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Chapter 3: RARE PLANT STABILIZATION PLAN STATUS  
 
General Rare Plant Issues 
In preparation of this section, NRS attempted to touch on all of the parts of the MIP stabilization 
plan outlined for plants.  This includes a discussion on taxon status, genetic storage, outplanting 
and threats.  The minimum requirement for each rare plant taxa covered under the MIP is to 
implement Population Unit (PU) management and associated ecosystem level management to 
achieve stable population numbers at all ‘manage for stability’ PUs.  The most current list of 
selected PUs to be managed to stability are outlined in the MIP Addendum 2004.  A number of 
over-arching rare plant related actions are discussed up front in the beginning of this chapter 
followed by 27 Species Status Summaries, one for each of the MIP rare plant taxa requiring 
stabilization.  
 
Propagation infrastructure 
An urgent action from 2002 was to construct additional greenhouse space for propagation of 
plants related to the MIP.  NRS have reached capacity in the current space.  The nursery space 
was planned for the Pahole Mid-Elevation Nursery owned by the State of Hawai‘i.  The Army 
and the State have been working to overcome a number of planning, permitting, budgetary, 
staffing changes and logistical issues in order to begin construction.  Ground-work for the new 
greenhouse is set to begin shortly.  Construction of this facility in the short term is critical to 
achieving MIP reintroduction and genetic storage goals.  In addition to the basic need for space, 
the mid-elevation location is critical in propagating certain MIP taxa.  The NRS Horticulturist 
has documented significant performance differences for many species between the lower 
elevation greenhouse and the higher elevation Pahole Nursery.  Of special note are Viola 
chammisoniana and Dubautia herbstobatae, which will not flower at lower elevations, but do so 
prolifically at the Pahole Nursery.  Flowering for these two taxa is important in securing seed 
collections for genetic storage.  Living collections require significant amounts of growing space 
and as a result nursery space, even after the Pahole Nursery comes on line, will be limited.  In 
addition, O‘ahu Implementation Plan needs will place more demands on existing facilities.  NRS 
will investigate other options for additional expansion at sites within the Kahuku Training Area 
and Schofield Barracks, East Range. 
 
NRS have set up two growth chambers at the Army Natural Resources Center.  The temperature, 
humidity and day length within these chambers can be adjusted, allowing NRS to more closely 
control the growing environment and mimic conditions for a particular elevation.  The growth 
chambers are used for seed germination and initial seedling growth.  Germination rates can be 
more closely tracked as seeds are germinated in Petri dishes.  This propagation technique has 
increased germination rates and seedling survivorship, thus reducing the number of seeds 
withdrawn from the Seed Conservation Lab.  The growth chambers also allow seedlings from 
different populations to grow in the same controlled environment, similar to a common garden 
experiment.  As a result, NRS has observed differences in leaf morphology between seedlings of 
the same species from different populations. 
 
Research 
A number of research issues arise repeatedly in the following species status summaries.  In order 
to address these research topics, we have created a new position, a ‘Research Specialist’.  This 
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person was hired to conduct management-related research, coordinate with researchers 
conducting work related to MIP management and to seek out more interest in MIP-related 
research topics.  Much of this person’s work will focus on rare plant management, in particular 
developing control techniques for slugs, black twig borer and other limiting factors.  The 
following is a list of research projects related to MIP rare plants.   

o Determine if slug baiting can be done safely in native habitat with special attention to the 
effect on recruitment of MIP species and slug bait efficacy. 

o Coordinate with the Hawaii Agricultural Research Center (HARC) in testing pheromone 
attractants to control black twig borer in native habitats.   

o Conduct greenhouse trials to determine the relative impacts of mechanical damage from 
the twig borer versus the damage incurred from the fungus. 

o Test pesticides ex situ for use in controlling black twig borer and pursue an experimental 
use permit for forest use.  Determine the effectiveness in the field of any new products. 

o Coordinate with researchers studying control techniques for the Erythrina gall wasp.  
Monitor populations of Erythrina sandwichensis critical to MIP taxa stabilization. 

o Coordinate with seed conservation specialist to determine the best germination and 
storage techniques for MIP rare plant taxa. 

 
Monitoring 
An obstacle to clear and meaningful reporting on population trends and management efficacy has 
been a lack of monitoring techniques and infrastructure.  This year a Mākua Monitoring Program 
Manager was hired to increase monitoring efforts and guide adaptive management.  There are a 
number of questions that can be asked related to MIP management.  The following is a short list 
of high priority rare plant related monitoring questions.  NRS will need to prioritize monitoring 
needs. 

o Development of monitoring techniques for Sanicula mariversa 
o Using high-resolution imagery to monitor population trends for especially large 

populations on cliffs. 
o Monitoring small size classes using a sub-sampling technique for Cenchrus 

agrimonioides var. agrimonioides 
o Developing low-impact population monitoring techniques for populations such as the 

Chamaesyce celastroides var. kaenana population at Ka'ena point. 
 
Example Species Status Summary 
The species status summary outlines all work conducted by NRS for a particular taxon.  Each 
discussion has the same format.  This format is explained in detail below. 
 
Requirements for Stability: 
 
This section defines requirements for reaching stability for each taxon.  This section has not 
changed from the final IP.   
 

• 3 Population Units (PUs) 
• [25-100] reproducing individuals in each PU (justification for number of individuals; life 

span, life form, other factors) 
• Threats controlled 
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• Complete genetic representation of all PUs in storage 
 
Taxon-Level Discussion 
 
The taxon-level discussion covers four main topics related to taxon status: 
 

1) Justification is given for which sites were chosen as ‘manage for stability’.   If more than 
one of the ‘manage for stability’ PUs is in the Action Area (AA), this is also justified.  
Any new populations found in the last year are recognized and implications for 
management are discussed.  Any PU management designation changes are justified and 
presented for discussion. 

2) Taxon threats are introduced. 
3) The prognosis for reaching stability and the challenges to reaching stability are discussed.  

PUs with stable numbers of plants are recognized.  Challenges include taxon threats, 
propagation hurdles, and unique species issues.   

4) Any proposed changes to the stabilization approach or goals since the January 2005 MIT 
meeting are also presented in this section. 

 
Example ‘Taxon Status’ Table   
 

 
 
This table covers the current status of wild and outplanted plants.  Population units are grouped 
into extant PUs in the AA and out of the AA, and new PUs established via reintroductions.  In a 
number of cases NRS have not actually monitored a PU due to landowner permission issues. 
NRS will continue to pursue these permissions but are adapting plans with the expectation that 
access may not be granted. 
 
Makua Population Unit Name:  PUs were modified based on changes agreed upon by the MIT at 
the January 2005 meeting.  Where PUs were merged, the names of the former PUs were 
combined, i.e. the separate population units ‘Kahanāhaiki’ and ‘Pahole’ are now ‘Kahanāhaiki’ 
and Pahole’.  None of the original PUs were divided.  Only PUs designated for management are 
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shown in the table.  Some reintroductions which have not yet begun are shown in the table with 
zeros for population numbers. 
 
Management Designation:  Management status is based on changes agreed upon by the IT at the 
January 2005 meeting, and thus may be different from the final IP, 2004 MIP Status Report and 
the MIP Addendum.  Most population units are either ‘manage for stability’, ‘manage 
reintroduction for stability’ or ‘genetic storage’.  In addition, Neraudia angulata at Kaluakauila 
carries the designation, ‘manage reintroduction for storage’ to clarify that wild plants no longer 
exist at the site but the reintroduced plants are valuable as stock representing the Kapuna PU.  
The ‘manage as a propagule source’ category has been eliminated.   
 
NRS Mature, Immature 2004:  The number of mature NRS monitored plants, as reported in the 
MIP Status Report 2004 in the Taxon Status Table.  For populations discovered since the 2004 
Status Report, this column is blank.  If a PU was split, thus creating a new population division, a 
zero is used in this column in order to distinguish it from entirely new PUs.  If the number was 
previously presented as a range, for example 70-120, formatting problems required that we use 
the average so the number is 95.  These formatting problems will be corrected for the next MIP 
Status report.  The number of immature plants NRS monitored, as reported in the MIP Status 
Report 2004 in the Taxon Status Table.  For populations discovered since the 2004 Status report, 
this column is blank.   
 
Current Mature, Immature, Seedling:  These three columns reflect the most up to date individual 
plant numbers for each PU of the wild plants.  In most cases these numbers are generated from 
Army monitoring data, but data from the O‘ahu Genetic Safety Net (GSN), the Nature 
Conservancy (TNC) and the State of Hawai‘i are used for some PUs.  This is the case for those 
PUs where other agencies have a management mandate and are conducting sufficient 
management to meet MIP needs.  Numbers reported have only changed since last year if new 
monitoring data was acquired since the last reporting period.  If no additional monitoring was 
conducted in the last year, last year’s number is used.  A discussion of number changes since last 
year’s MIP status report is included in the ‘Population Unit Level Discussion’ for each PU.   
 
Current Augmented Mature, Immature, Seedling:  The numbers of individuals NRS and partner 
agencies have outplanted into a PU.  The number represents augmentations into the PU rather 
than reintroductions of genetic stock from that PU.  In most cases, augmentations into a PU will 
be from that PU’s genetic stock.  Exceptions are discussed in the text. 
 
Total Mature, Immature, Seedling:  The sum of the updated numbers of in situ plants and the 
number of augmented individuals.  This number shows how close each PU is to reaching the 
stability number of individuals.  The numbers also indicate whether recruitment is occurring 
within PUs.   
 
Genetic storage 
 
The status of seed storage testing and an overview of seed storage collections are discussed here.  
Living storage collection techniques are also discussed, including micropropagation, greenhouse 
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and garden collections.  The relative success rates of the different techniques and general 
recommendations for future genetic storage efforts are given. 
 
Example ‘Genetic Storage Summary’ Table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This table shows the status of NRS’s and partner agencies’ (including TNC, Honolulu Board of 
Water Supply (BWS), GSN and the  
State of Hawai‘i) collections.   
 
Number of Potential Founders:  This column lists the current live immature and mature plants 
which have been collected from or may be collected from in the future and the number of dead 
plants from which collections were made in the past.  Immature plants are included as founders 
for all taxa because of database limitations, but they can only serve as founders for some taxa.  
For example, for Hibiscus brackenridgei, cuttings can be taken from immature plants for 
propagation.  In comparison, for S. mariver, cuttings are not taken and seeds are the primary 
propagule used in collecting for genetic storage.  Therefore, the number of founders for S. 
mariversa is over-estimated.  ‘Manage reintroduction for stability’ PUs may be on this list but 
have zero potential founders. 
 
Partial Storage Status:  According to the plant stabilization plans, for taxa where seed storage is 
the preferred genetic storage method, up to 50 seeds should be collected from each of up to 50 
plants per population.  Since the MIP is in the early stages of implementation, NRS felt it was 
important to show how many plants were partially to this goal.  The table displays the number of 
plants for which >10 seeds are in storage.  This column does not show the total number of seeds 
in storage; in some cases thousands of seeds have been collected from one plant.  Where large 
numbers of seeds have been collected, more information is included in the text.  The goal for 
vegetative collections is a minimum of three clones per plant.  Plants with greater than or equal 
to one plant in either micropropagation or the nursery are reported here.   
 
Storage Goals Met:  This column displays the total number of plants per PU that have met the 
MIP collection goals.  The plant is included if it has 50 seeds in storage, or three clones in 
micropropagation or three in the nursery.  For some PUs, the number of founders has increased 



Chapter 3.0 Rare Plant Stabilization Plan Status  3-6 

2005 Makua Implementation Plan Status Report    

in the last year, therefore; it is feasible that NRS could be farther from reaching our collection 
goals than last year. 
 
Propagation/Germination Techniques 
 
This section is a discussion of the relative success rates of the various propagation techniques 
that have been tested for each taxon.  These include best seed germination practices, vegetative 
propagation techniques via cuttings and clones or air-layers.  If NRS have experimented with 
unique propagation methods for a particular taxon, a more detailed discussion of observations 
and results is included.  If known, a description of fruit appearance at optimal collection time is 
is included.   
 
Unique Species Observations 
 
Any unique features of a taxon’s morphology, phenology, ecology, or pollination biology 
observed by NRS are discussed here.  Post-fire observations for relevant species are also 
discussed in this section. 
 
Outplanting Issues 
 
Observations of outplantings conducted by NRS or partner agencies are discussed here.  Where 
outplantings have not been attempted, a discussion is included about future plans and possible 
challenges.  Among the topics included are:  outplanting site selection; optimal plant size for 
outplanting, outplanting success rates, post-outplanting care conducted, time to maturity and 
establishment of any F1 individuals.  A brief overview of any outplantings conducted in the last 
year are included.  Where informative a ‘Founders Represented in Outplantings’ table is included 
along with a discussion of founder-related issues.  In most cases, zeros in the table indicate that 
no reintroductions have been attempted with founders from that PU. 
 
Example ‘Founders Represented in Outplanting’ Table 
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Research Issues 
 
For many of the taxa, stability is limited by a lack of threat controls.  NRS will support further 
research into discovering and implementing control methods.  For example, NRS are currently 
supporting research of black twig borer and slug control methods.  For some taxa, research about 
pollination biology or seed storage methods is recommended.  Pertinent research needs for each 
taxon are recognized, and any on-going research is described. 
 
Surveys 
 
Any significant finds or lack thereof in the last year are discussed in this section.  In addition, a 
brief summary of future survey plans is included. 
 
Taxon Threats 
 
Threats to the taxon and  progress in controlling these threats are discussed in this section.  
Possible threats include weeds, ungulates, invertebrates, fire, slugs and trampling.  Problematic 
weed species for the taxon are cited.   
 
Population Unit Level Discussion 
 
In this section, the status of the population units are discussed.  This section is split into two 
parts.   
 
‘Manage for Stability’ PUs 
In the first part, each ‘manage for stability’ PU is discussed. Any large changes in numbers of 
individuals from the Makua IP Addendum are explained.  Management efforts at the PU are 
discussed, including any collections, augmentations, fencing, rat control or weeding in the 
vicinity of the PU.   
 
Other PUs 
In this section, all other PUs are discussed.   If NRS have not visited a site in the last two years, 
there is no discussion for that PU.  Extirpated PUs will be discussed for two years and after that 
will no longer be discussed.  
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Example ‘Population Unit Threat Control Summary’ Table 

 
This table shows the status of NRS’s threat control efforts at all PUs.  The ‘Population Unit’ and 
‘Management Designation’ columns are the same as in the ‘Taxon Status’ table above.  
Naturally, more extensive threat control programs are in place at ‘Manage for Stability’ PUs and 
little if any threat control is in place at ‘Genetic Storage’ PUs.  ‘Partial’ designations are 
explained within the PU discussions.  For ‘Manage reintroduction for stability’ PUs, threat 
control conducted during site preparation as well as reintroduction site threat control 
maintenance is reported.  This approach is a temporary way of demonstrating in general where 
effort is being spent.  NRS anticipate that monitoring data will replace much of this information 
and improve this aspect of our reporting.  Also, the database threat table does not indicate in any 
way if the threat is actually a concern for the taxon or PU.  For example, many rare plant taxa are 
not threatened by rats.  For next year’s report, NRS will work to display applicable threats via 
shading similar to the Achatinella chapter threat tables.   
 
Protected from Ungulates:  ‘Yes’ is entered into the column if all of the individuals in the PU are 
fenced or otherwise protected from ungulates by natural barriers.  If some of the individuals are 
at risk from ungulates, it is recorded as ‘partial’. 
 
Weeds managed:  In most areas, NRS conduct weed management on a PU scale. ‘Yes’ is entered 
into this column if weed management has been conducted specifically for this taxon around the 
entire PU.  ‘Partial’ is entered into the column if weed control has been conducted around a 
portion of the PU, or habitat-level weed management has been conducted in the vicinity of the 
PU.  An explanation is included in the PU discussions.  ‘No’ indicates that NRS are not currently 
controlling weeds at the PU.  An explanation for this lack of management is included in the text 
within PU discussions for ‘manage for stability’ PUs. 
 
Rats controlled:  ‘Yes’ is entered into this column if a rat-baiting and snap trap grid is set up 
around the entire PU.  ‘Partial’ means rat control is in place for a portion of the PU, or is in place 
for another species in the vicinity of the PU.  For taxa receiving rat control, a table summarizing 
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rat bait and snap trapping data is included.  No’ may indicate that either rats are not considered a 
threat to the taxon or that NRS are not currently controlling rats at the PU.  If ‘Partial’ or ‘No’ 
values are given, an explanation is included in the PU discussions for ‘manage for stability’ PUs. 
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3.1 Alectryon macrococcus var. macrococcus 
 
Requirements for stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (long-lived perennial with reproductive problems) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon-Level Discussion 
 
Alectryon macrococcus var. macrococcus is widely distributed throughout the Wai‘anae 
Mountains.  The MIT chose the largest populations in the best habitats to manage for stability.  
The Kahanahāiki to West Makaleha PU covers one large contiguous area, and is within the 
Action Area (AA).  The Mākaha and Central Kalua‘ā to Central Wai‘eli Pus are outside of the 
AA.  Presently, the Mākaha and Central Kalua‘ā to Central Wai‘eli PUs exceed the required 
stabilization target number of individuals.  Unfortunately, many of the trees observed are in poor 
condition, due primarily to the damaging effects of the black twig borer (Xylosandrus 
compactus).  Interestingly, in many PUs there is a subset of trees that appear to be healthy and 
appear to have escaped twig borer impacts.  These trees are worth further examination and NRS 
will pursue this as a research topic.  Other threats to the taxon include rats, invertebrates, weeds, 
and ungulates.  NRS has also observed very little fruit production and recruitment of this species 
in the wild, which may in part be due to rat predation.  Vegetative propagation can be done by 
air-layering, but this method is labor intensive and only about 10% of the air-layers are 
successful.  This taxon will be a very challenging species to stabilize, let alone save, if twig borer 
control techniques are not developed.   
 
Taxon Status 
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Genetic Storage 
 
All methods of genetic storage are being attempted.  Seed collection is very difficult for this 
species as very few trees produce viable seeds, and seeds do not mature at the same time.  In 
addition, seeds are vulnerable to rat and invertebrate predation.  Seventy-two seeds were 
collected from one prolifically fruiting tree in Mākaha in July 2004.  These seeds were taken to 
the Seed Conservation Lab for seed storage testing.  Unfortunately, most seeds appeared to have 
been eaten by the larvae of an unidentified insect.  The seeds showed signs of predation and most 
floated in water, which suggests they are not viable.  Despite the low possibility of germination, 
they are stored at 4˚C and 20% relative humidity.  Fourteen seeds from this same tree were 
collected in August 2005.  Three healthy, ripe fruit were sent to the Micropropagation Lab for 
propagation, and then to be planted at Waimea Botanical Garden.  The remaining 11 seeds went 
to the Seed Conservation  
Lab, where 8 were rotten, two of which had a grub inside.  The remaining three are being stored 
in two different conditions known to be successful for other species of Alectryon that also have 
recalcitrant/intermediate seed characteristics.  This taxon probably does not have high storage 
potential and if an ideal storage treatment can be determined its collection schedule would 
probably have to be frequent.  Due to uncertainty of storage potential, NRS is propagating most 
collected seed and has been experimenting with other methods of propagation for storage of this 
taxon, including air-layers and living collections.  Micropropagation is not a good storage 
method for this taxon because it is not possible to subculture plants, and because plants quickly 
become too large to store in vials. 
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Although micropropagation is not a preferred storage method, seeds have been successfully 
germinated in the lab, and have been grown out in the greenhouse. Three of these trees have been 
successfully established at Waimea Botanical Garden, see photo below. These plants are 
monitored and treated with an insecticide quarterly to address the black twig borer threat.  
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Successful vegetative propagation of this taxon has been limited to air-layers.  Extensive graft 
and cutting trials have so far been unsuccessful.    
 
Unique Taxon Observations 
 
Some trees of this taxon are small fruited (1 cm diameter) and some are large fruited (5 cm 
diameter).  The Mākua populations are small-fruited and more closely resemble the Kaua‘i trees.  
The Kalua‘ā and Wai‘eli trees have very large fruit.  In general, this taxon does not produce 
many fruit.  In the Mākua and Mākaha populations, it appears that a few trees will fruit 
prolifically, while others have not been observed to fruit at all.  In the Kalua‘ā population, a 
scattered number of trees produce small quantities of fruit, but again, most of the trees have  not 
been observed to fruit at all.  NRS observed many dead trees in the last couple years, suggesting 
a recent large-scale decline.  It is important to get genetic representation from all of the PUs as 
soon as possible because this taxon is in rapid decline. 
 
Outplanting Issues 
 
Since there is low recruitment, augmentation will be considered as a tool to achieve stability 
once black twig borer controls are in place.  One augmentation has been established in the 
Kahanahāiki to West Makaleha PU.  As black twig borers pose a continual threat, NRS are 
conferring with the Department of Agriculture (DOA) on possible experimental control 
techniques.  Thus far, experimental techniques have had limited success.  As of July 2005, six of 
nine plants are alive, though few are healthy.   
 

 
Living collection, A. macrococcus at Waimea Botanical  
Garden 
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Research Issues 
 
In order for this species to become stable in situ, a sustainable method for controlling black twig 
borer will need to be found.  NRS submitted a research application with United States Geological 
Survey (USGS) to fund black twig borer research projects.  NRS is also working with the 
University of Hawai’i and the State of Hawai’i Department of Agriculture to solicit expertise on 
this project and to support funding for research.  The Hawai’i Agricultural Research Center 
(HARC) received funding from the Hawai’i Invasive Species Council (HISC) to study the 
potential of behavioral chemicals on the black twig borer, which also affect commercially 
valuable species like A. koa.  Scolytid beetles are susceptible to behavioral chemicals because 
these chemicals play a large part in their life cycle.  HARC hopes to identify potential attractants, 
repellents, and effective trap designs.  NRS will support HARC’s work on this important project.  
In addition, the prolifically fruiting trees in Mākaha and Mākua should be studied to determine 
what factors lead to their high productivity and good health.  Research should also be conducted 
on seed storage potential.  Fifteen seeds were sent to the National Seed Storage Laboratory 
(NSSL) in 2001 for storage testing.  Most seeds were not viable, but 2 of 5 seeds stored imbibed 
at 4°C germinated after 5 months of storage.  The Seed Conservation Lab will test the longevity 
of this storage condition on a few seeds collected this year.  This year’s seed collection showed 
heavy insect predation.  Research should be conducted on pollinators, and whether the plants are 
cross-pollinating or self pollinating.  Inter-situ sites such as botanical gardens should be 
considered as potential sites for conducting research. 
 
Surveys 
 
Incidental observations of this taxon were made by the HINHP contract botanist while on 
surveys for other species.  In addition, this year NRS resurveyed areas in Kalua‘ā and Wai‘eli for 
A. macrococcus, but did not find any new trees.  In Mākaha, a thorough count is underway to 
better discern the numbers of individuals within the MU. 
 
Taxon Threats 
 
The most serious threat to A. macrococcus is the black twig borer.  All trees of this taxon are 
being affected by the black twig borer to some degree.  NRS has unsuccessfully attempted to 
control the black twig borer on in situ trees by using experimental treatments.  Rats and 
invertebrates prey on the seeds of this taxon and reduce seed viability and germination.  NRS has 
rat bait stations around trees in Mākaha and Central Kalua‘ā in conjunction with ‘elepaio 
management.  A. macrococcus is susceptible to ungulate browse, and ungulates and weeds pose 
ecosystem-level threats for this species.   
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Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Kahanahāiki to West Makaleha:  Many areas in this PU were monitored in the last year, but 
not all trees were revisited.  The status table reflects the number from the most current count, 
which is not a complete assessment of the PU.  Very few of the trees have ever been observed 
flowering and fewer still have been observed with mature fruit.  Most of the trees show a 
significant amount of black twig borer damage.  In this PU, all of the Pahole trees and some of 
the Kahanahāiki trees are fenced while none of the Upper Kapuna or West Makaleha trees are 
fenced.  Weed control has only occurred around the Kahanahāiki reintroductions.  Many of the 
other sites in this PU are heavily degraded.   
 
Central Kalua‘ā to Central Wai‘eli:  NRS conducted status surveys in Wai‘eli and the Central 
and South branches of Kalua‘ā during the last year.  Locations reported by TNC staff were 
revisited and new areas surveyed.  The status table reflects the number from the most current 
count, which is not a complete assessment of the PU.  Very few of the trees have ever been 
observed flowering and fewer have been observed with mature fruit.  Most of the trees show a 
significant amount of damage from the black twig borer.  There are additional areas to search 
and NRS believes that more individuals will be discovered.  Some of these trees exist within the 
Central Kalua‘ā fence and are in areas where weed control is ongoing.  There is no management 
ongoing for trees in Wai‘eli.   
 
Mākaha:  Mākaha is by far the richest of all A. macrococcus sites.  NRS recently started to 
thoroughly count this population to better assess the number of plants within the proposed MU 
fence.  The status table reflects the number from the most current count, which is not a complete 
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assessment of the PU.  NRS is also familiar with other areas outside the proposed fence that 
contain this taxon; these areas will be surveyed in the coming year.  The final count will almost 
certainly contain more than the originally estimated 75 mature trees.  NRS began conducting 
weed control in some of the densest A. macrococcus areas in Mākaha this year.  The habitat in 
this area is extremely intact.  Some trees occur in the vicinity of rat control grids set up to protect 
‘Elepaio and may benefit from this action.   
 
Other PUs: 
 
Mākua:  Seven airlayers were set up on two different trees in February 2005.  As of June, only 
one of the airlayers exhibited any sign of callusing.  The others appeared to be alive, but the 
growing tips were dying.  NRS has initiated some weeding operations around the A. 
macrococcus trees at the ‘Ōhikilolo site.  The ‘Ōhikilolo plants are protected from ungulates, and 
rats are controlled in the vicinity of some trees in conjunction with snail and Pritchardia  kaalae 
baiting efforts.   
 

   
Alectryon macrococcus Air-layer 
 
South Mohiākea:  A thorough count of this population has not been done recently, but one tree 
was observed dead last year.  Of the known trees, NRS have observed a significant decline.  NRS 
continue to find rat predated fruit around these trees, however, controlling rats with bait requires 
frequent re-stocking and this is not feasible given access restrictions.  Air-layers have been done 
with some success and are established at the Army Nursery, see photo above. 
 
Wai‘anae Kai:  The status table reflects the number from the most current count, which is not a 
complete assessment of the PU.  Monitoring in this PU is incomplete but NRS will endeavor to 
make a complete assessment of the remaining plants.  Any fruits collected will be stored and air-
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layers will be attempted with the permission of Department of Land and Natural Resources 
(DLNR) staff.   
 
Inter-situ sites:  Trees were outplanted at Waimea Botanical Garden this past year.  NRS assists 
Waimea staff with monitoring and drenching quarterly with the systemic insecticide Merit.  The 
trees appear to be healthy. 
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3.2 Cenchrus agrimonioides var. agrimonioides 
 
Requirements for Stability  

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 
 

Taxon-Level Discussion 
 
The largest populations in the best habitat were chosen for management.  Huliwai was not 
included as ‘manage for stability,’ even though it has more individuals than the Mākaha and 
Wai‘anae Kai PU because the habitat is much degraded.  Only the Kahanahāiki and Pahole PU is 
in the Action Area (AA).  This PU has stable numbers of wild plants, and has been augmented 
with over two hundred out-planted individuals.  All size classes are present in both the wild and 
augmented sites.  The Mākaha and Wai‘anae Kai PU is along the dividing ridge, near the 
Kūmaipō trail.  Most of the plants are within the Wai‘anae Kai Public Hunting Area.  Stock from 
these Wai‘anae Kai plants will be reintroduced into the fenced unit in Mākaha when the fence is 
complete.  Stock from the Central ‘Ēkahanui PU is being reintroduced into managed areas within 
and just outside the fence in South ‘Ēkahanui. Ungulates and weeds are the major threats that 
impact this species.  Management of this taxon is going well and there is a good prognosis for 
stability.  It is relatively easy to grow plants from seed, cuttings and divisions, and managed 
populations recruit well.  Augmentations have been successful in producing mature F1 plants.  
 
Taxon Status 
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Genetic Storage 
 
Cuttings have been taken from all PUs and established in the Army Nursery to collect seed for 
storage.  This simultaneously allows NRS to collect stock from wild founders and encourages 
natural recruitment in the PUs.  Seed collections for the seedbank are still ongoing and seed 
storage tests will be more extensive once seed is collected from greenhouse plants.  Seed was 
collected this year from two reintroduction sites and is currently being tested.  Previous seed 
storage testing was done at the Seed Conservation Lab on a small seed lot, and the preliminary 
recommended storage condition is 24°C at 20% relative humidity.  There are currently 6,034 
seeds collected from reintroductions, and 2,610 seeds from wild plants from three of the four 
PUs.   
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Plants grow well from seed and cuttings and NRS have grown many plants for outplantings.  
Germination testing done at the Seed Conservation Lab on fresh seeds sown on agar showed a 
60% initial germination rate.  Seedlings are easily transferred from agar to perlite/vermiculite 
when shoots and roots are over two centimeters long.  It is also very easy to grow plants via 
cuttings from runners, or from divisions cut off of the root ball.  The cutting success rate is 
typically over 50%.  NRS prefer to grow plants from cuttings or divisions for three reasons:  1) a 
larger seed bank remains in the field, 2) it is much faster to get a mature plant from a cutting or 
division (approx. three months) than from seed (approx. six months), and 3) this technique 
produces clonal stock from wild plants that have not been affected by any selective pressures that 
may impact nursery-germinated plants.  Plants produced from clones of the Wai‘anae Kai and 
Mākaha PU have been grown and kept at the Army Nursery for months as a living collection.  
 
Unique Species Observations 
 
There are no unique observations for this taxon. 
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Outplanting Issues 
 
Reintroductions and augmentations have been conducted in all PUs except for Mākaha and 
Wai‘anae Kai.  The Stock from this PU is kept as a living collection in the Army Nursery for 
now until the Mākaha fence is complete.  Stock from Kahanahāiki Gulch was outplanted into 
three sites in Kahanahāiki and Pahole Gulches, beginning in 1999.  One additional outplanting of 
Pahole Gulch stock will be planted into Pahole in the coming year (permission pending).  On 
TNC lands, a reintroduction was established in the South ‘Ēkahanui fence with stock from the 
Central ‘Ēkahanui and Huliwai PUs.  All augmentations will be supplemented until the founding 
stock is balanced.  At two of the planting sites in the Kahanahāiki and Pahole PU, many 
seedlings have been observed; up to 90 in Kahanahāiki and 190 in Pahole.  Although most do not 
persist through the summer, juvenile and mature F1 plants have become established at both sites.  
NRS expect that given time, the other reintroductions will also produce mature F1 plants and 
become established. 
 
Founders Represented in Outplantings 
 

 
 
Research Issues 
 
The primary need for research is to determine the best monitoring technique to follow population 
trends that will not require a complete census of all individuals.  
 
Surveys 
 
NRS tried to relocate a historical site this year in Mākaha, but found no plants.  No surveys for 
this taxon were conducted as part of Urgent Actions.  However, new plants have been found in 
known populations, and NRS continue to survey around known PUs for more plants. 
 
Taxon Threats 
 
The major threats to C. agrimonioides var. agrimonioides are ungulates and weeds.  During 
drought conditions in 2001, rats ate stems of this taxon but did not kill any of the plants.  
Presumably, the rats were searching for water, as it was a very dry year and other species that are 
not usually eaten by rats were also predated.  This year in Wai‘anae Kai, NRS observed all plants 
chewed by either rats or goats.  However, no plants were killed.  This taxon grows in areas where 
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alien grasses are prevalent.  This makes it difficult to spray grass specific herbicides like 
Fucilade II® because the herbicide will kill Cenchrus as well as the target grasses.   
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 
 

 
 
Manage for Stability PUs: 
 
Kahanahāiki and Pahole:  This is a large PU covering at least seven wild sites and two large 
augmentation sites in two gulches.  Three of the Kahanahāiki sites are located inside the 
Kahanahāiki fence; the fourth has one mature, two immature and one seedling, and is outside the 
fence.  All of the Pahole locations are within the exclosure.  Approximately 100 meters separate 
the subgroups within the exclosures.  This PU has more than fifty reproducing individuals and all 
threats have been controlled.  The number of plants has increased in this PU since the MIP was 
initiated and NRS expects this trend to continue. 
 
The first population trend figure below illustrates the trend seen at the wild MMR-A site in 
Kahanahāiki.  Numbers are stable although seedlings have come and gone.  Overall NRS believe 
that this site has not shown a larger increase because the available habitat is saturated with 
plants.  Weed control would likely create more habitat for this population. 
 
The second population trend figure below illustrates the population trend at the wild MMR-C site 
in Kahanahāiki.  Unlike the MMR-A site, there is additional appropriate habitat in proximity to 
the known plants.  New plants have germinated on site and NRS has discovered additional plants 
while searching nearby areas.  NRS expect this trend will continue until the site is saturated. 
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Cenchrus agrimonioides var. agrimonioides Population Trend at MMR-A Site 

Cenchrus agrimonioides var. agrimonioides Population Trend at MMR-C Site 
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Pahole:  In August, 2004 NRS counted 25 mature plants, two immature plants and one seedling 
at one of the wild Pahole populations.  NRS and the NARS Specialist collected seeds and 
conducted weed control this year.  There are significant weed threats at this site, including 
encroaching Melinus minutiflora and Psidium cattleianum.  NRS discussed these weed issues 
with the NARS Specialist and have developed a plan to implement weed control for the area.  
Unfortunately, due to a lapse in visitation, NRS fear that the progress made, in particular on M. 
minutiflora has been lost.  NRS coordinated with the NARS Specialist to visit the second in situ 
site in Pahole, but have not yet visited the site.  Seed collected from the two Pahole in situ sites 
will be propagated and outplanted into a new reintroduction site in Pahole next year, pending 
state permission. 
 
NRS outplanted 60 C. agrimonioides from Kahanahāiki stock into Pahole in December 2000.  
This reintroduction has flourished.  Fifty-one F1 generation plants on-site are now either 
immature, or have already matured.  NRS will balance founders for the last time at this site in the 
winter.  NRS conducts monitoring and weed control twice a year. 
 
Mākaha and Wai‘anae Kai:  The Wai‘anae Kai portion of this PU is along a hiking trail in a 
public hunting area.  These plants are not proposed for fencing.  The Mākaha portion of this PU 
will be fenced in the second Mākaha subunit, proposed for construction in year five of the MIP.  
A few more plants were found in October 2004, when NRS counted 13 mature plants, one 
juvenile and three seedlings.  Plants are being grown from all the founders; these will be used to 
produce seed in the Army Nursery for storage and to produce stock for reintroduction into a 
fenced unit in Mākaha when it is complete.  NRS will continue to monitor this population and 
collect from of any additional founders.  As mentioned earlier, while no plants were killed, the 
plants were browsed heavily.  NRS will work to determine whether goats or rats were the cause 
of this damage, and will discuss further actions to address this threat.  
 
Central ‘Ēkahanui:  Due to recent plant discoveries, there has been an increase in the total 
number of plants at this site.  There is no fence; however, ungulates have not been noted as a 
threat.  More than a dozen seedlings were observed here in the past and they are likely still 
present.  Cuttings or seeds have been collected from nearly all plants; they will be grown to 
supplement a reintroduction in South ‘Ēkahanui in the coming year. 
 
Other PUs: 
 
South Huliwai:  Although there are many plants at this site, this PU is not designated for 
manage for stability.  The habitat is marginal compared to other PUs and NRS believe it is not 
viable in the long-term.  Cuttings have been taken from nearly all of the founders and will be 
grown in the Army Nursery for seed production and reintroduction into the South ‘Ēkahanui 
fence.   
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Requirements for Stability from MIP: 
• 3 Population Units (PU) 
• 25 reproducing individuals in each population (long-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 
 

Taxon-Level Discussion 
 
Chamaesyce celastroides var. kaenana has stable numbers at six PUs.  The three populations 
designated as ‘Manage for Stability’ are Ka’ena to Keawa’ula (Ka’ena), Ka’ena (East of Alau) 
and Mākua.  Only the Mākua PU is located within the action area.  All three of these PUs are 
located in manageable terrain where threats can be addressed.  Other PUs with stable numbers 
are located on cliffs or in very degraded habitat.  Complete genetic storage for these PUs is a 
priority as this is also a stability goal due to fire threats.  Four populations, not three, were 
designated as ‘manage for stability’ at the MIT meeting in April 2004 because it was determined 
that the Wai‘anae Kai PU could be monitored, but not managed.  All of the plants in this PU are 
found on the inaccessible cliffs of the Kamaileunu ridge.  NRS will continue to monitor this 
population annually for threats and to confirm its stability. This site is considered a ‘manage for 
stability’ back up site.  Although this taxon faces invasive species challenges and is significantly 
threatened by fire, in the areas where NRS have implemented management there has been strong 
recruitment.  NRS believe that there is no need for reintroduction/augmentation to reach stability 
numbers.  In addition, NRS has made great strides in collection goals by both bagging immature 
fruit for later collection as well as collecting available mature fruit for storage.  With threats 
controlled, fire being the most challenging, NRS feel this species has a good prognosis for 
stability. 
 
Taxon Status 
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Genetic Storage 
 
Since 2001, NRS have been developing collection methods at the Mākua PU.  Chamaesyce 
celastroides seeds violently dehisce upon maturity.  Therefore, NRS crafted lightweight organza 
bags that cover the small branches.  The light material is important because the branches of C. 
celastroides are very fragile.  The fabric allows for aeration if it rains so the seeds do not rot or 
begin to germinate.  The bags are placed over immature fruit in mid-summer and seeds are 
collected in late summer or early fall.  Due to lack of success in the past of cuttings and 
immature fruit in the Micropropagation Lab, as well as with cuttings from the Army Nursery, 
seed is currently the only method of genetic storage for this taxon.    
 
Since the bagging technique was developed, NRS has acquired three substantial collections from 
the Mākua PU.  NRS are approaching bagging slowly so as to allow for additional on-site 
recruitment.  NRS, however, has been unable to make a bulk collection for storage testing.  
Instead, 25 seeds from three plants collected in 2003 with over 250 seeds banked for each will be 
sown for viability testing.  This will give immediate and valuable information for the longevity 
of the stored collections until bulk collections can be made for testing.  Assuming seeds store 
well, NRS will continue to collect seeds from the populations within MMR that are threatened by 
fire, focusing on individuals with less than 50 seeds in the seedbank.  NRS will also begin to 
collect from all populations which are designated ‘manage for stability’.  NRS will approach the 
State for permission to collect from offsite populations on their land once preferred seed storage 
methods are determined.  At east Kahanahāiki, only one plant had fruit this year and it was 
bagged.  At north Kahanahāiki, bags were placed on nine accessible plants and seed was 
collected. 
 
