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MANAGEMENT SUMMARY 

This summary provides brief descriptions of significant results of natural resource projects and tasks 
performed by the Natural Resources Staff (NRS) of the Pacific Cooperative Studies Unit from July 1, 
2001 to June 31, 2002. Recommendations for follow-on actions based on those results are also provided. 

FERAL UNGULATE MANAGEMENT 

Aerial Census/Tracking and Hunting Data 

Over the last six years, semi-annual aerial censuses covering about 10% of the land on Pohakuloa 
Training Area have yielded counts of 320 to 860 ungulates (mouflon sheep, feral sheep, and goats). 
Counts obtained for August 2001 and March 2002 were 337 mouflon and feral sheep and 852 goats. 
Those counts fall within the range of previously observed values. And this stable trend continues to be 
corroborated by hunting data showing that archery hunting success rates vary little from 0.1 animal take 
per trip. This year there were 340 ungulates taken in the course of 2,107 hunting trips for a success rate of 
0.14. Most ungulates are harvested in the Ahi, Kapele and Bobcat sectors, matching hunting data trends of 
the last few years.  

Only two of nine goats and sheep fitted with radio-tracking collars since 1997 have been relocated. Both 
animals were inside the Kipuka Alala Fence Units. Two animals with radio-tracking collars were found 
dead in the Kipuka Kalawamauna Fence Unit. Hunters apparently shot them.  

Game bird take in PTA rebounded to a level (653) that is similar to that of 1999 (632) and nearly double 
that of the previous year. These harvest numbers are still considerably lower than the 2,000 to 3,000 birds 
taken in the 1996 and 1997 seasons, and may reflect the continuing effects of drought in the area.  

Recommendations:  As there have been no significant changes in hunting take patterns over the last few 
years, it is recommended that detailed collection and analysis of hunting data (for birds and ungulates) for 
various sectors within PTA be discontinued. Efforts should continue to maximize public hunting access to 
PTA lands, especially in the eastern (Redleg Trail) sector where there is presently no hunting pressure to 
reduce ungulate levels. 

Ungulate Exclosures Management 

From early 2001 through mid 2002, NRS staff coordinated a terrain sweep by Explosive Ordnance 
Disposal teams to evaluate hazard status of lands inside the Kipuka Alala Fence Units. Results of that 
sweep led to a low-hazard designation for the area within the fence units. Public hunters will now be 
allowed access to assist in the removal of an estimated 200 to 300 goats and sheep within the fence unit. 
That hunting effort will take place in September and November 2002.  

During June-July 2002, public hunters using muzzle-load rifles and shotguns shot 64 goats and sheep in 
the Kipuka Kalawamauna Fence Unit. Following that effort, U.S. Department of Agriculture staff hunters 
shot another 34 animals. It is now estimated that less than 25 goats and sheep remain in that fence unit. 
Twelve hours of searching by two pig-hunting teams with dogs found no pigs in the fence unit.  

All large fence units were inspected twice during the reporting period for signs of animal ingress, 
vegetation in-growth, and general damage. Combined driving and walking time required inspecting the 40 
kilometers (25 miles) of fencing totaled 50.5 work-hours. Two damaged areas required 1.5 work-hours to 
repair. 
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Recommendations:  Public hunting assistance in removing ungulates from the Kipuka Alala Fence Units 
should continue until hunting take levels fall to a low level. At that time, U.S Department of Agriculture 
staff hunters should remove the remaining animals. Aerial hunting may be the most effective means to 
complete this task. If opportunity arises, a radio-collared sheep should be released in the Kipuka 
Kalawamauna Fence Unit to serve as a “Judas animal” to facilitate removal of the last ungulates. Fence 
inspections and repairs should continue on a semi-annual basis. 

RARE PLANT MONITORING 

Rare plant monitoring during this reporting period focused on re-visiting previously reported locations of 
Priority Species-1 (PS1) plants. Previously recorded and newly discovered plant locations of other 
Priority Species Categories were documented in the course of field activities and surveys.  

Following are summaries of monitoring and threats management efforts for PS1 plants. 

Hedyotis coriacea. Discovery of new plants increased the known number of individuals from 33 to 74. 
Twenty-seven small-scale fences were installed to protect all but one of those plants. The fences have 
been effective in reducing ungulate damage and four small-scale fences have been increased in size to 
keep up with growing plants. 

Recommendations:  Construct larger fences to protect more suitable habitat. Monitor status of fountain 
grass and control if it appears to threaten H. coriacea populations. 

Neraudia ovata. Five of the eleven known N. ovata plants at PTA were found to be dead during this 
reporting period. Although all plants are protected from ungulates by small fences, they have experienced 
significant loss of foliage, apparently attributable to drought stress experienced in 2001 and earlier. 

Recommendations:  Protect plants within larger fence units to encourage recovery of habitat suitable for 
outplanting of new populations. 

Schiedea hawaiiensis. The single compact population of this plant consists of one mature plant and 30 
seedlings. Crowded field seedlings were collected for grow-out in the PTA Rare Plant Propagation 
Facility (RPPF). Rodent damage was observed on the adult plant and was controlled by temporarily 
enclosing it in a fine-mesh exclosure while treating the immediate area with rodent poison. 

Recommendations:  Continue to protect the population from rodent and ungulate browsing. Establish new 
field populations using field-collected and nursery-reared stock. 

Solanum incompletum. Abundance of this species has increased from 16 known individuals in 1996 to 
39 individuals at present. Enhanced shading was provided to the largest population by installing a more 
substantial shade structure utilizing a 6-meter by 9-meter metal pipe frame. A hog-wire exclosure with 
dimensions of 20 to 25-meters on a side replaced a relatively small plastic-mesh exclosure. 

Recommendations:  Protect plants with larger fence units to encourage recovery of habitat suitable for 
outplanting of new populations.  

Tetramolopium arenarium ssp. arenarium. Drought and wildfire have reduced abundance of this species 
considerably in the last few years. Discovery of new sub-populations of T. arenarium spp. arenarium led 
to a survey effort that yielded 13 new sub-populations and the verification of a previously recorded 
location. There are now 160 mature plants and 113 juvenile plants known. 
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Recommendations: Enclose the known populations in a 750-meter by 1000-meter protective fence. 
Survey more of the suitable habitat in Kipuka Kalawamauna Endangered Plant Habitat for this species.  

