
CHAPTER  2  WEED MANAGEMENT 
 
 
2.1 Introduction to Weed Management 
 
Introduced plant species (weeds) threaten endangered species and native ecosystems by altering 
habitat and disrupting community structure.  Weedy species out-compete natives for light, space 
and nutrients.  Left unchecked, weedy species will replace the native forest and are therefore one 
of the primary focuses of all natural resource programs in Hawai`i.  NRS have been conducting 
weed control on Army lands for nine years.  Management objectives have been developed 
following a four-step approach: surveying, prioritizing, controlling, and monitoring.  Using these 
four steps, NRS have tailored weed control efforts to individual sites.  The overall goal is to 
minimize, remove, and prevent weed species from impacting native forest, thus preserving both 
the natural communities and the individual species that are unique to Hawaii.  This year, NRS 
maintained a high level of attention to the weed management program.   
 
 
2.2 Weed Surveys 
 
Surveys are conducted to assess, detect and prioritize weed problems across training areas.  
These surveys allow NRS to study their distribution and track their spread over time.  In this 
way, NRS can respond to weeds dispersed by Army training. 
 
NRS conduct road and landing zone surveys annually at locations that have a high potential for 
invasive introduction of weeds from military activities.  NRS also conduct weed surveys along 
ungulate transects; ungulates are important alien species vectors.  NRS use a Weed Survey Form 
(Appendix 2-H) for road surveys and keep updated weed lists for surveys on LZs and ungulate 
transects.  Survey routes and results are presented within the discussion for each Training Area.  
In addition, incidental notes are taken of incipient or problematic weeds when they are observed 
anywhere on training areas during other field operations.  New or unknown species are collected 
and sent to Bishop Museum for identification.  For especially invasive species, NRS perform 
helicopter surveys to identify the extent of infestations that cannot be mapped from the ground.  
While performing aerial surveys, a GPS is used to map individuals.  These maps direct plant 
removal on the ground and greatly facilitate navigation to outlying targets. 
 
 
2.3 Weed Prioritization 
 
Weeds are widespread throughout Army training lands and therefore NRS must prioritize weed 
control projects to ensure the most efficient and effective use of time.  Factors important in 
determining weed control prioritization include invasiveness, distribution (incipient/widespread), 
and proximity to native forest.   
 
Weed species vary in level of invasiveness and potential to dominate native areas.  These 
inherent traits are taken into account when NRS prioritize weed projects.  NRS rely on the 
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cumulative knowledge of the conservation community in Hawai`i to determine the invasiveness 
of species for which staff do not have personal experience.  The species most successful at 
invading and dominating native ecosystems become the highest priorities for control. 
 
Weeds are also classified as either incipient or widespread, based on abundance in a given area.  
Incipient weeds exist in a very small area and may not yet be established.  These populations are 
high priorities because of their high potential for eradication.  Widespread weeds are found in 
high densities in many areas and controlled only in areas where native forest is relatively intact. 
 
The proximity of a weed to native forest is also used as a determinant in setting weed control 
project priorities.  Incipient weeds in close proximity to intact native forest are a higher priority 
for control than those located far from intact forest.  All of the above factors, as well as 
accessibility and available management tools, are used in combination to determine which weed 
control projects are worth tackling.   
 
 
2.4 Weed Control 
 
Weed control aims to eliminate, either in one or repeated treatments, target weed species from a 
native forest area.  The primary approaches and techniques used in weed control are described in 
the following sections.  Whenever possible, volunteer help is used.  Weeding, as a general rule, 
requires a lot of labor.  NRS hope to expand volunteer efforts in the future.  In the past year, 
NRS have started to generate a list of projects appropriate for large groups of inexperienced 
volunteers; this will allow NRS to take advantage of last minute opportunities and to 
accommodate the limited schedules of such groups. 
 
2.4.a. Weed Control Approaches 
 
Since NRS work in different types of areas, a variety of approaches are taken to weed control.  
General approaches used by NRS include gradual restoration, active restoration, fenceline 
weeding, and firebreak construction.  Evaluating weed composition and abundance, as well as 
location with respect to native plants, are also important considerations in assessing weed control 
projects.    
 
Gradual (passive) restoration is the approach most often taken by NRS.  Passive restoration 
involves sweeping through an area and removing no more than 20% of the alien canopy at a 
time.  The key to passive weed control is slowly removing undesirable elements, while 
maintaining vital site characteristics, like light level, temperature, and humidity.  Due to resource 
constraints, NRS focus efforts on predominantly native forest.  This approach is well suited for 
predominantly native areas, since it is efficient in time and effort.  In areas with 80% or greater 
native cover, NRS work to eliminate alien species with as few treatments as possible.  In more 
mixed forests with about 60% native cover and larger numbers of aliens, no more than 20% of 
the canopy is removed or opened during a treatment.  Removing canopy trees at a higher rate can 
change the light regime of the forest to a point where invasive understory species are favored.  
However, in some more open areas, such as Maile Flats in Kahanahāiki, it may be appropriate to 
remove more than 20% of the canopy, since the area is already adjusted to high light levels.  The 
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gradual approach is most useful for treating canopy weeds in areas sensitive to significant 
alterations in light regime.  Unlike canopy weed control, understory weed control, whether or not 
the site is 80% native, is generally conducted to eliminate target weeds with a single treatment.   
 
In the large patches of native forest, NRS control weeds by sweeping through the forest in 
phalanxes.  Staff line up along the edge of the area to be weeded, and sweep across it in an – 
ideally – unbroken line, see Table 2-1.  This method provides good, easily trackable coverage of 
large areas.  It is effective in treating scattered weeds in large areas.   
 
 
Table 2-1: Weed Sweep Guidelines 
 

SWEEP GUIDELINES 
►This method is easiest with groups of 5-7 people.  This allows for good coverage, while reducing 
the number of sweeps.  Smaller groups result in narrower swaths, more confusion, and duplication of 
effort on edges of neighboring swaths.  Larger groups are much harder to keep in line. 
►Stay in line, so coverage between sweepers is maintained.  Go as fast as the slowest person. 
►When lining up, keep sweepers close enough together to maintain visibility.  In Maile flats there 
are many areas with low visibility and thick underbrush; sweepers should be only a few meters apart. 
►Always start on one end of a quadrant (not in the middle). 
►Use the trails as guides. 
►Always use compasses, and always sweep on east/west bearing (or its converse, north/south 
bearing).  The trails and fence run roughly north/south and east/west; following these bearings 
insures that workers are always parallel to a trail or fence.   
►Use hip chain and/or white flagging to denote ‘new’ edge of swath, so it can be easily followed on 
next sweep.  Never use pink/orange/blue flagging, which could be confused with a trail. 
►Use GPS track to record coverage, and GPS the corners of the weeding swath.   
►Useful tools: handsaw, clippers, hatchet.  Loppers, machete unwieldy while hiking. 
►Fill out a WCEF and make a readable map so the next group can efficiently cover new areas. 
►Once a quadrant has been completely swept, next set of sweeps in that quadrant should be 
perpendicular to the previous sweep.  For example, NRS have swept the entire SW corner on an 
east/west bearing.  The next time this quadrant is treated, it should be swept on a north/south bearing. 
►Weeds tend to be thickest along the fenceline.  Either allow extra time to treat this area, or note it 
on a WCEF and leave it for another crew. 
►Map particularly large weedy areas.  Use GPS if possible.  Target them with another control 
technique during another visit. 

 
 
Active restoration is not used as often, since it is much more labor intensive and has the potential 
to change site microclimate drastically.  This approach is primarily used in very weedy, 
problematic areas, or when complete eradication of a locally incipient weed population is 
desired.  Active restoration involves the removal of greater than 20% of the canopy and the 
creation of an open gap, susceptible to weedy invasion.  Common native species are often 
outplanted into the sites.  In some cases, removal of large amounts of canopy is desirable; 
eliminating Psidium cattleianum stands may actually reduce P. cattleianum recruitment, as 
described in the Kahanahāiki MU monitoring discussion.   
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Two types of weed areas, each requiring a different control approach, can be identified: mixed 
alien species areas, and P. cattleianum monocultures.  P. cattleianum monocultures may require 
more drastic methods of control.  Mixed alien species areas may respond to more gradual 
treatments.  The size of the patches and the type of surrounding vegetation may also affect 
control.  A preliminary list of weedy area types includes: small (10x10m²) mixed alien weed 
patch surrounded by native vegetation, large (100x100m²) mixed alien weed patch surrounded by 
native vegetation, small P. cattleianum monoculture surrounded by native vegetation, large P. 
cattleianum monoculture surrounded by native vegetation, and small or large P. cattleianum 
monoculture surrounded by mixed alien species.  However, no matter how one tries to create a 
list of categories that encompasses all possible types of weedy area, weed control will work best 
if tailored to the specific area, to take advantage of unique features.  The broad categories listed 
above and described below are meant to be a starting point for developing a restoration plan for a 
particular area.  In addition to these broad categories, fencelines, which tend to act as weed 
corridors, are often treated as separate projects.   
 

1. Small mixed alien patches surrounded by native vegetation are excellent candidates 
for active restoration.  NRS control the entirety of such patches of alien plants in one 
treatment during regular weeding sweeps.  NRS use this aggressive approach expecting that 
regeneration from the surrounding native forest will occur naturally.  NRS have not 
observed any detrimental impacts from this approach and will continue to control small 
mixed alien patches in this manner.   

 
2. Large mixed alien patches surrounded by native vegetation are more problematic than 
small patches.  In large mixed alien patches, natural regeneration may not occur as quickly 
or successfully since the ecosystem has been so severely altered and the surrounding seed 
supply is limited.  Therefore, NRS do not take an aggressive control approach to these 
areas but instead sweep through the area and remove weeds selectively.  In some cases 
weeding efforts may focus on the perimeter of the patch, allowing natives to invade the 
edges of the weedy patch.  NRS will continue to conduct control in these areas in this 
manner.   

 
3. P. cattleianum monocultures, of any size, are difficult to control.  For the most part 
monocultures are clones of one or a few individual plants.  Other species do not appear to 
thrive beneath a P. cattleianum canopy, perhaps due to allelopathic complications.  If only 
part of a monoculture is treated, control can be ineffective and treated areas may grow 
back.  For small stands surrounded by native vegetation, NRS control the entire stand and 
outplant common natives if necessary. (See section 2.7.a for details of P. cattleianum 
monotypic stand treatment).   

 
4. Other regions that deserve separate consideration are fencelines.  Small shrubby 
weeds thrive in the open light corridor provided by a fenceline.  In many areas for example, 
Stachytarpheta dichotoma forms thick stands and M. minutiflora grows into large banks in 
sunny areas.  While most of the weeds along the fenceline do not compete well in the 
shaded understory of the nearby forest, the fenceline can act as an invasion corridor.  
During weed sweeps that take place perpendicular to fences, workers often cannot keep up 
with the rest of the sweep due to the large amount of weeds needing treatment along the 
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fenceline.  Therefore, weeders keep about 1 to 2 meters in from the fence during sweeps, 
and treat the fenceline weeds as a separate project.  Fencelines lend themselves well to the 
use of volunteers and can benefit greatly from common outplantings that shade out sun 
loving weeds.   

 
5. Firebreak construction is done to reduce the fire risk to native forest patches and 
endangered species. The goal of firebreak construction is not necessarily restoration but 
protection of existing resources. The majority of firebreak construction performed thus far 
has been in grass-dominated areas. While returning less-fire prone natives to the area is 
desired, fuel removal is a higher priority. Thus, firebreak construction often results in the 
creation of very large, open areas.  

 
Last year several firebreaks were put to the test during a number of fires in Makua Valley.  
The efficacy of the firebreak at Kaluakauila was questionable, and firebreak maintenance 
there has been put on hold until the Kaluakauila Fire Management plan has been finalized 
(details in sec 2.7).  However, the firebreaks in Lower Ohikilolo were effective and are 
currently being maintained. 

 
2.4.b. Weed Control Techniques 
 
Control of weeds is conducted using a number of techniques, including manual, chemical and 
biological control.  The method of control depends on the growth form of the target species 
(grass versus shrub versus tree), and the type of weeding project (active restoration versus 
gradual restoration versus firebreak).  Manual and chemical control are often combined.  Manual 
control includes all types of weeding done without the use of herbicide, for example, hand-
pulling, grass-cutting, girdling, clipping, and felling.  Manual control sometimes involves the use 
of chainsaws; all NRS take a chainsaw training class prior to use of a chainsaw in the field.  In 
addition, all NRS undergo state certification for application of restricted use pesticides, although 
no restricted use pesticides or pesticides with a stronger signal word than Caution are used in 
management.  As a rule, NRS strive to use the most effective combination of control techniques 
to achieve optimum weed control with minimal secondary effects on native plant species.  In 
general, control of canopy weeds is done using a basal bark application of 20% Garlon 4 in 
Forestry Crop Oil.  The following are definitions of the most common control techniques used by 
NRS: 
 
• Girdle─wound cut into the cambium layer of a tree trunk or shrub encircling its base with a 

chainsaw or treesaw; herbicide is usually but not always applied to the cut. 
• Cut-stump (Flush Cut)─tree or shrub trunk severed near the base; herbicide is usually then 

applied to the stump. 
• Frill-cut─wound cut with a hatchet or machete into the cambium of a tree trunk or shrub 

encircling the base, leaving the removed bark attached at the base to act as a trough for 
herbicide if applied. 

• Foliar spray─herbicide sprayed on the leaves of a plant. 
• Basal bark/Thin line─herbicide is squirted in a ring around the base of a weed trunk or stem. 
• Clip and drip─small stemmed weeds cut with pruners or loppers; herbicide is applied to the 

cut surface. 



Chapter 2  Weed Management  Page 2-6 

• Weedwhacking─for grassy species; grass cut low to ground, herbicide is usually applied to 
new growth. 

• Handpulling─for young woody species or herbaceous species; entire plants are pulled from 
ground, including majority of roots.   

• EZJECT─.22 caliber shells filled with water-soluble systemic herbicide (either Garlon or 
Round-up) are injected directly into stems or rhizomes; shells pushed into plants using 
EZJECT injection equipment, hammer, or hand pressure. 

 
NRS have relied on other natural area managers’ experience or their own set of efficacy control 
plots to determine products used to kill introduced plant species.  Products used by NRS include: 
 
• Garlon 3A─a systemic herbicide diluted with water; applied as either a foliar spray or using a 

girdle, frill or cut stump method.  Active ingredient: 44.4% triclopyr. 
• Garlon 4─a systemic herbicide diluted in FCO; applied generally as a basal bark treatment.  

Active ingredient: 61.6% triclopyr 
• Forestry Crop Oil (FCO) ─an oil-based carrier used in thin line treatments with Garlon 4 to 

improve penetration through bark and other plant tissue. 
• Glypro Plus─a non-specific, systemic herbicide diluted in water; applied generally in low 

concentrations.  The patent on Round-up recently expired; Glypro Plus is a replacement for 
Round-up, and functions in much the same way.  Active Ingredient: 41.0% glyphosate. 

• Fusilade II─a grass specific herbicide diluted in water; most frequently applied as a foliar 
spray.  Active ingredient: 24.5% fluazifor-P-butyl.   

• Escort─a systemic herbicide diluted in water; sprayed on the rhizomes of ginger.  Active 
ingredient: 60% metsulfuron methyl. 

 
Essential to large spraying efforts is availability of water.  Filling jugs of water at the baseyard 
and transporting them to specific sites is often time consuming, and moving heavy jugs of water 
to desired spraying areas is often difficult.  This year, NRS experienced frustration at having to 
rely on weather and permission dependent helicopter operations to transport water to specific 
sites.  NRS therefore are installing water catchments where ongoing spraying efforts are 
expected.  Dan Tanji, a part-time NRS, has designed a structure that catches rainwater and fills a 
125-gallon tank.  So far catchments have been built at Lower `Ōhikilolo, Kahanahāiki, Three-
Points (Mokulēi`a Forest Reserve).  Plans for future catchments are described in individual 
management sections.       
 
While control methodologies have been developed for most problem weeds, NRS are continually 
experimenting with techniques for effectively treating problematic species.   Discussions of the 
results of these trials are included in the control sections for the management units in which they 
are held.   
 
2.4.c. Weed Control Effort Form 
 
NRS use a Weed Control Effort form to provide a written record of weed management 
(Appendix 2B).  It tracks species treated, effort in person hours, area treated, and pesticide use.  
It helps determine efficacy of different control techniques and guides scheduling, prepping, and 
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packing for future trips.  It is an important tool in making the weed management program more 
cohesive.   
 
2.4.d. The Human Effect – Sanitation Policies 
 
Working in weedy areas, there is always the potential for NRS personnel to act as dispersal 
vectors.  In order to reduce this potential, NRS have instituted several sanitation policies, 
described below.  Awareness of possible weed problems is the best defense.  NRS and volunteers 
are encouraged to think critically about all field activities and their unforeseen consequences.   
 
• Vehicles.  All vehicles are washed at the end of the week.  If a vehicle goes to a site known to 
have particular invasive weeds, it is washed at the end of the day.  Examples of such sites are 
KTA and OP Halo on SBS.  KTA, which receives heavy military use, is home to a number of 
invasive weeds, including Pennisetum setaceum, Melochia umbellata, and Acacia mangium.  OP 
Halo is the site of a prolific incipient weed, Senecio madagascariensis.   
• Footwear.  NRS footwear is washed at the end of each work day.  Each NRS has two sets of 
tabis, one solely for use in the Wai`anae Mountain Range, and the other solely for use in the 
Ko`olau Mountain Range.   
• Fencing.  Fencing gear, including panels, posts, and fence rolls, is stored in a sterile place 
until it is needed.  Currently, NRS store all fencing material in storage rooms at the NIKE site or 
on paved/graveled areas at the baseyard.  Fencing material is not recycled.   
• Sling nets and Straps.  Helicopter equipment such as sling nets and straps are washed 
whenever they appear dirty.  NRS evaluate each LZ based on the LZ weed list, and have 
identified LZs with weeds of concern.  They are `Ōhikilolo (Triumfetta semitriloba, Cirsium 
vulgare) and Ka`ala (Rubus argutus).  After use at either of these sites, sling nets are washed.   
• Rat bait.  Every year, approximately 1,225.5 lbs of rat bait are used in the field on Army 
lands.  NRS use Ramik, rat bait that is not formulated with seeds, but rather with cracked corn, 
milled grain, and wax.  A trial described in 2003 PCSU report determined that none of these 
components are a potential source of weeds.    
 
 
2.5 Weed Monitoring 
 
Weed monitoring plots are used by NRS to assess the effectiveness of weed control in restoring 
and improving native ecosystems.  In order to obtain reliable data, the plots must be monitored 
over long periods of time.  Trends may be slow to surface due to the slow growth rates of native 
species.  Appendix 2A, Weed Plot Methodology, describes the detailed scheme employed for 
basic monitoring and contains samples of field forms used to facilitate data collection.  
Sometimes this methodology is applied in its entirety and sometimes only certain parts of it are 
used, depending on plot purpose and available monitoring sites.  Weed plot data indicate patterns 
or trends related to the treatment employed in a given plot.  However, data may always be 
influenced by factors unrelated to the treatment, including seasonal fluctuations, observer bias, 
trampling, and natural occurrences such as wind or senescence.   
 
In addition to tracking vegetation change over long time periods, NRS use plots to test the 
efficacy of control methods.  These plots are generally monitored over shorter time periods – 
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months, rather than years.  The same protocols and forms referenced above are used in these 
trials.  This year an Informal Weed Plot Form was also created to allow for easier establishment 
of weed control plots, and to draw quicker conclusions about weed control from general 
observations about those techniques.  Control plots have been established in many of the MUs.   
 
Monitoring data and discussion are presented within each Training Area section.  Additional data 
plots have been analyzed in the 1998 through 2003 PCSU Reports and will not be included in 
this report. 
 
 
2.6 Interagency Cooperation 
 
Weeds know no boundaries!  In order to better combat certain weed species, NRS collaborate 
with other agencies to target incipient and established species, share control methods, and 
compare management results.  This year, NRS worked with a number of agencies on weed-
control projects.  These agencies include the O`ahu Invasive Species Committee (OISC), The 
Nature Conservancy of Hawai`i (TNCH), the Hawai`i Rare Plant Restoration Group (HRPRG), 
the State Natural Areas Reserve System (NARS), the Department of Agriculture (DOA) and the 
University of Hawai`i (UH).  With TNCH, HRPRG, and NARS, much of this collaboration 
involves weeding around specific populations of endangered plants, or reintroductions.  This 
facilitates sharing information and discussing weed control projects.  These projects are 
discussed in detail in section 2.12, Offsite Management Areas.  With DOA and OISC, NRS 
recently began coordinating joint control of S. madagascariensis in SBS.  These efforts are 
described in section 2.8.b. 
 
2.6.a. O`ahu Invasive Species Committee (OISC) 
 
As part of the statewide Invasive Species Committee system, OISC works to prevent new 
invasive alien species from becoming established on O`ahu.  OISC is comprised of State, 
Federal, and private agencies, as well as interested individuals. As the main point of entry to the 
state, O`ahu is under direct threat from new invasive species.  Since its establishment, OISC has 
been able to effectively control many incipient weed populations. 
 
Since the military controls a significant portion of the forest on O`ahu, NRS participation in 
OISC is vital to its effectiveness.  The Army also moves large quantities of personnel and 
machinery to and from the State of Hawai`i; these transports are an important potential vector for 
the introduction of new alien species.  If the establishment of a weed species can be prevented 
through OISC’s pro-active approach, the costs of future control are avoided. 
 