This summer, in addition to bagging inflorescences, fruit that appeared close to dehiscing were 
picked and kept in paper envelopes, where most of the fruit matured and dehisced within one 
week.  Collected fruit were red, many starting to dry and brown, and fissures along the capsules 
were more pronounced than in immature fruit.  Though this technique initially takes less time, 
the number of seeds collected from bagged inflorescences is greater than the number of seeds 
collected via the picking technique.  Multiple collections within the fruiting season would be 
necessary to achieve significant numbers of seed for storage.  However, since both methods yield 
mature seed, NRS will continue to use both techniques. 
 
Genetic Storage Summary 
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Propagation/Germination Techniques 
 
Chamaesyce celastroides continues to be unsuccessful with vegetative propagation trials.  Recent 
tests at the Micropropagation Lab suggest soaking cuttings prior to potting may help to leach out 
a majority of the latex.  NRS will try this technique.  Currently, the preferred propagation 
technique for this taxon is seed germination.  Initial germination rates range from 30-75% for 
seeds sown on agar at the Seed Conservation Lab.  
 
Unique Taxon Observations 
 
There is some morphological variation amongst populations of C. celastroides that may be due 
to environmental rather than genetic variation.  Plants from the Ka’ena to Keawa’ula (Ka’ena) 
PU are very prostrate, which may result from the wind exposure at that site.  The other PUs, 
located on cliffs or in areas out of the wind, have erect plants. 
 
The east and north Kahanahāiki populations were negatively impacted by the fire that occurred 
in July 2003.  Mature plants were killed by the fires and others are still recovering and have not 
yet begun to flower and fruit to the same degree as prior to fire impacts.  The mature plants that 
remain in these fire prone areas are growing on rocky outcroppings where past fires have not 
been intense.  NRS have found many new seedlings present in areas with deeper soils and 
heavier fuels indicating that this is appropriate habitat and that plants have been destroyed by 
past fires.  In addition, this indicates that the seeds have survived past fires. 
 
Outplanting Issues 
 
Germination and progression through age classes to maturity is occurring naturally at the PUs 
that NRS are managing.  Therefore, there is currently no need to outplant into these populations.  
Vigorous plants grown from Mākua PU stock are planted at the Mākua Range Control Building 
where they are protected from fires.  This planting is used in part for educational purposes as 
well as an experimental ex-situ site.  NRS will continue to maintain this planting and supplement 
it with new founders from the wild population. 
 
Research Issues 
 
No research needs have been identified by NRS at this time. 
 
Surveys 
 
No additional surveys have been conducted for this taxon in the past year.  NRS found no new 
occurrences of this species this year. 
 
Taxon Threats 
 
Fire is the primary threat common to most of the extant populations.  This taxon grows in very 
dry and rocky lowland environments and cliffs, which are now dominated by alien grasses and 



3.3  Chamaesyce celastroides var. kaenana  3-26 

2005 Makua Implementation Plan Status Report 

easily accessible to arsonists.  Panicum maximum is the most significant grass affecting C. 
celastroides habitat.  This invasive grass not only competes with C. celastroides for resources it 
also produces dense fuel that greatly increases the threat and impact of fire.  Additional weed 
species that threaten C. celastroides habitat include Leucaena leucocephala and Acacia 
farnesiana.  Goats are a threat to a few of the plants in the Wai‘anae Kai PU and are not 
controlled at this time.  Pigs are not a threat to this taxon. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
Manage for Stability PUs: 
 
Mākua:  NRS has done extensive fuel and weed management around this PU and the population 
is doing extremely well.  Numbers have grown significantly from the numbers in the final IP.  
The number of immature plants has grown exponentially and at each new monitoring NRS tag 
new mature plants.  Seedlings continue to come and go with the seasons.  Although NRS has 
been effective at removing alien grasses and greatly reducing fuels the threat of fire is ever 
present.  Many broad leaf weeds as well as native grasses and shrubs have moved into the area.  
NRS began to investigate ways to control broad-leaf weeds without success (see weed chapter 
for discussion).  In the summer of 2005, two fires burned in the vicinity of this PU.  One fire 
burned from the road up to the crest of ‘Ōhikilolo ridge.  This area has burned every summer in 
the recent past and typically stops on the ridge crest.  The second fire started inside of the south 
Fire Break Road and jumped the road at the base of ‘Ōhikilolo ridge, burning up the ridge and 
into the firebreak along its western edge.  The fire burned within ten meters of an outlier in the 
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lower patch.  This is of great concern to NRS and we are working with Range Control to prevent 
this from happening in the future.  The strongest recommendation that NRS has made is that the 
firebreak be extended out thirty meters at the base of ‘Ōhikilolo ridge.  At present, the edges of 
the firebreak are not maintained and are dominated by large L. leucocephala and thick P. 
maximum.  A fire also jumped the road in this area in the summer of 2004.  The area inside of the 
fire break just below the patches is well maintained to thirty meters.  Although this burned, the 
fire did not jump the firebreak here.  See the map below for an illustration of these issues. 
 

"6

"6

North Fi re
br

ea
k 

South Firebreak

Range Control

0 300 600150 Meters Scale: 1: 12,000

Overview of Makua Military Reservation

²
²

Legend

"6 Range Control

Rare Plant Areas of Fuel Control

Strategic Ungulate Fences

MMR Perimeter Fenceline

Firebreak Extension Required

May 2005 Fire ~17 acres
August 2005 Fire ~280 acres
FireBreak Road

Farrington Highway

South Firebreak

Projection and Datum: NAD 83, 
UTM Zone 4
Contour Interval 40 feet

 
Lower ‘Ōhikilolo Management Areas and Fire Recommendations 
 
Ka’ena and Keawa’ula (Ka’ena):  This 0.9-acre population of 300+ mature plants, protected 
within the Ka’ena Natural Area Reserve, is located in a predominantly native coastal habitat.  
There is substantial on-site recruitment; with many juvenile and seedling plants.  The size and 
density of this PU makes monitoring the population structure each year an overwhelming and 
potentially damaging task.  To avoid damaging plants, NRS have not and will not conduct a 
census of this population each year as the number is well over the target number of 25 mature 
individuals.  NRS will work with NARS staff to determine the best monitoring and collection 
approach for this PU.  NRS have not yet collected seeds for genetic storage from this PU because 
there is such a substantial wild population and threats are low compared to other populations.  
NRS does extensive weed control on this site and attribute much of the increase in numbers to 
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this management.  Fortunately, fire is not as large a threat as at the other PUs due the wind-swept 
strand vegetation in the PU. 
 
Ka’ena (East of Alau):  This population was visited once in the last year and there was no 
change in population size or vigor.  There is no grass in the area immediately surrounding this 
PU and the plants are protected by large rock talus.  Unfortunately, encroachment by fire prone 
grasses is occurring nearby.  A fire in 2003 burned a nearby area but did not impact the PU.  In 
the coming years, NRS will visit this site twice a year to conduct weed control.  This site should 
be monitored with some sampling technique in the future to avoid trampling. 
 
Other PUs: 
 
Wai‘anae Kai:  In the past the Wai‘anae Kai PU was considered for a “Manage for Stability” 
PU.  There are stable numbers of mature plants, but reproduction is impossible to detect from 
aerial surveys.  The plants are located in very open portions of cliffs where weeds and goats are 
not a direct threat.  Genetic storage collections from this PU will be very difficult if not 
impossible to acquire.  Over 30 plants were counted during surveys by NRS and HINHP in 
Wai‘anae Kai in 2002 and no change in numbers was detected when the site was monitored in 
June 2005.  NRS will monitor this PU annually to confirm its stability and survey for new 
threats. 
 
Kaluakauila:  The estimated number of individuals in the MIP was based on a single 
observation with binoculars.  Since that time, the plants have been monitored and their maturity 
level has been assessed more accurately.  No weed control has been conducted at this PU 
because it occurs on a cliff.  NRS have not collected seeds.  The upper edges of this PU are 
choked with alien grass and are at risk from fire.  Lower portions are on open cliff habitat and are 
not at risk.  NRS will work to secure seed collections from this site in the coming years. 
 
North Kahanahāiki:  The number of individuals reported in the final MIP was based on an 
estimate of individuals by the HINHP Botanist.  The plants in North Kahanahāiki are found 
mainly on cliffs, necessitating helicopter surveys.  Some of these plants have since been 
identified as hybrids of C. celastroides var. kaenana and C. celastroides var. amplectans.  A 
portion of this PU was burned in 2003 and plants were killed.  Other plants are still recovering 
from the impacts of the fire.  At the time, some plants were bagged for seed collection.  These 
bags were destroyed in the fire and reset in July 2004.  Due to access restrictions NRS was not 
allowed to revisit this area after the bags were set in 2004 and no collections were made.  In 2005 
NRS monitored, bagged and collected fruit as a priority.  Significant collections were made from 
most plants.  Next year NRS will direct collections based on this years results.  Fire is still a 
major threat in the area and NRS expects devastating impacts from any future fires.  NRS are not 
performing weed control at this site as NRS feel it is not viable in the long term due to the fire 
threat and degraded habitat. 
 
East Kahanahāiki:  There are two plants growing on a vertical cliff in East Kahanahāiki (C-
Ridge).  The lower plant was heavily impacted by the fire of July 2003 and has still not 
recovered.  This individual was reproductive prior to the fire but has not flowered since it was 
burned.  The other was higher on a cliff, further from alien grass fuel and was not impacted by 
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fire.  NRS bagged the upper plant and expects to collect in the early fall of 2005.  There are no 
significant weed threats to these plants as they occur on a barren cliff. 
 
Pua‘akanoa:  Plants were monitored in 2002 but NRS have not revisited the site.  The fire of 
2003 did not affect this PU because most of the plants are located on sparsely vegetated cliffs.  
Once collections from the more fire-prone PUs are completed, NRS will shift its collection and 
monitoring focus to this PU.  NRS believe that this is a valuable PU because there are many 
plants and the habitat is in good condition. 
 
Ka’ena and Keawa’ula (Keawa’ula):  The number of individuals in the final MIP was a tally 
of observations from this area between 1991 and 2001 by the HINHP Botanist.  The number in 
this report represents the number of individuals monitored by NRS at two sites in Keawa’ula.  A 
thorough count has not been done by NRS.  Collections were acquired from this PU in the 
summer of 2003 and will be again in the coming years based on the outcome of seed longevity 
trials.  Fire is a threat at this PU and the site has very poor habitat quality with significant weed 
threats. 
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3.4 Chamaesyce herbstii 

Requirements for Stability: 
• 3 Population Units (PUs) 
• 25 reproducing individuals in each PU (long-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
Historically, this taxon was found in both the north and south ends of the Wai‛anae range.  
Currently, there are no extant individuals in the southern Wai‘anaes. The only remaining extant 
PU, Kapuna to Pahole, occurs in the northern Wai‘anaes.  This PU falls within the Action Area 
(AA), and will be managed for stability.  This PU has severely declined since the MIP was 
finalized.  NRS believe there is a combination of factors including weed impacts, ungulate 
impacts and low on-site germination which have led to this decline.  Reintroductions using the 
northern stock will take place in West Makaleha and Mākaha MUs once fences are constructed.  
The Mākaha fence will be constructed in the next year and the West Makaleha fence is slated for 
year two of the MIP.  NRS have just begun to work intensively with this taxon.  This year seeds 
were collected and germinated, wild plants were monitored, new juvenile plants were found in 
multiple sites, and weeds were controlled.  It is too early to predict, but NRS hope that with 
reintroduction/augmentation and ungulate and weed control this species may reach stability. 
 
Taxon Status 
 

 
 
Genetic Storage 
 
Storage testing for this taxon has recently been initiated.  Seeds of C. herbstii dehisce violently. 
NRS worked with the NARS Specialist to bag fruits for seed collection this year.  Seeds were 
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collected from 16 plants in the Kapuna to Pahole PU and are being propagated and stored.  Plants 
will be reintroduced in the next year or two, depending on when the stock is ready and pending 
State permission.  The reintroduced plants will serve as a source for seed collection for storage 
and storage testing.  No collections have been tested for storage potential.  Despite a small 
degree of storage testing for two other species of Chamaesyce, seeds of this taxon appear 
morphologically different; particularly, they are much larger in size.  Storage results are for the 
other small-seeded Chamaesyce species, and therefore, can not be projected for this taxon.  
Tissue culture techniques for seed, both mature and immature, brought to the Micropropagation 
Lab, have not been successful.    
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
NARS staff grew plants from seeds for an outplanting in Kapuna.  NARS staff also collected 
seeds from several of the Pahole plants in the mid-1990’s.  This stock grew in the Pahole Mid-
elevation Nursery for several years.  The plants were very healthy, and flowered more than once.  
The plants were outplanted below the Pahole nursery in approximately 2003.  Seeds collected in 
Kapuna and Pahole this year had high variation in germination rates (0-100%) between plants.  
Seeds were germinated on 1% water agar and were easily transferred to pots.  These plants are 
now growing well in the Army Nursery.  Seeds that did not germinate within two months 
became rotten during this time, suggesting that seeds would not form a soil seedbank.  Though 
cuttings brought to the Micropropagation Lab in the past for this and other species of 
Chamaesyce have not been very successful, recent techniques of initially soaking cuttings to 
leach out a majority of the latex have worked for other species and will be attempted for this 
species.   
 
Unique Species Observations 
 
This species has gone through a major decline in numbers in the last five years (T. Takahama, 
pers. comm. 2005).  One of the gulches monitored in Pahole this year had 25 mature plants and 
20 dead plants.  It has been difficult to collect fruit at the right stage as ripe fruit dehisce. 
Consequently, bagging immature fruit has worked well. 
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Outplanting Issues 
 
NRS have just started working extensively with this species, therefore, no outplantings have 
been attempted yet.  The State successfully outplanted into a small exclosure in Kapuna around 
1995.  These plants are growing vigorously and are reproductive. Plants were over one meter tall 
when outplanted.  An outplanting done at an inter situ site off of the Pahole road in 2003 was not 
successful. 
 
Research Issues 
 
Research on seed storage needs to be conducted. 
 
Surveys 
 
The Nature Conservancy staff monitors the site of the former ‘Ēkahanui population annually, but 
have never found any new seedlings.  This coming year the HINHP Botanist will spend four 
days surveying Makaleha and Mt. Ka‘ala NAR for possible new populations.  NRS did not find 
any new populations of C. herbstii this year but will continue to look for additional plants in 
existing PUs. 
 
Taxon Threats 
 
Weeds such as Ageratina adenophora, Rubus rosifolius, Buddleia asiatica, Schinus 
terebinthifolius, Psidium guajava, Clidemia hirta, and Psidium cattleianum have dramatically 
altered the mesic habitat in which this taxon grows.  Plants produce many flowers and immature 
fruits each year, but not many fruit are left on the plants at maturity (T. Takahama pers. comm. 
 2005).  The mature fruit are red, and it is possible birds eat them before they reach maturity.  
Feral ungulates negatively impact the gulch bottom habitat where this species grows in Kapuna, 
which is not yet protected by a fence. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control 
Summary
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Manage for Stability PUs: 
 
Kapuna to Pahole:  The number of individuals in the final MIP was based on counts by the 
NARS specialist between 1991 and 1999.  Based on extensive monitoring in Pahole last year and 
discussions with the NARS Specialist, it is clear that this species has declined greatly in numbers 
in the last five years.  NRS worked with the NARS Specialist to bag fruits and collect seeds this 
year.  This stock will be used to augment sites in Pahole.  NRS focused efforts on the Pahole 
portion of this PU this year, where extensive weeding was conducted.  In conducting weed 
control, NRS discovered additional juvenile plants.  All of the known Pahole plants occur within 
the fenced Pahole NAR.   
 
In the next year, NRS plan to expand their focus to include the Kapuna portion of the PU. Over 
the past year two mature and three immature plants were monitored and fruit was collected from 
one individual at one site in Kapuna.  It is not known how the other sites are doing in Kapuna or 
how many more there may be.  NRS hope to get the locations from NARS staff in the coming 
year and begin monitoring and threat control.  The fence proposed for this coming year will not 
protect the site NRS has been monitoring.  However, additional fencing is planned for Kapuna in 
year two of the MIP.  Completing the Upper Kapuna MU fence will be the highest priority for 
the fence crew once hired. 
 
Mākaha:  Kapuna to Pahole founders will be used to introduce plants to Mākaha, pending 
approval from the State.  A fence will be constructed in Mākaha in the next year and an 
appropriate site will be identified.  In the next year, NRS will work with NARS to secure seed 
from Pahole and Kapuna for augmentation into Pahole and introduction at Mākaha. 
 
West Makaleha:  Kapuna to Pahole founders will be used to reintroduce plants to West 
Makaleha, pending approval from the State.  A fence will be constructed in West Mākaleha in 
year two of the MIP.   
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3.5 Cyanea grimesiana subsp. obatae 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 100 reproducing individuals in each PU (short-lived perennial with large fluctuations in 

population size and recent history of decline) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
The healthiest extant populations with mature plants will be managed.  Pahole to West Makaleha 
is the only PU in the AA.  The other two PUs, Central Kalua‘ā and ‘Ēkahanui, are both on TNC 
land in Honouliuli.  The ex-situ site at ‘Ēkahanui has been extirpated since PUs were chosen, but 
the stock is represented in an outplanting installed by TNC.  Reintroductions have occurred in all 
three ‘manage for stability’ PUs.  While this taxon is easy to propagate and reintroduce, reaching 
stability will be challenging.  Though plants produce viable seed, there is a limited genetic base 
due to the low number of founders.  Rats and slugs attack plants of all size classes.  Because of 
these predators, there is limited in situ recruitment.  NRS has only recorded regeneration at two 
sites, West Makaleha and Palikea.  These are the only wild sites with more than one mature 
plant.   
 
Taxon Status 
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Genetic Storage 
 
Both seed storage and tissue culture are successful methods of genetic storage.  Seeds withdrawn 
this year from storage for propagation indicate that seeds can be successfully stored at 4˚C and 
20% relative humidity.  Seeds have been stored for over two years with little to no decrease in 
germination.  Germination from older collections, however, is significantly lower.  These 
collections were stored at -18˚C from one to three years.  There has only been one small two-
year storage test for this species with inconclusive results, but more extensive storage testing for 
many other species of Cyanea have indicated that seeds of this genus cannot be stored frozen.  
Therefore, seeds from older collections may have low germination not because of low storage 
potential, but rather due to the species’ inability to be stored at -18˚C.  Further storage testing is 
necessary.  A collection schedule is uncertain due to lack of long-term storage data, but 
collections can be made less frequent than every two years.  Plants can also be stored in 
micropropagation.  They are easily subcultured, so it is possible to store many clones from one 
plant. 
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Germination rates can vary between collections of the same plant as well as between different 
plants.  Seeds are easily germinated within the first month on 1% water agar with 80-100% 
germination.  Plants can be grown from cuttings, but since most plants have only one terminal 
branch this method cannot be widely used and is only attempted if there is an emergency threat 
to the site.   
 
NRS currently germinate all seeds and grow seedlings in a growth chamber at the Natural 
Resource Center.  The growth chamber is regulated for monthly average temperatures and day 
lengths at 2,000 ft elevation.  This tool allows for greater environmental stability and higher 
success in germination and seedling establishment.  Even in the growth chamber, seedlings grow 
very slowly.   
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Unique Species Observations 
 
There is significant variation among the various PUs in flower morphology, leaf morphology, 
recruitment, and fruiting seasonality.  The ‘Ēkahanui plants produce pure white flowers, while all 
other populations have purple and white striped flowers.  Seedlings grown from stored seed from 
plants in West Makaleha and Palikea for next year’s reintroductions display variation in leaf 
morphology after a couple months.  Leaves of seedlings from West Makaleha are more deeply 
lobed, and lobes appear more numerous and much thinner than leaves on seedlings from Palikea. 
The Palikea (South Pālāwai) site demonstrated remarkable regeneration this year with eighteen 
seedlings counted.  This is the largest amount of regeneration seen by NRS for this taxon.  
Unlike most species, not all populations flower at the same time of year.  The plant in Central 
Kalua‘ā is extremely prolific, and produces lots of flower and fruit over several months in the 
summer and fall; it is reproductive almost all year round.  The South Kalua‘ā plants flower in 
late summer/fall.  The North Branch of South ‘Ēkahanui plants flower from late summer to 
winter.  The Pahole to West Makaleha and Palikea (South Pālāwai) PUs flower in winter.    
 
Outplanting Issues 
 
C. grimesiana has been augmented or reintroduced at five separate locations, four on TNC land 
and one on State land.  In the last three years TNC reintroduced this species to Palikea (South 
Pālāwai), ‘Ēkahanui and Central Kalua‘ā, and NARS reintroduced it into Pahole with assistance 
from NRS.  NRS performed two augmentations this past year, one each in Central Kalua‘ā and 
Palikea (South Pālāwai).  Founder stock for each outplanting is summarized in the tables below.   
 

 
Using data collected from previous outplantings of this genus, NRS grew C. grimesiana in the 
greenhouse until it was of substantial size before outplanting, averaging about 50cm.  This is 
thought to minimize the impact of slug predation on the plants.  NRS also experimented with 
outplanting onto steep terrain and cliffs; very big or very small plants were found to be most 
appropriate for these reintroductions.  Planting efforts this year will focus on increasing and 

PU Reintroduction Site 
Founder Stock 
of Pre-existing 
Reintroductions 

Founder Stock of 
2004 -2005 

Reintroductions 

Founder Stock of 
Future 

Reintroductions 
Pahole to West 

Makaleha 
Pahole Pahole none Pahole 

Pahole to West 
Makaleha 

Kapuna/Keawapilau N/A N/A Pahole, West 
Makaleha 

Pahole to West 
Makaleha 

West Makaleha N/A N/A West Makaleha 

North Branch of 
South ‘Ēkahanui 

‘Ēkahanui ‘Ēkahanui, 
Kalua‘ā 

none ‘Ēkahanui (2006) 

Central Kalua‘ā Central Kalua‘ā South Kalua‘ā  Central Kalua‘ā Central Kalua‘ā  
Central Kalua‘ā Central Kalua‘ā N/A N/A South Kalua‘ā 
South Kalua‘ā South Kalua‘ā  South Kalua‘ā  none none 
Palikea (South 

Pālāwai) 
Palikea Palikea Palikea Palikea 
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equalizing the number of founders represented at reintroduction sites.  NRS started germinating 
stock from the West Makaleha, Pahole, Palikea (South Pālāwai), South Kalua‘ā  and ‘Ēkahanui 
populations.  The seedlings are growing slowly and may not be ready to plant during the 2006-
2007 reintroduction season.     
 
Founders Represented in Outplantings 

 
 
Research Issues 
 
Slugs likely attack all members of this genus.  Federal biologists consider slugs to be an 
“immediate and significant threat” to C. grimesiana though their conclusions are based on 
anecdotal observations.  Formal investigation involving a related species, C. superba, suggests 
slugs reduce C. grimesiana survival as well (see Research Issues C. superba subsp. superba).  
NRS recently hired a Research Specialist to investigate slug control options for this species. 
 
Surveys 
 
While surveying for Hesperomania arbuscula in Mākaha, NRS discovered an individual of C. 
grimesiana.  The plant was mapped and photographed.  NRS has been back to the site to monitor 
and the plant has flowered and is expected to have fruit in the early fall.  NRS plans to collect 
propagules from this individual and are considering additional outplantings in Mākaha.  This 
new population is a new consideration for the IT when considering MIP plans for this taxon. 
 
Taxon Threats 
 
Threats to C. grimesiana include slugs, rats, weeds, and ungulates.  Slugs prey on plants of all 
size classes of this species.  The Invertebrate Research Specialist will be further investigating 
slug impacts and control options.  In May 2002, NRS discovered major rat damage to the five 
mature plants in West Makaleha.  Predator control is currently ongoing, at least during the 
fruiting season at all of the PUs except Pahole and Palikea Gulch, which consists of just one 
juvenile plant in a small exclosure. Weeds are a threat at all PUs.  Morella faya is a problem 
weed at the Palikea (South Pālāwai) PU, and Rubus argutus is a threat to the West Makaleha PU.  
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All of the PUs except Mākaha and ‘Ēkahanui are protected by exclosures.  The ‘Ēkahanui 
reintroduction is within the MU fence, but the wild site, now extirpated, is not.  The Mākaha 
plant will not be protected by the fence being constructed this year, but it will be protected by 
another MU fence planned for year 4 of the MIP.   
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Pahole to West Makaleha:  NRS believes there are two extant plants within the large exclosure 
in Pahole NAR.  The NARS specialist has been monitoring and collecting from these plants.  
NARS staff are working to develop a management plan for these plants and will enlist the help 
of NRS if necessary.  NARS reported that predator control has not been necessary in the past for 
fruit collection.  NRS assisted the State with reintroducing 45 plants of Pahole stock into the 
Pahole exclosure in 2003.  The NARS Specialist selected a site on the Pahole rim just below the 
State snail enclosure.  At the last monitoring in August of 2005, fifteen mature and fourteen 
immature plants were observed.  All plants were healthy.  NRS is closely tracking the vigor and 
reproductive status of a couple plants in the reintroduction because they are the progeny of 
extirpated wild plants for which there is no other stock available.  Presently, seeds are being 
germinated for the augmentation of this site.  Outplanting will likely occur in the winter of 2006-
2007, when plants reach acceptable size.  No regeneration has yet occurred at the reintroduction 
site, but NRS feel that with greater fruit production, germination may occur, as germination may 
outpace slug predation and the plants are thriving.  Schiedea obovatum, which is greatly 
impacted by slugs, has shown remarkable regeneration at the site.  NRS has conducted weed 
control at this site and plan to do two trips a year for maintenance.   
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At the West Makaleha site, mature fruit was collected from four plants in October and November 
of 2004.  NRS expect to collect additional fruit this year.  Presently, seeds are being germinated 
for augmentation of this site.  Outplanting will likely occur in the winter of 2006-2007, when 
plants reach acceptable size.  NRS perform quarterly weed control in the area.  An ungulate 
exclosure was constructed around the West Makaleha plants in 2001 and NRS established a rat 
grid in the area soon after.  NRS discovered goat browse and scat within the exclosure in late 
May of 2005.  In response NRS quickly reported the sign to NARS staff and made improvements 
to the fence in early July.  Luckily there was no damage to the C. grimesiana; however, some 
outplanted A. koa were browsed.  NRS believe that with the fence improvements, goats will no 
longer be able to enter.  The fence remains pig-free.     
 
West Makaleha Cyanea grimesiana subsp. obatae Rat Control Data 

Year # of Bait 
Stations 

Amount of Bait 
Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of rats 
trapped 

# of snap 
traps 

2002 8 292 120 41% 25 15 
2002-2003 8 696 463 67% 26 16 
2003-2004 8 1008 693 69% 42 16 
2004-2005 8 1001 322 32% 43 16 

 
In May 2002, NRS discovered major rat damage to the five mature plants in West Makaleha.  In 
response to the damage, NRS increased the number of bait stations from six to eight, and now 
monitor them twice a quarter, instead of once a quarter.  NRS have not seen rat impacts since rat 
control efforts were expanded.  Access to the West Makaleha reintroduction site has been 
suspended by the State DLNR.  With this suspension, restocking of bait stations and snap traps 
has not occurred since 07 July 2005.  This site is usually visited on a monthly basis to insure 
adequate protection of these plants.  NRS feels this site is of great importance and is in the 
process of obtaining a special use permit from DLNR to reinstate baiting efforts.   
 
Palikea (South Pālāwai):  Located within a two-acre fence, these plants are monitored regularly 
by TNC and NRS staff.  This PU has the largest number of wild plants.  TNC staff augmented 
the population with stock from the same area in 2002 and 2003 with 35 individuals, in 2004 with 
16 individuals, and in 2005 with 14 individuals.  NRS augmented the same site with 12 plants in 
November 2004.  These plants are healthy as of the last monitoring, June 2005.  Presently, seeds 
are being germinated for future augmentations.  Out-planting will likely occur in the winter of 
2006-2007, when plants reach an acceptable size.  The current fence needs to be expanded to 
increase the area for future outplantings.  NRS has been working with TNC to scope possible 
fence lines and have a proposed route.  Construction is pending until funds are available or the 
NRS fence crew is hired.  NRS and TNC staff bait the site for rats twice a quarter.  Feral pigs are 
controlled outside the fence with snares.  NRS perform weed control in the area on a quarterly 
schedule.  The area is predominantly native, except for planted Sugi pines.  The large pines 
produce an environment that supports a native fern understory and are not targeted for removal at 
the present time.  The wild population at this site is very robust, with vigorous plants in all age 
classes.  In November 2004, NRS recorded eighteen seedlings.  This is the greatest regeneration 
seen by NRS for this species.  Overall, the site is thriving and NRS feel there is a good chance 
for the population to reach stability with additional outplantings. 
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Central Kalua‘ā:  In 2003 a new wild plant was discovered in a dense thicket of Clidemia hirta 
within about a hundred feet of an intensively managed and outplanted area.  This plant is 
remarkably vigorous; it fruits and flowers almost year around.  Both TNC and NRS have 
collected seed for propagation and storage.  South Kalua‘ā stock was reintroduced into the 
fenced unit at Central Kalua‘ā in 2003, before the wild plant was found.  The population is for 
the most part healthy; 13 plants remain as of the last monitoring in June of 2004.  This represents 
approximately 70% of the original outplanting.  In addition, many of these plants are now 
mature.  NRS and TNC conduct weed control around the site.  Part of the PU is protected by rat 
bait grids set up for ‘elepaio predator control.    
 
In the winter of 2004-2005, TNC gave NRS more than a hundred seedlings from the wild plant.  
Using these seedlings, 97 plants were outplanted in December of 2004.  NRS took an aggressive 
approach at this site, reintroducing plants that were relatively small.  The benefits of this 
approach included a shorter growing time for plants in the nursery, logistical ease in moving the 
plants, and increased outplanting options; because of their small size, the plants could be placed 
in precariously steep spots where wild plants are known to occur.  However, as NRS feared, 
there was higher mortality with the small out-plants than with larger out-plants. At the last 
monitoring in March of 2005, 43 of the original 97 plants were healthy.  NRS felt justified in 
taking chances with outplanting this stock because of the large amounts of seed available from 
the founder.   
 
Other PUs: 
 
South Kalua‘ā:  This population is significant as it is the location of the holotype for the species.  
NRS constructed a small fence around the single remaining plant in May 2004.  Fruit were 
successfully collected from this plant in the summer of 2004 and plants are now being grown 
from the seeds.  Unfortunately, the plant appears to have taken a turn for the worse this summer 
(2005) and only a single fruit was collected this year.  The plant had many buds earlier in the 
summer but they aborted.  Presently, the plant only has a single large leaf, but it does have some 
small shoots that look healthy.  This summer was very dry and this may have been the cause of 
decline.  NRS will consider watering the plant.  NRS will continue to monitor this individual and 
hope it will rebound this winter.     
 
In the next year or two NRS will install a reintroduction site with pure South Kalua‘ā stock in a 
isolated location in Central Kalua‘ā.  NRS germinated stock for this reintroduction in the 
summer of 2005.  However, the seedlings are growing slowly and are not expected to be ready 
for the winter season of 2005-2006.  This stock is severely limited and NRS will take a more 
conservative approach and grow plants to a larger size before reintroduction.   
 
North Branch of South ‘Ēkahanui:   The last remaining wild plants at this site died in 2002.  A 
reintroduction of mixed ‘Ēkahanui and Kalua‘ā stock was planted in the ‘Ēkahanui fence in 
2003.  14 plants were outplanted, but slugs damaged many of the plants and only seven are left.  
Some of the remaining plants sustained slug damage and are in poor condition.  Limited ex situ 
stock from this site is available; therefore all fruit from the outplanted individuals will be 
collected and put into propagation.  The ‘Ēkahanui stock are mature, but the Kalua‘ā stock are 
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only beginning to mature.  If the Kalua‘ā plants at this site produce flowers, they will be 
removed to prevent crossing with the ‘Ēkahanui stock.  Seed collected from these plants will be 
used to establish a new reintroduction that only has ‘Ēkahanui stock.  Limited weed control has 
been conducted in the area in the last year.  TNC staff and NRS are working together to treat a 
patch of P. maximum which is the nearest fuel source above the outplanting.  Staff hope to 
reduce the fuel load and thus the fire threat to this area.  NRS and TNC will continue weed 
control in the area next year.  There is a small rat grid set up around the outplanting; no rat 
damage has been seen, but due to the importance of the stock, NRS and TNC are eager to 
minimize all threats.   
 
Palikea Gulch:   This immature plant is growing in a small scale fence.  A large koa tree fell 
over the plant, just missed crushing it, and is now inhibiting its growth.  This plant was last 
monitored in May 2005 and was of moderate health.  The subspecies identity of this plant has not 
been confirmed since it has yet to flower.  This site was weeded in 2003 and again this year.  
This past year, a bomb was found near the plant.  The State was informed of this discovery.  In 
the coming year, NRS will escort EOD to the site, and hopefully EOD will remove the UXO.   
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3.6 Cyanea longiflora  
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 75 reproducing individuals in each PU (short-lived perennial with fluctuating population 

numbers and trend of local decline) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 
 

Taxon Level Discussion 
 
Cyanea longiflora is only known from select locations in the Wai‘anae Mountains, none of 
which are on Army lands.  Thus, all management is contingent upon cooperation with the Board 
of Water Supply (BWS) and State of Hawai‘i.  All extant populations will be managed.  The 
Kapuna to West Makaleha and Pahole PUs are both in the Action Area (AA).  These two sites 
include the majority of the individuals of this taxon.  The Mākaha side of the Mākaha and 
Waianae Kai population will be managed, and will be augmented with Waianae Kai stock.  This 
decision was made because the Wai‘anae Kai population is located in a high use hunting area, 
eliminating the possibility of a large-scale fence to protect against ungulate damage.  A fence is 
already planned for Mākaha.  Full genetic storage collections for this species are underway.  C. 
longiflora faces threats from fire, pigs, weeds, and slugs.  In general, known populations are 
located in manageable habitat and many of the threats are controllable.  The prognosis for 
stability is good, although none of the PUs are currently close to attaining stability.  The table 
below shows fewer (29 as opposed to 40) plants counted in 2005 compared to the previous year.  
This should not be interpreted as a decline because not all of the known locations were 
monitored in 2005.    
   
Taxon Status 
 

 
 
 



Chapter 3.6 Cyanea longiflora  3-44 

2005 Makua Implementation Plan Status Report 

 
Genetic Storage 
 
Over 105,700 seeds have been banked in the Seed Conservation Lab.  Seeds were collected in 
October 2004 and August 2005 for storage testing and will be tested for the first time in October 
2005.  Collections prior to October 2004 were too valuable to be used for testing.  Until results 
indicate otherwise, banked seeds are stored refrigerated at 20% relative humidity as this 
condition was determined most successful for all other tested species of Cyanea.
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
For good germination, fruit must be collected when seeds are mature.  The best germination has 
come from seed that was dark brown.  The fruit, however, can be at various stages of ripeness 
and contain dark brown seed.  At seed maturity, the inside and outside flesh of the fruit should be 
orange, however, the inside flesh may still be green (outside orange) and contain dark brown 
seeds.  Fruit that are dark purple and typically small are also green on the inside but have never 
been observed to have mature seed and should not be collected for seed storage.  Seeds 
germinate on 1% water agar.  Initial viability varies between plants and it ranges from 80-100%.  
For a few plants initial germination remains low, between 20-40%.     
 
Unique Species Observations 
 
This species is not fire-resistant.  There are currently about three mature plants left on the 
Kumaipo Ridge, which separates Wai‘anae Kai and Mākaha.  An illegal campfire that got out of 
control in early September 2003 killed at least one plant, see photo below.  Other undiscovered 
individuals may also have burned. 
 
Outplanting Issues 
 
In February 2005, NRS experimented with outplanting 23 immature C. longiflora into a small 
pre-existing exclosure which lies with in the Kapuna to West Makaleha PU.  Two nearby wild 
plants were used as founders.  The reintroduction was done because of a contamination at the 
Micropropation Lab.  The stock was taken out of tissue culture and grown out in the Army 
Nursery, until the plants averaged about 25cm.  NRS treated the reintroduction as a trial.  During 
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monitoring in July 2005, sixteen plants were healthy, five were moderate, and two were dead.  
This size may have been a little smaller than ideal and in the future larger plants will be out-
planted.  Although slug predation has been observed to contribute to the decline of larger plants, 
for the purpose of out planting larger plants have demonstrated better survivorship.  Prior to 
beginning more outplanting efforts, NRS will work to address the slug threat.   
 
Founders Represented in Outplantings 
 

 
 
Research Issues 
 
Slugs likely threaten all members of this genus.  Federal Biologists consider slugs to be an 
“immediate and significant threat” to C. longiflora (U.S. Fish and Wildlife Service. 1998. 
Recovery Plan for Oahu Plants. U.S. Fish and Wildlife Service, Portland, Oregon. 207 pp., plus 
appendices) though their conclusions are based on anecdotal observations.  Formal investigation 
involving a related species, Cyanea  superba, suggests slugs are decreasing C. longiflora survival 
as well (see Research Issues C. superba subsp. superba).  We have recently hired an Invertebrate 
Research Specialist to investigate slug control options for this species. 
 
Surveys 
 
No surveys were conducted for this species in the last year.  NRS will continue to search around  
existing populations for additional plants.  No other surveys are planned but NRS will need the 
cooperation of the State to help with plant locations. 
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Taxon Threats 
 
Fire, weeds, pigs, and slugs are all threats to this 
taxon.  While few of the populations are located in 
areas with a high risk of fire, at least one plant 
burned in the 2003 fire in Wai‘anae Kai.  Pigs 
drastically alter the species’ habitat, and may 
affect delicate seedlings and juveniles.  Weeds 
such as Psidium cattleianum and Coffea arabica 
are major habitat modifiers.  Slugs may prey on 
seedlings.  NRS have not observed rat predation 
on this species, but will monitor for it because 
other taxa in this family have been impacted by 
rats. 
 
 
 
 

Burned Cyanea longiflora 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 
 

 
 
Manage for Stability PUs: 
 
Pahole:   This PU includes all of Pahole NAR.  This year NRS monitored and counted 22 mature 
plants, 41 immature plants and 19 seedlings.  Based on NRS monitoring observations and 
conversations with the NARS Specialist, it is estimated there are approximately 50 mature plants 
in Pahole.  This population appears healthy, with plants of all size classes present.  However, the 
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NARS Specialist reports that there has been a dramatic decrease in the number of individuals in 
this area in the last six years.  The population is fenced, so ungulates are not causing the decline. 
NRS will work with the NARS Specialist to try to determine the cause of the decline.  The 
habitat is dominated by native species, and requires minimal weed control.  Weed control at this 
site is ongoing, and NRS will continue to visit the area biannually.   NRS plan to work with the 
NARS Specialist to collect fruit from all of the remaining plants next year.  So far, over 50,000 
seeds were collected from 14 individuals in Pahole.   
 