Tetramolopium sp. 1. Efforts over the last few months have focused on re-visiting previously recorded 
locations. 

Recommendations:  Continue monitoring of previously recorded locations.    

Following are summaries of monitoring and threats management efforts for PS2 plants. 

Asplenium fragile var. insulare. Thirty individuals were found at two newly recorded sites located in the 
skylights of a lava tube system in Kipuka Alala.  

Recommendations:  Emplace concertina wire around ungulate-accessible caves where this species occurs 
to protect them from ungulate activity. Commence systematic monitoring during the next reporting 
period. 

Silene lanceolata. In April-May of 2002, a group of temporary environmental field workers provided by 
PCSU contributed 16 workdays of effort to remove fountain grass within 30 meters of the four S. 
lanceolata populations at PTA. 

Recommendations:  Revisit and monitor all known populations of S. lanceolata during the next reporting 
period. (As a priority-level 2 species, detailed inventory of populations of this species was not scheduled 
for this year’s work cycle.) 

Zanthoxylum hawaiiensis. Several new sites containing a total of eight plants were recorded for this 
species during the reporting period. It is estimated that PTA may harbor 260 to 270 Z. hawaiiensis at 
more than 176 sites. 

Recommendations:  Begin revisit and scheduled monitoring of this priority-level 2 species in the next 
reporting period. 

Following are summaries of monitoring and threats management efforts for PS3 plants. 

Portulaca sclerocarpa. Although no monitoring actions were specifically devoted to this priority-level 3 
species in the reporting period, three of seven previously recorded sites have been reconfirmed and four 
new sites were found. Twenty-six plants have been recorded from these sites. 

Recommendations:  Continue to monitor occurrence sites on an opportunistic basis.     

Haplostachys haplostachya. A separately contracted botanical survey performed by Colorado State 
University discovered a new population of this species in Training Area 7. Subsequent inventory of the 
population by NRS counted 393 plants. Another 425-500 H. haplostachya were discovered in Kipuka 
Kalawamauna Endangered Plant Habitat while surveying for other rare plant species. Ungulate browse 
damage was noted on only seven of the nearly 900 plants observed. These populations appear to be 
recovering from the drought of the last two to three years, as young plants dominate and most mature 
plants appear to be flowering for the first time. 

Recommendations:  If military training levels increase significantly in Training Area 7, it is recommended 
that the H. haplostachya population in that area be fenced for protection from human and vehicular 
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traffic. More detailed monitoring of this priority-level 5 species should commence when re-visit of higher 
priority-level species has been completed. 

Silene hawaiiensis. This species has now been monitored at Range 8 annually for five years as a 
condition of an Endangered Species Act Section 7 consultation and agreement to evaluate effects of a 
machine gun firing range. Long-term trends have seen declining abundance and smaller size of plants. As 
these effects are seen uniformly in areas with and without machine gun firing, reduced condition of the 
plants is most likely caused by long-term drought and browsing by ungulates. 

A study to determine the effects of ungulate exclusion on S. hawaiiensis inside the 13.5-hectare (33-acre) 
Silene hawaiiensis Fence Unit continued with the fourth-annual monitoring. The study is being conducted 
to determine the effects of ungulate exclusion on this federally listed species. Comparisons of average 
height of plants inside the fence unit were made to those just outside the fence unit. Results showed that 
average height of the plants inside the fence unit is approximately 31% greater than those outside. Of 
additional significance is the fact that browse has appeared on plants outside the fence at levels of 25-57% 
since completion of the fence unit, but has surprisingly continued at relatively lower levels of 7-11% 
inside the fence unit. Continued browse inside the fence unit implies that goats and/or sheep may be 
jumping over the fence and grazing the plants, or that rodents or birds are browsing the plants. 

Recommendations:  Continue the annual monitoring of S. hawaiiensis at Range 8 as required by the ESA 
Section 7 consultation.  Develop and implement experiments that could be performed on the fenced and 
unfenced populations to determine the cause of browse damage to fenced plants. 

Spermolepis hawaiiensis. No specific efforts were made to re-visit known sites.  

Recommendations:  As future workloads allow, implement monitoring for this priority-level 5 species. 

KIPUKA KALAWAMAUNA FIRE EFFECTS MONITORING 

In the period of October 9-11, 2001, a wildfire burned about 44 hectares (110 acres) of rare plant habitat 
within the Kipuka Kalawamauna Fence Unit. NRS surveyed the burn area from October 11-13, 2002 to 
determine the perimeter of the burn-affected areas and assess damage to federally listed plant species. The 
perimeter of the burned area was delineated with GPS methods and a map of the area was produced. 

In general, the patterns of burned versus unburned areas within the burn perimeter were extremely patchy 
with significant fire effect occurring over less than 50% of the area. Seven of twelve previously recorded 
H. haplostachya locations had burned, destroying an estimated 150 to 500 plants (0.4% to 2.0% of the 
25,000 to 35,000 H. haplostachya estimated to exist at PTA). Over 2,500 H. haplostachya were observed 
in relatively unaffected state inside of the overall burn footprint. Re-visit to four of five recorded locations 
for Silene lanceolata in the burn area found those plants unaffected. A fifth location could not be located 
with certainty due to older mapping inaccuracies. Two previously identified sites where Stenogyne 
angustifolia had been observed were re-visited. Although that species was not found at those two 
locations, it had been several years since they were monitored and the plants could have died or 
experienced significant reduction in abundance during drought conditions preceding the fire.  

Recommendations:  Larger-scale control of fuels (primarily fountain grass) should be considered in the 
Kipuka Kalawamauna Endangered Plant Habitat. A plan for fuel breaks and fire-fighting access should be 
developed and implemented. Many other recommended actions presented in an after-action review by the 
PTA command should also be implemented. 
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KIPUKA ALALA VEGETATION MONITORING 

In the first quarter of 2001, NRS, in contracted consultation with USGS-PIERC, implemented a 
vegetation monitoring program to track vegetation changes expected to occur as a result of fencing of a 
large mamane/naio shrub/treeland that is targeted for habitat recovery. In 10 to 30 years vegetation in the 
kipuka should recover to a state capable of sustaining reintroduced populations of endangered Palila 
birds. The goal of vegetation monitoring is to assess long-term progress in recovery of the mamane/naio 
forest. 