OISC is divided into sub-groups that focus on detection of incipient alien species, control of 
these species, restoration of weed control areas, and invasive species policy and legislation.  
NRS participate primarily in the control sub-group.  The control group, which meets annually, 
addresses the control status of target invasive species and develops action plans for each species.  
NRS also present new and/or unfamiliar weed species detected during annual weed surveys to 
OISC to begin a dialogue about possible control.   
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In addition, NRS contribute by coordinating and volunteering for weed control projects and 
supporting OISC field staff whenever possible.  In the past year, NRS and OISC have combined 
efforts to control A. semibaccata at Ka`ena Point, S. madagascariensis at SBE, Tibouchina 
urvilleana and Ilex cassine at Whitmore Village, and Hedychium gardnerianum, R. argutus, L. 
scoparium, and P. cattleianum on Mt. Ka`ala.  These projects are discussed in more detail in the 
training range and MU sections below.  NRS also aided in OISC efforts in controlling a large 
population of L. scoparium on Waimano ridge, off Army land.  This very successful effort 
helped to reduce the population of this locally incipient weed in the Ko`olau Mountains.  NRS 
have also spent many nights aiding in the control of Eleutherodactylus coqui, the coqui frog.  
Whenever possible, OISC and NRS have coordinated helicopter trips to save costs.  NRS will 
continue their involvement in the control sub-group, and their support of OISC projects.  

 
 

2.7 Makua Military Reservation 
 
Fire is a risk to many Special Ecological Areas (SEAs) in MMR.  Past fires in MMR, caused by 
training and arson, have been observed to facilitate weed spread and erode native forest 
boundaries.  As a result, NRS conduct fuel-load reduction and firebreak construction in high fire 
risk areas, particularly the Kaluakauila and Lower `Ōhikilolo Management Units.  However, last 
year, a prescribed burn escaped burn perimeters and negatively impacted every MU in MMR 
except `Ōhikilolo.  The MUs most intensely affected were Kaluakauila and C-Ridge.  
Fortunately, the firebreaks in Lower `Ōhikilolo were successful in preventing major damage to 
the MU.  While the majority of the burned habitat was grassland, the fire did affect both common 
and rare native species.  Reclaiming burned forest perimeters is very difficult; as a result of the 
fire, weedy grasses will push further into the boundaries of the MUs, heightening the risk of 
future fires, increasing weedy cover, and limiting native recruitment.  As a result of this fire, 
NRS are reassessing firebreaks in Kaluakauila and are considering how to protect other affected 
MUs in the future.   
 
Surveys 
 
In 2002-2003, while NRS were conducting two road surveys in Mākua, one new potential 
incipient invasive weed was detected, Caesalpinia decapetala.  The plants were found growing 
in and around a pile of rubble; it appears that C. decapetala was a contaminant in the rubble.  
Control is discussed in the Lower `Ōhikilolo MU section below.  No new weeds were discovered 
this year.  Landing zone surveys have shown a stable set of weeds (See Appendix 2-C, Weed 
Surveys Roads and Landing Zones, MMR). 
 
It was brought to the attention of NRS by Rick Warshauer (Volcanoes National Park) that 
Pennisetum setaceum, fountain grass, had been reported from Mākua by John Obata and Rick 
Warshauer in 1977.  Two years ago, NRS extensively surveyed this entire area inside the 
firebreak road and found no fountain grass plants.  Since no plants were present two years ago, 
and the original sighting occurred in 1977, it does not seem likely that the population has 
persisted.  However, NRS will continue to survey inside the firebreak road annually to be sure no 
plants still exist.   
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Control 
 
In Mākua, NRS have spent 2,215 hours controlling established weeds over 269 acres of land.  
Acreage detailed in this report does not account for areas that are treated repeatedly in the year.  
For example, weed control efforts may have taken place several times in the same area (for 
retreatment purposes) in one year, however, the amount of area controlled will be reported as a 
sum of the area treated each time.  New types of projects, including Panicum maximum control, 
P.  cattleianum monoculture management, and the development of a weed control plan for 
Kahanahāiki show increased sophistication in NRS’ approach to weed management.   
 
Weed management efforts are focused within the various MUs detailed below.  There is only one 
weeding site outside of any MU.  Last year, NRS discovered Desmodium intortum, an invasive 
weed, in the East Rim Ungulate Control Area, along the fenceline.  D. intortum, a twining weed 
covered with sticky hairs, fruits prolifically, grows rapidly, and is very easily dispersed via its 
sticky seeds.  On MMR, it is also known from the Mokulēi`a Trail, and NRS would like to 
prevent it from spreading into any Army MUs.  NRS spent no time controlling D. intortum this 
year, however NRS will continue to monitor and treat this species in the coming year.  
 
Monitoring 
 
Descriptions of monitoring plots are discussed in the MU section in which they are installed.      
 
2.7.a Kahanahāiki MU 
 
Surveys 
 
There are two ungulate transects in the Kahanahāiki MU, Transects 10 and 11.  One isolated 
Triumfetta semitriloba plant was observed along Transect 10 in October 2002.  The plant was 
pulled and no plants have been seen on Transect 10 since.  This year, T. semitriloba was found 
along Transect 11.  NRS have been conducting control along Transect 11, and are continuing to 
monitor Transect 10.  Control is discussed below.   
 
Control 
 
Approximately 686 person hours have been spent controlling weeds over 21 acres of 
Kahanahāiki MU.  Management in the Kahanahāiki MU focuses on the fenced, 90 acre 
exclosure.  The exclosure includes Kahanahāiki Gulch and a relatively flat area above the gulch 
nicknamed ‘Maile Flats’ (see Figure 2-1).  NRS have developed a working weed control plan for 
the Kahanahāiki exclosure.  The discussion of control done in the past year will be incorporated 
into the Kahanahāiki Weed Control Plan below.  The Weed Control Plan discusses Maile Flats 
and Kahanahāiki Gulch separately; the areas differ in topography, vegetation communities, and 
weed threats.  NRS chose to focus on Kahanahāiki because it encompasses a range of habitat 
types and vegetation communities, is easily accessible, and provides an ideal location to 
experiment with different approaches to weed management.  NRS hope to apply the lessons 
learned in Kahanahāiki to other MUs, in particular, Lower Mākua, Kaluakauila, and `Ōhikilolo 
Ridge.   
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Figure 2-1.  Kahanahāiki Exclosure: Maile Flats and Kahanahāiki Gulch. 
 

 
 
 
Kahanahāiki Weed Control Plan 
 
Long Term Objective 
 
The long-term objective of weed management in the Kahanahāiki exclosure is to restore the area 
to predominantly native forest, which can be defined as forest with 80% or greater native species 
composition.  Complete eradication of all alien invasive species is unrealistic at the present time, 
given that some weed species have been well established in Kahanahāiki for many years.  To 
achieve a predominantly native forest, we will work towards the following sub-goals: 
• 100% native cover in areas around significant resources and in areas that currently have 

80% native cover.  These areas are the highest priority for management.  Canopy weeds will 
be removed gradually, maintaining site characteristics.   

• Conversion of areas with predominantly weedy canopy (50% or less native canopy) to 
predominantly native canopy.  Complete restoration of areas with 50% or less native cover is 
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very difficult and involves massive changes in site characteristics, as well as massive 
amounts of work.  In some areas, total elimination of all weedy trees may not be possible or 
even desirable; in particular, the removal of Kukui from gulch habitats may significantly alter 
gulch microclimates and have a negative impact on native understory plants.  Management of 
any particular site will be customized, based on the weed and native species present, and 
directed towards increasing native cover using gradual and active approaches.   

•  80% native understory.  Weeds will be controlled before they reach maturity and 
reproduce, if possible.  Understory weed control will focus on immature weedy trees and 
particularly invasive shrubby and herbaceous species.  Non-ecosystem altering weeds will 
not necessarily be control targets.   

 
Short Term Objectives and Discussions 
 
Restoration to predominantly native forest will take many years.  In order to work towards this 
goal, NRS will maintain an adaptive list of short-term objectives.  This list will guide current 
management efforts.   
 
1. Prevent incipient invasive aliens from becoming established in the area.   
 

a) Achyranthes aspera.  A. aspera was discovered in Kahanahāiki Gulch two years ago.  
NRS have since monitored for seedling germination and any re-growth of treated plants.  A 
total of 4.5 people hours were expended on this effort in the last year.  Since the initial 
treatment of all mature plants, NRS have treated only juvenile and seedling plants within the 
exclosure.  The number found on each trip has continually decreased.  However, a mature 
plant was found about 4 meters outside of the exclosure, and NRS will monitor this site for 
seedlings.  This species is abundant in nearby Pahole.  Its barbed fruit are adapted for 
dispersal via hitchhiking.  Preventing it from becoming established in Kahanahāiki will be a 
management priority.  Given that the exclosure is pig free, NRS feel that weed control will be 
effective in doing this.   

 
b) Ehrharta stipoides.  E. stipoides was discovered in the NARS’s snail exclosure in 
Pahole, a few meters from the Kahanahāiki fence.  NARS staff, with help from NRS, 
continue to monitor for any seedlings in order to eradicate the small population.  NRS are 
concerned about this species, which thrives in shaded areas with low light levels, and is a 
problem on the island of Hawai`i.  E. stipoides was collected once inside the Kahanahāiki 
exclosure.  This year, NRS spent 2.5 hours pulling, bagging and monitoring the E. stipoides 
in the snail exclosure.  NRS visitation has been sporadic over the last two years and thus 
control time spent each trip has not decreased.  Based on this observation, NRS should visit 
twice per quarter in order to ensure that seedlings are controlled prior to maturation and the 
amount of effort expended each trip should begin to decrease. 

 
c) Triumfetta semitriloba.  T. semitriloba, a noxious weed that is a major problem on 
Kauai, was discovered in the region above C-Ridge at Kahanahāiki.  In June 2003, another 
population of T. semitriloba was discovered along the Orange Trail in the Maile Flats region 
of Kahanahāiki.  T. semitriloba is established in the bottom of Mākua Valley, and this is 
thought to be the source of the Kahanahāiki population.  This year, NRS spent 8 hours in the 
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C-ridge vicinity and 16 hours in the Maile Flats Orange Trail area monitoring and treating 
seedling germination and any re-growth of treated plants.  Considering that the fruit of this 
taxon is hooked and designed for dispersal by hairy/feathered animals, NRS may frequently 
be addressing new infestations within the MU.  A primary disperser of T. semitriloba fruit 
into the Kahanahāiki exclosure could be Erckel’s Francolins (Francolinus erckelli).  
Therefore, NRS continue to survey for this species at all times while in the MU. NRS will 
continue to monitor for outliers and re-treat all populations every time NRS are in the 
vicinity of T. semitriloba sites.   
 
d) Rubus argutus, Blackberry.  NRS are making progress controlling the small population 
of R. argutus present in the southeast portion of the exclosure.  The number of plants treated 
on each visit is decreasing.  In July 2002, NRS treated approximately 50 plants, including 
some as tall as half a meter.  In the last year, no more than five re-sprouts less than 20 
centimeters tall were treated on any visit.  All of the plants discovered were found in the 
“core” area of the population.  The numbers and size of re-sprouts are so small that it is 
difficult for NRS who have never monitored the site to conduct effective control.  NRS 
recommend that the personnel most familiar with the population conduct the control and that 
herbicide always be used to treat re-sprouts.  Hand-pulling is not an effective control 
technique as the rhizome associated with a very small re-sprout can be large.  NRS should 
consider digging up the rhizome of each re-sprout to determine how extensive the 
underground system is.   
 
A second R. argutus population was discovered at the Black Wattle Site, close to the Nike 
Site.  NRS initially sprayed the population with a mix of herbicides shown to effectively kill 
the weed.  This year NRS spent one hour monitoring and controlling seedling and regrowth 
of this population.  NRS believe that both of the R. argutus populations in Kahanahāiki 
began via bird-dispersed fruit from nearby West Makaleha.  The distance between the 
perimeter of this large, established population and Kahanahāiki is about five kilometers.  
NRS will continue to control plants at this site quarterly, using the same approach employed 
at the Maile Flats population.   
 
e)  Acacia mearnsii, Black wattle.  Over the past four years, NRS have worked with 
volunteer groups to eradicate a locally incipient population of black wattle inside and just 
outside of the Kahanahāiki exclosure.  Control efforts in the exclosure have included 
chainsawing all large trees leaving much of the site open and denuded.  NRS have since 
outplanted a variety of common native species into the site.  See the 2001 through 2003 
PCSU reports for a full description of these efforts.  This year, NRS spent fifty-three hours 
controlling A. mearnsii as well as controlling grass and other invasive weeds that have since 
thrived in the open area.  This species is well established along the Kuaokala Road west of 
Kahanahāiki, and over time it is possible that the road population could encroach upon the 
MU.  This year NRS surveyed for A. mearnsii elsewhere in the exclosure, as well as along a 
slope of Pahole Natural Area reserve that neighbors the Black Wattle site in Kahanahāiki.  
This year NRS will continue to pull seedlings, treat grass and restore the Black Wattle site.  
 
f) Montanoa hibiscifolia, Tree daisy.  Another locally incipient weed in Kahanahāiki is 
Montanoa hibiscifolia.  NRS have been aware of M. hibiscifolia on the back wall of Mākua 
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for some time.  So far, M. hibiscifolia has spread into the Kahanahāiki, Kaluakauila, and 
Lower Makua MUs.  NRS have noted an increasing number of individuals in the southern 
end of Maile Flats and plan to target these plants this year before they flower.   

 
2. Target established weed species with relatively small populations and high levels of 

invasiveness to prevent further spread and ecosystem altering effects. 
 

While there are many species of weeds throughout Kahanahāiki, NRS target weeds that are 
particularly invasive and have the potential to affect native ecosystems.  These species are 
always targeted on weed sweeps (or during spraying efforts) by NRS and are often treated as 
the target weed for the day with volunteer groups.  Often these weeds are somewhat localized 
and an entire patch can be controlled in an area.  However, revisiting these sites of initial 
eradication is crucial in preventing further spread and controlling, if not eradicating, these 
localized populations.  The following are such weeds.       
 
a)  Rubus rosifolius, Thimbleberry.  R. rosifolius is found throughout the Kahanahāiki 
exclosure.  Complete eradication of this species is not feasible at this time.  However, since 
thimbleberry grows quickly, produces lots of bird-dispersed fruit, is thorny, and is easily 
controlled, NRS feel that it warrants attention.  It is difficult to determine exactly how much 
time was spent specifically R. rosifolius.  R. rosifolius is dispersed sporadically throughout 
Maile Flats and is always treated during sweeps through this area.  In Kahanahāiki Gulch 
however, R. rosifolius grows in large patches in light gaps in the Gulch.  In the coming year 
NRS hope to target some of these thicker patches reducing the source population of this 
weed.     

 
b) Clidemia hirta, Koster’s Curse.  While C. hirta is a very widespread weed, it has a 
patchy distribution in Kahanahāiki.  However, NRS are concerned, as there is an apparent 
increase in mature C. hirta plants in Maile Flats this year.  Previous weed sweeps in the Flats 
have opened up the overstory and might explain this increase.  NRS will control C. hirta in 
the Flats this year before mature seeds are released into the seed bank.  This weed also is 
much more abundant in Kahanahāiki Gulch.  NRS would like to prevent it from becoming 
more widely established, and this year will investigate hot spots for increased effort.   
 
c) Casuarina glauca, Ironwood.  On the Mākua rim just outside of the Kahanahāiki 
exclosure, there is a population of ironwood, larger than NRS previously believed.  Very few 
species other than ironwood recruit beneath its dense canopy.  This species exhibits 
allelopathy.  NRS are concerned with this population not only because of this quality, but 
also because ironwood carries fire well.  This population represents a finger of fire-prone 
vegetation, which, if uncontrolled, could carry fire from bordering grasslands into the heart 
of Kahanahāiki Gulch.  The July 2003 fire burned to within 50 meters of this ironwood patch.  
NRS want to eventually eliminate C. glauca from the Kahanahāiki MU.  To begin this 
process, NRS have controlled large trees adjacent to the fence, and will continue to push the 
population further and further away from the fence until all mature plants have been 
completely eradicated.  Monitoring and control of regrowth and seedlings will likely follow.  
Koa has also been outplanted in the site next to the fence to restore the canopy.  This year 
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NRS will continue to treat larger trees outside the exclosure as well as resprouts and 
seedlings within the exclosure 
 
d) Melinis minutiflora, Molasses grass.  M. minutiflora is abundant in certain sections of 
the Kahanahāiki exclosure.  While it is not feasible to eradicate all the molasses grass from 
the exclosure, it is feasible to control it in the predominantly native Maile Flats region where 
it is most abundant.  M. minutiflora has been observed to invade areas that have been 
previously weeded, especially where a significant light gap has been created.  NRS have 
taken note of this and plan to schedule follow up spraying efforts several months after 
canopy weeding has been done.  In the coming year, NRS aim to identify areas for treatment 
and spray molasses grass areas throughout Maile Flats.  The installation of a water catchment 
in the Flats will help facilitate these efforts.  As native trees and shrubs colonize treated 
areas, these sites will no longer be favorable for molasses grass.   

 
3. Outline an approach to Maile Flats.     
 

NRS are focusing on implementing the Maile Flats portion of the plan first.  Lessons learned 
are being applied to the Kahanahāiki Gulch portion of the plan.  The Maile Flats area 
includes patches of 80% native canopy, areas of mixed weed species, and large monocultures 
of Psidium cattleianum.  Maile Flats slopes downward, north, from the Mākua Overlook and 
C-Ridge junction, towards Kahanahāiki gulch.  The area ends somewhat abruptly as the 
downward slope steepens into a waterfall, which leads into Kahanahāiki Gulch.  As the name 
suggests, the area is fairly flat, but two small gulches running roughly parallel to the Mākua 
and Pahole rims cut through it. The quality of forest also declines towards the north.  The 
Southwest Quadrant has some weedy areas, but has large patches of predominantly native 
forest.  As one moves north, the native patches become smaller, the weedy areas expand, and 
strawberry guava stands become larger and more numerous.  There are five outplantings of 
endangered species in Maile Flats, including Cyanea superba, Alsinidendron obovatum, 
Schiedea nuttallii, and two sites with Cenchrus agrimonioides.  There is also one wild 
population of C. agrimonioides.  All but one of these endangered species populations are on 
the northern end of Maile Flats.  The endangered tree snail Achatinella mustelina is 
concentrated in the Middlewest, Southwest, and Southeast Quadrants.  Since this area is very 
accessible to NRS as well as volunteer groups, and contains a patchwork of native and alien 
forest, it is a good place to experiment with weed control techniques for use in other high 
priority regions.   
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Figure 2-2: Kahanahāiki: Maile Flats Weeded Areas  
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a) Map weedy and non-weedy areas. 
In order to facilitate management of the Maile Flats area, three trails were installed.  These 
trails divide the Maile Flats area into six quadrants seen in Figure 2-2.  Using these trails, 
NRS have done preliminary surveys of the area and gained a general sense of the vegetation 
communities.  NRS have found that sketch maps are more useful in navigating in the 
featureless flats than GPS maps.  NRS have used sketch maps to guide weed control efforts 
in several of the Maile Flats quadrants.   

 
b) Identify and target areas with 80% native cover.  Work towards 100% native 
canopy in these areas. 
 
Management in the Maile Flats area includes surveys in each quadrant at least once every 
two quarters to assess which quadrants are in the most need of concentrated management 
activity.  Areas exposed to significant changes in light regime may require more frequent 
monitoring, as they are more susceptible to weedy grass infestations such as M. minutiflora.  
Since Garlon 4 takes a couple months to kill trees, work days scheduled in a specific 
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quadrant may be spread out over one or more quarters.  NRS most frequently use weed 
sweeps in Maile Flats.  For a description of the established weed sweep guidelines please 
refer to Table 2-1 in section 2.4.a. 
 
A total of 382 person hours were spent conducting weed control in the Maile Flats region 
between August 2003 and August 2004.  Figure 2-2 shows the coverage of weed control 
efforts by quadrant for the last year.  Table 2-2 below indicates the amount of time spent 
weeding in the last year by quadrant. Weed control was most concentrated in the Middle East 
quadrant.   
 
The two most common canopy weeds in Maile flats are P. cattleianum and S. 
terebinthifolius.  The most commonly controlled understory weeds are C. hirta and Lantana 
camara.   

 
Table 2-2. Hours of Weed Control by Quadrant, 2003 
 

Quadrant Number of Person 
Hours Current Status 

SE 0 All native area swept in 2003. 
SW 0 Entire area swept in 2002. 
ME 239.5 In progress; area not all treated.   
MW 23.5 Expanded control into weedier areas.   
NE 40 Preliminary control began. 
NW 79 In progress; area not all treated.   