Kapuna to West Makaleha:  This PU encompasses three gulches: Kapuna, Keawapilau and 
West Makaleha, and includes 23 mature and 27 immature plants.  In the last year NRS have 
monitored only a portion of this PU, and also asked the NARS Specialist for his latest population 
estimates of other areas. None of the wild plants in this PU are currently fenced, but the 
reintroduced plants in West Makaleha are within an exclosure.  The State is planning to build a 
small fence in Kapuna and Keawapilau.  This area is threatened by pigs.  Construction has begun 
on subunit 1 of this fence, however, this subunit will not include any C. longiflora.  The West 
Makaleha plants are growing on a cliff and not at risk from pigs, but the habitat around these 
plants is scheduled to be fenced in Year 2 of the MIP.   
 
NRS have not monitored any of the plants in Kapuna Gulch since 1999. In the next year, NRS 
hope to get the locations and status of the remaining plants from NARS staff.  No collections 
have been made from these plants and the threats have not been assessed by NRS. The State 
fence which is being built this year will not protect either of the known sites. 
 
There are at least two known sites in Keawapilau Gulch, spread out over several small gulches.  
NRS monitored these plants while conducting weed control in the area and will continue this in 
the coming year. There are plants of all size classes in these sites.  Collections were made from a 
few of the plants this past year.  In the coming year, NRS will seek to get collections of mature 
seed from all individuals into storage.  NRS hope to receive additional population locations and 
data from NARS staff in the coming year.  NRS began a program of regular weeding this year, 
visiting the area twice a quarter.  The primary weed threats include Clidemia hirta, P. 
cattleianum, and Rubus argutus.  Fire is not a threat at this site.   
 
There are three mature wild plants located in West Makaleha but the plants are difficult to 
monitor.  The area surrounding the cliff has nice native forest with Uluhe lau nui (Diploterygium 
pinntatum) understory.  Trampling through this type of vegetation to rappel to the plants disturbs 
the forest and invites weeds as well as ungulates into the area.  In the coming years, NRS will 
alternate rappelling to the plants with binocular monitoring from a nearby ledge.  This past year, 
NRS didn’t collect any fruit, since the Seed Conservation Lab has over 2,000 seeds in stock from 
two of the plants.  NRS are hopeful that by not collecting and allowing seeds to be dispersed 
naturally, they will germinate on their own.  In the coming year, NRS will monitor this site and 
look for seedlings.  No seedlings have been observed thus far, but they may be difficult to detect 
due to the thick understory.  The third plant has never flowered while NRS have surveyed.  If the 
third plant does flower in the future, genetic stock from the unrepresented individual will be 
collected.  The plants are not within a fence, but are protected from pigs by the vertical cliff 
where they are growing.  No weed control has taken place directly around the wild plants.  
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However, weed control has taken place around the reintroduction in West Makaleha.  Much of 
the focus in the reintroduction site has been on R. argutus and P. cattleianu. 
 
Mākaha and Wai‘anae Kai:  This population is centered around the Kumaipo Ridge, which 
separates Mākaha and Wai‘anae Kai valleys.  Some of the plants are on State land in Waianae 
Kai, and some are on BWS land in Mākaha.  NRS, together with the BWS Watershed Planner, 
regularly monitor the site.  There are three mature, eight immature, and two seedlings.  NRS 
monitored the plants this past year and collected from the reproductive individuals.  Many seed 
collections have been made from this site the last several years.  NRS will work with the NARS 
Specialist to conduct more surveys along the Wai‘anae Kai side of this PU, as this area is under- 
surveyed.  The one mature Wai‘anae Kai plant fruits more prolifically than any of the other 
plants of this species observed by NRS.  NRS will coordinate with the NARS Specialist to 
collect seeds from this plant for storage testing. 
 
NRS are currently finishing a permit application to build a small fence around the Mākaha 
portion of this population.  This site will be augmented with stored stock taken from the 
Wai‘anae Kai portion of the PU.  NRS will not conduct ungulate control around the Wai‘anae 
Kai plants.  In September 2003 a fire burned one of the mature plants in Mākaha.  While this 
area continues to see high use from hikers and hunters, University of Hawai‘i researchers are 
monitoring the area regularly to study fire recovery.  NRS hope that increased official presence 
will help reduce the chance of further fires.  As part of their study, the UH researchers have 
performed some weed control in the burned area.  In addition, NRS recently received permission 
to perform weed control in Mākaha, and have are begun control of C. arabica and P. 
cattleianum, the major weed threats at this site.   
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3.7 Cyanea superba subsp. superba 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (long-lived perennial with a history of precipitous 

decline, extirpated in the wild, and extremely low genetic variability) 
• Threats controlled 
• Complete genetic representation in storage of all PUs  
 

Taxon Level Discussion 
 
The last wild Cyanea superba died in 2002.  There are four augmentation sites within the 
Kahanahāiki PU and three reintroduction sites within the Pahole to Kapuna PU.  All of these 
augmentation/reintroduction sites are in the Action Area (AA).  The MIP Addendum 
stabilization summary for this taxon proposes two off-site reintroductions.  This deviation from a 
total of three managed PUs is justified by C. superba’s recent extinction at wild sites and the 
critical nature of management.  They will be in the Mākaha and the Central and East Makaleha 
PUs.  These off-site reintroductions will be initiated once Management Unit (MU) level threat 
control is in place.  Based on genetic studies done at the University of Hawai‘i, the genetic 
diversity of this taxon is extremely low.  Despite this limited genetic variability, the taxon does 
not show signs of inbreeding depression as plants grow vigorously and produce viable seed.  
Plants flower and produce seed, but there has been no evidence of recruitment in the wild.  This 
is largely attributed to very high slug predation levels on the small size classes of C. superba.  
Other threats include ungulates, rats and weeds.  The prognosis for reaching stability for C. 
superba depends on addressing threats to the seedling stage.   
 
Taxon Status 
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Genetic Storage 
 
NRS attempted to propagate this species via cuttings in the Army Nursery as well as at the 
Micropropagation Lab but without success.  Therefore, seed storage is the preferred genetic 
storage method.  There are over 50,000 seeds in storage that have been collected from outplanted 
plants.  Three different temperatures at two moisture levels each have been tested.  Seed viability 
appears to drastically drop after one year of storage and seeds do not tolerate freezing.  Storage 
potential appears to be very low, but more storage treatments can be tested before long-term seed 
storage is ruled out.  Until better storage conditions are determined, seeds from outplanted 
individuals should be collected every other year in order to keep viable seed in the seedbank.   
 
Thousands of C. superba fruit are available from reintroduction sites each year, but a limited 
number of founders and the lack of lineage data complicate collections.  Since 1995, seed was 
collected from 3 wild plants in Mākua (MMR-A-2, MMR-A-3 and MMR-A-4).  Of the 375 
plants able to be grown from these wild collections, only one plant was grown from MMR-A-2, 
44 were grown from MMR-A-3 and the rest from MMR-A-4.  Lineage data is not available for 
stock NARS staff used to establish two Kapuna reintroductions.  Since genetic results indicate 
that stock collected from the Kahanahāiki PU is practically identical to stock from the Kapuna 
reintroductions, NRS will include the Kapuna reintroduced stock into the Kahanahāiki PU 
founders and count them all as one additional founder for a total of four founders. 
 
Plants not needed for reintroductions where planted at Lyon Arboretum, Waimea Botanical 
Garden and the National Tropical Botanical Garden, see image below.  Five plants were planted 
in February of 2003 in the Hawaiian section at Lyon Arboretum.  However, the plants were not 
thriving, and NRS believe they have since died.  Since 2004, the Waimea botanical Garden 
received eleven plants.  Six are doing well, two are fair and three died.  These plants were from 
seed from the Kapuna reintroductions.  In addition, plants were sent to the National Tropical 
Botanical Gardens in April 2003. 

 
                            C. superba living collection at Waimea Botanical Garden 
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Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Fresh germination is highly variable between plants, ranging from 0% - 95% on agar.  Due to 
lack of lineage data and uncertainty of seed maturity at time of collection, it is unknown as to 
why there is such variation in initial viability.  It is also possible to germinate seeds in 
vermiculite and perlite.  NRS have attempted vegetative propagation, but cuttings in the 
greenhouse or in micropropagation do not grow.   
 
Unique Species Observations 
  
Mark Gardener, a University of Hawai‘i at Mānoa post-doctoral associate, did a study on the 
pollinators of C. superba subsp. superba.  Native bees, tentatively identified as Hylaeus 
connectans, visited the flowers and appeared to pollinate them.  The introduced Japanese White-
eye (Zosterops japonicus), was observed nectar-robbing, but also occasionally contacting the 
stigma and carrying pollen between flowers.  Rats were also observed on plants but were not 
seeing causing any damage. 
 
Outplanting Issues 
 
NRS has outplanted significant numbers of C. superba since 1999.  Plants establish themselves 
faster and survivorship is higher if the plants are about two years old and close to one meter tall 
or taller when outplanted.  The survivorship of this taxon is also tied closely to micro-site 
characteristics.  Outplantings conducted in main gulch bottoms are most vigorous and have the 
highest survivorship.  As stated above, stock from three wild plants was acquired and progeny 
have been reintroduced.  In addition, most reintroductions were done with progeny from a single 
founder plant.  All reintroductions are not balanced with stock from the other founders, which 
are now dead.  Last winter NRS planted the only A-2 plant into the reintroduction site which had 
the best survivorship and vigor.  The decision was made to reintroduce this valuable stock as the 
plant was performing poorly in the Army Nursery and it was not possible to take a vegetative 
clone of the individual.  In addition, NRS has never seen this species flower in the Army Nursery 
and believe that outplanting is imperative for fruit production.  These plants were all healthy as 
of August 2005.  NRS will continue to supplement these plantings to balance the founders when 
seed is available from the progeny of the missing founders.  Also NRS will balance 
reintroductions with progeny from the Kapuna reintroductions as this stock will now be treated 
as one additional founder.  In addition to the Army’s efforts with this taxon, the State of Hawai‘i 
has reintroduced this taxon with success into the Pahole NAR over the last ten years and The 
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Nature Conservancy (TNC) has also conducted reintroductions.  These are discussed in the PU 
sections below. 
 
Founders Represented in Outplantings 
 

 
 
Research Issues 
 
Slugs are believed to threaten almost all members of this genus.  Two field trials at Lyon 
Arboretum by A. Yoshinaga and C. Daehler demonstrated slugs could reduce the survival of 
Cyanea  angustifolia seedlings by as much as 80%.  With NRS support, a UH graduate student, 
Stephanie Joe, researched slug impacts on C. superba and found similar levels of mortality 
(approximately 70%), see figure, below.   

 
This figure illustrates the fate of 150 C. superba seedlings over 190 days.   
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Seedlings were either exposed to slug herbivory (dark grey bars) or protected from slugs (light 
grey bars).  Slugs were prevented from attacking seedlings in the latter group using a 
combination of molluscacide and copper mesh.  Intervals shown in black are one standard error 
from the mean. 
 
Seedlings were reared in the Army Nursery and transplanted into Kahanahāiki MU after 
attaining a height of 3 cm, at which time most individuals had 4 leaves.  Seedling survival more 
than doubled when slugs were prevented from grazing plants.  After 190 days, plant survival 
between treatments (slug-exposed vs. slug-protected) was compared using nonparametric 
statistical procedures and found to differ significantly (P>0.05). 
 
These results illustrate the need to control slugs in areas surrounding extant C. superba 
populations, see photo below.  The UH graduate student has recently joined the NRS team as a 
Natural Resources Research Specialist and is currently investigating ways to protect C. superba 
from slug herbivory. 
 

 
Slugs (Deroceras sp.) with remains of C. superba seedling (photo by S. Joe). 
 
Surveys 
 
No surveys were conducted in the last year and no new plants were found. 
 
Taxon Threats 
 
All reintroductions are within ungulate exclosures. Seedlings and young plants of this species are 
susceptible to slug predation (see Research Issues).  Fruits are subject to rat predation, so it is 
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necessary to bait for rats during the fruiting season in order to collect seeds.  Weeds are a threat 
to habitat, especially Rubus  rosifolius, Clidemia hirta and Psidium. cattleianum. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Kahanahāiki:  The last wild Kahanahāiki plant died in 2002.  Beginning in 1999, NRS 
augmented the PU with 251 plants grown from the wild founders.  Survivorship has varied at the 
different sites, from 35% at the marginal sites, to 80% at the best. When monitored in August 
2005, 78 plants were mature and beginning to flower. The prime sites for planting have been 
determined and future reintroductions will be planned for areas matching the characteristics of 
the successful sites.  Additionally, NRS will continue to monitor reintroduced A-2 and A-3 
lineage plants for fruit availability in order to secure this stock in genetic storage.  The rat control 
that is conducted for ‘Elepaio in Kahanhāiki benefit the reintroduction in this area.  Baits are 
maintained from January to June.  See chapter 5 for details on the bait grid.  The reintroduction 
areas are weeded multiple time a year to maintain habitat quality. 
 
Pahole to Kapuna:  Since 2001, 120 plants grown from Kahanahāiki stock were planted at one 
site in Pahole gulch.  Survivorship is just over 60% and there are now at least 12 mature plants.  
There are likely more mature plants at this site but NRS has not been able to visit due to access 
restrictions. 
 
There are two sites with a total of 45 reintroduced Cyanea superba ssp. superba in Kapuna 
Gulch.  At least 19 of these plants were mature last year and even more may be this year.  NARS 
staff originally outplanted into these sites in 1997 and 1998.  NRS supplemented the sites in 
2001 with stock from more recent Kahanahāiki collections.  NRS monitors these sites 
periodically when conducting other management.  In the past, NRS assisted the NARS Staff in 
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controlling rats around these plants and collecting fruits for seed storage at the Seed 
Conservation Lab.  In the next year, NRS will reconsider these two reintroductions sites for 
active management as part of the Pahole to Kapuna PU.  The first Upper Kapuna subunit fence 
will be constructed in the next year enclosing the ‘one acre’ reintroduction site and surrounding 
habitat. This will open up more habitat management possibilities in the area.  As stated in the 
collections section above, the NARS staff planted C. superba at these reintroduction sites.  This 
site will now be considered a unique founder from the Kahahāiki PU and collections will be 
made according to this new treatment.  NRS has conducted some weed control around the two 
Kapuna reintroductions and regularly weed around the Pahole site. 
 
Other PUs:  
 
Honouliuli:  Thirty-nine individuals of mixed stock were planted into the Palikea fence in North 
Pālāwai in spring 2004 by TNC.  Another 97 individuals of mixed stock were planted within the 
Kalua‘ā fence in spring 2004.  TNC with some assistance from NRS, continue to monitor their 
growth and manage the rat populations with bait stations. 
 
Mākaha: No reintroductions will begin until the management unit fence is built. 
 
Central and East Makaleha: No reintroductions will begin until the management unit fence is 
built. 
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3.8  Cyrtandra dentata 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
The Kahanahāiki and Pahole to West Makaleha PUs are found growing in several gulches over 
this widespread area and have stable numbers of individuals.  These PUs are also the center of 
abundance for this species, so even though they are both found in the action area (AA), they are 
both designated ‘Manage for Stability’.  The plants in these two PUs are spread over a large area, 
and it is unlikely that one catastrophic event could wipe out all of the plants.  The two PUs found 
outside of the AA are both in the Ko‘olau Mountains and overlap with the Oahu AA.  The 
‘Ōpae‘ula PU will be managed rather than Kawai‘iki because ‘Ōpae‘ula has more manageable 
terrain, and there are many other rare species in the ‘Ōpae‘ula proposed MU.  ‘Ōpae‘ula is 
undersurveyed, and it is likely there are more individuals in this PU.  Despite the fact that pigs 
significantly impact the habitat of C. dentata, all of the populations have good recruitment. 
When ungulates are controlled, this species does well in situ.  Weeds also impact this taxon as its 
gulch bottom habitat is often dominated by Clidemia hirta.  
 
Taxon Status 
 

 
 
Genetic Storage 
Seeds were collected and taken to the Seed Conservation Lab for seed storage testing this year.  
After one year of storage, refrigerated and frozen seeds showed no decrease in viability, with 
germination at 90-100%.  Enough large collections have been made for sufficient testing so that 
future results will determine appropriate storage methods.  Additional collections have been 



Chapter 3.8 Cyrtandra dentata  3-56 
 

2005 Makua Implementation Plan Status Report 

made, and seeds from three plants from the Kahanahāiki PU and one plant from the Pahole to 
Kapuna to West Makaleha PU are in storage.  No collection schedule has been determined, but 
collections will probably last for at least five years or more.  Due to the magnitude of collections 
required to meet storage goals for this taxon, NRS waited to see some positive preliminary seed 
storage results before attempting full collections.  Now that it seems promising that this taxon 
will store well, NRS will more actively pursue seed collection.  Since this taxon overall is fairly 
stable and full funding has not been achieved for the MIP, collections will start slowly as 
resources become available. 
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Seeds germinate best when the fruit is browning and cracked open.  This allows the seeds to 
absorb the sugars from the fruit, which increases germination (Dr. Jim Smith, Boise State 
University, pers. comm. 2004).  Fresh germination on agar was 100%.  Seedlings are easily 
transferred from agar to grated moss or germinated on grated moss.  Seedlings have not been 
successfully transferred from agar to sand, vermiculite, or a mix of perlite and vermiculite.  Due 
to the probable success in seed storage, no attempts have yet been made to grow plants from 
cuttings. 
 
Unique Species Observations 
 
The leaf shape and sepal width varies between populations.  
 
Outplanting Issues 
 
NRS have not outplanted this species. 
 
Research Issues 
 
Federal biologists consider slugs to be an “immediate and significant threat” to C. dentata 
survival (U.S. Fish and Wildlife Service. 1998. Recovery Plan for Oahu Plants.  U.S. Fish and 
Wildlife Service, Portland, Oregon. 207 pp., plus appendices.), though these conclusions are 
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based on anecdotal observations.  Research is needed on the effect of slug predation on this 
species.  Since numbers are relatively high and recruitment is very high at wild sites of C. 
dentata, quantifying the effect of slugs is not a high priority research project as compared to 
others.  This research question will be prioritized alongside other projects and may increase in 
priority as others are completed. 
 
Surveys 
 
No surveys have been conducted specifically for this taxon.  The Ko‘olau populations were 
discovered while surveying for Stenogyne kaalae var. sherfii. 
 
Taxon Threats 
 
Slugs impact this species but research is needed to determine the extent of their impact.  This 
species grows in wet gulches, which are heavily impacted by feral pigs.  The major weed threats 
to this species include Ageratina adenophora, Buddleia asiatica, Rubus rosifolius, C. hirta, 
Aleurites moluccana, Psidium Cattleianum, and Christella parasitica.  Rat damage has not been 
observed, but NRS will continue monitoring for leaf or stem chewing or seed predation.   
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 
 

 
 
Manage for Stability PUs: 
 
Kahanahāiki:  All of the plants in this PU are fenced.  NRS have not thoroughly monitored this 
PU in the last year because of the increasing effort involved in counting hundreds of plants.  
NRS will work with the NRS Monitoring Program Manager to determine the best monitoring 
approach for this taxon.  The number shown in the table is from last years count.  NRS have 
observed an increase in population numbers in Kahanahāiki since the fence was constructed in 
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1996.  Seeds were collected in the last year from this PU for storage testing. The rat control that 
is conducted for a nesting ‘Elepaio pair may benefit this PU.  Baits are maintained from January 
to June (see the ‘Elepaio section for details on the bait grid).  Weed control is conducted in the 
gulch once a quarter. 
 
Pahole to Kapuna to West Makaleha:  The Pahole portion of this PU is fenced.  The Kapuna 
portion of this PU is scheduled to be fenced in year 1 of the MIP but due to certain restrictions 
such as funding and contracting problems, it is unclear when the fence will be completed.  This 
area was partially monitored this year and large numbers of individuals of all size classes were 
counted.  Future surveys would likely reveal even more plants.  Plants in this PU appeared 
healthy and were recruiting well.  In July 2004, seeds were collected from this PU for storage 
testing.  Some weed control occurred around plants in the gulch bottom and the removal of 
Montenoa hibiscifolia from Pahole helps this species. 
 
‘Ōpaeula:  NRS surveyed this area with the HINHP Botanist in 1999. These sites have not been 
monitored since that time.  A new site with one mature and seven immature plants was found by 
NRS in 2003 and it’s likely that more will be found. In the next year NRS will collect a voucher 
from the Ko‘olau populations to compare with the Wai‘anae specimens.  A fence was scoped in 
this area and will benefit this taxon.  NRS and the Ko‘olau Mountain Watershed Partnership is 
working together on the construction of this fence. 
 
Other PUs: 
 
Kawai‘iki:  In January 2005, NRS accurately monitored this PU.  Although the area surrounding 
the plants is thick with alien dominated vegetation, such as C. hirta, recruitment is good and all 
size classes are present.   
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3.9  Delissea subcordata 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 100 reproducing individuals in each PU (short-lived perennial with population 

fluctuations and local declines, potentially an obligate out-crosser) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
Two of the ‘Manage for Stability’ PUs are out of the action area (AA) and one is in the AA.  
This species is very rare and continues to decline in numbers.  NRS have been successful in 
capturing most PUs with extant founders in genetic storage.  Plants can be propagated easily 
from seeds.  This taxon does show recruitment at wild sites and occasionally new plants are 
found in sites away from known populations, suggesting they may be dispersed by birds.  It is 
also possible this species has a persistent seedbank.  All three ‘Manage for Stability’ PUs have 
been augmented and outplanting has been successful.  The largest threats to Delissea subcordata 
are pigs and goats.  In addition, slugs are a threat to this taxon.  Although declining, this taxon 
seems to survive in fairly weedy forest dominated by Schinus terebinthifolius and Psidium 
cattleianum.  Because NRS has been successful in propagation and reintroduction and has seen 
regeneration in the wild, D. subcordata has a positive prognosis for stability. 
 
Taxon Status  
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Genetic storage 
 
Due to the efficiency and success of collections and storage, seed storage is the preferred method 
of genetic storage.  Three different temperatures at two different relative humidity (RH) levels 
each have been tested for five years.  Results indicate 4°C (refrigeration) at around 20% RH 
yields the highest percent germination, while seeds that were frozen drastically lose viability 
after one year.  Seeds can be stored for at least five years in refrigeration with little to no 
decrease in viability.  Some of the older collections do not have high germination.  All of these 
had been stored for some extended period of time (> one year) at -18°C.  There are currently 
26,972 seeds in storage from the Kahanahāiki to Keawapilau PU, 11,167 seeds from Haili PU, 
5,017 seeds from the Pālāwai PU, 32,090 seeds from ‘Ēkahanui PU, 19,654 seeds from Palikea 
Gulch PU, and 1,022 seeds from the South Mohiākea PU.  According to test results collections 
for this taxon can be made every eight years.  There are also over 10,000 seeds being stored from 
reintroduced plants.  Immature fruit have been brought to the Micropropagation Lab and 
successfully established in culture.   
 
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Fruit should be collected when none of the outside flesh is green.  Coloring of outside flesh of 
mature fruit varies among populations from tan with pink/purple lines or patches to entirely dark 
purple.  The number of seeds per fruit also drastically varies, from zero to over 250 seeds.  Seeds 
germinate well in flats on vermiculite and perlite.  Initial germination rates on agar during the 
seed storage trials at the Seed Conservation Lab were around 90%.  It is also possible to grow 
plants from cuttings; however, plants usually have only one growing point, so cuttings are not 
the preferred method of propagation unless the parent plant is multi-branched or needs to be 
salvaged. 
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Unique Species Observations 
 
The HINHP botanist has observed germination of same-aged plants in the field in areas where 
there is no obvious parent plant, suggesting there may be a persistent seed bank.  Seed storage 
testing has shown that seeds stored imbibed in the dark germinate well when exposed to light, 
also suggesting there is a good potential this species forms soil seed banks.  Bird predation on 
fruit has been observed, and at two separate sites juvenile plants were found growing right next 
to fences, which make good perches.  This could be because of bird dispersal, or possibly the 
result of soil disturbance through foot traffic enhancing seed germination. 
 
Outplanting Issues 
 
Currently, about 160 plants from four PUs have been reintroduced.  Kapuna stock has been 
reintroduced into Kahanahāiki, South Mohiakea and ‘Ēkahanui stock has been reintroduced into 
Kalua‘ā by The Nature Conservancy (TNC), and Palikea Gulch stock has been reintroduced into 
West Makaleha.  Details on the individual outplantings are discussed below in the ‘Population 
Unit Level Discussions’.  All sites have been monitored by NRS and mature seed has been 
collected from many sites for storage and propagation. This taxon is tolerant of weedy areas, so it 
is not difficult to find sites for outplanting.  All reintroductions have had at least 80% survival 
and at one site in Kahanahāiki, seedlings have been observed.  Last winter, NRS planted 40 
plants of ‘Ēkahanui stock into ‘Ēkahanui as an augmentation.  In the coming year, NRS will use 
stock from two new PUs (Pahole and Ke‘ālia) to establish reintroductions and will augment 
others to balance the founders.  Plants at the Kalua‘ā PU have not yet produced seed in the two 
seasons that NRS has been monitoring them.  Once seed is collected it will be propagated for 
reintroduction. 
 
Founders Represented in Outplanting 
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Research Issues 
 
Slugs are a threat to seedlings of this species, and slug damage has been observed on plants of all 
size classes.  Federal biologists consider slugs to be an “immediate and significant threat” to D. 
subcordata survival (U.S. Fish and Wildlife Service. 1998. Recovery Plan for Oahu Plants. U.S. 
Fish and Wildlife Service, Portland, Oregon. 207 pp., plus appendices.), though these 
conclusions are based on anecdotal observations. We have recently hired a Natural Resources 
Research Specialist to investigate slug control options for this species. 
 
Surveys 
 
No surveys were conducted for this taxon in the past year, however, new plants were discovered 
in both the Kahanahāiki to Keawapilau (Kapuna gulch) and the Palikea gulch MUs this year.  An 
additional plant was found by the NARS Specialist at the Kapuna PU.  NRS will continue to look 
for new plants in the course of ongoing management. 
 
Taxon Threats 
 
Slugs eat seedlings and fruit of this species, and slugs appear to have eaten into the stem of 
immature and mature plants in the West Makaleha reintroduction.  Birds and rats are known to 
prey upon the fruit of this species, but it is not known if the seeds survive.  A grid of rat bait 
stations and snap traps has been set up around the West Makaleha reintroduction, the only place 
where damage was observed.  Access to the West Makaleha reintroduction site was restricted by 
the State.  Due to this suspension, restocking of bait stations and snap traps has not occurred 
since 07 July 2005.  This site is usually visited on a monthly basis to insure adequate protection 
of these plants.  NRS feel this site is of great importance for these plants and is in the process of 
obtaining a special use permit from the State.  If rat damage is observed in any other PU, stations 
and traps will be deployed.  This species tends to be found in weedy habitat in mesic forests, and 
weeds such as S. terebinthifolius and Passiflora suberosa are major threats. 
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Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Kahanahāiki to Keawapilau:  This PU covers four gulches on Army and State NAR lands. The 
sites are discussed separately below.  
 
There is a single mature plant within the Kahanahāiki exclosure which is monitored regularly 
and has been collected from for seed storage.  The origin of this single plant is still unclear.  It 
may be an F1 plant from the nearby reintroduction, transported to the site by a bird or it may be a 
wild plant from a historic population.  NRS collected leaf material from the plant for genetic 
analysis by Dr. Cliff Morden at the University of Hawai‘i.  Until the results are in, NRS will treat 
this individual plant as unique and significant.  Collections have been made from this plant and 
the seeds are in storage at the Seed Conservation Lab.  There are two reintroduction sites in 
Kahanahāiki Gulch, both established with plants from Kapuna Gulch.  At the MMR-A site, the 
larger of the two, 20 of the 31 plants are alive and healthy and one immature F1 plant was 
observed in the past year.  Mature seed has been collected from this site for storage as the 
parental stock has been extirpated from Kapuna stock.  At MMR-B, six plants were planted but 
only one remains and is in healthy condition. 
 
NARS staff reports that there are currently one mature plant alive in Pahole. Collections have 
been made and are in storage at Lyon and are also being germinated from these collections for 
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reintroduction into Pahole this winter.  A reintroduction site will be determined by NRS and 
NARS staff.  
 
One plant is currently known from the historic site in Kapuna.   A new site with one mature plant 
was found near the historic location in 2004 and this year an additional plant was found nearby.  
In the last year, NRS and the NARS Specialist collected many mature fruits from all three of 
these plants for storage.  The seeds will be used to grow plants for future reintroductions.  
 
‘Ēkahanui: There are still four plants at two of the three historical sites.  NRS and TNC staff 
built fences around these sites in 2004.  Seed collections were made from all plants again this 
year.  The sites are degraded and only minimal management is done to allow the plants to mature 
and produce seed for reintroduction into managed habitat.  TNC has reintroduced over 85 plants 
into the ‘Ēkahanui exclosure and this site will be augmented in the coming year to balance the 
founders.  Seeds have also been collected from the reintroductions for storage. NRS will 
continue to monitor the wild and reintroduced plants at these sites and collect seeds for storage 
and reintroduction. 
 
Kalua‘ā:  Two plants were discovered in 2003.  NRS have attempted to collect fruit from these 
plants for the past two years but the buds aborted before flowering.  NRS will continue to 
monitor and try to collect.  There may be two D. subcordata seedlings on site but they have not 
yet been confirmed.  When Kalua‘ā stock is collected it will be germinated with South Mohiākea 
stock and reintroduced together into the Kalua‘ā reintroduction sites.  Weed control continues to 
be conducted at the reintroduction site in Kalua‘ā.   
 
Other PUs: 
 
South Mohiākea:  Last year, one mature and one immature plant was documented at this PU.  In 
January 2005, three seedlings appeared at the site.  NRS monitored the PU again in August and 
none of the seedlings appear to have survived.  The one immature plant was also dead.  There is 
high mortality at this population but also relatively high recruitment levels.  NRS conduct weed 
control within the small exclosure protecting this PU.   
 
Huliwai:  The HINHP Botanist monitored this site in 2004, and the plants were gone.  The 
habitat has been severely degraded by weeds and ungulates.  No stock from this PU remains. 
 
Ka‘awa:  NRS and the HINHP Botanist surveyed the historic location for this species in 2004 
and no live plants were found.  No stock from this PU remains.  This site may be monitored in 
the future for new plants when conducting other management in the area, but will not be a target 
for management.  The habitat at this site has been heavily impacted by feral ungulates.   
 
Pālāwai:  Fences are being maintained at two sites in Pālāwai.  Collections have been secured 
from all mature plants.  Weed control is being conducted at one site with remaining native 
components.  The other site is dominated by S. terebinthifolius and is not worth weeding.  TNC 
will be conducting reintroductions with this stock in the coming year. 
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Palikea Gulch:  There is now only one remaining plant in this PU.  There were two general 
locations known in this gulch and both were monitored in the last year. The NARS Specialist 
reported that the plants have been extirpated from one site, and NRS found only one plant at the 
other.  Neither site was protected by a fence and pigs were a noted threat at both.  Mature seed 
was collected for storage and germination by NARS and NRS from both sites in the past, and 
again this year. Stock from this location is also represented at the reintroduction in the West 
Makaleha exclosure.   
 
Ke‘ālia: The NARS Specialist found a new population of seven mature individuals on State land 
in 2004.  NRS have not been to this site.  NRS requested permission from the State to fence the 
site but were told to wait until the land changes from unencumbered land to Forest Reserve in the 
near future.  NRS are concerned that this will not happen quickly enough to provide adequate 
protection for this population.  The NARS Specialist has been monitoring this site and collecting 
mature seed for storage. Seed from this stock has been germinated for a reintroduction planned 
for Kaluakauila in winter 2005-2006. 
 
West Makaleha:  Twenty plants from Palikea gulch stock were planted inside the small West 
Makaleha exclosure in January 2003.  Rat and slug predation has been a problem at this 
reintroduction site.  Rat control was initiated in May 2003 (see table below).  Palikea founders 
represented in this reintroduction are now extirpated so the seed from reintroduced plants is 
valuable for storage.  Collections were made in the summer of 2005 and is scheduled again for 
next summer. This site will not be supplemented because the site is not in preferred D. 
subcordata habitat.   
  
West Makaleha Delissea subcordata Rat Control Data 

Year # of Bait 
Stations 

Amount of Bait 
Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of rats 
trapped 

# of snap 
traps 

2003 5 80 30 38% 0 0 
2003-2004 5 640 336 53% 12 10 
2004-2005 5 660 228 35% 15 10 
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3.10  Dubautia herbstobatae 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
The two largest populations at ‘Ōhikilolo will be managed because they represent the center of 
abundance for this taxon.  Both of these PUs have stable numbers of individuals, and both of  
these PUs are in the Action Area (AA).  However, because of their widespread distribution on 
‘Ōhikilolo, it is very unlikely one catastrophic event could wipe out both PUs.  The ‘Ōhikilolo 
Mauka PU has been split further to show the plants that exist on the Mākaha side of ‘Ōhikilolo as 
a separate PU (Mākaha/‘Ōhikilolo).  These plants have a different threat status because of the 
high numbers of goats in Mākaha and have been designated as a ‘Manage for Genetic Storage’ 
PU.  The current numbers listed in the taxon status table below are from actual counts, rather 
than estimates, and do not represent a real decline in individuals since the final MIP.  In the 
coming years, NRS will continue to search for new plants and refine the counts; though, counts 
may never reach original estimates as many plants are on steep inaccessible cliffs.  A new 
population was found in Mākaha in the last year and NRS were able to collect cuttings and seeds. 
NRS have proposed that this be considered the third ‘Manage for Stability’ PU to replace the 
proposed reintroduction in Mākaha.  NRS were able to collect cuttings and fruit from the remote 
Wai‘anae Kai PU.  The other remaining PUs will be managed for genetic storage.  Dubautia 
herbstobatae tend to grow on steep cliffs where feral ungulates pose a low threat. However, 
goats do pose a threat to the surrounding habitat. Currently weeds are not a major problem.  This 
species can be grown from seeds or cuttings, and storage and germination trials are underway.  
Seed collection for genetic storage has been difficult as seed is difficult to reach and is often not 
viable. 
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Taxon Status 

 
 
Genetic Storage 
 
All methods of genetic storage are being utilized.  Collections are difficult to obtain from this 
species because all are located on big cliffs and do not produce fruit year round.  Seed of this 
taxon has low viability, and most collections usually contain few to no viable seed.  Seed 
collected in 1999 from the ‘Ōhikilolo Mauka PU had high enough viability to undergo storage 
testing.  Three temperatures have been tested and seeds stored refrigerated and frozen show a 5% 
decrease in viability from initial germination after five years.  Some one-year storage results 
yielded higher germination than initial tests, but this is probably due to testing small seed counts 
on a collection with low viability, rather than a new finding.  This year seed was collected from 
Army Nursery stock for testing and storage 
 
In the past year, NRS has collected cuttings from several plants and many have rooted and are 
growing in the Army Nursery.  NRS will continue to collect cuttings to be grown ex situ for seed 
production.  In addition, cuttings were taken to the Micropropagation Lab to determine the 
viability of tissue culture as an alternate storage option for this species. 
 
 
 
 
 
 
 
 
 
 



Chapter 3.10 Dubautia herbstobatae  5-68 

2005 Makua Implementation Plan Status Report 

 
Genetic Storage Summary 

 
Propagation/Germination Techniques 
  
Entire dried flower heads can be collected for seed collection efforts. Achenes are grey and 
should be loosely held within the head.  Initial viability of seed collected from a 1999 ‘Ōhikilolo 
Mauka collection was 23%.  NRS have been able to propagate this species from cuttings.  In 
order to propagate enough stock for outplanting, NRS will need to experiment further with 
different propagation techniques and will continue to grow plants at the Pahole Mid-Elevation 
Nursery. 
 
Unique Species Observations 
 
In the last year, NRS were able to visit several populations of this species within a few weeks 
time.  Most plants were in some stage of reproduction, but were not on the same schedule. While 
the plants in Mākaha had immature and mature fruit, the plants on ‘Ōhikilolo and in Wai‘anae 
Kai were mostly flowering. The plants in the Army Nursery did flower at about the same time as 
wild plants.   
 
This year, for the first time, seed was collected from Army Nursery plants established from 
cuttings.  All of the mature plants are cuttings from the one Kamaile‘unu plant.  These plants 
flowered and produced seed, yet all seed investigated were lacking embryos and none 
germinated.  Though this particular species of Dubautia has not been tested, it is highly probable 
that the species is at least partially self-incompatible and may be strongly self-incompatible 
(Gerald Carr pers. comm. 2005).  The remaining greenhouse stock is still immature, but once 
genetically different plants flower NRS will try outcrossing in an attempt to increase seed set and 
determine the level of self-incompatibility.  Wild collections have higher viability, but few have 
been tested due to small seed lots.    
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Outplanting Issues 
 
No outplantings have been attempted with this species.  It may be challenging to find locations 
for outplanting.  Plants grow on very steep cliffs, so outplantings may have to take place on 
rappel.  Prior to the discovery of an extant population within Mākaha, NRS planned a 
reintroduction there with Kamaile‘unu and Wai‘anae Kai stock. However, NRS are not 
proposing to do any reintroductions with this species at this time. 
 
Research Issues 
 
Due to the large numbers of individuals, a monitoring technique to determine population trends 
needs to be found.  NRS are hoping to investigate the use of high resolution imagery as a 
possible monitoring method.  The US Geological Survey- Biological Resources Division staff 
have developed techniques in this field that appear to be promising. 
 
Surveys 
 
No Urgent Actions surveys were conducted for this species.  A new population was found by 
NRS in Mākaha while searching for other taxa.  Additional plants were also discovered in the 
Wai‘anae Kai PU.  NRS plan to survey the Kawiwi area in the next year.  
 