In early 2001, 30 plots were established and monitored. After preliminary analysis, USGS-PIERC 
recommended the addition of ten more plots to enhance the power of statistical analysis. In April 2002, 
new plots were monitored using the protocol established in early 2001, and the original 30 plots were 
monitored for woody species density and diameter at breast height (DBH). The data has been provided to 
USGS-PIERC for contracted analysis. 

Recommendation:  No further funding is programmed specifically for Palila habitat recovery actions in 
Kipuka Alala. Thus, the vegetation monitoring data collected in this reporting period will serve as a 
“baseline” measure of the status of the mamane/naio forest in the kipuka. It is recommended that a 
funding amount and source be identified for further monitoring of the plots that should occur at five-year 
intervals. 

KIPUKA KALAWAMAUNA VEGETATION MONITORING 

The 754-hectare (1,864-acre) Kipuka Kalawamauna Fence Unit was completed in early 1998 for the 
purpose of excluding ungulates from endangered and threatened species habitat. In the last quarter of 
2001, a vegetation monitoring program was initiated in and adjacent to the fence area to determine long-
term effects of ungulate exclusion on the plant communities. Forty monitoring plots were established, half 
inside the fence and half outside the fence. The plots were further stratified between Metrosideros 
polymorpha treelands with dense shrub understory and Dodonaea viscosa mixed shrublands. Monitoring 
and analysis methods used in this effort are similar to those used in the Kipuka Alala vegetation 
monitoring of this reporting period. 

Monitoring data showed, as expected, that substrate and vegetation are statistically similar between 
fenced and unfenced locales. Plots that had been affected by wildfire were found to have lower levels of 
total vegetative cover, understory cover, and woody species density as compared to unburned plots. 
Burned plots had more grass cover than unburned plots.  

At the time of the monitoring, the fence unit still contained at least 100 goats and sheep. Efforts are now 
underway to remove the last ungulates from the exclosure and it is expected that future monitoring will 
reveal changes in vegetation attributable to cessation of grazing pressure. 

Recommendations:  Monitor the Kipuka Kalawamauna vegetation plots at five-year intervals to document 
possible recovery of vegetative habitat in the fenced area. 

RARE PLANT PROPAGATION 

Propagation of Priority Species 1 

Hedyotis coriacea. Field seed production is very low. A solitary plant in the Interpretive Garden has 
produced some seed capsules, and a greenhouse specimen has flowered but set no seed. Field-collected 
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seeds germinate in 1 to 2 ½ months with germination rates of 32%. Survival rate after 5 months is 8%. 
Stem cuttings of 10-centimeter length have been successfully propagated. 

Recommendations:  Continue experimentation with hand pollination in the greenhouse and seed 
germination trials with varying conditions. Perform monitoring to acquire life history and reproductive 
biology information. 

Neraudia ovata. Seed germination is very slow, taking several months with a germination rate of about 
9%. Seedling vigor is poor with high susceptibility to stem wilt. Propagation using 15-centimeter cuttings 
has been more successful. 

Recommendations:  Maintain genetic stock from all six naturally occurring plants in the greenhouse to 
increase and facilitate seed collection. Continue with seed germination trials. 

Solanum incompletum. At beginning of the reporting period, this species had only been propagated via 
tissue culture at Lyon Arboretum (LA). Prior attempts with seed germination were unsuccessful. Follow-
on experimentation on seed viability and effects of germination stimulants performed at LA led to 
discovery that S. incompletum seed germinated after exposure to gibberellin (GA-3 growth hormone). 
Subsequent work at LA and the PTA greenhouse using various temperature and GA-3 treatments has 
yielded germination times of two weeks to several months with germination rates as high as 53%. 
Seedlings are generally hardy and propagation efforts have produced 45 healthy plants that should be 
ready for outplanting in fall 2002. Three propagules have been planted in the Interpretive Garden. 

Recommendations:  Continue germination trials with and without GA-3 to determine dormancy 
requirements and potential seedling vigor effects. Gather more phenology data on field seed maturity and 
germination. 

Schiedea hawaiiensis. There is one mature, naturally occurring individual known and one mature plant in 
the greenhouse. Both plants have produced viable seeds that germinated in four to ten weeks with a 
germination rate of about 38% and good seedling survival. It is possible that extension of seed after-
ripening periods up to six months may increase germination.  

Recommendations:  Continue germination trials to optimize germination and seedling vigor. 

Tetramolopium arenarium ssp. arenarium. Germination of this species occurs in 11 to 21 days with 
success rates of 53% to 72% for greenhouse-grown seed and 15% for field-collected seed.  

Recommendations:  With no unusual dormancy or germination requirements, propagation efforts with T. 
arenarium spp. arenarium should focus on seed collection to maximize genetic diversity of propagules. 

Tetramolopium sp. 1. Two propagules produced from seed collected in 1998 have been planted in the 
Interpretive Garden. Very little propagation work has been done with this species to date, although a few 
germination trials have yielded germination times of six to nine weeks with low germination success rate. 

Recommendation:  Produce propagules from a genetically diverse selection of field-collected seed. 

Propagation of Priority Species Level 2 

Asplenium fragile var. insulare. Propagation efforts at LA shows that germination occurs in about two 
weeks and propagules take an additional eight months to attain size suitable for transfer to PTA. The 
length of time necessary for acclimation to the PTA environment before outplanting has not yet been 
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determined. Spores of this species have also been sent to botanical specialists at the Cincinnati Zoo and 
Botanical Garden for evaluation of long-term spore storage needs. 

Recommendations:  Begin selection of candidate sites (caves openings) for outplanting. When 
propagation for outplanting commences, collect spores from diverse locales. 

