountains is one that appears to represent a distinct, but 
currently unrecognized taxon.  It was described as Rollandia degeneriana F. Wimmer (Wimmer 
1956).  It was considered a possible hybrid in the latest taxonomic treatment of Cyanea 
(Lammers 1990), but it was known only from the type specimen at that time.  Field observations 
indicate that this Cyanea occurs in populations not originating from recent or ongoing 
hybridization, but instead, exists as an independent taxon.  Hybridization concerns are minimal 
with respect to the aforementioned Cyaneas since they naturally co-occur with C. acuminata. 
 
Threats:  The major threats to C. acuminata include feral pigs.  In the Waianae Mountains, the 
species is additionally threatened by feral goats.  Invasive alien plants also threaten the species.  
In the Waianae Mountains, the worse alien plant threats to C. acuminata include the prickly 
Florida raspberry (Rubus argutus) and strawberry guava (Psidium cattleianum).  In the Koolau 
Mountains, the major weeds affecting C. acuminata include Koster’s curse (Clidemia hirta), 
strawberry guava, octopus tree (Schefflera actinophylla). Rat and slug predation represent 
potential threats to C. acuminata  
 
Long-billed, nectar-feeding native Hawaiian birds, which are the presumed original pollinators 
of C. acuminata, have become extremely rare on Oahu.  Although the species is probably 
capable of selfing, the loss of its normal pollinating vectors is likely to result in decreased 
genetic variability within its populations over successive generations. 
 
Threats in the Action Area: Potential threats in the action area due to military training activities 
include fire, trampling by foot traffic and competition with non-native plant species introduced 
via military training activities. However, due to the remote location of this species, the threat 
from trampling is very low. The fire threat for Cyanea acuminata in the Koolau mountains 
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ranges from low to very low. In the Waianae mountains the fire threat is very low. Additional 
threats include habitat degradation and direct consumption by feral ungulates (i.e. goats and 
pigs).  This species is also consumed by slugs which eat seedlings and leaves, and rats that eat 
fruit and sometimes the bark.  
 
Specific threats to the Waianae Mountain population includes competition from Hedychium 
gardnerianum and Rubus argutus.  
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Figure 11.2 Current distribution of Cyanea acuminata in the Waianae Mountains of Oahu.  
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Figure 11.3 Current and historical distribution of Cyanea acuminata in the northern Koolau 
Mountains of Oahu.  
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Figure 11.4 Current and historical distribution of Cyanea acuminata in the southern Koolau 
Mountains of Oahu.  
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Discussion of Management Designations 
Some of the PUs designated for this species cover a large geographic area that would be difficult 
to manage as a whole (i.e. too large to fence all individuals). Therefore, as with many of the 
other OIP and MIP species, the Army may protect a portion of any PU within a management unit 
and utilize the rest of the PU for genetic storage collection as a source for augmentations within 
the protected area. The Helemano-Punaluu Summit Ridge to North Kaukonahua PU was chosen 
to be managed for stability due to the high numbers of individuals, quality of habitat, and 
proximity to other species management. The Punaluu portion of the PU is in need of fencing and 
as many individuals as possible will be included in the Poamoho MU. Strategic fencing will 
protect much of the Makaleha to Mohiakea PU within the Kaala MU and some individuals occur 
within the upper part of the East Makaleha MU. The South Kaukonahua portion of the South 
Kaukonahua to Kahana PU will be within the large South Kaukonahua MU, subunit I.  The 
Army is aware of the low numbers of individuals in this PU and may choose to manage one of 
the other Koolau PUs following surveys to the Kaipapau and Kaluanui area over the next year.  
The Kaipapau, Kaluanui to Maakua, and Konahuanui PUs were not chosen for stability due to 
the difficulty of working in the steep terrain typical of these areas and the lack of recent surveys 
in these areas. While the Kahana and Makaua, Pia, Puuokona and Waahila PUs were not chosen 
because of the small numbers of individuals in the PUs and their distance from the action area. 
This species often occurs on steep windward facing slopes a habitat that is undersurveyed. It is 
expected that numbers will increase with survey. 
 
Propagation & Genetic Storage 
Vegetative (clonal) propagation has not been attempted for this taxon.  Vegetative propagules 
may be collected from certain founders.  This may be most appropriate for outlying or non-
reproductive individuals.  Seed has been collected from wild plants has displayed variable 
viability.  Complete floral and fruiting phenology will be observed to determine characteristics of 
fruit that should contain mature seeds.  Fruit appearance has not indicated a stage at which seeds 
would be mature for collection.  If it is not clear as to what fruit characteristics depict maturity, 
studies may also investigate breeding and mating system to determine if pollen source or amount 
of pollination and/or fertilization may somehow inhibit complete fruit and/or seed maturation.  
Research is ongoing to determine the optimal conditions (particularly temperature) for long-term 
seed storage.  Currently, all studied species of Cyanea exhibit unique storage requirements, 
consisting of an inability to tolerate frozen storage temperatures.  Collaborative research at the 
USDA-ARS National Center for Genetic Resources Preservation aims to determine the cause of 
this anomaly, focusing on lipid composition of seeds of taxa of Cyanea.  Samples of this taxon 
will be sent to NCGRP for lipid analysis.  Since seed has been a successful tool to maintain 
genetic representation of founders for all studied species of Cyanea, seed will likely be used to 
meet genetic storage goals.  The establishment of storage protocols for this taxon will initiate the 
collection of seed from wild plants for genetic storage requirements.  If seed cannot be obtained 
or stored, other methods to meet genetic storage goals will be explored.  A living collection will 
be established for the founders represented by vegetative propagules, with the hopes that this 
stock will flower in the nursery or at reintroductions.  This would allow for genetic storage via 
seed for all founders.  Seed collected in situ will be used to establish reintroductions.     
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Management Notes 
The number of individuals known is likely to increase with surveys in appropriate habitat. 
Surveys should also be done within and around proposed MUs to incorporate as many 
individuals within the proposed fences as possible. The Helemano-Punaluu Summit Ridge to 
North Kaukonahua PU will be managed within the Poamoho MU. The plants along the summit 
trail within the proposed MU are currently within a rat baiting grid and most likely benefit from 
reduced rat predation in the area.  

The Kahana and South Kaukonahua PU will be managed within the Kaukonahua II MU fence 
with propagules from the area. This PU has the fewest individuals of all the manage for stability 
populations with only 2 individuals. If no other individuals are found within this area the OIT 
will discuss options to manage another Koolau PU for stability. Candidates for management 
include the Kaipapau and Kaluanui PUs. If more individuals are found within the Kaipapau area 
this PU could be managed within the Kaipapau MU. 

The Kalena to Makaleha PU is the only representation of this species within the Waianae 
Mountain Range and is therefore important to preserve for the species. The majority of this PU is 
currently protected from ungulates within the Kaala MU. This PU will also be represented within 
the proposed East Makaleha and South Haleauau MUs. This PU currently has stable numbers 
with 85 mature individuals. 

Additionally, all the non-manage for stability PUs are designated as manage for genetic storage 
collections. Collections for these PUs should begin after the manage for stability PUs. 

 
Table 11.3 Priority Management Actions for Cyanea acuminata Army Stabilization PUs 

Population 
Unit 

Specific Management 
Actions 

Concerns/Partners Timeline 

Helemano-
Punaluu 
Summit Ridge 
to North 
Kaukonahua 
PU 

• Construct Poamoho MU 
fence 

• Control priority weeds 
• Collect propagules for 

genetic storage 
(currently at stability 
target #s) 

• Fence requires KS 
license agreement. 

• EA required. 

 

• construct Poamoho 
MU OIP yr 7; 2014 

Kahana and 
South 
Kaukonahua 
PU 

• Construct South 
Kaukonahua II MU 
fence 

• Control priority weeds 
• Collect propagules for 

augmentation and 
genetic storage from 
plants  (need to survey 
for more individuals) 

• EA required. • construct South 
Kaukonahua MU 
OIP yr 5; 2012  
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Kalena to 
Makaleha PU 

• Complete East Makaleha 
and South Haleauau MU 

• Control priority weeds 
• Collect propagules for 

genetic storage from a 
geographic range of 
individuals (currently at 
stability target #s) 

• EA required for 
South Haleauau 
MU. 

• EA with FONSI 
complete for East 
Makaleha MU. 

• Kaala MU strategic 
fencing 95% 
completed in 2006. 

• Kaala MU strategic 
fence 90% completed 

• Complete S. 
Haleauau MU, OIP 
yr 3; 2010 

• complete E. 
Makaleha MU MIP 
yr 6; 2010 
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11.3 Tier 1: 
Cyanea koolauensis: Taxon Summary and Stabilization Plan   

 
Scientific name:  Cyanea koolauensis Lammers, Givnish & Sytsma 
Hawaiian name:  Haha 
Family:  Campanulaceae (Bellflower Family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals per MFS PU (short-lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 1 stabilization priority 

 
Description and biology:  Cyanea koolauensis is an unbranched shrub 1-1.5 m (3.3-4.9 ft) tall.  
The leaves are linear to narrowly elliptic, glabrous, and have a whitish lower surface. The leaf 
blades measure 16-36 cm (6.3-14.2 in) long, and 1.5-4 cm (0.6-1.6 in) wide.  The inflorescences 
are axillary, and bear 3-6 flowers.  The corollas are magenta, 5-9 cm (2.0-3.5 in) long, and 
glabrous. The berries are yellow or orange, globose, and contain numerous brown to black seeds. 
 
Flowering has been observed primarily in June and July, and fruiting in August and September.  
As with other Cyaneas with their long tubular flowers, this species is thought to have been 
pollinated by nectar-feeding birds.  A study by Lammers and Freeman (1986) found that most 
Hawaiian lobelioids have a nectar sugar profile typical of bird-pollinated flowers.  It is probably 
capable of self-pollination, as several other species of Cyanea have been found capable of selfing 
in cultivation.  The species' orange berries are indicative of seed dispersal by fruit-eating birds.  
Cyanea koolauensis is categorized as a short-lived species for the purposes of the 
Implementation Plan. 
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Known distribution:  Cyanea koolauensis is known primarily from the wetter portions of the 
leeward Koolau Mountains.  Recorded elevations for the species range from 518-814 m (1700-
2670 ft). 
 
Population trends:  Population trends have not been well documented for this species. 
 
Current status:  Approximately 130 mature individuals of C. koolauensis are known.  About 
half are within the Koolau Range action areas.  The current population units and the number of 
plants they contain are given in the status table below. 
 
Habitat:  Cyanea koolauensis occurs in gulch bottoms, on gulch slopes, and on ridge tops in 
ohia lehua-uluhe (Metrosideros polymorpha-Dicranopteris linearis) wet forest. Additional 
associated species include koa (Acacia koa), mehame (Antidesma platyphyllum), kokoolau 
(Bidens macrocarpa), ahakea (Bobea elatior), kanawao keokeo (Broussaisia arguta), alani 
(Melicope spp.), hoawa (Pittosporum glabrum), loulu (Pritchardia martii), kopiko (Psychotria 
spp.), amau (Sadleria spp.), naupaka (Scaevola spp.), ohia ha (Syzigium sandwicensis), and akia 
(Wikstroemia oahuensis). 
 
Taxonomic background:  Cyanea koolauensis was formerly included in the genus Rollandia, as 
R. angustifolia (Lammers 1990).  Studies have since indicated that Rollandia constitutes a 
subgroup within the genus Cyanea (Lammers, Givnish and Sytsma 1993).   
 
Outplanting considerations:  Cyanea taxa potentially occurring with or near C. koolauensis are 
C. calycina, C. acuminata, C. humboldtiana, C. lanceolata, C. st.-johnii, C. crispa, and C. 
angustifolia.  All except C. angustifolia are rare species.  Another rare Cyanea occurring with C. 
koolauensis in the northern Koolau Mountains is one that appears to represent a distinct, but 
currently unrecognized taxon.  It was described as Rollandia degeneriana F. Wimmer (Wimmer 
1956).  It was considered a possible hybrid in the latest taxonomic treatment of Cyanea 
(Lammers 1990), but it was known only from the type specimen at that time.  Field observations 
indicate that this Cyanea occurs in populations not originating from recent or ongoing 
hybridization, but instead, exists as an independent taxon.  Hybridization concerns are minimal 
with respect to the aforementioned Cyaneas since they naturally co-occur with C. koolauensis. 
 
Almost all of the windward side of the Koolau Mountains is not included within 
C. koolauensis's known range.  Outplantings of C. koolauensis should not be established in this 
region, especially since there are two rare Cyanea species endemic to the windward side of the 
Koolau Range.  One is C. truncata, which is now known from a single colony of three plants.  
The other is C. purpurellifolia, which is narrowly endemic to the area from Punaluu to Kaipapau.  
An outplanting line has been drawn on Figures 16.20 and 16.21 that restricts outplantings of C. 
koolauensis to the species' known range. 
 
Cyanea species not known to be extant in the Koolau Mountains include C. longiflora, which 
persists in the Waianae Mountains, and C. sessilifolia, which has been documented only from the 
northern end of the mountain range.  Also thought to be extinct is C. superba subsp. regina of 
the southeastern Koolaus.  All of these species typically occurred in mesic areas drier than where 
C. koolauensis occurs, but their ranges may have overlapped C. koolauensis' range to some 
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extent.  In case any of these taxa are actually still extant in the Koolaus, the outplanting line in 
Figures 16.20 and 16.21 separates the likely ranges of these Cyanea taxa from the potential C. 
koolauensis outplanting areas. 
 
Threats:  Major threats to C. koolauensis include feral pigs, which degrade the species habitat 
and harm the plants through feeding on them, trampling them, or uprooting them when rooting 
for food.  Alien plants threaten C. koolauensis by altering the species habitat and competing with 
it for sunlight, moisture, nutrients, and growing space.  The major alien plant threats to C. 
koolauensis include Koster’s curse (Clidemia hirta) and strawberry guava (Psidium cattleianum).  
Rats pose a threat to the species through their predation on bark and fruit.  Introduced slugs and 
snails threaten the species by feeding on its leaves, stems, and seedlings.  The species is 
threatened by human impacts, such as trail clearing and hiking. 
 
Long-billed, nectar-feeding native Hawaiian birds, which are the presumed original pollinators 
of C. koolauensis, have become extremely rare on Oahu.  Although the species is probably 
capable of selfing, the loss of its normal pollinating vectors is likely to result in decreased 
genetic variability within its populations over successive generations. 
 
Threats in the Action Area: Potential threats in the action area due to military training activities 
include fire, trampling by foot traffic, and competition with non-native plant species introduced 
via military training activities. This species occurs within Kahuku Training Area (KTA) and is 
therefore considered to be a Tier 1 priority, due to the current and potential impact from invasive 
species within the heavily utilized KTA. However, due to the location of this species within 
KTA, the threat from fire and trampling ranges from low to none. Additional threats include 
habitat and population degradation by feral ungulates. This species is also preyed on by slugs 
which eat seedlings and leaves, and rats that eat fruit and sometimes the bark. 
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Figure 11.5 Current and historical distribution of Cyanea koolauensis in the Northern Koolau 
Mountains of Oahu.  
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Figure 11.6 Current and historical distribution of Cyanea koolauensis in the southern Koolau 
Mountains of Oahu.  
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Discussion of Management Designations 
This species is arranged in small clusters of individuals that are distributed over a broad 
geographical range (i.e. the North and South Kaukonahua drainages). Therefore, within the PUs 
chosen to be managed for stability some individuals may not be fenced. However, all individuals 
not fenced but within the PU, will be used as a propagule source for augmentation within the 
respective fenced MUs.  The Kaipapau, Koloa, and Kawainui PU stock will be managed within 
the Koloa and Kaipapau MUs which will be approximately 441 acres combined (though not all 
of the Kaipapau MU will be suitable for C. koolauensis). The Opaeula to Helemano PU stock 
will be managed within the Opaeula/Helemano MU fence that totals 272 acres. The Kaukonahua 
PU will be within protected within the North Kaukonahua and South Kaukonahua MUs which 
will be approximately 128 acres collectively. The Lulumahu PU was not chosen to be managed 
for stability because of the remote and weedy nature of the site (i.e. this area contains a large 
population of Oxyspora paniculata). The Halawa, Halawa-Kalauao Ridge, Manana-Waiawa 
Ridge, Niu and Wailupe, Waialae Nui, Waimalu, and Waimano-Waiawa Ridge PUs were not 
chosen for management because of their low numbers and distance from the action area. All non-
manage for stability PUs are designated as manage for genetic storage collections. 
 
Propagation & Genetic Storage 
Vegetative (clonal) propagation has not been attempted for this taxon.  Vegetative propagules 
may be collected from certain founders.  This may be most appropriate for outlying or non-
reproductive individuals.  Micropropagation techniques have been successful in germinating 
seeds from immature fruit collected from wild plants.  Research is necessary in order to 
determine the ideal fruit characteristics for collection, assess seed viability, and create 
germination, propagation and seed storage protocols.  Research will focus on determining the 
optimal conditions (particularly temperature) for long-term seed storage.  Currently, all studied 
species of Cyanea exhibit an inability to tolerate frozen storage temperatures.  Research is 
ongoing with collaborators at the USDA-ARS National Center for Genetic Resources 
Preservation to determine the cause of this anomaly, focusing on lipid composition of seeds of 
taxa of Cyanea.  Samples of this taxon will be sent to NCGRP for lipid analysis.  Since seed has 
been a successful tool to maintain genetic representation of founders for all studied species of 
Cyanea, seed will likely be used to meet genetic storage goals.  The establishment of storage 
protocols for this taxon will initiate the collection of seed from wild plants for genetic storage 
requirements.  If seed cannot be obtained or stored, other methods to meet genetic storage goals 
will be explored.  A living collection will be established for the founders represented by 
vegetative propagules, with the hopes that this stock will flower in the nursery or at 
reintroductions.  This would allow for genetic storage via seed for all founders.  Reintroductions 
may not be necessary for this taxon.  If this later changes, seed collected in situ will likely be 
used to establish these outplantings.            
 
Management Notes: Many individuals in manage for stability PUs fall outside proposed MUs. 
Surveys should be done prior to fence construction in order to include the greatest number of 
individuals. Those individuals that fall outside the fence line will be used as propagule sources 
for augmentation within the MU. Based on in situ observations of low density occurrences, 
outplanting should be done over as broad an area as possible to manage effectively within the 
proposed MUs, in order to replicate natural occurrences. As augmentations are conducted, if 
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there does not appear to be enough suitable habitat available within the designated MUs the OIT 
will discuss additional fence options.  

The Kaipapau, Koloa, and Kawainui PU will be managed within the Koloa MU. This MU was 
projected to be constructed within the first year of funding for the OIP. The Army is however 
still awaiting a license agreement with the landowner, Hawaii Reserves Inc. It is anticipated that 
this agreement will be in place by the end of 2009. This PU has not been fully surveyed for this 
species and more individuals are expected to be located during surveys for the Koloa MU. 
Genetic collections for storage and augmentation will be made during MU surveys and following 
the completion of the MU fence. A high priority for this area is the removal of ungulates once 
the fence is complete, as pig damage has been documented to be relatively high in some areas.  

The Opaeula to Helemano PU will be managed within the Opaeula and Helemano fenced MUs 
and the proposed Lower Opaeula MU. Most of the known individuals in this PU occur at the 
lower end or just outside the MU fence. Re-monitoring and genetic collection of these 
individuals is needed. Further survey of the area between the Opaeula to Helemano PU and the 
Lower Opaeula PU may show these populations to be contiguous. If this is the case these PUs 
may be merged following discussion with the OIT. 

The Kaukonahua PU will be managed within the North and South Kaukonahua MUs. 
Management was split among these two MUs, this will provide additional space to manage this 
patchily distributed species. A priority for this PU is the completion of the MU fences and re-
monitoring of known individuals. Once an assessment of the number of individuals in the PU is 
made the OIT can decide how to manage the Kaukonahua PU across two non-contiguous MUs.   

The genetic storage collections from non-manage for stability PUs should begin 
opportunistically and ramp up following genetic collections of manage for stability PUs.  
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Table 11.4 Priority Management Actions for Cyanea koolauensis for Army Stabilization PUs 
Population 

Unit 
Specific Management Actions Partners/Concerns Timeline 

Kaipapau, 
Koloa, and 
Kawainui PU 

• Construct Koloa MU fence 
• Survey 
• Collect propagules for augmentation 

and genetic storage from all 
accessible plants in the PU  

• Control priority weeds 
• Augment within the Koloa MU 

• Koloa MU on 
Hawaii Reserves 
Inc. property 
requires license 
agreement.  

• Requires EA. 

•  Construct 
Koloa MU, OIP 
yr 4; 2011 

Opaeula to 
Helemano PU 

• Collect propagules for augmentation 
and genetic storage: most individuals 
in this PU occur @ lower end of MU 
fence, re-monitoring of these 
individuals is needed. 

• Construct Lower Peahinaia MU 
• Control priority weeds 
• Potentially augment within the Lower 

Peahinaia MU 

• Lower Peahinaia MU 
requires KS license 
agreement. 

 

•  Opaeula/ 
HelemanoFence 
completed 

•  Construct 
Lower 
Peahinaia MU 
MIP yr 8; 2011  

Kaukonahua 
PU  

• Construct North and South 
Kaukonahua MU fences 

• Survey 
• Collect propagules for augmentation 

and genetic storage  
• Control priority weeds 
• Augment within Kaukonahua MUs 

• North Kaukonahua 
MU on State Forest 
Reserves. 

• North and South 
Kaukonahua MUs 
require an EA. 

•  Construct N. 
Kaukonahua 
MU, OIP yr 6; 
2013 

•  Construct S. 
Kaukonahua I  
OIP yr 5; 2012  
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11.14 Tier 1: 
Cyanea st.-johnii: Taxon Summary and Stabilization Plan   

 
Scientific name:  Cyanea st.-johnii Hosaka 
Hawaiian name:  Haha 
Family:  Campanulaceae (Bellflower Family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (short-lived perennial)  
• Threats controlled 
• Genetic storage collections for all occurrences 
• Tier 1 stabilization priority: This species was originally listed as a Tier 3 stabilization 

priority due to the presence of this species within the KLOA training area off hiking 
trails. However, the Army chose to elevate this species to Tier 1 stabilization priority 
because of its rarity. 

 
Description and biology:  Cyanea st.-johnii is an unbranched or sparingly branched shrub 30-60 
cm (12-24 in) tall with rigid, lanceolate to oblanceolate leaves 6-13 cm (2.4-5.1 in) long and 1.5-
2 cm (0.6-0.8 in) wide. The upper leaf surface is glabrous while the lower leaf surface is 
pubescent along the veins. Leaf margins are strongly revolute. The inflorescences are axillary, 
and bear 5-20 flowers.  The corollas are white, and measure 3-6 cm (1.2-2.4 in) long. The berries 
are orange, and contain numerous brown to black seeds. 
 
Flowering has been observed primarily from June through September.  Fruits have been recorded 
from about August through December.  As with other Cyaneas with their long tubular flowers, 
this species is thought to have been pollinated by nectar-feeding birds.  A study by Lammers and 
Freeman (1986) found that most Hawaiian lobelioids have a nectar sugar profile typical of bird-
pollinated flowers.  It is probably capable of self-pollination, as several other species of Cyanea 
have been found capable of selfing in cultivation.  The species' orange berries are indicative of 
seed dispersal by fruit-eating birds.  Cyanea koolauensis is categorized as a short-lived species 
for the purposes of the Implementation Plan. 



Chapter 11.14 Tier 1: Cyanea st.-johnii Taxon Summary and Stabilization Plan 11-44 

Final Oahu Implementation Plan 2008 

 
Known distribution:  Cyanea st.-johnii is endemic to the Koolau Mountains.  It has been 
recorded from widely scattered sites on or near the summit ridge of the mountain range, ranging 
from the Wailupe-Waimanalo area in the south, to as far north as Helemano in the central 
Koolau Mountains. The species ranges from 668-853 (2190-2800 ft) in elevation. 
 
Population trends:  Population sizes have been poorly recorded for C. st.-johnii, as most of the 
known plants have not been known for very long and many of the plants are in remote parts of 
the Koolau Range. 
 
Current status:  Currently there are about 55 individuals known of C. st.-johnii from six 
population units.  One of these PUs is in an action area, the Helemano PU in KLOA, which 
contains six plants. The current population units and the number of plants they contain are given 
in the status table below and their locations are plotted on figures 11.30-31.  
 
Habitat:  Cyanea st.-johnii occurs on or close to ridge crests, in wet, windswept shrubland 
dominated by ohia lehua (Metrosideros polymorpha) and uluhe (Dicranopteris linearis) 
shrubland. Associated plant species include include lehua papa (Metrosideros rugosa), kokoolau 
(Bidens macrocarpa), olapa (Cheirodendron trigynum), lapalapa (C. platyphyllum), 
Dichanthelium koolauense, pukiawe (Leptecophylla tameiameiae), uki (Machaerina 
angustifolia), Plantago pachyphylla, amau (Sadleria pallida), and ohelo (Vaccinium dentatum). 
 
Taxonomic background: There are approximately 60 species in the endemic Hawaiian genus 
Cyanea.  Cyanea st.-johnii was formerly included in the genus Rollandia (Lammers 1990).  
Studies have since indicated that Rollandia constitutes a subgroup within the genus Cyanea 
(Lammers, Givnish and Sytsma 1993).   
 
Outplanting considerations:  Cyanea taxa potentially occurring with or near C. st.-johnii are C. 
calycina, C. acuminata, C. humboldtiana, C. koolauensis, C. crispa, and C. angustifolia.  All 
except C. angustifolia are rare species.  Another rare Cyanea occurring near C. st.-johnii in the 
northern Koolau Mountains is one that appears to represent a distinct, but currently unrecognized 
taxon.  It was described as Rollandia degeneriana F. Wimmer (Wimmer 1956).  It was 
considered a possible hybrid in the latest taxonomic treatment of Cyanea (Lammers 1990), but it 
was known only from the type specimen at that time.  Field observations indicate that this 
Cyanea occurs in populations not originating from recent or ongoing hybridization, but instead, 
exists as an independent taxon.  Hybridization concerns are minimal with respect to the 
aforementioned Cyaneas since they naturally co-occur with C. st-johnii. 
 
Threats:  Major threats to C. koolauensis include feral pigs, which degrade the species habitat 
and harm the plants through feeding on them, trampling them, or uprooting them when rooting 
for food.  Alien plants threaten C. koolauensis by altering the species habitat and competing with 
it for sunlight, moisture, nutrients, and growing space.  Alien plant species that may compete 
with C. st.-johnii include Andropogon virginicus, Axonopus fissifolius, Clidemia hirta, and 
Sacciolepis indica.  Rats pose a threat to the species through their predation on bark and fruit.  
Introduced slugs and snails threaten the species by feeding on its leaves, stems, and seedlings.  
The species is threatened by human impacts, such as trail clearing and hiking. 
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Long-billed, nectar-feeding native Hawaiian birds, which are the presumed original pollinators 
of C. koolauensis, have become extremely rare on Oahu.  Although the species is probably 
capable of selfing, the loss of its normal pollinating vectors is likely to result in decreased 
genetic variability within its populations over successive generations. 
 
Threats in the Action Area: Threats to Cyanea st.-johnii posed by military training are 
trampling during foot maneuvers and the introduction of new non-native plant species. However, 
the threat from trampling is very low due to the remote summit habitat occupied by this species. 
There is no fire threat to the PU in the action area. Additionally, this species is threatened 
throughout its range by habitat or direct destruction by feral ungulates, competition by non-
native plant species such as Clidemia hirta and Psidium cattleianum, and predation on seedlings 
and fruit by slugs and rats. 
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Figure 11.7 Current and historical distribution of Cyanea st.-johnii in the Northern and Central 
Koolau Mountains of Oahu. 
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Figure 11.8 Current distribution of Cyanea st.-johnii in the Southern Koolau Mountains, Oahu. 
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Discussion of Management Designations 
The three PUs chosen for stabilization encompass a large portion of the geographical range of 
the species from Helemano to Halawa. The Helemano PU was chosen because it occurs within 
the action area within the Opaeula/Helemano MU fence. The North of Puu Pauao PU is an 
occurrence of a single individual recorded by the Hawaii Biodiversity and Mapping Program in 
1994. The Army will revisit the site and try to find this individual. The Ahuimanu-Halawa PU 
was chosen to be managed for stability over the Waiahole-Waiawa Summit Ridge PU due to the 
larger number of individuals. However, the Waiahole-Waiawa Summit Ridge occurs on 
Kamehameha Schools land and will be within the Waiawa subunit II MU. The Waimano PU was 
chosen to be managed for stability because of the habitat quality and number of individuals.  The 
other PUs have been managed by the Oahu Plant Extinction Prevention program (OPEP) and the 
Army will continue to partner with them on the management of this species.   
 

Propagation and Genetic Storage 
Vegetative propagation has been attempted numerous times by Oahu Plant Extinction Prevention 
Program (and twice by the Army) and has not been successful.  Various clonal propagaules have 
been collected from various sites and brought to Harold L. Lyon Arboretum Micropropagation 
Lab, but none survived.  Attempts at vegetation propagation will likely not continue.  Mature 
fruit of this taxon has never been observed or collected by the Army.  Fruit appears to abort prior 
to maturation on many of the individuals.  Fruiting plants within the Helemano PU have been 
observed for several years.  No mature fruit has been observed at this site.  Fruit either disappear 
or rot prior to maturity.  At this time, it is unclear as to why this occurs.  Most of the collections 
have low germination rates in comparison to other taxa of Cyanea.  Typically, seeds found in 
immature fruit do not store well and the collection of immature material is not recommended for 
seed-banking practices (Priestley 1986). Phenology and breeding and mating system studies will 
likely be conducted to try and determine the limiting factors for full fruit and seed maturation.  
For fruit collected with immature seeds, micropropagation has been a necessary technique, yet 
this species remains one of the hardest species of Cyanea to propagate for the Harold L. Lyon 
Arboretum Micropropagation Lab (Nellie Sugii, pers. comm.).  Seedlings grow very slowly or 
not at all.  Propagation methods will be studied and protocols established.  Mature seeds will 
need to be collected to determine appropriate storage conditions and meet genetic storage 
requirements.  Currently, all studied species of Cyanea exhibit unique storage requirements, 
consisting of an inability to tolerate frozen storage temperatures.  Research is ongoing with 
collaborators at the USDA-ARS National Center for Genetic Resources Preservation to 
determine the cause of this anomaly, focusing on lipid composition of seeds of taxa of Cyanea.  
This taxon will be incorporated into this study when mature seed is collected. The establishment 
of storage protocols for this taxon will initiate the collection of seed from wild plants for genetic 
storage requirements.  If mature seed cannot be obtained or immature seed cannot be sotred, 
other methods to meet genetic storage goals will be explored.  A living collection may be 
established from seed collected from wild plants.  Seed collected in situ will be used to establish 
reintroductions. 