 
 

In some weedier quadrants the sweep method isn’t entirely appropriate.  Frequently, large 
stands of P. cattleianum or other weeds stymie efforts to achieve complete coverage.  NRS 
have modified their approach to weedy quadrants.  Preliminary surveys are conducted first to 
identify native patches and weedy patches.  The native patches are then swept.  The P. 
cattleianum stands are skipped and noted for future volunteer projects and more intensive 
efforts.  The mixed weedy areas are swept and controlled weeds are controlled selectively, in 
a more gradual approach.   

 
c) Focus around wild endangered plant populations and outplantings. 
In the last year endangered plant populations were targeted specifically for weed control 
efforts.  NRS spent 25.5 hours of weed control around a reintroduced population of Cyanea 
superba ssp. superba near the western border of the Middle West and Northwest quadrants, 
and a reintroduced population of Cenchrus agrimonioides var. agrimonioides near the 
ironwoods.    In the coming year, NRS will target other outplantings in the Maile Flats region 
and monitor them for weed recruitment two times a quarter, or during regularly scheduled 
data collection visits.  Table 2-2 lists these sites and includes suggestions for weeding around 
these populations in the future.  In the coming year a reintroduced population of 
Alsinidendron obovatum/ Schiedea nuttalii in the ME quadrant will be targeted for weed 
control. 
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Table 2-3.  Wild and Reintroduced Rare Plant Populations in Maile Flats 

Species/Population Code Type Site 
Nickname 

Hours 
Weeded

Comments/weed actions 
2004/2005 

Cyanea superba var. superba  
MMR-G Reintroduction Maile Gulch 22.5 Revisit to check weed 

recruitment in ‘05. 
Alsinidendron obovatum    

MMR-F & Schiedea nuttalii 
MMR-C 

Reintroduction Lower Maile 
Gulch 0 Check and weed around if 

necessary in ’05. 

Cenchrus agrimonioides var. 
agrimonioides MMR-C Rare plant Lower Maile 

Flats 0 Selectively weed around 
population in ’05. 

Cenchrus agrimonioides var. 
agrimonioides MMR-D Reintroduction Upper Maile 

Flats 0 Weed as part of Maile Flats 
Sweeps 

Cenchrus agrimonioides var. 
agrimonioides MMR-E Reintroduction Ironwoods 3 Weeded Casequ around 

plants on 5/26/04. 
 
 
d) Develop a restoration plan for predominantly weedy areas.  Develop a method for 
categorizing weedy areas according to percent native composition.  Determine which 
actions are most useful in each category.    
 
See the monitoring section for a discussion of P. cattleianum monoculture weed techniques. 
 

4.   Outline an approach to Kahanahāiki Gulch and the rest of the exclosure.  Sub-divide 
this area as needed. Apply the lessons learned managing Maile Flats to the gulch.  
Outline an approach to Maile Flats.     

 
The gulch region encompasses a larger portion of the exclosure than Maile Flats.  It includes 
a range of forest types, from very weedy, to predominantly native.  Many side-gulches feed 
into the main Kahanahāiki Gulch.  Much of this area is steep, making it difficult to manage.  
There are many outplantings in this region, as well as populations of wild endangered plants.  
Just as in Maile Flats, a variety of weed control programs will need to be implemented to 
achieve native forest restoration.   
 
a) Create a detailed map of weedy and non-weedy areas.   
In 2002, a vegetation map detailing high priority weeding sites in Kahanahāiki Gulch was 
created.  NRS installed three management trails to guide planning and allow easy navigation 
through this portion of the gulch.  This coming year NRS plan to continue detailing 
vegetation in the Gulch as well as dividing the area into smaller management areas for easier 
tracking of weeding efforts as done in Maile Flats. 
 
b) Identify and target areas with 80% native cover.  Work towards 100% native 
canopy. 
This year NRS focused weeding efforts in an area at the makai end of the exclosure.  This 
area includes an outplanting site of several different endangered species adjacent to an area 
identified as having greater than 80% native cover.  14 hours were spent weeding through 
Pteralyxia Gulch.  Canopy and understory weeds were treated, as well as the expanding 
population of Oplismenus hirtellus (Basket Grass) growing throughout the area.  A water 
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catchment was built this year to facilitate insecticide treatments for the outplanted plants.  
This water will be helpful for future grass spraying efforts in the area.  NRS plan to expand 
weeding efforts from Pteralyxia Gulch along the blue flagged trail up-gulch.  This blue trail 
passes through various outplanting sites as well as native forest patches.  NRS hope to 
connect these fragments along the trail creating a more continuous native canopy. 
 
Another area with greater than 80% native diverse forest cover is located near a D. 
subcordata and C. superba outplanting (Auntie Barbs’).  18 hours were spent weeding at this 
site this year.  This coming year NRS will re-sweep the area and work in adjacent areas, thus 
creating a larger patch of mostly native cover.      
 
c) Focus around wild endangered plant populations and outplantings. 
There are thirteen wild and outplanted endangered species sites in the gulch.  A total of 10 
hours were spent this year specifically weeding around wild and outplanted endangered 
species.  In addition, the 80% native cover areas discussed in section b above overlap with 
some rare plant sites, providing additional coverage.  All of these sites are priority weeding 
areas since the success of the outplantings are crucial to achieving requirements set in the 
Makua Implementation Plan.  Some, like the ‘Delsub’ site, are located in greater than 80% 
native forest, and others are in slightly more degraded forest.  Table 2-4 below describes the 
wild and reintroduced endangered plant populations, their site nicknames, hours spent 
weeding at the site, and comments about future weeding projects.  This coming year NRS 
plan to increase their focus around these sites and aim to visit all wild and outplanted 
endangered plant sites to ensure stability of these populations. 
  
d) Develop a restoration plan for predominantly weedy areas.  Develop a method for 
categorizing weedy areas.  Determine which actions are most useful in each category. 
The approaches and techniques developed in Maile Flats will be implemented in the gulch 
region.  Preliminary surveys indicate that there are many P. cattleianum stands appropriate 
for active restoration.  The gulch also contains monocultures of other weedy trees, including 
A. moluccana and S. terebinthifolius.  The restoration potential of these sites will be 
evaluated and test plots may be installed.  While NRS have gathered information about 
successfully treating P. cattleianum in Maile Flats, treatment of this invasive species in a 
Gulch setting may be quite different given the different associate species and topography of 
the landscape.  NRS have set up an informal Basal trail with Waianae High School students 
in January of this year and will revisit the site to evaluate efficacy, recruitment of natives, 
and recruitment of P. cattleianum seedlings.  NRS will continue to establish P. cattleianum 
trial plots to identify means of treating monotypic stands in the Gulch.   
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Table 2-4.  Wild and Reintroduced Rare Plant Populations in the Gulch Area 
Species/ Population code Type Site Nickname Hours 

weeded 
Comments/weed actions for 

2004/2005 
Alsinidendron obovatum 

MMR-D Reintroduction Schwepps Trail 
 0 Sweep slope above Schwepps 

Trail 
Schiedea nuttallii MMR-B Rare Plant Schnut B 0 Weed around patch 

Cenchrus agrimonioides var. 
agrimonioides  MMR-F Rare Plant Near Schnut in 

Gulch 0 
Isolated plant in patch of P. 
cattleianum; weed P. 
cattleianum around plant  

Cenchrus agrimonioides var. 
agrimonioides MMR-A Rare Plant Above Delsub 

reintro 0 
Spray M. minutiflora around 
population and sweep overstory 
weeds 

Crytandra dentata MMR-A Rare plant 

Cyanea superba var. superba 
MMR-H Reintroduction 

Kahanahāiki Gulch 
 2 

Sweep gulch from waterfall 
down gulch to improve habitat  

Cyanea superba var. superba  
MMR-B 

Cyanea superba var. superba  
MMR-D 

Delissea subcordata MMR-A 

Reintroduction 
 

Auntie Barbara’s/ 
Delsub 

 
0 

Sweep area for overstory and 
understory weeds where greater 
than 80% native 

Delissea subcordata MMR-B Rare Plant Near Fluneo 0 Weed area around plants 

Nototrichium humile MMR-F Rare Plant Lower Kahanahāiki 
Gulch 0 Weed immediate area around 

plants 
Alectryon macrococcus 

MMR-G Reintroduction 

Flueggea neowawraea  
MMR-F Reintroduction 

Pteralyxia Gulch 8 

Continue to monitor area, re-
sweep as necessary 

 
 
5. Evaluate the potential, drawbacks, and regional applicability of common native species for 

outplanting.   
 
Over the last few years, young koa plants grown in the NRS nursery were outplanted in a variety 
of sites, including the ironwood site, the black wattle site, the wild population of Schiedea 
nuttallii, and the snail exclosure.  All four areas are open and sunny; these trees appear to be 
growing well.  NRS continue to collect koa seeds in anticipation of future restoration outplanting 
projects. 
 
In past years, NRS have outplanted several understory species.  Since these species are slow 
growing and since the sites into which they were planted were highly degraded, it does not 
appear as if these outplantings have been as successful as recent koa plantings.  In the future, 
NRS will evaluate understory species outplantings and decide whether or not the effort put into 
such outplantings is justified by the gain to ecosystem recovery.  NRS will also experiment with 
some new sun-loving species, such as Gahnia beecheyi, to determine whether they can act as 
open gap colonizers, thus minimizing the potential for invasive species to take hold in recently 
cleared gaps.  NRS will keep in mind that common outplanting time may be more efficiently 
spent conducting weed control; there is a trade-off between the two.   
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6.   Use volunteer labor for large-scale projects.  Expand volunteer program. 
 

NRS have used volunteer labor extensively to sweep through forest patches and to set up 
experimental plots in P. cattleianum stands in Maile flats.  Several large volunteer groups, 
including students from the UH Ethnic Studies class, Wai`anae High school Hawaiian Studies 
Program, the Youth Conservation Corps, and Halau Mohala Ilima helped to treat large areas; 
these groups volunteer once or twice a year.  In addition, NRS have recruited many experienced, 
repeat volunteers.  These volunteers have been particularly helpful, since they require less 
direction, and are familiar with existing programs.   
 
NRS hope to bring some of these repeat volunteers into a more cohesive group and expand the 
volunteer program by setting up a regular volunteering schedule.   
 
 
Monitoring 
 
Psidium cattleianum monotypic stand treatment 
 
In order to determine the best methods for treating monotypic P. cattleianum stands, plots were 
installed in the Maile Flats area in 2003.  See Table 2-5 for a summary of treatment techniques 
employed.  This project is described in detail in the 2003 PCSU report.   
 
Table 2-5. Summary of Large Monoculture Psidium cattleianum Control Plots 

Plot Date 
Installed Treatment 

Clearcut 5/9/2002 All non-natives cut down and treated with Garlon 4.  Only 
natives left standing. 

Selective 
Clearcut 

10/21/2002 Some non-native trees selected and treated with basal application 
of Garlon 4.  Remaining non-native trees all cut down. 

Basal 4/13/2002 All non-natives left standing and treated with a basal bark 
application of Garlon 4. 

Selective 
Basal 

4/13/2002 All non-natives left standing.  Most treated with a basal bark 
application of Garlon, but some selected to remain untreated and 
provide a canopy. 

Stripes 8/20/2002 Narrow rows of native and weedy trees alternating with wider 
rows of clearcut non-native trees.   

Koa Canopy/ 
Clearcut 

4/8/2002 All non-natives cut down and treated with Garlon 4.  Only 
natives left standing. 

Chipper 3/6/03 All non-natives cut down and treated with Garlon 4.  Slash 
chipped up and left in piles.   

 
The plots were installed at different times, as scheduling required.  Comparison of the plots must 
take this into consideration.  Most plots have also received some sort of weed control since 
installation (seedlings sprayed, regrowth treated, colonizing weeds controlled…etc.).  All of this 
weed control has been recorded.  NRS were interested in several questions.  Is slow removal via 
basal herbicide application more effective than clearcutting?  Does a canopy need to be 
maintained to promote native seed germination?  Does canopy removal trigger P. cattleianum 
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seedling growth?  Or does this weed germinate best when shaded by other large P. cattleianum?  
Which control method is most successful and least time-intensive? 
 
Results of these plots are fairly definitive, however plots will be left and read for a few years to 
observe long term affects of these treatments.  The plots with the most promising results were the 
Clearcut, Basal, and Chipper Plots.  Much Acacia koa regeneration has been observed in these 
plots.  These are the three plots where the P. cattleianum canopy has been completely eliminated, 
and where the microclimate has been most altered.  Most of the koa regeneration appears to be 
from seed, rather than root suckers, indicating that koa regeneration prefers the creation of such a 
light gap.  These plots are also promising because they had the least recruitment of P. 
cattleianum.  It appears as though P. cattleianum recruitment does not favor such drastic 
exposure to light and heat, a likely explanation for the extensive seedling beds that are found in 
dense monotypic stands of the weed.  The effectiveness of these control techniques is exciting 
because it provides NRS with several options for treating an area.  For example, in steep areas, 
where chainsaw clearcutting work is not ideal, basal treatment can be used.   
 
In contrast, little germination of native seedlings and quick development of P. cattleianum 
seedling beds have been observed in the other plots where some P. cattleianum canopy has been 
maintained. The chipper plot has also proved to be a promising alternative to clearcuting where a 
huge pile of slash is created.  The few existing native species in the area have managed to handle 
the heat and light after nearly the entire canopy in the area was removed.  Many new koa 
seedlings and other native sun-loving species such as Bidens torta, Alyxia oliviformus, and 
Cocculus trilobus are observed, mostly close to mature source trees.  NRS believe that having 
mature source trees such as koa and other quick germinating species nearby is crucial to this type 
of active restoration.  With a close source of native seedlings, the area requires less time and 
effort from NRS in the way of supplementing the site via outplanting common natives, and 
fosters a more natural form of forest regeneration.  At the chipper site, NRS are still investigating 
the response of native seedlings in the area to P. cattleianum chips spread out over the ground for 
experimental purposes.   In all plots where P. cattleianum has been treated with a chainsaw, there 
are several stumps with resprouts.  It is likely that these stumps were unseen and missed 
treatment with herbicide.  NRS aim to be more vigilant about treating all stumps during initial 
elimination to reduce future maintenance at these sites.     
 
P. cattleianum monoculture control will be time-intensive, no matter what methods are used.  
Doing any kind of aggressive weeding requires constant site follow-up and maintenance.  By 
creating such large light gaps, sun-loving weed germination will also be encouraged.  Whether or 
not there is time to do regular maintenance should be a deciding factor in whether or not such an 
aggressive approach is taken.   
 
These plots will also be used to test control methods and to approximate a general restoration 
timeline.  A potential timeline could be: control in spring, decomposition over summer, control 
establishing weeds, outplant first or second winter depending the quality of the area.   
Outplanting may or may not be necessary depending on how quickly native species colonize the 
cleared areas.   
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Psidium cattleianum seedling bed treatments 
 
Maile Flats contains large seedling beds of P. cattleianum, as well as older P. cattleianum 
monocultures.  Some of these seedling beds are quite large, up to 30m by 30m.  Individually 
treating each seedling is extremely time consuming. In response to this dilemma, NRS conducted 
experiments to test the effectiveness of a foliar Garlon spray.  See PCSU Final Report 2003 for 
details of these experiments.  Results from these experiments found the various methods tested to 
be ineffective.  As a consequence of these negative results NRS tried a different spray solution of 
10 % Garlon 3A mixed in water.  This spray solution was applied to P. cattleianum seedling 
beds existing in the P. cattleianum plots.  After several check-up visits spanning four months all 
of the treated P. cattleianum remains dead.  For now, the method looks successful enough to 
begin implementing.  NRS will continue to implement this method in monoculture areas and 
monitor its effectiveness.  Based on the results of these trials, NRS may explore the potential of 
new treatment methods, in particular, drizzlers and paint rollers. 
 
 
2.7.b `Ōhikilolo MU 
 
The `Ōhikilolo MU is visited at least once per quarter.  All management usually takes place 
during these regularly spaced trips.  This year, due to a halt of helicopter operations, NRS were 
unable to visit the MU as often as planned.   
 
Surveys 
 
Quarterly weed surveys are conducted along three ungulate transects and on the primary natural 
resources LZ.  No new incipient invasive weeds were discovered in any of these weed surveys.  
However, NRS did note T. semitriloba in increased abundance on the LZ.  To reduce the 
potential of NRS unwittingly acting as vectors and transporting this weed into areas of native 
forest, T. semitriloba will be controlled on the LZ and other well-traveled areas.    
 
Control 
 
While most of the `Ōhikilolo MU is made up of extremely steep and rocky terrain, it also 
includes small patches of moderately-sloped mesic forest.  Weed management done in the MU 
focuses mostly around these forest patches.  In particular, NRS focus on a two and a half acre 
ungulate-free exclosure near the primary LZ.  The steep `Ōhikilolo ridge widens out in this area, 
creating a small island of relatively flat land.  This is where the primary LZ is located.  
Vegetation in the `Ōhikilolo MU ranges from close to 100% native to 100% alien.  The long 
term objective of weed management at `Ōhikilolo is to restore the small mesic forest areas to 
greater than 80% native cover and prevent new incipient weeds from becoming established.  
Because the area is an island – remote, pig-free, nearly goat-free – NRS feel that there is great 
restoration potential for the degraded areas in the MU, and great survival value in the 
predominantly native areas.   
 
Approximately 55 person hours over three 3-day camping trips were spent controlling weeds in 
the `Ōhikilolo MU by NRS and volunteers this year.  This is 80% less time spent weeding than 
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last year.  With helicopter operations on hold, NRS spent the longest span of time away from the 
MU since management began there.  Therefore, the work done during the first trips back to 
`Ōhikilolo after this long break focused on priority issues such as rare plant monitoring, 
collecting, outplanting, and rat baiting.  This coming year NRS hope to return to a regular 
weeding schedule.  In addition, NRS will seek the assistance of volunteers to aid in overdue 
weed projects. 
 
Figure 2-3. `Ōhikilolo Weed Control Sites 
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Short Term Objectives and Discussions 
 
NRS will maintain an adaptive list of short-term goals to help direct management efforts. 
 

1. Prevent new invasive alien species from becoming established 
 
a) Rubus argutus.  An incipient population of R. argutus was discovered near a population 
of endangered Hedyotis parvula two years ago.  The population does not appear to be thriving; 
perhaps the site is drier than R. argutus usually prefers.  This year NRS visited the site twice and 
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spent a total of 2.5 hours sweeping for and controlling R. argutus in a 3000m² area.  In December 
2002, 165 plants were treated.  In July 2003, 103 immature and 4 reproductive plants were 
found.  However on the first visit this year, 4 seedlings and about 8 resprouts from previously 
treated plants were found. On the second visit, no plants were found.  NRS will continue to 
monitor the population quarterly for resprouts and seedlings with the hope that complete 
eradication from that site can be achieved.   
 
b) Cirsium vulgare.  Around the LZ, just below the LZ in the exclosure, and in nearby 
Lantana Gulch, there is a population of C. vulgare, Scottish Thistle.  C. vulgare appears to thrive 
primarily in open sunny areas, although NRS have seen it growing in forest understory.  NRS 
have treated this population repeatedly; however, C. vulgare appears to have become established 
in the seed bank.  While NRS have previously been diligent at sweeping for this weed on most 
work trips, C. vulgare was swept for only once this year. Thirty immature plants were found in 
Lantana Gulch.  No sweeps were made in other areas where it has previously been seen.  NRS 
plan to revisit all sites where mature plants are known from.   
 
c) Araucaria columnaris, Norfolk Pine.  One of the unique landmarks of the `Ōhikilolo LZ 
was a very tall Norfolk pine tree that is the source for the hundreds of seedlings in the area.  The 
tree has been killed, and in December 2001, NRS began to control the many seedlings in the 
area.  Most of the seedlings are concentrated around the LZ, but outliers have been found in 
forest patches mauka and makai of the LZ.  Without a source of new seed, NRS will have to 
sweep the area and remove plants before they reach maturity until the seedbank is exhausted. 
NRS will continue to focus on removing seedlings from the MU during quarterly management 
trips.   
 

2. Target particularly invasive species with small populations for increased control effort.  
Create a High Priority List 

 
a) Erigeron karvinskianus.  E. karvinskianus thrives in steep, open areas, where it can be 
very destructive and poses a significant risk to ecosystem quality.  It does well in open gaps 
within forested areas.  This creeping plant grows quickly and forms large mats.  Trials 
established that E. karvinskianus responded well to Garlon 3A foliar spray.  However, native 
plants are also susceptible to the foliar spray.  Care must be taken to reduce secondary kill.  This 
year NRS spent 5 hours treating E. karvinskianus patches in the gulches mauka of the LZ.  
Sweeps in this area and in the Forest Patch Exclosure will continue with caution around sensitive 
resources.   
 
b) Melinus minutiflora.  M. minutiflora colonizes open sunny gaps.  It forms thick mats and 
crowds out native species.  While it is widespread throughout the `Ōhikilolo MU, NRS have 
targeted it for eradication in the Forest Patch Exclosure and around various rare plant sites.  No 
spraying took place in the forest patch exclosure this year.  M. minutiflora  was controlled with 
handsprayers around a wild population of Pritchardia kaalae and a population of Sanicula 
mariversa for a total of 4 hours.  Both areas were previously sprayed, however follow-up 
spraying was minimal.   Next year, NRS want to expand grass control to the ‘Makai of 
Exclosure’ area (see section 4.b) below), and will continue control in the gulch mauka of the LZ.   
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c) Rubus rosifolius.  R. rosifolius, like E. karvinskianus, is locally abundant in the 
`Ōhikilolo MU.  There is a particularly large patch of R. rosifolius in the gulch mauka of the LZ.  
NRS have treated this population in the past.  NRS treated this population once in the past year.  
However, R. rosifolius is fast-growing, and quickly reestablishes itself.  Further and consistent 
control is needed.  NRS will check and control this population quarterly.  R. rosifolius is also 
found scattered in the Forest Patch Exclosure.  Almost all of the exclosure was swept once over 
the past year; during these sweeps, NRS treated R. rosifolius.   
 
d) Triumfetta semitriloba.  T. semitriloba is widespread throughout the `Ōhikilolo MU.  
While targeting this species for eradication in the MU is not feasible, NRS hope to control its 
spread by removing it from well-traveled areas, including the fenceline and the `Ōhikilolo LZ.  
NRS do not want to inadvertently track it into predominantly native areas.  There are large 
patches along the fenceline by the Forest Patch Exclosure, on the LZ itself, and on the fenceline 
mauka of the LZ.  It is likely that goats on the Kea`au side of the fence are in part responsible for 
the spread of this weed.  This year, NRS spent no time treating these areas.  Next year, NRS will 
use more aggressive tactics to control the spread of this weed.  T. semitriloba is susceptible to 
Glypro+ foliar spray.   
 