Silene lanceolata. Germination trials with greenhouse-grown seed have yielded germination rates of 16-
20% occurring over intervals of two to five weeks. Other researchers had noted germination rates of 67-
92% when using seeds aged for 40 to 60 days after ripening. 

Recommendations: Conduct germination trials with field-collected seed that has been stored for longer 
periods. 

Propagating Other Species. Germination trials were also conducted for six priority-level 4 and 5 taxa 
and 26 non-listed native species. 

Recommendations:  Germination trials should be performed with native taxa of lower priority levels as 
time and seed availability permit. 

Maintaining Seeds in Storage. Seeds continue to be field-collected, catalogued, stored, and tested for 
viability. Seeds collected in excess to needs at PTA are sent to LA for seed storage protocol 
determinations. 

Recommendations:  Continue present procedures. When readily available, provide high priority-level 
species seeds to genetic safety net storage program members and to U.S. Department of Agriculture 
National Seed Storage laboratory at Fort Collins, Colorado. 

Other Activities Associated with Plant Propagation.  

Eragrostis deflexa outplanting. Forty-eight plants were planted in February 2002 in a small fenced 
exclosure in western PTA. The immediate area was largely cleared of invasive fountain grass. Over a 
period of seven months, the plants were watered at two to six week intervals on a gradually decreasing 
schedule. Three months after planting, all individuals had reached reproductive stage and survival was 
98%. 

Recommendations:  Continue monitoring and weed removal at the outplanting site. 

Schiedea hawaiiensis outplanting. Three cuttings and three seed propagated plants were planted in close 
proximity to the mother-plant in western PTA. Water was provided on a gradually decreasing schedule at 
two-week or four-week intervals. Two and a half months later, all plants were surviving and averaged 42 
centimeters of growth. 

Recommendations:  Protect the immediate outplanting area from rodent browsing by poison baiting. 
Consider future outplanting at State of Hawaii protected habitat areas. 

Other outplantings. Propagules of four species of rare plants have been provided to the State Division of 
Forestry and Wildlife for planting on State land. 

Recommendations:  Continue cooperative outplanting efforts beneficial to recovery of plant species 
impacted by military training. 
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Chenopodium oahuense re-vegetation project. To ameliorate effects of erosion along roadside near Firing 
Point 303 in northern PTA, 115 individuals of a native shrub (Chenopodium oahuense) were planted in 
conjunction with Integrated Training Area Management (ITAM) personnel. One cup of hydrated Terra 
Sorb was added to the planting holes of 60% of the plants and all plants were watered initially. Thereafter, 
no supplemental water was provided. Eleven months later, 79% of the plants were surviving. All 
mortality was attributable to disturbance by feral pigs and vehicular traffic. Plants that had been planted 
with Terra Sorb were taller and more robust than untreated plants. 

Recommendations:  Expand use of C. oahuense for re-vegetation projects as water requirements for that 
species are minimal and outplanting survival rates are high. 

Mixed native species re-vegetation project. Near PTA base camp in an area recently cleared of Russian 
thistle weed, 23 individuals of common native plants (11 different species) were planted. A watering 
schedule was used that started at twice weekly and tapered to monthly. Three and a half months later, 
overall survival of the plants was 48%. Some species fared much better than others. 

Recommendations:  Species that fared well in this preliminary test should be used in more extensive 
follow-on re-vegetation experiments.  

Interpretive Garden. Plantings have been increased, a roofed display kiosk has been constructed, and an 
improved garden layout has been implemented. Permanent posters, plant signage, and self-guide 
brochures are being designed. 

Recommendations:  Continue to maintain and develop the garden while increasing awareness of 
availability of garden to soldiers and visitors. 

RUSSIAN THISTLE CONTROL 

Efforts to control the spread of Salsola kali (Russian Thistle or Tumbleweed) within PTA have continued 
since 1997, where herbicide application targeted a total of 10-hectares (25-acres) of this thorny weed. 
Since then, several new populations have been found. Known populations are treated with herbicide or 
are manually removed, often on a repeated basis if it re-emerges from remnant seed. 

Over the reporting period, about 355 work-hours were devoted to field control efforts. This work was 
concentrated in 173 hectares (432 acres) of land located primarily in northern PTA (Puu Keekee and Puu 
ka Pele) and around the airfield and cantonment area. As compared to the previous year’s data, hours of 
labor effort have increased by only 65 hours while acreage covered increased 3½-fold to 267 hectares 
(667 acres). Increased germination and spread of Russian thistle have necessitated this dramatically 
increased control effort over the last few months, apparently a result of increased rainfall and military 
activity in the PTA area. 

About 0.2 hectare (0.5 acre) of Russian thistle-infested land near the PTA fire station was sprayed with 
Krovar, a selective herbicide with pre- and post-emergent effects. Results have been encouraging, as 
Russian thistle has been very slow to return to the treated area. 

Results of a series of greenhouse experiments at PTA have shown that Russian thistle, under low moisture 
(drought) conditions produces nearly 50% more above-ground biomass than two common native dryland 
plants. This adaptation may encourage invasion of Russian thistle into native habitats during dry periods.      

Recommendations:  Continue aggressive program to detect, map and control Russian thistle to prevent 
large-scale spread into training areas and sensitive environments. Ensure especially that this invasive 
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weed does not gain foothold in rare plant habitats of western PTA. Additional contracted herbicide 
application efforts may be necessary to prevent significant spread following high rainfall events.  

BIRD POPULATION MONITORING 

In December 2001, bird monitoring on transects in Palila Critical Habitat (northeastern PTA), Training 
Area 22 (western PTA), and Kipuka Alala (southwestern PTA) showed results that are very similar to the 
1999 and 2000 censuses. Amakihi, the most common native species in all three areas, accounted for 42%, 
66% and 60% of counted birds in the three study areas, respectively. Apapane, another common native 
bird, comprised 4% of counted birds at Palila Critical Habitat and 9% at Kipuka Alala. Again, those 
values are very similar to census data from the previous two years. 

Only two Elepaio were counted in Kipuka Alala, a count that is the same as that obtained in the previous 
year. Abundance of this species has declined dramatically since 1993 when surveys by R. David found 
them at 24% of count stations. Increased predation and effects of drought are possible causes of declines 
in Elepaio abundance or alterations in their behavior and territories. 