Priestley, D.A. Seed Aging: Implications for Seed Storage and Persistence in the Soil. Ithaca:                  
Cornell University Press, 1986. 
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Outplanting Issues: Outplanting will be necessary at all of the MFS PUs once they are fenced. 
No outplanting of this species has been attempted to date. The Army will attempt to augment this 
species into the Helemano MU once enough propagules are available. 

 
Management Notes 
This species flowers and fruits in late summer and fall. Army NRS will work with the OPEP 
program to collect propagules for genetic storage from each extant PU. The Helemano PU was 
fenced within the Helemano MU fence in 2006 and genetic collections from this PU have been 
made. This PU does not require significant weed control at this time and collections for 
augmentation propagules and genetic storage collections is the highest priority. 
The Ahuimanu-Halawa PU is currently threatened by Axonopus fissifolius and pigs and will be 
protected within the Halawa MU. This land parcel was recently acquired by the Hawaii 
Department of Transportation (DOT) and an agreement with this landowner needs to be made 
prior to management of this PU. This PU should be monitored at least yearly by the Army and/or 
the OPEP program for genetic storage collections and threats. This PU is planned for OIP year 8; 
2015. However, the in house Army fence crew may be able to construct this fence at an earlier 
date. 
The Waimano PU is currently being managed by the OPEP program and some genetic 
collections have been made. A small scale fence is planned for this population by the Army in 
coordination with OPEP and the State Forest Reserves in late 2008 or early 2009.  
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Table 11.5 Priority Management Actions for Cyanea st.-johnii PUs. 
Population Unit Specific Management Actions Concerns/ 

Partners 

Timeline 

Helemano PU • Control priority weeds 
• Continue collecting propagules 

for augmentation and genetic 
storage 

• Augment PU 

• Kamehameha Schools 
owned land; leased by 
Army. 

  

• Helemano 
MU 
completed 
OIP yr 0; 
2006 

North of Puu 
Pauao PU 

• Survey site from 1994 • State Forest Reserves; • OIP yr 2-3; 
2009-2010 

Waimano PU • Collect for genetic storage 
• Small scale fence planned 

around the PU 
• Augment 

• State Forest Reserves; 
Managed in partnership 
with OPEP 

• construct 
Waimano 
MU, OIP yr 
2; 2009 

Ahuimanu- 
Halawa Summit 
Ridge PU 

• Obtain permission from 
landowner for management 

• Collect for genetic storage  
• Construct Halawa MU 

• DOT recently acquired 
this parcel from 
Kamehameha Schools 

• Managed in partnership 
with OPEP 

• Construct 
Halawa MU; 
OIP yr 8; 
2015 

Waiahole-
Waiawa Summit 
Ridge PU 

• Construct Waiawa subunit II 
MU  

• Control priority weeds 
• Collect propagules for 

augmentation and genetic 
storage 

• Augment within Waiawa MU 

• Kamehameha Schools 
owned land (license 
agreement required prior 
to fence construction). 

• Managed in partnership 
with OPEP 

• construct 
Waiawa MU, 
OIP yr 12; 
2019 

Waihee-Waimalu 
Summit Ridge 
PU 

• Collect for genetic storage • Borders BWS and 
Elizabeth Stack property 

• This PU managed by 
OPEP 

 

Waimanalo-
Wailupe Summit 
Ridge PU 

• Collect for genetic storage • This PU managed by 
OPEP 
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11.5 Tier 1 
Eugenia koolauensis: Taxon Summary and Stabilization Plan  

 
 
Scientific name:  Eugenia koolauensis Degener 
Hawaiian name:  Nioi 
Family:  Myrtaceae (Myrtle family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (long-lived perennial; doubled target number due to threat from 

Ohia rust (Puccinia psidii))  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 1 stabilization priority 

 
Description and biology:  Eugenia koolauensis is a small tree or shrub 2-7 m (6.6-23 ft) tall. The 
oppositely arranged leaves are concave, and are 2-5 cm (0.8-2.0 in) long, and 1-3.3 cm (0.4-1.3 in) 
wide.  The leaf margins are strongly revolute.  The upper leaf surfaces are glossy, and hairless, or 
bear short hairs near the veins.  The lower leaf surfaces are densely covered by short brown hairs.  
The flowers are white, borne 1-2 in the leaf axils, and bear four petals and about 150 stamens.  The 
berries are yellow to red, ovoid in shape, measure 0.8-2.0 cm (0.3-0.8 in) in length, and usually 
contain a single globose seed. 
 
The species flowers and fruits year round.  The flowers of E. koolauensis are presumably insect 
pollinated.  The species' red and yellow fleshy berries suggest that fruit eating birds are the main 
dispersal agents for the species.  Since the seeds are large and without a durable seed coat, the seeds 
would not be expected to remain viable long after the fruit ripens.  Immature cultivated plants are 
slow growing (Lau pers. comm. 2005), and it seems likely that immature plants in the wild would 
also be slow growing.  Eugenia koolauensis is a long-lived species.  The tree in Papali Gulch has 
been observed for 25 years, but it has not increased very much in size during that time (Lau pers. 
comm. 2005). 
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Known distribution:  Eugenia koolauensis has been found on the islands of Oahu and Molokai.  On 
Oahu, the species has been recorded primarily from the northern Koolau Mountains, on both the 
windward and leeward sides of the mountain range, from 100-300 m (328-1,000 ft) in elevation.  
The species has also been recorded from Waianae Mountains in the area inland of Waialua.  It was 
collected in this area by O. Degener in 1932 in the "gully having prominent dyke, north-northeast of 
Puu Kamaohanui" (Wilson 1958).  In 2000, a few plants were discovered in the same general area in 
Palikea and Kaimuhole Gulches.  Recorded elevations for the species in the Waianae Mountains are 
from 232-293 m (760-960 ft).  Since the species grows in dry forests in the Waianae Range, it is 
possible that it formerly also occurred in the region between the two mountain ranges.  If the species 
did indeed occur in that region, the now separated Koolau and Waianae plants would likely have 
been in genetic communication.   
 
On Molokai, the species is known from only two specimens collected by the Joseph F. Rock.  One of 
the specimens was collected in 1918, and the other in 1920 (Wilson 1958).  These specimens were 
collected from the upper elevations of Maunaloa, which is the extinct volcano that formed West 
Molokai (see Map 16.28 below).  Although elevations were not recorded for the West Molokai 
specimens, the plant or plants were likely located near the summit of Maunaloa, which is 421 m 
(1,381 ft) high in elevation.  Little native vegetation remains on Maunaloa, and it seems unlikely that 
any E. koolauensis plants survive there.  Although the species has not been recorded from East 
Molokai to date, that part of the island could have been part of the range of E. koolauensis since 
there probably once was unbroken suitable habitat extending from West Molokai to East Molokai 
over the plain of Hoolehua that connects the two mountain masses. 
 
Population trends: The largest number of individuals occurs within the Kahuku Training Area in 
the Northern end of the Koolau Mountains. Most of the populations of E. koolauensis in the Kahuku 
area contain seedlings and saplings.  While it seemed that the numbers of individuals were 
increasing just a few years ago due to the high level of regeneration at the Kahuku populations, the 
species is now severely declining (see population status table for numbers of individuals). This 
species has been severely affected by the recently introduced Ohia Rust (Puccinia psidii).  The first 
sign of rust on Eugenia koolauensis was reported in March of 2006. The entire Kahuku Training 
Area contains significant stands of Syzigium jambos, a primary carrier of the Ohia rust.  Other 
possible hosts are also abundant, including Metrosideros polymorpha, Eucalyptus robusta, and 
Melaleuca quinquenervia. The rust primarily affects the new growth. Some small, immature plants 
exhibited partial or total defoliation.  This suggests the rust may limit the growth rate of this already 
slow-growing species, and perhaps even limit recruitment as flowers are also affected.  All size 
classes of plants are affected by the rust.   
 
Current status:  Eugenia koolauensis is still extant in the northern Koolau Mountains and in the 
area inland of Waialua in the northern Waianae Mountains.  Only three trees have been found to date 
in the Waianae Mountains, two in Palikea Gulch and one in Kaimuhole Gulch.  The center of 
abundance for the species is in the KTA action area and the northern end of the KLOA action area.  
The approximately 168 mature and 197 immature plants in these action areas represent more than 
80% of the extant individuals of the species.  The only additional plants known to be extant in the 
Koolau Mountains are four mature plants in the Hauula area on the windward side of the mountain 
range. All plants observed have been heavily impacted by Ohia rust (Puccinia psidii).  
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The current population units and the number of plants they contain are given in the status table 
below and their locations are plotted on Figures 11.6-7. 
 
Habitat:  Eugenia koolauensis occurs in dry to mesic forests, usually on gulch slopes.  In the 
Koolau Mountains the plants occur in dryish mesic forests dominated by ohia lehua (Metrosideros 
polymorpha) and/or lama (Diospyros sandwicensis).  The known plants in the Waianae Mountains 
are located in dry forests dominated by lama, wiliwili (Erythrina sandwicensis), and/or lonomea 
(Sapindus oahuensis).  On Maunaloa, Molokai, the original dry forest vegetation has been largely 
destroyed, and there are no detailed descriptions of its original composition.  However, this dry 
forest was possibly dominated by wiliwili, which is today perhaps the most common tree species 
amongst the remnant native trees in the area. 
 
Taxonomic background: Eugenia koolauensis is one of only two native Hawaiian species of 
Eugenia.  The other species is the closely related E. reinwardtiana, whose range extends beyond 
Hawaii through much of the tropical Pacific Ocean.  Eugenia reinwardtiana is a rare plant in Hawaii 
except for the northern Waianae Mountains, where it can be fairly common.  There are certain 
populations of Eugenia in the Koolau Mountains with plants whose morphology is intermediate 
between the two Eugenia species.  These intermediate population units have not been included 
among the population units included in this taxon summary.  In the Waianae Mountains, E. 
reinwardtiana occurs in the same gulches containing the typical E. koolauensis trees, but in different 
parts of the gulches.  There appears to be a zone of intergradation in these gulches between the 
typical plants of each of the two Eugenia species (Lau pers. comm. 2005). 
 
Outplanting considerations:   
It can be presumed that E. koolauensis and the more common E. reinwardtiana are capable of 
interbreeding, given the existence of intermediate populations in the Koolau Mountains, and a zone 
of intergradation between the two species in the Waianae Mountains.  As such, E. koolauensis would 
be at risk of being genetically swamped by E. reinwardtiana if it is outplanted close to E. 
reinwardtiana.  An outplanting line for the species in the Koolau Mountains has been drawn on Map 
11.6 that would limit outplanting to the portion of the mountain range where only E. koolauensis has 
been found.  For the Waianae Mountains, an outplanting line has been drawn that approximates the 
upper edge of the area occupied exclusively by E. koolauensis (see Map 11.7 below). 
 
There is at least one naturalized alien species of Eugenia in Hawaii, namely the Surinam cherry (E. 
uniflora).  It is not known whether it can hybridize with E. koolauensis.  The species is not yet 
known to have spread into E. koolauensis habitat. 
 
Threats:  The largest threat to Eugenia at this time is the Myrtaceous rust, Puccinia psidii. The rust 
was first observed on this species by the Army in 2006. The rust affects the new growth of plants. 
Some small, immature plants exhibited partial or total defoliation.  Mature plants that are heavily 
infected are often not be able to produce flowers and/or set seed due to rust damage.  All size classes 
are affected by the rust.  Threats to E. koolauensis include habitat degradation and competition by a 
variety of non-native plants.  In the Koolau Mountains, the most serious weed threats include 
shoebutton Ardisia (Ardisia elliptica), Formosan koa (Acacia confusa), Christmas berry (Schinus 
terebinthifolius), strawberry guava (Psidium cattleianum), kukui (Aleurites moluccana), ironwood 
(Casuarina equisetifolia), Koster's curse (Clidemia hirta), huehue haole (Passiflora suberosa), and 
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silk oak (Grevillea robusta).  In the Waianae Mountains, the most serious invasive alien plant threats 
include guineagrass (Panicum maximum), Christmas berry (Schinus terebinthifolius), kukui 
(Aleurites moluccana), Java plum (Syzygium cumini), Australian red cedar (Toona ciliata), comb 
Hyptis (Hyptis pectinata), and wait-a-bit (Caesalpinia decapetala). 
 
Feral pigs pose a threat to all of the extant populations, and in the Waianae Mountains the species is 
also threatened by feral goats. In the KTA area, this species is additionally threatened by foot and 
motorcycle traffic, and by military training.  Fire is another potential threat to the species, with the 
plants in the dry gulches in the Waianae Mountains especially fire threatened.  Cattle ranching was 
probably the most important factor in the disappearance of the species on Maunaloa, Molokai.  On 
Oahu, cattle were likely to have impacted populations of the species, particularly where the range of 
the species extended into dry forest areas. 
 
The long-term survival of E. koolauensis could be threatened by the naturalization and spread of 
non-Hawaiian stocks of E. reinwardtiana.  A non-Hawaiian stock of E. reinwardtiana planted in a 
botanic garden setting has been observed to produce numerous volunteering seedlings, and the stock 
appears to have the potential of aggressively spreading into the habitat of E. koolauensis in the 
Kahuku area, where native E. reinwardtiana does not naturally occur (Lau pers. comm. 2005).  If 
this were to happen, the E. koolauensis populations could be vulnerable to genetic swamping from 
the E. reinwardtiana of alien origin. 
 
Threats in the Action Area: Major threats in the action area due to army training are fire, 
trampling, and the introduction of competing non-native plant species. Fire in the action area has 
been documented to have affected populations of this species twice in the last 10 years, and the fuel 
load near some plants is high. Additionally, some of the onsite populations are threatened by habitat 
disturbance from motor cross bikes. 
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Figure 11.9 Current and historical distribution of Eugenia koolauensis in the Koolau Mountains of 
Oahu. 
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Figure 11.10 Current distribution of Eugenia koolauensis in the Waianae Mountains of Oahu. 
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Discussion of Management Designations 
The Army has chosen 3 manage for stability PUs within Kahuku Training Area (KTA) because these 
populations are the most threatened by military training activities and this area holds the highest 
density of known individuals. The three manage for stability PUs are Oio, Kaunala, and 
Pahipahialua. These PUs have been fenced and have had some fuel control due to the potential fire 
threat in KTA. The Oahu BO (USFWS 2003) stated there was a need to fence all the KTA 
populations to protect them from motorcross damage. The Army is working with ITAM  to keep the 
motocross access restricted to the approved areas which do not overlap with Eugenia koolauensis 
individuals.  
There are several geographically close PUs within KTA but are considered separate populations 
because they are separated by dense non native forested ridges and gulches. Other PUs within KTA 
will be fenced if they are determined necessary via routine monitoring. The Waianae population 
within Palikea Gulch was not chosen to be managed for stability due to the low numbers of 
individuals and relatively low level of threat from military training. This PU will be one of the first 
non-manage for stability PUs to be collected from as these plants appear to be adapted to drier 
habitat conditions where the Puccinia rust is not as abundant. All non-manage for stability PUs will 
be managed for genetic storage collections. All PUs will be monitored for the effects of Puccinia 
psidii and will be treated if a control method becomes available.  
 
Propagation and Genetic Storage 
Plants of this taxon can be propagated via cuttings, but rooting success is very low and cuttings are 
very slow to root and grow.  Fruit collections have been made for both wild and nursery plants and 
seed viability for this taxon is high.  Similar to vegetative propagules, seedlings are very slow-
growing.  Long-term seed storage for this taxon is unlikely.  Seeds are not orthodox and there has yet 
to be a viable method of storage identified.  Storage research, however, is ongoing and ultra-low 
temperature treatments will be tested with additional seed collections.  Until proper seed storage 
methods are identified, genetic storage of this taxon will be maintained via ex situ living collections.  
Horticultural methods to control Puccinia psidii will first need to be explored to maintain a healthy 
living collection.  Once control methods for the rust have been established, both seed collected in 
situ and vegetative propagules will likely be used to establish reintroductions.   
 
Management Notes 
Fuel reduction actions were carried out by the end of 2005 for the 3 Manage for Stability PUs: Oio, 
Kaunala, and Pahipahialua. As a result there is significantly less ironwood within each of the three 
enclosures. Common native plant species have been outplanted in these areas to help restore the 
native species matrix.  
The three MFS PUs have similar stabilization needs. One of the highest priorities for this species is 
the development of propagation techniques (i.e. timing and location of cuttings, airlayers, and/or 
timing of fruit collection, etc.). Another high priority is the research of Puccinia rust control and 
prevention on both in situ and ex situ material. The Army is currently funding Dr. Janice Uchida of 
the University of Hawaii, College of Tropical Agriculture and Human Resources (CTAHR) in her 
work on Puccinia rusts. 
Genetic storage collections should be made from all individuals once there is a reliable technique for 
collection and a method to reduce or eliminate rust in propagation.  
A high priority for genetic storage collections is the representation of the Palikea Gulch PU, 
although not designated as manage for stability it is significant in habitat and location.  
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Table 11.6 Priority Management Actions for Eugenia koolauensis Army Stabilization PUs 

Population 
Unit 

Specific Management Actions Partners/ Concerns Timeline 

Oio • Monitor/assess/treat 
Puccinia psidii 

• Control priority weeds 
• Educational signs for 

ITAM 

• MU/ Fuel control completed 2005 

• Working with and providing funding 
for Puccinia psidii researchers  

• Work with ITAM to control 
motorcross 

• ongoing 

 

Kaunala  • Monitor/assess/treat 
Puccinia psidii  

• Control priority weeds 
• Educational signs for 

ITAM 

• MU/ Fuel control completed 2005 

• Working with and providing funding 
for Puccinia psidii researchers  

• Work with ITAM to control 
motorcross 

• ongoing 

Pahipahialua • Monitor/assess/treat 
Puccinia psidii  

• Control priority weeds 
• Educational signs for 

ITAM 

• MU/ Fuel control completed 2005 

• Working with and providing funding 
for Puccinia psidii researchers  

• Work with ITAM to control 
motorcross 

• ongoing 

All PUs • Fund and participate in 
Puccina psidii research  

• Conduct propagation trials 

• Currently funding UH research 

• Army working with various 
horticulturalists to develop 
propagation and rust control 
techniques. 

• ongoing 
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11.6 Tier 1   
Gardenia mannii: Taxon Summary and Stabilization Plan 

 
 
Scientific name:  Gardenia mannii St. John & Kuykendall 
Hawaiian name:  Nau, nanu 
Family:  Rubiaceae (Coffee family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (long-lived perennial; Large percentage of non-flowering/ fruiting 

plants)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 1 stabilization priority 

 
Description and biology:  Gardenia mannii is a tree 5-15 m (16-49 ft) tall with leaves 6-27 cm (2.4-
11 in) long and 3.5-10 cm (1.4-3.9 in) wide, clustered at the tips of the branches. The fragrant 
flowers are solitary and terminal.  The calyxes bear 4-6 terminal spurs.  The corollas are cream 
colored externally, white within, and are 7-9 lobed.  The fruits are broadly ellipsoid, 1.8-4.5 cm (0.7-
1.8 in) in diameter, yellow to orange when ripe, and contain numerous seeds.   The seeds are 
compressed, 1.8-2.2 mm (0.07-0.09 in) long, and embedded in a bright reddish orange pulp. 
 
Gardenia mannii can be found to be flowering or fruiting at any time of the year.  However, it is 
often difficult to find fertile individuals of G. mannii.  It appears that many trees do not produce 
viable fruit.  The flowers are very fragrant with a scent similar to that of cultivated Gardenias, and 
they are presumed to be insect pollinated.  The seeds of G. mannii are embedded in a bright reddish 
orange pulp, suggesting seed dispersal by fruit eating birds.  Seed dispersal by birds would help to 
explain the normal pattern of distribution of the species, which generally occurs as widely scattered 
individuals.  Seldom can several plants be found growing next to one another.  
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It appears that there are very few mature individuals of G. mannii in cultivation in spite of the 
species' attractive flowers that are pleasantly scented, unlike the other native Gardenia of Oahu, G. 
brighamii, which is now commonly planted as an ornamental plant in Hawaii.  As such, for G. 
mannii, there is very little biological information available that might be obtained from cultivated 
plants. To date there are a few individuals at Wahiawa Botanic Garden and Waimea Audubon 
Center. Gardenia mannii is known to be a long lived species.  There are particular trees along major 
trails that have been known to botanists for decades.  
  
Known distribution:  Gardenia mannii is endemic to Oahu, and it occurs in both the Koolau and 
Waianae Mountain Ranges.  The species occurs along the entire length of the Koolau Mountains, on 
both its windward and leeward sides.  In the Waianae Mountains it has been recorded from only 
three areas on the windward side of the mountain range.  Two of these areas are in the southern part 
of the Waianae Mountains in the Honouliuli Preserve - Ekahanui Gulch and the area of Kaluaa and 
Maunauna Gulches.  The third area in the Waianae Mountains is Haleauau Gulch in back of SBMR 
West Range.  The species has been found at elevations ranging from 270-730 m (900-2,400 ft) in 
elevation. 
 
Population trends:  The number of individual plants of G. mannii appears to be declining, and the 
plant has disappeared from locations where it was formerly recorded.  Immature plants are rarely 
observed. 
 
Current status:  There are fewer than 100 currently known individuals of G. mannii.  Only five of 
these are in the Waianae Mountains.  About three-fourths of these are within the Oahu action areas, 
including both the West Range and East Range portions of the SBMR action area, and the KLOA 
and KTA action areas.  The current population units and the number of plants they contain are given 
in the status table below and their locations are plotted on Figures 11.8-11. 
 
Habitat:  Gardenia mannii in the Koolaus occurs in wet forests, or in forests that are transitional 
between mesic and wet, and often far to the lee of the main summit divide of the Koolau Range.  
These forests are usually dominated by ohia lehua (Metrosideros spp.) and uluhe (Dicranopteris 
linearis).  In the drier reaches of these forests, koa (Acacia koa) is often a co-dominant tree species.  
The few records of G. mannii in the Waianaes have all been from mesic forests. The species can be 
found on ridge tops, on gulch slopes, and in gulch bottoms. 
 
Taxonomic background:  The genus Gardenia is represented in Hawaii by three endemic species, 
two of which are found on Oahu, G. brighamii and G. mannii.  The third species is G. remyi, which 
is closely related to G. mannii, and occurs on Kauai, Molokai, Maui, and Hawaii. 
 
Outplanting considerations:  Gardenia brighamii is much more endangered than G. mannii, with 
fewer than 15 trees known statewide.  Only three trees are known to remain on Oahu, all in the 
southern Waianae Mountains.  There are also historical records of the species in Makaleha in the 
northern Waianae Mountains, and from Nuuanu Valley in the southern Koolau Mountains.  It is 
unknown whether G. mannii and G. brighamii can hybridize.  Because of the extreme rarity of G. 
brighamii, any outplantings of G. mannii must be located away from remaining individuals of G. 
brighamii, or in areas potentially containing the species.  The habitats of the two species do not 
overlap, with G. brighamii known only from dry forests, while G. mannii is known only from mesic 
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and wet forests.  So as long as G. mannii is outplanted in its appropriate habitat, outplanting 
concerns with respect to G. brighamii would be minimal.  There are also several non-native species 
of Gardenia cultivated in Hawaii.  It is not known if they are capable of hybridizing with G. mannii. 
 
Threats:  Major threats to Gardenia mannii include feral pigs and invasive alien plants, and impacts 
from military activities such as foot traffic and fire.  The species is also susceptible to predation by 
rats and the black twig borer.  The most serious of the invasive alien plant species currently 
threatening G. mannii include Koster's curse (Clidemia hirta), strawberry guava (Psidium 
cattleianum), manuka (Leptospermum scoparium), and octopus tree (Schefflera actinophylla). 
 
Although the potential for fire affecting G. mannii is probably greater in the Waianae Mountains 
than in the Koolau Mountains, the Koolau plants could also be affected by fire, since the wet forests 
of the Koolau Mountains can burn in times of drought.  Historically there have been large fires in 
native forests on the leeward side of the central Koolau Mountains that have burned out of control 
for many days and have destroyed many acres of native vegetation.  Among the endangered plants of 
the wet forests of the Koolau Mountains, G. mannii would be particularly threatened since many 
individuals occur at relatively low elevations far to the lee of the summit ridge of the Koolau Range 
close to potential ignition sources.  For instance, in the Helemano and Poamoho population unit, 
some individuals are located not very far off the road that leads to the Poamoho Trail trailhead.   
 
Threats in the Action Area: Within KTA, SBMR and SBER, fire threat ranges from low to very 
low for this species due to the remote mesic forest habitat it occupies in relation to areas where live 
fire munitions are approved. And within KLOA, KTA, and SBER the threat of trampling by foot 
traffic is very low for trees and ranged from low to high for seedlings. Additionally, this species is 
threatened throughout its range by predation by rats, habitat degradation by feral pigs, and 
competition with non-native plants.  
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Figure 11.11 Current and historical distribution of Gardenia mannii in the Southern Koolau 
Mountains of Oahu. 
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Figure 11.12 Current and historical distribution of Gardenia mannii in the Northern Koolau 
Mountains of Oahu. 
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Figure 11.13 Current and historical distribution of Gardenia mannii in the Central Koolau 
Mountains of Oahu. 
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Figure 11.14 Current and historical distribution of Gardenia mannii in the Waianae Mountains of 
Oahu. 
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Discussion of Management Designation 
The PUs chosen to be managed for stability each cover a wide geographical range (i.e. along 
Poamoho and Opaeula Trails). Therefore, although there is a fenced management unit associated 
with each manage for stability PU, entire population units may not be fenced. The three manage for 
stability PUs are Lower Peahinaia, Helemano-Poamoho, and Haleauau. The Lower Opaeula subunit 
I MU will contain approximately 14 wild individuals in the Lower Peahinaia PU. Propagules from 
outside this fence will be collected for augmentation within the MU. The Helemano-Poamoho PU 
was chosen due to the large number of individuals found along the Poamoho trail, a frequently 
accessed area within the action area. This PU will be managed along the trail and within the Lower 
Poamoho MU. Additional management units may be needed for the stabilization of this PU. The 
Haleauau PU was chosen to be managed for stability because there are only five known individuals 
in the Waianae Mountains and this PU occurs in the Schofield Barracks West Range action area. 
  
Within the action area the Kaiwikoele, Kamananui, and Kawainui PU was not chosen for 
management in order to manage the Waianae Mountain stock. The Kawainui and Kaukonahua PUs 
were not chosen for management due to the low number of individuals. Outside the action area none 
of the PUs in the Koolau Mountains were chosen for management in order to focus stabilization 
efforts on larger populations and within the areas most likely to be affected by Army training. 
Additional surveys will likely enhance the numbers of individuals known to exist throughout the 
range of this species, especially in the Koolau Mountains. 
 
Propagation and Genetic Storage 
As stated earlier, few plants have produced viable seed.  Plants in the Haleauau PU that have been 
observed flowering for several years have produced a large number of fruit with no seeds, suggesting 
that fertilization has not occurred.  A few of these flowers have been closely observed and did not 
present a functional androecium (stamens present without pollen).  The plants in the Koolau 
Mountain range have been observed very infrequently.  Only two plants have been collected, and 
they did contain viable seed.  Initial germination appears very high.  The germination occurred at 
Harold L. Lyon Arboretum’s Micropropagation Laboratory and many plants were produced from a 
few fruit.  Phenology will be monitored and the pollination biology of populations in the Waianae 
and Koolau Mountain Ranges will be studied to better understand seed collection potential.    Fruit 
collections will be made first from individuals known to produce viable seed.  This seed will be used 
to determine appropriate storage conditions and assess the practicality of using seed to meet genetic 
storage goals.  If seed storage is not a reliable option for preserving genetic representation, a living 
collection in a nursery will be initiated for all PUs.  Vegetative propagation via air layers has been 
initiated on wild plants in the Waianae Mountains and has been successful.  Clonal propagation can 
be used to acquire genetic representation from both individuals that do not produce viable seed and 
at sites with individuals that are known to produce viable seed.  These collections and more 
observations of wild plants will be used to determine the breeding systems of this taxon and serve as 
a seed production source for reintroductions and genetic storage requirements.   
 
Research Issues 
The main priority for research is obtaining viable seeds and determining seed storage potential for 
this species.  
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Management Notes 
According to the current plan, large portions of the two Koolau stabilization PUs will not be fenced. 
The Army will monitor for direct impacts from feral pigs throughout the range of the populations 
chosen to be managed for stability. Providing hunters access to previously closed areas may reduce 
habitat destruction caused by pigs and potentially help to reduce competition. Regular monitoring of 
the level of impact from ungulates will guide stabilization actions for this species and results may 
require large fences to protect these populations.  
 
The Helemano and Poamoho PU is spread along the Poamoho drainage and will be protected 
within the Lower Poamoho MU. This MU will protect approximately 1 acre. The highest priority for 
this PU is monitoring and collection of propagules for augmentation and genetic storage. The Lower 
Poamoho MU does not currently contain any extant individuals and will therefore require 
augmentation within the fenced unit. The Army recognizes the need for additional fences within this  
PU and a second subunit is planned for the Lower Poamoho MU in the lower elevations of this PU. 
The Army will determine the location of this subunit following monitoring of the PU.  
The Lower Peahinaia PU will be managed within the Lower Opaeula MU. This is the largest PU 
with 34 mature individuals. The Army will capture as many individuals as possible in the two 
subunits of this MU. These subunits will provide approximately 50 acres of protected habitat in 
which to manage this PU.    
The Haleauau PU will be managed within the North Haleauau MU.  There are only three 
individuals within this PU and the Army will mix this PU with the only other extant Waianae 
Mountain PU, Kaluaa and Maunauna, if no viable seed can be collected from the MFS PUs.  
 