 

3. Identify forest patches of 80% native composition.  Work on them as specific projects.  
Direct control efforts to achieve 100% native composition. 

 
a) Forest Patch Exclosure.  The Forest Patch Exclosure encloses a mostly native forest 
patch, an eroded scar, and an open weedy area.  This weedy area below the LZ is discussed in 
section 4.a.  The forest patch is home to a candidate for endangered status plant, Melicope 
makahae, an endangered snail, Achatinella mustelina, and reintroductions of two endangered 
plants, Pritchardia kaalae, and Sanicula mariversa.  NRS have expended extensive effort over 
the past four years to convert the forest patch section into a pristine native area.  At the outset of 
the program, extensive work was performed to remove established weed populations.  However, 
in recent years it has become increasingly easy to maintain the forest patch as a weed-free area 
because follow-up is done regularly and invasive plants do not have the opportunity to become 
established.  The entire exclosure area, except the weedy portion below the LZ, was swept once 
this year.  NRS believe the exclosure need only be swept once a year, with attention focused on 
weedier areas and persistent weeds such as E. karvinskians.  Weedy areas included the S. 
mariversa outplanting, ‘Stachytarpheta flats’, and the fenceline.  In the future, the fencelines 
may be weeded in a separate effort, rather than as part of the exclosure sweeps.  NRS observed 
Metrosideros tremuloides colonizing the eroded scar.  This bodes well for the recovery of the 
area.   
 
b) Gulch mauka of LZ.  Just mauka of the LZ there is a large gulch which hosts a variety 
of resources, including the rare tree P. macrocarpa, the endangered snail A. mustelina, and an 
outplanting of the endangered palm P. kaalae (MMR-H).  In addition, the area has experienced 
regrowth of native species, such as `ie`ie (Freycinetia arborea), since goats have been controlled 
in the region.  NRS spent 7 person hours controlling S. terebinthifolius, L. camara, S. dichotoma, 
A. riparia, R. rosifolius, and E. karvinskianus in and around this gulch.  Much of this area has 
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been swept in previous years and only requires regular monitoring to prevent the re-
establishment of large weedy populations.  R. rosifolius and E. karvinskianus appear to be the 
most resilient weeds.  NRS will continue to monitor this area and will expand the area treated to 
fully encompass the area of the P. kaalae reintroduction.  NRS will also continue to slowly 
remove large S. terebinthifolius and target the expanding patches of M. minutiflora in the 
surrounding area.  NRS will also consider outplanting common natives. 
 
c) Sanicula mariversa MMR-A.  On the makai section of the `Ōhikilolo MU, there is a 
population of endangered S. mariversa.  This species thrives in exposed, steep, sunny habitat.  
The site is primarily made up of native vegetation; however, M. minutiflora was beginning to 
invade it.  Treating M. minutiflora, which interferes with S. mariversa growth, must be balanced 
by the need to maintain ground cover and reduce erosion.  Although the area is steep, most of the 
patch is vegetated with native grasses and sedges.  This year, NRS did not treat the area because 
M. minutiflora was not regrowing into the endangered plant population.  The area had been 
treated using Fusilade II with hand sprayers the previous year.  NRS will continue to monitor the 
site and will retreat the grass patches as needed.   
 

4. Identify weedy patches and evaluate their restoration potential.  Work on them as 
specific projects.  Direct control efforts to increase the proportion of native species.     

 
a) Exclosure, Below LZ.  The Forest Patch Exclosure consists primarily of 90% native 
mesic forest; however, one end of the exclosure juts mauka, below the LZ.  This triangular area 
is very weedy.  No time was spent treating this area.  This area has been weeded multiple times 
before; however, because it is so open, weeds continue to thrive.  Last year, NRS directed effort 
towards outplanting native species in order to reduce the regeneration of weedy species and 
promote more rapid native invasion.  Almost 100 A. koa were outplanted.  NRS have observed 
improvement; there are new patches of Sphenomeris chinensis (pala`a), as well as other scattered 
natives.  Next year, NRS will continue weed control.   
 
b) Makai of Exclosure.  The area just makai of the Forest Patch Exclosure is around 50% 
native cover.  NRS spent no time removing weeds from the area.  This area borders a patch of 
80% native forest; NRS hope to promote the expansion of native forest into this site.  Since much 
of the canopy consists of S. terebinthifolius, weeding must be selective to prevent the creation of 
open gaps.  M. minutiflora is invading the site; in the coming year these patches will be treated.   
 
c) Pritchardia kaalae MMR-A.  Just below the Forest Patch Exclosure is the largest known 
wild population of P. kaalae (MMR-A).  Last year, NRS constructed a fence around the P. 
kaalae population to protect it from goats.  The area immediately around the P. kaalae is 50% 
native mesic forest.  In the interests of improving habitat quality for this endangered species and 
in the course of fenceline clearing, NRS controlled S. terebinthifolius, A. riparia, A. adenophora, 
S. dichotoma, M. minutiflora, and P. conjugatum.  This site is especially sensitive; NRS have 
observed huge numbers of slow-growing P. kaalae seedlings; NRS must balance weed control 
against the potential to trample delicate seedlings.  In addition, NRS do not want to significantly 
alter light levels present at the site; this may have an adverse effect on seedling germination and 
growth.  NRS will continue to manage the site, taking a gradual approach to removing canopy 
weeds, and focusing primarily on understory weeds.   
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d) Lantana camara Patch.  Between the LZ and the gulch mauka of the LZ lies a bowl 
formerly infested with L. camara surrounded by 80% native canopy forest.  In September 2002, 
the entire L. camara patch was treated.  A large open area was created by this effort.  Since then, 
NRS have controlled other weeds present in the area to prevent the formation of another weed 
patch.  This year several A. koa were outplanted in the area with hopes that they will serve to 
provide additional shade to suppress these weeds.  If this trial outplanting is successful, NRS will 
consider outplanting more koa and other native species as well.  Minimal time was spent 
weeding E. karivinskianus in the area this year.   In the coming year, NRS will monitor and treat 
weeds, as well as investigate outplanting other common native species into the site.   
 
e) Pritchardia kaalae MMR-B, Ko`iahi.  On the makai section of `Ōhikilolo ridge, above 
Ko`iahi, there is a wild population of P. kaalae, MMR-B.  This small population is located in 
weedy, open habitat.  NRS identified M. minutiflora as a potential threat to seedling germination 
at the site.  To combat this, NRS have used a combination of hand pulling, cutting, and spraying 
with Fusilade II.  This year, 1.5 hours were spent spraying M. minutiflora in the immediate area 
around the mature P. kaalae and the installed seedling catchments.  NRS were concerned about 
removing a lot of grass and causing erosion; however, many of the other grasses present in the 
area are not susceptible to Fusilade II, so this was not a danger.  Since the site is open and 
weedy, and there is M. minutiflora throughout the surrounding area, completely eradicating it is 
not a priority.   
 
f) Pritchardia kaalae MMR-I, Ko`iahi.  Further south of the P. kaalae MMR-B site is a 
large outplanting of P. kaalae (MMR-I).  In addition to being a reintroduction site, endangered 
A. mustelina snails have been observed in the area.  Approximately 20% of the canopy consists 
of S. terebinthifolius.  This year, NRS spent 3 person hours weeding S. terebinthifolius and L. 
camara from 900m2.  Since the area is weedy, control focused around native trees in the patch.  
In the coming year, NRS plan to continue this selective weeding and improve habitat quality.   
 

5. Erosion control.  Identify areas that would benefit from more active management.  Use 
mats, or other techniques, to reduce erosion, and increase the rate of revegetation.   

 
a) LZ.  On 7 March 2002, major erosion control work was conducted on the primary LZ, 
which also serves as the NRS campground.  Since this preliminary erosion control, NRS have 
observed promising results: a significant reduction in dust, and 80% vegetative cover on the LZ.  
Most of the plants colonizing the LZ are weeds.  This year NRS covered the entire LZ/campsite 
area with jute secured to the ground. This erosion control work has been very successful.  NRS 
will use jute mats to help rehabilitate other eroded areas in the `Ōhikilolo MU, including eroded 
scars directly bordering the LZ.  At these other sites NRS would like to promote growth of native 
colonizing species; however, since erosion control and revegetation are the goals of these efforts, 
colonization by weedy species would also be acceptable.  
 
b) Pritchardia kaalae A fence.  NRS installed jute matting, covered with fence skirting 
along the new P. kaalae fence that crosses over some steep dirt slopes.  This erosion control 
already appears to be fostering vegetation recruitment in previously bare areas, as well as 
slowing erosion in some areas.   
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c) Region west of Sanicula mariversa.  The fence which runs along `Ōhikilolo ridge is 
Mākua’s primary defense against goats.  Some areas of the fenceline are severely eroded, in 
particular, a 75m long area just makai of a population of S. mariversa.  In this spot, soil is 
eroding out from under the fence, creating a gap between the bottom of the fence and the ground.  
In March 2002, NRS installed fence skirting and coconut mat at these gaps to slow erosion and 
prevent ungulate ingress.  While the coconut did appear to slow erosion at first, it was not 
colonized by plants and eventually degraded.  The effort was unsuccessful.  In April 2004, NRS 
used a post pounder to sink the fence flush with the ground once again, however this method 
does nothing to prevent further erosion, and at some point, the fence will not be able to stretch 
closer to the ground.  NRS have begun investigating alternative erosion control techniques, 
including jute matting, coconut fiber logs, and photodegradable matting.  Next year, NRS hope 
to test some of these materials.   
 
 
Monitoring 
 
There are no active weed-control monitoring plots on `Ōhikilolo ridge.  This year, a trial plot was 
installed to monitor the effectiveness of treatments for the invasive fern Blechnum 
appendiculatum.  B. appendiculatum  is the last remaining habitat altering invasive in the 
`Ōhikilolo MU for which NRS do not have an effective control strategy.  While treatments for B. 
appendiculatum have been investigated for the last several years, no treatment has been effective 
at reducing B. appendiculatum cover without impacting native cover.  In talks with Mike 
Matsukawa at the Dept. of Agriculture, NRS found that there are no fern-specific herbicides 
available for use in Hawaii.  NRS are not sure if any even exist.  NRS consulted Dan Palmer, 
author of Hawai`i's Ferns and Fern Allies, and learned that B. appendiculatum spreads via 
stolons.  A large patch of this weedy fern may actually be one plant.  This explains why in 
previous trials, Garlon 3A sprayed at 2% created an initial dieback in B. appendiculatum, but 
over time, the fern cover returned.  Therefore, the trial this year involved installing 1 meter by 1 
meter plots by cutting the stolons around the patch of fern, thus isolating a patch to spray with 
Garlon 3A at 2%.  It only took one return visit to see that this treatment was ineffective.   
 
While NRS continue to search for treatments for large patches of B. appendiculatum, an informal 
weeding trial was installed to investigate whether or not isolated patches can be treated basally 
with Garlon 4 at 20% concentration.  If this treatment proves effective, isolated patches of B. 
appendiculatum can be treated during sweeps for other weeds.  Initial observations suggest that 
Garlon 4 is effective, but further trials will be conducted in the coming year.   
 
A few years ago, the results of several other weed control monitoring plots were deemed 
conclusive (see PCSU report 2001).  NRS have been using the results of these plots to direct 
future management.  Both E. karvinskianus and K. pinnata responded well to a 3% Garlon 3A 
spray.  Christella parasitica was killed by basal treatment with Garlon 4.  Over the past year, 
NRS have increased their efforts in controlling these weedy species. 
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2.7.c Lower `Ōhikilolo MU 
 
Surveys 
 
The Mākua firebreak road cuts directly below the Lower `Ōhikilolo MU.  One incipient invasive 
species was identified during the annual road survey, Caesalpinia decapetala.  It appears that 
this species was a contaminant in rubble deposited along the road for future road repairs.  NRS 
has continued to conduct routine surveys in this area, and it appears this species has been 
successfully controlled.  NRS will monitor the population and retreat as necessary.   
 
Control 
 
Management in the Lower `Ōhikilolo MU is unique among the many weed control projects 
performed by NRS because it is focused primarily on firebreak construction and maintenance 
and secondarily on native habitat management.  There are three endangered species, Chamaesyce 
celastroides ssp. kaenana, Hibiscus brackenridgei subsp. mokuleianus, and Spermolepis 
hawaiiensis in the MU.  Management is focused around the two C. celastroides patches and one 
H. brackenridgei population.  A sea of the invasive grass, P. maximum, and the invasive tree, L. 
leucocephala surrounds all populations.  The H. brackenridgei population is approximately 
150m from the south firebreak road, and both the upper and lower groups of the C. celastroides 
population are only 15m from the road (See figure 2-4).   
 
Range Control has adopted a new fire-reduction policy that limits live-fire training when weather 
conditions are favorable for fire; hot, dry, and windy conditions are avoided.  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.   
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Figure 2-4. Increase of Lower `Ōhikilolo C. celastroides Fire Breaks 
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Despite these measures, C. celastroides and H. brackenridgei still face a high threat from range 
fire from training and other range activities.  In order to reduce this risk, NRS constructed 30m 
firebreaks around the three populations. This resulted in the creation of a 3.5 acre fuel break 
around the Hibiscus population, a 1.8 acre fuel break around the Upper Chamaesyce Patch, and a 
1.7 acre break around the Lower Chamaesyce Patch.  In the last year, NRS spent 482 hours 
maintaining and extending the fuel breaks on these 7 acres.  In Figure 2-5, time spent conducting 
different types of control is summed for all three Lower `Ōhikilolo sites.  In the first 11 months 
of fuel break installation, effort was very high.  During this time, work on the Chamaesyce fuel 
breaks did not even begin until 6 or 7 months into the period, and all work focused on grass 
control.  In the second 11 months of control, total effort dropped by almost half, and grass 
control effort dropped by more than half.  In the 3rd year of control, total effort stayed relatively 
constant, but grass control effort dropped by 100 person hours.  NRS were able to spend 
increased effort on haole koa in this period.  This generally decreasing trend in effort needed to 
maintain the fuelbreak is very encouraging, given the huge time investment this large project 
initially required.  It signifies the success of sustained control efforts as an effective means to 
control and reduce weed populations.  NRS foresee that in the future, haole koa control should 
take less and less effort, as the sites are slowly rid of mature trees, and effort shifts to seedling 
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control.  The time spent on manual control of grass has steadily dropped and will end altogether, 
while time spent on chemical control of grass has remained constant.  Since grass growth is in 
part dependant on rainfall, this effort will probably fluctuate from year to year, and may remain 
in the 200 person hour range.  As grass seeds do not disperse far, we may be able to exhaust the 
seed bank within the fire brake.  If so, effort within the fire brakes may drop substantially. The 
reduction of weed populations within the fuel breaks also encourages the regeneration of native 
dry shrubland species, such as D. viscosa, Sida fallax, Abutilon incanum, Heteropogon contortus, 
E. sandwicensis, and Waltheria indica.  
 
Figure 2-5.  Lower `Ōhikilolo: Change in Effort Over Time 
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NRS made a concerted effort this year to reduce the population of Acacia farnesiana, and L. 
leucocephala inside the three fuel breaks.  Removal of these species eliminates habitat beneficial 
to grass propagation and facilitates native plant recruitment.  In the Upper Chamaesyce patch 
about a four fifths of the existing population of these species was removed.  A part of the area 
cleared included what was formerly a large swath extending from the lower road-facing 
perimeter to the road itself.  A similar section was cleared in the Lower Chamaesyce patch as 
another means to extend the perimeter and effectiveness of the fuel break around the native plant 
population.  A significant portion of the all the work done in controlling Acacia farnesiana, and 
L. leucocephala is due to the hard work of volunteer staff.  NRS have found this area to be a 
particularly good area to bring volunteers as it is easily accessible, and these weeds are easy to 
identify and target.  Volunteer trips will continue to be scheduled to eradicate these species. 
 
Control techniques established as effective in 2003 for target weed species have remained largely 
the same.  Control of grass species, namely P. maximum is done so with the use of back pack 
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sprayers and one of two herbicides.  The larger portion of the patches are sprayed with Round-
up, in a 1% mix with water.  The smaller portions, around sensitive native plant populations, are 
sprayed with the grass-specific herbicide Fusilade, in a 0.6% mix with water.  As a means to aid 
this work, water catchment systems were created in each of the plots.  Two catchments were 
constructed in the Hibiscus patch, and one in each of the Chamaesyce patches.  NRS will 
monitor and maintain catchments as necessary during scheduled visits.  Control of woody 
species, such as Acacia farnesiana, and L. leucocephala is done hatchets, loppers, and handsaw.  
Each weed is cut low to the ground creating a stump, which is then split with a hatchet scarring 
the taproot.   Scarified taproots are then treated with a 40% Garlon 4.  Moving forward NRS will 
continue control in these patches employing techniques proven successful in the past, as well as 
look for new strategies to improve our efficiency and effectiveness in this area. 
 
Monitoring 
 
Photopoints were taken at each site to track the changes in vegetation that have occurred with 
management (Figure 2-6) 
 
Figure 2-6.  Upper Chamaesyce Photopoint Series 
 
July 2002 
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July 2003 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.7.d Kaluakauila MU 
 
Surveys 
 
There are two weed and ungulate transects in Kaluakauila.  After the completion of the new 
exclosure, NRS moved one transect from inside the fence to the fenceline, and installed a new 
transect along another section of fenceline.  No incipient invasive weeds were observed along 
either transect.   
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Figure 2-7:  Kaluakauila Weed Control Sites 
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Control 
 
Located in Keawa`ula, in Kaluakauila gulch, bordering on the northern flank of Mākua Valley, 
the Kaluakauila MU encompasses unique dry forest habitat (Figure 2-7).  Surrounded by tall 
grass, it faces a high risk of fire.  This year, Kaluakauila sustained significant damage from the 
July 2003 fire (see Appendix 7 MMR Natural Resource Post Fire Assessment).  Endangered 
species were affected and native forest patch perimeters eroded.  The fire damage has since 
exacerbated the grass problem in the MU.  Most of the weeds in the MU are canopy weeds such 
as P. cattleianum, S. terebinthifolius, A. moluccana, G. robusta, M. azedararch, and L. 
leucocephala.  There are few serious understory weeds in the MU, except Rivinia humilis, Hyptis 
pectinata, and fire-prone P. maximum.   
 
Two years ago, an ungulate fence was constructed around the MU.  Weed control in the MU has 
focused along the firebreak, which includes the uppermost portion of the fence, around two 
groups of Euphorbia haeleeleana, referred to as the Upper and Lower Euphorbia patches, and 
around a Hibiscus brackenridgei ssp. mokuleianus reintroduction.  Several camping trips and 
numerous day trips were spent in the MU.  NRS spent 101 hours treating approximately 56 acres 
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throughout the Kaluakauila MU. Nearly 60% of this time was spent controlling grass.  NRS 
faced major hurdles accessing the site due to poor weather conditions. 
 
1. Firebreak.  The firebreak installed and maintained by NRS stretches along the ridgeline 
from the junction of the Kuaokalā trail, along the fenceline for a distance, to a prominent 
ironwood tree where the fenceline leaves the ridge and cuts down into the forest patch.  At this 
point, the 10ft wide firebreak ends.  Beyond the ironwood, the ridgeline vegetation is much more 
sparse.  During the July 2003 fire, this firebreak was put to the test and failed.  NRS have since 
received a draft analysis of fire management concerns in the Kaluakauila management unit 
written by an Army fire expert consultant, Andrew Beavers (Appendix 6).  A finalized report of 
these concerns and a Kaluakauila Fire Management Plan will be produced in the coming year.  In 
this preliminary report Mr. Beavers proposed changes to the current firebreak.  In addition to 
extending the firebreak up and down the ridge, Mr. Beavers also suggested that the break, as 
maintained by NRS, was not wide enough or bare enough to act as a true firebreak.  NRS were 
leaving sparse native vegetation on the ridge and not maintaining 100% bare earth.  In many 
places the ridge is too narrow to stop a high intensity fire.  Therefore Mr. Beavers believes that 
this ridgetop break will be more useful as a fixed line from which to backburn.  If the ridge is 
used as a fireline, there are requirements for creating such a line that are different than those of 
creating a firebreak.  For one, a fire line must include ‘safety zones’ along the line where 
firefighters are safe from fire.  Mr. Beavers has stated that there are no ideal locations for safety 
zones anywhere along the ridge.  It is therefore still unclear whether or not considered effective 
backburn line can be created.  Other fire management strategies are being brainstormed.  NRS 
are waiting for a final analysis and a completed fire plan for the areas before investing time and 
effort into further firebreak maintenance and installation.  NRS will work with the Army/Range 
Control/Range Safety, who are the primary responders to range fires, to develop a coherent and 
realistic fire response plan.   
 
2. Fenceline.  A portion of the exclosure fenceline runs from the firebreak at the ridge top, 
through a grassy bowl to a forest patch.  NRS decided not to maintain the fenceline as a 
secondary firebreak, since it is sandwiched by large grassy areas.  However, a five-meter strip 
along the fence has been maintained.  This year, 2 person hours were spent spraying 300m of 
fenceline.   
 