Recommendations:  Native bird monitoring should continue on an annual basis. New attempts should be 
made to locate and band Elepaio. Studies should be conducted to determine survivorship of Elepaio and 
factors that may have caused decline of their populations at PTA. If Elepaio nesting areas are found, 
predator control should be implemented in those areas. 

ENDANGERED SPECIES ACT SECTION 7 CONSERVATION ACTIONS 

A Final Environmental Impact Statement (FEIS) for realignment of the Saddle Road was completed in 
August 1999. To meet the requirements and intent of the Biological Opinion (BO) of the FEIS, specific 
conservation actions were implemented on PTA lands. Those actions included fencing of 1,600 hectares 
(4,000 acres) of Kipuka Alala, removal of ungulates from the fenced area, monitoring and study of the 
mamane/naio forest in the kipuka, weed and alien insect monitoring and control, monitoring of Elepaio 
bird populations, and execution of a rodent control test. Some of these actions were included as tasks 
under a scope of work and contract that were funded separately from the efforts reported here. The 
collective intent of the conservation actions in Kipuka Alala is to perform a long-term restoration of the 
mamane/naio forest to a condition that will support future re-introduction of endangered Palila birds. 

Design of the vegetation monitoring program for Kipuka Alala and analysis of an initial monitoring cycle 
have been contracted separately to the Biological Resources Division of the U.S. Geological Survey. NRS 
staff, in the course of this reporting period, contributed considerable effort to the initial vegetation 
monitoring, monitoring and coordination of removal of ungulates in the fence unit, performance, and 
monitoring of Elepaio. Results and recommendations for these efforts are reported elsewhere in this 
summary. About 700 NRS work-hours were expended over the reporting period on Kipuka Alala Section 
7 conservation actions. 

In implementing recommended conservation actions of the Saddle Road Realignment Project Biological 
Opinion, a large population of Silene hawaiiensis in Training Area 3 was protected by an ungulate 
exclusion fence in 1999.  The most recent annual monitoring of that population took 16 work-hours to 
perform.  At Range 8, 32 work-hours were expended monitoring S. hawaiiensis, as required for the BO 
for that range. 

NRS devoted a total of 988 work-hours to ESA Section 7 mitigation tasks at PTA during the reporting 
period. 
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Recommendations:  As described in the Saddle Road BO and resultant interagency Memorandum of 
Understanding (MOU), it is not mandated that conservation actions defined in the BO continue beyond 
CY 2002. Thus, monitoring of vegetation, birds and ungulates in Kipuka Alala and the Silene hawaiiensis 
Fence Unit will cease when present funds have been expended. However, Army resource managers 
should consider periodic re-monitoring of vegetation and bird transects in the fence units at five-year 
intervals. 

Annual monitoring of S. hawaiiensis at Range 8 is mandatory and should be continued. And the 
population of the same species in the Training Area 3 fence should be monitored annually for several 
more years to detect possible changes in their status as a result of protection from ungulates. 

MISCELLANEOUS SUPPORT EFFORTS 

About 550 work-hours were expended on efforts that included surveying areas in support of the military 
training mission, coordinating and participating with other governmental agencies in discussions that 
affect natural resources on Army lands, and assisting in preparation of supporting documentation. Over 
half of this effort supported the development of a biological assessment (BA) on the effects of military 
training at PTA on federally listed species. Assistance was provided in data production, review and 
comment for about 30 documents that address Standing Operating Procedures, National Environmental 
Policy Act process, and facility and land management planning. Several site visits by scientists, 
Congressional delegations, public volunteers and military officers were supported, and environmental 
articles were written on a regular basis for Army bulletins. Accomplishments of the Environmental 
Education Program directed by Ms. Kuhea Paracuelles are detailed in a separate report. 

Recommendations:  Most of the efforts cited above are crucial to ensuring compliance of the PTA Army 
installation with laws and regulations related to natural resource management and as such must be 
continued to support the military mission. Outreach and interpretive efforts should also continue because 
of their important function in informing the public and the Army command on accomplishments and 
issues related to resource management and stewardship at PTA.  
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CHAPTER 1. FERAL UNGULATE MANAGEMENT  

1.1 PCSU CONTRACT REQUIREMENTS 

The following is a list of PCSU contractual requirements relating to ungulate control followed by a brief 
discussion of Natural Resource Staff accomplishments. 

REQUIREMENT 5.b.1 

Determine the distribution of ungulates within 35,000 acres on the western portions of PTA by 
conducting an aerial ungulate census twice a year along established transects. 

DISCUSSION 

Two censuses were conducted during the contract period, the first census on 29 August 2001 and the 
second on 16 March 2002. Goats (Capra hircus hircus), sheep (Ovis aries), and mouflon sheep (Ovis 
musimon) were counted along established transects. The majority of sheep sighted were in Training Area 
23. Goats were more commonly found on the 1859 lava flow southwest of the installation and in Kipuka 
Kalawamauna. Mouflon were more common on Red Trail. 

REQUIREMENT 5.b.2 and 5.b.1.a (Kipuka Alala) 

Monitor the distribution and movements of 6-8 selected radio-collared ungulates using radio telemetry on 
a quarterly basis. Findings from the census and radio tracking shall be incorporated into a report and 
management recommendations made.  

DISCUSSION 

Two of the nine collared animals were located in March and April 2002. Two animals inside the KKFU 
were confirmed dead. No signals were received from the other five animals.  

REQUIREMENT 5.b.3 

Maintain and update a database containing information on hunting methods and animal harvests at PTA. 
Monthly reports shall be furnished to the State Department of Land and Natural Resources (DLNR). 
Information shall be evaluated on a quarterly basis and recommendations made for management actions 
(e.g., hunting guidelines, special hunts, etc.). 

DISCUSSION 

Mammal hunting data from January 2001 to December 2002 indicate that goats and sheep were harvested 
in statistically similar numbers. In 2001, billies, nannies, rams, and ewes were harvested in statistically 
similar numbers. There is a significant difference in harvest numbers of billies and rams from 1996 to 
present. There is a significant difference in game numbers harvested between hunting areas. Game is 
harvested most often from the three western hunting areas, Bobcat, Kapele and Ahi. There is no statistical 
difference in the total harvest numbers between years from 1996 to 2001.   