Table 11.7 Priority Management Actions for Gardenia mannii Army Stabilization PUs. 
Population 

Unit 
Specific Management Actions Partners/ Concerns Timeline 

Helemano-
Poamoho 

• Fence Lower Poamoho MU 
• Collect propagules for augmentation and 

genetic storage 
• Augment population if necessary 
• Control priority weeds 

• State Forest 
Reserves (proposed 
NAR) 

• MU needs an EA 

• Write OIP EA 
OIP yr 2; 2009 

• Construct Lower 
Poamoho MU; 
OIP yr 7; 2014 

Lower 
Peahinaia 

• Construct Lower Peahinaia (I and II) MU 
• Monitor PU for signs of direct impact from 

feral pigs and/or humans 
• Collect propagules for augmentation and 

genetic storage 
• Augment population if necessary  
• Control priority weeds 

• Kamehameha 
Schools owned;  

• License agreement 
needed 

• EA completed (MIP 
EA 2006) 

• Construct Lower 
Peahinaia I MU, 
MIP yr 8; 2011 

• Construct Lower 
Peahinaia II 
MU, OIP yr 6; 
2016 

Haleauau • Construct North Haleauau MU 
• Collect propagules from all Waianae range 

individuals for augmentation within 
Haleauau MU and genetic storage 

• Augment within MU  
• Control priority weeds 

• Army owned 

• MU needs an EA 

• Construct North 
Haleauau MU, 
OIP yr 3; 2010 
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11.7 Tier 1: 
Hesperomannia arborescens:  
Taxon Summary and Stabilization Plan 

 
Scientific name:  Hesperomannia arborescens A. Gray 
Hawaiian name:  None known 
Family:  Asteraceae (Sunflower family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 25 reproducing individuals (long-lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 1 stabilization priority 

 
Description and biology:  Hesperomannia arborescens is a small tree 1.5-5 m (4.9-16 ft) tall. 
The alternate leaves are lanceolate to oblanceolate, obovate, or sometimes elliptic in shape, and 
usually 2-4 times long as wide. The leaves are glabrous or sometimes minutely puberulent, 
especially along the veins and midrib.  The flower heads are terminal, solitary or in clusters of 2-
10, and are 5-7 cm (2.0-2.8 in) high.  The tubular corollas are yellow, and 2.4-3 cm (0.94-1.2 in) 
long.  The achenes are 1.2-1.4 cm (0.47-0.55 in) in length.  The achene's stiff terminal bristles 
are yellowish brown or tinged purple, and are 2.5-3 cm (0.98-1.2 in) long.  
 
Flowering and fruiting often occurs from about March through September.  Hesperomannia 
flowers are visited by birds, and are presumably pollinated by them (Carlquist 1974).  Bristle-
bearing achenes are characteristic of the wind-dispersed members of the sunflower family.  
However, the achenes of H. arborescens are very large and heavy in comparison to continental 
wind-dispersed members of the family, and seemingly would not be capable of being carried on 
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the wind over long distances.  Furthermore, this species usually grows in tight colonies (Lau 
pers. comm. 2005), supporting the supposition that the seeds are not widely dispersed.  Judging 
from observed growth rates and the size of the largest plants, the plants may live at least 20 years 
(Lau pers. comm. 2005). 
 
Known distribution:  Hesperomannia arborescens on Oahu (see the Taxonomic Background 
section below for a discussion of the taxonomic and nomenclatural issues for H. arborescens) is 
predominantly known from scattered populations in the Koolau Mountains on Oahu. The species 
had not been recorded from the Waianae Mountains until a population was discovered in 2000 
inland of Waialua in Palikea Gulch, within the SBMR action area.  Recorded elevations for this 
species ranges from 360- 750 m (1,180-2,460 ft) in elevation in the Koolau Mountains, and 670-
730 m (2,200-2,400 ft) in the Waianae Mountains. 
 
Population trends:  Hesperomannia arborescens occurrences in the Koolau Mountains have 
been declining in number.  There are a number of historical locations where the species can no 
longer be found.  And with respect to the current occurrences that have been known for decades, 
population sizes have generally declined.  Hesperomannia arborescens has been known from the 
Waianaes for only five years, but within this short period of time, the number of known 
individuals went from six to only one. 
 
Current status:  Hesperomannia arborescens is still found across its historical range in the 
Koolau Mountains.  There are approximately 215 mature individuals known currently.  Of these, 
more than 80% are located within the SBER and KLOA action areas.  The species was also 
historically known from the KTA action area.  It has not been observed there since the 1960's.  
However, undocumented plants potentially still survive there.  The Palikea Gulch PU is within 
the SBMR action area.  Only two plants are known to remain there.  The current population units 
and the number of plants they contain are given in the status table below and their locations are 
plotted on Figures 11.12-14. 
 
Habitat: In the Koolau Mountains, H. arborescens occurs in wet forests and shrublands from 
gulch bottoms to ridge tops.  Unlike the Koolau populations, the only population known to date 
in the Waianae Mountains is located in a mesic habitat.  These plants have been found growing 
on gulch slopes. 
 
Taxonomic background:  Hesperomannia arborescens has been considered to include plants 
from Oahu, Molokai, West Maui, and Lanai (Wagner et al. 1990). However, a recent genetic 
study has shown that the Oahu populations should be considered a separate species from those 
on the other islands (Ching-Harbin 2003, MS Thesis UH Manoa). This new species delineation 
would result in a nomenclatural change where Oahu plants would be referred to H. swezeyi Deg., 
and the rest of the islands’ plants would retain the name H. arborescens.  However, this 
taxonomic reclassification has not yet been published, and so for the purposes of this 
implementation plan, the Oahu plants will continue to be called H. arborescens, but are 
recognized to constitute a separate species from the plants of the rest of the islands. 
 
Outplanting considerations: H. arborescens is the only species recorded from the Koolau 
Mountains.  In the Waianae Mountains, there is a second species of Hesperomannia, H. 
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arbuscula.  It had been thought to be the only species occurring there until the recent discovery 
of the H. arborescens plants in Palikea Gulch.  Although H. arbuscula's known range spans 
almost the entire Waianae Range, it has not yet been found within 2.5 km (1.6 mi) of the Palikea 
Gulch site of H. arborescens. 
 
Although no hybrids have been documented between Hesperomannia species, the potential for 
hybridization may exist should one species be outplanted within the pollination range of the 
other species.  Since H. arbuscula is an extremely endangered plant, with a total of fewer than 20 
mature wild plants known to survive, it is likely that reintroductions will be attempted in the 
future in the Waianae Mountains as part of the recovery strategy for that species.  In order to 
minimize the chance of hybridization between the two species, the establishment of any 
reintroductions of H. arbuscula should be away from the population of H. arborescens in Palikea 
Gulch.  Likewise, any reintroductions of the Waianae H. arborescens should be restricted to the 
part of the mountain range in which it naturally occurs, and away from the closest populations of 
H. arbuscula.  An outplanting line has been drawn on Map 16.35 between the Palikea Gulch site 
and the nearest locality where H. arbuscula has been documented.  Hesperomannia arborescens 
outplantings should be restricted to areas east of the line, and outplantings of H. arbuscula to 
areas west of the line. 
 
Outplantings and/or augmentations of H. arborescens should take into account the likelihood 
that the Koolau and Waianae plants constitute distinct populations that have been separated for a 
long time.  The suitable habitat for the species in the two mountain ranges is widely separated by 
the relatively dry plains between the mountain ranges.  Moreover, the Waianae plants are distinct 
from the extant Koolau plants in their leaf morphology.  The leaf shape of the Waianae plants is 
proportionately longer and narrower than the leaf shapes of the extant Koolau populations, 
although at least one historical Koolau collection, namely the type specimen of H. bushiana 
collected in 1935 (Degener 1937), has a leaf shape similar to that of the Waianae plants. 
 
The habitat of the Palikea Gulch population is also quite different from any of the known 
populations in the Koolau Mountains.  In the Koolaus, all of the recorded locations for the 
species are in wet forests and shrublands, whereas the Palikea Gulch site is in a mesic area, and 
thus are likely to be uniquely well-adapted to mesic vegetation. 
 
Threats:  Major threats to H. arborescens in the Koolaus include feral pigs and alien plants such 
as Koster's curse (Clidemia hirta), manuka (Leptospermum scoparium), Hilo grass (Paspalum 
conjugatum), and strawberry guava (Psidium cattleianum).  The occurrence in the Waianaes is 
threatened by feral pigs and goats, and by invasive alien plants, including Christmas berry 
(Schinus terebinthifolius), Australian red cedar (Toona ciliata), strawberry guava, and Koster's 
curse.  Since this occurrence is in a relatively dry area, it is more fire threatened than the Koolau 
occurrences.  However, fire represents a threat to the H. arborescens in the Koolaus as well, 
particularly ones located far to the lee of the Koolau summit ridge.  
 
Threats in the Action Areas: Within KLOA and SBER the threats to Hesperomannia 
arborescens from training are trampling from foot maneuvers and the introduction of non-native 
plant species, spread by movement of personnel and equipment from one training area to another 
or within a single training area. However, this threat is considered very low. Within SBMR, the 
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Palikea gulch population is potentially threatened by stray munitions landing outside the impact 
area. Additional threats throughout the range of this species include habitat degradation by feral 
pigs and competition from non-native plant species. 
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Figure 11.15 Current and historical distribution of Hesperomannia arborescens in the Northern 
Koolau Mountains of Oahu. 
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Figure 11.16 Current and historical distribution of Hesperomannia arborescens in the Southern 
Koolau Mountains of Oahu. 
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Figure 11.17 Current distribution of Hesperomannia arborescens in the Waianae Mountains of 
Oahu. 
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Discussion of Management Designations 
The Palikea gulch PU is of evolutionary significance due to its distinct flower morphology, 
however at this time there are no extant individuals known. In the Koolaus this species occurs in 
populations that may spread over a large geographical range because of the intact nature of the 
habitat. This makes it difficult to define PUs and within the PUs designated to be stabilized some 
individuals may not be fenced. This is the case for the Kaukonahua and Kaluanui to Kaiwikoele 
PUs.  The target number for stability will remain the same, and individuals within the PU that are 
outside the proposed fences will be managed for genetic storage collections. The Poamoho PU 
was not chosen to be managed for stability due to the large distances between the plants. The 
Lower Opaeula PU was chosen to be MFS due to the high numbers of mature and immature 
individuals. All the PUs chosen to be managed for stability are within the action area due to the 
high numbers of individuals in these PUs and the desire to work within the training area where 
there is a large area of intact habitat.  
 
Propagation & Genetic Storage 
Fruit has low seed set, though viable seeds have high germination in the one collection the Army 
has made from this taxon.  This trend has been substantially documented in its cogener, H. 
arbuscula.  Seedlings that germinate from seeds collected from immature fruit are not as 
vigorous as seedlings propagated from mature fruit.  Only dry, mature infructescences should be 
collected for storage testing and genetic storage requirements.  Seed storage longevity tests have 
been initiated but more collections are needed to determine the most appropriate storage 
conditions.  Vegetative propagation will only be explored if there is not enough viable seed 
production or seeds are not able to be stored long term.  If reintroductions are necessary, seed 
will likely be used to establish the outplantings.     
 
Management Notes 
This species appears to reproduce readily in the wild in some populations. Ungulate fence 
construction may be all that is needed to reach stabilization target numbers for the Koolau 
populations chosen to be managed for stability. Though, seed storage testing is needed as some 
seed are less viable than others. 

The Palikea gulch PU is designated as manage for stability even though there are no extant 
individuals known. It is the occurrence of this PU within the Schofield action area that designates 
this species as a Tier 1 stabilization priority. Therefore, the location of any live individuals is the 
highest priority. This population shows significantly distinct reproductive and vegetative 
morphology, having pendant flowering heads with green involucral bracts and narrowly 
lanceolate leaves. This population may represent a distinct taxonomic entity.  

The Kaukonahua PU is going to be managed over both the North Kaukonahua and South 
Kaukonahua MUs. Each proposed MU contains known individuals and all occurrences outside 
the MUs will be managed for genetic storage collections.  

The Kaluanui to Kaiwikoele PU will be managed within the Koloa and Kaipapau MUs.  This 
PU is significantly larger than designated in the Draft OIP (2005). This is due to the combining 
of three previously designated PUs in the area. Once surveys within the proposed MUs are 
completed the Army will have a better perspective on the need for augmentation from stock 
collected from the rest of the PU. If there are significantly large groups of plants outside the 
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Koloa and Kaipapau MUs the Army may choose to fence these sites rather than augment within 
the fence.  

The Lower Opaeula PU is in need of survey and genetic collections. This PU may be managed 
within the Lower Opaeula II MU. This MU currently encompasses all of the known individuals 
in this area.  

 
Table 11.8 Priority Management Actions for Hesperomannia arborescens Army Stabilization PUs 

Population Unit Specific Management Actions Partners/Concerns Timeline 

North Kaukonahua 
(Kaukonahua PU) 

• Construct North Kaukonahua 
MU 

• Collect propagules for genetic 
storage 

• Conrol priority weeds 

• MU needs an EA. 

• Within proposed NAR, 
currently Army leased. 

• construct North 
Kaukonahua 
MU, OIP yr 6; 
2013 

South Kaukonahua 
(Kaukonahua PU) 

• Construct South Kaukonahua 
MUs 

• Collect propagules for genetic 
storage 

• Control priority weeds  

• MU needs an EA. • construct S. 
Kaukonahua I 
MU, OIP yrs 5; 
2012 

Kaluanui to 
Kaiwikoele PU 

• Construct Koloa MU 
• Collect propagules for genetic 

storage 
• Control priority weeds 

• MU needs an EA and a 
license agreement with 
the landowner, Hawaii 
Reserves Inc. 

 

•  Construct 
Koloa MU, OIP 
yr 4; 2011 

Lower Opaeula  
PU 

• Construct Lower 
Opaeula/Peahinaia II MU 

• Survey known sites and within 
MU 

• Collect propagules for genetic 
storage  

• Control Priority weeds 

• MU has an EA w/ 
FONSI. 

• Army still awaiting a 
license agreement with 
the landowner, 
Kamehameha Schools. 

• Construct 
Lower 
Peahinaia II 
MU, MIP yr 8; 
2011 

Palikea gulch PU • Survey for extant individuals. 
• Control priority weeds 
• collect propagules for 

augmentation and genetic 
storage testing 

•  PU occurs within Kaala 
NAR and the SBMR 
AA. 

• Work with State NARS 
on surveys. 

• Conduct 
surveys OIP yr 
2; 2008 
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11.8 Tier 1: 
Huperzia nutans: Taxon Summary and Stabilization Plan   

 
Scientific name:  Huperzia nutans (Brack.) Rothm.  
Hawaiian name:  Wawaeiole 
Family:  Lycopodiaceae (Clubmoss family) 
Federal status:  Listed endangered (listed as Lycopodium nutans) 
 
Requirements for Stability 

• 3 population units (PUs) 
• Help to develop propagation techniques  
• 50 reproducing individuals (short-lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 1 stabilization priority: This species was originally listed as a Tier 2 stabilization 

priority due to the presence of this species within the KLOA and SBER training areas 
along hiking trails. However, the Army chose to elevate this species to Tier 1 
stabilization priority because of its rarity.  

 
Description and biology:  Huperzia nutans is an herbaceous plant up to 50 cm (20 in) tall. A 
mature plant consists of a cluster of several erect stems arising from the plant's base.  The stems 
may be unbranched, once-forked, or twice forked.  The sterile leaves are lanceolate, 13-20 mm 
(0.51-0.79 in) long and 2-3.5 mm (0.08-0.14 in) wide, and are arranged in 6 ranks of leaves 
along the stem.  The strobili arise from the ends of all mature branches, curve downward, and are 
simple, or are branched once or twice.  The sterile leaves on the stems gradually transition into 
the smaller fertile leaves on the strobili. The fertile leaves measure 10-20 mm (0.39-0.79 in) long 
and 1.5-2.5 mm (0.06-0.10 in) wide, and bear reproductive sporangia in the axils (Degener 1934, 
Palmer 2003). 
 
Fertile plants of H. nutans have been observed at various times of the year.  Many species of 
Huperzia are capable of vegetative reproduction through the production of gemmae (a kind of 
vegetative propagule).  Huperzia nutans, however, does not reproduce in this manner. 
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The species can be either terrestrial or epiphytic, however, most of the currently known plants of 
H. nutans are terrestrial.  Individuals of the species are widely scattered.  To date, no more than 
two plants have been found at a single location, and the plants are often solitary.  Individuals of 
H. nutans are presumed to be relatively short-lived. 
 
The gametophytes of H. nutans have not been studied.  However, with species of Huperzia 
whose gametophytes have been well studied, the gametophytes grow underground, or if they 
grow epiphytically, they are buried in the humus on tree trunks or limbs.  They lack chlorophyll, 
are non-photosynthetic, and must form a symbiotic relationship with mycorrhizal fungi to 
survive. 
 
Known distribution:  All records of H. nutans are from the Koolau Mountains of Oahu, except 
for a single collection from Kauai (see Maps 16.36-16.38).  The Kauai specimen was collected in 
the Wahiawa Mountains in the southeastern part of the island, at an unknown elevation.  In the 
Koolau Mountains, H. nutans has been documented from elevations of 488 to 646 m (1,600 to 
2,120 ft). 
 
Population trends: In a 1934 publication (Degener 1934), Otto Degener, who was a botanist 
who collected extensively in Hawaii starting in the 1920's, characterized H. nutans as being 
"extremely rare."  The botanist William Hillebrand, who collected many Hawaiian plant 
specimens while residing in Hawaii from 1851 to 1871, wrote that the species was "not 
common" (Hillebrand 1888).  And according to the collection data of the type specimen, which 
was collected in 1840, the species was "rare (Brackenridge 1854)."  These historical reports, 
together with the fact that the species has seldom been collected, indicate that the plant has been 
scarce for many years. 
 
At the present time it is not possible to detect any clear trends in population sizes of this species 
as all of the known plants have been found within the last 15 years.  Even over a longer period of 
time, it would be difficult to obtain data on population trends stemming from the fact that the 
individual plants of this species are hard to detect and are very sparsely distributed over rough 
terrain and thick vegetation.  Typically, only one or two individual plants are found per spot 
within a population unit. 
 
Current status:  The known plants of H. nutans are clustered in two general areas.  One is 
Koolau summit area between Kahana Valley and Kaukonahua Gulch.  The second area is in the 
Koolau summit area where Kawainui, Koloa and Kaipapau Gulches meet.  All plants except for 
two in Kaipapau Valley are within either the KLOA or SBER action areas.  The current 
population units and the number of plants they contain are given in the status table below and 
their locations are plotted on Figure 11.26. 
 
Habitat:  Huperzia nutans occurs on the ridge tops to the gulch bottoms.  It grows in wet 
shrublands and forests, often dominated by ohia lehua (Metrosideros spp.) and uluhe 
(Dicranopteris linearis).  Common associated species include mehame (Antidesma 
platyphyllum), ohia ha (Syzygium sandwicensis), kokoolau (Bidens macrocarpa), kanawao 
keokeo (Broussaisia arguta), hapuu (Cibotium spp.), pilo (Coprosma longifolia), uluhe lau nui 
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(Diplopterygium pinnatum), naenae (Dubautia laxa), manono (Hedyotis terminalis and H. 
fosbergii), uki (Machaerina angustifolia), alani (Melicope spp.), kolea (Myrsine spp.), kopiko 
(Psychotria spp.), and akia (Wikstroemia oahuensis).  
 
Taxonomic background:  Huperzia nutans' closest relative is H. phyllantha, a species native to 
Hawaii that occurs from India through Polynesia.  Huperzia phyllantha is relatively common in 
many mesic and wet forest areas in Hawaii.  It can be found growing near H. nutans only at the 
lower elevations of H. nutans' range. 
 
Huperzia nutans is distinguished from H. phyllantha by the gradual gradation of its sterile leaves 
into the fertile leaves of the strobili at the branch tips.  It was only a few years ago that it was 
noticed that there are apparent intermediates between the two species, and that some of the 
herbarium specimens previously identified as H. nutans actually represent these intermediates 
between H. nutans and H. phyllantha  (W. H. Wagner et al. 1999).  The type specimen of H. 
nutans may be one of these intermediates (Palmer 2003).  If critical examination of the type 
specimen leads to the conclusion that it is indeed a an intermediate, then the rare species that is 
now going by the name H. nutans will be nameless and will have to be renamed.  
 
The intermediates are probably hybrids between the two species, but it is also possible that they 
are an intermediate form leading to the development of H. nutans as a separate species (Palmer 
2003).  The intermediate plants sometime resemble one species more than the other.  Some of 
them greatly resemble H. nutans vegetatively, so the identification of H. nutans appearing plants 
is difficult if the plants are not reproductive (Lau pers. comm. 2005). 
 
Outplanting considerations:  Several Huperzia taxa aside from H. phyllantha occur in wetter 
portions of the Koolau Mountains, including H. erosa, H. erubescens, H. serrata, and H. 
subintegra, along with various hybrid combinations of Huperzia species (Palmer 2003).  No 
hybridization has been detected between these Huperzia taxa and H. nutans.  As these other 
Huperzia taxa potentially occur naturally with H. nutans and none of them are considered rare, 
H. nutans outplanting considerations involving them are minimal.  
 
If H. nutans were to be planted near H. phyllantha there could be some risk of the two 
hybridizing.  This risk could be minimized by locating H. nutans outplanting sites higher in 
elevation than H. phyllantha's upper elevational limit. 
 
Threats:  Threats to H. nutans include feral pigs, and competition with non-native plant species 
such as Koster's curse (Clidemia hirta), Hilo grass (Paspalum conjugatum), strawberry guava 
(Psidium cattleianum), and Glenwood grass (Sacciolepis indica), and trampling by foot traffic.   
 
Threats in the Action Area: Potential threats to Huperzia nutans in the action area consist of 
wildfire caused by training activities, trampling by foot maneuvers, and the introduction of non-
native plants via transport of personnel and equipment between training areas. However, the 
threats from fire and trampling are considered low due to the wet and remote location of the 
various populations. In addition this species is threatened throughout its range via habitat 
degradation by feral pigs. 
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Figure 11.18 Current and Historical distribution of Huperzia nutans in the Northern Koolau 
Mountains of Oahu. 
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Figure 11.19 Historical distribution of Huperzia nutans in the Central Koolau Mountains, Oahu. 
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Discussion of Management Designations 
There are only three known PUs of this species. They are all designated as manage for stability.  
  
Propagation and Genetic Storage 
In order to develop propagation protocols, the Army made collections of cuttings from H. 
phyllantha from the Poamoho Trail in February 2007.  Propagation techniques were determined 
based on correspondence with Chad Husby, a fern ecophysiologist at Florida International 
University.  Our trial indicated that a specific method of preparation was successful in producing 
roots, new vegetative growth and strobili, although six months elapsed prior to new growth.  H. 
phyllantha will continue to be used to develop additional in situ propagation protocols (including 
air layers and variations of air layers) prior to working with H. nutans.  Clones of H. phyllantha 
will also be grown in the nursery prior to clonal collection from H. nutans.  Spore storage may be 
explored as a potential genetic storage method, as well as micropropagation techniques to 
maintain sporophytes (from spores) as another ex situ storage method.  Both spores and cuttings 
have been attempted at the Harold L. Lyon Micropropagation Lab with no success.  Ex situ 
protocols need to be studied for sporophyte production from spore collections.  Spores of H. 
phyllantha may be collected to help develop protocols.  Efforts to create successful vegetative 
propagation protocols will be developed prior to ex situ spore germination studies.  Ideally, a 
living collection of H. nutans will eventually be created via clonal propagation of all wild plants.  
Additional plants will be propagated from this living collection to establish augmentations or 
reintroductions and meet genetic storage goals.   
 
The Army recognizes that reintroductions are necessary for this species to reach stability. The 
scarcity of plant material, however, is severely limiting propagation techniques.  At this time, the 
emphasis will be to reintroduce clones and allow them to sexually reproduce in situ within PUs. 
Mixing between PUs will need to be discussed with the OIT when propagation techniques are 
developed and plants from multiple PUs become available for reintroduction. As more 
information is gathered, priorities will adjust accordingly.   
 
Research Issues 
The main priority for research is developing propagation techniques.  Due to the low number of 
extant individuals and the risk of removing material from the known plants, more testing should 
be done on the more common H. phyllantha.  Vegetative-propagation techniques will continue to 
be tested at the Army Nursery.  Strobili collections will also be made to experiment with spore 
germination at the Lyon Arboretum Micropropagation Laboratory.    
 
Management Notes 

Stabilization target numbers can only be reached for managed PUs if propagation techniques 
become available. It appears the target number of 50 individuals is arbitrary as the largest PU 
contains six individuals within 1000m2. If propagation techniques make reintroduction a 
possibility, the target number for stability will need to be readdressed in order to prevent creating 
unnatural densities of this species in the field. 

The top priority for this species is the development of propagation techniques. New propagule 
collection techniques and testing should continue on H. phyllanthus rather than H. nutans. If a 
successful propagation technique is developed the Army will make genetic storage collections 
from all existing individuals. Surveys for additional individuals and protection from ungulates 
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are also priorities. The Army will work with the Oahu Plant Extinction Prevention (OPEP) 
program in the management of this species.  

The Koloa and Kaipapau PU consists of two individuals. The Koloa individual has several 
above ground stalks and has been monitored since 3/2001, and the other (in Kaipapau) has not 
been monitored by the Army.  These plants will be protected within the Koloa and Kaipapau 
MUs. Ungulate protection is a high priority for both individuals in this PU. 
One individual in the Kahana and North Kaukonahua PU has been monitored since 7/1996. 
Several of the plants have been observed reproductive. However, no immature plants have been 
seen. Three of the six individuals will be protected within the North Kaukonahua MU. Surveys 
and monitoring are high priorities for this PU. Monitoring of individuals that will not be 
protected within the proposed MU are needed to determine if small fences are necessary to 
protect these individuals while propagation techniques are being developed. 
The South Kaukonahua PU contains just one individual known since 1999. It will be protected 
within the South Kaukonahua I MU. Surveying and monitoring are high priorities for this PU.  
 

Table 11.9 Priority Management Actions for Huperzia nutans Army Stabilization PUs. 
Population Unit Specific Management Actions Partners/Concerns Timeline 

Koloa and Kaipapau 
PU 

• Construct Koloa and Kaipapau 
MU Fences 

• Control priority weeds 

• MUs need an EA 
and license 
agreement with 
landowner, 
Hawaii Reserves 
Inc. and the State 
of Hawaii. 

• construct Koloa 
MU. OIP yr 4; 
2011 

• construct Kaipapau 
MU. OIP yr 5; 
2012 

North Kaukonahua PU  • Construct North Kaukonahua 
MU Fence 

• Monitor individuals outside 
proposed MU to determine 
fencing needs 

• Control priority weeds 

• This MU needs 
an EA. 

• Within proposed 
Poamoho NAR. 

• construct North 
Kaukonahua MU. 
OIP yr 7; 2014 

South Kaukonahua PU • Construct South Kaukonahua II 
MU Fence 

• Control priority weeds 

• This MU needs 
an EA. 

• construct South 
Kaukonahua MU. 
OIP yr 6; 2013 
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11.9 Tier 1:  
Labordia cyrtandrae: Taxon Summary and Stabilization Plan   

 
Scientific name:  Labordia cyrtandrae (Baill.) St. John 
Hawaiian name:  Kamakahala 
Family:  Loganiaceae (Logania family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 100 individuals from East Makaleha to North Mohiakea (serves as 2 PUs), 50 individuals 
from the Manana area (long-lived perennial; dioecious; low seed set)  

• Threats controlled 
• Genetic storage collections from  
• Tier 1 stabilization priority 

 
Description and biology:  Labordia cyrtandrae is a shrub 0.7-1.5 m (2.3-4.9 ft) tall with 
opposite leaves that are crowded at branch tips.  The leaf blades are 15-30 cm (6.0-12 in) long 
and 4-14 cm (1.6-5.5 in) wide.  The upper surfaces of the leaves are glabrous and the lower 
surfaces are moderately or sometimes sparsely hairy.  The flowers are borne 8-80 or more in 
compound paniculate cymes. The flowers' corollas are tubular, pale greenish yellow or pale 
yellow, and measure 20-35 mm (0.79-1.4 in) in length.  The capsules are lanceoloid-ellipsoid in 
shape, and are 32-35 mm (1.3-1.4 in) long.  
 
Labordia cyrtandrae is sporadically fertile year round, but is most often observed flowering from 
May through June and fruiting from July through August.  The plants are functionally dioecious, 
with male and female flowers on separate plants.  Labordia cyrtandrae belongs to a section of 
the genus whose species are apparently bird pollinated (Motley and Carr 1998).  Upon ripening, 
Labordia fruits split open to reveal their juicy, orange to greenish pulp, in which are embedded 
numerous seeds.  This suggests that fruit eating birds act as dispersal agents for Labordia 
species.  A small amount of vegetative reproduction has been observed in L. cyrtandrae, where 
branches have rooted to form separate individuals. 
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The number of years it takes to reach maturity is unknown.  The species has been in cultivation 
now for at least 5 years.  For the purposes of this Implementation Plan, L. cyrtandrae is 
categorized as a long-lived species. 
 
Known distribution: Labordia cyrtandrae is endemic to Oahu and is known from both the 
Waianae and Koolau Mountains.  In the Koolaus the species has been documented from various 
locations along the mountain range on both the windward and leeward sides.  In the Waianaes, 
the species has been recorded primarily from the windward slopes of the mountain range from 
Kaala to Puukalena.  A specimen of L. cyrtandrae collected in 1909 in Makaha Valley represents 
the only record of the species on the leeward side of the mountain range.  The elevational range 
for the species in the Waianae Mountains is 744-1,137 m (2,440 ft to 3,730 ft), and  
430-701 m (1,411 ft to 2,300 ft) in the Koolau Mountains. 
 
Population trends:  Population trends for L. cyrtandrae in the Waianae Mountains are not clear 
since all of the plants known today were found only within the last 15 years.  However, the 
number of populations in the Koolau Mountains appears to have declined since the 1800s based 
on the historical record.  The species had been found in at least 10 locations in the Koolaus into 
the 1930s, whereas from the 1940s until today the species has been found at only two locations 
in the Koolaus.  Furthermore, the two plants at one of these locations have died since their 
discovery, leaving only a single known location for L. cyrtandrae in the Koolau Mountains. 
 