3. Hibiscus Outplanting.  This outplanting area consists of two sites a couple hundred meters 
apart on the makai end of the exclosure.  The habitat consists of scrubby forest, including P. 
odoratum, D. viscosa and patches of Erythrina sandwicensis.  NRS spent no time this year 
weeding around the outplanting.  Since the July 2003 burn, P. maximum is flourishing around the 
outplanting.  While grass control around the two Hibiscus outplanting areas would greatly 
improve habitat and foster optimal Hibiscus growth, this small-scale control seems to be 
pointless if the overall biomass of P. maximum throughout the greater area poses such a larger 
threat of fire.  This year NRS will weigh whether or not a firebreak on this makai end of the 
exclosure is feasible, and whether or not grass control around this outplanting is an efficient use 
of time if a firebreak cannot be established.  
 
4. Upper Euphorbia Patch.  The Upper Euphorbia Patch encompasses a group of 21 E. 
haeleeleana trees, which are spread out over 1.3 acres.  The population is bordered on the mauka 
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side by areas of predominantly native forest.  Last year, weed control in the patch centered on a 
patch of Leucaena leucocephala. NRS also swept a great deal of area within the bait grid for 
canopy weeds such as S. terebinthifolius, L. leucocephala, G. robusta, P. cattleianum, P. guajava 
and understory weeds, including L. camara, H. pectinata, C. hirta, R. humilis, and Chenopodium 
murale.  This sweep was very effective, and future efforts should require minimal control.  A 
rather large patch of P. maximum was also observed along the B-line ridge around a Hibiscus 
and Neraudia angulata outplanting as well as in open cliff areas on the makai end of the Upper 
Euphorbia Patch.  A water catchment site was scoped in this area and when it is constructed 
water will be permanently available for future spraying efforts.  NRS plan to control the P. 
maximum in the Upper Patch this year.   
 
This year, time was also spent weeding L. leucocephala around a wild population of N. humile in 
the gulch bottom below the Upper Euphorbia Patch.  Two main areas of N. humile were treated.  
Continued effort is required in the coming year.   
 
5. Lower Euphorbia Patch.  The Lower Euphorbia Patch encompasses a group of 170+ plants 
spread out over 4.5 acres.  The patch is crisscrossed with a grid of rat bait stations.  NRS spent 5 
person hours treating canopy weeds along the rat bait transects and also in areas of greater than 
80% native forest.  In the future, NRS will continue weeding canopy weeds in the mostly native 
forest patch areas as well as the L. leucocephala along bait trails.   
 
This year extensive efforts were made to control P. maximum in the patch. NRS feel that P. 
maximum poses a severe threat, both as a fire-hazard and as a quick-growing sunny gap 
colonizer.  NRS use a combination of mechanical control with weedwhackers followed by an 
herbicide treatment to control this grass.   Due to the sensitivity and prevalence of native 
seedlings throughout the area NRS choose to work with the grass specific herbicide, Fusilade II, 
rather than the more general, but more effective Round-up Pro.  NRS have found that this 
herbicide is most effective at treating P. maximum about 6-8 weeks after it has been cut (the 
grass must be actively growing for Fusilade II to be effective).  After a first round of 28 hours 
worth of weedwhacking this year, NRS were unable to return to the site for a follow up spraying 
operation because water could not be flown in due to helicopter restrictions.  Grass grew back to 
levels unable to be treated with Fusilade II, and NRS spent 21.5 more hours weedwhacking.  
Efforts to follow this second cutting with a spray also failed because of helicopter issues.  Since 
water is the limiting factor in spraying, and weather conditions often prevent helicopter 
deliveries of water, NRS plan to build water catchments this year.  With water permanently 
stationed in the patch, spraying can be done at any time.  This coming year NRS plan to control 
P. maximum with a weedwhacking and follow up spray effort.  Since weedwhacking is a rather 
invasive control method, NRS hope that P. maximum can be set back so that future control of the 
grass will only require spraying.   
 
One gulch over from the Lower Euphorbia Patch, Rivinia humilis forms an almost unbroken 
carpet through the understory.  R. humilis plants have been found in the Euphorbia Patch.  More 
needs to be learned about this weed.  For now, NRS are manually removing it in the course of 
regular weeding efforts and are considering the feasibility of spraying it with Glypro+.   
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In the course of regular management work, NRS observed an unusual proliferation of a weedy 
annual mint, H. pectinata, in the Lower Euphorbia Patch.  H. pectinata choked the understory of 
the normally open dry forest.  NRS feel that it is spreading and may be a future problem.  NRS 
will continue to monitor this weed, and may have to consider treatment methods for H. pectinata.   
 
Monitoring 
 
There are two long-term weed plots in Kaluakauila.  One is near the Upper Euphorbia Patch, and 
the other is above the Lower Euphorbia Patch.  This year, NRS re-staked and read the lower plot.  
Data collected from these plots is kept on file at the Natural Resource Center.   
 
2.7.e Lower Mākua MU 
 
Surveys 
 
There is one ungulate transect and two natural resources landing zones in the Lower Mākua MU 
and another transect in the neighboring Ko`iahi Ungulate Control Area.  Due to a review of our 
safety protocols and procedures by the military safety office, access to the landing zone in this 
MU has been temporarily denied.  As a logistical consequence, no new data has been collected 
along the transects or LZ this year.  However, without ingress of NRS or helicopter, no new 
incipient weeds have spread to the LZ. 
 
Control 
 
The lower slopes of Mākua Valley contain some of the most intact stands of dry and mesic forest 
remaining on the island of O`ahu.  The floor of the valley, in contrast, has been highly degraded 
by military training and fires, including the July 2003 fire.  Parts of it are eroded and the rest is 
covered with thick grass.  Dry forest once covered much of the valley floor, and NRS are eager 
to preserve the forest that remains.  Most of the weeds in this forest are canopy weeds.  UXO left 
by past training hinders management in the dry forest.  Access is only allowed with EOD escort.  
Four day-trips were taken by NRS last year.  NRS spent 134 hours weeding more than 22 acres 
during these trips.  NRS focused on areas with 80% or greater native canopy.  A large proportion 
of the managed areas described below have relatively few weeds and are returned to a near-
pristine state after one treatment.  To track the areas weeded, NRS used GPS units, sketch maps, 
and contour maps. NRS will revisit weeded areas once every two years for follow up.   
 
This past year weed control activities were focused on closer to the firebreak road. Due to 
logistical concerns, locations requiring a long hiking time, or heavy gear were avoided as being 
ineffective without the use of helicopters.  As a result, the scope of control activities has been 
temporarily reduced until such time that helicopter support resumes.  Figure 2-8 details the areas 
covered this year by NRS.  
 
In order to better track and direct management effort, NRS will create a map delineating broad 
areas with different vegetation types, including 80% native canopy, 50% native canopy, 80% 
alien canopy, and P. cattleianum monoculture.  NRS will also establish permanent reference 
points using T-post markers to identify prominent landmarks.   These different vegetation types 
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require different management approaches.  NRS are experimenting with approaches to weedy 
areas in Kahanahāiki (See Chpt. 2.7.a, pg. 20).  These approaches, especially towards P. 
cattleianum monocultures, will be used in the Lower Mākua MU where applicable.  However, 
NRS will first focus on the areas with the most native cover.   
 
 
Figure 2-8. Lower Mākua Weed Control Areas 
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Monitoring 
 
Areas in Mākua Valley that have burned in the past are dominated by alien grass.  These grasses 
grow in thick patches and prevent the germination of the native woody species that dominated 
the area before it was burned.  NRS hypothesized that these areas retain a rich seed bank built 
over the years when the area was dominated by native dry forest.  If the alien grasses were 
removed, germination from the seed bank would begin the slow process of regenerating native 
forest.  This was observed in areas on Haleakalā, Maui where invasive kikuyu was removed (Bill 
House, pers. comm.).   
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If a seed bank still remains in the area, it probably is dominated by species that do not grow in 
open areas.  These species were part of a forest that favored germination in typical forest 
understory conditions.  To begin the process of restoration, light-loving pioneer species are 
needed.  At the moment, it seems that more aggressive measures, like intensive outplantings or 
seeding of pioneer species, are needed to reclaim these grassy slopes.  NRS will consider this 
option and investigate future locations for intensive alien grass removal. 
 
2.7.f C-ridge MU 
 
Surveys 
 
There are no weed transects set up in the C-ridge MU.   
 
Control 
 
NRS visit this MU twice a year for management work, including weed control. Understory 
weeds are not a significant problem in this MU; they include L. leucocephala and L. camara.  
Most of the weeds are canopy species, including S. terebinthifolius, P. cattleianum, P. guajava, 
S. cumini, M. azedarach, G. robusta, M. hibiscifolia, L. leucocephala and A. moluccana.  The 
goal of weed management in the MU is ecosystem-scale control. 
 
NRS work in C-Ridge was stymied this year due to the discovery of a thousand pound bomb just 
off the fire break road.  The obvious threat to the safety of NRS due to the presence of the bomb 
impeded all weeding activities in the area.  Just recently the bomb was detonated removing this 
threat. This winter, NRS with the help of RoundUp Pro® will control the dense P. maximum 
currently choking the C-Ridge road preventing safe access.  As well, NRS will continue to work 
to control grass patches within the forest in order to slow the spread of this weed into the native 
understory. 
 
Monitoring 
 
There are no weed plots being actively monitored in the C-ridge MU. 
 
2.8 Schofield Barracks Military Reservation 
 
Schofield Barracks is comprised of three separate ranges: West (SBW), South (SBS), and East 
(SBE).  These ranges will be discussed separately in each sub-heading.  There are three MU’s in 
Schofield Barracks; they are Ka`ala MU (SBW), Pu`u Hāpapa MU (SBS), and Schofield-
Waikāne MU (SBE).   
 
Surveys 
 
See Appendix 2-D, Weed Survey Roads and Landing Zones, Schofield Barracks Military 
Reservation, for the exact locations of survey routes and LZs.   
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2.8.a West Range 
 
Surveys 
 
In past road surveys, NRS have targeted several weed species because of their especially 
invasive characteristics.  Please reference RCUH Final Report 2003 for a discussion of these 
weeds.  However, this year follow up tracking of these weeds, as well as surveying of the fire-
break road has not been permissible due to lack of access during regularly scheduled road survey 
times (winter).  Access in this area is often limited due to the presence of UXO and its high-use 
as a live fire range.  NRS will increase their flexibility with road survey scheduling so as to 
ensure road surveys take place at least sometime during the year, even if later than planned.   
 
Control 
 
In SBW, the majority of weed control effort is performed at Mt. Ka`ala.  These actions are 
described in the Ka`ala MU discussion below. 
 
Monitoring 
 
See the appropriate MU section for detailed discussions of trials.   
 
2.8.b Ka`ala MU 
 
Surveys 
 
There is one ungulate transect weed survey in the Ka`ala MU.  No new habitat-altering weeds 
were identified along it this year.   
 
Control 
 
Mt. Ka`ala is home to some of the most pristine and unique forest in the Wai`anae Mountains; 
much of it is an immature bog.  There are few weeds in Ka`ala, but they have the potential to 
completely alter the habitat of the bog, these weeds are: P. cattleianum (strawberry guava), 
Hedychium gardnerianum (Kahili ginger), Hedychium coronarium (white ginger), R. argutus 
(blackberry), and Sphagnum moss.  Other weeds, including Leptospermum scoparium (manuka), 
and C. hirta (Koster’s curse), have also been observed in the bog.  NRS spent 495 person hours 
controlling weeds across the MU this year.  In order to better direct management efforts, NRS 
developed a weed control plan for the bog flats area.  The discussion of control done in the past 
year is incorporated into the Ka`ala Bog Flats Weed Control Plan below.   
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Ka`ala Bog Flats Weed Control Plan 
 
Long Term Objective 
 
The long term objective of weed management for the Mt. Ka`ala bog is to maintain the area as a 
predominantly native forest.  Complete eradication of all alien invasive species is unrealistic at 
the present time, given that some weed species, like Rubus argutus, have been well established at 
Ka`ala for many years.  To achieve a predominantly native forest, NRS will work towards two 
sub-goals across the area defined in the attached map Ka`ala Weed Control Areas Figure 2-9: 
• 100% native canopy cover. 
• 95% native understory.   

Ideally, weeds will be controlled before they reach maturity and reproduce.  Understory weed 
control will focus on immature weedy trees and particularly invasive shrubby and herbaceous 
species.  Non-ecosystem altering weeds will not necessarily be control targets.   
 
Currently, the Ka`ala weed control area is defined as the flat portion of the bog and select native 
gulches and ridges.  Based on knowledge gained during future surveys and work trips, the exact 
delineation of the Ka`ala weed control area will evolve as knowledge of weed threats, potential 
treatment methods, and weed distribution evolves.  The bog stretches beyond Army lands. Weed 
control needs to occur across the entire bog for removal efforts to be effective in the long term.  
NRS will establish a partnership with the other bog landowners, including the State of Hawaii 
and the Board of Water Supply, and will clearly establish the responsibilities of each party 
relative to weed management.   
 
Short Term Objectives and Discussions 
 
Restoration to predominantly native forest will take many years.  In order to work towards this 
goal, NRS will maintain an adaptive list of short-term objectives.  This list will guide current 
management efforts.   
 

1. Prevent incipient invasive aliens from becoming established in the area.   
 

a) Leptospermum scoparium (manuka).  A sizeable population of L. scoparium exists 
below the Mt. Ka`ala bog on Kūmaipō Ridge.  Seed from this population has been dispersed 
primarily via wind onto the bog flats.  The distribution of L. scoparium throughout the bog is 
believed to be minimal but surveys are needed to better clarify its range.  Two years ago, 
NRS found five L. scoparium in the bog flats.  This year, NRS discovered two more plants 
on the FAA side of the radio tower road.  As these plants are on the State side of the bog we 
will continue our efforts to facilitate removal with them.  The following series of actions is 
recommended for this species: 

1. Conduct aerial surveys to better define the extent of the core L. scoparium population 
on Kūmaipō Ridge and to GPS locations of L. scoparium within the Ka`ala bog. 

2. Re-assess the feasibility of complete eradication of population.  Define control goals 
for bog flats and core population separately. 

3. Conduct control in Ka`ala bog in conjunction with widespread sweeps for H. 
gardnerianum and P. cattleianum.   
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4. If deemed feasible, control core population.  Coordinate efforts with OISC.   
 

b) Hedychium gardnerianum (Kahili Ginger).  The point of origin of this H. 
gardnerianum population is suspected to be ornamental plantings along the walkway on the 
west of the FAA compound.  Control of the area surrounding the original population is 
conducted on a yearly basis. This year NRS spent 335.25 person hours controlling ginger 
around the core population and in outlying areas swept on surveys. While the population 
extends into the bog flats area, the plants are scattered and sparse in this control area.  The 
distribution of H. gardnerianum is fairly well known on the Army side of the boardwalk, but 
knowledge of the extent of the population on the State side of the boardwalk is limited to a 
small section swept by the Oahu Invasive Species Committee. NRS are finding significantly 
less H. gardnerianum now than when control began.  However, in the core area, as NRS 
search a wider and wider area, satellite patches continue to be found.   These sweeps have 
focused on the southeastern and eastern sides of the FAA station.  More surveys from 
transect marker 590 are needed to clarify distribution past this point.  Based on problems 
with control efficacy, last year NRS conducted trials in order to determine the most effective 
control method.  (Details of these trials are outlined in the 2003 report.) The results are 
described in section 3.  The following is a series of actions and the current response to these 
actions for this species: 

1. Continue to monitor and conduct H. gardnerianum control in Ka`ala bog via 
widespread sweeps across the bog flats and outlying areas.  Widespread sweeps have 
been successful in discovering outlying populations of H. gardnerianum, and useful 
in determining where to conduct sweeps and surveys in the future. 

2. Determine the extent of the H. gardnerianum core population to the west of the bog.  
Conduct aerial surveys during summer flowering season across State and BWS land, 
as well as Army land.  Aerial surveys though proven useful, have not been conducted 
this year due to scheduling challenges oriented around new safety protocols.  

3. Reassess feasibility of complete eradication of population.  Define control goals for 
bog flats and core population.  NRS will continue to work towards complete 
eradication of H. gardnerianum, even though the feasibility of this goal is negotiable 
based on its wide distribution.  Sweeps, surveys and control activities for H. 
gardnerianum will continue in the bog flats and core population, with the hope that 
these activities will slow at a pace commensurate to this weeds decline. 

4. Keep in contact with Rob Anderson, U.H. Mānoa PCSU research assistant, regarding 
feasibility of H. gardnerianum biocontrol.  Contact with Rob Anderson was 
reestablished during the 2004 Conservation Conference.   

 
c) Elaeocarpus grandis (Blue Marble).  A single E. grandis was known from the area 
around an old bunker just outside the FAA exclosure.  This tree may have been part of an 
ornamental planting.  NRS treated the lone tree with herbicide in September 2002, and 
retreated it in May of this year.  No E. grandis have been found within the Ka`ala bog flats.  
The following series of actions is recommended for this species: 

1. Re-visit location of single tree and continue to retreat tree as necessary to insure its 
demise.  

2. Conduct surveys for other E. grandis via widespread sweeps for H. gardnerianum 
and P. cattleianum and destroy any plants discovered. 
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d) Juncus effusus (Japanese mat rush).  The distribution of J. effusus in the Mt. Ka`ala 
bog is limited by appropriate habitat.   Continued surveys are needed to determine the full 
extent of this weed throughout the bog flats.  Two new populations were discovered this year 
outside of where it is known from the north end of the boardwalk.  See Figure 2-9 State 
NARS Biologist Talbert Takahama observed J. effusus along trails on the State-owned 
portion of the bog.  This species is a documented pest in other natural areas, including 
Hakalau Forest National Wildlife Refuge.  NRS believe that J. effusus has the potential to 
spread beyond its current distribution within the bog, although its spread may be limited by 
appropriate habitat.  The following series of actions is recommended for this species: 

1. Determine the extent of the J. effusus population in the Mt. Ka`ala vicinity by 
conducting ground surveys and interviewing the NARS Biologist. 

2. Research control techniques for this taxon.  Reference control work conducted 
elsewhere in Hawaii.  Conduct control trials. 

3. Assess the feasibility of complete eradication of population and define control goals 
for bog flats.   
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Figure 2-9. Ka`ala Weed Control Areas   
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e) Setaria palmifolia  (palm grass).  Setaria palmifolia has been reported from the bog 
flats.  The following actions are recommended for this species: 

1. Search for Setaria palmifolia while conducting sweeps and surveys for other incipient 
weeds and interview NARS Biologist. 
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f) Festuca arundinacea (grass).  Last year, NRS discovered F. arundinacea along a 
roadside portion of the Ka`ala fenceline.  The population extends along the uppermost part of 
the road to the FAA exclosure as well as along the road to the radio towers.  This is a new 
island record for this species.  According to The Nature Conservancy’s Element Stewardship 
Abstract on the taxon, F. arundinacea prefers open habitats, is tolerant of water-saturated 
soils, and thrives in a variety of habitats.  It produces allelopathic compounds which inhibit 
woody plant growth.  It is a long-lived and strong competitor.  It is unclear how much of a 
threat it poses to the forested bog; given available information, NRS feel the more 
conservative approach is to begin control now.  The following series of actions is 
recommended for this species:   

1. Determine the extent of the F. arundinacea population in the Mt. Ka`ala vicinity 
while conducting ground surveys for other insipient weeds and interviewing NARS 
Biologist. 

2. Control population with RoundUp and observe effectiveness of control.     
 

2. Target established weed species with relatively small populations for complete 
eradication.  Create a Zero Tolerance weed list to guide effort. 

 
a) Clidemia hirta (Koster’s curse).  While C. hirta is very widespread throughout the 
Wai`anae Mountains, it has a patchy distribution in the Ka`ala bog flats.  NRS will maintain 
a zero tolerance policy for it in the control area.  C. hirta is mainly dispersed by pigs and 
frugivorous birds.  Pig dispersal will be eliminated once the ungulate fence is complete and 
any pigs within the exclosure are removed.  Re-invasion via birds is inevitable, therefore 
control must continue on a regular basis to reach the short term goal for this species.  The 
following series of actions is recommended for this species: 

1. Conduct C. hirta control in conjunction with widespread sweeps for H. gardnerianum 
and P. cattleianum.   

 
b) Sphagnum Moss.  Although it has a limited distribution, Sphagnum is considered 
established in the bog flats.  There are two core Sphagnum populations.  One population is 
spread along the boardwalk, from the 120m tag to the 500m tag.  The second population is 
located along the upper reaches of the Makaha stream.  The Makaha population stretches 
from approximately 4,000 ft. elevation to 3,800 ft.  Besides these core sites, NRS know of 
one outlying site along the old boardwalk, and the NARS Biologist, Talbert Takahama, 
knows of other satellite populations.  Preliminary results using hydrated-lime (Calcium 
hydroxide CaOH), an experimental moss control substance have had positive results. These 
experiments have been conducted by staff horticulturalist Dave Palumbo, and are discussed 
in section 3.   At this point in time, a control technique has yet to be identified for Sphagnum 
moss.  Some manual and chemical control plots have been established; they are ongoing.  
See section 3 below for details.  A large portion of the Makaha population is in standing 
water and thus may require special control techniques.  Control goals will be established 
once NRS have defined control techniques.  Where possible, NRS will coordinate volunteer 
help for this project.  The following series of actions is recommended for this species: 

1. Institute a formal Sphagnum sanitation protocol to prevent NRS from tracking it to 
new locations.  Ensure that volunteers are educated about the threat of human-
dispersal of Sphagnum.   
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2. Continue to investigate control of Sphagnum using hydrated-lime.   
3. Determine the feasibility of controlling any satellite populations.  Assess the extent of 

Sphagnum within the bog outside the two core populations and map with GPS.  
Interview the State NARS Biologist and conduct ground surveys as needed.   