Taxon Threats 
 
Feral goats are the main threat to this species and are the only ungulate that impact its habitat.  
Currently weeds are not a threat in most of the steep, exposed habitat this species prefers, but 
weeds are present in nearby areas and could become a threat.  NRS will continue to monitor 
Melinis minutiflora, Rubus argutus, Ageratina riparia and Erigeron karvinskianus in the area, 
and will begin control if any of these species become a threat. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 
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Manage for Stability PUs: 
 
‘Ōhikilolo Makai and ‘Ōhikilolo Mauka:  The populations of this species on ‘Ōhikilolo Ridge 
are large and robust.  The current number of individuals included in this report is based on recent 
counts of specific sites within the PU.  The whole PU has not been monitored, or even fully 
searched, and there are certainly more individuals than have been counted.  Immature and 
smaller plants have been noted in populations, but are often not included in estimates since it is 
often difficult to identify size classes through binoculars while on rappel.  Since the MIP is not 
yet fully funded, NRS have focused on managing ecosystem threats to this species rather than 
conducting a census of the population.  Since 1995, approximately 1,500 goats have been 
removed from MMR and currently no goat sign can be found.  The ‘Ōhikilolo Mauka PU was 
split to show the numbers of plants that are on ‘Ōhikilolo, but on the Mākaha side of the fence. 
These plants are not protected from goats.  A monitoring method must be developed for this 
species to demonstrate population trends without an annual census.   
 
Mākaha: This new PU was discovered by NRS in the last year.  It is located on a cliff on the 
south side of the valley and was monitored by NRS on rappel.  Thirty-six plants were observed 
and cuttings and seeds were collected from many.  This site has not been completely searched 
and NRS believe that there are about fifty plants on site.  NRS will continue to monitor, collect 
and assess threats to this site in the coming year.  Although seed collections were made, much of 
the fruit was not viable (see Genetic Storage section above). 
 
Other PUs: 
 
Kea‘au:  This population has not been visited since the HINHP botanist monitored the plants in 
2000.  Feral goats have degraded the habitat at this site, and the invasive tree Schinus 
terebinthifolius surrounds the cliffs where D. herbstobatae is growing.  Seed will be collected 
from this PU for storage once a method is developed. 
 
Kamaile‘unu:  Steve Perlman collected the only plant seen on this section of Kamaile‘unu in 
2000.  The approximate site was monitored by NRS and the HINHP Botanist, no plants were 
found.  Cuttings were salvaged from the only collection and are now being grown at the Army 
Nursery.  These plants are flowering and will be kept as a living collection and for outcrossing 
testing (once other ex situ plants flower), propagule production for research and storage. NRS 
plan to survey this area again in the next few years. 
 
Wai‘anae Kai:  These plants are on a very large cliff and are difficult to access.  This area is 
protected from ungulates by the steep terrain. However, feral goats have heavily degraded the 
surrounding habitat.  In the last year, NRS were able to collect cuttings from one individual near 
the bottom of the cliff and also were able to finally get to the plants at the top of the cliff with a 
helicopter and lots of rope.  Cuttings and seeds were collected from many plants and will be 
maintained as a living collection and propagule source.  This site is very difficult to access and 
will not be visited regularly. 
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3.11 Flueggea neowawraea 
 

 
Requirements for Stability: 

• 3 Population Units (PUs)  
• 50 reproducing individuals in each PU (long-lived perennial, dioecious, low to no 

reproduction, all senescent, major pest problems)  
• Threats controlled  
• Complete genetic representation of all PUs in storage  

 
Taxon Level Discussion 
 
Flueggea neowawraea is still found in many gulches of the northern Wai‘anae Mountains.  The 
trees are most often found alone or in small groups, and typically are widely scattered across 
PUs.  The largest populations in the best habitat were chosen for management.  Both the 
Kahanahāiki to Kapuna PU and portions of the Mākaha PU are within the Action Area (AA).  
The Central and East Makaleha PU is out of the AA.  The known trees are all mature and no 
juveniles or seedlings have ever been observed by NRS.  The trees may not reproduce due to a 
combination of threats and reproductive challenges.  This taxon is dioecious and usually found 
alone, far from plants of the opposite sex.  Most trees are found in degraded unprotected habitat 
with ungulate and weed threats.  Trees are typically in poor health because of damage from the 
black twig borer (Xylosandrus compactus) and the associated fungus (Fusarium solani) they 
carry.  This appears to weaken many trees so that they are unable to produce flowers and fruit.  
NRS has monitored almost all known trees on O‘ahu, but have only collected viable mature fruit 
from two trees.  Currently, NRS are continuing to focus on collection from known trees.  Little 
habitat management has been done.  Changes in population numbers are due to surveys 
identifying new plants.  NRS has started experimental outplantings of this species with mixed 
success.  When adequate stock is established and successful threat control and planting 
techniques are determined, populations will be augmented with available stock, and founders 
from across the northern Wai‘anae Mountains will be mixed into reintroductions.  Due to the 
overwhelming threat posed by the black twig borer stabilizing this taxon will be challenging.
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Taxon Status 

 
 
Genetic Storage 
 
All possible methods of genetic storage have been attempted for this taxon.  Few trees have been 
observed in flower and fewer still produce mature viable fruit.  Viable fruit has been collected 
from two trees.  This fruit has been grown in the Army Nursery and Seed Conservation and 
Micropropagation Labs. A small amount of fruit brought to the Seed Conservation Lab in 
January 2002 was tested.  Two-year storage tests indicate seeds must be stored at -18°C, with no 
decrease in seed viability (88%).  Storage trials on the frozen seeds are ongoing.  Some plants are 
being grown ex situ, in the Army greenhouse and at botanical gardens.  However, greenhouse 
space is limited, and the black twig borer still affects trees removed from a forest setting.  Also, a 
large, easily accessible location is necessary to account for its large size and allow for frequent 
monitoring and treatment to protect from the black twig borer.  NRS hope to collect fruit from 
inter/ex situ plants for storage and testing in the coming years, as plants mature.  Tissue storage 
in the Micropropagation Lab has not been very successful; it is unlikely to be a good storage 
option for this taxon.  There are currently 14 of the 36 founders represented in the Army 
Nursery, most of which are from seed, but a few from cuttings and air-layers. 
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Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Fruit was collected by NRS from six individuals, however, only two of these contained viable 
seed.  PUs with fruiting trees include: ‘Ōhikilolo, Mākaha, Kahanahāiki to Kapuna, West 
Makaleha, and Mt. Ka‘ala NAR.  In 2002, 14 fruits were collected from the ground below a tree 
in the Mt. Ka‘ala NAR PU.  These were brought to the Micropropagation Lab and only two 
germinated.  Those two remained in tissue culture until July 2005, when they were planted in 
perlite/vermiculite and placed in the growth chamber at the Army Natural Resource Center.  The 
plants had no roots when they came out of tissue culture and both died within one month.  In 
2003, immature fruit was collected from one tree in Mākaha and brought to the 
Micropropagation Lab but the seed was not viable.  In 2001, one of the West Makaleha trees had 
hundreds of fruit.  Over 600 fruit were collected at three different times over two months during 
a single season.  These seeds were either grown in the Army Nursery or sent out for germination 
and storage testing at the Micropropagation and Seed Conservation Labs.  Initial viability of this 
collection at the Seed Conservation Lab was 84% on 1% water agar.  Seeds require no special 
germination treatments.  Seedlings were easily transferred to pots.   
 
NRS have been successful in propagating F. neowawraea from air-layers (See photos below), 
however, access limitations and black twig borer damage have restricted the success of this 
method.  Air-layers can dry out during the months between visits to the remote and sometimes 
restricted areas.  The material being air-layered is still vulnerable to the black twig borer while 
on the tree.  Air-layers are performed and monitored by the NRS Horticulturist and trained staff.  
Typically, a wound is cut in the basal suckers or branches of mature trees, Rootone® is applied 
to the cut section, and wet sphagnum moss is wrapped around the cut.  The moss is then covered 
with black plastic and sealed with wire and tape.  The air-layers are left for at least a month and 
then re-wrapped if no roots have developed.  One airlayer was successfully harvested over four 
months after being installed, while another had enough root development to harvest after about 
two months.  
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     Air-layer on Flueggea neowawraea                Rooted Air-layer from Flueggea neowawraea                                             
 
Typically, only one or two trees can be visited per day and air-layers may take several trips to 
maintain and monitor.  In contrast, many cuttings can be collected on a single trip.  NRS have 
observed an approximate 15% success rate with cuttings.  Cuttings also take a long time to 
produce roots, and many fail.  Despite the poor success rate, cuttings are proving to be more 
efficient to acquire.  They are treated with Dip-n-Grow® and placed in a mixture of vermiculite 
and perlite in small pots on the mist bench at the Army Nursery.  They can take weeks to months 
to produce roots.  Once established, the cuttings are transferred to sterile media.  All successful 
cuttings are currently thriving.  Cuttings made from plants in the Army Nursery root better than 
wild cuttings.  This species may store well as a living plant in this manner.   
 
Unique Species Observations 
 
This taxon is known to flower at a relatively young age (J. Lau pers. comm. 2004), but none of 
the three-year-old plants from the 2001-2002 collection have flowered yet in the Army 
greenhouse or at Waimea Audubon Center.  Cuttings taken from plants grown in the greenhouse 
survive better than those taken from wild trees, perhaps because greenhouse plants are healthier 
than wild plants.  This suggests that the few cuttings that are established from wild trees could be 
cloned and kept in the greenhouse as a living ex-situ collection.  One of the reintroduction sites 
in Kahanahāiki also has a few individuals of Alectryon macroccoccus.  The F. neowawraea 
planted here seem to be able to respond to attacks by the black twig borer with new growth better 
than the A. macroccoccus.  This resilience may allow F. neowawraea to persist even in the 
presence of the black twig borer. 
 
Outplanting Issues 
 
Since there is little to no recruitment, augmentation must be used as a tool to achieve stability 
once black twig borer controls are in place.  Two augmentations have been established in the 
Kahanahāiki to Kapuna PU.  As black twig borers pose a continual threat, NRS are conferring 
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with the Department of Agriculture (DOA) on possible experimental control techniques.  Thus 
far, experimental techniques have had limited success.  One augmentation site was established 
this year.  At this site, NRS planted large trees.  All were in two gallon tall pots, about two 
meters tall, and multi-branched.  These plants were planted in the bottom of the gulch, in deep 
soils, in an environment where they will get lots of water.  To prepare this site for planting, NRS 
cut down some large Aleurites moluccana to increase light levels and remove them as 
competitors.  This approach was suggested by the HINHP Botanist and University of Hawai‘i 
Researchers.  It is suspected that in a very favorable environment, the trees may be able to out-
pace the black twig borer and hand pruning of damaged branches may be all that is necessary for 
the trees to mature and flower. 
 
Ten juvenile plants were given to the Ka‘ala Learning Center (KLC) to be planted into a 
reintroduction site in Nānākuli.  These plants are monitored by KLC staff.  This summer, large 
wildfires in Nānākuli burned this reintroduction site.  NRS have not yet received an update from 
KLC staff on the status of F. neowawrae post-fire.  Five juvenile plants were given to Leeward 
Community College (LCC) to be planted in their Native Hawaiian garden.  These plants are 
monitored by LCC staff.   Fourteen juvenile plants were given to the Waimea Audubon Center 
(WAC).  NRS and WAC staff planted the trees and NRS monitor the trees and apply systemic 
insecticide quarterly.  Most recent monitoring data shows that F. neowawrae planted in the sun 
are more vigorous than those planted in the shade.  Below are some photos of the living 
collection at WAC. 
 

 
Living collection of Flueggea neowawraea at Waimea                                                           
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Research Issues 
 
In order for this species to become stable in situ, a sustainable method for controlling black twig 
borer will need to be found.  NRS submitted a research application with US Geological Survey- 
Biological Resources Division (USGS-BRD) to fund black twig borer research projects.  NRS 
are also working with the University of Hawai‘i and the DOA to solicit expertise on this project 
and to support funding for research.  The Hawai‘i Agricultural Research Center (HARC) 
received funding from the Hawai‘i Invasive Species Council (HISC) to study the potential of 
behavioral chemicals on the black twig borer, which also affect commercially valuable species 
like Acacia koa.  Scolytid beetles are susceptible to behavioral chemicals because these 
chemicals play a large part in their life cycle.  HARC hopes to identify potential attractants, 
repellents, and effective trap designs.  NRS will to support HARC’s work on this important 
project.  The NRS Research Specialist will coordinate efforts with all who are currently involved 
in black twig borer research. 
 
Surveys 
 
No surveys specifically targeting F. neowawraea were conducted in the last year.  However, in 
the course of surveys for other species, NRS discovered seven new locations this year: two in 
Mākaha, two in West Makaleha, two in the east fork of East Makaleka, and one in Palikea 
Gulch, Lower Ka‘ala NAR.  The HINHP Botanist also discovered an additional location in 
Mākaha.  As NRS management expands into new areas, the expectation is that additional plants 
will be discovered. 
 
Taxon Threats 
 
In addition to the black twig borer discussed above, F. neowawraea is threatened by habitat 
degradation from ungulates and weeds.  Goats have been known to browse the basal suckers that 
are found on many trees, and would undoubtedly browse seedling and juvenile trees.  Pigs and 
cattle are known to degrade the habitat where this taxon is found but in general do not have a 
direct impact on mature trees only seedlings.  Only five mature trees are protected from 
ungulates within an existing large-scale exclosure.  Most known trees are located in degraded 
areas with major weed threats, including, Psidium cattleianum, Aleurites moluccana and Schinus 
terebinthifolius.   
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Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Kahanahāiki to Kapuna:  This PU includes seven trees found in Kahanahāiki, Pahole and 
Kapuna gulches, and two reintroductions, located in Kahanahāiki.  Last year eight trees were 
reported from this PU because NRS thought there were four trees in Pahole.  The NARS 
Specialist has since indicated that there are only three trees. 
 
In Kahanahāiki Gulch there are three wild trees and two reintroduction sites.  The two 
outplantings in this PU are discussed in the ‘Outplanting Issues’ section above.  Some of the wild 
trees from this part of the PU are represented in the Army Nursery by cuttings or airlayers.  
While the reintroductions and some of the wild trees are protected by an exclosure, two of the 
trees are located outside the fence.  NRS will construct small exclosures around these trees if 
ungulates become a threat.  NRS has conducted weed control around the reintroductions and 
around some of the wild trees that occur in native habitat. 
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In Pahole Gulch, there are three mature trees.  NRS collected cuttings from all of these trees, 
however not all have survived.  NRS will work to collect from unrepresented trees in the next 
year.  NRS conducted weed control around one of the sites in Pahole.  These trees are within the 
larger Pahole fenced unit. 
 
One tree is known from Kapuna Gulch. The tree is not currently fenced, but will be protected by 
the planned Kapuna fence.  NRS recently began weed control in this area in the last year. Efforts 
will be expanded into the area directly around the plant next year.  NRS visited and collected 
from this tree on multiple occasions and some cuttings survive in the Army Nursery. 
 
Central and East Makaleha:  Two trees are known from Central Makaleha.  Cuttings from one 
tree have been successfully rooted in the Army Nursery.  Both trees are in moderate condition 
and are not fenced.  In the coming year, NRS will continue to monitor these trees and collect 
from the unrepresented tree.  No other management has been done in the last year.  NRS will 
consider small scale fencing if necessary.   
 
In East Makaleha, four trees had been reported in the past.  NRS visited all sites, discovered two 
new trees, and found that some previously known plants may have died.  Presently, NRS knows 
of four trees, but it is not clear which of the four original trees this represents.  There are large 
unsurveyed areas in the management unit, which very likely harbor additional trees.  In the 
coming year, NRS will revisit these trees and collect for propagation, as well as continue to 
search for more trees.  No other management has been conducted here for F. neowawraea in the 
last year.  This area is scheduled to be fenced in year four of the MIP.  Goat control has been 
conducted in this PU. 
 
Mākaha:  NRS currently know of nine F. neowawraea in Mākaha Valley.  This includes the 
discovery of three new plants this year by NRS and the HINHP Botanist.  NRS worked with the 
Board of Water Supply (BWS) Watershed Planner, Amy Tsuneyoshi, to successfully root 
airlayers from trees in Mākaha.  NRS will continue to airlayer and collect cuttings from 
unrepresented trees.  In late 2003, hundreds of fruit were seen on the ground around one mature 
tree.  NRS collected approximately 50 fruits and had high hopes that some fruit might be viable, 
as there are other F. neowawraea in the area.  However, the fruit appeared immature.  The fruit 
that were collected were sent to the Micropropagation Lab, but no seeds germinated.  Four of the 
trees are within the proposed Mākaha fence exclosure.  There are likely more undiscovered trees 
in Mākaha.  Weed control has been approved by BWS and weeding has begun in predominately 
native areas, including two sites with F. neowawraea.   
 
Other PUs: 
 
West Makaleha:  NRS know of five F. neowawraea in West Makaleha, two of which were 
recently discovered by NRS and the HINHP Botanist.  NRS attempted to establish air-layers on 
two of these trees in the last year.  Two air-layers were destroyed by the black twig borer on one 
plant, however a single air-layer on a second individual was successful and is now growing in 
the Army Nursery.  Cuttings from two of the trees were successfully rooted in the greenhouse.  
NRS will work to secure stock from the all unrepresented individuals in the next year.  Over 600 
mature fruit were collected from one of these trees in December 2001. Plants grown from these 
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collections have been reintroduced and planted into four sites, as discussed above.  This tree will 
be collected from in the future and may prove to be the most productive individual on O‘ahu.  
The other two trees growing adjacent to this tree at this site are thought to be male.  This may 
explain why the West Makaleha female tree produces so many viable fruit; it is the only location 
where there are known male trees in close proximity.  NRS believes there are more trees yet to 
be found in West Makaleha, and will conduct surveys in the future during regular management 
work. 
 
‘Ōhikilolo:  NRS has not visited this site this year due to range restrictions imposed by the Army 
Safety Office.  One of these trees is within a small fence to keep goats from browsing the 
suckers, which could be used for cuttings and air-layers.  Fruit has been collected from this site, 
however none have ever germinated.  Cuttings have been established from this site, and are 
being grown in the Army Nursery.  NRS has conducted weed control in this area in the past. 
 
Hālona:  NRS helped the Navy to collect cuttings from the two trees known in 2004. One tree 
was re-visited in the last year to collect cuttings. Cuttings were rooted from both the trees and are 
now being grown at the Army Nursery. They will be managed as a living collection and will be 
cloned.  No other management has occurred at this site. 
 
Kauhiuhi:  This tree was monitored by NRS in 2002 and was in poor condition.  In the last  
year, NRS worked with Navy staff to monitor the site and collect cuttings. The plant was still in 
poor condition and cuttings were taken to the Army Nursery. These cuttings did not take and 
NRS will monitor and collect from this tree again in the coming year.   
 
Mikilua:  The site has been protected by a fence constructed by the Navy for at least five years. 
The tree was monitored by Navy staff and N. Sugii of the Micropropagation Lab in the last year. 
Cuttings were collected and brought to the Micropropagation Lab (Julie Rivers pers. comm., 
2005). This tree is in poor condition and NRS will work with the Navy in the coming year to 
secure collections.  
 
Mt. Ka‘ala NAR:  There are currently four living trees in this large PU.  Two trees were 
originally reported from Manuwai; however both have died since their discovery. In the last year, 
NRS visited Palikea Gulch with the HNHP Botanist and a new tree was found. Others trees 
known to be alive in the past were found to have died. Three trees are known from Ka‘awa 
Gulch.  NRS has collected from two of these trees and now have three plants from one of these 
trees in the Army Nursery. These three trees are close together in one gulch and one has been 
observed producing viable seed in the past. NRS will continue to monitor this site to collect 
mature fruit in the coming year. Propagules will be grown from nursery clones of wild plants.  
None of these sites are within a fence and NRS does not conduct weed control at any of these 
sites. 
 
Nānākuli:  This tree was last monitored in 2001 and was healthy.  NRS has not revisited this 
site.  NRS will monitor and collect cuttings from this tree in the coming year. NRS do not know 
if this tree was affected by the extensive fires in the last year. 
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3.12 Hedyotis degeneri var. degeneri 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
One PU designated ‘Manage for Stability’ is located within the Action Area (AA).  The two 
others are outside of the AA and occur on State land. This taxon as a whole has not been given 
high management priority.  This is mainly due to the relatively high numbers of individuals of 
this taxon and the order in which Management Units were planned for construction.  The East 
Makaleha MU fence is scheduled for construction in year four and the Manuwai MU fence in 
year eight of the MIP.  The major threats to this taxon are feral goats and pigs.  This species of 
Hedyotis occurs on ridge crests where there are major ungulate trails.  Over the last year, NRS 
worked to control goat populations in Makaleha Forest Reserve and Mt. Ka‘ala NAR with 
NARS staff.  The largest portion of the Kahanahāiki to Pahole PU is located in near pristine 
habitat along the back wall of Pahole Gulch and has stable numbers.  Numbers at this PU 
increased in the last year because it was the first time NRS was able to completely monitor the 
site.  Additional genetic storage collections were made in the last year and no augmentations or 
reintroductions are planned until the East Makaleha MU fence is constructed. The Central 
Makaleha and west branch of East Makaleha PU is the only ‘Manage for Stability’ population 
without stable numbers. NRS hope to locate more plants via surveys and eliminate the need for 
reintroductions.  This taxon exhibits good on site recruitment and NRS feel that with ungulate 
and weed control it will be possible to stabilize this taxon. 
 
Taxon Status 
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Genetic storage 
 
This taxon can be kept in all methods of genetic storage.  However, this taxon does not have a 
predictable phenology, so it is very difficult to know when mature seed will be present.  Despite 
this, there are 9,519 seeds from 11 plants from the Central Makaleha and West Branch of East 
Makaleha PU in storage, 1,581 seeds from three plants from the Kahanahāiki to Pahole PU, 310 
seeds from three plants from East Branch of East Makaleha PU, and 676 seeds from six plants 
from Alaiheihe and Manuwai PU.  However, no storage testing has been done, and all seeds are 
currently banked at 4C and 20% relative humidity.  These conditions are based on storage 
preferences determined for other species of Hedyotis.  Since some collections have been stored 
for two to three years, and certain plants have over 1,000 seeds in storage, 25 seeds from three 
plants will be pulled for viability testing.  This will help determine; 1) whether seed storage is a 
feasible option, 2) the storage potential at the banked storage condition, 3) a collection schedule 
for maintaining adequate counts for storage goals, and 4) provide valuable information on 
seedling quality and propagation of stored seed.  Plants also respond well to subculturing in 
micropropagation.  This year, NRS collected cuttings for micropropagation to research the 
possibility of using micropropagation as an alternative storage method for large numbers of 
individuals.  Cuttings have also be taken and rooted in the nursery.   
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Germination trials have shown quite a bit of variability.  Initial viability from two separate 
collection dates (October 2002 and January 2004) of seeds from Kahanahāiki had high 
germination, averaging 81%.  Initial viability of seeds collected from the West Branch of East 
Makaleha in November 2003 was low, averaging 26%.  NRS will investigate the reasons why 
this difference in initial germination occurs between PUs.  The difference is not due to collection 
date and all seeds collected were mature.  Also, the number of seeds collected to maintain 
enough viable seed in the seedbank will have to increase for populations with lower viability, so 
goals may need to be determined based on population rather than taxon.   
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Plants can be propagated from cuttings.  Approximately 30% to 50% of cuttings collected in 
November 2003 rooted.  Currently, there is one plant in the Army Nursery that was propagated 
from a cutting collected in the West Branch of East Makaleha in November 2003.  Because 
plants have an unpredictable fruiting time, NRS will focus on collecting cuttings to be grown in 
the Army Nursery and used for seed production for storage. 
 
Unique Species Observations 
 
Hedyotis degeneri var. degeneri grows alongside Hedyotis acuminata and Hedyotis 
schlechtendahliana in Makaleha, and the taxa could potentially hybridize.  This makes it difficult 
to positively identify var. degeneri in places where the three taxa coexist. 
 
Outplanting Issues 
 
NRS have not outplanted this species, nor have any other natural resource programs on O‘ahu.  
Reintroductions may be considered in the Central Makaleha and West Branch of East Makaleha 
PU once the MU fence is constructed.   
 
Research Issues 
 
There are no pressing research issues for this taxon.   
 
Surveys 
 
No surveys were conducted for this species in the last year.  NRS will continue to survey the 
East Branch of East Makaleha for more individuals in order to get a better understanding of the 
extent of this population.   
 
Taxon Threats 
 
Feral pigs and goats are the greatest threat to this taxon.  In Makaleha, goats are causing erosion 
which is limiting the available habitat for this taxon, and goat browsing has been observed on 
some of the plants. Weeds such as Ageratina adenophora and Rubus argutus also threaten this 
taxon’s habitat. 
 
Population Unit Level Discussion 
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Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Kahanahāiki to Pahole:  Most of the plants in this PU are found along the back wall of Pahole 
Gulch where the native habitat in this area is close to pristine.  The number of individuals in 
Pahole in the final MIP was based on Ken Wood’s 1996 estimate of 150 plants.  This year NRS 
began working more frequently in Pahole Gulch and visited known populations of H. degeneri 
var. degeneri NRS approximated 36 mature plants at one site, and over 230 mature at another. 
Juveniles and seedlings were observed at the large population.  This year, NRS will monitor 
these sites and attempt to collect for genetic storage.  The Kahanahāiki portion of this PU is 
located outside the exclosure and only has six mature plants.  This site is monitored regularly by 
NRS in order to secure collections.  NRS have observed recruitment at this site in the past and 
have observed seedlings becoming juveniles and mature plants.  NRS will continue to collect for 
genetic storage and will continue ungulate control in the area.  
 
East Branch of East Makaleha:  This site was monitored by NRS in the past year.  There are 
currently 13 mature plants, 7 juveniles and 2 seedlings.  Mature seed was collected and is being 
stored at the Seed Conservation Lab.  This PU benefits from the goat hunts that NRS and the 
State of Hawaii have been conducting in the area.  In the coming year, NRS will collect seed 
from unrepresented individuals and continue to search for more plants within this area.  In 
addition, ungulate control will continue in order to prevent goats from further degrading the area.  
Small-scale fences may be considered for the short term if the need arises.  
 
Alaiheihe and Manuwai:  This is a large area covering two gulches and several sites with 
plants. Goats are present in this area and no fences currently exist.  This area is scheduled to be 
fenced in year eight of the MIP.  In the last year, NRS visited this area and monitored some of 
the plants. Seed collections have been made for storage at the Seed Conservation Lab.  In the 
coming year, NRS will continue ungulate control, survey for more plants in this area, and collect 
for genetic storage.  Temporary, small-scale fences will be considered if genetic collections can 
not be made from these declining populations. 
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Other PUs: 
 
Central Makaleha and West Branch of East Makaleha:  There are currently 33 mature plants 
in Central and East Makaleha at three different locations.  Juvenile plants and seedlings have also 
been observed within the populations.  Goats are a threat to these sites and hunting will continue 
in the coming year.  Also in the coming year, NRS will continue genetic storage collections from 
this PU. 
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3.13  Hedyotis parvula 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation in storage of all PUs  

 
Taxon Level Discussion 
 
There are two in situ populations and both will be managed for stability.  One PU is inside the 
Action Area (AA) and one outside. Both of the extant populations have numbers of individuals 
greater than the goal for stability for this species.  A reintroduction is planned outside the AA 
within the East Makaleha Management Unit (MU) fence once it is constructed.  The name 
assigned to this PU was previously ‘Central and East Makaleha’ but since the MU fence will 
only be built around the Eastern Branch of East Makaleha, we have changed the reintroduction 
name to ‘East Makaleha’ to avoid any future confusion.  This represents a change from all 
previous MIP related documents.  Plants tend to grow on steep cliffs where feral ungulates are 
less of a threat, and currently weeds are not a major problem. Fire has increasingly become a 
threat as recent wild fires (2005) in Nānākuli and Lualualei did come close to the Hālona PU.  In 
the coming year, NRS will reassess the threat of fire to this site.  NRS acquired significant 
collections for this taxon in the last year.  This species can be grown from seeds or cuttings, and 
while reintroductions have not been attempted, NRS believe they are possible.  This taxon has a 
good prognosis for reaching stability.  
 
Taxon Status 
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Genetic Storage 
 
Seeds are being stored at the Seed Conservation Lab.  Cuttings were previously rooted in the 
Army Nursery but a large trial has not been tested to determine the optimal technique.  NRS are 
currently collecting cuttings from the nursery stock to be tested in the Micropropagation Lab for 
the first time as a possible addition to seed storage.  Seeds have been brought to the 
Micropropagation Lab and successfully established in tissue culture and later moved to the lab’s 
greenhouse.  No seed storage testing has been done and all seeds are banked at 4C and 20% 
relative humidity.  These conditions are based on storage preferences determined for other 
species of Hedyotis.  There are currently 50,422 seeds in storage from 58 plants in the ‘Ōhikilolo 
PU (one plant has < 10 seeds and is therefore not in the table).  As the MIP requires collection 
from 50 plants from each PU, storage requirements for the ‘Ōhikilolo PU have been met.  NRS 
focused on collecting seeds from the Hālona PU this year, and 6,069 seeds from 11 plants in the 
Hālona PU were collected and placed into storage.  Since some of the 2001 / 2002 ‘Ōhikilolo 
collections have close to or over 1000 seeds in storage, 25 seeds from 24 plants will be pulled for 
viability testing.  This will help determine; 1) whether seed storage is a feasible option, 2) 
storage potential at the banked storage condition, 3) collection schedule for maintaining adequate 
counts for storage goals, 4) and provide valuable information on seedling quality and 
propagation of stored seed.   
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Plants can be propagated from seeds or cuttings.  For most germination tests, initial viability 
from multiple plants from multiple populations averaged 64%.  A few collections tested had very 
low germination, 0-28%, but this appears to be due to maturity of seed at time of collection, and 
not due to the specific plant or population that was collected.  Seeds from herbarium specimens 
from the National Tropical Botanical Garden were taken to the Seed Conservation Lab for 
germination testing, but none of the seeds were viable.  NRS will continue to try cuttings in the 
Nursery and Micropropagation Lab.   
 
Unique Species Observations 
 
There are no unique observations for this taxon. 
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Outplanting Issues 
 
No outplantings of this species have been done.  It may be challenging to find locations for 
outplanting.  Plants grow on very steep cliffs, so outplantings will have to take place on rappel.  
The East Makaleha PU will be established by reintroduction. The historical population has been 
extirpated.  NRS plan to reintroduce along the tops of cliff edges in hopes that plants will drop 
seeds onto the cliffs below. 
 
Research Issues 
 
No research issues have been identified for this species. 
 
Surveys 
 
NRS conducted surveys for this species at the Hālona PU in the last year and acquired a more 
accurate assessment of the population numbers and distribution at this site.  NRS will continue to 
survey for plants around known sites. 
 
Taxon Threats 
 
Hedyotis parvula grows on very steep cliffs, and goats impact its habitat.  No goat browsing has 
been observed on plants of this species.  However, most plants occur on vertical sections where 
goats are not a threat. This unique distribution may be a result of past goat activity. Melinis 
minutiflora, Rubus argutus, and Erigeron karvinskianus all threaten the habitat of H. parvula and 
NRS have initiated some control of these species at the ‘Ōhikilolo PU. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 
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Manage for Stability PUs: 
 
‘Ōhikilolo:  The ‘Ōhikilolo PU includes two sites, one makai along the ridge and one mauka.  
This PU has stable numbers of individuals.  Goats have been removed from ‘Ōhikilolo and pigs 
do not threaten this PU. 
 

‘Ōhikilolo Makai:  This site has been monitored regularly by NRS.  Mature seed has been 
collected from many individuals and stored at the Seed Conservation Lab.  Ongoing grass 
control is improving habitat quality. This area is also monitored regularly for goat sign.  In the 
coming year, NRS will continue to collect mature seed from unrepresented individuals for 
storage and monitor the population for new plants and threats. 
 

‘Ōhikilolo Mauka:  This site was particularly affected by goats and has shown great 
improvement since their removal.  NRS observed new Hedyotis parvula plants in areas at the 
tops of cliffs, in goat-accessible habitats.  NRS made substantial collections of mature seed from 
this site for storage at the Seed Conservation Lab.  In the coming year, NRS will continue to 
monitor plants, collect from unrepresented individuals and assess new threats. Control of a 
nearby R.  argutus population will continue and weed control may expand to include common 
weeds. 
 
Hālona:  This PU includes two different sites; one large population on State land (75 mature) 
and another small population (12 mature) on Navy land.  These will be treated as one PU, but the 
portion on Navy land will only be monitored and collected from.  In the last year, NRS were able 
to monitor and collect from part of the State site.  There are no immediate threats, however, there 
are still goats in Lualualei and a couple of potentially bad weeds E. karvinskianus and Morella 
faya.  These sites will be monitored and collected from in the coming year. Threats will be 
assessed and controlled in the state owned portion of the PU.  In addition, recent fires (2005) in 
Nānākuli and Lualualei came close to this site and NRS will have to re-assess the threat of fire to 
this PU. 
 
Other PUs: 
 
Central and East Makaleha:  A reintroduction will be conducted within the proposed East 
Makaleha fence when it is complete.  This MU fence is slated for construction in year four of the 
MIP. Currently, NRS is managing stock from in situ PUs to ensure that it is available for future 
reintroductions. 
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3.14  Hesperomannia arbuscula 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 75 reproducing individuals in each PU (long-lived perennial but with low seed set, and 

recent severe population declines) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon-Level Discussion 
 
There are four remaining populations of Hesperomannia arbuscula.  One PU in the action area 
(AA) and two PUs outside the AA have been designated as ‘Manage for Stability’.  All of the 
other PUs are designated as manage for ‘Genetic Storage’.  All of the PUs have experienced 
severe decline in numbers since the MIP was finalized.  Ungulate damage, weeds, and 
senescence or drought, and some level of inbreeding and genetic drift have reduced the number 
of mature plants in the wild (S. Ching, pers comm. 2005).  NRS, in cooperation with the Board 
of Water Supply (BWS) and the Genetic Safety Net program (GSN), monitored all of the 
populations this year.  There are many obstacles to reaching stability for this taxon.  Population 
numbers are very low, seeds have very low viability, and there is little recruitment in the wild.  
Viable seeds germinate in micropropagation, but do not develop a root structure in tissue culture.  
Vegetative propagation using air-layers is possible. However, this has proven difficult, time 
consuming, and has had a low success rate thus far.   
 
Taxon Status 

 
 
Genetic storage 
 
Genetic storage for this species so far has been difficult.  Seed storage has not yet been attempted 
because the Seed Conservation Lab received only one collection with viable seed, and since 
viability is known to be very low for this taxon, all viable seed was germinated for propagation.  
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In July 2005, 156 seeds from one plant from North Pālāwai were collected.  Seeds were sorted 
by size, color and appearance and all sown on 1% water agar.  Of the 30 seeds that appeared to 
not be empty, 19 germinated (63%) and 19 seedlings were produced.  In addition to these 
seedlings, nursery plants of four air-layers and four seedlings removed from the wild (due to 
their poor condition) will be used as a source for creating more stock through air-layering or seed 
collection.  This year, two of the plants in the Army Nursery flowered but failed to produce 
viable seed.  Due to the difficulty of establishing clones in tissue culture after germination, NRS 
is working together with the Micropropagation Lab to germinate immature seed in the lab and 
propagate the seedlings in the Army Nursery instead of in tubes. 
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
It has been difficult to time the collections of mature seed.  Collections this year were too early, 
and seed did not have embryos developed enough for germination.  When inflorescences are 
collected too late, most seed is empty and may have aborted or just never developed.  Collections 
must be made when the base of the inflorescence has begun to swell and the top has begun to 
loosen and open.  In previous years, seeds were collected from North-north Pālāwai, Mākaha and 
Wai‘anae Kai and put into micropropagation where many of them germinated.  So far only one 
of those seedlings has ever produced roots, even though many different treatment methods have 
been tested.  The seedling that did form roots was accidentally placed upside-down in the test 
tube.  That plant was moved to the Army nursery in 2001 but died two years later.  Air-layers 
were attempted this year on plants in Mākaha, Wai‘anae Kai, North Pālāwai, and Kapuna.  There 
are currently four plants from air-layers; three from North Pālāwai and one from Wai‘anae Kai, 
growing in the nursery at Pahole. Seedlings that were not doing well in the wild in Pālāwai were 
removed and taken to the Army greenhouse this year and most of them have survived and are 
growing.  The Pahole Mid-Elevation Nursery has proven to be the best growing environment for 
this species. NRS will continue to pursue adding additional growing space there needed there in 
order to achieve our production goals.   
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Unique Species Observations 
 
Plants have poor seed and pollen viability.  The flowers are very showy, and apparently were 
picked off the Wai‘anae Kai plants last year (see Threats discussion below). The Wai‘anae Kai 
plants also exhibited dieback this year possibly due to trampling. 
 
Outplanting Issues 
 
Until NRS are able to propagate large numbers of individuals, no outplanting can be done with 
this species.   
 
Research Issues 
 
Testing of different types of media in micropropagation (that may promote root development) 
needs to be continued.  Future research should focus on increasing seed viability through cross 
pollination, as pollen and seed viability were previously found to be low.  If the plants at the 
Pahole Mid-Elevation Nursery flower this spring, the north Pālāwai plants will be cross-
pollinated with the Wai‘anae Kai plant to see if this increases seed viability. 
 
Surveys 
 
Surveys for H. arbuscula were contracted as part of Urgent Actions 2 and 3 with the HIHNP 
Botanist. Five survey days were conducted this past year, however, no new plants were found. 
This coming year more surveys will be conducted in Honouliuli for this species.   
 
Taxon Threats 
 
The Wai‘anae Kai PU occurs along a well used hiking trail. This PU has suffered from trampling 
and picking of flowers in the past. Therefore, humans are considered a large threat to this 
population. Additionally, feral pigs are degrading this species’ habitat, and appear to be directly 
responsible for the death of at least one plant in Mākaha and Wai‘anae Kai.  Weeds are also 
degrading this species’ habitat.  However, because this species is fragile NRS are concerned that 
the physical impact to the plants while weeding in the vicinity may be detrimental. 
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Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs:  
 
Kapuna:  The number of individuals reported in the final MIP was based on monitoring by the 
NARS Specialist in 1998.  Subsequent monitoring located only one remaining individual.  This 
plant is in poor condition and in need of immediate attention and triage. GSN staff installed air-
layers on the plant in 2003 although, none were successful.  And at this time no ex situ material 
exists for this individual. NRS have initiated weeding operations around the plant with the 
guidance of NARS staff.  In the coming year, NRS will assist NARS staff in monitoring and 
collecting from this plant.  This plant is an area proposed for fencing in year two of the MIP. 
 
North Pālāwai:  While Steve Perlman discovered the first plants in Pālāwai in 2000, the 
majority of this population was discovered by the HINHP Botanist, in September 2003.  In 
November 2003, NRS and The Nature Conservancy (TNC) staff erected a fence around these 
plants and weeding operations were conducted.  Flowers were observed on the plants and 
thirteen fruits were collected for germination trials.  Most of the seeds floated in water, 
suggesting they are not viable, but all 156 of them were sown on agar.  GSN staff set up air-
layers on several of the plants, four of which successfully rooted and are growing at the Pahole 
Nursery.  Four seedlings that were doing poorly at this site were relocated to the Pahole Nursery.  
One of them died, and the other three are growing in the nursery. There are currently two 
seedlings remaining in the fenced area. These individuals are growing much slower than those 
relocated to the Pahole Nursery.   
 