Current status:  A single individual of L. cyrtandrae is known to remain in the Koolau 
Mountains. It is located in Manana Gulch in the central leeward part of the mountain range.  In 
the Waianae Mountains, L. cyrtandrae is known from the windward side of the mountain range 
in the gulches of Haleauau, North Mohiakea and East Makaleha, with a total of 70 plants. Three 
of these plants are located within the SBMR action area.  Although only a few plants of L. 
cyrtandrae are known, there is still much unexplored potential habitat, particularly in the Koolau 
Mountains.  The current population units and the number of plants they contain are given in the 
status table below and their locations are plotted on Figures 11.15-16. 
 
Habitat:  Labordia cyrtandrae typically grows in gulch bottoms, and on gulch slopes, 
sometimes in steep terrain.  In the Koolau Mountain Range, L. cyrtandrae has only been found in 
wet vegetation.  In the Waianae Mountains it occurs mostly in wet vegetation, but extends into 
the mesic forests as well.  In both mountain ranges, the L. cyrtandrae habitats are often 
dominated by ohia lehua (Metrosideros polymorpha) and uluhe (Dicranopteris linearis). In the 
Waianae Mountains, other common associated native species include Boehmeria grandis, 
mamaki (Pipturus albidus), haiwale (Cyrtandra waianaensis), and olomea (Perrotettia 
sandwicensis). 
 
Taxonomic background:  Labordia is an endemic Hawaiian genus with 15 species.  Labordia 
cyrtandrae is most similar to L. hirtella, which occurs on several islands including Oahu 
(Wagner et al. 1990). 
 
Outplanting considerations: The range of L. cyrtandrae overlaps the ranges of several other 
species of Labordia.  In the Waianae Mountains, the Labordias potentially occurring near L. 
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cyrtandrae are L. waiolani, L. kaalae, and L. tinifolia.  In the Koolau Mountains, the potential 
species are L. sessilis, L. fagraeoidea, L. hosakana, L. tinifolia, L. hirtella, and L. waiolani.   
 
A study involving artificial hybridization of various species of Labordia, including L. 
cyrtandrae, has shown that there is a lack of genetic barriers that prevent hybridization between 
Labordia species.  While natural hybridization could possibly occur in Labordia due to the lack 
of genetic barriers, it apparently rarely happens among Labordia species at present (Motley and 
Carr 1998).  Some Labordia plants have been suspected to be hybrids (Wagner et al. 1990), but 
these suspicions have not been verified.  Hybridization concerns with respect to the outplanting 
of L. cyrtandrae are therefore minimal. 
 
Threats:  In the Koolau Mountains the primary threats to L. cyrtandrae are alien plants and feral 
pigs.  In the Waianaes, feral goats represent an additional threat.  The primary alien plant threats 
in the Koolau Mountains are Koster's curse (Clidemia hirta), and strawberry guava (Psidium 
cattleianum).  In the Waianaes, the worst weed threats to the species include prickly Florida 
blackberry (Rubus argutus), strawberry guava, Koster's curse, and Christmas berry (Schinus 
terebinthifolius).   
 
Threats in the Action Area: Within the action area Labordia cyrtandrae is potentially 
threatened by wild fire and the introduction of non-native species spread by movement of 
personnel and equipment from one training area to another. However, the threat of fire where 
individuals occur ranges from low to none. The majority of the plants have no fire threat. 
Additionally this species is threatened throughout its range by fruit predation by insects, habitat 
destruction by feral pigs, and non-native plant species such as Rubus argutus. 
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Figure 11.20 Current and historical distribution of Labordia cyrtandrae in the Waianae 
Mountains of Oahu. 
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Figure 11.21 Current and historical distribution of Labordia cyrtandrae in the northern Koolau 
Mountains, Oahu.  
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Figure 11.22 Historical distribution of L. cyrtandrae in the southern Koolau Mountains, Oahu.  
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Discussion of Management Designations 
The current center of abundance for this species is around Mount Kaala, in the Waianae 
Mountains. This large population was likely contiguous from Mohiakea gulch to East Makaleha. 
Stabilization of this PU will involve management from several access points including Haleauau 
gulch, Kaala, and East Makaleha. The stabilization target numbers for this PU are doubled to 
represent two manage for stability populations. If a third population is discovered the OIT will 
determine a new stabilization strategy for this species. Strategic fencing around the Kaala area 
will protect most of the known individuals. Several individuals also fall within the East 
Makaleha MU. There are also a few individuals that will be protected within the North Haleauau 
MU. There are currently no known individuals in Mohiakea gulch. There are numerous historical 
accounts of this species in the Koolaus, however currently there is just one plant known. This 
plant will be protected within the proposed Manana MU. Surveys throughout the Koolau 
Mountains are needed to locate possible additional individuals.  
 

Propagation and Genetic Storage  
Vegetative cuttings taken from in situ individuals have never rooted, although air layering is a 
viable option.  For many reasons, it has been difficult to collect mature viable seeds from wild 
plants.  First, the fruit take several months to develop and it is difficult to determine maturity.  
Second, fruit appear to be bored by an insect and seed predation is commonly observed.  Third, 
plants are dioecious, and many fruit have been observed intact (seed predation absent) with 
empty seeds (no embryos).  This suggests that females may produce fruit regardless of 
fertilization.  With pollen dispersal and range unknown, it is not clear how regularly female 
individuals are pollinated, regardless of male proximity.  There are three known sites where 
viable seed has been collected and each of these sites has a known reproductive male.  Viable 
mature and immature seed delivered to the Harold L. Lyon Micropropagation Lab has 
germinated, propagated in vitro, grown in the nursery, and successfully outplanted.  Mature seed 
has also been propagated without tissue culture techniques.  No initial viability tests were 
conducted on these collections, so the seed quality of these two collections remains uncertain.  
Since viable seed is rare, efforts are currently aimed at increasing seed production of ex situ 
collections.  These collections have produced enough seed to initiate seed storage studies, though 
more will be collected to continue testing and propagate plants for reintroductions.  Fresh in situ 
pollen collections successfully fertilized nursery stock.    Pollen storage studies suggest that 
pollen is inviable after one year of storage, though only one treatment was tested and more will 
be explored.  However, approximately one-half of the taxa in the family Loganiaceae (in which 
Labordia is placed) present trinucleate pollen at anthesis.  Trinucleate pollen grains are short-
lived and typically do not tolerate desiccation and are therefore incapable of long-term storage 
(Brewbaker 1967).  Additional storage research will continue to try and extend pollen longevity 
throughout the flowering season, as different individuals flower later than others with very little 
overlap.   

There are 71 plants that are considered potential in situ founders. Of these 63, 21 are known 
female, five are male including the Manana plant and the rest are still unknown.  The 
establishment of a living collection grown from air layers of all 63 founders has been initiated.  
Prioritization of air layer installation is as follows:  1) all males; 2) unknowns in 
underrepresented sites; 3) unknowns in represented sites; 4) collect from females not within an 
ungulate fence; 5) collect from females to accomplish even representation throughout sites.  
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Since there are so few males, focusing efforts on unknown individuals may increase the number 
of known males.  Including the flowering females already present in the nursery, this approach 
will hopefully create a living collection with sufficient flower production for hand pollination 
trials and enough seed for storage research and reintroduction.  The living collection will be used 
to meet genetic storage goals until seed storage protocols are established.   Males will continue to 
be clonally propagated ex situ to augment into wild sites currently void of males.  An inter-situ 
site may also be established with clonal stock as a seed source for reintroductions and genetic 
storage.   
 
Brewbaker, J.L. The distribution and phylogenetic significance of binucleate and trinucleate 
pollen grains in the angiosperms. American Journal of Botany 54(9): 1069.  

Genetic Storage Summary 

 
 

Outplanting Issues: Four outplanting sites have been established inside the Kaala MU to 
augment the East Makaleha to North Mohiakea PU. Three are on State land and the other site is 
planted on Army land on Schofield Barracks West Range (SBW). The stock was grown from 
both seed and air layers collected from plants in the East Makaleha to North Mohiakea PU. No 
stock from the Makaleha section of this PU has been outplanted yet. Survivorship in all sites has 
been high (33/38) and plants grown from air-layers have begun to flower.  NRS will continue to 
augment the site on SBW and will search for additional outplanting sites in the coming year. As 
discussed in the Propagation and Genetic Storage section above, the stock from hand-pollinated 
fruit in the reintroduction sites and the greenhouse will be used for propagation and storage 
testing.  Once germinated, the plants will be used to supplement the SBW reintroduction. 

 
Research Issues: Research on the black twig borer may help protect this species.  This threat 
and other insect predation may contribute to the little/ low recruitment.  

 
Management Notes 
Due to the restricted range and numbers of individuals this species has only two PUs. The East 
Makaleha to North Mohiakea PU will be managed across the PU within the Kaala, East 
Makaleha, and North Haleauau MUs. All the previously known plants in Lower Mohiakea have 
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died.  Any individuals that fall outside proposed MUs will also be the first priority for 
propagation. Priorities for the Kaala area are to airlayer as many individuals as possible for 
genetic storage and outplanting (see genetic storage section).  
The Manana PU contains a single individual that is monitored regularly by the Oahu Plant 
Extinction Prevention (OPEP) program. This individual appears to be male and will be crossed 
with stock from the East Makaleha to North Mohiakea PU in the greenhouse. Pollen from this 
individual has been collected and is being stored for crossing. Surveys of historical sites in the 
Koolaus area high priority. Plans for augmentation to this PU will not be solidified by the Army 
and/or the OIT until the surveys are conducted. 
 
Table 11.10 Priority Management Actions for Labordia cyrtandrae Army Stabilization PUs. 

Population 
Unit/Subunit 

Specific Management Actions Partners/Concerns Timeline 

Haleauau (North 
Haleauau MU) 

• Airlayer and/or collect seed to 
represent plants prior to fence 
construction 

• Access is difficult 
to SBMR 

• OIP yr 1; 2008 

• construct North 
Haleauau MU, 
OIP yr 3; 2010 

East Makaleha 
(East Makaleha 
MU) 

• Fence East Makaleha MU 
• Control priority weeds 
• Survey 
• Airlayer from unrepresented 

individuals 

• MU has an EA w/ 
FONSI.  

• State Forest 
Reserve.  

• construct MU, 
MIP yr 7; 2010 

Kaala (Kaala 
MU) 

• Complete strategic fenceline 
• Control priority weeds 
• Determine sex of known plants 
• Continue airlayering unrepresented 

individuals 
• Monitor outplanting 

• Kaala MU 90% 
secure. 

• Work with State 
NARS. 

• ongoing 

Manana 
(Manana MU) 

• Survey 
• Construct Manana MU 
• Control priority weeds 

• MU needs an EA.  

• State Forest 
Reserve.  

• construct MU, 
OIP year 5; 2012 
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11.10 Tier 1: 
Melicope lydgatei: Taxon Summary and Stabilization Plan   

 
Scientific name:  Melicope lydgatei Hillebr. 
Hawaiian name:  alani 
Family:  Rutaceae (Rue family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (long-lived perennial with threats from invertebrates) 
• Threats controlled 
• Surveys to find one additional PU 
• Genetic storage collections from all PUs  
• Tier 1 stabilization priority: This species was originally listed as a Tier 2 stabilization 

priority due to the presence of this species within the KLOA training area along hiking 
trails. However, the Army chose to elevate this species to Tier 1 stabilization priority 
because of its rarity. 

 
Description and biology:  Melicope lydgatei is a shrub with pubescent new growth, with the 
leaves becoming glabrous with age. The leaves are opposite or ternate (leaves borne three per 
node), oblanceolate to obovate, oblong, or sometimes oblong-ovate, 4-13 cm (1.6-5.1 in) long, 
and 1.5-6.5 cm (0.59-2.6 in) wide. The greenish white flowers are borne 1-3 in axillary cymes.  
The flowers are functionally unisexual or rarely perfect.  The capsules are 14-22 mm (0.55-0.87 
in) wide and 7-11 mm (0.28-0.43 in) long.  The four carpels of the capsule are joined for 1/4 to 
1/3 of their length. Each carpel contains 1 or 2 seeds that are glossy and black, and about 5 mm 
(0.20 in) long. 
 
Flowering and fruiting in M. lydgatei appears to occur year round.  It is not known if the plants 
are self-compatible.  The species is presumably insect pollinated.  The seeds of this species may 
be bird-dispersed, since as the capsules mature and dry, they split open to reveal the glossy black 
seeds, which remain attached to the capsule for some time.  The species is a long lived plant. 
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Known distribution:  Melicope lydgatei is endemic to the Koolau Mountains, and it has been 
recorded on both the windward and leeward sides of the mountain range.  Recorded elevations 
for this species range from 396 to 640 m (1,300 to 2,100 ft). 
 
According to Stone et al. 1990, M. lydgatei has been recorded from three disjunct areas of the 
Koolau Mountains - Hauula to Kahana on the windward side of the mountain range, the area of 
Manana and Waimano in the leeward central Koolaus, and Palolo to Wailupe in the leeward 
southern Koolaus (see Maps 16.42 and 16.43).  However, some historical specimens from 
locations outside these three areas had been overlooked, for instance specimens collected from 
the Helemano-Opaeula Ridge, the Helemano-Poamoho Ridge, Kipapa, and Kalihi.  Furthermore, 
the species has recently been found off the Kawailoa Trail in the northern portion of KLOA, 
farther north than any previously documented locations.  So it would be inaccurate to consider 
the species as being naturally limited to three separate areas of the Koolau Mountains.  Instead, 
the historical range of the species should be considered to include all sections of the mountain 
range. 
 
Population trends:  As most of the plants of M. lydgatei known today were found only within 
the last 10 years, too short a time has passed for population trends to be evident.  However, it 
seems certain that the species in general has been declining in light of the paucity of recorded 
observations in recent decades. 
 
Current status:  All of the plants of M. lydgatei known to be extant are in KLOA.  The largest 
concentration of plants is on the ridge between Helemano and Opaeula Gulches, where 
approximately 38 individuals have been located.  A single plant that was found off the Poamoho 
Trail on the Helemano-Poamoho Ridge a few years ago is now dead.  Recently, in 2004, the 
species was found off the Kawailoa Trail in the northern part of KLOA, where the species had 
not been previously recorded.  There are three plants in that area.  Outside KLOA, there are only 
two records of the species since the 1930s.  The records are two specimens collected by Kenneth 
Nagata.  One of his specimens was collected on Wiliwilinui Ridge in the leeward southern 
Koolau Mountains in 1966 (Nagata 478, HLA), and the other was collected in 1983 on the ridge 
between Manana and Waimano Gulches in the leeward central Koolaus (Nagata 7819, HLA).  
The current population units and the number of plants they contain are given in the status table 
below and their locations are plotted on figure 11.28-29. 
 
Habitat:  Melicope lydgatei is known from mesic and wet forests usually dominated by ohia 
lehua (Metrosideros spp.) and uluhe (Dicranopteris linearis), and sometimes koa (Acacia koa).   
Other common native associates include mehame (Antidesma platyphyllum), kopiko (Psychotria 
spp.), ahakea (Bobea elatior), hapuu (Cibotium spp.), and ohia ha (Syzygium sandwicensis). 
 
Taxonomic background: Melicope is a large Pacific genus.  There are 48 species of Melicope 
native to Hawaii (Wagner et al. 1999).  The Hawaiian species of Melicope had long been placed 
in the genus Pelea, which was thought to be comprised of the Hawaiian species of Melicope in 
addition to two species in the Marquesas Islands. 
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Outplanting considerations:  No hybrids have ever been reported among the Hawaiian species 
of Melicope (Stone et al. 1990), so hybridization concerns in the outplanting of M. lydgatei are 
minimal.   
 
As discussed above in the Known Distribution section, the historical range of M. lydgatei should 
be considered to include the entire Koolau Range, and if any outplantings of the species are to be 
established in the future, suitable habitat throughout the Koolaus can be considered as potential 
outplanting areas. 
 
Threats:  Major threats to M. lydgatei include feral pigs and invasive alien plant species.  The 
species is potentially threatened by fire.  The black twig borer (Xylosandrus compactus) may 
represent a threat to M. lydgatei.   
Threats in the Action Area: Potential threats to Melicope lydgatei in the action area consist of 
trampling of seedlings by foot maneuvers, fire and the introduction of non-native plants via 
transport of personnel and equipment between training areas. However, the threats of trampling 
and fire are very low for the habitat occupied by this species. Additional threats to this species 
throughout its range include habitat degradation by feral pigs, predation by the black twig borer, 
and competition from non-native plant species. 
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Figure 11.23 Current and historical distribution of Melicope lydgatei in the Northern Koolau 
Mountains of Oahu. 
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Figure 11.24 Historic distribution of Melicope lydgatei in the Central and Southern Koolau 
Mountains of Oahu. 
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Discussion of Management Designations 
The Kaiwikoele-Kawainui Ridge PU was recently discovered in August of 2004 (OANRP 2004). 
Additional surveys are needed to determine the extent of the population. The Kawaiiki and 
Opaeula PU is concentrated in relatively manageable habitat. All individuals will be within the 
Kawaiiki and Opaeula MU fence. The Poamoho and Manana areas have recent historical 
observations of this species and may likely harbor additional individuals. Surveys are required to 
locate another possible PU for management. Based on the survey findings, management 
designations will be revisited and MU boundaries may be extended.  
 
Propagation and Genetic Storage 
Vegetative cuttings have successfully rooted in the nursery, where plants have flowered year 
round.  There is less fruit produced than the number of flowers observed on this nursery stock, 
and the reproductive biology and breeding system will be studied.  The Army has had difficulty 
germinating taxa in Rutaceae.  Seeds likely have some type of dormancy, yet this is hard to 
determine as large amounts of seed are not possible to collect.  Melicope lydgatei has a very 
thick seed coat, which suggests that it is water impermeable and may have physical dormancy.  
Often seeds that are scarified, to allow water permeation, rot quickly.  Seeds left unscarified, 
however, may take months to germinate or not germinate at all.  Seeds may have some 
combination of morphological/physiomorphological and physical dormancy, and scarification 
prior to complete embryo development may inhibit germination.  When seeds do germinate, 
germination is very slow.  It can take up to a month from radicle emergence to complete 
germination (radicle + cotyledons emergence).  The Army will continue to try to collect seeds, 
either in situ or ex situ, to determine germination protocols.  The Army will focus collection 
efforts on more common species of Melicope on which to practice proposed germination 
techniques.  Only after germination and dormancy is understood will storage testing commence.  
Seeds may also be intermediate in storage behavior, where seeds may not be tolerant of dry, 
frozen conditions.  Several other agencies, including the Harold L. Lyon Micropropagation Lab, 
the USDA-ARS National Center for Genetic Resource Preservation and the Royal Botanical 
Garden, Kew, continually work on other species in this family and information will hopefully be 
available to guide efforts.  At least for the short term, living collections in the nursery will be 
used to meet genetic storage goals until seed storage research indentifies storage conditions that 
promote longevity.  Efforts will be made to increase clonal propagation to create a living 
collection representing approximately ten wild plants.  From these plants pollination studies will 
be done in an attempt to increase seed set.  Once more is known regarding reproductive biology 
and seed viability, it will be decided whether to continue to increase the living collection, rotate 
founders through the living collection for seed production, or switch entirely to in situ seed 
collection.  It is uncertain as to whether seeds or vegetative propagation, or both, will be used to 
establish reintroductions.    
 
Management Notes 
As there are just 41 individuals known, it is important to propagate material from all known 
individuals. Surveys are needed in last observed areas including Manana trail, Poamoho Trail, 
Kawailoa Trail, Opaeula Trail and Wiliwilinui Ridge area and at all historic occurrences. The 
Kaiwikoele-Kawainui Ridge PU will be managed within the Kawailoa MU, a smaller scale MU 
designed specifically for Melicope lydgatei individuals and surrounding habitat. A priority for 
this PU is the survey for the extent of the population the construction of the MU fence.  
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The Kawaiiki and Opaeula PU will be managed within the Lower Peahinaia MU. This MU has 
been planned for several years and has been held up by a pending license agreement with the 
landowner Kamehameha Schools. Once an agreement is finalized the MU will be built with the 
help of the Koolau Mountain Watershed Partnership (KMWP). The original proposed MU has 
been expanded to include additional individuals found recently.  
 
 
Table 11.11 Priority Management Actions for Melicope lydgatei Army Stabilization PUs. 

Population 
Unit 

Specific Management Actions Partners/Concerns Timeline 

Kaiwikoele-
Kawainui 
Ridge PU 

• Survey 
• Collect propagules 
• Construct Kawailoa MU 
• Control priority weeds 
• Augment within fence 

• This MU requires and EA 
and licence agreement 
with landowner, 
Kamehameha Schools. 

• construct Kawailoa 
MU, OIP yr 4; 2011 

Kawaiiki and 
Opaeula PU 

• Survey 
• Construct Lower Peahinaia 

MU 
• Control priority weeds 
• Collect propagules  
• Augment within fence 

•  This MU has an EA w/ 
FONSI. 

• Requires a license 
agreement with 
landowner, Kamehameha 
Schools.  

• construct Lower 
Opaeula/Peahinaia 
MU, As soon as a 
license agreement is 
finalized. MIP yr 8; 
2011 

3rd MFS PU to 
be determined 

• survey all historical sites, if no 
additional PUs are located 
the OIT will discuss a 
reintroduction to manage for 
stability 

• need landowner consent for 
surveys 

• Begin OIP yr 2; 
2008 
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11.11 Tier 1:  
Phyllostegia hirsuta: Taxon Summary and Stabilization Plan   

 
Scientific name:  Phyllostegia hirsuta Benth. 
Hawaiian name:  None known 
Family:  Lamiaceae (Mint family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 100 reproducing individuals (short-lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 1 stabilization priority 

 
Description and biology:  Phyllostegia hirsuta is an erect subshrub or a vine with oppositely 
arranged leaves.  The leaf blades are ovate, measure 17-30 cm (6.7-12 in) long and 7.3-18 cm 
(2.9-7.1 in) wide, and are covered with long hairs on both surfaces.  The flowers are born in a 
compound inflorescence usually 10-20 cm (3.9-7.9 in) long that usually consists of a principal 
axis and two to several secondary, rarely tertiary, lateral branches.  The corollas of the flowers 
are white and 7-11 mm (0.43 in) long.  The nutlets are about 2.5-3 mm (0.10-0.12 in) long. 
 
Flowering occurs mainly from January through June.  The flowers are presumably insect-
pollinated.  Seed dispersal may be effected by fruit eating birds.  Some of the reproduction in P. 
hirsuta is by vegetative means.  The plant produces stolons that run along the ground for several 
centimeters.  This allows a small plant to eventually form a larger clonal patch of several plants.  
The species is categorized as a short-lived plant for the purposes of the Implementation Plan.  
There are some indications that populations of P. hirsuta may fluctuate in size, but more data 
gathered over long periods of time are needed for a confirmation of this. 
 
Known distribution:  Phyllostegia hirsuta is endemic to both the Waianae and Koolau 
Mountain Ranges on Oahu.  The range of the species included almost the entire length of both 
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mountain ranges.  It has been found from 305-1,100 m (1,000-3,610 ft) in elevation (see Figures 
11.18-20). 
 
Population trends:  Population trends of most P. hirsuta population units are not clear since 
most of the known plants have been located fairly recently, and many population units that have 
known for a long time have not been well tracked.  However in the case of a colony of plants 
North Palawai Gulch, the population size has definitely declined in size.  When first observed in 
1991, the plants were estimated to number 10-20.  When the site was revisited in 1998 only two 
plants could be found.  In several visits from 2000 on, no plants could be found at the site (Lau 
pers. comm. 2005). 
 
Phyllostegia hirsuta appears to be extirpated in parts of its recorded range.  In the Koolau 
Mountains, no plants of P. hirsuta are known today south of South Kaukonahua Gulch in SBMR 
East Range.  The currently known range of the species in the Waianae Mountains extends only 
from the Kaala area in the north to Ekahanui Gulch in the south. 
 
Current status:  The species occurs in the West Range and South Range portions of the SBMR 
action area in the Waianae Mountains.  In the Koolau Mountains it occurs in the East Range 
portion of the SBMR action area and the KLOA action area.   The action areas contain between 
one-half and three-fourths of the total number of plants known.  There are only historical 
specimens of P. hirsuta from the MMR and KTA action areas.  There is still a considerable 
amount of potential habitat where unrecorded plants of this species may yet be found, 
particularly in the higher elevation gulches of the northern and central Koolau Mountains.  The 
current population units and the number of plants they contain are given in the status table below 
and their locations are plotted on Figures 11.18-20. 
 
Habitat:  Phyllostegia hirsuta in the Koolau Mountains occurs primarily in wet forests 
dominated by ohia lehua (Metrosideros polymorpha) and uluhe (Dicranopteris linearis).  In 
contrast, the species in the Waianae Mountains occurs primarily in mesic forests.  In both 
mountain ranges the species is found in gulch bottoms and on gulch slopes. 
 
Taxonomic background:  There are currently 32 recognized Hawaiian species in the genus 
Phyllostegia.  There are also two non-Hawaiian members of the genus, one in Tahiti and the 
other in Tonga (Wagner 1999).  Phyllostegia hirsuta is closely related to P. parviflora, which 
also an endangered species endemic to Oahu (Wagner et al. 1999). 
 
Outplanting considerations:  Herbarium specimens that appear to represent hybrids between P. 
hirsuta and P. glabra have been collected from the Koolau and Waianae Ranges (Wagner 1999). 
Phyllostegia hirsuta's geographical and ecological ranges broadly overlap those of several other 
listed endangered species of Phyllostegia in the Waianae Mountains, namely P. mollis, P. 
kaalaensis, and P. parviflora subsp. lydgatei, and the non-endangered P. glabra and P. 
grandiflora.  Also potentially occurring with P. hirsuta in the Waianae Range is the newly 
recognized P. micrantha, which is represented by only a single herbarium specimen that was 
collected in 1910 in the area of Kaluaa Gulch in the southern Waianae Mountains (Wagner 
1999).  In the Koolau Mountains, P. hirsuta potentially occurs with the listed endangered P. 
parviflora subsp. parviflora, as well as the non-endangered species P. glabra, P. grandiflora, 
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and P. lantanoides.  Since it is natural for these Phyllostegia species to co-occur with P. hirsuta, 
their presence in a given area should not preclude the outplanting of P. hirsuta, as long as they 
are not outplanted in the immediate vicinity of any pre-existing wild populations of the other 
endangered taxa of Phyllostegia. 
 
Threats:  The primary threats to P. hirsuta are feral pigs and invasive alien plants.  The alien 
plant threats to the species in the Waianae Mountains include Christmas berry (Schinus 
terebinthifolius), Koster's curse (Clidemia hirta), strawberry guava (Psidium cattleianum), 
huehue haole (Passiflora suberosa), Blechnum appendiculatum, prickly Florida blackberry 
(Rubus argutus), molasses grass (Melinus minutiflorus), and Australian red cedar (Toona ciliata).  
The major alien plant threats in the Koolau Mountains include Koster's curse and strawberry 
guava.   
 
Threats in the Action Area: Major threats to Phyllostegia hirsuta due to army training include 
wild fire, trampling and the transport of non-native plant species from other training areas. 
However, the threats from fire and trampling are considered low due to the remote forest and 
steep terrain this species inhabits. Additionally, this species is threatened throughout its range by 
feral ungulates, predation by rats, and rockslides.  
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Figure 11.25 Current and historic distribution of Phyllostegia hirsuta in the Northern Koolau 
Mountains of Oahu. 
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Figure 11.26 Historic distribution of Phyllostegia hirsuta in the Central and Southern Koolau 
Mountains of Oahu. 
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Figure 11.27 Current and historic distribution of Phyllostegia hirsuta in the Waianae Mountains 
of Oahu. 
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Discussion of Management Designations 
In the Koolau Mountains Phyllostegia hirsuta has a widely scattered distribution that makes it 
difficult to encompass 100 individuals within one MU. Therefore, all the populations within the 
action area (from Kawaiiki to South Kaukonahua) in the Koolaus will be managed as a 
propagule source for a Koloa PU reintroduction. The other Koolau PUs were not considered to 
be managed for stability because of the dramatic decline of this species in the Waianae 
Mountains and a seemingly greater need for management at these populations. In the Waianae 
Mountains this species tends to occur in larger groups of individuals with large fluctuations in 
populations. Two Waianae range PUs were designated as manage for stability. The North and 
South Haleauau MUs and the Mohiakea MU will encompass the Haleauau to Mohiakea PU. The 
Hapapa to Kaluaa PU is designated as manage for stability. However, all PUs south of Kolekole 
pass will be represented within Kaluaa MU. The Kaluaa MU currently contains both a wild and a 
reintroduced population. In addition to the existing Hapapa to Kaluaa PU in the MU, stock that 
will be represented in augmentations include Central Waieli, Ekahanui, Huliwai, and Palawai 
PUs.  
 
Propagation and Genetic Storage 
Plants are easily propagated from vegetative cuttings and seeds, though fruit and seed set are 
low.  The reproductive biology of this taxon will be studied.  Studies will be conducted to 
attempt to increase seed set in the nursery stock.  Fresh seeds have high germination rates and 
seedlings grow vigorously.  Seeds have been germinated at the Harold L. Lyon 
Micropropagation Lab and plants can be subcultured and maintained in vitro from seed and 
cutting material.  Seed storage longevity for this taxon is unknown, but based on results from the 
congener P. mollis, it is likely that seeds will be able to be stored to meet genetic storage goals.  
The living collection in a nursery will produce seed for storage testing and genetic storage 
requirements.  Until seed storage is determined, micropropagation techniques and a living 
collection will be used to meet genetic storage goals.   

The Army recognizes that reintroductions are necessary to reach stability for this taxon. Clonal 
propagation of living collection stock will be used to produce material for establishing 
reintroductions.  Any seeds (either naturally derived, or as a result of artificial crosses within 
PUs) may be used to create more genetically diverse reintroductions and may also be used to 
fulfill genetic storage requirements. Seeds produced at reintroductions may be collected, 
propagated ex situ, and planted back into the reintroduction site in order to increase the chance 
that these propagules will survive. These actions may be necessary for reintroductions 
representing founders from the Waianae Mountain Range, as there are fewer founders available 
as compared to the Koolau Mountain Range.     
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Genetic Storage Summary 

 
Outplanting Considerations 
It should be noted that previous reintroduction attempts in Waianae Sites for this species have 
not been very successful (see OANRP 2007). Any problems encountered will be discussed at 
yearly Implementation Team meetings. No reintroductions have been attempted in the Koolau 
Mountains.  