4. Determine the feasibility of controlling the Sphagnum core populations once a control 
technique is developed. 

5. Control satellite and core populations with new control technique if proven 
successful.  If technique is proven successful, approach State NARS Biologist about 
applying technique on the State side of the bog. 

 
c) Psidium cattleianum (strawberry guava).  While P. cattleianum is a very widespread 
weed on the slopes below the Mt. Ka`ala bog, it has a patchy distribution in the bog flats.  
NRS will maintain a zero tolerance policy for it in the control area.  P. cattleianum is 
primarily dispersed by pigs and frugivorous birds.  Pig dispersal will be eliminated once the 
ungulate fence is complete and any pigs within the exclosure are removed.  Re-invasion via 
birds is inevitable, therefore control must continue on a regular basis to reach the short term 
goal for this species.  It is very difficult to see and identify P. cattleianum amongst the thick 
native forest of the bog.  Only experienced volunteers should be enlisted for sweeps or 
control may be ineffective.  This year, NRS spent 174 person hours surveying 8 acres. 
Control efforts have been limited somewhat by weather conditions; herbicides cannot be 
applied in the rainy conditions characteristic of Ka`ala.  To effectively cover large areas, 
NRS use the sweep method, described in the Kahanahāiki MU discussion above.  Compasses 
are vital for maintaining bearings, and a GPS unit is vital for tracking management.  NRS 
installed metal tags every 20m on the boardwalk.  These tags serve as markers.  The sweep 
method has proven very effective at locating various, sometimes unexpected, alien weeds, 
treating them, and giving NRS a better idea of conditions in Ka`ala bog.  The following 
series of actions is recommended for this species: 

1. Determine best method for defining and designating control areas on a yearly basis. 
2. Conduct P. cattleianum control via new method.     

 
d) Rubus argutus (blackberry).  R. argutus is very widespread on the slopes surrounding 
the Ka`ala summit, as well as on the bog flats.  In the bog flats, most of the plants are 
scattered, but there are occasional small thick patches of R. argutus.  NRS will work towards 
a zero tolerance policy for it in the bog flats control area.  Achieving this goal may take 
longer than for other species because of its extensive distribution.  R. argutus is mainly 
dispersed by frugivorous birds.  Re-invasion via birds is inevitable, therefore sweeps must 
continue on a regular basis to reach the short term goal for this species.  The following series 
of actions is recommended for this species: 

1. Conduct R. argutus control using methods detailed in section 3 via widespread 
sweeps across the bog flats.   

2. Identify focus areas to target with volunteer groups.   
 

3.   Support biological control development.  Contact Dr. Don Gardner and other 
researchers to determine the best approach for acquiring a successful biological 
control for R. argutus.  
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3.         Develop protocols to treat species which NRS don’t currently have a means of     
controlling.   

 
b) Sphagnum Moss.  Plots testing the efficacy of three non-chemical control techniques 
were established along the Mt Ka`ala bog boardwalk in January of 2003.  Treatment using a 
hydrated-lime compound was added in November of the same year.  Eight non-chemical one-
meter plots were installed; two for each treatment method, and two control plots.  The newer 
hydrated-lime plots were installed further down the boardwalk at a separate Sphagnum 
population.  They consist of five one by four meters plots, each plot testing five different 
concentrations of hydrated-lime.  The test treatments are:  

1. Hand removal.  
2. Smothering all Sphagnum with a layer of sawdust.  
3. A combination of the above methods; pulling the green layer of moss and then 

coating with sawdust.   
4. Spraying with a hydrated-lime compound solution. 

While only two trials of each treatment will not give enough data for statistical analysis, at 
this stage NRS are mainly interested in a simple yes or no—does the treatment clearly and 
effectively work? Or not? Observations indicate the original three treatments are effective in 
reducing Sphagnum cover to varying degrees in the short term.  However, the treatments’ 
effectiveness in the long run, determined by the number of revisits necessary to eradicate a 
population, is poor.  NRS observed regrowth at all plots. The fourth trial using the Hydrated 
Lime has shown very promising preliminary results after two treatments.  Responses varied 
in effectiveness based both on precipitation levels during treatment, and percentage of the 
compound mixed per five-gallon backpack sprayer. Each of the test plots one through five 
make an incremental increase in concentration.  Results show a corollary relationship 
between the concentration of Hydrated Lime per plot and reduction in Sphagnum.  NRS also 
monitored these treatments for their impact on native plants inside the test plots, and took soil 
samples that were submitted to the University of Hawaii’s College of Tropical Agriculture 
Diagnostic Service Center in order to test their pH levels. Test results from the soil samples 
showed an initial minimal pH fluctuation, follow up testing showed levels returned to 
normal. Monitoring of native vegetation within the treatment areas indicated no negative 
impact.  Plots with the highest concentration of CaOH (plot 5) displayed the greatest degree 
of success.  Also, within this plot, native seedling (Metrosideros) recruitment was noted on 
dead/dying Sphagnum.  Widespread use of hydrated-lime as a Sphagnum control is pending 
further study and collaboration with the Department of Agriculture.  NRS will continue to 
monitor the plots, noting effectiveness in long-term eradication of Sphagnum, and watching 
for any impact on native vegetation.   
 
c) Juncus effusus.  Research will be conducted to determine what methods other managers 
use to control J. effusus.  Two informal plots were installed on 6/25/2003 to test the response 
of J. effusus to two different herbicide applications: 2% Glypro+, and a mixture of 2% 
Glypro+ and 2% Garlon 3A.  The plots were monitored 7/14/2003 and 11/18/03.  Plants 
treated with the 2% Glypro+ died.  Plants treated with the mixture were mostly dead, 
however some retained color towards the center of the blade.  Although the mixture 
treatment may work, it appears the 2% Glypro+ method is more effective.  NRS will conduct 
another round of tests to insure the effectiveness of this application.   
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d) Rubus argutus.  The Nature Conservancy’s Element Stewardship Abstract for R. argutus 
calls for a more complete study of control techniques for this taxon.  Control methods 
discussed in the Abstract had low efficacy.  Foliar sprays of 2% Round-up and Escort 
(28g/L) resulted in 50% mortality of R. argutus.  No well-monitored trials of cut stump 
treatments had been performed.  OISC has achieved 80% kill with a 2% spray of Round-up 
Pro on related Rubus discolor.  To gain more information, NRS installed 4 small trials on 
6/25/2003 and another on 1/07/04.  The trial treatments are: 

1. R1: Cut stump treated with 20% Garlon 4 in FCO. 
2. R2: Foliar spray of 2% Glypro+. 
3. R3: Foliar spray of 2% Glypro+ and 2% Garlon 3A mix. 
4. R4: Foliar spray of 2% Garlon 3A. 
5. R5: Foliar spray of 2% Round-up Pro 
The plots were continuously monitored until 3/18/04.  The R1 plants did not show any 
resprouts.  The R2 plants had seven stems with new leaf buds.  The R3 and R4 plants 
were both dead.  The R5 plants seemed virtually unaffected by the treatment, except for 
some yellowing of the leaves.  Based on these results, treatment methods R1, R3, and R4 
appear the most viable means of control.  NRS will conduct another round of tests to 
insure the effectiveness of this application.   

 
e) Hedychium gardnerianum.  Last year NRS set up six trial treatment methods.  See 
RCUH Final Report 2003.  Conclusions from these treatments indicate the most effective 
treatment of Hedychium gardnerianum is to cut stalks, clear and then slash rhizomes and 
spray with 1.5g/L Escort.    

 
Monitoring 
 
Current monitoring efforts are described above in section 3.  Past monitoring efforts centered on 
the development of a H. gardnerianum biocontrol.  NRS are particularly concerned about the 
ginger invasion of Mt. Ka`ala.  NRS have worked with Rob Anderson (a research assistant in 
PCSU at the University of Hawaii), who developed a ginger-specific bacteria.  This control 
technique would be ideal; it is completely non-toxic, and affects only ginger.  In theory, it infests 
the ginger clone to which it is applied, eventually killing its host.  Unfortunately the treatment 
has had disappointing results at Ka`ala.  See PCSU report 2002 for a discussion of Mr. 
Anderson’s work.  However, based on recent discussions with Mr. Anderson regarding the 
improved efficacy of his work with ginger, we would like to renew control efforts along these 
lines. 
 
 
2.8.c South Range MU 
 
Surveys 
 
No new weeds were found along military training roads in South Range this year. 
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Control 
 
In SBS, control centered on Senecio madagascariensis, a newly discovered weed, and two areas 
of native forest that are home to several endangered snail species.  One of these patches was 
fenced this year, warranting the increase of weed control effort.  20 person hours were focused 
within the more native areas of this exclosure to improve the habitat for the endangered snails 
found there.  NRS make regular collections of two common species, Urera glabra, and Pipturus 
albidus, for future outplanting in the large, weedy, open area within the exclosure to compliment 
weeding efforts.   Much else of SBS is a patchwork of weeds and native areas, and does not 
merit weed control at this time.   
 
Native to South Africa and Madagascar, S. madagascariensis is a huge problem in Australia, 
where it poses serious threats to the livestock industry.  In the state of Hawaii, it is found on the 
Big Island, Maui, Kauai, and Oahu.  Senecio madagascariensis contains pyrrolizidine alkaloids 
which are toxic to livestock.  It spreads quickly, the seeds persist in the soil, and thus it is 
difficult to eradicate.  Senecio madagascariensis was first identified as a problem at Parker 
Ranch in the 1980s and has since spread to Waimea, North Kona, Ka`u, and along the Saddle 
Road.  NRS suspect that S. madagascariensis entered SBS by either an Army vehicle 
contaminated with seed from Pohakuloa Training Area on the Big Island, or as seed that was part 
of a seed mix used in erosion control efforts at the site by the Integrated Training Area 
Management (ITAM) program.  NRS are following up with ITAM to see if the seed mix was 
used at any other locations.  The infestation covers approximately 1.5 acres. 
 
Due to the fact that this weed is an agricultural pest and not a threat to natural resources, NRS 
decided to hand the project over to ITAM, who will take the lead in regular control efforts to 
eradicate S. madagascariensis. NRS have however agreed to assist in large spraying efforts; 
NRS spent 15 person hours this year handpulling and spraying the site.   
 
Monitoring 
 
No weed monitoring plots have been established in South Range 
 
 
2.8.d Pu`u Hāpapa MU 
 
Surveys 
 
No new incipient weeds were observed on NRS’ Pu`u Hāpapa LZ.  
 
Control 
 
In the snail site just below the ridge crest of Pu`u Hāpapa 5 hours were spent this year weeding 
in a weedy snail ‘hotspot’.  Several rare and endangered plants are also found in this mostly 
native area.  NRS plan to increase weeding efforts here in the coming year. 
 
Monitoring 
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No weed monitoring plots have been established on Pu`u Hāpapa. 
 
2.8.e East Range MU 
 
Surveys 
 
No new weeds were found during surveys conducted this year.  The weed population in the 
region has been stable in past years (See Appendix 2-D Weed Surveys Roads and Landing 
Zones, Schofield Barracks Military Reservation). 
 
Control 
 
All control efforts are discussed in the Schofield-Waikāne MU section below.     
 
Monitoring 
 
No weed monitoring plots have been established in East Range. 
 
2.8 f Schofield-Waikāne MU 
 
Surveys 
 
There are two LZs and one ungulate transect in the MU.  Due to helicopter restrictions, only one 
landing zone survey was conducted within the MU at Puu Ka’aumakua West.  No new incipient 
weeds were discovered on this survey or on the ungulate transect. Several years ago NRS 
discovered a moss suspected to be Sphagnum, however, this moss has not been sighted in the last 
few years.  NRS will remain vigilant in their efforts to locate this moss, if it exists in the area. 
 
Control 
 
There are two known incipient populations and a third possible population of seeding white 
ginger (Hedychium coronarium) in the Schofield-Waikāne MU.  The two known populations are 
located at the summit of the Schofield-Waikāne trail and Pu`u Ka’aumakua.  The possible third 
population is north of Pu`u Pauao.  Control has been focused on the trail population. The 
presence of the third population has yet to be confirmed; NRS plan to survey north of Pu`u 
Pauao to investigate an area which was reported to have ginger in the past.  Helicopter 
restrictions limited control work this year.   
 
NRS will continue with efforts to contain the population of Hedychium coronarium that appears 
to be spreading up from the back of Kahana Valley where the species is widespread.  In 1999, 
NRS adopted a zero tolerance policy for ginger on the leeward side of the summit. This year, 
NRS discovered and pulled one plant on the upper windward side of Haku Lei Ridge. With the 
resumption of helicopter use in the area NRS will continue the use of aerial and ground surveys, 
which have resulted in the discovery of satellite populations in the past.   
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Monitoring 
 
No monitoring projects are being conducted in the area at this time. 
 
2.9 Kawailoa Training Area 
 
Surveys 
 
No new weeds were discovered during road surveys for KLOA-1 through KLOA-6, with the 
exception of A. ciliatum in KLOA-4.  As KLOA-3 is no longer used for training, the road is no 
longer drivable past the top section of the upper pasture.  NRS will discuss the discontinuation of 
surveys in this area.  Last year NRS decided to add another road survey running from the 
junction of Kawailoa and Drum Roads, through Ashley and McCormick gates, to the intersection 
of Pupukea Road.  As this year was the first NRS surveyed what is now referred to as KLOA-7, 
all weeds documented will serve as the basis to which future weed observation will be compared. 
With the projected increase in traffic for this area, the potential for dispersal of new incipients is 
high.   NRS will watch this area closely. 
 
There are eight military LZs surveyed in this MU (Appendix 2-E).  These LZs are surveyed 
every year. No new incipient weeds were discovered on any of the military LZs.   
 
Weed surveys along ungulate transects, and remaining LZ weed lists will be discussed in the 
appropriate MU section.   
 
Control 
 
Weed control in KLOA is focused on MUs, A. ciliatum along the Poamoho Road (KLOA-4 & 
KLOA-5), and the Tibouchina urvilleana infestation at Whitmore village.  NRS spent 197 hours 
treating 22 acres in Kawailoa.  This is significantly less than last year.  Overall, management 
efforts in KLOA suffered severely from the suspensions of helicopter operations imposed by the 
Range Safety Office.  Operations were suspended from December 2003 through early 2004, 
following a helicopter accident, until safety concerns by the military safety office were 
addressed.  Much of the area is only accessible via helicopter, and without this support, trips to 
many areas within the MUs were severely limited.  This year marked the inception of another 
MU, Helemano, located directly south of the Upper Pe`ahinai`a MU.  Management of all the 
MUs, will be described in the MU sections below.  Southwest of Pu’u Kainapua’a, there is a 
large, distinct population of L. scoparium.  NRS will coordinate with OISC to scope the 
population and determine whether control is feasible at this site.   
 
1.  Arthrostemma ciliatum, Poamoho Road, Lychee Field Road.  A. ciliatum was first detected 
in 1998 along the Poamoho Road, KLOA-5.  It appears the A. ciliatum may be widespread in 
gulches in the area.  Rather than completely eliminating the species from the area, NRS hope to 
keep it off the road, and thus prevent its spread via road traffic to native areas; if it were tracked 
to the Poamoho Trail at the end of the road, it could be tracked by hikers all the way to the 
summit.  NRS also discovered A. ciliatum this year off the road, past the lychee field towards the 
bottom of a gulch along KLOA-4.  All locations were sprayed with a mixture of Garlon 3A and 
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Round-up.  Pest control has appeared to be very effective.  No live, treated plants were found at 
previous known sites this year.  These populations will be monitored and controlled quarterly in 
the coming year.   
 
2. Tibouchina urvilleana and Ilex cassine, Whitmore Village.  Just above Whitmore Village, 
at the site of a former nursery, there is a population of T. urvilleana.  This is the only known 
naturalizes site of this taxon on O`ahu.  Tibouchina urvilleana is a major pest on the Big Island, 
and NRS are eager to prevent its establishment on O`ahu.  Previous control efforts have 
completely rid the site of reproductive plants.  The number of seedlings found on each trip is 
declining.  This year, the area was visited two times and six hours were spent surveying the 
seven-acre site.  In January 2004, two new sprouts were found, extracted and treated with Garlon 
4.  These sprouts on close inspection appeared to have grown from minute lateral fragments of 
former plants. NRS will continue to survey the site twice a year and remove any plants found.   
   
There is also a population of Ilex cassine at the Whitmore site.  Two years ago, this population 
was mapped and determined feasible to control.  Based on information collected from trials, 
NRS has decided to eradicate this population.  NRS will employ basal and girdle applications of 
20% Garlon 4.  After the initial eradication has been conducted, subsequent trips to the 
population will occur twice a year to monitor and retreat the population as necessary.   
 
Monitoring 
 
The plots described in Table 2-6 below are being monitored in KLOA.  Plot analyses are 
included in MU discussions. 
 
Table 2-6: Weed Plot Summary Kawailoa Training Area 

Area/Plot Purpose Treatment Results 
ITAM plots 
Upper Pe`ahināi`a  
MU,  

Long term vegetation 
monitoring to determine trends 
and direct management 

None Ongoing. 

Pe`ahināi`a 
Castle MU,  

Determine the effect of pig 
removal on Pterolepis 
glomerata and native species 

Fencing and pig removal from within the 
fence 

Inconclusive  
See 2.9.b. 

Clidemia Plots 
Lower Pe`ahināi`a 
MU 
 

Determine effect of removing 
climax Clidemia hirta on 
native vegetation with respect 
to level of ungulate control.  
Investigate potential of C. 
hirta to recolonize.    

Removal of C. hirta from plot area using 
clip and drip method with 20% Garlon 4.   

Installed 
February 
2003.  
Ongoing.   

Psidium Plots 
Lower Pe`ahināi`a 
MU 
 

Determine most efficient and 
effective concentration of 
Garlon 4 on Psidium 
cattleianum in wet 
environment.   

5 different concentrations of Garlon 4 used 
to treat dense P. cattleianum stands: 20%, 
30%, 40%, 50%, and 60%.  Treatment 
methods used include cut stump, girdle, and 
basal application.   

Installed 
February 
2003.  
Ongoing.   

 
 
2.9.a Poamoho MU 
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Surveys 
 
No weed surveys are conducted in this MU.   
 
Control 
 
The Poamoho MU encompasses wet summit forest and is accessible by the Poamoho Trail.  
Weed management in the MU is focused on an isolated population of L. scoparium (manuka).  In 
1995 this canopy tree was well established along the Poamoho Trail, stretching from the summit 
two miles down the trail, and extending into the drainages on either side.  NRS began control in 
1996.  Manuka is effectively controlled without herbicides; pulling up small plants and cutting 
down large plants is effective.  Most of the mature trees in the mauka portion of the range have 
been removed, although seedlings remain, especially around old flowering trees.  This year, NRS 
spent no time controlling the manuka population at Poamoho. 
 
In the past, work has focused on treating outlying plants located during aerial surveys.  NRS use  
GPS to navigate to these outliers.  Controlling these last widespread remnants of the population 
is time-consuming and intensive.  In the coming year, NRS will visit the area, resurvey 
previously treated areas for seedlings and will re-take the photo point at the original core of the 
population to document progress.  In addition, NRS will develop a monitoring schedule for 
revisiting treated areas and resurveying the area via helicopter.  Manuka can flower when it is 
less than a meter tall and the seeds are wind-dispersed.  Treated areas, both outlier and core, will 
be monitored every five years, and aerial surveys will be conducted every five years as well.  
Control of the Poamoho population will now primarily focus on monitoring and intermittent 
maintenance. 
 
Monitoring 
 
No plots have been established in the Poamoho MU. 
 
2.9.b Upper Pe`ahināi`a MU 
 
Surveys 
 
No new incipient invasive weeds were detected at the Pe`ahināi`a summit or Weatherport LZs or 
along ungulate transects KLO-12 or 14 this year.   
 
Control 
 
In May 2001, the `Ōpae`ula exclosure was completed.  It is the first ecosystem-level exclosure in 
the Ko`olau Mountains.  NRS weed management efforts in the area focus on the only widespread 
canopy weed, P. cattleianum, and on several sites where S. palmifolia (palm grass) grows.  NRS 
spent 93 hours controlling these species this year.  Additional problematic species in the area 
include Axonopus fissifolius and Pterolepis glomerata.  These are opportunistic species that 
thrive in pig-disturbed areas.  Axonopus fissifolius is considered the worst of the two because it 
produces a dense carpet which completely inhibits the germination of native species.  Plots have 
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been installed to determine control options for this species.  P. glomerata presents a greater 
challenge to control because it is often tangled in native vegetation and therefore is difficult to 
control by spraying with herbicides.  NRS are hopeful, now that pigs have been excluded from 
the area, that native species will be able to reclaim areas dominated by P. glomerata.  Control 
efforts were severely limited by a halt on helicopter operations imposed by the Range Safety 
Office.   
 