Mākaha:  NRS and the BWS Watershed Planner monitor this population.  Several of the plants 
died last year, possibly due to the high level of feral pig activity in the area.  GSN set up air-
layers on some of these plants in 2003. One was successful but later died in the Pahole Nursery. 
This past year GSN and NRS again attempted air-layers on these plants, but none of them were 
successful.  This year four new seedlings were found, although they are likely a few years old.  A 
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small-scale fence was surveyed for this site in August.  The State Environmental Assessment 
(EA) and Conservation District Use Application (CDUA) for building a small fence around these 
plants is being processed, and fence construction will begin as soon as permission is obtained.  
This population also falls within the larger proposed subunit I fence in Mākaha. However, due to 
the precarious status of this species, the construction of an interim fence is warranted.   
 
Other PUs: 
 
Wai‘anae Kai:  NRS and GSN staff monitored this site last year and found that only four mature 
plants remained alive.  Air-layers were attempted, two of which were successful.  Both air-layers 
were taken to the Pahole Nursery.  One of the air-layers died when the plant blew over in a 
windstorm last year.  NRS assisted GSN staff with scoping a small fence for this site in 2003.  
The fence will be constructed this year by GSN staff and upon completion weeding operations 
will be conducted. Feral pigs and the weeds Clidemia hirta and Rubus argutus are major 
problems at this site. 
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3.15 Hibiscus brackenridgei subsp. mokuleianus 
 
Requirements for Stability: 

• 3 Population Units (PUs), one of each type 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled  
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
Hibiscus brackenridgei subsp. mokuleianus exhibits significant plasticity across its range on 
O‘ahu.  The three manage for stability populations were selected to encompass this plasticity.  
NRS have also collected from all wild PUs to fully represent the morphological and genetic 
variability of this taxon.  One ‘Manage for Stability’ PU is on Army land at low elevation in 
Mākua Valley.  The other PUs are on State of Hawai‘i and Dole property, outside of the Action 
Area (AA).  Many of the plants on State and Dole land are on cliffs and ledges in severely 
degraded areas.  Reintroductions using this stock will be outplanted into more manageable areas.  
Stock from three of the five wild PUs has been established in inter situ sites around the island by 
NRS for safe keeping.  The major threats to H. brackenridgei are weeds, ungulates, and fire.  
Panicum maximum and Leucaena leucocephala both alter habitat and greatly increase fuel loads, 
and comprise the dominant vegetation at all PUs.  NRS are optimistic about the probability of 
success for stabilization of this taxon, but the weed and fire threats which must be overcome are 
very significant.  Reintroduction of this taxon into more manageable areas will play a major role 
in overcoming these threats. 
 
Taxon Status 
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Genetic Storage  
 
This species grows easily from cuttings.  Cuttings only need to be taken once from the wild 
plants and then additional cuttings can be made from Army Nursery stock or living collections 
and many plants can be produced quickly.  Plants from 36 founders are currently represented at 
the Army Nursery.  This species appears to do well in cultivation, both in large pots and in the 
ground.  Eleven founders from the Mākua PU are currently represented in botanical gardens and 
at Mākua Range Control. 
 
Mature plants can produce hundreds of flowers in a season and several hundred seeds in a 
season.  In order to reduce NRS impact at wild sites, few seeds have been collected.  Instead, 
more than 12,000 mature seeds were collected for storage testing from clones of the Mākua 
plants at Mākua Range Control.  Unfortunately, much of the seed collected was not viable.  It 
was observed that all seeds that were not viable had slits through their seedcoat and were rotten 
inside. In addition, there is a long processing time required to get the seed out of the woody 
capsule, making it difficult to quickly obtain large numbers to offset low viability.  NRS and the 
Seed Conservation Lab investigated the seed collected from other living collections at Koko 
Head and Ka‘ala Learning Center and found similar results.  In an attempt to determine causes 
for low viability, NRS observed growing tips of some plants at Mākua Range Control appeared 
stressed.  To improve vigor and hopefully seed viability in the Range Control plants, they were 
selectively pruned to reduce plant stress and to direct next season’s flowering branches.  A slow 
release fertilizer was broadcast after pruning and insecticide was applied to address the insect 
pests in the area.  In addition to that, while monitoring the plants at Range control this year, NRS 
found an introduced insect, Niesthrea lousianica Sailer (Rhopalidae), covering the inside of the 
opened fruit.  The insect was identified by Hawaii Department of Agriculture (HDOA) and has 
been studied as a biocontrol agent for Abutilon theophrasti because it reduces seed viability by 
98%.  NRS will work next year during collection to determine if this insect is the source of the 
predation on seeds and develop techniques to control the insect if necessary to improve seed 
viability.  Seed has been stored at -18˚C and 20% relative humidity for four years with 15% drop 
in viability (initial viability 100%).  Based on these results, collections should be made every 
eight to ten years.   
 
Genetic Storage Summary 
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Propagation/Germination Techniques 
Clones are easily grown by sticking cuttings in a powdered growth hormone solution, and 
placing the cuttings in perlite and vermiculite filled pots on a mist-bench.  Roots develop in a 
few weeks and plants are easily transferred into sterile media.  Cutting success is usually 100%.  
They grow very quickly and can fill pots with their roots in a few months.  Because of this, it is 
difficult to keep the plants in pots for very long.  Plants being grown for reintroduction must not 
be prepared too early in the year or they may become root-bound before planting season.  No air-
layers have been attempted on this species, but it is likely they would be successful. Some seeds 
produced by healthy plants have initial viability of 96-100% when sown on paper or 1% water 
agar after scarification. Many scarification techniques have been tested and sanding is the most 
effective.  However, as mentioned before, few viable seeds are produced considering the volume 
of seed a single plant produces.  Cuttings are the preferred method for propagating this species.  
 
Unique Species Observations 
 
The Mākua PU has undoubtedly been burned many times over the years, yet plants have 
germinated in new areas of the managed site in the last year, suggesting the seedbank is still 
viable.  The plants in a single region can exhibit small differences in the flower color, leaf size 
and shape, spine length, and plant size, indicating genetic diversity.  This taxon is resilient and 
persists despite poor habitat.  The Kaumoku Nui PU persisted in a cattle pasture for years and 
still produces seedlings.  This taxon does well in cultivation.  Plants have exhibited rapid growth, 
prolific flowering, and significant recruitment at inter situ sites.   
 
Outplanting Issues 
 
Plants grown from cuttings from the Mākua plants have been planted into Kaluakauila, Mākua 
Range Control, Koko Head Botanical Garden and Ka‘ala Learning Center.  In general, the plants 
have thrived, producing flower and some viable fruit.  Unfortunately, the Koko Head Botanical 
Garden site does not appear to be performing as well as the other sites.  NRS believe that this is 
due to a combination of factors.  The site is surprisingly wet due to an automated watering 
system and a heavy mulch layer on the ground.  In the past, too much water has caused plants to 
rot.  In addition to that, the plants have experienced significant insect damage.  NRS feel that 
these problems could be addressed should this site become a higher priority in the future.  No 
seedlings have been found at any of these sites.  Plants need pruning and fertilizing to remain 
healthy in a botanical garden setting.  The Kaluakauila MU is the only remote reintroduction 
location to date.  It includes three sites, two on the extreme western end of the MU, and one in 
the central portion of the MU.  The sites still harbor 46 plants.  These sites are being abandoned 
by NRS due to the constant fire threat, which diminishes the sites’ long-term viability.  In the 
next year, NRS does not plan to conduct any large-scale reintroductions of Mākua stock, but 
rather plans to focus on the wild site.  NRS is planning reintroductions for the other PUs in the 
next year to consolidate the remaining wild stock into more manageable sites.   
 
 
 
 



Chapter 3.15 Hibiscus brackenridgei subsp. mokuleianus 3-97 

2005 Makua Implementation Plan Status Report 

 
Founders Represented in Outplantings 
 

 
 
Research Issues 
 
The highest research priority for H. brackenridgei is to determine factors impacting seed 
viability (see Genetic Storage section above). 
 
Surveys 
 
In past years, a number of surveys by the HINHP Botanist and NRS on Dole lands below Lower 
Ka‘ala NAR revealed hundreds of immature plants and a few mature plants.  Some plants were 
found in gulches where they had been previously reported (Kihakapu, Palikea, Kaimuhole) and 
others were found in nearby Pu‘ulu Gulch, where they were never reported.  It is very likely that 
more surveys would locate additional sites in these gulches and in nearby gulches, as there is still 
a lot of under-surveyed habitat in the area.  This year, NRS conducted surveys in Haili and 
Kawaiū, but no new plants were observed.  NRS will continue to look for new locations of this 
taxon while working in the area, but no new surveys are planned. 
 
Taxon Threats 
 
Weeds, ungulates, invertebrates, and fire are threats to H. brackenridgei.  Due to the low 
elevation of PUs, weeds, particularly P. maximum and L. leucocephala, are a major threat at all 
populations.  Panicum maximum requires significant effort to control, and poses a major fire risk.  
The time required to manage this grass is prohibitive for most PUs.  Fire is a significant threat to 
many of the populations because of the high fuel load associated with P. maximum.  Ungulates, 
including goats, pigs and cattle, impact populations via browse and trampling.  No significant 
invertebrate damage has yet been observed at any wild population, however, some of the living 
collections have struggled with invertebrate impacts.  This year, NRS noticed significant seed 
predation on some inter situ plantings.  Many seeds were bored, but the damage was discovered 
late in the season, and NRS were unable to monitor the wild PUs for similar damage.  In some of 
the wetter inter situ sites, the Chinese Rose beetle (Adoretus sinicus) causes major damage to the 
foliage.   
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Population Unit Level Discussion  
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Mākua:  Individual counts for Mākua are similar to last year’s counts.  Some new plants have 
emerged from areas below existing mature plants and may have germinated from seed recently 
produced by those plants.  Other seedlings have emerged from areas with no mature plants that 
were previously dominated by P. maximum.  When this PU was discovered, most plants were 
restricted to areas with thin soil on and near cliffs.  Since P. maximum removal, plants now 
germinate in areas containing deep soil which were once dominated by P. maximum.  NRS 
collected cuttings from additional plants to supplement the living collection at Mākua Range 
Control.  Clones are also planted at the Ka‘ala Learning Center.  A full set of clones are not yet 
established at any one of these living collection sites, but NRS is working to complete this 
action.  There are no ungulates threats to the population as goats were removed from the area 
approximately four years ago.  The table below shows changes in plant numbers since the 
population was originally discovered.  The increase between March 2001 and Jan 2002 is due to 
the discovery of new plants in a newly surveyed area.  The other increases accurately reflect the 
recruitment of new plants.  It definitely appears that the intensive management being exerted for 
this population has been successful when looking at the growth in numbers of all age classes.  
The population numbers plateaued this year due to the loss of five plants in a wind storm.   
 
Mākua PU Population Structure 

 
 
 
 

Monitoring Date Nov 
2000 

Mar 
2001 

Jan 
2002 

June 
2003 

March 
2004 

Aug  
2005 

Mature/Juvenile/Seedling 4/2/2 4/2/3 8/5/2 13/6/2 18/8/11 18/8/11 
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NRS expects that population numbers will continue to expand with continued management in the 
area.  The intensive management performed by NRS around this PU is discussed in the Weed 
Management chapter.  The time investment is significant, and must be sustained in order to 
prevent P. maximum from re-colonizing the area.  As long as NRS maintain current staffing 
levels, the PU can be managed adequately.  However, if funding was to drop, the significant 
habitat improvements and reduction in fire threat would quickly be lost.   
 
Hibiscus brackenridgei faces a high threat from fire from training and other range activities.  
Range Control has adopted a new fire-reduction policy that forbids live-fire training when 
weather conditions are favorable for fire.  In addition, Range Control is responsible for 
maintaining a 30m clear-cut and chemically controlled firebreak inside the firebreak road and a 
10m chemically controlled zone outside the firebreak road.  These controlled areas are not 
continuous, and there are gaps in the clear-cut area.  One of these gaps is directly below the H. 
brackenridgei population.  NRS feel that this area should be clear to the 30m requirement, 
especially because it is in such close proximity to the H. brackenridgei.  NRS has been 
periodically chemically treating this area to keep fuel loads down, and hope to work with Range 
Control to add the area to their regular fuel-break maintenance schedule.  See the map included 
in the Chamaesyce celastroides var. kaenana section for a review of fuels in the area.  In 
addition, NRS constructed a 30m wide, 3.5-acre fuel-break directly around the population, 
beginning October 2001.  In the last year, NRS spent 90 hours maintaining the fuel break; this is 
a significant decrease from the 466 hours required in the first year of fuel break construction.  
More detailed discussion of this management is given in the Weed Management chapter.   
 
The extensive efforts made by NRS and Range Control do not guarantee the safety of the PU.  
NRS has documented fires jumping the ‘firebreak’ road in the past.  The fuel breaks maintained 
by Range Control have burned in recent fires.  On-the-ground fire fighting, and helicopter 
support are vital to protect the PU from burning.  The most recent fire, in August of 2005, started 
in the middle of the south firebreak.  It was halted before it was able to cross over the firebreak 
road into the H. brackenridgei patch, but it did jump the road in another area and threaten a 
population of C. celastroides.  Fire-fighters prevented the fire from burning up to the population.  
Approximately 2000 acres burned during this fire.  Continued fuel management and prompt fire-
fighting response are vital to preserving this PU.   
 
Haili to Kawaiū:  NRS resurveyed the Haili vicinity for H. brackenridgei in the last year.  Three 
mature, four immature, and five seedlings were seen growing on exposed ledges smothered by P. 
maximum and Sicyos pachycarpus.  This remote, weed-dominated site is not considered viable in 
long term and NRS does not plan to attempt management at the site.  Cuttings were taken and 
will be grown at the Army Nursery in preparation for outplanting next winter in a site at 
Dillingham Military Reservation (DMR).    
 
NRS surveyed Kawaiū Gulch for more H. brackenridgei again this last year.  Of the eight plants 
observed previously, four had died.  Collections were made from one of the plants for genetic 
storage; the others are already represented.  As with Haili, NRS believe the wild site is not viable 
in the long term due to its steep and weedy nature.  Instead, stock from the site will be 
propagated and out-planted at DMR.  Several sites may be selected at DMR to accommodate 
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stock from both Haili and Kawaiū.  NRS are not yet sure if it is appropriate to mix these stocks.  
Weeds will be managed at the outplanting sites.  Ungulates are not expected to impact the site, 
however, NRS will carefully watch and respond if necessary. 
 
Kaimuhole and Palikea Gulch:  Two years ago, surveys for H. brackenridgei were conducted 
in areas of the Lower Ka‘ala NAR and Dole lands below the NAR.  At least 10 mature, 210 
immature and several seedlings were found in four gulches in the area.  As mentioned in the 
Survey section above, some locations were known historically, but the majority were new sites.  
NRS made collections from the region last year.  Collections were made from 50 founders across 
the whole area where plants are found.  NRS has proposed to establish a reintroduction with this 
stock instead of managing the wild populations. The manageability of the wild sites are 
questionable, given the steep terrain, fire threat, and complete domination of the habitat by P. 
maximum.  Goats, fire, and weeds, in particular P. maximum, Coffea arabica, threaten the region.  
Another complicating factor is that the site is on Dole land and it is unclear to what degree they 
will support management (including fencing).  A fence in this area is scheduled for installation in 
year six of the MIP.  The daunting task of beginning weed control in these degraded sites and the 
unsustainable nature of the work has made reintroductions in other areas more feasible and 
attractive.  Two possible reintroduction sites are currently being considered, although no 
decisions have been made.  One site is on Dole land, in Kaimuhole Gulch.  The other is on State 
land in Ka‘awa Gulch.  Both locations have sites where significantly less management would be 
needed due to more intact habitat.   
 
Other PUs: 
 
Kaumoku Nui:  The known site in Kaumoku Nui Gulch was monitored last year and the number 
of mature plants appeared stable.  In 2002, there were estimated to be at least 750 seedlings at 
this site.  However, this year a large cohort of seedlings was not seen.  This PU is partially 
fenced and the fence is still in good condition.  Panicum maximum is extremely pervasive and 
remains a threat.  Collections from six founding areas were made in 2002 and are maintained at 
the Armys Nursery.  In this case, founding areas are defined as areas that have mature trees, or 
once had mature trees and are now apparent by seedling groupings.  Other living collections 
were established at Kaiser High School, Waimea Botanical Garden, and Waialua High School.  
In the coming year, NRS will work with NARS staff to monitor this site for changes in 
population and threats.  NRS may include this stock in a reintroduction, possibly in Ka‘awa 
Gulch, as mentioned above. 
 
Kihakapu:  This population is almost continuous with the Palikea Gulch site, but will not be 
included in a larger fence that is planned for year six of the MIP.  Plants from this area were 
collected for genetic storage and are presently maintained at the Army Nursery.  NRS may plant 
this stock into a reintroduction at a manageable site.  Some options include the possible fence at 
Kaimuhole gulch, or a site in Ka‘awa gulch.   
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3.16 Melanthera tenuifolia 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 genetically unique individuals in each PU (short-lived perennial with tendency to 

reproduce vegetatively)* 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

* It is difficult to distinguish genetic individuals, since vegetative reproduction creates identical adjacent plants.  
Genetic studies suggest that plant material separated by >2 m is genetically distinct. 
 
Taxon Level Discussion 
 
The three largest populations in the best habitat are designated as ‘Managed for Stability’.  One 
PU is in the Action Area (AA) and the other two are located off-site.  These three PUs already 
have stable numbers of individuals, but all threats are not controlled and genetic storage research 
is still ongoing.  Since the most significant threat to this taxon is goat predation, NRS have 
focused initial management efforts on ungulate control.  NRS do not consider weeds to be a 
significant threat to these PUs, because they are found on fairly intact cliffs. Fire has burned and 
killed plants and severely degraded habitat in all of the PUs within MMR.  This taxon can be 
propagated very successfully from cuttings and a living collection has been kept at the Army 
Nursery for several years. So far, seed collection from wild plants is challenging and research on 
germinating and storing seed is ongoing.  The use of clones and nursery stock has been a fairly 
reliable means of maintaining the genetic stock of M. tenuifolia.  Overall this taxon has a good 
prognosis for stability.  Threat control is underway at all three ‘Manage for Stability’ sites. 
  
Taxon Status 
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Genetic Storage 
 
NRS has been using clones of wild plants for genetic storage.  While it is possible to meet 
genetic storage goals for this taxon via vegetative clones, this approach will require significant 
amounts of nursery space.  Thus far, NRS have focused clonal nursery storage on fire-threatened 
sites.  Seed from these nursery plants can be a source for storage testing and genetic storage.  
Last year, seed was collected from these plants and brought to the Seed Conservation Lab.  The 
lab sent these seeds to the University of Kentucky for dormancy studies (see Propagation and 
Germination Techniques).  This year, larger collections of seed were made from these plants and 
the Seed Conservation Lab has initiated germination and storage trials.  NRS also brought 
cuttings in April and August 2004 to the Micropropagation Lab to determine if it is possible to 
store these clones in vitro rather than in a nursery.   
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Propagation/Germination Techniques 
 
Melanthera  tenuifolia cuttings root easily with a success rate of 50-75%.  In the past, NRS have 
had difficulty collecting substantial amounts of seed from wild populations because seeds tend to 
fall off the peduncle easily and are difficult to distinguish from dried sepal parts, without close 
inspection.  Therefore, it is difficult to determine from a distance whether substantial collections 
can be acquired before embarking on a rappel.  Also, NRS have not observed a predictable 
fruiting season where substantial numbers of seeds are available.  This situation makes acquiring 
seed collections from this taxon very challenging.  This year, NRS experimented with collection 
techniques with plants in the Army Nursery.  It was found that a larger number of seed can be 
collected slightly before maturity and seeds can finish ripening post-harvest.  Inflorescences at 
this stage have already had petals dry up and fall off and seeds are swollen, but seed color ranges 
from yellow-green to yellow and browning.  Completely dried flower heads usually contain very 
little seed because most seed has already fallen out of the inflorescence.  Collecting slightly 
immature seeds allows for a larger number of seed to be collected as well as a larger window of 
opportunity to collect.     
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The other challenge with seed from this taxon is overcoming dormancy to allow for substantial 
germination.  Seeds appear viable during germination testing for at least two years, but little or 
none germinate.  Last year, a collection of seed was sent to Dr. Carol Baskin at the University of 
Kentucky for dormancy tests.  She determined that seeds at temperatures of 20˚C and 15˚C   had 
significantly more germination than seeds kept at 24˚C or higher.  Seeds previously tested at the 
Seed Conservation Lab were kept at 24˚C.  All growth chambers are currently set above 20˚C as 
they are mimicking seasonal temperatures, but more germination and storage tests will be 
conducted this winter. 
 
Unique Species Observations 
 
A large and catastrophic fire occurred at MMR in July 2003.  This fire burned some M. tenuifolia 
plants within the Kahanahāiki PU.  Photo points were taken at the site and burned plants were 
tagged.  After one year, more plants were present at the site than had been counted before.  It is 
difficult to know if these plants were new seedlings or clones of the burned plants re-sprouting 
from buried stems.  This site has not been monitored in the last year. 
 
Plants found at the ‘Öhikilolo Makai site are exposed to extremely dry conditions at a very low 
elevation.  This site is at 400 feet in elevation while some others are near 1000 feet and most are 
over 1500 feet.  NRS have observed very low survivorship of individual plants between years 
from this site.  The plants are small and appear to reproduce mainly via seed rather than 
vegetatively.  NRS have collected from this PU many times in order to preserve this site as a 
distinct ecotype. 
 
Outplanting Issues 
 
NRS have not attempted to reintroduce this taxon into a wild site and do not expect that 
augmentations will be necessary to achieve stability at any of the three selected populations.  
Plants have been kept in pots outside at the Army Nursery for years and seedlings have been 
observed germinating in the pots and coming up through the gravel on the ground. 
 
Research Issues 
 
Research is being conducted as stated above to determine a reliable germination technique for 
this taxon.   
 
In the next year NRS will consider the application of high-resolution imagery as a monitoring 
tool.  Such a technique, if successful, would allow NRS to detect population trends without 
needing to conduct a census of the population. 
 
Surveys 
 
No additional surveys have been conducted for this taxon.   
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Taxon Threats 
 
In Mākua, M. tenuifolia was restricted to vertical cliffs and was extirpated or rare in places that 
were accessible to goats.  Due to significant ungulate control, M. tenuifolia has re-claimed some 
of these areas.  Pigs are not prevalent in most areas where M. tenuifolia resides because of the 
steep nature of the terrain.  However, in the few places that are accessible, pigs can trample and 
uproot plants.  Weeds do not appear to pose a large threat to this taxon except where alien 
grasses have invaded and may serve as fuel for fire.  Fire has burned around plants in the 
‘Öhikilolo, Kahanahāiki, Keawa‘ula and Kaluakauila PUs in the past and continues to be a 
threat.  In these PUs, fire has burned to the edge of forest patches and up to cliffs, both places 
where the M. tenuifolia is found.  After fires, plants have come back to occupy the same places 
they were. It is still unclear whether this new growth is from seedlings or from mature plants re-
sprouting from the base. Rats and slugs have not been observed to be threats to this taxon. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
‘Öhikilolo:  This PU extends from low elevation cliffs just above Farrington Highway to high 
elevation cliffs along ‘Öhikilolo Ridge.  There is a large break in distribution between the makai 
plants at 400-foot elevation to the next closest plants at approximately 1200 feet.  Although NRS 
have not systematically monitored the ‘Öhikilolo population, incidental observations indicate 
that M. tenuifolia is moving back into habitat where it had been extirpated by goats.  Thus, NRS 
anticipate an increase in the overall population numbers.  NRS have observed M. tenuifolia at the 
base of cliffs in Ko‘iahi Gulch and Lower Mākua Valley and at the tops of cliffs just off the main 
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‘Öhikilolo Ridge crest where it was not previously seen.  No weed control has been conducted at 
this site. 
 
The Makai site along ‘Öhikilolo Ridge faces distinct challenges.  NRS have committed 
significant resources to the in situ protection of this site and to capturing it in storage.  Genetic 
studies conducted in 1999 showed that these makai plants are different from the rest of the plants 
on ‘Öhikilolo ridge.  NRS contracted the construction of a strategic fence to protect the site 
because it was outside the larger ridge fence that encircles the valley. It has been goat proof since 
October 2003.  Another significant threat to the Makai site is fire.  Fires started from military 
training in Mākua and arson along Farrington highway have impacted this site numerous times in 
past years.  NRS have never documented burned M. tenuifolia plants at this site following a fire, 
but there remains a high potential for such damage.  NRS have excellent ex situ representation 
from this site and are comfortable that the genetic make-up of these plants has been captured.  
NRS spent many hours on rappel collecting cuttings from plants at this site.  Over time many 
cuttings have been established from founders that have since died so that currently there are 
more founders being grown at the Army Nursery than have ever been observed in a single 
monitoring of the site.  Clones of the wild plants are maintained as large potted plants for seed 
storage research, until seed can be stored from these plants.   
 
Kamaile‘unu and Wai‘anae Kai:  NRS numbers for this PU are a total based on accurate 
monitoring at only some sites within this large PU.  NRS plan to manage M. tenuifolia plants 
from the eastern most portion of this PU that will be within the first Mākaha fence.  In 2004, a 
total of 63 mature individuals were observed within the proposed fence perimeter.  The M. 
tenuifolia habitat to be included in the Makaha fence is very native and has few weeds of 
concern. Goats may be a threat at this site. 
 
Mt. Ka‘ala NAR:  These plants have been monitored in the last year while conducting goat 
control with the NARS staff.  These regular ungulate control efforts have proven valuable as 
there is currently no goat sign around this area and goats are not considered a threat at this time.  
Since the goats have been removed, there has been an estimated increase of about 50 plants. NRS 
will continue to manage ungulates in this area with NARS staff.  Other threats in this area are 
minimal. 
 
Other PUs: 
 
Kahanahāiki:  The NRS population number for this site is based on accurate counts made on 
rappel, but does not represent a complete census of the whole PU.  This population has benefited 
from goat control measures conducted in MMR and pigs are a minimal threat since the plants 
mainly occur on cliffs.  This PU has been a focus of collection efforts since the entire PU was 
threatened and some individuals were burned by the July 2003 fire.  NRS have secured a 
substantial living genetic storage collection from this site, which are being maintained in the 
Army Nursery 
 
Kaluakauila:  This population is protected from pigs by the Kaluakauila exclosure, which was 
completed in 2001.  Since the fence was completed, M. tenuifolia has reclaimed many sites 
below and above cliffs.  The July 2003 fire burned into this MU and dangerously close to M. 
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tenuifolia plants.  Since 2002, NRS have been conducting grass control within the Kaluakauila 
forest patches to minimize the chance that a fire would carry into the forest.  This taxon may also 
benefit from the ecosystem-level weed control being conducted for introduced tree species such 
as Schinus terebinthifolius, Psidium cattleianum and Leucaena leucocephala. 
 
Keawa‘ula:  This PU is highly threatened by fire although it has not burned in the last year.  
NRS monitored this PU in September 2004 and estimated that there were more than 45 mature 
plants.  In the last year, NRS visited the site and found no change in status.  This site will 
continue to be monitored for new threats and any change in distribution or abundance. 
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3.17 Neraudia angulata 

Requirements for Stability: 
• 3 Population Units (PUs) (if pure var. angulata is found, 4 populations will be managed) 
• 100 reproducing individuals in each PU (short-lived perennial, dioecious, prone to large 

declines or fluctuations in population size) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 
 

Taxon Level Discussion 
 
There are four populations designated ‘Manage for Stability.’ Together with the other genetic 
collections and reintroductions, these should represent the full geographic distribution of this 
taxon and the morphological differences exhibited by the different stock.  A new population was 
found by NRS in Punapōhaku Gulch in MMR. This plant appears to be var. dentata.  A single 
leaf collected from the plant was verified by Joel Lau.  The PUs with plants of the var. dentata 
are Punapōhaku, Manuwai, and Kapuna.  The habitat at all these sites is impacted by ungulates 
and weeds and is much degraded.  Therefore, this stock will be represented in a reintroduction in 
the managed Kaluakauila MU, where the habitat is appropriate.  The Mākaha and Wai‘anae Kai 
Makai PUs have intermediate stock.  These will be represented by the Wai‘anae Kai Makai PU. 
The Mākua PU is augmented and is also ‘Managed for Stability.’  Only the Mākua population is 
fenced at this time, but fences are proposed for all ‘Manage for Stability’ PUs and most genetic 
storage PUs.  The increases in population size at the Wai‘anae Kai PU is from finding plants in 
new areas, not a change in abundance in the same area.  Over all it will take a while to stabilize 
the habitat necessary to support this taxon, but reintroductions have survived and may allow 
NRS to bring stock out of heavily degraded areas into manageable protected areas and stabilize 
this taxon. Genetic storage research is ongoing. 
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Taxon Status 

 
 
 
Genetic Storage 
 
This taxon does not produce many mature fruit at one time.  Fruit can ripen slowly and take 
months to reach maturity.  Because of this, it has been difficult to obtain collections from wild 
plants that are large enough to run seed storage trials.  Plants established in the Army Nursery 
from cuttings have produced more fruit than wild plants and this seed has been collected for 
storage trials this year and last year at the Seed Conservation Lab.  Preliminary tests on this 
taxon show a significant decrease in viability after only one year for all tested treatments.  Due to 
the low fresh and stored percent germination, preferred storage treatment as well as storage 
potential is still unknown.  After two years, germination of frozen seeds went from 56% to 11%.  
Genetic storage through seed collection is hindered by seed dormancy and inability to store at 
tested treatments.  Both elements are currently being studied with seed from nursery stock at the 
Seed Conservation Lab.  Future nursery collections will be stored at conditions that will test 
whether or not seeds can or cannot tolerate low temperatures and/or drying.  This year soil 
seedbank potential was tested at the Conservation Seed Lab.  Seeds were stored in the dark at 
24 C and 100% relative humidity for six months and for one year, at which time seeds were 
placed in the light.  Ninety percent of those seeds germinated within two weeks at both time 
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intervals.  Further dark tests at different temperatures and for different lengths of time are now 
being conducted.  Results indicate that seeds, if necessary, can be stored in the dark at 100% 
relative humidity for one year with no decrease in viability.  Seeds could therefore potentially 
store at this condition for a longer time period.   
  
Cuttings are rooted with traditional methods and most genetic collections from the wild have 
been using this technique.  Cuttings can be taken from nursery plants, and in this way stock can 
be kept as a living collection.  In the coming year, NRS will attempt to establish clones in micro-
propagation to determine if that is a feasible storage method. 
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
 
Propagation/Germination Techniques 
 
Germination tests indicate that seeds germinate best on agar.  Seeds may have some type of 
physiological and/or morphophysiological dormancy.  Seeds germinate very slowly over a long 
period of time.  Most germination occurs four to seven months after sowing.  There has been 
over 50% germination on two different seed lots collected in 2003 and 2004, but many other 
collections have lower viability.   
  
Cuttings are treated with Dip-n-grow® and placed in a pot with vermiculite and perlite on a mist 
bench.  They develop roots within weeks and can be transplanted to sterile media.  The plants 
kept at the nursery have produced much more flower and fruit than the plants in the wild, 
enabling large collections to be made for seed storage trials.  Less than 50% of cuttings made 
from wild plants in 2005 were successful.  Cuttings received in 2005 from Kapuna had a 36% 
(9:25) success rate and two out of five cuttings from the Punapōhaku founder rooted.  Tip 
cuttings in other years have had a higher success rate at 80-90%.  NRS now have established 
material propagated from collections made in 2003-2004 from the Mākua PU that currently serve 
as nursery stock plants.  NRS have observed that many of these cuttings will flower and set fruit 
within one year. 
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Unique Species Observations 
 
This taxon appears to be prone to fluctuations in population size.  Plants can loose all their leaves 
in the summer. 
 
Outplanting Issues 
 
NRS has reintroduced 13 plants from Kapuna into Kaluakauila, and have augmented the Mākua 
PU with about 50 plants grown from cuttings.  Survivorship has been 100% at Kaluakauila and 
over 80% at the Mākua augmentation.  NRS expects to be able to establish populations using 
reintroductions in the future once appropriate habitat is secured.  In the coming year, NRS will 
expand the Kaluakauila reintroduction. 
 
Founders Represented in Outplantings 

 
 
Research Issues 
 
NRS will attempt to discover why populations blink out so quickly.   
 
Surveys 
 
No surveys have been proposed for this taxon in the coming year.  However, NRS will continue 
to survey around known populations for additional plants 
 
Taxon Threats 
 
Some PUs, in particular, Manuwai, Kapuna, and Punapōhaku, include degraded areas and are 
very threatened by ungulates and weeds.  Goat browse has been observed on plants at the 
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Manuwai PU and pigs have been noted as a threat at most sites.  Other PUs including Wai‘anae 
Kai Mauka and Makai, Mākua, and Mākaha are relatively intact and have manageable threats.  In 
the last year, rat damage was observed on plants used to augment the Mākua PU.  NRS believes 
this damage was the cause of drought and is not currently baiting at any site because the damage 
did not continue.  It is unknown if slugs are a threat to this taxon. The weeds that are particularly 
problematic in appropriate habitat for this taxon are Leucaena leucocephala, Panicum maximum, 
and Ageratina adenophora. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

  
 
Manage for Stability PUs: 
 
Mākua:  The number of individuals in the final Mākua IP was based on Joel Lau’s 1993 
population estimates and NRS observations in 2000.  The sites are now monitored regularly, and 
more strategic fencing was built this year to protect the plants from feral pigs. 
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There are three insitu sites in Lower Mākua: MMR-A, MMR-B, and MMR-D which is 
augmented and is called MMR-E.  MMR-A and MMR-B have been monitored regularly by NRS 
since 1998 and MMR-D since 2002.  However, due to access restrictions, only the MMR-A site 
was monitored this past year.  MMR-A is located in two different subgulches in Ko‘iahi Gulch.  
Seedlings were often seen growing at the base of the cliffs where mature N. angulata reside.  
Only the plants growing on the cliffs were protected from ungulates, therefore, when NRS 
returned, all plants growing in the soil would usually be dug up by pigs before the next 
monitoring.  In March 2005, two strategic fences were erected protecting the area.  NRS hope 
that this effort will allow N. angulata to colonize the area previously controlled by pigs.  At the 
time of fence construction, about 65 mature and 27 immature plants were present.  NRS have not 
returned to monitor this site.  In August 2004 NRS observed rat damage on the augmented 
plants.  NRS believes this damage was the cause of droughts and because of access restrictions, 
NRS is not baiting this site.  
 
In this coming year, NRS is hopeful that access will be granted which will then allow outplanting 
of more individuals to the augmented population at MMR-E (the reintroduction site), and a 
complete monitoring of all sites.  NRS will continue to monitor MMR-A on a biannual basis.  
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Kapuna:  There is one remaining plant at the Kapuna site.  This plant is growing on a rock shelf 
and is not threatened by pigs.  This site is severely degraded and dominated by weeds.  Cuttings 
of this plant were taken to the Army facility and cloned.  In January 2003, three plants were 
reintroduced into the Kaluakauila MU in MMR.  Five more plants were planted in March 2004 
and five more in 2005.  They were last monitored in June 2005.  All 13 plants are mature, in 
healthy condition and produce a large amount of fruit which is uncommon amongst N. angulata 
in the wild.  Kaluakauila was partially burned in the fires of July 2003.  Although the 
reintroduction area was not threatened, fire remains a major threat to this area.  This 
reintroduction site is located in an area where rats are controlled for other taxa. NRS has 
additional plants in the Army greenhouse and will continue to outplant until the numbers are 
substantial. In the coming year, this site will be augmented with plants as well.  Mature seed 
collected from this site will be stored at Lyon.  NRS will monitor the wild plant in the coming 
year for additional threats.   
 
Mākaha:  The number of individuals in the final Mākua IP was based on 1999 field 
observations.  In April 2005, NRS observed 16 mature and one immature N. angulata in 
Mākaha.  Cuttings from 11 of these plants are now growing in the Army Nursery.  These plants 
are threatened by ungulates but will not be included in the larger planned Mākaha exclosure 
because they are geographically removed from it.  Instead, a separate fence scheduled for year 
five of MIP will be built around this taxon which will also benefit Nototrichium humile and 
Abutilon sandwicense. This coming year, NRS, along with Board of Water Supply Watershed 
Planner, will continue to survey the area around the existing known plants, as well as new areas 
in Mākaha for additional plants.  NRS will also collect from all known individuals that are large 
and healthy enough to spare cuttings. A fence will be built in this area to exclude pigs. 
 
Wai‘anae Kai Makai:  This PU has been monitored in the last year and no change in size or 
distribution was noted.  A fence has been scoped to exclude goats and pigs from this site. Plans 
were submitted to DLNR and NRS is awaiting there response.  There are an estimated 45 mature 
plants and 35 juveniles at one site (WAI-B) and one mature plant at the second (WAI-D). In the 
coming year, NRS will monitor these sites and work with DLNR to determine the appropriate 
ungulate control strategy for this PU. There are some threats from a few invasive trees including 
Casuarina glauca and Grevillea robusta in the PU and NRS will work to eradicate these in the 
coming year.  
 
Other PUs: 
 
Manuwai:  11 mature individuals and one juvenile were found during surveys of Mokulē‘ia 
Forest Reserve in March 2003.  When NRS visited the site again to scope a planned fence, there 
had been damage to the plants from a small landslide and goats had browsed several individuals, 
leaving only six plants.  NRS submitted a proposal to DLNR to build a fence around the plants 
over a year ago with no response.  When the site was visited in June of 2004, only two plants 
could be found, one in very poor condition.  When last visited in 2005, NRS found only one 
plant alive. Propagules were collected during each visit and are being grown at the Army 
Nursery.  In the coming year, NRS hopes to have permission to fence this area before the plants 
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are all gone.  The plants grown at the Army Nursery will be cloned and planted into a secure 
location in Kaluakauila when ready.  
 
Leeward Pu‘u Kaua:  No collections have been made from this PU and no management has 
been done.  In the coming year, NRS will monitor the plants, collect for genetic storage and 
determine the need for management to ensure genetic storage collection can take place. 
 
Hālona:  No collections have been made from this PU and no management has been done.  In 
the coming year, NRS will monitor the plants, collect for genetic storage and determine the need 
for management so genetic storage collection can take place. 
 