 

Management Notes 
All Koolau plants within the action area will be managed for genetic storage collections to be 
used for augmentation within the Koloa MU. Therefore priority for the Koolau PUs in the action 
area are collection of propagules for reintroduction.  These PUs include: Helemano and Opaeula, 
Kaukonahua, Kawaiiki, Kawainui, South Helemano, and Koloa.  

In the Waianaes priorities are to collect propagules from the Haleauau to Mohiakea PU for 
augmentation within the North Haleauau MU, South Haleauau MU and Mohiakea MU. This PU 
has the highest number of potential founders (65 individuals) and will be interesting to compare 
to other manage for stability PUs with fewer founding individuals. However, the last survey of 
the largest subpopulation in North Haleauau did not find any individuals. 
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The second manage for stability population in the Waianaes will be in Kaluaa MU composed of 
propagules from the manage for stability Hapapa to Kaluaa PU, along with Central Waieli, 
Ekahanui, Huliwai, and Palawai PUs.   

 
Table 11.12 Priority Management Actions for Phyllostegia hirsuta Army Stabilization PUs 

Population 
Unit 

Specific Management Actions Partners/Concerns Timeline 

Haleauau to 
Mohiakea PU 

• Construct North Haleauau, South 
Haleauau, and Mohiakea MUs  

• Collect propagules for 
augmentation and genetic storage 
from South Central Haleauau 
Mohiakea 

• Control priority weeds 

• MUs need an EA. • Construct MUs 

•  North Haleauau OIP 
yr 3; 2010 

• South Haleauau OIP 
yr 2; 2009 

• Mohiakea OIP yr 3; 
2009 

Koloa MU • Construct Koloa MU fence 
• Collect propagules from all Koolau 

sites within the action area for 
augmentation within Koloa MU 
and genetic storage  

• Control priority weeds 

• MU needs an EA 
and license 
agreement with 
landowner, Hawaii 
Reserves Inc. 

• Construct Koloa 
MU, OIP yr 4; 2011 

 

Kaluaa to 
South Waieli 
MU 

Collect propagules from Kaluaa to 
South Waieli, Central Waieli, 
Ekahanui, Huliwai, and Palawai 
PUs for augmentation and genetic 
storage  

• Control priority weeds 

• MU completed 

• Work with new 
Honouliuli 
landowner. 

• Can begin OIP yr 1; 
2008 

Kaala MU • Collect propagules from Mohiakea 
and Makaha-Waianae Kai Ridge 
PUs for augmentation in Kaala 
MU. 

• Partner with State 
and BWS. 

• 2nd priority after 
MFS PUs 
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11.13 Tier 1:  
Phyllostegia mollis: Taxon Summary and Stabilization Plan   

 
Scientific name: Phyllostegia mollis Benth. 
Common name: None known 
Family: Lamiaceae (Mint family) 
Federal status: Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 100 reproducing individuals (short-lived perennial, with tendency for large declines or 

fluctuations in population size)  
• Threats controlled 
• Genetic storage collection from all PUs 
• Tier 1 stabilization priority 

 
Description and biology: Phyllostegia mollis is a suberect perennial herb.  Its leaves are 
oppositely arranged.  The leaf blades are ovate to occasionally elliptic-ovate, measure 6-24 cm 
(2.4-9.4 in) long, and 2.5-7.0 cm (0.98-2.8 in) wide, and are covered by fine pubescence.  The 
flowers are borne in inflorescences 8-17 cm (3.1-6.7 in) long, which usually consist of a 
principle axis and two shorter lateral branches immediately below.  The corollas are white and 
8.5-12.0 mm (0.33-0.47 in) long.  The nutlets are about 2-3 mm (ca. 0.1 in) long.   
 
The biology of the species has not been well studied. Flowering occurs mainly from January 
through June.  The flowers are presumably insect-pollinated.  Seed dispersal may be effected by 
fruit eating birds.  Some of the reproduction in P. mollis is by vegetative means.  The plant 
produces stolons that run along the ground for several centimeters.  This allows a small plant to 
eventually form a larger clonal patch of several plants.  The species is categorized as a short-
lived plant for the purposes of the Implementation Plan.  There are some indications that P. 
mollis populations tend to fluctuate in size to some degree, and may even completely disappear 
from a site only to reappear as seedlings.   
 



Chapter 11.12 Tier 1: Phyllostegia mollis Taxon Summary and Stabilization Plan 11-130 

Final Oahu Implementation Plan 2008 

Known distribution: Phyllostegia mollis is endemic to the island of Oahu.  It has been recorded 
from the windward side of the Waianae Mountains and was collected once from Makiki in the 
Honolulu portion of the Koolau Mountains (see Map 16.49).  Recorded elevations for the species 
range from 455-855 m (1,500-2,800 ft). 
 
Population trends: It appears that P. mollis has been declining in range.  There are several 
population units known from previous decades that are now extirpated.  Population sizes also 
seem to be falling.  During a botanical survey of the SBMR in 1994, 19 mature plants were 
found in South Mohiakea Gulch.  These numbers have declined to approximately five mature 
plants today.  This decline may largely be due to the uncontrolled feral pig populations in the 
vicinity of these plants. 
 
Current status:  No P. mollis populations are known to be extant in the Koolau Mountains and 
in the northern Waianae Mountains.  There is only 1 mature and 4 seedlings known to be extant 
in Kaluaa and Mohiakea PUs.   However, there are several PUs represented ex situ that will be 
utilized in the stabilization of this species. The species' current population units and the number 
of plants they contain are given in the status table below and their locations are plotted on Figure 
16.48. 
 
Habitat:  Phyllostegia mollis is found in gulch bottoms and on gulch slopes in mesic forest.  
Common associated species include ohia lehua (Metrosideros polymorpha), papala kepau 
(Pisonia spp.), kalia (Elaeocarpus bifidus), mehame (Antidesma platyphylla), kolea (Myrsine 
lessertiana), poola (Claoxylon sandwicensis), and maile (Alyxia oliviformis). 
 
Taxonomic background: There are currently 32 recognized Hawaiian species in the genus 
Phyllostegia.  There are also two non-Hawaiian members of the genus, one in Tahiti and the 
other in Tonga.  These two, however, have not been taxonomically evaluated, unlike the 
Hawaiian species (Wagner 1999). 
 
Certain Phyllostegia populations from Molokai and Maui were included within P. mollis in the 
first edition of the Manual of Flowering Plants of Hawaii (Wagner et al. 1990).  Subsequent 
study led to a taxonomic rearrangement of P. mollis, in which the Molokai and Maui populations 
were separated from P. mollis and recognized as constituting a distinct species endemic to 
Molokai and Maui, P. pilosa (Wagner 1999). 
 
Outplanting considerations: There have been no reports of putative hybridization between P. 
mollis and other Phyllostegias.  However, natural hybrid combinations involving other 
Phyllostegia species have been identified among the Hawaiian Phyllostegias (Wagner et al. 
1990), and so it seems that there is some potential for P. mollis to hybridize with other 
Phyllostegias.   Phyllostegia mollis' geographical and ecological ranges broadly overlap those of 
several other listed endangered species of Phyllostegia in the Waianae Mountains, namely P. 
hirsuta, P. kaalaensis, and P. parviflora subsp. lydgatei.  Also potentially occurring with P. 
mollis is the newly recognized P. micrantha, which is represented by only a single herbarium 
specimen collected in 1910 in the area of Kaluaa Gulch in the southern Waianae Mountains 
(Wagner 1999).  In North Palawai and Pualii Gulches, P. mollis has been found growing within a 
few meters of P. parviflora subsp. lydgatei (Lau, pers. comm. 2005).  Since it is natural for these 



Chapter 11.12 Tier 1: Phyllostegia mollis Taxon Summary and Stabilization Plan 11-131 

Final Oahu Implementation Plan 2008 

Phyllostegia species to co-occur with P. mollis, their presence in a given gulch should not 
preclude the outplanting of P. mollis, as long as they are not established in the immediate vicinity 
of any pre-existing wild populations of the other endangered taxa of Phyllostegia. 
 
One outplanting concern with P. mollis involves the proper identification of the planting 
material.  Phyllostegia parviflora var. lydgatei, which is known only from Honouliuli Preserve, 
and is even rarer than P. mollis, can be difficult to distinguish from P. mollis, particularly when 
the plants are not in flower or fruit.  In the past there has been a considerable amount of 
confusion with the respect to the identity of some of the cultivated material of P. mollis and P. 
parviflora var. lydgatei.  With this pair of taxa there needs to be a heightened level of awareness 
among the caretakers of in situ plant material of the possibility for cultivated plants to become 
misidentified. 
 
Threats: The major threats to P. mollis include feral pigs and invasive alien plants such as 
Christmas berry (Schinus terebinthifolius), strawberry guava (Psidium cattleianum), Australian 
red cedar (Toona ciliata), Koster’s curse (Clidemia hirta), and white moho (Heliocarpos 
popayensis).   
 
Threats in the Action Area: Threats to Phyllostegia mollis due to army training activities 
include wildland fire, and the transport and introduction of non-native plant species from other 
training areas. However, the threat from fire is considered low. Additionally, this species is 
threatened throughout its range by habitat destruction by feral ungulates, competition from non-
native plant species, and rockslides. 
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Figure 11.28 Current and historic distribution of Phyllostegia mollis in the Waianae Mountains 
of Oahu and outplanting stock lines are shown. (population reference codes: KAL- Kaluaa; SBS- 
Schofield Barracks South Range; SBW- Schofield Barracks West Range; ELI- Waieli; EKA-
Ekahanui; HUL-Huliwai; PUA-Pualii). 
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Figure 11.29 Historic location for Phyllostegia mollis in the Koolau Mountains of Oahu. 
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Discussion of Management Designations 
All wild individuals and any additional genetic stock available will be managed for genetic 
storage and represented in one of the three manage for stability populations according to the 
outplanting zones shown in Figure 11.28. Considering there are so few extant individuals and all 
ex situ stock will be utilized in one of the three reintroductions, the management designations 
(i.e. Manage for Stability or Manage for Genetic Storage Collections) are somewhat artificial. 
However, if a new population is discovered its use in the reintroduction scheme will be discussed 
with the OIT.  In the past the Mohiakea population was difficult to access due to Schofield 
Range issues. However, with new construction on the range there may be more opportunities for 
access in the next couple of years. All recently known populations should be revisited 
periodically to monitor for seedlings. 
 
Propagation and Genetic Storage 
Clonal propagation via vegetative cuttings has been highly successful in both a nursery setting 
and through micropropagation techniques.  Both of these methods are utilized for propagation for 
reintroductions and genetic storage for this taxon.  Both fruit set and seed set are low for this 
taxon, collections have been made from nursery stock to initiate seed storage testing, and 
preliminary results indicate that seed storage will be a viable genetic storage method.  The 
reproductive biology of this taxon will be studied.  Studies will be conducted to attempt to 
increase seed set in the nursery stock.  Soil seed bank potential has been tested in the laboratory, 
and seeds show no decrease in viability after one year of dark, wet field soil-mimicked 
conditions.   
Currently, vegetative propagation has been used to establish reintroductions.  Seed produced 
from nursery stock may also be used for establishing reintroductions as plants flower easily in 
the nursery.  Any seeds (either naturally derived, or as a result of artificial crosses within PUs) 
may be used to create more genetically diverse reintroductions and may also be used to fulfill 
genetic storage requirements. Seeds produced at reintroductions may be collected, propagated ex 
situ, and planted back into the reintroduction site in order to increase the chance that these 
propagules will survive. 
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Genetic Storage Summary 

 
With the exception of stock from Mohiakea PU, genetic storage goals have largely been met for 
this species. Cuttings from the immature plant at Kaluaa will likely be made this year. 
 
Founders Represented in Outplantings 

 
 
Research Issues 
Outplanting techniques and site selection require some research as reintroduction survival rates 
over time are low for this taxon.  Perhaps research in the area of drought and fungal 
susceptibility of this taxon would assist managers in understanding reasons for dramatic declines.  
Additional genetics would not be useful as all techniques will be limited by sample size. Slug 
control research will also benefit this species. 
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Management Notes 
It is important to build up ex situ stock of all the populations both for genetic storage and 
outplanting at the same time as protecting any in situ populations from any immediate threats. 
The Army has observed that Powdery Mildew affects both wild and reintroduced plants in the 
wetter months.  

The manage for stability strategy for this taxon involves substantial reintroductions.  Figure 
11.32 below, shows the designated population reference codes to be planted into the three core 
management sites, Kaluaa, Ekahanui and Pualii. Within Kaluaa and Waieli MU four source 
PUs will be represented: Kaluaa, Waieli and Mohiakea.  
The Ekahanui MU will have augmentations with Ekahanui and Huliwai PUs.  
While Pualii stock will be the only PU represented within the Pualii MU. TNC has already 
conducted some outplanting of this stock has already within this MU.  
This species may reappear at historic sites via regeneration from the seed bank. Any new PUs 
and rediscovery of individuals should be discussed at the annual implementation team meetings.  
 
 
Table 11.13 Priority Management Actions for Phyllostegia mollis. 

Population 
Unit 

Specific Management Actions Partners/Concerns Timeline 

Ekahanui • Build up stock from EKA and 
HUL for outplanting and genetic 
storage 

• Complete Ekahanui Subunit II  

• Work with new 
Honouliuli landowner. 

• Ekahanui Subunit II to 
be completed 2008 

• current 

Kaluaa • Build up stock from SBW, ELI, 
SBS, and KAL for outplanting and 
genetic storage 

• Work with new 
Honouliuli landowner. 

• current 

Pualii • Build up stock from Pualii for 
outplanting and genetic storage 

• Work with new 
Honouliuli landowner. 

• TNC completed Pualii 
fence in 2006 

• current 
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11.13 Tier 1: 
Pteris lidgatei: Taxon Summary and Stabilization Plan   

 
Scientific name:  Pteris lidgatei (Baker) Christ 
Hawaiian name:  None known 
Family:  Pteridaceae  
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (short-lived perennial) 
• Threats controlled 
• Genetic storage collection from all PUs 
• Tier 1 stabilization priority: This species was originally listed as a Tier 3 stabilization 

priority due to the presence of this species within the KLOA and SBER training areas off 
hiking trails. However, the Army chose to elevate this species to Tier 1 stabilization 
priority because of its rarity. 

 
Description and biology:  Pteris lidgatei is a medium sized terrestrial fern 0.5-1.0 m (1.6-3.3 ft) 
tall with creeping rhizomes 1.5 cm (0.59 in) thick, and 10 cm (3.9 in) or longer in length.  The 
fronds are 1-pinnate to 2-pinnate-pinnatifid, oblong-triangular to broadly ovate-triangular, and 
measure 30-95 cm (12-37 in) long, and 12-45 cm (4.7-18 in) wide.  The leaf has 4-6 pairs of 
pinnae.  The leaf blade is dark gray green, and thick and brittle.  The sori are marginal, and either 
divided into many short, separate sori, or form a single unbroken marginal sorus (Palmer 2003, 
W. H. Wagner 1949). 
 
Very little is known of P. lidgatei's biology since it has not been often observed in the wild, and 
it has not been cultivated.  Sori can be found on the species’ fronds year round, but it is not yet 
known if sporulation also occurs year round.  The gametophytic generation of the species has not 
been studied.  The sporophytes of the species are presumed to be short-lived. 
 
Known distribution:  Pteris lidgatei has been found in the Koolau Mountains of Oahu, on 
Molokai, and on West Maui (see Maps 16.50-16.52).  The species occurs from 488 to 719 m 
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(1,600 to 2,360 ft) on Oahu.  The recorded elevations for the species on West Maui are higher, 
ranging from 747 m (2,450 ft) to 1,097 m (3,600 ft).  The elevation recorded for the single 
Molokai collection is “3,000 ft? (Forbes 556.Mo, BISH)." 
 
Population trends: There is little information on population trends for P. lidgatei since all of the 
populations now known were discovered only since 1993, when plants were found in KLOA and 
the East Range of SBMR.  It appears that the species has long been a rare plant, based on the 
historical infrequency of observations and collections. 
 
In many of the recorded colonies of P. lidgatei, most or all of the plants have been recorded as 
being mature.  However, immature and sporeling sized plants are likely to be undetected or 
undercounted.  At a location in South Kaukonahua Gulch in SBMR East Range, a colony of 
plants was observed to consist of two mature plants, about six immature plants, and about 50 
sporelings.  In the Kawainui site in KLOA, no mature plants were seen when the colony was 
discovered in 1993.  The three plants observed on that occasion were all immature. 
 
Current status:  Pteris lidgatei is currently known from Oahu, Maui and Molokai. 
Approximately 17 individuals are known on Oahu. More than half of the known plants on Oahu 
are within the KLOA and SBMR action areas.  The current population units and the number of 
plants they contain are given in the status table below and their locations are plotted on 
figures11.32-33. 
 
Habitat:  Pteris lidgatei is found in wet forest areas on steep rocky embankments that are 
constantly moist, such as steep streambanks, and on the nearly vertical banks next to waterfalls.   
 
Taxonomic background:  There are five species of Pteris native to Hawaii.  Pteris lidgatei 
differs from most of the other members of the genus in its atypical sori (Wagner 1949). 
 
Outplanting considerations:  No hybridization involving P. lidgatei has been reported to date.  
The other native species of Pteris usually occur in drier habitats than does P. lidgatei, and have 
not yet been observed to grow with P. lidgatei.  Thus concerns about the outplanting of P. 
lidgatei are minimal with respect to other Pteris species.  
 
Threats: Among the major threats to P. lidgatei are the various alien plants that are invading the 
species' habitats.  These include species such as Koster's curse (Clidemia hirta) and strawberry 
guava (Psidium cattleianum).  Throughout its range, P. lidgatei is threatened by feral pigs.  
Many of the plants cannot be reached by feral pigs since they are situated on steep embankments.  
However, the presence of pigs in the general area of a P. lidgatei population accelerates the 
degradation of the plant's habitat.  If any plants of Pteris lidgatei are still extant on Molokai, they 
would likely be threatened by Axis deer and feral goats in addition to feral pigs.  Threats to the 
population units are identified in figure 11.35. 
 
Threats in the Action Area: The threat from fire caused by military training activities is very 
low within SBER and nonexistent within KLOA. However, the fire threat to this species is 
considered none as it grows on steep waterfalls or wet slopes. Additional threats inside the action 
area include trampling from occasional foot maneuvers, and the introduction of non-native plants 
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via transport of personnel and equipment between training areas. However, the trampling threat 
is potentially none as this species generally is found on very steep slopes or waterfalls. 
Additional threats to this species throughout its range include habitat degradation by feral pigs 
and competition from non-native plant species such as Clidemia hirta and Setaria palmifolia. 
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Figure 11.30 Current and historical distribution of Pteris lidgatei in the Northern Koolau 
Mountains of Oahu. 
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Figure 11.31 Historic distribution of Pteris lidgatei in the southern Koolau Mountains of Oahu. 
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Discussion of Management Designations 
Typically, populations occur along steep stream banks and/or waterfalls and are naturally 
protected from direct ungulate impacts. Populations may not require fencing, though it may help 
to reduce erosion and improve the overall ecosystem. This steep habitat will also be difficult for 
reintroductions. The North Kaukonahua PU falls just inside the proposed North Kaukonahua MU 
but has not been observed in recent visits. Therefore, the Helemano PU was chosen for stability 
instead. The Helemano plants fall just outside the Helemano MU but occur on steep stream 
banks with abundant available habitat within the MU. The South Kaukonahua and Kawaiiki PUs 
were chosen for management to try to encompass the geographic range of the species inside the 
action area.  Stabilization target numbers can only be reached when successful propagation 
techniques become available. The Maui and Molokai populations will not be stabilized because 
there is no threat from Army training and any propagules from different islands should be kept 
separate at this time.  
 
Propagation and Genetic Storage 
Spores have been collected and successfully germinated to yield gametophytes and sporlings via 
micropropagation techniques at Harold L. Lyon Arboretum.  Seven years elapsed between spore 
sowing and healthy, large sporlings.  Sporlings were transplanted but later died, though 
gametophytes from this collection still remain in vitro.  Collections of mature fronds will be 
collected from all PU’s to propagate via spore germination.  Propagation efforts will continue by 
establishing plants in the nursery and then at reintroductions.  Genetic storage goals will first be 
met by maintaining gametophytes via micropropagation.  Plants will later be maintained ex situ 
in the nursery.  Spores will hopefully be collected from this material and stored.  Genetic storage 
methods will be adjusted as necessary.  Fern spore storage research will be initiated in 
conjunction with germination efforts at the Lyon Arboretum Micropropagation Laboratory to 
determine storage longevity of spores for this taxon.  
 
Outplanting Issues 
All three MFS PUs will require augmentation to achieve the numbers needed for stability. NRS 
will develop propagation techniques once mature sori are collected. Outplanting P. lidgatei into 
the waterfall and stream bank habitat may be challenging.  
 
Research Issues 
The biology of this species is not well known and research on the gametophyte and sporophyte 
generation is needed. Propagation methods are not developed.  
 
Management Notes 
The highest priority for management is the development of propagation techniques. No mature 
spores of this species have been collected in the past 8 years on Oahu. Therefore, regular 
monitoring of wild populations may help propagation techniques as fertile spores may be 
difficult to collect at the proper time. Stabilization may not be achieved if this species cannot be 
propagated. Additionally, surveys need to be conducted around the known sites to determine the 
extent of the PUs. The  manage for stability PUs (Kawaiiki, Helemano, and South 
Kaukonahua) should be revisited in coordination with OPEP at least yearly for threats and 
potential genetic collections.  
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Table 11.12 Priority Management Actions for Pteris lidgatei Army Stabilization PUs.  

Population 
Unit 

Specific Management 
Actions 

Partners/Concerns Timeline 

Kawaiiki PU • Survey, monitor for 
mature fronds 

• Construct fence if needed 
• Control priority weeds 

• Kamehameha Schools land- 
license agreement needed for 
fencing. 

• Monitor yearly 

Helemano PU • Survey, monitor for 
mature fronds 

• Control priority weeds 

• Helemano Mu constructed in 2006 • Monitor yearly 

South 
Kaukonahua 

PU 

• Survey, monitor for 
mature fronds 

• Construct fence if needed 
• Control priority weeds 

• MU needs an EA.  • Construct South 
Kaukonahua 
MU;OIP yr 5; 
2012 
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11.14 Tier 1: 
Schiedea trinervis:  Taxon Summary and Stabilization Plan 

 
Scientific name:  Schiedea trinervis (H. Mann) Pax & K. Hoffmann 
Hawaiian name:  None known 
Family:  Caryophyllaceae (Pink family) 
Federal status:  Listed endangered (listed as Alsinidendron trinerve) 
 
Requirements for Stability 

• Maintain at least 150 reproducing individuals throughout the range of the species 
(between Kalena and E. Makaleha) 

• Threats controlled 
• Genetic storage collection from 50 individuals across the range of the species 
• Tier 1 stabilization priority 

 
Description and biology:  Schiedea trinervis is an upright shrub 30-80 cm (12-31 in) tall.  Its 
oppositely arranged leaves are elliptic-ovate or sometimes oblanceolate, measure 6-12.5 cm (2.4-
4.9 in) long and 2.3-6 cm (0.91-2.4 in) wide, and are hairless except for the margins.  The 
inflorescences are pseudoaxillary cymes bearing 18-34 pendant flowers, which do not open fully.  
The flowers are without petals, but their green and white sepals are petal-like in appearance.  The 
sepals are 6-8 mm (0.24-0.31 in) long.  As the capsule matures the surrounding sepals enlarge to 
9-10 mm (0.35-0.39 in) long, become dark purple and fleshy.  The capsules are ovoid to 
subglobose, measure 8-12 mm (0.31-0.47 in) long, and contain numerous small black seeds. 
 
Schiedea trinervis flowers and fruits year round, but flowering is usually heaviest in the winter 
and spring.  The species is self-pollinating (Wagner, Weller and Sakai, 2005).  The sepals that 
enclose the capsule become purple and fleshy when the capsule is mature, causing the fruit to 
outwardly resemble a berry.  This ‘false berry’ is presumed to attract fruit-eating birds that ingest 
the seeds and act as dispersal agents.  Most of the reproduction in the species is by seed.  The 
plants can begin flowering when less than two years old.  The longevity of individual plants is 
unknown, but they assumed to be relatively short-lived.   
 
Known distribution:  Schiedea trinervis is endemic to the northern Waianae Mountains from 
Kaala to Puukalena.  It grows on all sides of Kaala, up to the edges of the mountain's summit 
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plateau, but has not been observed to grow on top of the plateau itself.  It has been recorded from 
700-1,220 m (2,300-4,000 ft) in elevation. 
 
Population trends:  Most of the plants of S. trinervis on the slopes of Kaala have been found 
within the last decade, and have been known for too short a time to for population trends to be 
well documented. 
 
Immature plants have occasionally been observed in abundance around a mature plant or group 
of mature plants.  This suggests that this species could have fluctuating numbers of individuals 
within a given colony of plants. 
 
Current status: Currently, there are about 170 mature indivduals and approximately 500 
immature plants including seedlings.  About 95% of these plants are within the SBMR action 
area.  The current population units and the number of plants they contain are given in the status 
table below and their locations are plotted on Figure 11.24. 
 
Habitat:  Schiedea trinervis typically grows on gradually sloped to steep terrain in wet forests 
usually dominated by ohia lehua (Metrosideros spp.).  Common associates include uluhe 
(Dicranopteris linearis), mamaki (Pipturus albidus), Boehmeria grandis, alani (Melicope spp.), 
olomea (Perrottetia sandwicensis), and hoio (Diplazium sandwichianum). 
 
Taxonomic background: The endemic Hawaiian genus Schiedea constitutes a complex of 34 
species thought to be descended from a single colonizing ancestor. There are 11 species of 
Schiedea native to Oahu, nine of which have been recorded from the Waianae Mountains 
(Wagner et al., 2005). 
 
Schiedea trinervis and S. obovata, both endemic to the Waianae Mountains, along with two 
species endemic to Kauai, had almost universally been placed in the genus Alsinidendron, which 
was thought to be an endemic Hawaiian genus closely allied to Schiedea.  However, genetic 
studies over the past few years have led to the conclusion that Alsinidendron should be subsumed 
into the genus Schiedea (Wagner et al., 2005). 
 
Outplanting considerations: Although no reintroductions of S. trinervis are proposed in this 
plan, the augmentation of existing population units or the establishment of new population units 
may be warranted in the future.  Of greatest concern with regard to the outplanting of A. trinervis 
involving S. trinervis's closest relative, S. obovata.  Like S. trinervis, it is an endangered plant 
endemic to the Waianae Mountains. The species has been recorded from two widely separated 
areas of the Waianae Mountains.  One of these areas, where the species still survives, is the 
northwestern Waianae Mountains extending from Pahole Gulch through West Makaleha Valley.  
The second area, where no plants are known to persist, is in the southern part of the mountain 
range from the Palehua area to Puuhapapa.  Schiedea obovata is a mesic forest plant, whereas A. 
trinervis occurs in wet forests.  Schiedea trinervis should not be reintroduced within the 
historical range or habitat of S. obovata.  An outplanting line was drawn by Joel Lau (OIT 
member) (see Figure 16.55) demarcating the area where outplantings of S. trinervis could be 
located with minimal chance of negatively affecting S. obovata. 
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Schiedea pentandra is another Schiedea species whose ecological and geographical ranges may 
overlap marginally with that of S. trinervis.  It is a species that is not listed as endangered, but is 
nevertheless a rare plant, and so when planning for outplantings of S. trinervis, it is another 
species whose populations should be taken into consideration. 
 
One outplanting concern with S. trinervis involves the proper identification of the planting 
material.  Schiedea trinervis and S. obovata can be difficult to distinguish, particularly when the 
plants are not in flower or fruit.  In the past there has been a considerable amount of confusion 
with the respect to the identity of some of the cultivated material of S. trinervis and S. obovata.  
With this pair of species there needs to be a heightened level of awareness among the caretakers 
of in situ plant material of the possibility for cultivated plants to become misidentified. 
 
Threats:  The major threats to S. trinervis are invasive alien plant species, and feral pigs and 
goats.  The prickly Florida blackberry (Rubus argutus) is the most serious invasive alien weed 
currently impacting S. trinervis.   
 
Threats in the Action Area: Threats in the action area include fire from military training 
activities and invasion by non-native plants spread by training maneuvers. The fire threat for this 
species is low for the Kalena and Kalena Kaala ridge subpopulations and very low for the Kaala 
and East Makaleha subpopulations. Therefore, although the majority of individuals of this taxon 
are located within the action area the majority of those individuals have an insignificant threat 
from fire. Additional threats for all occurrences are habitat degradation by feral ungulates non-
native plant species such as Rubus argutus and Hedychium gardnerianum. 
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Figure 11.32 Current and historic distribution of Schiedea trinervis in the Waianae Mountains of 
Oahu with an outplanting line separating potential outplanting sites from any potential S. 
obovata.  
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Discussion of Management Designations 
The center of distribution for this species is Mount Kaala in the Waianae Mountains. 
Stabilization for Schiedea trinervis involves the reestablishment of a somewhat continuous 
distribution of the species from Puu Kalena to East Makaleha. This continuous population will 
integrate individuals from various facing slopes of Kaala, minimizing the possibility of one 
stochastic event destroying the majority of the species. Genetic storage collections are required 
from at least 50 plants distributed across the range of the species in order to conserve sufficient 
genetic variation. This number was not increased to 150 because this is essentially a single 
population although stabilization target numbers are meant to reflect 3 PUs. Most of the known 
individuals will fall within the Kaala MU that will be protected by strategic fencing. There are 
also sub-populations within the East Makaleha and South Haleauau MUs. The number of known 
individuals has dramatically increased due to recent surveys. Additionally, the total number of 
known individuals is predicted to continue to increase with additional surveys. The Kaala area 
subpopulation appears to be stable and contains all age classes.  
 
Propagation and Genetic Storage 
Seeds are easy to collect in situ and plants are easily propagated from seed.  Seed viability of this 
taxon is high.  Seeds have a high potential for long-term storage longevity.  Due to these 
propagation and seed characteristics, seed collected from wild plants will be stored long-term to 
maintain adequate genetic storage representation.  Vegetative propagation has not been 
attempted and will likely not be necessary as seed is easily acquired in situ.  This taxon will 
likely not need to be reintroduced, if this changes, seed collected in situ will be used to establish 
reintroductions.   
 