NRS have been slowly killing P. cattleianum in Upper Pe`ahināi`a since management has begun 
in this unit, however, documentation and planning of these efforts has been more easily 
facilitated since the `Ōpae`ula exclosure has been built.  NRS spent 75.5 hours treating P. 
cattleianum in the exclosure this year.  At lower elevations, P. cattleianum is typically a tree that 
produces abundant fruit and forms large groves.  However in the summit environment, it forms 
short-statured, dense clumps, and produces few fruit.   P. cattleianum clumps were treated either 
with a basal application of 20% Garlon 4, or the cut-stump method.  NRS have observed slash 
from earlier treatments resprouting in the wet environment, therefore, if the cut-stump method is 
used, both the stump and the slash are treated with Garlon 4, and the slash is propped above the 
ground.  Heavy rains seem to affect efficacy, so NRS try to perform weed control only in dry 
weather.  Since dry weather is rare in the Ko`olaus, weed control is limited.  To effectively track 
treatment, NRS and volunteers frequently use a GPS to mark the area treated.  In the past, special 
attention has been paid to the summit trail, where pigs, one of the primary dispersers of P. 
cattleianum, typically run.  In the future, NRS plan to conduct and map results of aerial surveys 
to better plan where to focus weeding efforts, as well as to use the 2 streams and gulches in the 
exclosure as boundaries to track weeding.  This year no time was spent treating P. cattleianum 
along the summit trail, however NRS plan to treat this area in the coming year. 
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Figure 2.10. Upper Pe`ahināi`a Weed Control Sites 
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There are six known small populations of S. palmifolia within the exclosure and two sites outside 
the exclosure.  Seventeen hours have been spent controlling S. palmifolia at these sites last year.  
Last year NRS also discovered a very large S. palmifolia population in the South Helemano 
drainage, within the neighboring proposed Helemano exclosure.  This site is only about 30 
meters away from the fence, closer to the exclosure than the Pe`ahināi`a trail population that has 
been treated for several years.  Since this find, NRS are reevaluating the true extent of this weed.  
NRS hope that eradication of S. palmifolia within the exclosure is still feasible with consistent 
control and monitoring at known sites.  However, NRS may no longer treat nearby populations 
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outside of the fence as incipient populations, which would necessitate eradication wherever 
found.   Until a decision is made about how to address this large population, NRS will continue 
to visit smaller known populations on a regular basis.  The plants are pulled, bagged, and flown 
out.  It is difficult to locate the plants in the thick vegetation; consistent monitoring is necessary 
to ensure good coverage.  Control efforts are summarized in Table 2-7. 
 
 
Table 2-7.  Summary of Setaria palmifolia Control, Upper Pe`ahināi`a. 

Site 

Plants 
Treated 
October 

2002 

Plants 
Treated 

January 2003 

Plants Treated 
August & 

October 2003 

Plants 
Treated May 

2004 
Comments 

Tr. 12-260 15 mature, 
65 immature 2 mature 9 mature 2 mature,  

1 immature 
Population slowly shrinking. 
Continue monitoring. 

Tr. 12-370 0 0 0 1 mature Needs continual monitoring. 

Hypalon  
First control at 
site.  
1 immature 

0 

0 plants found Possible that removal of one and 
only plant found at this site 
effective eradication.  Will 
continue to monitor this year.   

Goosehead 
Ridge 

10 mature, 
20 immature 0 0 1 mature,  

1 immature Population shrinking. 

Pe`ahināi`a 
trail 

90 mature, 
42 immature 

Many 
immature 

25 mature,  
110 immature 

1 mature,  
1 immature 

This was the largest of the five 
sites; the population has shrunk 
significantly.     

Tr. 14- 290 3 mature Not visited 0 5 immature Population shrinking. Continue 
monitoring. 

Shaka  

First control at 
site. 1 mature, 
2 immature 
 

Not visited Not visited Site not revisited for Palm Grass 
since initial finding.  Continue 
monitoring. 

Helemano 
Drainage    

Huge bowl of 
Palm Grass 
discovered 
8/03 

 
Control of this population still 
being considered. 

 
Monitoring 
 
ITAM vegetation monitoring plots.  ITAM personnel have accompanied NRS to the Pe`ahināi`a 
MU on two occasions, October 1998 and August 2000.  On both these trips, random monitoring 
plots were installed.  This monitoring data will not only illustrate trends in the area, but will also 
be extremely valuable in shaping future management.  Although hampered by staff limitations, 
ITAM recently acquired additional personnel to continue the monitoring program.  NRS will 
continue to encourage ITAM to work cooperatively with NRS.  NRS will also request a copy of 
the data from these plots from ITAM.   
 
In the coming year, a new fence will be constructed in the Helemano drainage, adjoining the 
Pe`ahināi`a  fence.  NRS will consider installing vegetation monitoring plots in the area prior to 
fencing, in order to observe the affects of excluding pigs on native vegetation.   
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2.9.c Lower Pe`ahināi`a MU 
 
Surveys 
 
No new incipient invasive weeds were discovered at either the Pu`u Curta, Pu`u Roberto, or Frog 
Pond LZs, or along ungulate transects KLO-5 and KLO-13 this year.  
 
Control 
 
The Lower Pe`ahināi`a MU is unique.  It is located in mid-elevation, mesic to wet forest on the 
leeward Ko`olau slopes.  It is a large MU, and much of it is covered by native vegetation.  The 
western end of the MU includes a unique, tall native forest and an open pond, nicknamed Frog 
Pond.  The eastern portion is made up of patchy native forest and uluhe banks on the steep slopes 
of Ōpae`ula stream.  The eastern end of the MU is very typical of other leeward Ko`olau slopes, 
while the Frog Pond area is atypical.  The species diversity and physical structure of the habitat 
make the area important.  There are few ecosystem-altering weeds in the MU, but those that are 
present are very abundant.  They include P. cattleianum and C. hirta.  In the past, weed control 
has focused around the unique Frog Pond area.  Control efforts expanded significantly early this 
past year; approximately 90 hours were spent over 2 days weeding these two weed species.  
 
While weeding activity in the area has increased over the last couple years, NRS are strongly 
concerned about the ungulate presence in the region.  The region is remote enough to discourage 
many hunters.  Pigs act as vectors for many weeds and encourage the growth of weeds by tilling 
the soil and opening areas in the native forest.  In the past NRS have observed a correlation 
between weeding and increased pig activity.  Clearing weeds gives pigs easier access to areas 
and their presence is detrimental to the delicate understory.  Given the interaction between weeds 
and ungulates, NRS plan to fence the Frog Pond area with in the next two years.  Excluding pigs 
will prevent digging in weeded areas, reduce the spread of weeds, and allow the native forest to 
regenerate.  Until this fence is built, NRS will hold off on large scale weeding projects that might 
attract pigs.  The creation of an exclosure in Lower Pe`ahināi`a is an important step in restoring 
this patch of unique forest.   
 
NRS are developing a weed control plan for Lower Pe`ahināi`a to better direct management 
efforts.  The discussion of control done in the past year is included with the draft Lower 
Pe`ahināi`a Weed Control Plan below.   
 
Lower Pe`ahināi`a Weed Control Plan  
 
Long Term Objective 
 
In the Lower Pe`ahināi`a MU the long-term objective of management is to restore the area to 
100% native canopy and in select areas, 90% native understory.  Complete eradication of all 
weed species in an area, as always, is a difficult goal.  The two primary weeds in the MU, C. 
hirta and P. cattleianum, are well established in the general area and are probably well 
represented in the seed bank.  However, there are few other weeds threatening the area.  NRS 
will focus efforts on C. hirta, P. cattleianum, and any other invasive weeds.  Non-ecosystem 
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altering weeds will not necessarily be control targets.  NRS spent no time weeding in Lower 
Pe`ahināi`a this year.   
 
Short Term Objectives 
 
In order to work towards our long-term objectives, NRS will maintain an adaptive list of short-
term objectives.  This list will guide current management efforts.   
 

1. Prevent new invasive alien species from becoming established.   
 

The diversity of weeds in the MU is low.  Most of the weeds present are well established, not 
incipient.  NRS will monitor ungulate transects and landing zones for new weed species.  Any 
species found will be evaluated and controlled as necessary.   
 

2. Target ecosystem-altering species for focused control efforts.  Create a High Priority 
List to guide efforts.  Investigate control methods for these species.   

 
Due to the low weed diversity of the MU, the High Priority List is short: Psidium cattleianum 
and Clidemia hirta.  NRS installed plots this year to learn more about control methods for both 
species, and the effects of control on the surrounding environment.  These plots are discussed in 
detail in the Monitoring section below.   
 

3. Outline an approach to the proposed exclosure area.  The exclosure will contain 
populations of endangered plants and unique diverse tall native forest.  It is the area 
most threatened by weeds and ungulates.  

 
Weed control efforts will focus on the proposed exclosure area, which includes Frog Pond Flats 
and the ridge above it.  This high priority area will greatly benefit from increased attention.  NRS 
feel that weed control is not worth performing in un-fenced areas, given the high level of pig 
activity in the area.  Weeding will resume once the exclosure is constructed.   

 
a) Create a detailed map of weedy and native areas.  Use Trimble GPS for greater 
accuracy.  Install management trails to facilitate management.     
 

In August 2003, the core P. cattleianum population and some other landmarks were mapped.  
A combination of GPS maps and schematic maps may be most useful in creating a guide to 
the Frog Pond area; GPS reception can be poor in the drainage.  The P. cattleianum map 
using both mapping methods will be refined and extended to include the entire proposed 
fenceline in the coming year.   
 

b) Focus around endangered plant populations.     
 
The proposed fenceline encompasses three endangered species, Melicope lydgatei, Gardenia 
mannii and Phyllostegia hirsuta.  Clearing C. hirta may draw pigs in to an area.  Once the 
fence is complete, weed control will focus around these resources.   
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c) Identify and target areas with 80% native cover as high priority weeding sites.  Direct 
control efforts to achieve 100% native composition.   
 

i) Frog Pond Flats.  The majority of weed control effort has been centered on the Frog 
Pond area.  This region encompasses the heart of the tall, structured, native forest in the MU, 
as well as several G. mannii and M. lydgatei.  The core population of P. cattleianum borders 
the southern side of the flats.  The east side of the flats is bordered by Frog Pond.  Small 
stands of P. cattleianum are scattered through the flats, and most of the area is covered by a 
blanket of C. hirta.  In Frog Pond Flats, NRS feel that achieving 100% native canopy and 
99% native understory is achievable, if ungulate impacts can be minimized.  Weed control in 
the area will begin in earnest after the construction of the exclosure.  NRS feel that all weeds 
can be eradicated because of the tall native overstory is so intact. 
 
ii) Pu`u Melicope.  Located on the ridgeline, Pu`u Melicope encompasses a small patch 
of native forest surrounded by uluhe.  The forest includes a number of common native 
species, as well as G. mannii and M. lydgatei.  Much of the understory is blanketed by C. 
hirta.  NRS will target this site after the exclosure is constructed.   
 

d) Develop restoration goals for predominantly weedy areas.  Direct control efforts to 
achieve 100% native composition.   
 

i) Core P. cattleianum population.  A large population of P. cattleianum stretches 
from Frog Pond, below Pu`u Curta, to the saddle between Pu`u Curta and Pu`u Persicifolia.  
The population was mapped in August 2002.  While the core population covers a large area 
and is fairly dense, native trees are sprinkled throughout it.  In fact, on aerial surveys NRS 
observed that a native canopy persists over the P. cattleianum canopy.  NRS are optimistic 
that native species will recolonize the core population.  So far, control has focused on the 
perimeters of the patch.  NRS observed some slash resprouting, and some trees that were still 
alive.  Heavy rains may adversely affect control efficacy.  For maximum efficiency, weeding 
efforts should only occur in dry weather.  Both the cut stump and cut end of the tree should 
be treated with Garlon 4 to prevent this.  Other methods, including basal application and 
girdling, do not produce slash and thus may be safer to use in this environment.   
 
ii) Lantana camara patch.  Beside Frog Pond there is a large patch of tall L. camara.  
The population appears to be stable and thus is not a high priority for control at this time.  
Eventually, NRS hope to eradicate this patch.  In the coming year, NRS will walk the 
perimeter of the patch, control any outliers, and ascertain the full extent of the infestation.  
Control in this area will focus on pushing back the edge of the patch to increase the size of 
the LZ and campsite.   
 
iii) Ridge between Pu`u Curta and Pu`u Melicope.  Except for a few nice areas in the 
saddle, this weedy ridge is of low weeding priority.  Access trails along the ridge will be kept 
clear of weeds to slow dispersal from the area.  The areas directly around the five M. lydgatei 
on the ridge and any patches of diverse native forest will be weeded.   
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4. Use volunteer labor for large-scale projects.   

 
Since access to the MU is via helicopter, large volunteer groups are difficult to accommodate.  
However, the weed control projects are ideal for volunteers: terrain is relatively flat, and weed 
targets are easy to identify and plentiful.  NRS will maximize use of volunteers once the 
exclosure is fenced.   

 
Monitoring 
 
Two different sets of monitoring plots were established in the MU in February 2003.  One set of 
plots looks at the efficacy of different concentrations of Garlon 4 on Psidium cattleianum in the 
unique wet environment of Lower Pe`ahināi`a.  The other set looks at the effects of weeding 
Clidemia hirta on C. hirta recruitment, and the interactions between weed control and ungulate 
activity.   
 
1. Psidium cattleianum Plots.  In response to poor kill observed in P. cattleianum treated with 
20% Garlon 4 in FCO, NRS decided to test other concentrations of Garlon 4.  Lower Pe`ahināi`a, 
while not as wet as the summit, does receive frequent rainfall.  In order to increase efficacy, NRS 
installed five plots, each using a different concentration of herbicide, to see if a different 
concentration would be less susceptible to rain.  Rains did occur before and after the plots were 
installed; whether or not the rain occurred directly following treatment is unknown.  It is difficult 
to time weeding in this remote site with the desired environmental conditions.     
 
Five different concentrations of Garlon 4 were tested: 20%, 30%, 40%, 50%, and 60%.  
Experimental methods are described in the 2003 PCSU report.  On the last trip to the area, it was 
too soon after installation to conclude which treatment was most effective.  This year NRS will 
monitor the plots and adjust treatment methods in response to the results.   
 
2. Clidemia hirta Plots.  A carpet of tall, climax C. hirta blankets much of the forested, flat 
area in the MU.  NRS are interested in looking at several different processes related to C. hirta 
control and ungulate exclusion.  C. hirta is the main understory weed in the MU.  If it were 
eliminated, the area would be 99% native.  It is unknown what will happen to this diverse, 
predominantly native forest when the dense understory of C. hirta is removed.  Given the high 
current level of pig disturbance in Lower Pe`ahināi`a, controlling C. hirta may simply open the 
area, encourage more pig disturbance, and promote C. hirta regeneration.  Observations of 
previously weeded C. hirta areas support this hypothesis.  NRS hope to fence the MU in the next 
1-2 years to remove the ungulate threat, but it is uncertain when this action will be approved.   
 
Two plots were therefore established in the MU, one inside the proposed fenceline, and one just 
outside the proposed fenceline.  Experimental methods are described in the 2003 PSCU report.  
The plots will help to answer immediate questions about C. hirta control and will track any 
changes, which result after fence construction.  They will be maintained indefinitely, and read 2-
4 times a year when NRS resume regular trips, depending on the rate of vegetation change.   
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2.9.d Helemano MU 
 
Surveys 
 
No surveys have been conducted in this MU. 
 
Control 
 
The Helemano MU is the newest addition to the Kawailoa Training Area.  Like the Upper 
Pe`ahināi`a MU, it is a joint project undertaken by the Opae’ula Watershed Protection Project 
Partners.  As this MU shares the southern extension of the Upper Pe`ahināi`a fence, it also shares 
many of the same geographical and ecological characteristics, as well as management strategies.  
The fenceline has been scoped, but construction is pending.  Though the process is sometimes 
slow, with any luck the contract for the construction of the fence exclosure should get out to bid, 
and will be awarded to a fencing contractor within the year.  Even without an exclosure 
constructed, NRS eager to begin protection of this pristine ecosystem have made some initial 
forays into the field.  One of these initial surveys yielded the discovery of a population of S. 
palmifolia that has been treated and marked with GPS.  With this discovery of multiple patches 
of S. palmifolia at this elevation within a proposed exclosure, NRS will have to modify its 
current management strategy for this weed. It is the intent of NRS to survey and map the entire 
MU for weeds such as S. palmifolia, P. cattleianum and others target weeds similar to Upper 
Pe`ahināi`a.  With safety concerns having been addressed by NRS, renewed helicopter support 
will greatly enhance weed surveillance efforts and aid in identification of incipient weed 
populations in this area.  Aerial surveys will also help partition MUs into readily identifiable 
geographical area’s, which in turn help NRS track weed management activities. 
 
NRS began control of P. cattleianum, one of the most widely dispersed target weeds within the 
MU.  NRS have spent 53.5 hours treating about 18 acres in the eastern portion of the exclosure.  
This area was mapped with a GPS as to continue to track the progress of control efforts within 
the proposed exclosure.  It was very encouraging for NRS to have covered such an extensive 
area in such a relatively short period of time.  This suggests that even though ungulates still have 
access to the area, the extent of their ability to spread P. cattleianum has remained relatively low 
in this area.  Treatment for target weeds in this MU will mimic those established and practiced in 
other MUs.  Management activities in this area will most likely be limited to a minimum of two 
visits per year, and a maximum of four visits per year. 
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Figure 2-11. Helemano Weeded Areas 
 

!.

!.

!.

!.

"S

"S

"S

"S

Legend
"S Landing Zones
!. Palm Grass Sites

Upper Peahinaia Fenceline

Fenceline
Transects
Weeded Area

±

0 300 600150 Meters

Scale: 1:14,000
Contour Interval 40 feet  

 
 
Monitoring 
 
No monitoring projects have been established in this MU to date.  NRS is considering the 
installation of vegetation monitoring plots prior to fencing the area, in order to observe the 
effects of excluding pigs on native vegetation. 
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2.9.e Castle MU 
 
Surveys 
 
No new habitat-altering weeds were observed along ungulate transect KLO-11 or Solar and 
Radio LZs this year.   
 
Control 
 
The Castle MU encompasses near-pristine, wet summit forest. In past years, control has focused 
on the only widespread canopy weed, Psidium cattleianum.  NRS only conducted one control 
trip in the MU this year.  In part this decision was deliberate; with the completion of the 
Opae`ula exclosure, NRS felt that weed control efforts should be focused on this pig-free 
environment.  However, poor weather and helicopter restrictions also played a part in limiting 
efforts in the MU.  In the future, NRS will continue to focus on the Opae`ula exclosure and the 
proposed Helemano exclosure.  Limited effort will be spent on weed control in the Castle MU.   
 
Monitoring 
 
In 1997, NRS installed two plots designed to gauge the effect of pig control on the abundance of 
P. glomerata.  At the time, the ungulate control effort was just being initiated.  The plots were 
established near snare lines.  P. glomerata is an herbaceous melastome spread by pigs; it 
colonizes and thrives in pig-damaged areas.  These plots were established to detect change in P. 
glomerata abundance and to determine the effect of pig control on native species recovery.  
Unfortunately, efforts to control pigs in the area have been only partially effective.  Therefore 
these plots have been left until such a time that effective ungulate control is established.  This 
may be through fencing; NRS are considering proposing this area for fencing to the partners of 
the `Ōpae`ula Watershed Protection Project.   
 
2.9.f Kahuku Cabin MU 
 
Surveys 
 
Northern, Crispa, and Radio LZs were surveyed this year, while Pu`u Kāinapua`a LZ, and 
ungulate transect KLO-10 were not surveyed.  No incipient weeds were discovered at these LZs. 
 
Control 
 
The northernmost Ko`olau management unit, the Kahuku Cabin region, is plagued by more weed 
problems than the other summit MUs.  NRS focus weed management in this area on two 
incipients, L. scoparium (manuka) and H. gardenarium (Kahili ginger), and one more 
widespread species, P. cattleianum.  On two trips this year, NRS focused only on H. 
gardenarium control.  NRS spent an hour controlling this species in two isolated areas; one just 
north of the cabin site along the summit trail and the other at the old cabin site.  Continued 
monitoring is necessary at these sites.   
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Although north of Pu`u Kāinapua`a, there are scattered patches of manuka stretching all the way 
to Kahuku, NRS did not focus on controlling these populations this year.  These populations are 
so well established and contiguous, NRS felt that they were not a good investment.  Instead, 
efforts were focused on a population in Waimano, where NRS assisted OISC in extirpating a 
large population.  NRS will continue to partner with OISC in identifying and controlling 
populations of manuka.  To this end, meetings will be set to discuss control of manuka 
populations identified as feasible targets in the Kahuku Cabin and greater Kawailoa Training 
Area.   
 
Monitoring 
 
No monitoring is being conducted at this time. 
 
 
2.10 Kahuku Training Area 
 
In KTA, fire, a potential side effect of training, is a threat to rare plants and critical habitat.  Fires 
facilitate the establishment of invasive plant species and thereby irreversibly damage native 
resources.  In July 2003, a fire in KTA burned a number of native species, and burned seedlings 
of the endangered tree Eugenia koolauensis.  This fire was facilitated by the large patches of C. 
equisetifolia, which stretch along many ridge tops in KTA.  The thick pine needle bed in such a 
patch allowed a fire to smolder undetected, and eventually flare up close to native forest.  
Fortunately, many of the SEAs in the training areas are geographically removed from the areas 
that receive such impacts from training activities.  Last year, the Army initiated discussions 
concerning possible changes that could occur on the training areas due to Transformation.  The 
Transformation process could include the construction of new roads and training ranges, and the 
acquisition of more land.  Currently, contractors are working on the Draft Biological Assessment 
for Transformation.  NRS will follow the Transformation process and will try to reduce potential 
impacts to natural resources.  NRS are constantly on the alert for impacts to SEAs. 
 