Wa‘anae Kai Mauka:  There are two sites known in the Wai‘anae Kai Mauka PU.  There are 
about 45 mature plants at one site (WAI-A/E), and one plant at the second (WAI-C).  NRS 
monitored the WAI-A/E site in the last year while scoping a fence to exclude pigs from the area 
and found many more plants.  Pigs and weeds threaten this site, however, most plants are up on 
steep cliffs and inaccessible to pigs.  The site with the single plant (WAI-C) has not been 
monitored since it was reported by Steve Perlman in 2000.  In the coming year, NRS will 
monitor the WAI-A/E site and return to the WAI-C site to monitor that plant.  Fences to protect 
the plants from pig damage have been proposed and permission is being processed by the State.  
However, NRS is unsure that permission will be granted since this is a public hunting area. 
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3.18 Nototrichium humile 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 25 reproducing individuals in each PU (long-lived perennial) 
• Threats controlled 
• Complete genetic representation in storage of all PUs  

 
Taxon Level Discussion 
 
There are 15 Nototrichium humile PUs, currently four have been selected as ‘Manage for 
Stability’.  They include Mākua, Kaimuhole and Palikea Gulch, Kaluakauila, and the Wai‘anae 
Kai.  These four PUs have stable population numbers, but not all threats are controlled.  Threats 
to this taxon include fire, ungulates and weeds.  Two populations were selected for management 
off-site and two were selected within the Action Area (AA).  These populations were chosen 
based on their size and habitat quality.  For all other PUs, NRS will place collection priority on 
those found within the AA since they are most at risk from training-caused fires.  This genetic 
stock will be maintained in protected in situ sites as augmentations/reintroductions or in the 
greenhouse.  It is difficult to collect large numbers of seed from this taxon because there are very 
few ripe seed on an inflorescence at any given time.  Nototrichium. humile is easy to propagate 
from cuttings and can be maintained in the greenhouse but they take up a lot of space.  NRS will 
experiment with in vitro propagation for this taxon to minimize space necessary to accomplish 
vegetative genetic storage.  NRS feel there is a good prognosis for stability with effective threat 
control. 
 
There is mixed opinions on how many PUs should be declared as ‘Manage for Stability’ within 
the NRS.  Some say four while others feel that three will be sufficient.  The reasons NRS feel 
four should be designated include the following:  there are many large population of N. humile 
and to represent this range four PUs are needed, and this taxon is also potentially the most fire 
threatened taxon in the MIP.  Do these factors justify four PUs?  NRS is not clear.  If one PU is 
to be dropped NRS has not agreed on what PU that should be.  The IT needs to clarify actions for 
the upcoming years.  (See PU section for more discussion  
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Taxon Status 

 
 
Genetic Storage   
 
Genetic storage is being achieved via the use of cuttings but this approach consumes too much 
space and labor.  Seed collection has been difficult and germination very low.  Nototrichium. 
humile inflorescences are indeterminate spikes.  Therefore, very few of the fruit are mature at 
any one time.  There is only one seed per fruit.  Only one of the 50 fruits submitted to the Seed 
Conservation Lab had viable seed that germinated.  Of fruit collected for testing, most do not 
have seeds.  NRS will work to increase the number of seed collected from greenhouse plants.  
NRS will work with the Seed Conservation Lab to determine a reliable germination technique for 
this taxon.  NRS will also bring cuttings to the Micropropagation Lab for testing.  Priority for all 
collections will be on unique fire threatened PUs within the AA. 
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Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
NRS have had a 70% success rate in propagating cuttings of this taxon.  NRS have not attempted 
to propagate N. humile from seed but will try to develop a technique with Seed Conservation 
Lab. 
 
Unique Species Observations 
 
Nototrichium humile does exhibit some intra and inter-population leaf variation.  Within most 
populations, and even on different branches of an individual tree, there can be both long, slender 
leaves and ovate leaves.  Some populations, such as the upper portion of the Kahanahāiki 
population, have more plants with slender leaves than ovate leaves.  The Keawapilau population 
plants are strikingly different from others having very small, lanceolate leaves.  Stock from the 
Keawapilau and the Kaimuhole populations are being grown side by side at the Army 
greenhouse and have maintained their distinct leaf morphologies. 
 
NRS have also observed remarkable potential for re-growth in this taxon.  Nototrichium humile 
plants have been broken by falling tree limbs and fence construction crews, only two recovered 
well.  In addition, NRS have observed plants that recovered from being heated by fire to the 
extent that all the leaves were browned.  The plants were not burned but experienced significant 
heat. 
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Outplanting Issues 
 
NRS has conducted one reintroduction into Mākua Valley (south side).  Eighteen plants were 
planted as an augmentation to the existing Mākua PU.  Thus far, NRS has documented an 83% 
survivorship rate.  However, NRS has not been able to visit the site due to access restrictions.  
This rate may have been higher if N. humile had been planted at the best possible spots within 
the gulch but NRS utilized these prime sites for Neraudia angulata outplants.   NRS do not 
anticipate needing to augment any of the ‘manage for stability’ populations since their numbers 
are so high.   
 
Research Issues 
 
NRS will work with the Seed Conservation Lab to determine a reliable germination technique for 
this taxon and apply this in researching seed storage techniques.  NRS will also work with the 
micro-propagation lab to determine the feasibility of tissue culture. 
 
Surveys 
 
No recent surveys have been conducted specifically for N. humile and none are planned for the 
coming year. 
 
Taxon Threats 
 
A major threat to certain populations of this taxon is fire.  In the summer of 2003, two large fires 
burned both the habitat of and individual plants of this taxon.  A threat shared by all N. humile 
populations is pigs.  Pigs do not consume this taxon directly but damage the gulch habitat that it 
prefers.  Pig rooting may prevent seedling recruitment in flat areas.  Goats are also a threat and 
browse has been observed on plants.  Goats can reach many of the plants growing in steep areas 
that pigs cannot.  Significant weed threats to this taxon include Ageratina adenophora, 
Passiflora suberosa and Panicum maximum.  Panicum maximum control is important as it relates 
to fires.  Schinus terebinthifolius and Aleurites molucanna dramatically change the gulch habitat 
preferred by this taxon.  It is unknown whether slugs impact N. humile recruitment and NRS 
have not observed rat damage to any plants of this taxon. 
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Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Below is a table of pros and cons for the four current ‘Manage for Stability’ PUs.  The rows 
define how the PUs fit into the following categories.  First, if PUs are in the AA.  Second, if PUs 
are in the high fire threat area as defined in the MIT.  Third, the overall fire risk for the PU as 
NRS has defined it.  Forth, the total number of mature individuals at each site.  Fifth, whether the 
land owner is cooperative.  Sixth, an assessment of assess at the site.  Seventh, whether there is 
existing management for threats on site.  If management is in place perhaps there is not as much 
of a need for the population to be ‘Manage for Stability’.  Lastly, is the population an outlier?  If 
so, then it may be important to protect as it may be genetically distinct from the other PUs. 
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Current ‘Manage for Stability‛ PU Analysis 
Issues Kaluakauila Mākua Wai‘anae  Kai Kaimuhole to Palikea 

gulch 
In or Out of AA In In Out Out 
In or Out of AA 
high fire threat 
area 

In In Out Out 

Overall fire risk High Moderate Low Moderate 
Plant numbers 233 75 229 65 
Cooperative land 
owner 

Yes Yes Unclear No 

Access Good or 
Bad 

Good Bad Good Good 

Existing 
management 

Yes Partial No No 

Outlier 
population 

No No No Yes 

 
NRS is unsure of access issues in the future.  NRS plans on building a few strategic fences to 
close off  narrow gulches protecting this species, Neraudia angulata, and Tetramolopium 
filiforme, as soon as permission is granted from the state.   
 
Kaimuhole and Palikea Gulch:  NRS knows of two sites in this PU one in Palikea and one in 
Kaimuhole.  Portions of this population have been monitored by NRS in the last year, but there 
are likely more plants to be found.  Founders from the Palikea site PU are represented in the 
Army greenhouse.  NRS plans to construct a fence exclosure around Kaimuhole gulch to protect 
Hibiscus brackenridgei plants.  This fence will also benefit N. humile.  NRS will also be 
conducting weed control within the forest protected by the exclosure.  NRS may augment this 
population of N. humile once protection is in place, in order to represent the Palikea stock in the 
exclosure.  In the matrix above, the largest hurdle to the management of this PU is that at the 
present time Dole Foods (the landowner) is not interested in participating.  The most important 
pro for management of this PU is that it is an outlier population in comparison to the other PUs.  
If NRS it to represent the full range of this taxon in the ‘Manage for Stability’ PU it would be an 
important one to conserve. 
 
Kaluakauila:  This population is in a fence and monitored regularly by NRS.  The population is 
robust, and there are many juveniles.  Collections of mature seed for storage have been made 
from a few of these plants.  This PU is threatened by fire and much management has been done 
to control grass around the PU in the last year (see Weed Control Chapter).  In the coming year, 
NRS will continue to manage the site to control fuel and continue to collect from unrepresented 
plants for storage.  In the matrix above, this PU has high plant numbers but is threatened by fire.  
There is existing management on site but this is the only MIP taxa in the area and justifies most 
of the work being done.  If this PU were re-designated as ‘collect for genetic storage’ NRS 
would not have strong justification to work in the area.  
 
Mākua (South Side):  A comprehensive monitoring of all the gulches encompassed by this PU 
has never been conducted.  Three strategic fences have been built in this PU.  In all three areas, 
the opening to very deep and steep gulches were blocked.  At one gulch site, NRS augmented 
with 18 N. humile plants.  NRS built two small fences to block the back of Ko‘iahi gulch.  This 
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area contains close to one hundred Neraudia angulata plants and fifty N. humile plants.  The 
plants have been restricted to the cliffs because pigs impacted the habitat in the gulch bottom.  
However, NRS is optimistic that seedlings will begin to populate the gulch bottom inside the 
fence.  A major weed threat to this population is A. adenophora.  This is an easy PU for NRS to 
work with because it is on Army lands.  However, access has been restricted to portions of the 
PU because of ordnance issues.  It is unclear if these access restrictions will be resolved.  The 
number of plants may be misleading as a complete survey has not been conducted. 
 
Wai‘anae  Kai:  Presently NRS estimates 224 plants from Wai‘anae  Kai.  There is one site with 
an estimated 200 plants and multiple other sites with relatively low numbers.  The 200 plant site 
is a very deep gulch surrounded by 2000-foot cliffs on all sides.  There is no evidence of goats or 
pigs at the site, but there is alot of goat sign at the mouth of the gulch.  NRS spent a few days 
trying to determine if there are any routes of entry into the gulch from the cliffs.  Goats have 
been observed on the cliffs around the gulch.  NRS feels that through the construction of a few 
strategic fences, the goats and pigs can be kept out.  There are minor weed threats around the N. 
humile plants, and NRS hopes to control these in the coming year.  Other populations in 
Wai‘anae  Kai will be collected for ex-situ management at a nursery or secured planting site.  In 
the coming year, NRS will propose an ungulate control strategy for this area.  The matrix above 
lists pros of large numbers and low fire risk for this population.  Unfortunately, it is unclear 
whether or not the State will support fencing this area. 
 
Other PUs: 
 
Kea‘au:  The number of individuals reported in the final IP was based on John Obata’s 1990 
estimate and Joel Lau’s monitoring of one individual in 2001.  NRS have not visited this area but 
will attempt to acquire genetic storage collections as it is in the AA and has small numbers. 
 
Keawa‘ula:  NRS visited this site in September 2004 and observed 138 mature and five 
immature trees.  This site was impacted by the July 2003 Yokohama wildfire.  The forest patch 
surrounding this population is shrinking with each successive fire.  NRS will acquire cuttings 
from this site to be kept as a living collection in the nursery of another secure site.  Fuel loading 
P. maximum is the biggest threat to this site. 
 
Mākua (East Rim):  This PU is believed to consist of a single founder based on the HIHNP 
Botanists’ 1997 observation.  NRS has attempted to re-locate this plant without success.  NRS 
will survey the area once more before considering it dead.  If it is re-discovered, NRS will collect 
propagules for genetic storage. 
 
Kahanahāiki:  The current number of individuals is based on NRS monitoring of the 
populations.  NRS has established a living collection in the greenhouse grown from cuttings 
from almost 30 separate individuals in Kahanahāiki.  The wild plants are spread out within the 
PU; a small group is inside the Kahanahāiki fence and a larger group is on the slopes below the 
exclosure.  NRS designated collection from these plants a high priority because of the fire risk to 
these plants. The July 2003 fire burned into the perimeter of this forest patch. 
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Punapōhaku:  This population was discovered by Joel Lau and NRS in 2002.  It is estimated to 
have 200 individuals.  After the July 2003 Mākua fire, this population was monitored and a more 
accurate count of the population was made.  It was estimated that five plants burned in the fire.  
Photopoints were set up so the remaining individuals could be monitored.  NRS visited this 
population and took cuttings from ten plants to propagate ex-situ.  This stock will be used to 
augment the Kaluakauila population within the fence exclosure. 
 
Ke‘ālia:  NRS has not been to this site but have conducted other surveys in Ke‘ālia gulch for 
Hibiscus brackenridgei and have not observed any N. humile.  NRS will visit this population in 
the next year in order to collect genetic representation of this population. 
 
Keawapilau:  NRS monitored this population this year.  A living collection has already been 
established from cuttings collected from all five plants.  Multiple clones made from these 
cuttings are now successfully potted in the greenhouse.  NRS may reintroduce these plants into 
the Upper Kapuna management unit once it is complete. 
 
Kolekole (East Side):  The number of individuals reported in the final Makua IP was based on 
the HIHNP Botanist’s 1994 observation of nine plants at the southern spot, and a NRS 
observation of four plants at the northern spot in 2000.  Since this time, the Navy built an 
exclosure fence around this northern site.  NRS considers this population managed since it falls 
under the Navy’s jurisdiction. 
 
Mākaha:  The number of individuals reported in the final IP was based on Joel Lau’s 2001 
estimate.  Last year NRS monitored only six plants in Mākaha, which were all healthy, but this 
was by no means a complete monitoring.  Nototrichium humile in Mākaha occur side by side 
with Abutilon sandwichensis and N. angulata.  The main threat to this site is ungulate damage 
due to pigs and goats.  Although no goat sign has been observed in the area immediately around 
the rare plants, NRS will still take measures to prevent goats from impacting the population if 
they move into the area.  NRS plan to construct strategic fencing to protect this site.  There are a 
number of vertical cliffs in the vicinity and thus, it would be difficult to construct an exclosure.  
Weeds are not a significant problem at the site although there is some Schinus terebinthifolius. 
 
Nānākuli:  The number of individuals reported in the final IP was based on Joel Lau’s 2000 
observations.  NRS has not been to this site.  NRS will visit this population in the next year in 
order to acquire genetic storage collections. 
 
Pu‘u Kaua (Leeward side):  The number of individuals reported in the final IP was based on 
Joel Lau’s 1993 observations.  NRS will collect and propagate stock from this PU to reintroduce 
into the TNC `Ēkahanui exclosure at Honouliuli. 
 



  3-123 

2005 Makua Implementation Plan Status Report 

3.19 Phyllostegia kaalaensis 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 genetically unique, reproducing individuals in each PU (short-lived perennial, seems 

to be primarily a vegetative reproducing taxon) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
All known wild populations of this taxon are now extirpated.  The causes for its extirpation from 
the wild are not well understood; NRS will strive to learn more about these factors.  All ‘manage 
for stability’ PUs will have to be established with reintroductions.  One is inside the AA and two 
are planned for outside the AA.  Management has begun in the Keawapilau to Pahole PU 
including fence building and weed control. There are two reintroduction sites in this PU.  These 
reintroductions have not been very successful.  The other two PUs are Makaha and Manuwai.  
Reintroductions will be planned for these areas once MU-scale fences are in place.  Cuttings 
were salvaged from the Palikea Gulch, Wai‘anae Kai and Keawapilau to Pahole populations and 
are now being maintained as a living collection.  As a priority for this taxon, these ex situ stocks 
will be preserved and given the highest level of care.  NRS will also ensure that the stock is 
represented at as many plant propagation facilities as possible.  Phyllostegia kaalaensis occurs 
on rock tallus slopes in open gulch bottoms which have been largely overrun by a few weedy 
species.  This habitat is also susceptible to rock falls whether ungulate or human-induced.  Pigs 
also heavily impact this habitat.  Stabilizing this taxon will be extremely difficult. 
 
Taxon Status 
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Genetic Storage 
 
The Seed Conservation Lab has never received seed for storage testing.  NRS, the State of 
Hawai‘i and Lyon Arboretum have been successful in storing this taxon via cuttings.  If not for 
the success of this technique, P. kaalaensis would be extinct.  In 1998, the Genetic Safety Net 
Program funded collections from very rare plant taxa; P. kaalaensis was one taxa selected for 
collection.  These collections were vital in preserving stock from now extirpated populations.  
The Micropropagation Lab did most of the propagation work for this project.  This year, many 
cuttings were made from greenhouse plants and brought to the Micropropagation Lab in order to 
have all greenhouse stock represented in tissue culture.  NRS will continue to work with the 
Micropropagation Lab to continue propagating and maintaining stock in both facilities. 
 
Status of Genetic Storage: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Very little P. kaalaensis seed has ever been collected.  Seed Conservation Lab received 12 seeds, 
which they unsuccessfully tried to germinate using a variety of treatments.  Phyllostegia 
kaalaensis can be successfully grown from cuttings.  NRS has very successfully transferred 
clones out of vials from the Lyon Micropropagation Lab.  When the Micropropagation Lab was 
contaminated during construction activities, in 2003, NRS transplanted vials of contaminated P. 
kaalaensis individuals into the greenhouse.  In the nursery, this taxon is susceptible to insect 
pests and pathogens and can be difficult to accommodate because it forms long running stems 
that stretch out of the pots.  Each time greenhouse plants are pruned back, cuttings are used to 
make more clones. 
 
Unique Taxon Observations 
 
This taxon has extensive underground growth and was found in rocky gulch bottoms.  
Monitoring of populations could have an inadvertent impact on these plants via rhizome damage.  
When reintroductions are monitored, care should be taken not to walk through the population 
more than necessary. 
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Outplanting Issues 
 
Two planting of this taxon have been conducted in the last three years and they have had the 
lowest rate of survival for any taxa planted by NRS so far.  The highest survivorship rate for a P. 
kaalaensis outplanting thus far is 32%.  Both are in the Keawapilau to Pahole PU, one in 
Keawapilau Gulch and the other in Pahole Gulch.  Details of the outplanting are described in the 
PU section.  Other reintroductions will be conducted to test a variety of planting site 
characteristics, plant status pre-planting, variations in planting densities and variations of stocks.  
NRS will not hesitate to mix stock from different populations to increase the success of 
reintroductions, but separate stock will always be maintained ex situ. 
 
Founders Represented in Outplantings 

 
Research Issues 
 
Outplanting techniques, as stated above, require further research.  When stock is available, 
research is also needed for seed storage techniques. 
 
Surveys 
 
Due to its recent extinction from the wild, NRS and the HINHP Botanist have recently conducted 
surveys for P. kaalaensis.  No additional populations have been found.  Surveys were conducted 
with a focus on gulches where this taxon had previously been known.  Pahole gulch, Palikea 
gulch, Kapuna gulch, Keawapilau gulch and ‘Ēkahanui were surveyed.  New areas to survey will 
be identified and more surveys conducted over the next year with the HINHP Botanist. 
 
Taxon Threats 
 
The ultimate causes for extripation are unknown and NRS will try to determine this taxon’s 
greatest threat.  Ungulates impact the preferred habitat of this taxon.  Pigs root for food in gulch 
bottoms, which is precisely where P. kaalaensis existed.  Weeds that impact P. kaalaensis 
habitat and potential reintroduction sites include, Ageratina adenophora, Christella parasitica, 
Aleurities molokana, Rubus rosifolius, Clidemia hirta, Buddleia asiatica and Schinus 
terebinthifolius. The impacts of slugs and rats on this taxon are unknown.  NRS do not expect 
rats to be a substantial threat to this taxon.  Phyllostegia kaalaensis is also prone to seasonal 
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infestations of white fly and powdery mildew.  It is unclear if these pathogens have a significant 
long-term effect on individual plant survival. 
 
Population Unit Level Discussion 
 
None of the wild populations discussed are extant.  NRS will not report on these PUs next year 
unless their status changes and will instead discuss the three reintroductions planned to capture 
all available stock.  NRS will periodically monitor the extirpated sites for regeneration. 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Pahole to Keawapilau:  
 
Pahole: The HIHNP Botanist acquired collections from the Pahole site during Genetic Safety 
Net collections in 1998.  This population was last observed alive in 2000, by NARS staff.  The 
site is protected by the large Pahole exclosure, constructed in 1998.  The P. kaalaensis 
population in Pahole was in good condition just before the fence was completed; therefore pigs 
are not solely to blame for this population’s demise.  Drought induced by weed invasion may be 
another possible cause of the population’s demise.  The Pahole reintroduction was established in 
November 2004.  Currently, there are only 15 plants left of an original 47 planted, but 10 are 
healthy.  Most of these healthy plants are located in light gaps.  When this reintroduction was 
installed by NRS and NARS, plants were purposefully planted in a wide variety of sites from 
deeply shaded thick fern areas to open exposed areas.  It was a surprise to see that plants seem to 
do best in open sunny areas. These results will be further investigated in future outplantings.  
This reintroduction has had a disappointing survivorship of only 29%. 
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Kapuna: No collections were made before the plants disappeared and therefore no stock is 
available from the Kapuna site.  The site could be used for reintroductions in the future, when a 
fence is built protecting the area.  
 
Keawapilau: NARS staff collected cuttings from this site in 2000.  Some of these cutting 
survived and are represented at the Pahole Nursery.  NARS selected a site to reintroduce these 
plants, and in February 2004, 35 plants were put back into Keawapilau.  By July 2004, 15 plants 
were dead, and at last monitoring in April 2005 only four plants in poor condition remain.  This 
site has a survivorship of about 11%.  In the coming year, NRS will work to get stock established 
ex situ at the Lyon Micropropagation Lab.  
 
Before the plantings of both the Keawapilau and Pahole sites, all the shoots were pruned to limit 
the transpiration rate and allow for acclimation.  The plants that were reintroduced had been 
growing at the Pahole nursery for a number of years and were extremely root bound.  This may 
have influenced outplanting success.  NRS applied this lesson learned and planted younger, not 
root-bound plants for the more recent Pahole gulch reintroduction.  At that reintroduction 
survivorship has been higher.  There was substantial rainfall the year of the planting and in 
combination with hand watering, outplants may have been over-watered. 
 
Manuwai Reintroduction:  Palikea gulch stock will be used to establish this reintroduction.  
Manuwai gulch will be fenced in year seven of the MIP, protecting the habitat from pigs and 
goats.  Once this protection is in place, NRS will select a reintroduction site for P. kaalaensis 
with assistance from NARS staff and will prepare the site by conducting weed control prior to 
planting.   Until this time, stock from Palikea gulch will be maintained in the greenhouse and 
Micropropagation Lab. 
 
Mākaha Reintroduction :  Wai‘anae Kai stock will be used to establish this reintroduction. 
Appropriate habitat for this taxon will be protected in the coming year through the construction 
of a 100-acre exclosure.  Once protected habitat is available, NRS will select and prepare a site 
for outplanting.  Until this time, stock from Wai‘anae Kai will be maintained in the Greenhouse 
and Micropropigation Lab.  
 
Other PUs: 
 
‘Ēkahanui:  This population has been extirpated for over five years. The area has been 
thoroughly searched by TNC and NRS and there is no stock available in ex situ collections.  No 
reintroductions will be conducted in the southern Wai‘anaes unless stock is re-discovered. 
 
Palikea Gulch:  In March 2003, NRS monitored the five remaining plants at this site.  They were 
in poor condition.  When the site was monitored again in 2004, no live plants were observed. 
Collections were made from all five plants and are kept at the Nursery. Stock will be established 
in test tubes at the Lyon Micropropagation Lab in the next year. 
  
Wai‘anae Kai:  The HINHP Botanist monitored this site in January 2004, and no plants were 
located.  Collections were acquired from this PU during Genetic Safety Net collections in 1998 
and this stock is available for use in reintroductions. 
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3.20 Plantago princeps var. princeps 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
The current distribution of Plantago princeps var. princeps is focused on mesic cliffs sprinkled 
throughout the Wai`anae Mountains, however, three sites are known from wetter cliffs in the 
Ko‘olaus.  Of the three wild sites designated for ‘Manage for Stability,’ two are located in the 
Waianaes, and one was selected in the Ko‘olau Mountains in order to capture this ecotype.  Only 
one of the selected PUs is located in the Action Area (AA).  All three of the chosen populations 
are located on cliffs or steep gulch sides.  While the Mohiākea PU is one of the largest, it was not 
chosen for management since it is located within SBMR, where access is limited.  Last year, two 
new PUs were discovered.  The larger PU, on the Kāne‘ohe side of Pu‘u Konahuanui will be 
assessed to determine manageability.  Based on this site assessment, stabilization priorities may 
be reassessed.  Currently this PU is designated ‘Genetic Storage’.  Most of the larger wild 
populations of this taxon show good recruitment.  Since this taxon prefers cliff habitat, ungulate 
threats and weed threats are low.  However, at some PUs, NRS have observed significant habitat 
degradation due to weeds like Schinus terebinthifolius and Melinis minutiflora.  Rat predation 
has been observed on mature plants in the North Pālāwai and ‘Ēkahanui  PUs.  Rats may have 
extirpated one of two of the Pālāwai populations and pose the greatest threat to this taxon in this 
PU.  However, damage has not been observed at any other site besides Pālāwai  and ‘Ēkahanui.  
NRS have been successful in obtaining good genetic storage collections of mature seed from 
some of the PUs.  Augmentations are being planned for the coming year and NRS believe that 
this taxon has a good prognosis for stability. 
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Taxon Status 

 
 
Genetic Storage 
 
Very limited genetic storage testing has been conducted with this taxon.  Fourteen of the 
seventeen seed collections received by the Seed Conservation Lab were made in 2004-2005.  
There are 10,000 seeds in storage from 55 plants at five PUs.  Seed from two other PUs has also 
been collected but no viable seed was present to store.  All of these collections have been for 
storage and no storage testing has been set up other than one six-month test on five seeds, 
indicating seeds can be stored at -18 C for six months.  Cuttings in the greenhouse have been 
moderately successful.  Because seed from the wild plants is too valuable, NRS will maintain 
greenhouse plants grown from cuttings of wild stock in order to collect more substantial amounts 
of seed for testing.  Seeds are kept both at 4 C and -18 C at 20% relative humidity.  Seeds have 
been pulled from storage after one year for propagation with no decrease in viability.  Storage 
potential and collection schedule can be further evaluated after seeds have been stored for over 
two years.  One seed collection has been brought to the Micropropagation Lab and has been 
successfully established in culture. 
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Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Germination of fresh seeds of P. princeps shows variation between plants with initial 
germination rates ranging from 25%-100%, though the majority are over 60%.  Fresh or stored 
seeds can sometimes take over one month to start to germinate, and germination can last for over 
two months.  Gibberellic acid (GA3) has been applied to sown seeds in attempt to speed up and 
increase germination but has been determined to have no effect.  Seeds have been withdrawn 
from storage for the first time this year to germinate for propagation.  These germination rates 
are also variable between plants.  Germination rates are typically over 50% and range from 25%-
100%.  Seedlings are easily transferred from agar to perlite/vermiculite with no mortality when 
two healthy cotyledons are present.  This taxon can also be propagated successfully from 
cuttings.   
 
Unique Species Observations 
 
Plantago princeps fruits year round, but appears to have increased fruiting activity in the spring.  
Making collections is difficult as rapelling gear is required to access the plants, and it is difficult 
to time trips so that many plants have mature fruit, and not just empty capsules.  In Honouliuli, 
rat predation as been noted on P. princeps.  Rats tend to target the fleshy stems and leaves of the 
taxa.   
 
Seedlings grown in the growth chamber this year for propagation have shown variation in leaf 
morphology between plants from two different populations within the ‘Ēkahanui PU.  All 
seedlings from one population (EKA-A) of 30 plants have leaves that are longer and thinner than 
all seedlings (from 4 plants) from another population (EKA-C). 
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Outplanting Issues 
 
NRS have not yet conducted an outplanting with this taxon, nor have any other agencies 
attempted to reintroduce it.  To reach stable numbers, NRS will need to conduct augmentations.  
This cliff-dwelling species poses many difficulties for outplanting.  At wild sites, ropes are 
typically used to access plants for monitoring.  NRS will use the upper edges and lower ends of 
cliffs to limit the amount of rope work required for planting.  So far, plants have been grown 
from cuttings and seed but are difficult to keep alive in the greenhouse.  NRS is working on 
developing methods for keeping plants in pots until they are large enough to plant. Outplanting 
techniques and success will be tested first at the ‘Ēkahanui PU.  This PU hosts many wild plants 
clustered in groups along a long, broken, contouring cliff face.  NRS hope to conduct an 
augmentation on an unpopulated part of this cliff face.  The cliff is approximately 30ft tall, and 
can be accessed from above and below, making it an ideal trial location.   
 
Research Issues 
 
A substantial seed storage trial should be conducted with this taxon.  Stephanie Dunbar from the 
University of Hawai‘i is conducting genetics testing along with common garden experiments for 
P. princeps and other Plantago species.  Her research will shed light on the phylogenetic and 
taxonomic relationships between all Plantago species with special attention to the varieties of P. 
princeps.  NRS will incorporate any information from her research that relates to management of 
this taxon. 
 
Surveys 
 
The HIHNP Botanist, found a large P. princeps population on the windward side of Pu‘u 
Konahuanui near the Pali Highway. This site has not yet been monitored by NRS. In the coming 
year, NRS will survey this site to determine its’ manageability and collect for genetic storage.  
No additional surveys are planned for this taxon.  
 
Taxon Threats 
 
Rats, weeds, fire, pigs and slugs threaten P. princeps.  Rat damage to mature plants has been 
observed at the Pālāwai and ‘Ēkahanui populations at Honouliuli.  Rats may be responsible for 
the near disappearance of the Pālāwai PU of this taxon.  NRS will closely monitor populations 
and if any rat damage is observed, NRS will deploy rat bait stations and snap traps to reduce the 
threat.  Weed threats to P. princeps and its habitat include Erigeron karvinskianus, Schinus 
terebinthifolius, Rubus argutus, Ageratina riparia, Melinis minutiflora, and Blechnum 
appendiculatum.  Weeds can degrade the habitat surrounding cliffs, and can also alter the cliffs 
themselves.  For example, at Honouliuli, NRS have observed S. terebinthifolius change cliff 
habitat.  This tree can root into cliffs; when it grows too large for the substrate to support, it rips 
away a portion of the cliff side.  The other mentioned species, especially E. karvinskianus, have a 
sprawling, or spreading habitat, and can overgrow small niches on cliff faces.  Melinus 
minutiflora, in addition to degrading habitat, also increases fuel loads near P. princeps cliffs.  
The ‘Ēkahanui PU, while fairly remote, could be affected by fires; portions of the ‘Ēkahanui MU 
and neighboring Lualualei burned this year.  Goats and pigs threaten portions of some PUs of 
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this taxon and restrict P. princeps to cliff habitat.  Though no slug predation has been observed 
on wild plants, damage has been noticed on leaves of greenhouse plants.      
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
‘Ōhikilolo:  Additional plants were located during thorough monitoring of this site in 2004 and 
account for the change in population numbers. These plants do not represent a true increase in 
numbers, but rather an increase in surveyed area.  The plants were monitored again this past year 
and substantial genetic collections were acquired.  NRS have been controlling ungulate threats to 
this population since 1995, beginning with the construction of a perimeter goat fence along 
‘Ōhikilolo ridge.  Since 1995, over 1,500 goats have been removed from MMR and are not 
thought to threaten this site anymore.  Once reintroduction techniques are refined, ‘Ōhikilolo will 
be augmented.  No rat predation has been observed at this site. While there are a variety of weeds 
at the site, it is difficult to perform weed control while on rappel.  NRS will continue to evaluate 
weed threats, particularly E. karvinskianus, M. minutiflora and S. terebinthifolius, and will 
conduct control if necessary.  NRS will continue to monitor and collect from this PU in the 
coming year. 
 
‘Ēkahanui:  Plantago princeps is clustered in three groups along a long, broken, contouring cliff 
face in South ‘Ēkahanui Gulch.  One of the groups was rediscovered this year.  It had not been 
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surveyed in a several years and was thought to be extirpated.  This group falls between the other 
two clusters, and reinforces NRS opinion that this cliff is suitable for additional surveys and 
possible augmentation.  Significant genetic storage collections have been made from this PU.  
Currently, all three groups of plants are protected from ungulates by fencing, cliffs, and steep 
terrain.  However, these barriers are not totally pig-proof, and all the plants will be included in 
the large ‘Ēkahanui fence planned for year three of the MIP, which will provide complete 
ungulate protection.  Present barriers prevent the majority of pig activity, and have allowed P. 
princeps to colonize a flat area below the cliff.  Rat damage has been observed in this PU and rat 
control is ongoing at these sites.  No predation has been seen since May 2004.  In the last year, 
the baiting grid has been significantly expanded to include snails in the area.  Rat control data is 
shown in the table below.  Bait take has continued to be high at the P. princeps C site, where 
there are only 2 stations.  NRS will consider expanding this grid and adding snap traps to reduce 
the amount of rat pressure on these plants. 
 
      ‘Ēkahanui  Plantago princeps Rat Control Data 

2004 # of 
Stations 

Bait 
Available 

Bait 
Taken 

%Take Rats 
Snapped 

# of Snap 
Traps 

Mamane 
ridge 

11 160 91 57% 0 0 

Plapripri C 2 128 128 100% 0 0 
       

2005 # of 
Stations 

Bait 
Available 

Bait 
Taken 

%Take Rats 
Snapped 

# of Snap 
Traps 

Mamane 
ridge 

11 848 368 43% 6 22 

Plapripri C 2 128 108 84% 0 0 
 
There are a number of weed threats in the area, including M. minutiflora and S. terebinthifolius.  
Last year, a large S. terebinthifolius located low on the cliff fell over, dragging part of the cliff 
behind it.  NRS will expand its understory weeding approach to include other perilous S. 
terebinthifolius.  In addition, NRS has been spraying M. minutiflora around the cliff.  This 
provides valuable fuel reduction.  The plants are located 100m from the crestline that borders 
Lualualei, which burned several times this year.   
 
In the coming year, NRS will work with TNC to select an augmentation site within the fence, 
probably along the same contouring cliff, for about 50 plants.  Seeds collected and stored at the 
Seed Conservation Lab have been germinated for this project. In addition, NRS withdrew and 
germinated seeds for planting into Kalua‘ā by TNC in the coming year. This will be the first 
attempt to reintroduce this taxon and NRS hopes to develop methods to use in the other PUs in 
coming years.  
 
Wai‘awa:  NRS plan to include this population in an ecosystem-sized fence that will protect it 
and other species that the Army must manage under the Oahu Implementation Plan. Unlike the 
other known P. princeps populations, this one is not located on a cliff.  NRS believe the ungulate 
threat to this PU is low and no control is planned for the coming year.  This population was 
monitored by NRS and HINHP in 2004.  No weed threats were observed, although the habitat as 
a whole is threatened by Psidium cattleianum and Clidemia hirta.  NRS collected a total of 125 
seeds from 11 plants in this PU.  No cuttings were collected.  The change in the numbers of 
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individual plants is a refinement of the age classes and does not represent a significant change in 
population size or distribution. NRS will monitor and collect from unrepresented plants and plan 
for the coming fence.  
 
Other PUs: 
 
Pahole:  NRS monitored the PU this year, and found 3 mature and 2 immature plants, and 9 
seedlings.  Further surveys will be conducted as more plants may be in the area, although most of 
the available habitat for this taxon has already been surveyed.  There are very few threats to the 
Pahole plants.  Rat predation has not been observed at the site, the cliff habitat is very intact and 
native, and the area is fenced and ungulate free.  NRS will continue to monitor the area and 
collect propagules.   
 
North Mohiākea:  The North Mohiākea PU is located within Schofield Barracks West Range.  
The P. princeps plants at this site are restricted to a steep cliff.  Although pigs are present at the 
site, they only affect the plants at the bottom of the cliff.  The weed threats are significant.  The 
most abundant ecosystem-altering weeds present at this PU are R. argutus and Erigeron 
karvinskianus.  NRS have acquired some genetic storage collections from this PU but hope to 
acquire cuttings in the next year.  Access to this population requires a helicopter and is 
unpredictable and unreliable because of the proximity to the live fire range.  Therefore, in the 
coming year, NRS will continue to monitor the site and will collect mature seeds from 
unrepresented plants, but will not be able to address weed and ungulate threats. 
 
Hālona:  In the last year, NRS monitored this site using defined age classes and refined 
population numbers. This area has not been completely surveyed and more plants may be found.  
Some genetic storage collections have been made.  NRS will re-visit the site to make more 
collections in the next year.  The fires of 2005 burned close to this PU.  NRS feel that in the 
event of another such catastrophic fire, there would be significant fire threat to this PU.  In the 
coming year, NRS plan to mitigate this threat by conducting grass control of M. minutiflora on 
the ridge near the plants.  Other weed threats include S. terebinthifolius and Myrica faya.  The 
area is inaccessible to pigs, but there are goats still in Lualualei.   The goats are known from 
gulches to the north of Hālona, and don’t pose an immediate threat to the plants.  NRS are 
planning proactive goat consultation meetings with the Navy to prevent the ungulates from 
becoming a problem.   
 
North Pālāwai and South Branch of North Pālāwai :  TNC and NRS monitored both these 
sites in the last year. One possible seedling of P. princeps was observed at the southern site, as 
the mature individuals were extirpated by rats, and only two mature were observed at the 
northern site.  These numbers are a significant decline since Steve Perlman first observed the 
sites in 1996.  TNC staff attribute the decline in these PUs to rat predation on mature plants.  
TNC, with some assistance from NRS, are maintaining rat bait stations around the Northern site 
to address this rat threat.  Additionally, the habitat at this PU is overrun with Erigeron 
karvinskianus.  At the northern site, E. karvinskianus forms dense mats up to one meter tall and 
simply smothers any native plants on the cliff.   
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Nu‘uanu:  NRS have not monitored this site.  NRS will work with the Oahu Invasive Species 
Committee and State staff to visit it in the next year to monitor the plants, obtain collections and 
assess threats.  The single known plant only had one growing tip, and is not suitable for cuttings.   
 