Genetic Storage Summary 

 
 
Management Notes 
This species appears to be at stability target numbers. The numbers of individuals are expected to 
increase with MU management at Kaala, East Makaleha and South Haleauau MUs. Threats from 
pigs and goats need to be controlled. This species likely also benefits from weed control. The 
Army has nearly reached genetic storage collection goals of at least 50 seed from 50 individuals 
across the geographic range of the species. Representation of unprotected and outlying plants is a 
high priority. The target number for stability is 150 mature, reproducing individuals across the 
range of the species. The priority management actions are broken out by the three major 
geographic locations for this species. The target is higher than other species because there is just 
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a single PU. The Army does not have plans to augment this species at this time though 
monitoring may dictate the need in the future. 

 

Table 11.15 Priority Management Actions for Schiedea trinervis. 
Geographic 

Area 
Specific Management Actions Partners/Concerns Timeline 

Kalena (South 
Haleauau MU) 

• Construct South Haleauau MUs 
• Goat control in Makaleha and 

Waianae Kai 
• Collect propagules for genetic 

storage from this end of the range 
• Control priority weeds 
• Survey  

• This MU needs an 
EA. 

• Construct South 
Haleauau MU, 
OIP yr 3; 2010 

Kaala (Kaala 
MU) 

• Monitor and collect for genetic 
storage 

• Control priority weeds 

• Kaala MU 90% 
complete 

• Work with the 
State to improve 
strategic fencing 

• current 

East Makaleha 
(East Makaleha 

MU) 

• collect propagules for genetic 
storage from this end of the range 

• construct East Makaleha MU 
• control priority weeds 
 

• Work with the 
State to complete 
East Makaleha 
MU (EA complete 
w/ FONSI) 

• Construct East 
Makaleha MU 
MIP yr 7; 2010 

•  
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11.15 Tier 1: 
Stenogyne kanehoana: Taxon Summary and Stabilization Plan   

 
Scientific name:  Stenogyne kanehoana Degener & Sherff 
Hawaiian name:  None known 
Family:  Lamiaceae (Mint family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 100 reproducing individuals (short-lived perennial; infrequent flowering) 
• Threats controlled 
• Genetic storage collection from all individuals 
• Tier 1 stabilization priority 

 
Description and biology:  Stenogyne kanehoana is a scandent vine with tomentose stems 1-2 m 
(3.3-6.6 ft) long. The leaves are opposite, densely tomentose, narrowly ovate to oblong-ovate, 
and measure 6-14 cm (2.4-5.5 in) long and 2.5-4.8 cm (0.98-1.9 in) wide. The flowers are tubular 
and curved, and are arranged in clusters of 3-6 per node. The corolla tubes are white to pale 
yellow, and range from 27-42 mm (1.1-1.7 in) long.  The lip of the corolla is pinkish purple. The 
nutlets are about 9 mm (0.35 in) long. 
 
Little is known of S. kanehoana's biology since this species has always been very rare, and has 
seldom been cultivated.  It is likely that some percentage of the species' reproduction is asexual.  
As with other species of Stenogyne, S. kanehoana has long, rambling stems, which may root 
when contacting the ground, leading to the formation of additional plants. 
 
There are no reports with respect to the species' pollinating agents, but the flower's long, curved 
corolla is suggestive of pollination by nectar feeding birds.  Flowering and fruiting has been 
recorded from January through June.  Dispersal agents for this species are unknown.  The species 
is considered short-lived for the purposes of this implementation plan. 
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Known distribution: Until recently S. kanehoana had been known only from a few records 
from a small area south of Kolekole Pass.  This area included only the Huliwai-Kaluaa Ridge 
and Kaluaa Gulch, both of which are within the Nature Conservancy's Honouliuli Preserve.  In 
2004 the species was discovered in Haleauau Gulch, which is north of Kolekole Pass, between 
Kaala and SBMR's West Range.  The recorded elevations for this species range from 730-760 m 
(2,400-2,500 ft). 
 
Population trends: The only plants known for decades are those that used to grow on the 
Huliwai-Kaluaa Ridge.  The plants were growing alongside the major trail leading to 
Puukanehoa, and thus was often observed by hikers and botanists.   In the late 1970’s there was a 
patch of possibly three plants at this location.  The last remaining plant died in 1996.  The 
invasion of Koster’s curse (Clidemia hirta) into the area in the 1980's and 1990's was probably a 
major factor contributing to the extirpation of this patch of S. kanehoana. 
 
Current status:  Only one naturally occurring individual of S. kanehoana is known to remain.  
The individual known from Central Kaluaa Gulch south of the SBMR action area recently died, 
leaving just one individual in Haleauau Gulch within the SBMR action area. 
 
The population units are listed in the status table below and their sites are plotted on figure 
11.25.   
 
Habitat:  Stenogyne kanehoana has been found in mesic forests, growing on ridge tops and on 
gulch slopes.  Associated native plant species include koa (Acacia koa), uluhe (Dicranopteris 
linearis), and ohia lehua (Metrosideros polymorpha). 
 
Taxonomic background:  Stenogyne is an endemic Hawaiian genus of 20 species, only two of 
which occur on Oahu.  The other Oahu Stenogyne is S. kaalae, which consists of two subspecies: 
subsp. sherffii in the Koolau Mountains, and subsp. kaalae in the Waianae Mountains. 
 
Outplanting considerations:  Stenogyne kanehoana and S. kaalae subsp. kaalae are both mesic 
forest plants that occur in the same drainages.  Stenogyne kaalae subsp. kaalae is not considered 
rare.  No apparent hybrids of the two species have been noticed, although elsewhere in Hawaii 
specimens of Stenogyne have been collected that probably represent hybrids (Wagner et al. 
1990).  Concerns with respect to outplanting S. kanehoana near S. kaalae subsp. kaalae are 
minimal since they are likely to have grown next to one another in the past. 
 
Threats:  Major threats to S. kanehoana include feral pigs and alien plants, fire, and potential 
effects from Army training.  The most serious weed threats to S. kanehoana include Koster’s 
curse (Clidemia hirta), lantana (Lantana camara), Hilo grass (Paspalum conjugatum) and 
Christmas berry (Schinus terebinthifolius).  
 
Threats in the Action Area: Major threats to Stenogyne kanehoana due to army training include 
wild fire, trampling and the transport of non-native plant species from other training areas. 
Although, the threat of fire and trampling are both low. Additionally, this species is threatened 
throughout its range by habitat destruction from feral ungulates, competition with non-native 
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plant species, and potential reduced reproductive vigor due to reproductive isolation and the low 
numbers of remaining individuals and the risk of extinction from naturally occurring stochastic 
events.  
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Figure 11.33 Current and historic distribution of Stenogyne kanehoana in the Waianae 
Mountains of Oahu. 
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Discussion of Management Designations 
There are just two sites recently known for this species, Haleauau and Kaluaa. Therefore all three 
MFS PUs will rely heavily on reintroductions from these two source populations. The OIT has 
discussed having one mixed stock reintroduction and one pure site for each source population. At 
both original PU sites there were several clumps of vegetative plant material, with some clumps 
being separated by several meters. Therefore the number of source individuals at each site is not 
clear. Genetic testing has been suggested for the various clumps of vegetative material collected 
from the wild sites. This testing will be conducted within the first 2 years of the OIP.  
 
Propagation and Genetic Storage 
Clonal propagation via vegetative cuttings has been successful and effective in creating a living 
collection of this taxon in a nursery.  Both wild populations are represented ex situ at Harold L. 
Lyon Arboretum Micropropagation Laboratory and in the Army Nursery.  The utilization of 
vegetative cuttings to meet genetic storage requirements both in the nursery and the 
micropropagation facility will continue.  One plant in the nursery has been observed flowering 
and phenology was closely observed.  Flowers were pollinated (self-pollinated), but as immature 
fruit began to develop the branch died.  Pollen is currently stored and viability will be assessed.   
 
Reintroductions will initially be created with the clonal stock in the nursery.  Any seeds (either 
naturally derived, or as a result of artificial crosses within PUs) may be used to create more 
genetically diverse reintroductions and may also be used to fulfill genetic storage requirements. 
Seeds produced at reintroductions may be collected, propagated ex situ, and planted back into the 
reintroduction site in order to increase the chance that these propagules will survive. 
 
Management Notes 
It is important to increase the ex situ stock through vegetative propagation of the two available 
PUs as well as the in situ stock via reintroductions.  
 
The Central Kaluaa South fork PU (south fenceline) is a reintroduction composed of mixed 
stock from the two wild plants, Kaluaa and Haleauau PUs. The only wild plant in this population 
died in March 2005.  The Army augmented this PU approximately 100 meters from the site of 
the original wild plant along the south Kaluaa fenceline with stock from both Kaluaa and 
Haleauau.  Stock from this PU is represented in reintroductions, in the nursery and at the Lyon 
Micropropagation Lab. 
The Central Kaluaa North fork PU (gulch 2) is a reintroduction meant to preserve the original 
Kaluaa PU stock. The first reintroduction at this PU was conducted in 2007. The Gulch 2 
planting was established based on determinations by the Army and the IT that there should be a 
site where pure Kaluaa stock is represented.  This site was selected because of the intact uluhe 
(Dicranopteris linearis) fern cover which reflects the natural habitat of this species.  Planting 
operations involved clearing small openings in the uluhe. 
The Haleauau PU was discovered in June 2004 and contained a few clumps of rooted plants but 
was assumed to be a single individual. Augmentations are needed at this site and will be with 
Haleauau stock.  A 30 x 20 meter fence was constructed to protect it from pigs.  This small PU 
fence will be encompassed by the larger South Haleauau MU. The Army has observed that the S. 
kanehoana canes do best when supported by other vegetation such as uluhe.  Acacia koa growing 
within the fence will likely provide some shade for the S. kanehoana in the near future.  Access 
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restrictions have limited the number of visits to this population in the past although more access 
may be available in the next few years due to range construction.  Clones of plants from this 
population have been reintroduced into Kaluaa and are represented in the nursery and 
micropropagation. 
 
 
 
Table 11.16 Priority Management Actions for Stenogyne kanehoana 

Population Unit Specific Management Actions Partners/Concerns Timeline 

Haleauau PU • Collect seeds when available 
for propagation and genetic 
storage  

• Construct South Haleauau MU 
• Genetic testing in 2009 
• Control priority weeds 
• Currently protected by a small 

fence 

• Access is difficult 
to this part of 
SBMR. 

• South Haleauau 
MU needs an EA. 

• Construct South 
Haleauau MU 
in OIP yr 2; 
2009 

• Genetic testing 
2009 

Central Kaluaa (South 
Fork) PU 

• Collect seeds when available 
for propagation and genetic 
storage  

• Control priority weeds 
• Currently fenced. 

• Work with new 
Honouliuli 
landowner. 

• Genetic testing 
2009 

Central Kaluaa (North 
fork PU 
reintroduction) 

• Build up additional greenhouse 
stock 

• Control priority weeds at 
reintro site 

• Within Kaluaa MU. 

• Work with new 
Honouliuli 
landowner. 

• currently 
building up 
stock 
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11.16 Tier 2: 
Chamaesyce rockii: Taxon Summary and Stabilization Plan 

 
 
Scientific name:  Chamaesyce rockii (C. Forbes) Croizat & Degener 
Hawaiian name:  Akoko 
Family:  Euphorbiaceae (Spurge Family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals in each PU (Short-lived perennial) 
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 2 stabilization priority 

 
Description and biology:  Chamaesyce rockii is a milky-sapped compact shrub or sometimes a 
small tree 0.5-2 m (1.6-6.6 ft) tall, although in protected sites may reach up to 4 m (13 ft) tall. The 
leathery leaves are opposite and narrowly oblong to narrowly oblong-elliptic or occasionally 
narrowly elliptic in shape, and measure 8-14 cm (3.1-5.5 in) long and 2-3.5 cm (0.8-1.4 in) wide.  
There are 3-10 cyathia (specialized flower-like inflorescences with a single central female flower 
surrounded by much-reduced male flowers) in branched, open to sometimes condensed, cymose 
inflorescences usually 2-6 cm (0.8-2.4 in) long.  The capsules are three carpellate, globose, 14-25 
mm (0.6-1.0 in) long, brilliant red in color, and contain seeds that are brown to grayish brown, 
globose or broadly obovoid in shape, and 3.5-4 mm (0.1-0.2 in) long. 
 
Chamaesyce celastroides var. lorifolia on the south slope of Haleakala, Maui has been observed 
reproducing vegetatively by root suckers (Medeiros et al. 1986).  With C. rockii, however, 
vegetative reproduction in such a manner has not been reported to date. 
 
Little is known about the breeding system of C. rockii.  However, the genus as a whole is usually 
monoecious (male and female flowers on different parts of the plant), or rarely dioecious (male and 
female flowers on separate plants).  It is not known if the species is capable of self-fertilization.  The 
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species is presumed to be insect pollinated.  It has been recorded flowering and fruiting at various 
times of the year.  Chamaesyce rockii has by far the largest fruits and seeds of any of the Hawaiian 
species of Chamaesyce.  Mature Chamaesyce capsules split open explosively upon drying, flinging 
the seeds for a short distance.  The conspicuous red color of the ripe fruit is suggestive of seed 
dispersal by birds.  For the purposes of the Implementation Plan, C. rockii is categorized as an 
intermediate to long-lived plant. 
 
Known distribution:  Chamaesyce rockii is recorded from scattered locations in the northern and 
central Koolau Mountains.  The species has been found only as far south as the northern edge of 
Kalihi Valley.  Most populations are on or near the Koolau summit ridge, although there are a few 
records of it up to 2.4 km (1.5 mi) to the lee of the summit ridge.  The species has been documented 
from 564-847 m (1850-2780 ft) in elevation. 
 
Population trends:  The range of C. rockii has been diminishing as populations of the species are 
lost.  Population numbers appear to declining as well (U.S. Army 2003).  One colony of plants that 
has been observed in Waikakalaua Gulch, which is the gulch adjoining the southern boundary of the 
East Range of SBMR, was estimated to contain 40-50 plants when it was first recorded in 1989.  
When the colony was revisited in 2004 only seven plants could be found (Lau pers. comm. 2005). 
 
Current Status: There are approximately 115 mature individuals known for this species. The 
majority of known plants are within the action area. The current numbers of individuals for this 
species is listed in the status table below and locations are plotted on figures 11.34-35 below. 
 
Habitat:  Chamaesyce rockii can be found on ridge crests, gulch sides, and in gulch bottoms in wet 
shrublands and forests.  These habitats are often dominated by ohia lehua (Metrosideros spp.) and 
uluhe (Dicranopteris linearis).  Common associated species include mehame (Antidesma 
playtyphyllum), ohia ha (Syzygium sandwicensis), kokoolau (Bidens macrophylla), kanawao keokeo 
(Broussaisia arguta), hapuu (Cibotium spp.), pilo (Coprosma longifolia), uluhe lau nui 
(Diploterigium pinnatum), naenae (Dubautia laxa), manono (Hedyotis terminalis and H. fosbergii), 
uki (Machaerina angustifolia), alani (Melicope spp.), kolea (Myrsine spp.), kopiko (Psychotria spp.), 
and akia (Wikstroemia oahuensis).  
 
Taxonomic background:  There are 16 native species of Chamaesyce in Hawaii; all are endemic.  
Several alien species of this genus are also found in Hawaii.  The genus Chamaesyce is considered 
by some to be a subgenus of the large genus Euphorbia (Koutnik 1987).  The elevation of 
Chamaesyce to the genus level leaves only a single Hawaiian Euphorbia, E. haeleeleana, which 
occurs only on Kauai and in the Waianae Mountains of Oahu. 
 
Outplanting considerations:  Hawaiian Chamaesyces have been successfully crossed 
experimentally in many combinations, demonstrating that there is a lack of genetic barriers among 
the Hawaiian species (Koutnik 1987).  There are several apparent cases of hybridization between co-
occurring Hawaiian Chamaesyces.  Hybrid swarms between C. rockii and C. clusiifolia are found in 
KLOA at the head of Opaeula Gulch adjacent to the Peahinaia Trail, and on the ridge between 
Kawaiiki and Opaeula Gulches.  The Chamaesyce populations at these two locations consist of very 
variable individuals, many of which are morphologically intermediate between C. rockii and C. 
clusiifolia.  It is possible that the formation of hybrid populations between the two Chamaesyce 
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species occurred naturally in pre-human times.  Alternatively, it is also possible that the two species 
did not normally hybridize due to ecological reproductive barriers that effectively prevented 
hybridization of the two species.  Alteration of the habitat of these plants resulting from the human 
presence in Hawaii could then have led to a breakdown of these reproductive barriers, allowing a 
higher level of hybridization than originally, and a blurring of species boundaries.  Whether the 
hybridization represents a threat to C. rockii should be studied. 
 
Chamaesyce clusiifolia is the only Chamaesyce whose range overlaps C. rockii's range.  It is 
endemic to the Koolau Mountains and is not considered to be a rare plant.  If reintroductions or 
augmentations of C. rockii become necessary, they should be established away from C. clusiifolia 
populations to minimize the chances of hybridization between the two. 
 
Threats:  The primary threats to C. rockii are feral pigs, human impacts from trail clearing and 
hiking, and invasive alien plant species.  The major alien plant threats to the species include Koster's 
curse (Clidemia hirta), manuka (Leptospermum scoparium), strawberry guava (Psidium 
cattleianum), kahili ginger (Hedychium gardnerianum), and Pterolepis glomerata.  Rats represent a 
potential threat to the fruits of C. rockii.   
Threats in the Action Area: Potential threats include trampling by foot traffic in the course of 
training maneuvers, habitat destruction by feral pigs, and competition from non-native plant species 
introduced by military personnel. The direct threat of trampling due to training maneuvers ranges 
from none to very low in the remote summit habitat occupied by C. rockii. There is no fire threat for 
this species due to its occurrence in montane wet forest and shrubland. 
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Figure 11.34 Current and historical distribution of Chamaesyce rockii, in the northern Koolau 
Mountains of Oahu.  
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Figure 11.35 Current and historical distribution of Chamaesyce rockii in the central Koolau 
Mountains of Oahu.  
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Discussion of Management Designations 
This species occurs in large clusters along the summit areas of the Koolau Mountains this makes it 
difficult to define PUs. The large Kaluanui to Maakua PU was not chosen for management due to the 
extremely steep terrain it encompasses. Similarly, the Kaukonahua to Kipapa PU was not chosen for 
stabilization because many of the plants are located on the steep windward slopes of the summit. The 
Kawaiiki PU was not chosen because of its remote location and the distance between the clumps of 
plants there. The PUs chosen for stabilization and management provide a significant representation 
of the range of this species from Kaipapau, Koloa, and Kawainui to Waiawa. There is a large 
population at Opaeula however these plants are considered hybrids. Field experts have determined 
that the Helemano PU is sufficiently distinct, both geographically and morphologically, from the 
Opaeula plants to be managed separately. Genetic testing may aid in this management decision. The 
Army is aware that the Kawaiiki PU has larger numbers of individuals than the Helemano PU. 
However, the Kawaiiki PU has not been monitored in several years and the Helemano PU is 
undersurveyed. Therefore, the Army will survey both sites and present the findings to the OIT.  
 
Propagation & Genetic Storage 
Little is known about the propagation methods or storage potential for this taxon.  Vegetative 
propagation has not been attempted for this taxon.  Seeds from fruit dehiscing post-harvest are 
viable.  It is uncertain as to whether fruit should be collected pre-dehiscence or post-dehiscence for 
storage testing and genetic storage.  Initial collections will be used to determine propagation 
methods, seed viability, and preferred genetic storage methods.  Vegetative propagules may be 
collected from certain founders.  This may be most appropriate for isolated, outlying, or non-
reproductive individuals.  Seed collected in situ will likely be used to establish reintroductions.           
 
Management Notes 
The Helemano PU is within the Opaeula/Helemano MU. There are approximately 150 hybrid 
individuals of C. clusiifolia X C. rockii in the northern end of the MU and will not be considered for 
management. Surveys of the extant of the pure and hybrid stock within the MU will be made so that 
management of the pure PU will be separate from the hybrid area. And genetic analyses underway 
will help to clarify this situation. 
The Kaipapau, Koloa, and Kawainui PU will be managed within the Koloa MU. The highest 
priority for this PU is the construction of the MU fence. A thorough survey within the proposed 
fenced MU is also needed.  
The Waiawa and Waimano PU will be managed within the Waiawa I and II MU. There are just 15 
individuals known from this PU, however, there is some unsurveyed habitat within the MU. 
Therefore a survey of the general area and habitat should be made prior to the construction of the 
MU in order to capture as many individuals as possible. Genetic storage collections should begin 
opportunistically with a focus on the manage for stability PUs.  
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Table 11.17 Priority Management Actions for Chamaesyce rockii Army Stabilization PUs. 

Population 
Unit 

Specific Management 
Actions 

Concerns/ 
Partners 

Timeline 

Kaipapau, 
Koloa, and 
Kawainui 

• Continue surveys  
• Construct Koloa MU 

fence 
• Construct Kaipapau MU 
• Collect for genetic 

storage  
• Control priority weeds 

• Koloa MU on 
Hawaii Reserves 
Inc. property 
requires license 
agreement.  

• Kaipapau MU on 
State Forest Reserve 
land. Requires State 
License Agreement. 

• MUs need an EA. 

• Construct Koloa MU; 
OIP yr 4; 2011 

• Construct Kaipapau 
MU; OIP yr 5; 2012 

The Koloa MU continues 
to be a priority for 
construction. However, 
NRS are still awaiting a 
license agreement with the 
landowner. 

Helemano • Conduct thorough 
survey of PU 

• Collect for genetic 
storage  

• Control priority weeds 

• MU completed in 
2006. 

• Conduct surveys in 
Helemano MU OIP yr 1 
and 2 

Waiawa and 
Waimano 

• Survey  
• Construct Waiawa I and 

II MU fences 
• Collect for genetic 

storage  
• Control priority weeds 

• Fence requires a 
license agreement 
with Kamehameha 
Schools. 

• MU has an EA w/ 
FONSI 

• Collect for genetic 
storage 

• Construct Waiawa 
subunit I MU;  OIP yr 
10; 2017 

• Construct Waiawa 
subunit II MU; OIP yr 
12; 2019 

 



  11-171 

Final Oahu Implementation Plan 2008 
 

11.17 Tier 2: 
Cyanea crispa: Taxon Summary and Stabilization Plan   

 
Scientific name:  Cyanea crispa (Gaudich.) Lammers, Givnish & Sytsma  
Hawaiian name:  Haha 
Family:  Campanulaceae (Bellflower Family) 
Federal status:  Listed endangered (listed as Rollandia crispa) 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (short-lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs  
• Tier 2 stabilization priority 

 
Description and biology:  Cyanea crispa is an unbranched shrub up to 0.3-1.3 m (1-4.3 ft) tall, 
with broadly ovate leaves 30-75 cm (12-30 in) long and 9-16 cm (3.5-6.3 in) wide that are 
clustered at ends of the stems. The leaf margins are undulate, with upper surface glabrous and 
lower surface glabrous or pubescent. The inflorescences are axillary, and bear 3-8 flowers. The 
corollas are magenta, and measure 4-6 cm (1.6-2.4 in) long.  The berries are orange, and are 1.0 
cm (0.4 in) in length. 
 
Flowering has been observed primarily from May through August, and fruiting from July 
through November.  As with other Cyaneas with their long tubular flowers, this species is 
thought to have been pollinated by nectar-feeding birds.  A study by Lammers and Freeman 
(1986) found that most Hawaiian lobelioids have a nectar sugar profile typical of bird-pollinated 
flowers.  It is probably capable of self-pollination, as several other species of Cyanea are capable 
of selfing in cultivation.  The species' orange berries are indicative of seed dispersal by fruit-
eating birds.  Cyanea koolauensis is categorized as a short-lived species for the purposes of the 
Implementation Plan. 
 
Known distribution:  Cyanea crispa has been recorded from both the windward and leeward 
sides of the Koolau Mountains. This species ranges from 229-707 m (750-2320 ft) in elevation.  
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Population trends:  Population trends have not been well documented for most PUs of C. 
crispa. 
 
Current status:  Cyanea crispa is known from several PUs totaling approximately 110 
individuals. Although, several populations have not been monitored for many years. One of the 
PUs is in the KLOA action area.  It is in the Kawaiikii drainage and contains 17 individuals.  The 
species' current population units and the number of plants they contain are given in the status 
table below and their locations are plotted on figures 11.36-38. 
 
Habitat:  Cyanea crispa occurs in gulch bottoms and on gulch slopes, in mesic to wet forests.  
Associated native plant species include mehame (Antidesma platyphyllum), Boehmeria grandis, 
kanawao keokeo (Broussaisia arguta), Christella cyatheoides, hapuu (Cibotium chamissoi), 
haiwale (Cyrtandra spp.), lama (Diospyros spp.), naenae (Dubautia spp.), ohia lehua 
(Metrosideros polymorpha), olomea (Perrotettia sandwicensis), mamaki (Pipturus albidus), 
papala kepau (Pisonia umbellifera), kopiko (Psychotria spp.), and olona (Touchardia latifolia). 
 
Taxonomic background:  There are approximately 60 species in the endemic Hawaiian genus 
Cyanea.  Cyanea crispa was formerly included in the genus Rollandia (Lammers 1990).  Studies 
have since indicated that Rollandia constitutes a subgroup within the genus Cyanea (Lammers, 
Givnish and Sytsma 1993).   
 
Outplanting considerations:  Extant Cyanea taxa potentially occurring with or near C. crispa 
are C. calycina, C. acuminata, C. humboldtiana, C. lanceolata, C. st.-johnii, C. koolauensis, and 
C. angustifolia.  All except C. angustifolia are rare species.  Another rare Cyanea potentially 
occurring with C. crispa in the northern Koolau Mountains is one that represents a possibly 
distinct, but currently unrecognized taxon.  It was described as Rollandia degeneriana F. 
Wimmer (Wimmer 1956).  It was considered a possible hybrid in the latest taxonomic treatment 
of Rollandia (Lammers 1990), but it was known only from the type specimen at that time.  Field 
observations indicate that this Cyanea occurs in self reproducing populations not originating 
from recent or ongoing hybridization.  There are also three possibly extinct Cyanea taxa that 
potentially occur with C. crispa, namely C. longiflora, C. sessilifolia, and C. superba subsp. 
regina.  Hybridization concerns are minimal with respect to the aforementioned Cyaneas since 
they naturally co-occur with C. crispa. 
 
Threats:  Major threats to C. crispa include feral pigs, which degrade the species habitat and 
harm the plants through feeding on them, trampling them, or uprooting them when rooting for 
food.  Rats pose a threat to the species through their predation on bark and fruit.  Introduced 
slugs and snails threaten the species by feeding on its leaves, stems, and seedlings.  The species 
is threatened by human impacts, such as trail clearing and hiking.  Alien plants threaten C. crispa 
by altering the species habitat and competing with it for sunlight, moisture, nutrients, and 
growing space.  Alien plant species that potentially threaten C. crispa include Arthrostemma 
ciliatum, Clidemia hirta, Psidium cattleianum, Psidium guajava, Pterolepis glomerata, Rubus 
rosifolius, Schinus terebinthifolius, Setaria palmifolia, and Zingiber zerumbet. 
 
Long-billed, nectar-feeding native Hawaiian birds, which are the presumed original pollinators 
of C. koolauensis, have become extremely rare on Oahu.  Although the species is probably 
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capable of selfing, the loss of its normal pollinating vectors is likely to result in decreased 
genetic variability within its populations over successive generations. 
 
Threats to the population units proposed to be managed for stability are identified in Table 11.39. 
 
Threats in the Action area: Potential threats in the action area due to military training activities 
include trampling by foot traffic and competition with non-native plant species introduced via 
military training activities. The weed threat is low to moderate. The trampling threat is low but is 
primarily from various research scientists and hikers rather than from military activity. There is 
no fire threat to the onsite population. Additional threats include habitat degradation by feral 
ungulates and predation on seedlings and fruit by slugs and rats respectively. 
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Figure 11.36 Current and historical distribution of Cyanea crispa in the northern Koolau 
Mountains of Oahu.  
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Figure 11.37 Current and historical distribution of Cyanea crispa in the central Koolau 
Mountains of Oahu. 
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Figure 11.38 Current and historical distribution of Cyanea crispa in the southern Koolau 
Mountains of Oahu. 
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Discussion of Management Designations 
Some populations of Cyanea crispa occur in gulches that may be less than 1000m apart, but have 
been designated as separate PUs because the preferred habitat is discontinuous. Cyanea crispa is 
known from 12 separate small PUs in mesic to wet habitat in both leeward and windward valleys 
in the Koolau Mountains.  There are estimated to be around 110 mature plants throughout its 
geographical range and the three MFS PUs were chosen to cover this entire range and include the 
PU occurring within the action area. The Army has not monitored many of the offsite PUs for 
this species and therefore, the numbers in the table are compiled from a combination of Army, 
Hawaii Biodiversity and Mapping Program (HBMP) and Oahu PEP data. The Kahana MU will 
be built upon approval of the landowner. The Wailupe PU will be fenced within an MU 
specifically managed for this species. The Pia Valley PU was not chosen to be managed because 
of difficulty in getting permission from the current landowner. However, if the landowner agrees 
to implementing conservation efforts in the future this will be discussed with the OIT. The 
Aihualama, Kaipapau, Kapakahi, Kawaipapa, Maunawili, and Pukele PUs were not chosen to be 
managed for stability because of the low number of individuals and their distance from the action 
area.  
 
Propagation and Genetic Storage 
Vegetative propagules have been collected from wild individuals and successfully propagated in 
the nursery and reintroduced.  Vegetative propagules will continue to be collected from all non-
reproductive founders for living collection stock and reintroductions.  Seed collected from 
different wild individuals display varying rates of initial (fresh) germination.  Seedlings are slow-
growing.  Seed storage testing has indicated that seeds can be stored, but research is ongoing to 
determine the optimal conditions (specifically temperature and relative humidity) for long-term 
seed storage.  Currently, all studied species of Cyanea exhibit unique storage requirements, 
consisting of an inability to tolerate frozen storage temperatures.  Collaborative research at the 
USDA-ARS National Center for Genetic Resources Preservation aims to determine the cause of 
this anomaly, focusing on lipid composition of seeds of taxa of Cyanea.  Seeds will be stored to 
meet genetic storage requirements for reproductive individuals.  A living collection will be 
established for the founders represented by clonal propagules, with the hopes that this stock will 
flower in the nursery or at reintroductions.  This would allow for genetic storage via seed for all 
founders.  Both seed collected in situ as well as vegetative propagules will be used to establish 
reintroductions for this taxon.           
 