Analysis of the data for the 2001-2002 bird-hunting season found a statistical difference in the numbers of 
individual species taken during the season. California quail and Erckle’s francolin were the most 
frequently harvested birds. A statistical difference was not found between harvest numbers among the 
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hunting areas. Harvest totals from 1996 to present varied significantly from year to year. This variation 
appeared to be correlated to rainfall (r=57% (adjusted)).  

REQUIREMENT 5.b.4 

Assist in presentation of hunting data and policy information at the semi-annual hunter meetings. 

DISCUSSION 

No Public Hunting meetings were held during the contract period.  

REQUIREMENT 5.b.5 

Inspect fence units for damage and perform repairs, as necessary, along 10 miles of fence semi-annually. 
The purpose of the inspection shall be to assess whether ungulates have entered or re-entered the fenced 
areas. Fence damage shall be repaired within two weeks.  

DISCUSSION 

REQUIREMENT 5.b.1. (Kipuka Alala) 

Identify ungulate removal methods based on distribution and movement patterns. 

DISCUSSION 

NRS has assisted USDA with coordinating access to Kipuka Kalawamauna for staff hunting. NRS 
continues to explore new removal methods including aerial staff hunting and the fitting of radio collars on 
captured animals to assist staff hunters in locating remnant animals and or herds.  

REQUIREMENT 5.b.1.c (Kipuka Alala) 

Assist the U.S. Department of Agriculture, Wildlife Services, in the implementation of ungulate removal.  

DISCUSSION 

NRS has worked with the Explosive Ordnance Division (EOD) to survey portions of Kipuka Alala for 
Unexploded Ordnance (UXO) contamination. Very little UXO was discovered and the area has been 
declared low hazard. Therefore, public hunters and USDA are allowed access to most of the kipuka.   

REQUIREMENT 5.b.1.d (Kipuka Alala) 

Create a database, which contains information on ungulate removal methods, locations and animal 
harvests within Kipuka Alala. Information shall be evaluated on a quarterly basis and a report prepared 
with recommendations made for management actions.  

DISCUSSION 

USDA has developed a database that contains information on animals removed from Kipuka Alala. 
Information includes species, location, methods and number of animals removed. NRS provides database 
support and assist with analysis of the data.  
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1.2 UNGULATE MANAGEMENT  

Ungulates are a major threat to natural and cultural resources at PTA. NRS uses an integrated approach 
for managing ungulates. Movement studies and censuses provide information on distribution and 
abundance of animals. Erecting large and small-scale fences exclude ungulates from rare plants and the 
surrounding ecosystem. Staff and public hunting programs are used to reduce the number of animals in 
key management areas.  

By cooperating with State and Federal agencies, PTA is able to expand its ungulate management 
programs at PTA. Using existing programs and experts from other agencies; the ungulate program at PTA 
is more effective. Examples of such programs include; the semi-annual ungulate censuses preformed in 
conjunction with the National Park Service (NPS), the State Department of Land and Natural Resources 
(DLNR) administering of the public hunting program, and the US Department of Agriculture, Wildlife 
Services conducts animal removal from fenced areas and monitors movements of animals fitted with 
radio transmitter collars. 

Management of feral sheep, mouflon sheep, and goats is a high priority because they are found in and 
around native and sensitive habitats. Goats and sheep impact natural resources by browsing, grazing, and 
trampling. Many of the endangered plants at PTA are susceptible to browsing and are often reduced to 
nothing more than a few sticks with leaves. In areas where ungulate numbers are relatively high such as 
the mamane/naio (Sophora/Myoporum) forests, a distinct browse line can be seen on the trees. Sheep and 
goats also impact fragile cave resources, transmit weeds, and disturb soil layers. Feral pigs (Sus scrofa 
scrofa) are also found in many of the native species management areas. Pigs impact native and 
endangered plants through browsing, trampling and rooting.  

1.3 UNGULATE MONITORING 

To gather information on distribution and movements, PTA has entered into an interagency agreement 
with the NPS to assist in semi-annual aerial ungulate censuses. For additional information on movement 
patterns, several animals were fitted with radio transmitters mounted on collars. USDA tracks these 
animals when the opportunity arises. 

1.3a Semi-annual Aerial Ungulate Census 

METHODS 

Aerial censuses were conducted twice during the contract period, in August 2001 and in February 2002. 
NRS participated with NPS staff to conduct the August census and NRS conducted the March 2002 
census. The National Park Service developed the methods used (Hoshide and Fancy 1998). PTA was 
divided into three main study areas; Kipuka Alala, Kipuka Kalawamauna, and Red Leg Trail. These areas 
were chosen because of their high concentration of rare plants and high numbers of ungulates. The 
surveys were conducted along fixed transects (Figure 1-1). Transects were established by generating a 
random starting point in each study area. Transects were then systematically placed one kilometer apart 
within the study area. Each transect includes sections of the impact area, training areas, and adjacent 
lands.  

The aerial transects were monitored utilizing a Hughes 500. Counters sat in the rear of the helicopter on 
the left and right sides. The pilot and a fourth person in the front seat served as spotters. Flight altitude 
ranged from 100-200 feet and flight speeds ranged from 30-70 mph (Hoshide and Fancy 1998). 
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Figure 1-1. Ungulate Census Transects 
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Each observer counts every animal detected on their side of the transect. Observers record perpendicular 
distance from the center of the transect, distance from the start of the transect, number of animals in the 
herd, and the vegetation type (Hoshide and Fancy 1998).   

RESULTS 

Table 1-1. Results of the Aerial Ungulate Census. 

Area Date  Feral Sheep Goats Mouflon/Hybrids 

Kipuka Alala August 2001 63 140 0 

 March 2002 146 233 0 

Subtotal  209 373 0 

Kipuka Kalawamauna August 2001 0 64 0 

 March 2002 12 270 0 

Subtotal  12 334 0 

Red Leg Trail August 2001 14 18 38 

 March 2002 87 10 114 

Subtotal  101 28 152 

Year Total  322 735 152 

 

MANAGEMENT RECOMMENDATIONS 

It is recommended that observers calibrate distance estimations before each census and discuss how to 
categorize sheep and mouflon. It is recommended that the census methods be examined to determine if it 
is possible to detect a five-fold change in animal numbers with the data collected. In particular the 
frequency of the census should be examined to determine if censuses could be changed to an annual or 
biannual cycle.  