Konahuanui: NRS have not monitored this PU.  In the coming year, NRS will go with the 
HINHP Botanist to assess the threats to this PU and monitor and collect from all plants.  This PU 
already has stable numbers of individuals. 
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3.21 Pritchardia kaalae 

Requirements for Stability: 
• 3 Population Units (PUs) 
• 25 reproducing individuals in each PU (long-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
Pritchardia kaalae is found in large numbers in two regions of the Wai‘anae Mountains: 
‘Ōhikilolo ridge and Makaleha gulch to Manuwai gulch.  These areas are located in the historical 
P. kaalae habitat belt, which stretches from ‘Ōhikilolo ridge to the Kalena-Ka‘ala ridge.  Last 
year, NRS and the MIT determined a modified goal for this taxon of three groupings, with 25 
individuals each, spread across the historical habitat.  This resulted in two of the ‘Manage for 
Stability’ sites being chosen in the Action Area (AA).  The separation between PUs that was 
required for other taxa was waived for this species to avoid creating an artificial separation that 
the MIT does not believe existed historically, see map below.  While two of the sites include 
wild plants, the third includes only reintroduced plants.  Pritchardia kaalae is easy to grow from 
seed and outplantings have been extremely successful.  However, P. kaalae is highly threatened 
by ungulates, rats and to a lesser extent, weeds.  The major challenge for P. kaalae management 
is that outplanted and naturally recruiting young plants may not mature for decades.  A very 
long-term commitment is required to create stable populations with healthy structures.  On the 
other hand, the long lifespan of this taxon may be a significant benefit to its stabilization as 
extant populations represent a very old genetic make-up.  
 
Taxon Status 
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Pritchardia kaalae Distribution 
 
Genetic Storage 
 
Seed is the most feasible method of genetic storage, and ongoing research at the University of 
Hawai‘i by Hector Perez, a doctoral candidate, will help determine proper storage techniques for 
this taxon.  NRS consulted with A. Yoshinaga from the Seed Conservation Lab regarding the 
potential for P. kaalae to store successfully.  He was skeptical that traditional storage methods in 
refrigeration or freezing would be successful.  Based on A. Yoshinaga’s recommendation, NRS 
collected a large batch of fruit to send to the National Seed Storage Lab (NSSL) for further seed 
storage research.  NSSL has the capability to store seed in liquid nitrogen and Mr. Yoshinaga 
thought this might be required for P. kaalae. 
 
NSSL staff report that excised embryos accept drying well. (Lisa Hill, pers. comm. 2004).  P. 
kaalae is a good candidate for embryonic storage at –80ºC or in liquid nitrogen at –150ºC.  
NSSL staff also recommended trying storage via freezing at 4ºC, but only after letting seeds dry 
substantially.  Lisa Hill, of the NSSL, recommends drying them at a relative humidity of 35-55% 
for one week.  When withdrawing embryos she recommends warming them rapidly (not slowly) 
in warm water.  NRS will act on these recommendations and begin to build the seed bank at the 
Seed Conservation Lab. 
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Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Propagation/Germination Techniques 
 
Germination of P. kaalae seed is conducted in moist sphagnum moss.  The moss and shucked 
seeds are placed in gallon-sized Ziploc bags and placed in a warm location.  NRS places these 
bags on the top of a refrigerator for warmth as the heat stimulates germination.  In approximately 
two months, some germination can be seen, but not all seeds germinate at once.  Some take many 
months to germinate.  Seedlings are removed from the bag as they appear and are planted in 
groups into vermiculite and perlite until more substantial leaves are produced.  Larger seedlings 
are placed individually in potting media.  Seeds have also been germinated with traditional 
methods in vermiculite and perlite.  Pritchardia kaalae seedlings grow very slowly, plants that 
are two years old only have 2-3 small leaves.  This year, mature and immature seeds were 
collected for propagation, and the immature seeds were brought to the Micropropagation Lab.  
Embryos were excised and approximately 50% germinated.  These seedlings will remain in 
culture until they can be transferred to the greenhouse.   
 
Hector Perez conducted seedling establishment studies with P. remota.  He has yet to formally 
analyze the data, but based on anecdotal observations, seeds buried in the soil can survive for a 
significant period of time.  Although these species grow in different habitats, the results apply to 
P. kaalae (H. Perez pers. comm. 2004). 
 
NRS have never tried to propagate this taxon from vegetative material.  There is only one 
meristem and if collected would result in the death of the plant.  It is unlikely that this approach 
would be successful if material were collected.  Seed germination has been a very reliable means 
of propagating this taxon.   
 
Unique Species Observations 
 
Minimal information is known about the rate of growth or maturity age of P. kaalae.  It has been 
documented that P. munroi plants take 15 years to mature in garden setting (M. Brueggman pers. 
comm. 2004).  NRS have observed that at the most successful outplanting sites, trees have grown 
less than 20cm in a year, while at the least successful sites, almost no growth has occurred.  It 
appears that habitat and microsite play a big role in speeding up and slowing down the already 
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slow growth rate of this taxon.  The reintroduced plants are about six years old and are not 
expected to become reproductive for decades.  Very few wild immature plants are known, so 
NRS are unable to compare reintroductions to wild juveniles.  However, in the ‘Ōhikilolo PU 
there are hundreds of seedlings.  These appear to be growing much more slowly than Army 
greenhouse raised stock.   
 
Outplanting Issues 
 
Pritchardia kaalae reintroductions have been conducted with great success.  Initially, NRS tried 
planting seedlings younger than one year, but their survivorship was only 75% after one year.  
Since then, NRS started reintroducing plants at least two years old.  Plants of this age seem to 
adjust better than younger plants to outplanting.  NRS planted 264 individuals of P. kaalae into 
five sites, and 234 plants are still surviving (89% survivorship).   Most are healthy, although 
some are growing more quickly than others.  Most of the mortality occurred at two sites: one that 
was impacted by feral pigs and another located in a windy environment.  This year, 37 plants 
were reintroduced into one site, with 100% survivorship.   
 
NRS work to balance founders at each outplanting site using stock from the appropriate PU.  The 
reintroductions in the ‘Ōhikilolo PU are made with ‘Ōhikilolo stock.  No reintroductions have 
been made in the Makaleha to Manuwai PU.  Founders from both of these wild PUs were used in 
creating the reintroductions in the ‘Ōhikilolo East to West Makaleha PU.  The strategy behind 
this is to simulate the continuum of genetic types that existed before P. kaalae populations were 
fractured into their current disparate state.   
 
Research Issues 
 
The graduate researcher has simulated seed damage in P. kaalae by removing endosperm to see 
how it affects seed germination.  Results showed that removal of up to 42.5% of the endosperm 
actually stimulated germination; germination happened twice as fast as in untreated seeds.  Any 
damage to the endosperm over 42.5% and up to 72.5% decreased germination of P. kaalae seeds.  
This research shows that limited damage to the fruit may facilitate recruitment by breaking seed 
dormancy early.  Also, rapid and complete germination may be an adaptive response to 
predation.   
 
Seed dormancy research is also being conducted for Pritchardia kaalae.  Preliminary results 
show that P. kaalae seeds exhibit both physiological and morphological dormancy. (H. Perez, 
pers. comm. 2004).  
 
Surveys 
 
This year, NRS conducted aerial surveys in Mākaha and found additional plants.  See Mākaha 
PU section for further discussion of this survey.  
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Taxon Threats 
 
NRS has been monitoring the ‘Ōhikilolo population of P. kaalae for almost 10 years.  Based on 
this monitoring, NRS believe the largest threats to P. kaalae are goat predation of seedlings and 
rat predation of fruit.  For many years, wild populations have shown little or no recruitment 
because the impacts of both these predators stopped effective reproduction.  Prior to 
management, the wild populations were primarily composed of mature trees with very few 
immature plants.  With management, NRS are seeing many seedlings, some of which are just 
reaching immaturity.  Most of the wild populations are restricted to steep areas where pigs are 
either not present in high numbers or not present at all.  Where pigs are a threat, they should be 
controlled.  In the Ko‘olau Mountains, P. martii fruit are often eaten by pigs.  Pigs can also have 
an impact on young P. kaalae, especially reintroductions.  At one reintroduction site unprotected 
from pigs, nearly 40% of the plants were uprooted by pigs. NRS has not observed impacts to this 
taxon from slugs.  Weeds also impact P. kaalae.  In particular, Erigeron karvinskianus has 
significantly altered habitat for a related Pritchardia species at Honouliuli Preserve.  NRS 
conduct weed control at accessible P. kaalae populations.          
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
‘Ōhikilolo:  There are many wild populations and reintroductions included in the ‘Ōhikilolo PU.  
The reintroductions face weed and ungulate threats, while the wild plants face weed, ungulate, 
and rat threats.  Management is conducted around three wild sites, and three reintroductions.  
Management is not conducted around some very remote wild outliers.  Such plants are often 
located on cliffs and difficult to access, or have poor habitat quality around them.  However, all 
of the wild populations, including the outliers, were monitored this year.  NRS observed 72 
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mature and three immature plants, and approximately 400 seedlings.  All the sites are protected 
from goats by the ‘Ōhikilolo ridge crest fence, constructed in 1998.  Since then, almost all goats 
have been removed from Mākua Valley.  Some of the populations are protected doubly by two 
smaller exclosures, which were erected before goat populations in Mākua were reduced.  Due to 
the steep terrain of ‘Ōhikilolo, the area is inaccessible to pigs.   
 
NRS conducted weed control in the habitat around the six managed P. kaalae populations.  Some 
of the most problematic weed species in P. kaalae habitat include Schinus terebinthifolius, 
Blechnum appendiculatum, Erigeron karvinskianus, and various grass species.   
 
NRS administers rat bait and deploys snap traps around the three managed wild sites of P. kaalae 
on ‘Ōhikilolo.  NRS re-stock 44 rat traps quarterly, 16 more than last year.  Baiting began in 
1997 in the Prikaa-A patch (see baiting data table below).  This year the amount of bait taken 
was about average compared to the last four years. The total bait consumed was 92% of the total 
bait available. 
 
Baiting Data by from 1997-2005 

Year  
# of 
Stations 

Bait 
Available 

Bait 
Taken %Take 

Rats 
Snapped 

# of Snap 
Traps 

1997  6 221 187 85% 5 30 
1998  6 176 114 65% 1 24 
1999  6 224 180 80% 2 12 
2000  6 252 249 99% 3 12 
2001  7 448 448 100% 6 12 
2002  15 928 488 53% 7 12 
2003  15 720 671 93% 7 12 
2004  15 720 659 92% 9 12 
2005  15 720 661 92% 7 16 

 
NRS has detected a trend in bait take and subsequent rat pressure in the Prikaa-A baiting area. 
Typically, the take is low in the winter months, specifically during the month of December, and 
it goes up during the summer months, starting in April into June and August. The amount of bait 
take has followed this general trend since 1997. NRS recommends that the ‘Ōhikilolo 
Pritchardia kaalae baits be restocked more frequently during these summer months when rat 
pressure is greatest. 
 
The presence of ripe fruit increased dramatically once predator control began and subsequently 
the number of seedlings has also increased at all three sites.  As a result of management, seedling 
populations have rocketed in the managed wild populations; approximately 400 seedlings were 
observed this year.  This is a marked increase from previous years.  NRS collected from 
underrepresented plants this year, and will continue to do so in the future.    
 
Makaleha to Manuwai:  The number of individuals reported in the final Makua IP was based 
on Joel Lau’s estimates of trees observed, many from afar, between 1991 and 2001.  NRS 
monitored some of the more accessible trees in the last year.  The 50 mature reported reflect 
these areas monitored by NRS.  There are still substantial numbers of inaccessible plants on the 
cliffs, which have not been included in this total.  NRS plans to manage the portion of this PU 
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that is accessible within the East Branch of East Makaleha in year four.  This falls within the 
proposed East Makaleha MU.  At least 40 plants will be included in the fence.  The threats to P. 
kaalae in this area include rats, ungulates, and weeds.   
 
NRS has just recently begun working at a site in the East Branch of East Makaleha.  NRS has 
coordinated with the NARS Specialist to identify accessible trees for genetic storage collection, 
as well as to implement a rat control program.  NRS administers rat bait twice a quarter to 
protect the fruit of P. kaalae.  Nineteen bait stations and 24 snap traps are currently deployed in 
three grids around three groups of accessible trees at this site (see Rat Data for Makaleha table 
below).  There are 25 mature trees and one immature encompassed in the baiting grid.  Only two 
trees are represented in genetic storage; the fruit from these trees were collected from bags tied 
on to inflorescences three years earlier by the NARS Specialist.  NRS will continue rat control to 
facilitate genetic storage collection and population health and will consider the bagging 
technique used by the NARS Specialist.   
 
Rat data for Makaleha P. kaalae  

Year # of 
Stations 

Bait 
Available 

Bait 
Taken %Take Rats 

Snapped 
# of Snap 

Traps 
2004 19 480 374 78% 10 23 
2005 19 1024 477 47% 36 24 

 
Both pigs and goats abound in the area.  NRS will work with DLNR to develop fencing plans for 
East Makaleha and implement those once permissions are in place.  This fence is scheduled to be 
built in year four of the MIP.  In the meantime, NRS continues to conduct goat control hunts in 
the adjacent Mt. Ka‘ala NAR.  These hunts are likely also reducing goat numbers within East 
Makaleha.  This control will continue and NRS will pursue acquiring permission to implement 
more directed goat control in the vicinity of the P. kaalae plants in East Makaleha as goat sign 
has been observed at the site.  Weed control at the site will begin once a plan is developed with 
the State.   
 
‘Ōhikilolo East to West Makaleha (reintroduction):  This PU consists of two reintroductions 
established at sites mid-way between the core wild populations.  One reintroduction was 
established in 2002 in West Makaleha.   It is within a two-acre exclosure originally constructed 
to protect Cyanea grimesiana plants.  Forty-six plants were outplanted and only three died.  
Although survivorship is high at this site, it is windward-facing and exposed.  During windy 
periods, the P. kaalae outplants experience more wind than they would in a more forested site.  
The most protected plants exhibit greater growth and are healthier than the exposed plants.  If 
NRS supplements this planting, it will be done in a more forested portion of the fenced area.  The 
primary weed threats to the plants are Rubus argutus and Melinis minutiflora.  While rats are not 
a threat to the young outplants, they do threaten the C. grimesiana in the exclosure, and a rat grid 
is in place.  The grid encompasses part of the outplanting.     
 
The second reintroduction site was established in exceptional habitat along the eastern portion of 
‘Ōhikilolo ridge in 2002.  The site is within the ‘Ōhikilolo ridge fence, and is protected from 
goat predation.  The terrain is very steep.  However, the reintroduction is on one of the few 
ridges which connects smoothly to the valley floor, and is not protected from pigs.  Plantings 
were initially successful, but were later decimated by pigs.  Many plants were ripped out of the 
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ground.  NRS believe the pigs were attracted to the potting soil as the plants were not destroyed 
just uprooted.  NRS sets snares in the area, but they did not provide enough protection from pig 
damage.  The plants that have survived are growing very well, and NRS believe this site is very 
viable.  Prior to further outplanting, NRS plans to construct an exclosure around the site.  The 
fence has been surveyed, and building permission is being sought.  Since the area is of high 
quality, little weed control has been done in the area.  The primary weed threats are S. 
terebinthifolius and M. minutiflora.   
 
Other PUs: 
 
Mākaha:  NRS had monitored this site from afar through binoculars, and this year conducted an 
aerial survey by helicopter.  Four mature plants are now mapped as a result of this survey, and all 
are in very inaccessible areas.  NRS will further scope the area to determine if plants can be 
reached.  Surrounded by weeds, these plants are tall and spindly.  Goats are known from the area, 
and NRS assumes that rats are present as well.     
 
Wai‘anae Kai:  NRS conducted rat control at this site to facilitate genetic storage collections.  
Some fruit was collected and put into in vitro storage at the Micropropagation Lab.  Seed was 
also germinated and grown into healthy plants, which are now being held at the Lyon Arboretum 
greenhouse.  Rat control at the site is very expensive, as helicopters are needed for access.  NRS 
halted rat control efforts as the population is already represented ex-situ.  NRS will attempt to 
gain 100% representation from the wild.  If rat control is deemed necessary to reach this goal, 
NRS will revisit this as an option.  Future collections will also be put into in vitro storage or 
grown out and stored in a botanical garden setting.  Furthermore, NRS will work to find a 
location to plant ex-situ plants in the ground.   
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3.22 Sanicula mariversa 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 100 reproducing individuals in each PU (short-lived perennial with infrequent, 

inconsistent flowering) 
• Threats controlled 
• Complete genetic representation in storage of all PUs 

 
Taxon Level Discussion 
 
Presently there are four known locations of S. mariversa.  Three of the populations are 
designated as ‘manage for stability.’  Two of thes are located in the Mākua Action Area (AA) 
(‘Ōhikilolo and Kea‘au).  ‘Ōhikilolo is in the lowest fire threat area of the AA.  The third 
population is located off-site, at Kamaile‘unu.  The last site is designated for ‘genetic storage’ 
and is located off-site at Pu‘u Kawiwi. 
 
As a taxon, S. mariversa is challenging to monitor.  Changes in population numbers since the 
final IP do not necessarily represent trends.  Sanicula mariversa is perennial, lying dormant for 
the summer and becoming foliated in winter.  In addition, individual plants sometimes do not 
appear each year.  This taxon flowers inconsistently, but when plants flower, they do so in 
spring.  Plants appear to die after flowering.  Because of these characteristics, an effective 
monitoring program has been difficult to develop.  NRS has experienced some success in 
reintroducing both S. mariversa and S. purpurea.  The stability requirements for this taxon need 
to be revisited by the IT.  NRS propose using an average of plants at various stages of 
maturation.  Perhaps a five year average of 25 matures, 50 immatures, and seedlings present 
yearly would be a more suitable goal for this taxon.  The stability prognosis for this species is 
mixed.  There are large PUs and NRS has been able to control ungulate threats and plan to 
expand control measures.  NRS has also made substantial collections.  Challenges remain with 
monitoring issues and reintroduction techniques. 
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Taxon Status 

 
 
Genetic Storage 
 
Since cuttings are not a potential method of collection due to this taxon’s solitary stem habit, 
seed is the only means of genetic storage.  However, the Seed Conservation Lab and the 
Micropropagation Lab have not had success germinating fresh S. mariversa.  Possibly reflective 
of this species’ lifecycle, seeds appear to have some complex type of dormancy.  Seeds 
withdrawn this past year after three and five years of storage had over 60% germination.  Stored 
seeds sown in May took over seven months to start germinating.  Stored seeds sown in 
December only took two months to start germinating.  This information may infer that seeds 
need a period of colder temperatures to break at least one level of dormancy.  No preferred 
storage condition has been identified.  Seeds from this taxon obviously have some degree of 
storage potential, and overcoming dormancy of fresh seeds will help define the taxon’s potential 
and preferred storage condition.  NRS has good storage representation of the three in situ 
‘manage for stability’ populations.  There are 4,750 seeds in storage from 42 plants (one with < 
10 seeds) in the Kea‘au PU, 5,339 seeds from 42 plants in the Kamaile‘unu PU, 2,071 seeds 
from 48 plants in the ‘Ōhikilolo PU, and 186 seeds from one plant in the Pu‘u Kawiwi PU.  
Refinement of genetic storage goals for this taxon are uncertain until better seed storage data is 
obtained.   
 
Genetic Storage Summary 
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Propagation/Germination Techniques 
 
At the Seed Conservation Lab, fresh seeds sown on multiple substrates under many different 
germination treatments were tested for two years with no germination.  If a period of cold 
temperature is necessary to break dormancy in stored seeds but not fresh, seeds may have a 
deeper, more complex level of dormancy.  Fresh seeds tested prior to 2005 were kept in a 
greenhouse set at one temperature and not exposed to seasonal variation.  Seeds collected this 
year are being tested in a growth chamber with seasonal variation starting in June.  If still 
unsuccessful, hopefully a bulk collection of seeds can be made for dormancy testing by Dr. Carol 
Baskin at the University of Kentucky.  Also, based on the previous success of NRS to germinate 
seeds in potting media (50% germination), germination methods at the Seed Conservation Lab 
may be inappropriate for this taxon, and further collections can be tested in potting media.   
 
Unique Species Observations 
 
NRS have observed very unpredictable population fluctuations in this taxon.  NRS feels there are 
many factors that contribute to these fluctuations.  Individual plants take many years to mature 
and do not appear to emerge each year.  Environmental conditions might also impact a plant’s 
life cycle, including length of time to reach maturity and length of dormancy periods.  In 
addition, there may be a succession of cohorts that move through age classes at similar rates after 
large seed production years or favorable germination conditions.  As far as mature reproductive 
plants, NRS has never observed a S. mariversa plant to reproduce twice.  They appear to die after 
flowering.  The unpredictable fluctuation in population numbers is well illustrated in the 
Population Unit Status Table.  For example, the IP number was 34 mature, compared to this year 
with two matures.  The IP year was one of the best years we have seen for this population.  In 
contrast, the Pu‘u Kawiwi population had two matures in the final IP and although there are no 
matures today, NRS recorded 32 immature individuals where none were seen in previous years.  
There is much more to be understood about the population fluctuations in this species.  NRS 
feels that the IT needs to reconsider the population targets for this taxon and consider developing 
a system that looks at trends over a longer period to better understand what constitutes stability 
for S. mariversa. 
 
Outplanting Issues 
 
NRS reintroduced S. mariversa into the ‘Ōhikilolo fence exclosure in 2001.  Plants were 
observed in 2002 and 2003 but have never been seen again.  NRS suspect that all plants are dead 
but are not certain.  The dormancy cycle of Sanicula makes it difficult to rate reintroduction 
success.  NRS will continue to monitor this reintroduction in hope that plants will re-emerge. 
 
NRS initiated two seed sowing trials in 1999 at two different sites on Ohikilolo.  Only one plant 
was ever observed.  NRS has not monitored the seed sowing sites consistently since the initial 
planting and thus do not have reliable data on results.  NRS will re-monitor the sites in the 
coming wet season.  NRS will not conduct future seed sowing trials or reintroductions until a 
better understanding of this taxon is obtained. 
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Research Issues 
 
The primary research issue for this taxon is the determination of stability goals through 
understanding population fluctuation dynamics.  See discussion above. 
 
In addition, seed storage research needs to be conducted to determine the optimal seed storage 
technique.  See Genetic Storage and Propagation/Germination Techniques discussions above. 
 
Surveys 
 
No surveys were conducted for this taxon in the last year. 
 
Taxon Threats 
 
The largest threats to this taxon are goats and weeds.  Sanicula mariversa are found on exposed 
ridge crests, habitat also preferred by feral goats.  Goats traverse areas that contain S. mariversa 
populations, destroying habitat and causing erosion.  NRS has observed direct goat browse on S. 
mariversa at Kea‘au.  Weeds also invade S. mariversa habitat.  In particular, alien grasses such 
as Melinus minutiflora, Setaria gracilis, Andropogon virginicus and Rhynchelytrum repens are 
well established to varying degrees at all the populations of this taxon.  NRS has begun 
controlling weed threats at ‘Ōhikilolo and will begin to do the same for other populations once 
goat exclosures have been constructed. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 
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Manage for Stability PUs: 
 
‘Ōhikilolo:  There are two sites on ‘Ōhikilolo where S. mariversa is found. The makai site has 
been monitored regularly since the inception of the Army program in 1995.  The makai site has 
many more plants than the mauka site.  The most current and accurate monitoring number for the 
makai site is two mature and 51 immature plants.  The table below illustrates monitoring 
numbers since 1998 for this site.   
 
Monitoring Date March 

1998 
May 
1999 

March 
2001 

January 
2000 

March 
2002 

March 
2003 

April 
2004 

February 
2005 

Mature/Immature/Se
edling 

0/12/0 27/35/0 80+ total 15/35/20 48/60/30 10/0/0 1/50/0 0/51/0 

 
This year NRS searched but saw no plants at the Mauka site.  In addition, there are no plants 
known at the augmentation site that was established in 2001.  Substantial collections have been 
made from the Makai site in 1999 and 2002.  Population numbers vary drastically by year.  It is 
difficult to determine actual population size for reporting purposes but NRS are working to better 
understand population trends for this taxon.  NRS have been controlling ungulate threats to this 
population since 1995, beginning with the construction of a perimeter goat fence along 
‘Ōhikilolo ridge.  There have been no goat impacts to this area. NRS has been conducting weed 
management around the S. mariversa sites.  (See weed chapter for discussion.) 
 
Kamaile‘unu: This population of S. mariversa was discovered just before the MIP was 
finalized.  Since NRS has acquired a substantial seed collection from the site.  The most 
significant threat to the Kamaile‘unu population is goats.  Goats have made many trails through 
the population.  NRS flagged some flowering plants in the spring of 2003 so that the fruit could 
be more easily located upon return in the summer.  Goats had trampled the dried peduncles and 
disturbed the ground so much that even these flags were difficult to see and in a few cases 
impossible to find.  NRS surveyed a route for a fenced exclosure to protect this population and 
expects that this fence will be completed within the next year, once permitting is complete.  
When the fence is finished NRS will begin to address the weed threat on-site and develop plans 
for control. 
 
Kea‘au:  NRS has monitored the Kea‘au population of S. mariversa since 1999.  As discussed 
above, monitoring data varies dramatically for this taxon as a whole because of its life history.   
 
Monitoring Date May 1999 June 2001 June 2002 July 2004 June 2005 
Mature/Immature/Seedling 16/13/0 1/7/3 21/22/5 7/100/0 3/16/0 
 
No goat control has been conducted in the vicinity of this population because it is located within 
a State of Hawai‘i Public Hunting Area.  In the Hunting Area, goats are the managed resource. 
Unfortunately, the Sanicula site is at the back of the hunting area and thus is not frequently 
hunted.  NRS will pursue the construction of the Kea‘au and Mākaha MU, which will protect this 
population from goat impacts.  This population, similar to the others, has been impacted by goat-
induced erosion.  The Kea‘au population has the same suite of alien grasses present at other 
populations, but NRS has not yet conducted any weed control at the site.  NRS will acquire 
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permissions necessary to fence this population and conduct weed control at the site once fencing 
is complete. 
 
 
Other PUs: 
 
Pu‘u Kawiwi:  NRS has been monitoring this population since July 2003 and only immature 
plants have been observed over the years.  This year, NRS had expected to find some mature 
plants as there were many immature plants seen in 2004.  However, a thorough search failed to 
identify mature plants.  NRS will continue to monitor this population and expect that immature 
plants seen in previous years should reach mature stages in the next couple years.  NRS has 
proposed strategic fencing to protect the population from goat impacts.  NRS expects to install 
this fencing in the next year. 
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3.23  Schiedea kaalae 

Requirements for Stability: 
• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial)  
• Threats controlled  
• Complete genetic representation of all PUs in storage  

 
Taxon Level Discussion 
 
At last years meeting, the IT and NRS chose three Wai‘anae PUs to manage for stability.  Two 
are wild populations with one lying inside the Action Area (AA).  The third PU is an 
introduction site in Central Kalua‘ā.  NRS believes that the population designations should be re-
visited by the IT.  At present, NRS believe that there are five populations that should be 
considered for the ‘manage for stability’ designation.  These include Ma‘akua, Pahole, Kalua‘ā, 
‘Ēkahanui and Kahana.  There is further discussion of this topic in the PU section.  To date, none 
of the PUs have “stable numbers”.  NRS is unsure of the stability prognosis for this species.  
NRS has had success collecting seed and reintroducing this species.  Outplantings have 
performed well.  NRS can control ungulate threats to PUs and S. kaalae appears to be resilient in 
weedy conditions.  Unfortunately, NRS has only seen regeneration of this taxon in Ko‘olau PUs 
and suspect that slugs severely impact this taxon’s ability to germinate in the wild. 
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Taxon Status 

 
 
Genetic storage 
 
Sufficient collections for genetic storage have been difficult for this taxon.  It is difficult to 
secure a large number of seeds at any given time as plants often do not produce high numbers of 
mature seed at one time.  Rather, seeds mature in slow succession over a period of months and 
frequent visitation would be necessary.  In addition, many of the Ko‘olau PUs are in remote 
areas that are difficult to access and frequent visitation is impractical.   However, both seed and 
cuttings have been tested and can be established in tissue culture or in the greenhouse at the 
Micropropagation Lab.  There are 6,496 seeds stored from 19 plants from four PUs.  Over half of 
the stored seeds were received from Dr. Stephen Weller from first generation greenhouse plants 
at U.C. Irvine.  Weller made these original seed collections from four plants in the late 1980’s to 
early 1990’s, three of which died before NRS was able to collect.  The majority of the remaining 
banked seeds are from plants in the South ‘Ēkahanui PU.   
 
Only one small seed lot has been designated for testing.  Results suggest that seeds store better 
frozen than at room temperature.  Seeds were withdrawn from storage this year for propagation.  
Refrigerated seeds stored for three years had 100% germination.  This is the oldest collection in 
storage.  If possible, a bulk collection from the greenhouse may be used to further test storage 
longevity for this taxon.  Dr. Stephen Weller has also successfully stored refrigerated seed for 
several years.  Based on this data and high storage potential for S. obovata, storage potential for 
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this taxon is probably high, and seeds can be stored for at least five years before recollection is 
necessary.   
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
Testing of fresh seeds at the Seed Conservation Lab indicates that no special germination 
requirements are necessary, and seeds sown on agar are easily transferred to perlite/vermiculite.  
Seedlings are grown in an environment-controlled growth chamber for one-three months before 
moving to the greenhouse.  Germination rates for fresh seeds vary; most germination is over 
75%, but occasionally some collections have very low germination, less than 15%.  Three small 
collections from one single plant in the South ‘Ēkahanui PU were made this year.  No seeds 
germinated from the first two collections, yet the third collection had 100% germination.  Seeds 
need to be collected when fruit capsules have dehisced and are dry and brown (see picture).  
Seeds of this taxon, similar to other species in this family, may also have some varying degree of 
physiological dormancy.  TNC has worked with this species for some years and has successfully 
collected seed, grown plants in the greenhouse, and reintroduced plants.  Thus, NRS do not 
expect any propagation challenges. 
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Mature fruit of Schiedea kaalae 
 
Unique Species Observations 
 
NRS observed vegetative reproduction in two forms.  A plantlet was seen growing off of a 
mature infructescence in Ma‘akua gulch.  Dan Sailer from TNC reported that he had seen this 
once previously in Honouliuli.  In Makaua, a leaf lying on the soil developed roots.  NRS hasn’t 
returned to monitor progress of this plant since it was first seen.  NRS will return to the area in 
the next year and the GSN program may go sooner. 
 
Outplanting Issues 
 
To date, there are three different outplanting sites in Honouliuli.  Two are managed by TNC 
staff, one in South ‘Ēkahanui and the other in Central Kalua‘ā.  These two sites were planted 
with a mix of stock from the wild populations in ‘Ēkahanui, Kalua‘ā, and Pālāwai.  NRS worked 
with TNC staff to establish a third large outplanting site in Central Kalua‘ā this year which 
blended stock from wild populations in ‘Ēkahanui, Mohiākea, and Pālāwai.  NRS plan to balance 
founders from these areas and add stock from Kalua‘ā and Huliwai.  Mixing is performed 
because of extremely low population numbers and few protected sites.  In all three sites, there 
appears to be good survivorship but F1 seedlings or juveniles have not been observed. 
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Founders Represented in Outplantings 

 
 
Research Issues 
 
Slugs are thought to pose the most significant threat to this population.  TNC has initiated trials 
to begin to determine the impacts of slugs on this taxon.  Formal investigation into a related 
species (see Research Issues S. obovatum), suggests slugs likely impact S. kaalae as well.  
Federal biologists consider slugs to be an “immediate and significant threat” to S. kaalae survival 
(U.S. Fish and Wildlife Service. 1998. Recovery Plan for Oahu Plants. U.S. Fish and Wildlife 
Service, Portland, Oregon. 207 pp., plus appendices), though these conclusions are based on 
anecdotal observations.  NRS recently hired an Invertebrate Research Specialist to investigate 
slug control options for this species. 
 
Surveys 
 
Presently, there are surveys planned to look for this taxon with the HINHP Botanist.  In addition, 
NRS will assist GSN staff to survey more areas in the Ko‘olau Mountains. 
 
Taxon Threats 
 
As mentioned previously, NRS believe that slugs are a major threat to the natural recruitment of 
this species.  Pigs are also a significant threat as this species prefers gulch bottom and lower 
slope habitats.  Some S. kaalae PUs are located in poor quality habitat consisting of 
predominately alien forest.  Rats have not been seen to impact this taxon, however, they may be 
a possible threat. 
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Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
As noted in the introduction, NRS believes that the PU designations should be re-visited by the 
IT.  At present, NRS believe that there are five populations that should be considered for the 
‘manage for stability’ designation and that changes are needed.  The PUs include Ma‘akua, 
Pahole, Kalua‘ā, ‘Ēkahanui and Kahana.  There have been new plants discovered in the Ma‘akua 
PU making it many times larger than other PUs.  In addition, there has been natural regeneration 
seen on site.  Lastly, the site is topographically protected from ungulates and has high quality 
habitat.  In contrast, the Pahole PU (that is currently designated ‘manage for stability’) has only 
one plant and no germination has been reported.  This site is in the AA but NRS has not seen the 
site and access issues are unclear with the State.  The ‘Ēkahanui PU has large numbers of wild 
plants but most are nested within outplantings of greenhouse stock of unknown parentage.  NRS 
is unclear how this may impact proposed augmentations as the population founders are unclear.  
The Kalua‘ā reintroduction was designated as a ‘manage for stability’ site in part because of this 
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mixing at ‘Ēkahanui.  However, NRS is unsure that a reintroduction site should be designated 
instead of relatively healthy wild populations like Ma‘akua.  The Kahana PU is also worth 
consideration as there has been regeneration at the site.  Unfortunately, it would be difficult to 
fence and there are significant weed threats in the area.  More details on these PU are discussed 
below. 
 
Pahole:  The NARS Specialist monitors the remaining plant and collects propagules.  NRS have 
obtained seeds for both genetic storage and augmentation into the Pahole PU.  Some of the seeds 
have been germinated for planting this winter, pending permission from NARS staff.  No weed 
control has been conducted around the plant.  NRS will continue to seek permission to visit the 
site. 
 
South ‘Ēkahanui:  NRS has observed 14 mature wild plants in ‘Ēkahanui.  NRS and TNC staff 
have been monitoring these plants quarterly.  All of the plants are within fences and seeds have 
been collected from all plants for genetic storage and augmentation.  In the coming year, NRS 
will continue to assist TNC in monitoring the plants, collecting mature seed, maintaining the 
fences, and conducting weed control.  Propagules collected from these wild plants will be grown 
and introduced into protected areas in Kalua‘ā.  Currently, TNC maintains an augmentation site 
around the wild plants that is comprised of plants from ‘Ēkahanui, Kalua‘ā, and Pālāwai.  NRS 
assists TNC in making seed collections from these planted individuals for their use in this and 
other outplanting sites.  As mentioned above NRS has outplanted this stock into the Kalua‘ā PU 
and are unclear about augmentations at this site. 
 
Central Kalua‘ā:  There are two separate outplanting sites located in the larger Kalua‘ā fence.  
TNC maintains one site in the gulch that consists of plant stock from ‘Ēkahanui, Kalua‘ā, and 
Pālāwai.  NRS manages another site, higher in the gulch, that contains genetic stock from 
‘Ēkahanui, Mohiākea and Pālāwai.  In the coming year, NRS will continue to assist TNC in 
monitoring the plants, collecting mature seed, maintaining the fences, and conducting weed 
control.  NRS plan to introduce more plants to balance the number of founders and also 
introduce genetic stock from North Kalua‘ā and Huliwai at the site NRS manages. 
 
Other PUs: 
 
Huliwai:  In July of this year, a cutting was taken to the Lyon Arboretum Micropropagation Lab 
for tissue propagation and storage.  NRS has not been managing the habitat at this site as it is 
heavily degraded.  A lot of seed has been collected from this plant and will be used for 
reintroduction and storage. 
 
Kahana:  NRS collaborated with GSN staff and volunteers to monitor the population this year.  
The gulch understory is thick and this may account for why only seven of the eleven plants were 
found.  Five plants were mature, and seed was collected for genetic storage and future 
augmentation.  Cuttings have been collected and are being grown at Lyon.  These will be used as 
a propagule source in the future and serve as a living collection of these plants.  NRS volunteered 
to help GSN staff construct a small ungulate exclosure around Cyanea truncata near this PU.  
This exclosure could be used as an augmentation site.  GSN has preformed weed control and rat 
control at this site.   
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Kaipapa‘u:  The two mature plants known from this PU have since died.  The last remaining 
plants were taken out by a landslide. 
 
Ma‘akua:  In 2005, NRS accompanied GSN staff to Ma‘akua PU for monitoring and collection.  
A total of 16 plants were observed and the area was well surveyed.  Seeds and cuttings were 
collected for genetic storage and to serve as a living collection.  Access is difficult to this PU 
because there are multiple waterfalls that must be scaled.  Fortunately, these waterfalls also 
exclude pigs.  Although there are under story weed challenges, the habitat is overall in good 
condition.  Much of the canopy is native.  As mentioned above, NRS believe this sites should be 
considered for a ‘Manage for Stability’ designation. 
 
Maka‘ua:  GSN staff is the primary management staff monitoring this PU.  There are still one 
mature and one immature plant known from this site.  Cuttings have been collected from both 
plants at this site and they are growing successfully at Lyon Arboretum to serve as a living 
collection.  Seed was collected from the mature individual this year for genetic storage.   
 
Mohiākea:  There is still one extant plant in this PU.  Seeds have been collected and individuals 
grown from these collections were outplanted in Kalua‘ā this past planting season.  NRS 
constructed a small fence around this PU because ungulates are a significant threat in the area. 
 
North Pālāwai:  There is one mature plant in Pālāwai; it seeded prolifically in past years.  On 
multiple visits this year, NRS worked with TNC to secure stock for storage.  NRS constructed a 
small exclosure around the plant to protect it from ungulates and small scale weeding was 
conducted.  The site is almost completely dominated by S. terebithtifolius and large scale weed 
control it not feasible.  NRS will continue to work with TNC to monitor this site. 
 