Management Notes 
The Kawaiiki PU at the northern site (Kawaiiki subunit I MU) may be clones of a single 
individual that spread as a result of trampling by pigs and humans. This PU was thought to be the 
only occurrence in the action area and is not considered to be within the expected distribution of 
the species. However, in recent surveys for Achatinella livida near Kawaiiki MU subunit II the 
Army found several new individuals. This population is at the edge of the species range and is 
considered important to manage. The Kawaiiki PU may need augmentation because of the low 
numbers of individuals to start with. This species has been difficult to store in the greenhouse 
and was outplanted in the Helemano MU to grow to maturity. This reintroduction will be 
managed for genetic storage. 

The Wailupe PU will be managed within the Wailupe MU planned specifically for this species 
and may be augmented with propagules from the nearby Pia PU.  A high priority for this PU is 
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surveying prior to the construction of the MU fence so that all possible individuals will be 
included.  

The Kahana and Makaua PU will be managed within the Kahana MU fence. There is an 
existing OPEP management unit in Kahana however, no Cyanea crispa are protected. The Army 
will work with the OPEP program to protect this species in this area both within the proposed 
Army fence and the existing OPEP fence. Genetic collections from this PU have been made by 
OPEP. Priority management actions are to survey prior to fence construction and work with 
OPEP to collect from unrepresented individuals for genetic storage.  

 

Table 11.18 Priority Management Actions for Cyanea crispa Army Stabilization PUs. 

Population Unit Specific Management Actions Partners/ 

Concerns 

Timeline 

Kawaiiki PU • Construct Kawaiiki MU fences 
• Control priority weeds 
• Collect propagules for genetic 

storage  
• Outplant 

• Requires KS 
license 
agreement 

• Requires EA. 

• construct 
MUs OIP yr 
12 

Kahana and 
Makaua PU 

• Construct Kahana MU fence 
• Control priority weeds 
• Collect propagules for genetic 

storage 
• Survey 
• Augment 

• Requires EA.  

• Requires an 
agreement with 
the landowner, 
Kualoa Ranch. 

• Construct 
MU OIP yr 
13 

Wailupe PU • Construct Wailupe MU fence 
• Control priority weeds 
• Collect propagules for 

augmentation and genetic 
storage 

• Survey 
• Augment 

• Requires EA. 

• State Forest 
Reserve 

• Construct 
MU, OIP yr 
16 
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11.18 Tier 2: 
Cyrtandra viridiflora: Taxon Summary and Stabilization Plan   

 
Scientific name:  Cyrtandra viridiflora St. John & Storey 
Hawaiian name:  Haiwale, kanawao keokeo 
Family:  Gesneriaceae (African violet family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (intermediate long-lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 2 stabilization priority 

 
Description and biology:  Cyrtandra viridiflora is shrub 0.5-2 m (1.6-7 ft) tall with opposite 
leaves clustered at the upper 1-3 nodes.  The leaves are thick, fleshy, cordate in shape, 6-15 cm 
(2.4-5.9 in) long, and 3.5-7.7 cm (1.4-3.0 in) wide, with both surfaces densely covered with a 
velvety pubescence.  The flowers are borne 1-5 in umbelliform cymes arising in the leaf axils.  
The corollas are green, and measure 17-22 mm (0.7-0.9 in) long. The berries are white, ovoid in 
shape, 1.3 cm (0.5 in) long, and contain numerous minute seeds.  
 
Flowering and fruiting specimens of C. viridiflora have been collected at various times during 
the year.  The reproductive biology of most Hawaiian Cyrtandras, including C. viridiflora, has 
not been studied.  However, a study of the reproductive biology of another Oahu Cyrtandra, C. 
grandiflora, showed that it is self-compatible and that both self-pollination and cross-pollination 
requires an unknown insect pollinator.  It was also found that there is a strong tendency for a 
flower's pollen to be shed before the flower's stigma becomes receptive to pollen, thereby 
decreasing the likelihood of self-pollination (Roelofs 1979).  Cyrtandra viridiflora's dispersal 
agents are unknown, although its white berries suggest dispersal by fruit-eating birds.  The 
species is presumed to be short lived. 
 
Known distribution: Cyrtandra viridiflora has been recorded in the upper elevations of the 
Koolau Mountains from 443-867 m (1,450-2,840 ft) in elevation.  Most records of this species 
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are from the central and northern parts of the mountain range.  There is only one historical record 
from the southern part of the Koolaus. 
 
Population trends: All of the known C. viridiflora plants have been found within the last 15 
years, too short a time for significant population trends to become evident. 
 
Current status:  The total number of known plants for the species is an estimated 68 
individuals.  More than 90% of these are within the KLOA action area.  Only two plants have 
been found in the East Range part of the SBMR action area.  The current population units and 
the number of plants they contain are given in the status table below and their locations are 
plotted on figure 11.39. 
 
Habitat:  Cyrtandra viridiflora is known from cloud covered, windswept wet shrubland often 
dominated by ohia lehua (Metrosideros polymorpha.) and uluhe (Dicranopteris linearis).  
Associated species include kanawao keokeo (Broussaisia arguta), lapalapa (Cheirodendron 
platyphyllum), uluhe lau nui (Diplopterygium pinnatum), naenae (Dubautia sp.), ieie 
(Freycinetia arborea), manono (Hedyotis terminalis and H. fosbergii), uki (Machaerina 
angustifolia), alani (Melicope spp.), lehua papa (Metrosideros rugosa), kopiko (Psychotria spp.), 
ohia ha (Syzygium sandwicensis), and kolii (Trematolobelia macrostachys). 
 
Taxonomic background:  Cyrtandra is one of the two largest genera in the native Hawaiian 
flora, including about 60 species, all of which are Hawaiian Endemics.  Twenty-four of these 
species occur on Oahu. 
 
Outplanting considerations:  Hybridization between Hawaiian Cyrtandra species is very 
common.  It is possible that the formation of hybrid populations between a given pair of 
Cyrtandra species occurred naturally in pre-human times.  Alternatively, it is also possible that 
the two species did not normally hybridize due to ecological reproductive barriers that 
effectively prevented hybridization of the two species.  Alteration of the habitat of these plants 
resulting from the human presence in Hawaii could then have led to a breakdown of these 
reproductive barriers, allowing a higher level of hybridization than originally, and a blurring of 
species boundaries.  Whether the frequency of hybridization observed today represents a threat to 
Hawaiian Cyrtandra species should be studied. 
 
Cyrtandra viridiflora potentially occurs alongside C. hawaiiensis, C. paludosa, C. lessoniana, 
and C. waiolani.  Any area suitable for the outplanting of C. viridiflora would already contain 
one or more of these species of Cyrtandra.  No hybrid combinations have yet been detected 
involving C. viridiflora.  However, outplanted plants could be expected to hybridize to some 
extent with the Cyrtandra species already growing around the outplanting site. 
 
The purity of the planting stock would be of concern in outplanting C. viridiflora, since there is a 
a chance that some seedlings raised from wild collected seeds are actually hybrids. 
 
Threats:  Major threats to C. viridiflora include feral pigs and alien plant species such as 
Koster’s curse (Clidemia hirta) and strawberry guava (Psidium cattleianum).  The species is 
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potentially threatened by military activities, and predation by rats and slugs.  Threats to the 
population units proposed to be managed for stability are identified in Table 11.41. 
 
Threats in the Action Area: Potential threats in the action area due to military training activities 
include trampling by foot traffic and competition with non-native plant species introduced via 
military training activities. However, the threat from trampling varies from low to none due to 
the remote, wet forest shrubland habitat of this species. Additionally, all sites in the Kawailoa 
action area threats include habitat degradation by feral ungulates and competition from alien 
plant species. 
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Figure 11.39 Current and historic distribution of Cyrtandra viridiflora in the Koolau Mountains 
of Oahu. 
 



Chapter 11.18 Tier 2: Cyrtandra viridiflora Taxon Summary and Stabilization Plan 11-188 

Final Oahu Implementation Plan 2008 

Discussion of Management Designation 
All the PUs inside the action area will be managed for stability and represent the center of 
distribution for this species. However, some individuals in the Kawainui and Koloa PU do not 
fall within the proposed MU.  In this case, outlying individuals will be managed as propagule 
sources for augmentation within the Koloa MU.  Opaeula and Helemano populations will be 
managed together as one PU.  More surveys are needed near South Kaukonahua II and Koloa 
MUs to determine the extent of the populations. The number of individuals is likely to increase 
with survey. The Kaalaea and Kaluanui to Maakua Ridge PUs were not chosen to be managed 
for stability due to the steep terrain characteristic of these areas and low numbers of individuals. 
 
Propagation & Genetic Storage 
Vegetative propagation has not been attempted for this taxon.  Once methods are developed for 
C. subumbellata, clonal propagation may be used to represent founders that are susceptible to 
hybridization (other Cyrtandra taxa in area), non-reproductive, or outlying.  Seeds are typically 
numerous within each fruit and have high viability.  Plants of other Cyrtandra species are easily 
propagated from seed.  Seeds store well and will maintain genetic storage goals.  Storage 
longevity may not be as long as detected for other taxa.  More frequent recollections from wild 
plants may be necessary to maintain genetic representation through seed storage.  Research is 
targeting the storage temperatures that will prolong viability the longest.  Seed collected in situ 
will be used to establish reintroductions. 
 
Management Notes 
The Kawainui and Koloa PU will be managed within the Koloa MU. Priority actions for this 
PU are the survey for individuals in the area and the construction of the MU fence to include all 
possible individuals.  

The Opaeula and Helemano PU is currently being managed within the Opaeula/Helemano MU. 
This is the largest known population and it is anticipated that more individuals will recruit on 
their own inside the fence in the absence of ungulate pressure (although slugs may also be a 
threat to this species). A priority for this PU is genetic storage collections. 

The South Kaukonahua to Kipapa PU contains just two known individuals and will be 
protected within the South Kaukonahua MU. Surveys of nearby historical locations should be 
made. Priorities for this PU are surveys, genetic storage collections, and the construction of the 
MU fence.  
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Table 11.19 Priority Management Actions for Cyrtandra viridiflora Army Stabilization PUs. 
Population Unit Specific Management Actions Partners/Conce

rns 
Timeline 

Koloa • Construct Koloa MU 
• Control priority weeds 
• Survey 
• Collect propagules for 

augmentation and genetic storage 
• Augment 

•  This MU needs 
an EA and 
license 
agreement with 
landowner, 
Hawaii 
Reserves Inc. 

• Construct 
Koloa MU, 
OIP yr 4; 
2011 

Opaeula to Helemano • Control priority weeds 
• @ stability target #s 
• Continue to collect propagules 

from unrepresented individuals for 
genetic storage  

•  MU 
Completed. 

• Ongoing 

South Kaukonahua • Survey for more individuals 
• Control priority weeds 
• Construct South Kaukonahua II 

MU 
• Collect propagules for 

augmentation and genetic storage 
• Augment  

•  This MU needs 
an EA. 

 

• Construct 
South 
Kaukonahua
MU, OIP yr 
5; 2012 
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11.19 Tier 2: 
Myrsine juddii: Taxon Summary and Stabilization Plan  

 
Scientific name:  Myrsine juddii Hosaka 
Hawaiian name:  Kolea 
Family:  Myrsinaceae (Myrsine Family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• Maintain at least 75 reproducing individuals throughout the range of this species (from 
Kamananui and Koloa to South Kaukonahua) (Long lived perennial) 

• Threats controlled 
• Genetic storage collections for a general representation of the species 
• Tier 2 stabilization priority 

 
Description and biology:  Myrsine juddii is a small shrub 1-2 m (3.3-6.6 ft) tall with alternate 
lanceolate to elliptic leaves 4-12 cm (1.6-4.7 in) long and 1.5-3.2 cm (0.59-1.3 in) wide. The 
upper leaf surface is glabrous and the lower surface is sparsely to moderately covered with short 
whitish to brownish hairs toward the base and along the midrib. The flowers are borne in tight 
clusters of 4-8 along the stems, and are perfect or unisexual (and then the plants are usually 
dioecious). The drupes are globose, and contain a single seed. 
 
Known distribution:  Myrsine juddii is narrowly endemic to a portion of the northern and 
central Koolau Mountains of Oahu.  Its range extends from the main dividing ridge of the 
Koolaus to up to 1.9 km (1.2 mi) to the lee of the dividing ridge.  Recorded elevations for the 
species range from 579-866 m (1,900-2,840 ft). 
 
Population trends:  
There are no historical records of this species outside of its current range.  It apparently has long 
been restricted to where the plants are found today.  Documentation of population trends in M. 
juddii is lacking. 
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Current status: Currently, only one extensive population of M. juddii is known between Puu 
Kainapuaa and N. Kaukonahua in the Koolau Mountains.  All or almost all of the range of the 
species lies within the KLOA action area.  In certain parts of its range the species is relatively 
common.  The only population unit is included in the status table below and  and the range of the 
species is shown on Map 11.40. 
 
Habitat:  Myrsine juddii occurs on ridge tops, on gulch slopes, and in gulch bottoms in wet 
forests and shrublands often dominated ohia lehua (Metrosideros spp.) and uluhe (Dicranopteris 
linearis).  Other common associated species include mehame (Antidesma platyphyllum), ohia ha 
(Syzygium sandwicensis), kokoolau (Bidens macrophylla), kanawao keokeo (Broussaisia 
arguta), hapuu (Cibotium spp.), pilo (Coprosma longifolia), uluhe lau nui (Diplopterygium 
pinnatum), naenae (Dubautia laxa), manono (Hedyotis terminalis and H. fosbergii), uki 
(Machaerina angustifolia), alani (Melicope spp.), kolea (Myrsine spp.), kopiko (Psychotria spp.), 
and akia (Wikstroemia oahuensis).  
 
Taxonomic background:  Myrsine juddii is one of 19 Hawaiian species of Myrsine (Wagner et 
al. 1999).  Seven of these species occur on Oahu, six of which are known from the Koolau 
Mountains.  Within M. juddii's range, five other Myrsine species can be found: M. degeneri, M. 
fosbergii, M. lessertiana, M. pukooensis, and M. sandwicensis.  Hybrids between various pairs of 
Myrsine species on Oahu are found occasionally (Lau pers. comm. 2005).  Although no obvious 
hybrids involving M. juddii as a parent species have been reported to date, such a hybrid may be 
difficult to identify as such. 
 
Outplanting considerations:  No outplanting is currently planned in the conservation of M. 
juddii.  However, if outplantings of M. juddii become necessary in the future, there is another 
Myrsine within M. juddii's range that is of conservation concern whose distribution should be 
taken into account.  This Myrsine is M. fosbergii, which is considered a "Species of Concern" by 
the Pacific Ecoregion office of the U.S. Fish and Wildlife Service. 
 
If outplantings are to be established it would be best to restrict them to within the recorded 
current range of the species.  The species has no historical range beyond its current range.  
Although there is much acreage of seemingly suitable habitat for M. juddii further south along 
the Koolau summit divide, the species cannot be considered native to these areas when there is 
no evidence that the species' range ever included these parts of the Koolau Mountains. 
 
Threats:  The primary threats to M. juddii include feral pigs and alien plants such as Koster's 
curse (Clidemia hirta), and strawberry guava (Psidium cattleianum).  Threats to M. juddii's 
single population unit are identified in Table 11.43. 
 
Threats in the Action Area: Potential threats to Myrsine juddii caused by army training in the 
action area consist of trampling of seedlings during foot maneuvers, and the introduction of non-
native plants via transport of personnel and equipment between training areas. However, the 
threat from trampling is low. Additionally, this species is threatened with habitat destruction by 
feral pigs. 
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Figure 11.40 Current and historical distribution of Myrsine juddii in the Koolau Mountains, 
Oahu. 
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Discussion of Management Designations 
This species occurs in a somewhat continuous pattern across the northern Koolaus and was not 
broken into population units. The Army is responsible for maintaining the target number of 
individuals representing 3 population units and will report on as many sites as possible. For the 
purposes of this plan three areas within proposed or existing MUs will be reported on.  
 
Propagation & Genetic Storage 
Vegetative propagation has not been attempted for this taxon and will likely not be necessary, 
due to the high numbers of plants and fruit.  If seeds are not viable, or plants are close to other 
taxa of Myrsine so that hybridization is a concern, then vegetative propagation may be explored.  
Additionally, reintroductions are likely not necessary for this taxon, and propagules will not need 
to be produced for this purpose.  Viability and germination requirements, however, are currently 
unknown for this taxon.  Collections will be made to determine if seed storage is an appropriate 
action to maintain genetic storage requirements.  Seeds of the congener, M. lessertiana, have 
been collected and have high rates of germination.  Unfortunately, seeds appear not to be able to 
withstand desiccation and viable storage conditions have yet to be established.  If seed of M. 
juddii have similar storage behavior, micropropagation techniques will be pursued, as they have 
been successful for other congeners.  Genetic storage representation will hopefully be obtained 
from seed for storage or micropropagation.     
 
Management Notes 
This species is considered stable, however not all threats are removed. Monitoring of the number 
of individuals across the species’ range will be challenging. Until more thorough monitoring is 
done for this species the Army will report on the numbers of individuals currently protected 
within proposed or existing MUs. This species is observed frequently within its known range 
although this is not reflected in the current GIS data. Priority management actions include 
protecting three subpopulations of target stable numbers within proposed or existing 
management units (Koloa, Opaeula/Helemano, and Poamoho), attempting to map/GPS known 
populations, and collecting seeds for testing and genetic storage.  
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11.20 Tier 2: 
Sanicula purpurea: Taxon Summary and Stabilization Plan 

 
 
Scientific name:  Sanicula purpurea St. John & Hosaka 
Hawaiian name:  None known 
Family:  Apiaceae (Parsley family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 100 reproducing individuals (short-lived perennial, inconsistent flowering) 
• Threats controlled 
• Genetic storage collections all PUs 
• Tier 2 stabilization priority  

 
Description and biology:  Sanicula purpurea is a stout perennial herb up to 8-36 cm (3.1-14 in) 
tall with stems arising from a large tuberous base. The basal leaves are reniform or orbicular to 
ovate-cordate, 3-7-lobed, and 2-8 cm (0.8-3 in) wide.  The flowers are borne in terminal 
inflorescences.  Some flowers are perfect (possess male and female reproductive parts) and 
others are staminate (possess only male reproductive parts).   The petals are purple or cream 
tinged with purple.  The fruits are subglobose, 2-3.5 mm (0.1-0.14 in) long and 2-3 mm (ca. 0.1 
in) wide, and are covered with slender, straight, or slightly curved prickles. 
 
Little is known of the biology of S. purpurea.  Plants have been found flowering and fruiting 
throughout the year.  The species is presumably insect-pollinated.  The bristles on the species' 
fruits indicate a potential for dispersal by birds.  The species is presumed to be short-lived. 
 
Known distribution:  Sanicula purpurea is known from Oahu and West Maui.  On Oahu it has 
been documented only from the summit ridge of the Koolau Mountains.  Recorded elevations for 
the species on Oahu range from 700 to 957 m (2,300 to 3,140 ft).  On West Maui the species has 
been recorded only in montane bogs from to 1,460-1,527 m (4,800-5,010 ft) in elevation.  
Sanicula pollen has been reported from prehistoric pollen deposits in Pepeopae Bog on Molokai 
(Selling 1948).  It seems likely that this pollen is from S. purpurea, given the habitats in the 
general area of Pepeopae Bog, and Molokai's position right between Oahu and West Maui. 
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Population trends: All of the known population units of S. purpurea on Oahu were found in 
recent years, and clear population trends have not been documented.  Also, this species is 
particularly difficult to census.  The plants are small and often hidden in the vegetation.  Also, it 
is difficult to know what constitutes a single individual, and there may be times when some 
plants lose their leaves and are not visible above ground.  Because of these problems, changes in 
the numbers recorded in a given colony from year to year may not reflect actual changes. 
 
Current status:  Two population units of S. purpurea are known from the KLOA action area, 
and one is known from the East Range part of the SBMR action area.  These total about 4 mature 
and 56 immature plants, while there are just 5 plants known south of the action area.  On West 
Maui the species is thought to number a few hundred.  The current population units and the 
number of plants they contain are given in the status table below and their locations are plotted 
on figure 11.41. 
 
Habitat:  In the Koolau Mountains, S. purpurea has only been found on or adjacent to the 
summit ridge of the mountain range, particularly on ridges exposed to the prevailing tradewinds.   
A bog-like type of vegetation is characteristic of such exposed ridges in the Koolau Mountains.  
This vegetation contains a number of plants that are usually bog species elsewhere in Hawaii 
(Fosberg and Hosaka 1938). In this vegetation much of the ground is covered by bryophytes 
(mosses and liverworts).  The vegetation includes native shrubs, ferns, herbs, sedges, and 
grasses.  One recorded S. purpurea site, on the windward side of the summit ridge between 
Kaipapau and Kawainui Gulches, has been described as being a sloping open bog very similar in 
physiognomy and species composition to the more familiar montane bogs on Kauai, Molokai, 
Maui, and Hawaii (Fosberg and Hosaka 1938).  On West Maui, S. purpurea occurs in open 
montane bogs dominated by ohia lehua (Metrosideros polymorpha) and native sedges. 
 
The S. purpurea sites in the Koolau Mountains have been invaded to various extents by the alien 
narrow-leaved carpetgrass (Axonopus fissifolius), and in some cases it is now a dominant species.  
Associated native plant species in the Koolaus include ohia lehua (Metrosideros polymorpha), 
lehua papa (Metrosideros rugosa), kokoolau (Bidens macrocarpa), olapa (Cheirodendron 
trigynum), lapalapa (C. platyphyllum), Dichanthelium koolauense, pukiawe (Leptecophylla 
tameiameiae), uki (Machaerina angustifolia), Plantago pachyphylla, amau (Sadleria pallida), 
and ohelo (Vaccinium dentatum). 
 
Taxonomic background:  Sanicula purpurea is one of four endemic Hawaiian species of 
Sanicula.  It is the only species recorded from the Koolau Mountains. 
 
Outplanting considerations:  There are no hybridization concerns with respect to the 
outplanting of S. purpurea in the Koolau Mountains since no other species of Sanicula occur 
there. 
 
Threats:  Threats to S. purpurea on Oahu include feral pigs and alien plants.  The most serious 
alien plant threat to the species is the narrow-leaved carpetgrass (Axonopus fissifolius), which has 
come to dominate some of the S. purpurea sites.  Other alien plant threats to the Oahu plants 
include Koster's curse (Clidemia hirta), Glenwood grass (Sacciolepis indica), and Pterolepis 
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glomerata. On West Maui, the bog habitat of S. purpurea is still relatively pristine, and almost 
completely native in composition.  However, several alien plant species are found occasionally 
in the bogs.  Perhaps the most serious weed threat among them is Tibouchina herbacea.  Pigs 
also represent a threat to the plant and its bog habitats on West Maui, but to date, feral pig 
control has effectively kept the pig threat to a minimum.   
 
Threats in the Action Area: Threats to Sanicula purpurea in the action area include trampling 
from foot traffic and the introduction of non-native plants via transport of personnel and 
equipment between training areas. There is no fire threat for this wet forest habitat. The 
trampling threat is also very low due to the steep windward slopes this species inhabits. 
Additional threats to this species throughout its range include habitat degradation by feral pigs, 
and competition from non-native plant species, such as Axonopus fissifolius.   
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Figure 11.40 Current and historic distribution of Sanicula purpurea in the Koolau Mountains of 
Oahu. 
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Discussion of Management Designations 
The largest PUs on Oahu were chosen for management. The Schofield-Waikane Trail Summit 
and North of Puu Pauao PUs are 878m apart, but are considered to be separate PUs due to the 
typically harsh summit habitat they occupy and the very small stature of the plants which makes 
cross pollination unlikely. The Oahu PUs outside the action area were not chosen for 
management due to the low numbers of individuals they contain.   
 
Propagation and Genetic Storage 
Seeds are slow to germinate and may present similar levels of dormancy as it cogener, S. 
mariversa.  Plants can be propagated from seed.  Seeds will be stored at conditions similar to S. 
mariversa until studies for this taxon indicate otherwise.  Seeds will be collected from wild 
plants in situ to meet genetic storage requirements.  Vegetative propagation will likely not be 
attempted as plants may only produce one apical meristem.  This taxon has not been observed 
with multiple apical meristems.  Reintroductions will be established with seed collected in situ.      
 
Outplanting Issues 
The Army outplanted four individuals grown from the Helemano-Punaluu Summit PU into a site 
at the Opaeula Summit in 2000 in order to work out reintroduction techniques for the taxon.  
Currently, all four of the reintroduced plants are still alive.  One plant has reached reproductive 
maturity, and a new seedling was found near the mature plant.  The Army did not have success 
outplanting S. mariversa and suspect this result was due to much drier conditions in the Waianae 
Mountains.  The success of the first reintroduction attempt with this taxon may mean that S. 
purpurea may be easier to reintroduce than its congener. 
 
Management Notes 
Studies and observations on the phenology and longevity of individuals and populations on Oahu 
are greatly needed. Propagules should be collected whenever possible for genetic storage and 
testing. Due to a lack of knowledge about the biology of wild plants, research on both S. 
mariversa and S. purpurea should focus on determining seasonality.  Propagules may be faster 
and better produced for storage testing in the greenhouse if a few plants can be maintained. This 
also reduces impact to wild plants.   
These plants generally occur on steep slopes and may not be impacted by pigs as severely as 
other Koolau summit species in moderately sloped areas. A major weed threat to this species at 
all sites is the common carpet grass (Axonopus fissifolius). Priorities for management at all sites 
are seed collection for storage testing and propagation, fence construction, and weed control. 
The Poamoho Trail Summit PU will be protected within the Poamoho subunit I MU. The 
North of Puu Pauao PU will be protected within the Poamoho subunit III MU.  The Schofield-
Waikane Trail Summit PU will be protected within the South Kaukonahua subunit II MU. 
Thorough regular monitoring and collections for genetic storage testing and propagation are 
priorities for all manage for stability PUs. 
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Table 11.22 Priority Management Actions for Sanicula purpurea Army Stabilization PUs. 
Population Unit Specific Management Actions Partners/Concerns Timeline 

Poamoho Trail 
Summit PU 

• Construct fence 
• Control priority weeds 
• Collect propagules for 

augmentation and genetic storage 

• This MU needs an 
EA.  

• Within State 
proposed 
Poamoho NAR 

• Construct 
Poamoho MU, 
OIP yr 7; 2014 

North of Puu Pauao 
PU 

• Construct fence 
• Control priority weeds 
• Collect propagules for 

augmentation and genetic storage 

• This MU needs an 
EA. 

•  Within State 
proposed 
Poamoho NAR 

• Construct 
Poamoho III 
MU, OIP 8; 2015 

Schofield-Waikane 
Trail Summit PU 

• Construct South Kaukonahua MU 
• Control priority weeds 
• Collect propagules for 

augmentation and genetic storage 

• This MU needs an 
EA. 

• Construct South 
Kaukonahua II 
MU, OIP yr 8; 
2015 

Opaeula 
reintroduction 

• Monitor experimental 
reintroduction for longevity of 
individuals 

• This 
reintroduction 
occurs on State 
land 

• Monitoring 
continues yearly. 
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11.21 Tier 2: 
Viola oahuensis: Taxon Summary and Stabilization Plan  

 
Scientific name:  Viola oahuensis C. Forbes 
Hawaiian name:  None known 
Family:  Violaceae (Violet Family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Genetic storage collections from PUs managed for stability 
• Tier 2 stabilization priority 

 
Description and biology:  Viola oahuensis is an erect, usually unbranched subshrub 6-40 cm 
(2.4-16 in) tall. The alternately arranged elliptic leaves are clustered at the branch tips, hairless, 
and measure 3-12 cm (1.2-4.7 in) long by 2.5-5.8 cm (0.98-2.3 in) wide. The axillary 
inflorescences bear 1-2 flowers.  The petals are pale yellow; the upper ones 8-13 mm (0.31-0.51 
in) long, lateral ones 10-13.5 mm (0.39-0.53 in) long, and the lower one 12-16 mm (0.47-0.63 in) 
long.  The capsules are 9-16 mm (0.35-0.63 in) long, and contain pale brown seeds 1.6-2.1 mm 
(0.06-0.8 in) long. 
 
Little is known of V. oahuensis' biology.  Flowering and fruiting can be observed year round.  
The species is presumed to be insect pollinated.  Dispersal agents for V. oahuensis are unknown.  
Viola oahuensis is considered a short-lived species for the purposes of the Implementation Plan. 
 
Known distribution:  Viola oahuensis is endemic to the Koolau Mountains.  The species occurs 
on or near the summit ridge of the Koolaus.  It occurs primarily in the northern and central parts 
of the mountain range.  There are only a few records of the species in the southern part of the 
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Koolau Mountains.  Recorded elevations for the plant range from 415 to 960 m (1,360 to 3,150 
ft). 
 
Population trends: Population trends for this species are not known.  This species occurs in the 
most remote parts of the Koolau Mountains, and its populations have not been well monitored. 
 
Current status:  Currently there are several populations units known from the KLOA action 
area and the Koolau portion of the SBMR action area.  These plants total about one-fifth of the 
known wild individuals.  The current population units and the number of plants they contain are 
given in the status table below and their locations are plotted on figures 11.42-43. 
 
Habitat:  Viola oahuensis is known mostly in wet, windswept situations. The vegetation in these 
locations is often shrubland, bog vegetation, or bog-like vegetation, or sometimes scrubby forest 
adjacent to such locations.  The species' habitats are often dominated by ohia lehua 
(Metrosideros spp.) and uluhe (Dicranopteris linearis).  Common associated species include 
mehame (Antidesma platyphyllum), ohia ha (Syzygium sandwicensis), kokoolau (Bidens 
macrophylla), kanawao keokeo (Broussaisia arguta), hapuu (Cibotium spp.), pilo (Coprosma 
longifolia), uluhe lau nui (Diplopterygium pinnatum), naenae (Dubautia laxa), manono 
(Hedyotis terminalis and H. fosbergii), uki (Machaerina angustifolia), alani (Melicope spp), 
kolea (Myrsine spp.), kopiko (Psychotria spp.), and akia (Wikstroemia oahuensis).  
 