Surveys 
 
This year during road and landing zone surveys at KTA two new sites of Melochia umbellata, a 
habitat-altering weed were found (Appendix 2-G Weed Surveys Roads, Kahuku Training Area).  
Ongoing NRS control efforts of M. umbellata are described below.  Past road surveys also 
recorded the presence of L. scoparium (Manuka).  While Manuka is a highly invasive species 
targeted for control by NRS elsewhere on O`ahu, the population in Kahuku is so large and the 
forest is so weedy that it is not a current management target.  NRS will monitor the population 
for changes.  In addition to these high priority species, two additional species were identified by 
ITAM and brought to the attention of NRS in July 2000.  These include P. setaceum (fountain 
grass) and Acacia mangium species.  NRS have been controlling these weeds over the past four 
years.  These control efforts are described in below. 
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Control 
 
Weed control at KTA is primarily focused around rare plants, specifically E. koolauensis, and on 
incipient invasive weeds (see Figure 2-12).  Last year however, NRS identified a remnant patch 
of diverse native forest on Kaunala ridge, thus weed control efforts were expanded to ecosystem-
scale management as well as species-specific management.  Weed control was performed around 
four areas where E. koolauensis occurs in Kahuku this year.  NRS control the following three 
incipient weeds at KTA: P. setaceum, at one site, M. umbellata at two sites, and A. mangium, at 
several sites.  Throughout Kahuku, NRS spent 98.5 hours performing weed control this past year. 
 
Currently, no MUs have been defined in KTA.  However, the native forest patch on Kaunala 
Ridge may be designated an MU in the future.  NRS have already begun weed management in 
the area.  NRS will continue to survey for other possible MUs in KTA.   
 
Figure 2-12.  Kahuku Training Area Weed Control Sites.   
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1. Eugenia koolauensis KTA-A (Pahipahialua).  NRS spent twenty-one person hours treating 
several weed species at this site.  The population is made up of three distinct patches of E. 
koolauensis.  This year, NRS focused in two patches and hope to connect all three patches to 
create more habitat for E. koolauensis.  The canopy is very weedy and must be weeded in stages 
to prevent the creation of open gaps.   
 
2. Eugenia koolauensis KTA-B/E.  Previously treated as two different sites, E. koolauensis B 
and E populations have been joined; they are located close together and essentially are patches of 
the same population.  Twenty-one hours were spent weeding at this site last year.   
 
3. Eugenia koolauensis KTA-D.  This small population of E. koolauensis is almost completely 
surrounded by P. cattleianum.  Only the area directly around the plants is managed.    Given that 
the canopy is primarily P. cattleianum, canopy weeding needs to be gradual, to prevent the 
creation of light gaps.  NRS spent no time weeding at this site this year but plan to treat 
understory weeds in the coming year, and plan to revisit thereafter once every two years.  
 
4. Eugenia koolauensis KTA-F.  This population of E. koolauensis is spread out over a 
somewhat large area.  Twenty-nine hours were spent removing an assortment of canopy and 
understory weeds from this site.  In addition, NRS spent 2 hours treating the Basket grass, 
Oplismenus hirtellus that completely covered the ground throughout the E. koolauensis site.  
Very large C. equisetifolia borders the upper portion of this population.  NRS will address this 
threat by selectively removing or girdling the trees closest to the E. koolauensis population.   
 
5. Melochia umbellata.  This species was discovered at KTA in March of 1999 and is the only 
known location on O`ahu.  M. umbellata has a reputation for being extremely invasive on the 
island of Hawaii, where it is widespread in low elevation forests on the east side of the island 
around Hilo.  In KTA, the M. umbellata population is focused along a stretch of road; individuals 
are sparsely scattered on the slope below the road. A total of 20 hours were spent searching for 
and treating this weed.  NRS combine ground control trips with aerial surveys to effectively 
locate and eliminate outlying plants.  This year NRS made one aerial survey and found 4 plants, 
all in the vicinity of the road.  After the aerial surveys, all plants seen from the air are treated.  
Many seedlings are seen on the side of the road that has recently been leveled with heavy 
machinery, but are so small that NRS do not find them worthwhile to pull.  NRS are considering 
spraying this area to expose the seedbed.  With regular control of recruitment, NRS believe that 
the seedbed can be exhausted at this area.   In the coming year NRS will also revisit all sites of 
mature outlier plants for seedlings.  NRS will continue aerial surveys, but will likely focus 
around the new area where M. umbellata was found on the road survey this year.  Figure 2-13 
highlights the concentration of M. umbellata in KTA.  NRS will also conduct a literature search 
and attempt to determine the length of time M. umbellata seeds remain viable in the seed bank.  
This information will help NRS determine parameters for the eventual extirpation of this species 
from KTA.  NRS also will work with Range Control to prevent the further spread of this invasive 
species via roadways.   
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Figure 2-13. Concentrated Areas of M. umbellata 
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6. Acacia mangium.  This species was reported by ITAM in July 2000.  Last year, NRS sent 
samples and photographs of this species to Bishop Museum for identification and to establish a 
collection of this species on O`ahu.  NRS control of A. mangium is motivated by the possibility 
that it may hybridize with native A. koa.  This year, NRS visited four of the five known sites.   
No plants were found at two sites.  Site three has the largest population of this species and 
required rappelling gear to reach many of the plants.  An hour and a half was spent here 
handpulling and treating A. mangium with Garlon 4 at 20%.  NRS are uncertain as to the 
invasiveness of this species.  Young plants have been found as far as 200m away from a treated 
mature plant.  NRS plan on sweeping for this plant once a year with a large crew in order to get 
better coverage and a sense of the extensiveness of A. mangium.  
 
7. Pennisetum setaceum.  The State of Hawaii lists P. setaceum as a noxious weed.  Tens of 
thousands of dollars are spent on its control each year on the island of Hawaii.  This grass is from 
Africa, where it co-evolved with fire.  Seeds are fire-adapted so that after a burn, germination is 
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rapid and dense, capitalizing on available fire cleared areas.  Fountain grass has the potential to 
greatly modify Hawaiian landscapes.  ITAM reported this population to NRS in July 2000.  
Since then, NRS have been very diligent in regularly visiting the site to control the P. setaceum.  
Fewer plants are found on each trip.  This year, NRS conducted three control trips to the site; 8.5 
hours were spent surveying and controlling P. setaceum.  Only 3 mature plants were found in 
November 2003, and while nine immature plants were found in June 2004, no mature plants 
have been seen since.  Regular weeding trips are vital to control this species, which continues to 
recruit from the seed bank.  NRS will monitor the area every quarter and conduct treatment as 
needed.   
 
8. Kaunala Ridge.  During surveys of KTA, a patch of diverse native forest was discovered on 
the east side of Oio Gulch, on Kaunala Ridge.  Such patches are rare in KTA, where training, 
ungulate damage, and weed invasion have combined to degrade most of the landscape.  This 
forest patch includes many native species, including one rare species, P. macrocarpa.  This area 
may be designated a MU after further surveys.  NRS spent no time weeding at this site this year.  
NRS do not have a good control method for S. palmifolia, which is very abundant here.  In the 
coming year, NRS will develop an approach for this species (handpulling, Fusilade, and 
Glypro+), and continue to control weeds at this site.   
 
Monitoring 
 
Weed plots are not established in KTA. 
 
2.11 Dillingham Military Reservation 
 
Surveys 
 
Road surveys are conducted at DMR to identify new alien species in the area.  See Appendix 2-
F, Weed Survey Roads, DMR, for a map of the area surveyed.  No ecosystem altering weeds 
were identified in road surveys this year.   
 
Control 
 
Much of DMR is made up of highly degraded habitat, but the rocky talus slopes on the mauka 
end of the reservation host patches of native dry forest.  The long-term objective of weed 
management in DMR is to focus on these talus slopes and expand the native forest patches.  The 
weedy lower flats of DMR are not a management concern.   
 
Weed control in DMR is focused on the large, intact Sapindus oahuensis forest on the talus 
slopes.  This year, 9.5 people hours were spent treating 210m² of native forest on the west side of 
Pinao`ula Stream.  Leucaena leucocephala, S. cumini, Ficus microcarpa and S. terebinthifolius 
were controlled in this area.  NRS must be careful to minimize light gaps created while weeding.  
Such gaps can quickly be colonized by P. maximum, which is abundant in the area, as well as L. 
leucocephala.   
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Since DMR is accessible, with easily recognizable target weeds, it would be a good place to 
utilize volunteer groups.  However, the rocky talus may be difficult for some volunteers to 
negotiate.  With this restriction in mind, NRS will schedule 2-4 trips to DMR in the coming year.  
NRS will also focus on mapping both native and weedy area’s to isolate and focus control 
activities in the future. NRS hope weed control will not only improve the quality of the existing 
S. oahuensis forest, but also expand the boundaries of it.   
 
Monitoring 
 
Weed plots have not been established in DMR. 
 
 
2.12 Offsite Management Areas 
 
While Army training areas are the first priority of NRS, in order to preserve stable populations of 
rare plants, wild populations and reintroductions on non-Army lands sometimes also require 
management.  NRS have further expanded off-site control efforts this year.  Currently, NRS 
perform weed control offsite around populations of wild and reintroduced species at Honouliuli 
Preserve, Ka’ena Point, and several areas within the Mokulei`a Forest Reserve.  Nature 
Conservancy and State NARS Natural Resource Managers prioritize management in their 
respective areas.  Army NRS assist these managers in their goal of protecting rare and 
endangered species.   
 
No Surveys take place in Honouliuli Preserve or at Ka`ena Point.   
 
2.12.a Honouliuli Preserve 
 
Control 
 
This year, NRS have expanded their collaboration with The Nature Conservancy to protect 
endangered plants in the preserve that occur on Military training lands.  NRS have recently hired 
a staff member to work with TNC on rare plant monitoring and weeding projects.  Including the 
time that this staff member and other volunteers work on NRS related weeding projects, 15 hours 
have been spent weeding around endangered plant populations and reintroduction sites in the 
following areas within the preserve: Kalua`a Gulch, North Palawai, Palikea, Ekahanui, and 
Huliwai.  This year NRS will continue to focus mostly around endangered plant populations (See 
Chapter 3: Rare Plant Management for details on specific plant populations) however in the 
future, NRS plan to expand the weeding program in Honouliuli.   
 
Monitoring 
 
Weed control plots are not established by NRS at these sites.    
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2.12.b Ka`ena Point 
 
 
Control 
 
In 2002, Chamaesyce celastroides var. kaenana was discovered near the mouth of Mākua 
Valley, close to the firebreak road.  Since this population is so close to the firebreak road, it faces 
a severe fire threat.  NRS completed installation of a firebreak around this population, however, 
since fire poses such a catastrophic risk, its long-term survival cannot be guaranteed.  In fact, the 
population was directly threatened by fire during the July 2003 controlled burn at Makua.  To 
mitigate this fire threat, NRS are working at Ka`ena Point, helping to manage a large population 
of C. celastroides.  This 0.9-acre population of 300+ mature plants, protected within a State 
Natural Area Reserve, is located in a predominantly native coastal habitat.  It was also recently 
shown to be an important pollen source for the native Yellow-faced Bee, Hylaeus sp. (K. 
Magnacca, Hawai`i Conservation Conference 2002).  Management at Ka`ena is part of the first 
and second set of Urgent Actions identified out of the Mākua Implementation Plan.   
 
There are several C. celastroides populations along the coast at Keawa`ula, and two at Ka`ena: 
one at the extreme tip of Ka`ena Point, and one at Ka`ena (east of `Ālau).  Many of the 
Keawa`ula sites are located in poor quality, weedy habitat and have been deemed poor 
investments for weeding effort.  NRS feel that managing the largest Ka`ena population, which is 
predominantly native coastal habitat, is the most efficient way of protecting this species offsite.  
However, this year 11 hours were also spent weeding at the smaller C. celastroides (Kae-A) 
population.  Continual weed control at this site will be minimal as it is such a small area.   
 
The largest Ka`ena Point C. celastroides population is divided into two sections, separated by a 
thirty meter wide band of common natives and weeds.  Target weeds include L. leucocephala, A. 
farnesiana, and Atriplex semibaccata.  This year the population was also treated for encroaching 
grass cover of Chloris barbata and Panicum Maximum.   Many herbaceous annual weeds occur 
in the population, but are not currently being targeted for control, as they pose little direct threat 
to C. celastroides.  NRS have developed a three-stage management plan for the population.  The 
goal for the first stage of the weed control effort is to remove these the highly invasive weeds 
from within the existing population area, while learning efficient control methods.  The second 
stage will focus on expanding the weed-free area to allow expansion of C. celastroides.  During 
the third stage, NRS will also remove weeds from the thirty-meter barrier, to encourage C. 
celastroides to close the gap and improve gene flow.  NRS are currently working on all stages of 
control.  This year, NRS spent 252 hours conducting weed control at Ka`ena Point.  
 
Through control trials at Ka`ena Point and the Lower `Ōhikilolo MU, NRS found a highly 
effective control method for L. leucocephala (see RCUH report 2003).  This year NRS controlled 
nearly all mature L. leucocephala and A. farnesiana within the two patches of C. celastroides.  
NRS will continue to focus on treating seedlings within and mature plants between the two 
patches, and work towards creating a weed free buffer around the entire population.   
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Levels of A. semibaccata have been significantly lower since efforts to control this weed were 
initiated in 2002.  NRS control this herbaceous weed by handpulling.  While large plants with 
long taproots and spreading branches covering 0.25 square meters were very common, now few 
plants this large are seen.  While dense seedling beds exist, seedlings are much more time-
consuming to remove than adult plants and are not believed to be as troublesome as the large 
plants.  NRS feel that treatment for A. semibaccata is effective after seedlings have had a chance 
to thin themselves, but have not yet reached high levels of reproductivity (see RCUH report 2003 
for details).  Both patches of C. celastroides were completely swept once this year, while 
portions of each patch were swept multiple times.  NRS foresee that A. semibaccata can be 
controlled within the C. celastroides population with minimal management.   
 
Since beginning management, NRS noticed a distinct increase of Chloris barbata and Panicum 
maximum grass.  It appears that C. barbata is spreading into areas cleared of other weeds by 
NRS.  P. maximum is encroaching from the hillside above where it is thick, down into the upper 
boundaries of the C. celastroides patches, and also in between the two patches.  Like A. 
semibaccata and L. leucocephala, these grasses are widespread at Ka`ena Point.  This year, NRS 
have determined through trials that C. barbata can be controlled with Fusilade II with little 
impact on non-grass native vegetation in the area.  While use of Fusilade II is desirable because 
it has little or no impact on native non-grass vegetation, caution must be given using this grass-
specific herbicide around native grasses.  NRS are investigating natural dieback cycles of the 
native grasses at Ka`ena Pt. to determine optimal times for spraying with minimal impact on 
native grasses.   
 
An informal trial using Fusilade II on P. maximum showed that this herbicide did not kill the 
grass completely, but did set it back significantly.  During the C. barbata spray effort this year, 
P. maximum was also treated as NRS feel that immediate attention must be given to this grass, 
even if only to set it back temporarily.  Results from this spraying may show that the herbicide is 
effective as it is possible that during the trial, the grass was sprayed at a stage unresponsive to the 
herbicide.  NRS will continue to monitor efficacy of treating P. maximum with Fusilade II at 
Ka`ena Pt.   
 
This year mature plants and seedlings of the incipient invasive weed Achyranthes aspera were 
found within the C. celastroides population.  All plants found were pulled and bagged, or treated 
with Garlon 4 20%.  NRS hope to eradicate this weed in the population and will continue to 
sweep for plants in known sites and map areas where new plants are found.   
 
Monitoring 
 
In developing a weed management plan, NRS established several weed plots to monitor success, 
and guide future control efforts:   
 
1. Chloris barbata.  In order to determine an effective means of treating C. barbata with 
minimal impacts to native plants, 1m by 1m plots containing both native, non-native vegetation, 
and C. barbata were established.  The following herbicide treatments were applied to two plots 
for replication: target C. barbata using Fusilade II with handsprayer, Glypro at a 2% 
concentration with handsprayer, and Garlon 4 20% concentration with squirt bottle directed at 
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the base of grass clumps.  A Weed Control Plot Data Sheet was used to monitor the change in 
vegetation cover over the time of the trial.   Data showed that all herbicide treatments killed the 
target weed, however Fusilade II was the only herbicide that had little to no negative impact on 
native plants.  The first large-scale spraying effort of C. barbata in the C. celastroides patch at 
Ka`ena Point took place this year, and the results of this spraying will hopefully confirm that 
Fusilade II is in fact an effective treatment for C. barbata.   
 
2. Panicum maximum.  An informal weeding trial was established to determine whether or not 
Fusilade II can effectively treat P. maximum at Ka`ena Point.  A 3-meter by 3-meter plot was 
sprayed with Fusilade II and revisited 5 weeks later.  NRS noted that while there was significant 
dieback of the grass, there were also resprouts in the treated area.  NRS hope to implement 
further trials to find an effective treatment of P. maximum with Fusilade II.  If no Fusilade II 
treatment is effective, NRS will consider the use of the more general Glypro Plus herbicide.   
 
In addition to these specific monitoring protocols, NRS will establish photo points to monitor 
progress in the population.   
 
 
2.12.c. Mokulei`a Forest Reserve 
  
Management activities within the Mokulei`a Forest Reserve are primarily concentrated between 
Pahole Natural Area Reserve and West Makaleha.  Within this range there are several areas 
which are important because of their populations of native, rare, or endangered plants, or their 
potential as outplanting sites.  These management areas are Pahole, Kapuna, Keawapilau, and 
West Makaleha Gulches.  All weed management within these sites is done in coordination with 
the State of `Hawaii in a mutually beneficial effort to improve the structure of the native habitat.  
 
No surveys, or monitoring projects take place at the Makaleha Exclosure Sites, in the Kapuna, or 
Keawapilau Gulches, or in Pahole Natural Area Reserve. 
 
 
2.12.c.1 Makaleha Exclosure Sites   
 
The Mokulei`a Forest Reserve borders Makua Military Reservation and is home to two 
exclosures containing rare plant populations. This year, in addition to the West Makaleha 
Exclosure (more commonly known as Three Points), another rare plant population of A. 
obovatum was discovered and fenced.  As this exclosure is located just north of the original 
exclosure, it will be referred to as the Northwest Makaleha exclosure, while the original 
exclosure will now be referred to simply as the Three Point exclosure.  The primary focus for 
weed management in these areas is to support and sustain rare plants populations within the 
exclosures.  
 
Control 
 
The Three Points and Northwest Makaleha Exclosures are located just below the rim of Makua.  
These exclosures are home to Cyanea grimesiana ssp. obatae, and A. obovatum. Taking 
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advantage of the pig-free site, and hoping to better approximate the natural distributions of these 
species, NRS outplanted P. kaalae and D. subcordata at Three Points.  NRS has spent 91.5 hours 
weeding around these species within the exclosures this year.  This time has primarily been 
divided between controlling P. cattleianum and M. minutiflora two of the most prolific weeds 
within the two exclosures.  P. cattleianum is more predominant in the Three Points exclosure and 
has been aggressively treated with volunteer groups, and spraying of large monotypic seedling 
beds with a dilution of 10% Garlon 3A in water.  M. minutiflora is extensively distributed in 
both exclosures and is being treated with a dilution of 1% Fusilade in water. To assist in spraying 
and to avoid lugging water up the steep trail to Three Points, a water catchment system was 
installed this year to compliment control. Koa and other natives will be planted to accelerate 
native revegetation of these areas. 
 
 
2.12.c.2 Kapuna 
 
In the past, NRS have helped the state weed in and around one exclosure in Kapuna Gulch where 
Cyanea superba ssp. superba are outplanted.  Recently, NRS expanded weeding efforts to other 
areas.  This year NRS began weed control in one of the subgulches of Kapuna that is home to 
several individuals of Chamaesyce herbstii and a single Hesperomannia arbuscula.  A Delissea 
subcordata was also known from this gulch.  In the past couple of months, NRS have spent a 
total of 60.5 hours in about 7 acres of this gulch.  This year NRS hope to improve habitat for 
these and other endangered plants by scoping and weeding in neighboring areas greater than 80% 
native, and to continue to weed around wild endangered plant populations.    
 
 
2.12.c.3 Keawapilau  
 
The drainage west of Kapuna is Keawapilau Gulch.  The State has proposed a large fence to 
exclude pigs from both of these gulches, however it is not known when in fact these fences will 
be built.  NRS are interested in weed control in these areas because of the wild and outplanted 
rare and endangered plant populations that occur in both gulches.  NRS also wish to invest time 
weeding here because there are many large patches of predominantly native forest that are 
potentially suitable for outplanting sites.  During this first year of weed control in Keawapilau, 
NRS spent 20 hours targeting weeds around wild and outplanted endangered plant populations 
such as the Schiedea nuttallii and Phyllostegia kaalaensis respectively.    
 
 
2.12.d Pahole Natural Area Reserve 
 
Pahole Natural Area Reserve is a large drainage adjacent to and shares a dividing fence with 
Kahanahaiki Gulch.  The area is comprised of several subgulches that feed into the major gulch 
and is home to several populations of endangered plants that occur on Military training lands.  
Historically NRS work in this area has been solely focused on weeding around an outplanted 
population of Cyanea superba ssp. superba. This year, these efforts were extended to include 
weeding around a snail exclosure near a Cenchrus agrimonioides population, as well as near a 
previously existing population of Phyllostegia kaalaensis.  NRS spent a total of 148 hours 
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controlling weeds around native plants.  Moving forward, NRS hopes to expand control efforts 
into subgulch 4, an area approved by the state as a potential outplanting area. 
 
  
 