1.3b Monitor Animal Movement 

METHODS 

Currently, nine goats and sheep are fitted with radio transmitter collars at PTA. Four of these animals 
were fitted with collars in 1997 by NPS. USDA fitted another five animals with collars. Four of these 
animals are located inside fence units to assist USDA staff hunters in locating herds during hunting 
operations.    

Animals were located using radio receivers and if possible their locations were marked using Global 
Positioning System (GPS) units. During the March 2002 aerial census, all the frequencies for radio collars 
were scanned with the receiver while flying. Animals were also located during routine work by USDA 
personnel. 
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RESULTS 

Two of the nine previously collared animals were located during the March 2002 aerial census (Table 1-
2).  Ewe # 2 was seen with a herd of 28 sheep during the March 2002 census and was seen again by 
USDA on 9 April 02 inside the KA-1 FU. Ewe #3 was also detected during the March 02 census and on 9 
April 02 by USDA inside the KA-2 FU. Many of the signals from animals collared in 1997 were not 
detected. Two animals were confirmed dead inside the KKFU. 

Table 1-2. Locations of radio collared animals. 

Date Animal Location 

3/16/02 Ewe #83 No Signal 

3/16/02 Billy #84 No Signal 

3/16/02 Nanny #86 No Signal 

3/16/02 Nanny #79 No Signal 

4/9/02 Ewe #2 KA-1FU 

3/16/02 Mouflon #5 No Signal 

3/16/02 Ewe #6 Confirmed 
Dead 

3/16/02 Nanny #1 Confirmed 
Dead 

4/9/02 Ewe #3 KA-2FU 

 

DISCUSSION 

Many of the original transmitters from 1997 have ceased to work. Two are still active on ewes #6 and #3. 
These collars may also cease to function before USDA hunters can take advantage of the signals for 
locating and hunting herds in KAFU's. The rated the battery life is two years, but these two transmitters 
have been working for almost five years.  

The two collared animals inside the KKFU that were used to assist USDA hunters in locating additional 
animal and or herds were confirmed dead. These animals were probably killed during the special hunt in 
May 2001. The collars were retrieved. There are no longer any collared animals inside KKFU. USDA has 
been actively hunting KKFU and it is thought to have less than ten sheep and five goats left inside the 
fence unit.  

MANAGEMENT RECOMMENDATIONS 

During the August 2002 aerial census, all frequencies should be tried from the helicopter one last time. If 
no signals are detected then monitoring the frequencies will be discontinued. Obtaining new collared 
animals to assist USDA staff with hunting efforts inside KKFU and KAFU's is highly recommended. Old 
collars should be sent to the manufacture to be refurbished and new collars purchased.  
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1.4 HUNTING PROGRAMS 

The hunting program at PTA is a cooperative effort between the NRS, USDA, WS, PTA Range Division, 
Hawaii, PTA Department of Defense (DOD) Police, and the State Department of Land and Natural 
Resources (DLNR). Prior to 1996, DLNR managed hunting at PTA. In 1996, PTA Environmental Office 
began managing information generated by public hunters to assess hunting trends and monitor animal 
removal. To aid in assessing hunting trends, PTA was divided into six hunting areas: Ahi, Bobcat, 
Humuula, Ka Pele, Menehune, and Mauna Kea (Figure 1-2). 

Hunting data generated is compiled and reported to DLNR on a monthly basis. Semi-annually, NRS 
compares data and hunting trends. Recommendations are made based on the numbers of game mammals 
harvested and the areas from which they are taken. Numbers of hunters, hours spent hunting, and animals 
taken are reported. Animal harvest data are divided into species, sex, and hunting areas.  
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Figure 1-2. PTA Hunting Areas
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To clarify findings and to be consistent with State reporting formats, this report covers the 2000 calendar 
year. Data from January to June 2000 are reported to draw yearly conclusions and semi-annual 
comparisons, even though these data were included in last year’s annual report. 

1.4a Public Mammal Hunting 

METHODS 

Public hunters provide information for each hunting trip made at PTA. Hunters are required to sign in and 
out on a check-in sheet located at the DOD Police station. This information is used to count hunter trips 
and calculate the number of hours-spent hunting. If an animal is harvested, hunters are required to provide 
information about the area of capture, species, sex and number of animals harvested on the PTA Big 
Game Mammal Report Card. This information is stored in databases and analyzed semi-annually. 

Numbers of hunter trips, available hunting days, animals harvested and hours spent down range are all 
analyzed on a semi-annual basis (Appendix 1). The number is days actually hunted at PTA, is reported as 
the available hunting days. The hours spent is derived from the total number of hours spent down range 
by hunters. The hours spent include activities other than hunting such as eating, resting, waiting and 
commuting to hunting areas. Because people hunt at PTA more than once over a reporting period, the 
number of hunter trips is reported. The actual number of individuals that hunt at PTA is lower than the 
reported hunter trips. To compare hunter effort between periods, the capture time is computed by dividing 
the hours spent by the number of animals harvested. To compare hunter success, the capture success 
(animals per hunter) is computed by dividing the number of animals harvested by the number of hunter 
trips. 

RESULTS 

Between January and December 2001, 99 days were available for hunting (Table 1-3). During this period, 
hunters expended 17,190 hours on 2,107 hunter-trips to capture 340 animals. Of the 2,107 hunter-trips 
only 295 were successful. The capture success was 0.14 animals per hunter-trip. The average capture time 
was 50 hours per animal.  

Table 1-3. Mammal Hunting – Summary of harvest data reported from 
January to December 2001.  