Taxonomic background: Viola oahuensis is one of seven native species of the genus Viola in 
Hawaii.  All are endemic to Hawaii.  Three species are native to the Koolau Mountains, namely 
V. oahuensis, V. kauaiensis, and V. chamissoniana.  
 
Outplanting considerations:  The only other Viola species that occurs naturally within V. 
oahuensis' range is V. kauaiensis. This species is endemic to Kauai and the Koolau Mountains on 
Oahu, where it has been recorded at only a few spots in the northern and central portions of the 
mountain range.  The Oahu populations of V. kauaiensis may actually represent a taxon distinct 
from the Kauai plants, but during the preparation of the most recent taxonomic treatment of 
Hawaiian Viola, no herbarium specimens of the Oahu plants were available for study (Wagner et 
al. 1990).  In addition to possibly representing a distinct taxon, the plants of the Oahu population 
of V. kauaiensis are extremely rare, as they are currently known from only a single small 
population containing perhaps only a few dozen individuals.  This last known population is 
within KLOA, adjacent to the Koolau summit ridge between Poamoho Gulch and Punaluu 
Valley. 
 
There is a case of putative hybridization between Hawaiian species of Viola, namely between V. 
maviensis and V. chamissoniana subsp. robusta at Pepeopae Bog on Molokai (Wagner et al. 
1990).  Viola oahuensis and V. kauaiensis have been recorded growing together in a small bog 
on the summit ridge between Kaipapau and Kawainui Gulches (Fosberg and Hosaka 1938).  The 
potential for hybridization between V. oahuensis and V. kauaiensis is not known.  In any case, 
given that the Oahu V. kauaiensis may actually represent an extremely rare taxon, if any 
reintroductions or augmentations of V. oahuensis are carried out, they should be located away 
from any V. kauaiensis populations to minimize the chance of unintended hybridization between 
the two species. 
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Threats:  Major threats to V. oahuensis in the wild include feral pigs, trampling by humans, and 
invasive alien plants.  The most serious alien plant species currently impacting populations of V. 
oahuensis are Koster's curse (Clidemia hirta), narrow-leaved carpetgrass (Axonopus fissifolius), 
strawberry guava (Psidium cattleianum), and Pterolepis glomerata.   
 
Threats in the Action Area: Within the action area Viola oahuensis is potentially threatened by 
trampling by foot maneuvers along summit trails and the introduction of non-native plant species 
via transport of personnel and equipment between training areas. However, the threat from 
trampling is low due to the remote summit habitat this species occupies. Currently this species is 
threatened throughout its range by habitat degradation by feral pigs and competition from non-
native plant species such as Axonopus fissifolius, Clidemia hirta, and Psidium cattleianum. 
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Figure 11.42 Current and historic distribution of Viola oahuensis in the Northern Koolau 
Mountains of Oahu. 
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Figure 11.43 Current and historic distribution of Viola oahuensis in the Central and Southern 
Koolau Mountains of Oahu. 
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Discussion of Management Designations 
This species is distributed in large sprawling populations that span sizeable geographic distances. 
The southern Koolau summit PUs were not chosen due to the difficulty in actively managing 
such large areas with relatively small numbers of individuals, in favor of managing PUs within 
the action area. PUs designated for stabilization were chosen to encompass the geographical 
range of the species within the action area. The Waimalu to Kahaluu Summit PU is the largest 
that was not chosen for management due to its distance from the action area. All other PUs were 
not chosen for management due to the small numbers of individuals and their distance to the 
action area.  
 
Propagation & Genetic Storage 
It has yet to be determined whether or not fruit should be collected pre-dehiscence or post-
dehiscence.  Germination studies have yet to be conducted.  Seeds of this taxon may behave 
similarly to its cogener, V. chamissoniana subsp. chamissoniana, in both germination and 
storage potential.  It has been observed that fruit of V. chamissoniana subsp. chamissoniana has 
low seed set in wild individuals and typically much higher seed set in living collection stock.  
Seeds of V. chamissoniana subsp. chamissoniana typically have high initial germination and can 
be stored using conventional methods in a dry, frozen environment.  Storage studies will be 
conducted when collections are made, and other forms of propagule storage will be investigated 
if seeds are not able to be stored.  Seeds will be collected in situ to meet genetic storage 
requirements.  Seed will not need to be collected for propagation as reintroductions will likely 
not be necessary for this taxon.        
 
Management Notes 
Priorities for all MFS PUs are surveys to determine the extent of the PUs and begin collections 
for genetic storage testing. Surveys are needed to determine the extent of the PUs within the 
proposed MUs. The Army feels the numbers of known individuals will greatly increase with 
surveys. Recent surveys within the Helemano and Opeaula PU have greatly increased the 
numbers of individuals known from this area. Most of the known individuals are within the 
Opaeula and Helemano MU.  

The Koloa PU will also likely have higher numbers of known individuals once more thorough 
surveys are conducted in the area. The Army will survey prior to the Koloa MU construction to 
capture as many individuals as possible within the fenced area. Currently, all the known 
individuals in this PU will be protected within the proposed Koloa MU.  

The Kaukonahua PU will likely also have higher numbers of individuals following thorough 
surveys of the area prior to the South Kaukonahua MU construction. The Kaukonahua PU will 
not be fully included in a contiguous fence. Individuals that fall outside the proposed fencelines 
will be managed for genetic storage collections to be used for storage and augmentation within 
fenced areas if necessary. 
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Table 11.21 Priority Management Actions for Viola oahuensis Army Stabilization PUs. 
Population Unit Specific Management Actions Partners/Concerns Timeline 

Koloa PU • Survey 
• Control priority weeds 
• Collect seeds for genetic storage 

• This MU needs 
an EA and 
license 
agreement with 
landowner. 

• construct Koloa 
MU, OIP yr 4; 
2011 

Kaukonahua PU • Survey 
• Control priority weeds 
• Collect seeds for genetic storage 

• This MU needs 
an EA. 

• Construct 
South 
Kaukonahua 
MU, OIP yr 5; 
2012 

Helemano and Opaeula 
PU 

• Control priority weeds 
• Collect seeds for genetic storage 

• MU fence 
completed. 

• Surveys and 
weed control 
ongoing 

• ongoing 
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11.22 Tier 3:  
Cyrtandra subumbellata: Taxon Summary and Stabilization Plan 

 
 
Scientific name:  Cyrtandra subumbellata (Hillebr.) St. John & Storey 
Hawaiian name:  Haiwale, kanawao keokeo 
Family:  Gesneriaceae (African violet family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 50 reproducing individuals (short-lived perennial)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 3 stabilization priority 

 
Description and biology:  Cyrtandra subumbellata is a perennial shrub 2-3 m (7-10 ft) tall. The 
leaves of this species are opposite, suborbicular to ovate, 12-39 cm (4.7-15.4 in) long, and 3-19 
cm (1.2-7.5 in) wide. The upper leaf surface is rugose and glabrous, and the lower leaf surface 
has conspicuously raised veins. The flowers are borne 5-15 in dense umbelliform cymes arising 
in the leaf axils.  The corollas are white, and are 18-20 mm (0.7-0.8 in) long. The berries are 
white, ovoid, measure 1-1.5 cm (0.4-0.6 in) long, and contain numerous minute seeds. 
 
Flowering and fruiting specimens of C. subumbellata have been collected at various times during 
the year.  The reproductive biology of most Hawaiian Cyrtandras, including C. subumbellata, 
has not been studied.  However, a study of the reproductive biology of another Oahu Cyrtandra, 
C. grandiflora, showed that it is self-compatible and that both self-pollination and cross-
pollination requires an unknown insect pollinator.  It was also found that there is a strong 
tendency for a flower's pollen to be shed before the flower's stigma becomes receptive to pollen, 
thereby decreasing the likelihood of self-pollination (Roelofs 1979).  Cyrtandra subumbellata's 
dispersal agents are unknown, although its white berries suggest dispersal by fruit-eating birds.  
The species is presumed to be short lived. 
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Known distribution:  Cyrtandra subumbellata has been found in a small portion of the 
windward Koolau Mountains, and at a single location on the leeward side of the range.  On the 
windward side of the range the species has been documented from the valleys of Waikane, 
Kahana, and Punaluu, and Kaluanui Gulch.  The only leeward station for the species is in South 
Kaukonahua Gulch in SBMR East Range.  Recorded elevations for the species range from 460 to 
760 m (1,500 to 2,500 ft). 
 
Population trends:  Two of the three current population units were relatively recently found.  
The South Kaukonahua Gulch PU was found in 1994 on a biological survey of SBMR.  The 
Punaluu plants were discovered only in 1995.  Too little time has passed for population trends to 
be evident in these PUs.  In contrast, the Kahana plants became known to botanists in the early 
1900s when the Castle Trail was built through the C. subumbellata PU.  In 1941 the species was 
described by the botanist Harold St. John as being “common” along the trail (St. John 1966).  
Now only one or two plants can be spotted from the trail (Lau. pers. comm. 2005). 
 
Current status:  A total of about 212 mature plants are known from the four PUs.  The South 
Kaukonahua PU, which is the only one in an action area, contains about 6 mature plants.  The 
current population units and the number of plants they contain are given in the status table below 
and their locations are plotted on figure 11.44. 
 
Habitat:  Cyrtandra subumbellata occurs in ohia lehua (Metrosideros spp.) wet forest or mixed 
ohia lehua-uluhe-koa (M. polymorpha-Dicranopteris linearis-Acacia koa) wet forest, in gulch 
bottoms or on gulch slopes.  Common associated species include Boehmeria grandis, kanawao 
keokeo (Broussaisia arguta), mehame (Antidesma platyphylla), manono (Hedyotis terminalis), 
and kopiko (Psychotria spp.). 
 
Taxonomic background:  Cyrtandra is one of the two largest genera in the native Hawaiian 
flora, including about 60 species, all of which are Hawaiian Endemics.  Twenty-four of these 
species occur on Oahu. 
 
Outplanting considerations:  Hybridization between Hawaiian Cyrtandra species is very 
common.  It is possible that the formation of hybrid populations between a given pair of 
Cyrtandra species occurred naturally in pre-human times.  Alternatively, it is also possible that 
the two species did not normally hybridize due to ecological reproductive barriers that 
effectively prevented hybridization of the two species.  Alteration of the habitat of these plants 
resulting from the human presence in Hawaii could then have led to a breakdown of these 
reproductive barriers, allowing a higher level of hybridization than originally, and a blurring of 
species boundaries.  Whether the frequency of hybridization observed today represents a threat to 
Hawaiian Cyrtandra species should be studied. 
 
Cyrtandra subumbellata potentially occurs alongside C. propinqua, C. hawaiiensis, C. paludosa, 
C. kalihii, C. calpidicarpa, C. rivularis, C. lessoniana, C. waiolani, C. sessilis, and C. laxiflora.  
Any area suitable for the outplanting of C. subumbellata would already contain some of these 
species of Cyrtandra.  Since hybridization frequently occurs in the wild populations of C. 
subumbellata, the outplanted plants would be expected to hybridize to some extent with the 
Cyrtandra species already growing around the outplanting site. 
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The purity of the planting stock would be of concern in outplanting C. subumbellata, since there 
is a good chance that some seedlings raised from wild collected seeds are actually hybrids. 
 
Threats:  Primary threats to C. subumbellata include pigs and invasive alien plants such as 
Koster’s curse (Clidemia hirta), strawberry guava (Psidium cattleianum).  The species is 
potentially threatened by military activities, and predation by rats and slugs.   
 
Threats in the Action Area: Within the action area Cyrtandra subumbellata may be threatened 
by trampling and the introduction of non-native plant species due to army training maneuvers. 
However, the threat from this type of training is very low due to the very remote habitat and 
steep terrain this species inhabits. Added threats throughout the range of this species include, 
habitat degradation by feral pigs and competition from non-native plant species.  
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Figure 11.44 Current and historic distribution of Cyrtandra subumbellata in the Koolau 
Mountains of Oahu. 
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Discussion of Management Designation 
Cyrtandra subumbellata can occur on steep windward cliff faces, a habitat that is vastly under 
surveyed. The Punaluu PU occurs predominately on the very steep windward cliff faces and may 
not need fencing. This population appears to be stable with an intact habitat and will be managed 
for stability. The Kahana PU was previously not chosen for management due to the steep terrain 
the plants inhabit and the degraded nature of the site. However, the Army has chosen to manage 
this PU instead of creating a reintroduction. The Kaukonahua PU occurs in moderate terrain near 
a gulch bottom, well within the action area and will be managed for stability. The Uwao PU was 
not chosen to be managed for stability because the two individuals observed appeared to be of 
hybrid origin. However, the location is significantly far away from the other known individuals 
that further surveys will likely reveal more pure individuals in the area.  
 
Propagation and Genetic Storage 
Vegetative propagation has not been attempted with this taxon.  Due to the high likelihood that 
this taxon has and can hybridize with other taxa of Cyrtandra (Roelofs1979, Wagner, Herbst & 
Sohmer 1990, Smith, Burke & Wagner 1996), clonal propagation may be critical for maintaining 
pure representation of this taxon.  Plants currently in the nursery will be used to develop 
successful cloning techniques.  Once methods are developed, clonal propagation may occur for 
founders that are susceptible to hybridization (other Cyrtandra taxa in area), non-reproductive, or 
outlying.  Viable seed has been collected from wild plants.  Plants can be propagated from seed.  
Seedling stock propagated in the nursery flowered one year after germination.  Seed storage 
studies are ongoing, and current results indicate that seeds will likely store similarly to other 
species of Cyrtandra.   Collections will be made for additional storage testing designed to 
determine the optimal temperature for long term seed storage.  Ongoing collaborative research 
on other species of Cyrtandra suggests that storage longevity may not be as long as detected for 
other genera.  More frequent recollections from wild plants may be necessary to maintain genetic 
representation through seed storage.  Seed collected in situ as well as cloned propagules will 
likely be used to establish reintroductions.  
 
 Roelofs, F. M. 1979 [1980]. The reproductive biology of Cyrtandra grandiflora (Gesneriaceae) 
on Oahu. Pacific Sci. 33:223-231. 
 
Smith, J.F., C.C. Burke & W.L. Wagner. 1996. Interspecific hybridization in natural populations 
of Cyrtandra (Gesneriaceae) on the Hawaiian Islands: Evidence from RAPD markers. Plant 
Systematics & Evolution 200: (1-2): 61-77. 
 
Wagner, W. L., D. R. Herbst, and S. H. Sohmer. 1990. Manual of the flowering plants of Hawaii. 
Bishop Mus. Spec. Publ. 83:1-1853. Univ. of Hawaii Press and Bishop Mus. Press. Honolulu, 
HI. 
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Management Notes 
The Kaukonahua PU is the only occurrence of this species on the leeward side of the Koolau 
Mountains. The PU is within the proposed South Kaukonahua subunit I MU. Augmentations 
may be necessary to reach stabilization target numbers. This action may take place prior to the 
initiation of Tier 3 stabilization as this fence will be constructed in OIP year 5; 2012.  
The Punaluu PU has not been surveyed thoroughly and a determination on ungulate threat needs 
to be made. This should be done prior to the initiation of tier 3 so that if training changes occur 
the Army will know the status of this taxon.  
The Kahana PU was monitored by the Army in the last 3 years and some genetic collections 
were made and plants from this collection are currently growing in the Army greenhouse. The 
Army needs to determine if this PU can be fenced. 
 
 
Table 11.22 Priority Management Actions for Cyrtandra subumbellata Army Stabilization PUs. 

Population Unit Specific Management Actions Concerns/Partners Timeline 

Punaluu PU • Survey to determine the extent 
of the PU 

• Control priority weeds 
• Determine feasibility of 

fencing 
• Collect propagules for genetic 

storage 

• Prior to surveys a 
license agreement 
with the 
landowner, 
Kamehameha 
Schools is 
needed.  

• The license 
agreement is in 
process 

Kaukonahua PU • Construct South Kaukonahua I 
MU 

• Control priority weeds 
• Collect propagules for 

augmentation and genetic 
storage 

• Augment within the South 
Kaukonahua I MU 

• This MU needs 
an EA. 

• Construct S. 
Kaukonahua I 
MU, OIP yr 5; 
2012 

Kahana PU • Re-monitor 
• Determine ungulate protection 

needs 
• Collect propagules for genetic 

storage 
 

• A license 
agreement is 
needed with the 
State prior to 
further collections 
and or other 
management 
actions 

• The license 
agreement is in 
process 
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11.23 Tier 3: 
Lobelia gaudichaudii subsp. koolauensis: Taxon Summary and 
Stabilization Plan 

 
 
Scientific name:  Lobelia gaudichaudii subsp. koolauensis (Hosaka & Fosb.) Lammers 
Hawaiian name:  Haha 
Family:  Campanulaceae (Bellflower family) 
Federal status:  Listed endangered 
 
Requirements for Stability 

• 3 population units (PUs) 
• 100 reproducing individuals (short-lived perennial; monocarpic; inconsistent flowering)  
• Threats controlled 
• Genetic storage collections from all PUs 
• Tier 3 stabilization priority 

 
Description and biology:  Lobelia gaudichaudii subsp. koolauensis is an unbranched or 
sparingly branched shrub up to 1.5 m (4.9 ft) tall.  Each stem bears a dense rosette of leaves.  The 
leaves are glabrous and sessile, oblanceolate to oblong, 8-19 cm (3.1-7.5 in) long and 1.3-2.8 cm 
(0.51-1.1 in) wide. The flowers are borne in terminal racemes with 2-6 branches arising from the 
base of the raceme.  The flower's corolla is greenish to yellowish white, and 50-75 mm (2.0-3.0 
in) long.  The fruit is a capsule that is ovoid in shape, and measures15-20 mm (0.59-0.79 in) 
long.  The capsules dry on the inflorescence and split open to release numerous small brownish, 
ovoid, compressed, minutely winged seeds.  The stem bearing the inflorescence dies after 
flowering and fruiting. 
 
Lobelia gaudichaudii subsp. koolauensis has been seen flowering primarily from May through 
October, and fruiting from July through November.  As with most other Hawaiian lobelioids 
with their long tubular flowers, this taxon is thought to have been pollinated by nectar-feeding 
birds.  A study by Lammers and Freeman (1986) found that most Hawaiian lobelioids have a 
nectar sugar profile typical of bird-pollinated flowers.  Lobelia gaudichaudii subsp. koolauensis 
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is probably capable of self-pollination, as several other species of Hawaiian lobelioids have been 
found capable of selfing in cultivation.  As the seeds of this taxon are extremely small and are 
winged, it is apparently wind-dispersed.  For the purposes of this Implementation Plan, the taxon 
is categorized as a short-lived taxon. 
 
Known distribution:  Lobelia gaudichaudii subsp. koolauensis is endemic to the higher 
elevations of the northern and central portions of the Koolau Mountains on Oahu.  Only four 
population units have been recorded to date.  They are distributed from the type locality for the 
taxon on the Kaipapau-Kawainui summit ridge in the north, to Waiawa and Waimano in the 
central Koolau Mountains.  Recorded elevations for the taxon range from 600-850 m (1,969-
2,790 ft). 
 
Population trends: There is little information on population trends for L. gaudichaudii subsp. 
koolauensis.  The population units at the heads of South Kaukonahua and Kipapa Gulches were 
discovered too recently for population trends to be evident.  The South Kaukonahua plants were 
found in 1997, and Kipapa plants were found in 2004.  The third population unit, which covers 
an extensive area beginning in Waiawa Gulch and ending at Waimano Gulch, has been known 
for decades because the Manana Trail passes through the area, but the number of plants there has 
not been well documented through the years.  The plants at the taxon's type locality at the head 
of Kaipapau Gulch reportedly contained about 15-20 mature plants when discovered in 1937 
(Fosberg and Hosaka 1938).  Since then, there have been no reported attempts to locate the 
plants again, and it is possible that the taxon still exists at this location. Recently, the Army 
discovered some individuals of this subspecies within the Lehua Makanoe Bog fence in the 
summit area of the Kawaiiki drainage. This PU along with the South Kaukonahua and Kipapa 
PU appear to have both L. gaudichaudii subsp. koolauensis and L. gaudichaudii subsp. 
gaudichaudii.  
 
Current status: As discussed above, there are currently four known population units of this 
taxon.  The population unit in Waiawa to Waimano Gulches, with an estimated 180 plants, 
contains the majority of the known plants of this taxon.  The South Kaukonahua population unit 
is in the East Range of SBMR, and has approximately 3 mature and 42 immature plants.  The 
Kipapa Gulch site is in the Oahu Forest National Wildlife Refuge.  When observed in May 2005, 
at least 30-40 mature plants with inflorescences were observed (Bakutis pers. comm. 2005).  
Since this area has both subspecies of L. gaudichaudii, and the non-flowering plants could not be 
distinguished from one another at that time, the number of non-flowering mature plants and 
immature plants of subsp. koolauensis could not be determined.  The identification of vegetative 
plants of L. gaudichaudii to the subspecies level in the field might be possible once one becomes 
familiar with vegetative differences between the two subspecies. 
 
The current population units and the number of plants they contain are given in the status table 
below and their locations are plotted on figure 11.45. 
 
Habitat:  The habitat at the type locality of L. gaudichaudii subsp. koolauensis on the windward 
side of the summit ridge between Kaipapau and Kawainui Gulches has been described as being a 
sloping open bog very similar in physiognomy and species composition to the more familiar 
montane bogs on Kauai, Molokai, Maui, and Hawaii (Fosberg and Hosaka1938).   
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The only other records for this taxon are the three extant population units, which are located in 
bog-like vegetation on windswept ridges.  In the wet, high elevation, parts of the Koolau 
Mountains this type of vegetation is characteristic of extremely exposed ridges.  This vegetation 
contains a number of kinds of plants that are usually bog species elsewhere (Fosberg and Hosaka 
1938.  Plants occurring in Koolau bogs and bog-like habitats include Metrosideros polymorpha, 
including a prostrate form of the species in the most exposed situations, Machaerina 
angustifolia, Sadleria pallida, Bidens macrocarpa, Broussaisia argutus, Dubautia laxa, 
Cibotium spp., Isachne spp. Rhynchospora spp., and Vaccinium spp.  Bryophytes (mosses and 
livorworts) constitute much of the groundcover in this vegetation type. 
 
The Waiawa to Waimano population unit extends as far as 1 km (0.6 mi) leeward of the Koolau 
summit ridge, which is unusual for this taxon.  This can be explained by the fact that the bog-like 
vegetation in which this taxon characteristically grows extends farther to the lee of the Koolau 
summit ridge here than anywhere else in the mountain range. 
 
Taxonomic background: The genus Lobelia worldwide has over 350 species.  There are 13 
native species of Lobelia in Hawaii, all endemic to Hawaii, four of which occur in the Koolau 
Mountains.  The four are L. gaudichaudii, L. hypoleuca, L. monostachya and L. oahuensis.  
Lobelia hypoleuca and L. oahuensis are closely related.  They both belong to a group of 
Hawaiian Lobelia species whose flowers are blue.  Lobelia gaudichaudii is closely related to L. 
kauaensis and L. villosa of Kauai, and L. gloria-montis of Molokai and Maui, all of which are 
characteristically bog species.  Lobelia monostachya is closely related to L. niihauensis. Both are 
adapted to lower elevation, dry exposed cliffs. The species L. gaudichaudii consists of two 
subspecies, subsp. koolauensis, and subsp. gaudichaudii, both of which are endemic to the 
Koolau Mountains.  Subsp. gaudichaudii has single-branched inflorescences with magenta 
colored flowers, whereas subsp. koolauensis has branched inflorescences with white flowers. 
 
Outplanting considerations: Although more common than subsp. koolauensis, subsp. 
gaudichaudii is also a rare plant.  As with subsp. koolauensis, it occurs only in the summit areas 
of the Koolau Mountains, and it can be found in habitats similar to subsp. koolauensis' habitats.   
At the Kipapa and Kawaiiki PUs subsp. gaudichaudii been observed growing with subsp. 
koolauensis.  This co-occurrence of the two subspecies should be studied.  Their growing side by 
side suggests that the two taxa may be reproductively isolated from one another, but until more is 
known about their potential for hybridizing, one subspecies should not be outplanted next to the 
other. 
 
There are three additional species of Lobelia that occur in L. gaudichaudii subsp. koolauensis’ 
habitat. One is L. hypoleuca, which is not considered rare, and occurs on most of the main 
islands of Hawaii.  A second Lobelia species, L. oahuensis, is a rare, listed endangered plant 
endemic to the Koolau Mountains.  Both of these species can occur in or near L. gaudichaudii 
habitat.  However, no hybridization has been observed between either of these species and L. 
gaudichaudii.  Hybridization concerns with respect to these two species are minimal.  However, 
since L. oahuensis is a rare plant, its occurrences should be avoided if outplanting L. g. subsp. 
koolauensis becomes necessary. The third species, L. monostachya, is known only from a few 
plants in the Southern Koolaus and occurs on dry, exposed cliff habitat at lower elevations. 
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There are no hybridization concerns regarding L. gaudichaudii and L. monostachya due to their 
occupying distinctly different habitats and their non-overlapping geographical ranges. 
 
Threats:  The primary threats to L. g. subsp. koolauensis include feral pigs and alien plant 
species. Alien plant species that are potentially threatening include narrow-leaved carpetgrass 
(Axonopus fissifolius), Koster's curse (Clidemia hirta), strawberry guava (Psidium cattleianum), 
Pterolepis glomerata, and Glenwood grass (Sacciolepis indica). Additional threats to the taxon 
include predation by slugs and rats, and trampling by hikers.  
 
The long-billed, nectar-feeding native Hawaiian birds, which are the presumed original 
pollinators of L. g. subsp. koolauensis, have become extremely rare on Oahu.  Although L. g. 
subsp. koolauensis is probably capable of selfing, the loss of its normal pollinating vectors is 
likely to result in decreased genetic variability within its populations over successive 
generations. 
 
Threats in the Action Area: Potential threats to Lobelia gaudichaudii subsp. koolauensis 
caused by army training activities include trampling by foot maneuvers and the introduction of 
competing non-native plant species via transport of personnel and equipment between training 
areas. However, the due to the remote locations of this species, the threat from trampling is very 
low. There is no fire threat to PUs of this species in the action area. Throughout its range this 
species is also threatened by habitat destruction and trampling by feral pigs, and competition 
from non-native plant species such as Axonopus fissifolius.  
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Figure 11.45 Current and historical distribution of Lobelia gaudichaudii subsp. koolauensis in 
the Koolau Mountains, Oahu. 
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Discussion of Management Designations 
The PUs chosen for management are Kaukonahua, Kipapa, and Waiawa to Waimano.  
Individuals in the Waiawa to Waimano PU that fall outside the Waiawa MU will be managed for 
genetic storage collection.  
 
Propagation and Genetic Storage 
Since it appears difficult to distinguish this taxon from L. gaudichaudii subsp. gaudichaudii prior 
to flowering, vegetative propagation has not been and will likely not be attempted.  This taxon 
has been successfully propagated from seed and this is the preferred propagation technique.  
Seed storage studies indicate storage characteristics similar to species of Cyanea.   Currently, all 
studied species of Cyanea exhibit unique storage requirements, consisting of an inability to 
tolerate frozen storage temperatures.  Research is ongoing with collaborators at the USDA-ARS 
National Center for Genetic Resources Preservation to determine the cause of this anomaly, 
focusing on lipid composition of seeds of taxa of Cyanea.  Research is also targeting the storage 
temperatures that will prolong viability the longest.  Seed collected in situ will be used to 
establish reintroductions.  
 
Research Issues 
Outstanding research issues include studies of possible hybridization between the two 
subspecies, development of techniques to differentiate immature plants of the subspecies from 
each other and life history research for L. gaudichaudii subsp. koolauensis.  
 
Management Notes 
The Kaukonahua PU will be managed within the South Kaukonahua I MU. A priority for this 
PU is the construction of the MU fence and genetic storage collections for testing and 
propagation.  
The Kipapa PU is within the FWS Oahu Forest National Wildlife Refuge. This PU contains 
both subspecies growing sympatrically. A priority for this PU is monitoring to determine how 
many individuals are subspecies koolauensis and collection for genetic storage testing and 
propagation. This PU also needs to be fenced to protect it from ungulates. However, the Kipapa 
MU has a lower priority for construction than the other OIP MUs because it contains just one 
species (a Tier 3). Therefore, a priority for this PU is also working with the FWS and the Koolau 
Mountains Watershed Partnership (KMWP) to construct this fence prior to the projected date in 
the OIP.  
The Waiawa to Waimano PU occurs along the ridges of these two valleys and portions of the 
PU will be protected within the Waiawa, Manana, and Waimano MUs. This PU currently has 
numerous individuals, however, fencing is still considered a high priority.  
Monitoring phenology is important for all PUs as there are likely both L. gaudichaudii subsp. 
gaudichaudii and L. gaudichaudii subsp. koolauensis within some PUs. As mentioned there is a 
need to be able to distinguish between immature individuals of both subspecies. Currently, the 
primary distinguishing characters between the subspecies are found only on mature individuals. 
With sympatric subspecies that are also monocarpic it is difficult to determine population 
structure. Monitoring of individuals over time may provide additional vegetative distinguishing 
characters between the two subspecies. 
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Table 11.23 Priority Management Actions for Lobelia gaudichaudii subsp. koolauensis. 

Population Unit Specific Management Actions Partners/Concerns Timeline 

Kaukonahua PU • Construct South Kaukonahua MU 
• Control priority weeds 
• Collect propagules for 

augmentation and genetic storage 
• Outplant 

• This MU needs an 
EA. 

• Construct S. 
Kaukonahua 
MU I, OIP yr 6; 
2013 

Kipapa PU • Construct Kipapa MU fence 
• Collect propagules for 

augmentation and genetic storage  
• Control priority weeds 
• Outplant 

• This MU needs an 
EA. 

• Construct 
Kipapa MU, 
OIP yr 12; 2019 

Waiawa to Waimano 
PU 

• Construct Waiawa I & II MU 
fences 

• Control priority weeds 
• Collect propagules for genetic 

storage 

• Waiawa I has an EA 
w/ FONSI 

• Waiawa II and 
Manana MUs need 
an EA a finalized 
State Agreement 

• Construct 
Waiawa I and II 
MUs, OIP yrs 
10 and 12; 
2017, 2019 

 