North Kalua‘ā:  This population has not been observed since 2000, when a single mature plant 
was observed.  NRS was able to obtain seed stock from this PU that Dr. Stephen Weller and Mr. 
John Obata collected some years past.  This stock is both in genetic storage and being grown for 
reintroduction into the Central Kalua‘ā outplanting site. 
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3.24 Schiedea nuttallii  
 
Requirements for Stability: 

• 3 Population Units (PUs)  
• 50 reproducing individuals in each PU (short-lived perennial)  
• Threats controlled  
• Complete genetic representation of all PUs in storage  

 
Taxon Level Discussion 
 
Schiedea nuttallii is extremely rare, with only two known extant populations known.  NRS plan 
to manage both populations, which lie within the portions of the Action Area (AA) with the 
lowest fire risk.  The third PU site slated for management is a proposed reintroduction in Mākaha 
that will be comprised of mixed genetic stock from the wild extant PUs.  The two wild PU’s are 
well represented ex situ.  There is recruitment at only one wild site, and individual plants often 
show sign of invertebrate damage.  As a result, in situ plants do not appear to be vigorous.  
Reintroductions have not yet been successful for S. nuttallii because reintroduced plants suffer 
from the same invertebrate damage as wild plants.  NRS will work on controlling the 
invertebrate threats to this taxon to improve its chance of reaching stability. 
 
Taxon Status 

 
 
Genetic Storage 
 
All methods of genetic storage have been utilized or are being tested.  Both seeds and cuttings 
have been brought to the Seed Conservation Lab and the Micropropagation Lab.  Plants have 
been successfully established in tissue culture from seed.  Plants have also been grown in the 
Army Nursery and the Micropropagation Lab greenhouse from cuttings.  A small collection of 
seed has been banked at the Seed Conservation Lab.  There are 1475 seeds stored from 29 plants 
in the Kahanāhaiki to Pahole PU, though many are collections with less than 10 seeds and, 
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therefore, do not appear in the Genetic Storage Summary table below.  This year, NRS withdrew 
stored seed for propagation for outplanting.  No formal storage tests have been designed for this 
species because collections are too small and valuable. However, important information has been 
collected by monitoring germination rates.  Though initial germination rates for most of the 
withdrawn seed lots were not tested, when the data was available, stored seed often had higher 
germination rates than fresh seeds.  Fifty percent of seeds withdrawn from frozen storage after 
five years germinated.  Seeds withdrawn from two of five collections after three years of frozen 
storage had 100% germination and another collection had 70% germination.  These observations 
indicate that seeds can be stored frozen with little or no decrease in viability.  Until tests can be 
conducted to determine the preferred storage treatment, collections should be made every five 
years, when possible, to maintain a sufficient number of viable seed to meet storage goals.  Dr. 
Stephen Weller’s incidental observations at the University of California at Irvine also indicate 
that Schiedea seeds store well.  NRS will continue to store seed from natural populations, but 
will conduct testing on seed collected from greenhouse plants and reintroductions. Many of the 
reintroduced plants are clones of wild plants, so seed collected from these reintroductions are of 
the same value as those collected from the wild populations.
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
The Seed Conservation Lab has not done germination testing of this taxon and has few results for 
initial germination rates.  Of the fresh seed sown on agar, rates are variable, but the majority is 
over 50% germination.  Though most seeds germinate within one month after sowing, some take 
three months to germinate.  Seedlings are easily transferred from agar to perlite/vermiculite.  
Both seeds and small seedlings have been germinated and grown in an environment-controlled 
growth chamber.  This taxon can also be propagated through the use of cuttings.  A 10-50% 
success rate has been observed with cuttings.  Either technique can be used based, on propagule 
availability and destination. 
 
Unique Species Observations 
 
No unique species observations have been made for this taxon. 
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Outplanting Issues 
 
Two reintroductions have been conducted with this taxon in Kahanahāiki and one in Pahole.  The 
Kahanhāiki sites are referred to as the “Maile Flats Site” and the “Pink Trail Site.”  
Reintroductions were conducted at three sites in Kahanhāiki and Pahole.  At all sites, plants are 
found in all vigor classes from healthy to poor.  Survivorship is in the 50-75% survivorship 
range.  Although survivorship is not high as compared to other species NRS has outplanted, NRS 
believes that this level of population fluctuation is not unexpected given observations of wild 
populations.  Of greatest concern is the lack of regeneration at the reintroduction sites.  Perhaps 
there are some microhabitat needs that NRS are unaware of which trigger seedling production.  
NRS will continue to monitor to refine reintroduction methods and will apply this knowledge to 
future reintroductions.   
 
Founders Represented in Outplantings 

 
 
Research Issues 
 
Both slugs and insects have been observed to frequently attack seedlings of this species.  Formal 
investigation into a related species (see Research Issues S. obovatum), suggests slugs likely 
impact S. nuttallii in a similar manner.  Federal biologists consider slugs to be an “immediate and 
significant threat” to S. nuttallii survival (U.S. Fish and Wildlife Service, 1998, Recovery Plan 
for O‘ahu Plants. U.S. Fish and Wildlife Service, Portland, Oregon. 207 pp., plus appendices), 
though these conclusions are based on anecdotal observations. NRS recently hired an Natural 
Resources Research Specialist to investigate slug and insect control options for this species.  
Research will begin by assessing the abundance and species of slugs present at reintroduction 
and wild sites. 
 
Surveys 
 
No new S. nuttallii occurrences were discovered in the last year and no surveys specifically 
targeting this species were conducted. 
 
Taxon Threats 
 
Schiedea nuttallii is threatened by feral pigs, weeds, slugs and arthropods.  Although the 
Kahanahāiki to Pahole PU is fenced, the Kapuna-Keawapilau PU isn’t.  Feral pigs do not directly 
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target this taxon, but do seriously impact its habitat.  Major weed threats to this taxon include 
Melinus minutiflora and Schinus terebinthifolius.  One of the largest threats to S. nuttallii is slug 
predation.  NRS observed slugs actively eating the leaves of this taxon; which may account for 
some of the leaf damage observed at all wild and reintroduced sites.  NRS works with University 
of Hawaii Agricultural Extension Agents to investigate arthropod threats to this species.  Many 
different types of arthropods have been observed impacting this taxon.  NRS will continue to 
investigate these impacts and search for possible control strategies. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
Manage for Stability PUs: 
 
Kahanāhaiki to Pahole:  This is by far the largest extant PU and represents over 90% of the 
total plants in the taxon.  This is the only PU where ecosystem level habitat protection is in place.  
All but one S. nuttallii wild site are within fenced exclosures where habitat quality is good.  One 
of the Pahole sites is at low elevation and is entirely weed-dominated and weed control actions 
are not planned.  In the last year, NRS controlled weeds at the other two sites in this PU.  NRS 
and NARS continue to collect seeds and cuttings from this PU for storage and reintroduction.  
NRS augmented this PU with three reintroduction sites and plan to conduct supplemental 
plantings to balance founders. 
 
Kapuna-Keawapilau Ridge:  This year, NRS assisted the NARS Specialist with monitoring and 
collecting from this PU.  The population is within the area slated for fencing by the Division of 
Forestry and Wildlife next year.   The construction of an ungulate fence is the single most 
important management step for this population.  Once the fence is constructed, adequate habitat 
will be protected to stabilize this taxon in Kapuna and Keawapilau.  NRS has begun to conduct 
limited weed control in the area.  However large scale weeding will not begin until the fence is 
complete. 
 
Mākaha Reintroduction:  NRS is working to construct an ecosystem-sized fence in Mākaha.  A 
contract has been awarded to construct an exclosure, which contains appropriate S. nuttallii 
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habitat for reintroductions.  Once the fence is complete and pig free, NRS will select 
reintroduction sites and prepare them for outplanting.  In the meantime, NRS will maintain 
clones of all wild Kahanāhaiki and Pahole plants to ensure that stock is available to conduct a 
Mākaha reintroduction. 
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3.25 Schiedea obovata 
 
Requirements for Stability from MIP: 

• 3 Population Units (PUs) 
• 100 reproducing individuals in each PU (short-lived perennial which is prone to large 

fluctuations) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
Once found in six sites, Schiedea obovata now occupies only two, both within the Action Area 
(AA) and managed as separate PUs (see table below).  Prior to the disappearance of  S. obovata 
from four sites, seeds were collected and are now being used to augment the two remaining 
populations (Kahanahāiki to Pahole and Keawapilau to west Makaleha), both of which are highly 
unstable.  Threats to this taxon include trampling and browsing by ungulates, competition from 
non-native plants and herbivory by non-native slugs.  Slugs have the potential to completely halt 
seedling regeneration in several sites (see Research Issues, this document).  While techniques to 
control ungulates and weeds have been in place for some time, we have only recently begun to 
address problems associated with slugs.  To our knowledge, systematic control of slugs in natural 
areas has not yet been attempted in Hawai‘i.  On ridges, dry conditions appear to reduce slug 
numbers and strong seedling recruitment has been observed.  Effective slug control is expected 
to greatly enhance regeneration and stabilization of S. obovata populations. 
 
Taxon Status 
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Genetic Storage 
 
Seed storage is the preferred method of genetic storage due to its success and efficiency.  Since 
2000, NRS collected over 228,588 seeds from all PUs.  Reintroduced plants have proven to be an 
excellent source of seed for storage.  Ex situ plants in the Army greenhouse can also serve as a 
seed source.  Dr. Steve Weller at U.C. Irvine has valuable stock represented in his greenhouse, 
which will be used in stabilizing this taxon.  Since seeds of S. obovata are viable for long periods 
of time, NRS collected seeds from Bishop Museum specimens for propagation.  Seeds did not 
appear viable and none of them germinated.  Populations of S. obovata in the wild have been 
known to disappear for a number of years and then reappear after large rainfall events.  
Particularly if cooler temperatures were associated with the large rainfall events, this observation 
is reflective of the physiological dormancy in the seeds of this taxon and allows for at least 
temporary soil seed banks to be maintained.  Four of the five original founders from the 
Kahanahāiki to Pahole PU are represented in the seed bank.  The fifth founder is in 
micropropagation and will be grown in the Army greenhouse in preparation for reintroduction.  
Once plants are reintroduced, seeds will be collected to meet storage goals. 
 
Schiedea obovata stores well under refrigeration and freezing.  The preferred seed storage 
technique for is refrigeration (4°C) or freezing (-18°C) at 20% humidity.  Seeds tested after five 
years show 0-4% decrease in viability for each year of storage.  Therefore, replacement 
collections, where applicable, could conservatively occur every ten years.     
 
Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
The optimal collection time is when fruit are not fleshy but beginning to dry out and dehisce.  
Germination appears to be stimulated by fluctuations in temperature and can sometimes take six 
to ten months, depending on time of year of collection, to start germinating.  Initial germination 
on 1% water agar is typically > 90%, and seedlings can easily be transferred to 
perlite/vermiculite with very low to no mortality.  Stored seeds germinate within a few weeks 
after sowing.  Germination in vermiculite and perlite and on wet paper towels is also very 
successful (Dr. Stephen Weller, pers. comm., 2004).   
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Unique Species Observations 
 
Within and between populations, there is wide variation in morphological traits such as leaf 
morphology and branch development.  For example, leaf length among similarly-aged cohorts 
ranged from 2-8 cm.  The widest variation in leaf length was observed in a single population 
(northwest Makaleha).  Plastic morphology may help S. obovata adapt to changing conditions. 
 
Outplanting Issues 
 
Using seed collected from three sites: Kahanahāiki, Pahole, and west Makaleha, NRS have been 
rearing and outplanting S. obovata to augment those same wild populations since 1999.  Stock is 
not mixed.  A joint effort between NARS staff and NRS led to the reintroduction of S. obovata 
into an area just below the Pahole rim.  Notably, seedling recruitment has been extremely high in 
this area, with hundreds of seedlings seen on multiple occasions.  Whether the absence of slugs 
or some other factor is responsible for the observed recruitment is unknown.  There is only one 
additional site in Kahanahāiki where NRS has seen limited recruitment.  This site will also be 
investigated for slug impacts. 
 
Founders Represented in Outplanting 

 
These reintroductions have allowed us to compare the performance of offspring reared from the 
three S. obovata founder populations.  Until NRS were able to observe the performance of the 
two other stocks in a single site, reintroduced Kahanahāiki material seemed fairly successful in 
terms of individual plant vigor.  After observing growth in the Pahole and west Makaleha stocks 
however, we found the Kahanahāiki stock has fairly poor vigor.  In addition, the Kahanahāiki 
stock appears less tolerant of herbivory.  When exposed to slug herbivory, (see Research Issues, 
this document) these plants have very few leaves and these leaves are often tattered in 
comparison with those of southwest Makaleha plants.  Branching development also differs 
between offspring from different founder populations.  For example, the Kahanahāiki stock 
begins branching right away after outplanting whereas the West Makaleha stock has not begun 
branching at all.  While it is difficult to say what impact early branching may have on plant 
fitness, greater resistance to slug herbivory would certainly have a positive effect on plant 
survival.  Therefore, it may be advantageous to mix stock prior to outplanting to allow for more 
genetic exchange.  NRS have not mixed stock previously because S. obovata was believed to be 
facultatively self-fertile and, thus relatively unaffected by inbreeding depression.  In light of 
these new observations, however, NRS will revisit IT recommendations and discuss whether S. 
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obovata stock should be mixed.  If a mixed reintroduction is agreed upon, Makaha would be an 
appropriate site. 
 
This year, NRS coordinated with Dr. Steven Weller to acquire seed stock grown from two now 
extinct populations, one from Pahole Gulch and another from Keawapilau.  Dr. Weller isolated 
his greenhouse plants from these populations in order to collect pure seed from them.  Plants 
grown from this stock are in propagation at the Army greenhouse and will be used in MIP 
augmentations/reintroductions. 
 
Research Issues 
 
Slugs are seriously hampering NRS efforts to establish stable, reproducing S. obovata 
populations in the wild.  Research concluded in September 2004 by UH graduate student 
Stephanie Joe, showed seedling mortality doubled when exposed to slug herbivory. 

 
Figure Description.  Fate of 120 S. obovata seedlings, half of which were exposed to slugs 
(light grey bars), and half of which were protected from slugs (dark grey bars).  Plants in the 
latter group were protected from slugs using a combination of molluscacide and copper mesh.  
Intervals shown in black are one standard error from the mean. 
 
 
Seedlings were reared in the greenhouse and transplanted into Kahanahāiki Management Unit 
(MU) after attaining a height of four cm, at which time most individuals had six leaves.  They 
were subsequently planted into experimental plots where they were either exposed to, or 
protected from slug attack.  Discrepancies in seedling survival due to treatment (“slug-exposed” 
vs. “slugs-excluded”) were evident after 1 month and differed significantly by day 45 (Kruskal-
Wallace Test P<0.05).   
 
These results illustrate the need to control slugs in areas surrounding S. obovata populations.  
Stephanie Joe has recently joined the NRS team and is currently investigating ways to protect S. 
obovata from slug herbivory. 
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Surveys 
 
NRS have contracted HINHP, to conduct surveys for S. obovata this year.  Surveys have not yet 
been conducted nor have NRS discovered any new sites or individuals. 
 
Taxon Threats 
 
Ungulates, weeds and slugs all threaten the survival of S. obovata.  NRS are using various pest 
control programs in order to mitigate these threats. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
Kahanahaiki to Pahole:  This PU encompasses three former sites of S. obovata; two in Pahole 
and one in Kahanahāiki.  The wild populations in Kahanahāiki and Pahole were gone from the 
wild by 2001.  NRS and NARS staff visited all of the former wild populations in the past year to 
check for new seedlings, but none were found.  Reintroduced S. obovata in Kahanahāiki have 
performed poorly compared to those reintroduced to Pahole (see Outplanting Issues section 
above).  NRS perform weed control at all extant sites but not at historic locations.  NRS will 
work to balance founders at all reintroduction sites in the coming year.  Presently, NRS plan to 
mix only stock from the two historic Pahole sites within the Pahole reintroduction.  However, 
NRS would like to discus alternatives with the IT. 
 
Keawapilau to West Makaleha:  This PU encompasses three former sites of S. obovata; one in 
Keawapilau (extirpated by 2000), and two in west Makaleha.  NRS conduct weed control at both 
extant sites and the northwest Makaleha site is fenced.  At west Makaleha most plants occur on a 
cliff minimizing ungulate impacts.  NRS plan to outplant stock from the west Makaleha 
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population into an adjacent exclosure.  Stock from Keawapilau will be used to augment the 
Pahole PU.  Following discussion with IT, NRS plan to outplant this stock in a separate site from 
the original. 
 
Mākaha:  The suitability of this site for S. obovata reintroduction will depend upon whether the 
proposed 100 acre ungulate fence, scheduled for completion in 2006, is approved.  NRS will 
begin selection and preparation of outplanting sites for S. obovata in Mākaha pending exclosure 
construction and subsequent removal of feral ungulates.  At that time, NRS will need to discuss 
with the IT whether or not the founders used to establish the new population will come from 
mixed stock. 
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3.26 Tetramolopium filiforme 
 
Requirements for Stability: 

• 3 Population Units (PUs)   
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage  

 
Taxon Level Discussion 
 
Tetramolopium filiforme occurs in five sites in the northern Waianae Mountains.  All but two of 
the designated PUs are inside the Mākua Action Area (AA). On ‘Ōhikilolo Ridge, it is known 
from both the Mākua and Mākaha sides.  This site was split into two PUs in order to show the 
management differences between the two sides of the ridge. The ‘Ōhikilolo PU is on the Mākua 
side and contains over 2500 plants.  This PU is inside the ‘Ōhikilolo ridge fence and is therefore 
protected from goats.  This PU is within the AA and the lower portion is highly threatened by 
fire. This PU has still been designated as a ‘managed for stability’ PU because this population is 
the center of abundance for this species and is the most stable.  The PU on the Mākaha side of 
the ridge is called Mākaha /’Ōhikilolo Ridge; it is also within the AA but has been designated to 
be ‘managed for genetic storage’.  Goats are abundant in this PU as it is outside the ‘Ōhikilolo 
fence. The populations in Wai‘anae Kai, Kea‘au, Kahanahāiki, and Pūhāwai are all small, with 
less than 50 plants each.  The Wai‘anae Kai and Pūhāwai PUs will be managed for stability 
while the other two will be managed for genetic storage. Threats to this taxon include fire, 
weeds, and ungulates. The threats for this species are manageable and NRS believe that with 
reintroductions and the protection and management of additional habitat stability is attainable. 
 
Taxon Status 
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Genetic Storage 
 
There are over 40,000 seeds in storage at the Seed Conservation Lab.  However, over half of 
these seeds are from greenhouse stock from the Pūhāwai PU.  Three collections from plants in 
Mākua in 1999 and one also from Mākua in 2000 have been used for seed storage trials. These 
four collections have recently undergone 5-year storage testing. No decrease in viability has been 
noted for stored seeds at three different temperatures: 24˚C, 4˚C, -18˚C.  The main challenge 
with this taxon is its low seed viability.  Fresh and stored germination on average ranges from 
12-30%.  Any variation in germination can probably be attributed to storage and testing methods 
by researchers.  Before germination and storage tests on recent collections, researchers have 
screened the seeds prior to sowing to remove obviously empty, non-viable seeds, while past 
collections and tests had a more random sampling and were less selective.  An apparent 
difference in germination tests was detected and initially attributed to physiological dormancy in 
the seeds, until variation in processing procedures between researchers were realized.  Bulk 
collections from the greenhouse plants could be acquired for testing to help refine preferred 
storage conditions and storage potential.  NRS will continue to collect seed from wild 
populations, knowing that once a sufficient number of seed is collected from a given plant, these 
collections will probably last for at least ten years if not longer in storage.  Unfortunately, due to 
such low viability for all seed lots, a large amount of seed will be needed for banking.   
 
The Micropropagation Lab has been unsuccessful in establishing T. filiforme in culture via seeds.  
Many species in the family Asteraceae are very sensitive to the sterilization techniques necessary 
for Micropropagation. The lab has been continually and successfully researching methods to 
avoid oversterilizing while remaining free of contamination (Nellie Sugii pers. comm., 2005).  
NRS will collect cuttings from greenhouse stock in attempt to establish these in tissue culture. As 
shown in the table below, NRS has focused seed collections on the Kahanahāiki and the lowest 
plants in the ‘Ōhikilolo PU because of the high fire threat. In the coming year, NRS will collect 
from the unrepresented PUs. 
 
Genetic Storage Summary 
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Propagation/Germination Technique 
 
Timing of collection may play an important role in increasing the number of viable seed 
collected at a given time.  Mature, viable seeds of T. filiforme are much heavier than non-viable 
seeds.  Therefore, they are likely the first seeds to fall from a drying inflorescence, leaving the 
non-viable seeds for longer and increasing their chance of being collected.  If an inflorescence 
could be collected right before complete maturation, when all seeds are developed yet the flower 
head is not completely dry or open, collections may contain a higher number of viable seeds, 
especially from wild collected individuals.  Cuttings and seed are both appropriate propagation 
techniques.  Many germination treatments have been tested with seed collected from greenhouse 
stock, and no special germination requirements are necessary.  Propagation from cuttings is 
extremely successful, showing over 90% success rate.  Since T. filiforme is such a small plant, 
greenhouse plants can be used as ex-situ seed sources without placing a huge burden on 
greenhouse staff and space.  Plants grown in the greenhouse can grow to be at least three times 
the size of wild plants and fruit year-round.   
 
Unique Species Observations 
 
There are no unique observations to report. 
 
Outplanting Issues 
 
NRS have not yet attempted to outplant T. filiforme but predict that site selection will be a key 
factor in the success of reintroductions for this taxon.  Tetramolopium filiforme grows in very 
exposed, open and rocky slopes.  In many cases, plants are rooted in very shallow cracks in the 
rock cliffs.  When outplanting is conducted, attention should be given to planting depth and 
substrate.  It may be difficult to transition plants that are grown in large pots with plenty of root 
space to wild sites that are mainly rock and little soil.  Seed sowing is another possible technique 
for establishing new sites of this taxon. TNC staff have sown seed successfully with 
Tetramolopium lepidotum.  This approach allows for seed to germinate at favorable spots and is 
less labor-intensive.  In the coming year, NRS will augment the Pūhāwai PU with plants grown 
from stored seed.   
 
Research Issues 
 
A comparison of germination rates between wild and greenhouse-collected seed was conducted 
this year to determine if greenhouse propagation may improve the viability and storage 
characteristics of seeds.  Due to low seed viability in both groups no differences were 
determined.  Nursery seeds appear larger and more numerous, but do not show an increase in the 
number of viable seed.  However, trials have shown that germination time was shorter for 
nursery collected seeds than for wild seeds. NRS is interested in investigating high resolution 
photography as a possible monitoring technique for the large populations on cliffs.   
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Surveys 
 
NRS contracted the HINHP Botanist to re-visit the Kea‘au and Wai‘anae Kai PUs in previous 
years.  No surveys were planned for this past year however, a new site within the Wai‘anae Kai 
PU was discovered by NRS.  There are no surveys planned for this taxon in the coming year.  
 
Taxon Threats 
 
Goats and fire are the largest threats to this taxon.  Tetramolopium filiforme grows on very steep 
slopes and cliffs and goats are the only ungulates on O`ahu that are capable of climbing to these 
sites.  Panicum maximum is present at some lower elevation T. filiforme sites and is the largest 
weed threat due to its ability to carry fire.  NRS have not observed any impacts from rats or slugs 
but will monitor for any new threats to T. filiforme. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 

 
 
Manage for Stability PUs: 
 
‘Ōhikilolo:  The ‘Ōhikilolo PU contains well over the 50 mature individuals required for 
stability.  Estimates given to the MIP in 2000 were based on multiple observations from over 
fifteen sites on ‘Ōhikilolo Ridge.  In the last year, NRS compiled over fifty observations from all 
over ‘Ōhikilolo Ridge since 1997 and found that the summary numbers of plants estimated in 
each of these observations exceeds the estimate given in the MIP.  NRS have been attempting to 
visit each of these sites in an effort to gauge any population fluctuations in this large PU.  Weeds 
are not considered a significant threat to this PU and ungulates no longer threaten plants in this 
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PU due to successful fencing and hunting efforts.  Fires are only a high threat to the plants found 
in the lowest makai site.  Within the makai site, fire would likely not reach all of the plants as 
most are on very large steep cliffs that do not harbor much fire fuel.  Most of the plants in this 
PU are found on the ridges further back in the valley and are not continuous with the large 
amount of fuel in the lower part of the valley.  NRS have focused collection efforts at the makai 
site and have secured collections of 10 or more seeds from 50 individual plants and 50 or more 
seeds from 30 plants.  This has required a substantial amount of effort; NRS will continue this 
effort in the next year to obtain collections of 50 or more seeds from at least 50 individuals. NRS 
will also continue to monitor the upper portion of the PU and collect mature seeds for storage.  
 
Pūhāwai: The table below displays the population trend that NRS has observed since monitoring 
first began in 1999.  This population has declined steadily and this year, no immature plants or 
seedlings were found.   
 
   Rare Plant Monitoring Data 

Monitoring Date Mature Immature Seedling Total Mat. & Imm. 

November 1999 6 6 0 12 
January 2001 4 7 2 11 
October 2001 9 0 3 9 
May 2003 5 0 8 5 
March 2004 2 3 8 5 
July 2005 3 0 0 3 

 
Distinguishing between seedling and immature plants can be quite difficult and this may have 
affected the counts for these size classes.  The only conclusive trend in the Pūhāwai PU is that 
the number of plants in all age classes has decreased over the years.  NRS have observed the 
Pūhāwai site to be a much drier habitat than ‘Ōhikilolo ridge.  There appear to be no other 
obvious limiting factors to the Pūhāwai population.  Ungulates are not known from this area and 
weeds have not been noted as a threat.  Collections of cuttings have been grown in the Army 
nursery and these plants have produced thousands of seeds which have been stored at the Seed 
Conservation Lab.  
 
The amount of appropriate habitat present at Pūhāwai is a key limiting factor to the continued 
existence of this population.  Therefore, NRS propose introducing plants comprised of genetic 
stock from Pūhāwai to a chosen MIP reintroduction site below Pu‘u Kūmakali‘i.  NRS will select 
the specific reintroduction sites over the next year and outplant next winter.  NRS have large 
clones in the nursery representing four wild founders, which can be used as reintroduction stock.  
NRS may use the greenhouse produced seed to conduct this augmentation. 
 
Wai‘anae Kai:  The Wai‘anae Kai PU as a whole is not robust and most plants are not 
accessible for management because they occur on an inaccessible cliff with unstable rocks.  This 
area is also very under-surveyed.  NRS will conduct more surveys for this taxon with the HINHP 
Botanist in the coming year.  NRS will attempt to secure genetic stock from any plants that are 
accessible but do not expect to acquire complete genetic representation from this population.  
NRS will attempt to develop creative collection techniques for plants that are out of reach.   
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Other PUs: 
 
Kahanahāiki:  The Kahanahāiki population of T. filiforme is located on a small cliff surrounded 
by Diospyros sandwicensis forest.  This cliff is fairly devoid of vegetation, with only small, 
sparse shrubs present.  This PU is located in an area affected by the July 2003 fire, which burned 
to within 20m of the site.  The population is now buffered by only a small strip of forest and 
subsequent fires could wipe out this population.  NRS monitored the area after the fire, and 
monitored it again this summer.  NRS secured substantial genetic storage collections from this 
population and genetic storage is complete for this PU.  NRS have over 25 seeds from 54 
separate individual plants in this PU.  This site is not fenced and ungulates are not a threat to this 
population.  There are really no weed threats present on the T. filiforme cliff, so NRS have not 
spent time controlling weeds there.  NRS have conducted weed control in the forest above and 
below the T. filiforme cliff, specifically targeting weedy tree species.  NRS may begin 
controlling P. maximum in the forest closest to the T. filiforme cliff in order to reduce the amount 
of available fuel for fire.   
 
Kea‘au: The HINHP Botanist monitored this population in 2002 and noted that goats posed a 
threat to the integrity of the site.  This population is not considered a priority for management 
because it is located in such close proximity to the larger ‘Ōhikilolo populations and is probably 
very similar genetically. This populations is also within a state game management area and is not 
fenced.  No significant weed threats have been observed at this site.   
 
Mākaha /’Ōhikilolo Ridge:  This PU was originally lumped with the ‘Ōhikilolo PU due to the 
close proximity of the sites but was later treated separately to emphasize the differences in 
management (see taxon level discussion). The site is not fenced but this population is not 
considered a priority for management as it is located in such close proximity to the larger 
‘Ōhikilolo populations.  Monitoring and collecting from the site has not been a high priority 
because it is assumed to be genetically similar to the ‘Ōhikilolo stock.  No significant weed 
threats have been observed.   
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3.27 Viola chamissoniana subsp. chamissoniana 
 
Requirements for Stability: 

• 3 Population Units (PUs) 
• 50 reproducing individuals in each PU (short-lived perennial) 
• Threats controlled 
• Complete genetic representation of all PUs in storage 

 
Taxon Level Discussion 
 
Two of the three ‘manage for stability’ populations are located within Action Areas (AA).  The 
‘Ōhikilolo population is within the Mākua AA and the Pu‘u Kūmakali‘i population is within the 
SBMR.  NRS chose these two PUs for management because of the limited options for 
management outside the Action Area.  Outside the AA, populations not currently chosen as 
‘manage for stability’ include, Kamaile‘unu, Pu‘u Hāpapa and Hālona.  The Kamaile’unu PU is 
very spread out in degraded habitat, the Pu‘u Hāpapa  PU is on SBMR, has small plant numbers 
and may be included in the SBMR in the future and the Hālona PU is located on Navy land so 
management of that PU could not include augmentation.  A focus on surveys offsite will be high 
priority in the coming year.  Next year, management designations will be re-considered based on 
any new discoveries.  NRS split the ‘Ōhikilolo PU into two: the ‘Ōhikilolo PU, which is on the 
Mākua side of the fence on ‘Ōhikilolo ridge, and the Mākaha/‘Ōhikilolo Ridge PU which is on 
the Mākaha side of the ridge outside the fence.  This was done to differentiate between the plants 
inside of the fence that will be managed for stability and those on the outside that are designated 
collect for ‘Genetic Storage’.  NRS also discovered an additional location for this taxon within 
the Mākaha PU (see Mākaha PU discussion below).  In the last year, NRS continued to better 
organize the database population and count for this PU.  This process has resulted in a much 
more accurate count of individuals.  NRS do not monitor this taxon every year since they are 
located on cliffs and access requires rappel work.  Collecting seed of this taxon for genetic 
storage is difficult to time, therefore, NRS has established a sizable living collection.  Goats are 
the most significant threat to this taxon as it grows primarily on cliffs.  NRS believe the 
prognosis for stability for V. chamissoniana is good as long as goats are controlled and genetic 
storage challenges are overcome.  
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Taxon Status 

 
 
Genetic Storage  
 
Determination of the most appropriate genetic storage technique is ongoing.  Micropropagation 
has not been a successful means of genetic storage for the immature seed tested at the 
Micropropagation Lab, but cuttings from Army Nursery plants were brought to that Lab in 
August 2004 for further tissue culture attempts.  The cuttings were cloned via tissue culture and 
are healthy.  A collection of seed made in 1999 from ‘Ōhikilolo has undergone testing.  Seeds 
were split into two storage treatments.  Seeds tested after five years of storage at -18  C and 8% 
relative humidity had a germination rate of 60% (15:25), which was significantly higher than the 
other treatment (24 C).  Seeds stored at 18 C but at a slightly higher level of humidity should 
potentially last longer and this is the recommended storage condition for this species.  
  
The only storage challenge remaining is collecting ample seed.  Wild plants produce very few 
flowers at a time and each capsule contains less than 10 seeds.  In order to overcome this hurdle, 
NRS have collected cuttings from some of the wild populations and these are in the Army 
greenhouse.  The greenhouse plants were their healthiest this past year, and mass flowering was 
achieved in spring/summer.  Unfortunately, the majority of fruit aborted at various stages.  Some 
of these aborted fruit contained unfertilized ovules and others contained immature seed.  Despite 
the long period of flowering, only 150 mature seeds were collected from stock from three PUs.  
Pollination experiments were conducted this summer and will continue next summer (details in 
Research Issues section) in an attempt to collect bulk seed for additional testing and storage 
purposes.  NRS is waiting to see if this seed production technique is successful before taking 
more cuttings to meet genetic storage goals for all PUs.  
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Genetic Storage Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Propagation/Germination Techniques 
 
This taxon is easy to propagate from both seeds and cuttings.  NRS have observed an 
approximate 60% success rate for cuttings.  Seeds tested had the highest germination on agar 
with no special germination requirements.  It is uncertain how successfully these seedlings can 
be transferred from agar to perlite/vermiculite, as the only two attempted do not look healthy and 
have yet to grow.  Seeds may need to be sown directly in pots.   
 
Unique Taxon Observations 
 
NRS have not observed any unique traits for taxon. 
 
Outplanting Issues 
 
NRS have yet to conduct an outplanting with this taxon.  If one is conducted, NRS will use the 
upper and lower ends of cliffs to limit the amount of rope work required.  NRS conducted a trial 
cliff reintroduction at ‘Ōhikilolo with good success using Lysimachia hillebrandii and do not 
expect V. chamissoniana to be much more difficult. 
 
Research Issues 
 
As stated in the Genetic Storage Section, pollination experiments were conducted on greenhouse 
stock in an attempt to produce the most viable seed by determining effects of different 
pollination techniques.  NRS wanted to determine if conditions in the greenhouse or lack of a 
pollinator may have caused the large number of aborted fruit.  Flowers were tagged as controls, 
self-pollinated by hand, or had their perianth removed with and without self-pollinating.  Since 
such a low percent of fruit monitored in the study reached maturity, results were inconclusive.  
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Hand-pollinated outcrossings will be conducted next year to rule out inbreeding depression due 
to selfing. 
 
Surveys 
 
No new locations of this taxon have been found in the last year.  However, NRS have found 
additional plants within existing PUs and additional locations within the Mākaha PU.  No 
surveys for this specific taxon were conducted this year. 
 
Taxon Threats 
 
Threats to this taxon include pigs and goats.  Since it grows mainly on cliffs, the majority of V. 
chamissoniana are naturally protected from feral ungulates.  Weed species that affect the habitat 
of this taxon include, Erigeron karvinskianus, Schinus terebinthifolius and Melinus minutiflora.  
NRS will continue to monitor all potentially ecosystem-altering weeds in the vicinity of this 
taxon.  Although NRS has performed limited weed control while on rappel, it is difficult and 
dangerous, and presently large scale cliff weed control is not feasible. 
 
Population Unit Level Discussion 
 
Population Unit Threat Control Summary 
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Manage for Stability PUs: 
 
‘Ōhikilolo:  NRS have been controlling ungulate threats to this population since 1995 beginning 
with the construction of a perimeter goat fence along ‘Ōhikilolo ridge.  Presently, NRS believe 
that all goats have been eradicated from Mākua.  Weeds that threaten V. chamissoniana include 
E. karvinskianus and M. minutiflora.  NRS has conducted weed control in the vicinity of V. 
chamissoniana populations focusing on areas that do not require rope access.  Collections will 
continue to be made from this PU in the next year. 
 
Pu‘u Kūmakali‘i:  NRS made three visits to this PU in the last year to obtain full genetic 
representation.  During collection work, NRS would rappel on old sites and as well as nearby 
unexplored cliffs.  Each time additional plants were located.  The table below shows monitoring 
data for this population since 1998.   
 

Monitoring Date May 
1998 

June 
1999 

January 
2001 

October 
2001 

May 
2003 

November 
2004 

Mature/Juvenile/Seedling 4/0/0 10/1/0 15/0/0 19/0/0 24/0/0 44/0/0 
 
This population is peculiar for the taxon, as many of the plants found here are not located on a 
cliff.  Large portions of the plants at this PU are found on steep slopes just above cliffs.  NRS 
have never observed ungulate sign at this PU and no goats are known from the area.  Pigs do use 
the main ridge trail on occasion, but pig sign has never been observed amongst the V. 
chamissoniana plants.  Melinus minutiflora is present, but NRS have yet to implement grass 
control.  NRS will control grass in the more accessible portions of this PU. 
 
Mākaha:  With the discovery of one new site, there are now two sites in the Mākaha PU.  The 
new site is west of the known site on a side ridge about half a kilometer away, outside of the 
proposed fence unit.  There is also habitat between the two locations appropriate for this taxon, 
but it has been surveyed and no plants were found.  The new site is also about 800 feet lower in 
elevation.  The plants in the original location occur both in vertical areas as well as areas that are 
accessible to ungulates.  NRS expect that this site will benefit from fencing.  NRS has not begun 
any weed control actions in the area but will begin once fencing is complete.  The plants in the 
new location are all in a vertical environment and not at risk from ungulates.  There are 
threatening weeds in the area and NRS will monitor their spread.  NRS suggest that plants from 
this location be added to stock for augmentation within the fence should it be necessary. 
 
Other PUs: 
 
Mākaha/‘Ōhikilolo Ridge:  This PU was created by subdividing the ‘Ōhikilolo PU with the 
fence that runs along ‘Ōhikilolo ridge.  These plants will be monitored opportunistically in 
combination with other actions in the area.  Monitoring and collecting from the site has not been 
a high priority because it is assumed to be genetically similar to the ‘Ōhikilolo PU.  NRS do not 
plan to control goats or conduct weed control in this area. 
 
Kamaile‘unu:  There are two sites that comprise this PU.  NRS has been unable to relocate one 
site that National Tropical Botanical Garden Staff found in 2000 near Pu‘u Kawiwi.  The second 
site is near a prominent Pu‘u called “F” Pu‘u.  This site has not been visited by NRS since 1999.  



Chapter 3.27 Viola chamissoniana subsp. chamissoniana 3-180 

2005 Makua Implementation Plan Status Report 

These areas will be priority for monitoring in the next year.  NRS will request support from 
former NTBG employee, Ken Wood in finding his Pu‘u Kawiwi site.  NRS does not have plans 
to control goats or weeds in the vicinity of these sites. 
 
Hālona:  NRS monitored this population last year.  NRS believe that with additional surveys, 
more V. chamissoniana can be found.  This habitat is vulnerable to goat predation but there are 
currently no goat populations at the site.  Goats have been observed recently in North Hālona.  
The same set of weeds which are present at other populations of this taxon are present at Hālona.  
However, these weeds are not abundant at the Hālona Site.  NRS consider the weed threat to this 
site low.  In May of this year there was a wildfire burned over from the neighboring valley into 
the lower elevations of Hālona.  Although the fire did not immediately threaten this PU, fire is 
certainly considerable threat to this PU. 
 
Pu‘u Hāpapa:  NRS last monitored this population in 2002, and observed 10 seedlings in 
addition to the 10 mature plants.  The site is not threatened by ungulates and the weed threat is 
low.  Erigeron karvinskianus is present around this PU but it is not having a direct impact on V. 
chamissoniana at this time.   
 
Kea‘au:  HIHNP Botanist discovered this population in 2002.  He noted that goats threaten the 
site.  No significant weed threats were observed.  This population is not a priority for 
management as it is located in such close proximity to the larger ‘Ōhikilolo populations.   
Monitoring and collecting from the site has not been a high priority because it is assumed to be 
genetically similar to the ‘Ōhikilolo PU. 
 
 
 
 