Days Hunter 
Trips 

Successful 
Trips Hours Animals Capture 

Time (Hrs)
Capture 
Success 

99 2,107 295 17,190 340 50 0.14 

 

Goats and sheep were harvested equally (F=0.01, P= 0.944, α=0.05) (Table 1-4). To assess this trend over 
the past few years a one-way ANOVA was used to compare goat and sheep harvests from 1996 to 2001 
(Table 1-5). Again the results indicated that goat and sheep harvests were statistically similar (F=4.28, 
P=0.065, α=0.05). Pigs comprised only 5% of the total harvest in 2001.  

 



 20

Table 1-4. Hunting results January 2001 to December 2001. 

 Ahi Bobcat Humuula Kapele Menehune Mauna Kea KKFU Other Total 

Billy 30 26 0 33 0 0 11 0 100 

Nanny 11 5 0 6 2 0 12 0 36 

Goat* 0 0 0 0 0 0 7 0 7 

Ram 23 31 5 6 21 1 9 0 96 

Ewe 9 15 3 8 10 0 7 0 52 

Sheep* 0 0 0 0 0 0 5 0 5 

Boar 4 0 0 2 1 0 0 0 7 

Sow 3 2 1 1 0 1 0 1 9 

No Data 0 0 0 0 0 0 18 10 28 

Total  80 79 9 56 34 2 69 11 340 
*The Sex was not reported for these goats and sheep. 

Table 1-5. Hunting Totals from 1996 to 2001 for sheep and goats. 

 1996 1997 1998 1999 2000 2001 

Goats 144 118 164 149 93 108 

Sheep 100 50 111 120 86 117 

 

The data suggest that billies and rams were the most frequently harvested animals (Table 1-4 and Figure 
1-3), but using the Kruskal-Wallis test, it was determined there is no statistical difference between the 
harvest of billies, nannies, rams, and ewes (H=1.60, P=0.659, α=0.05). The data from 2001 were analyzed 
using a non-parametric test because the variances were unequal. If harvest totals for each sex and species 
are compared between 1996 and 1998, the variances are equal and a one-way ANOVA with Tukey’s 
mean separation can be used. The test indicated that there was a significant difference among harvest of 
the species and sexes (F=24.44, P=<0.001, α=0.05). By comparing the 95% confidence intervals of 
Tukey multiple comparison tests, it was apparent that billy and ram harvest differed from all others and 
ewe and nanny harvests were similar. (Table 1-6 and Figure 1-4). 

Table 1-6. Tukey 95% Confidence Intervals for Animal Harvest from 
1996 to 2001 

 Billy Nanny Ram 

Nanny 40.1-89.5   

Ram 5.3-54.7 -59.5- -10.1  

Ewe 38.5-87.9 -26.4-23.0 8.5-57.9 
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Figure 1-3. 2001 Hunting results by animal harvest. 

Figure 1-4. Boxplots comparing harvest by species and sex for 1996 to 2001. 
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The Kruskal-Wallis test was used because of unequal variances to determine that game was not harvested 
equally from all the hunting areas (H=16.25, P=0.023, α=0.05). Bobcat, including the game taken from 
inside KKFU, accounted for almost half the total harvest (Figure 1-5). The number of game harvested 
from Ahi accounts for almost a quarter of the total harvest, which was more than in the past few years. To 
assess if animals were harvested at differing rates in various hunting areas, the Kruskal-Wallis test with 
Nemenyi multiple comparisons was used to analyze harvest data form 1996 to 2001. The test indicated 
that there was a statistical difference among the numbers of animals taken from various hunting areas 
(H=29.99, P=<0.001, α=0.05). The Nemenyi multiple comparisons indicated that the harvests from 
Bobcat and Kapele were statistically similar, Ahi was statically different from all other areas, and 
Menehune, Mauna Kea, and Humuula were all statistically similar (Table 1-7). 

Table 1-7. Results of Nemenyi Multiple Comparisons for Hunting Area Harvest 
1996 to 2001 

Hunting Areas q-value 
(critical value = 4.0) p-value 

Kapele vs. Mauna Kea 20.4 P<0.001 

Kapele vs. Humuula 18.7 P<0.001 

Kapele vs. Menehune 17.8 P<0.001 

Kapele vs. Ahi 11.8 P<0.001 

Kapele vs. Bobcat 1.1 P>0.5 

Bobcat vs. Mauna Kea 19.3 P<0.001 

Bobcat vs. Humuula 17.6 P<0.001 

Bobcat vs. Menehune 16.7 P<0.001 

Bobcat vs. Ahi 10.6 P<0.001 

Ahi vs. Mauna Kea 8.6 P<0.001 

Ahi vs. Humuula 6.9 P<0.001 

Ahi vs. Menehune 6.0 P<0.001 

Menehune vs. Mauna Kea 2.6 0.2<P<0.5 

Menehune vs. Humuula 0.93 P>0.5 

Humuula vs. Mauna Kea  1.7 P>0.5 
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Figure 1-5. 2001 Hunting Results by Hunting Area 

The harvest total of 340 animals was one of the highest yearly totals since 1996 (Table 1-8). A one-way 
ANOVA was used to determine that there is no statistical difference between the harvest totals for the 
years (F= 0.15, P=0.98, α=0.05) (Figure 1-6). Hunters have been very consistent with the numbers of 
animals harvested each year. 

Table 1-8. Yearly Hunting Totals 

Year Yearly Hunting Total 

1996 272 

1997 221 

1998 314 

1999 292 

2000 190 

2001 340 
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Figure 1-6. Boxplot of hunting harvest from 1996 to 2001. 

 

DISCUSSION  

The harvest of sheep and goats was statistically similar for both the 2001 season as well as the combined 
harvests from 1996 to 2001. Because the harvest numbers for sheep and goats are statically similar it 
could be assumed that the two species are found in similar numbers at PTA, but the data from aerial 
census indicate that goats are found in greater numbers at PTA (Evans et al. 2000 and 2002).  

The harvest of billies, nannies, rams and ewes did not statistically differ for the 2001 season. Using only 
the year’s data it appears there is no trend with respect to species or sex of the animals harvested, but 
billies and rams are consistently harvested in greater numbers than nannies and ewes year after year 
(Schnell, 1998 and 1999; Evans et al. 2000 and 2002). Using data from 1996 to 2001, it is apparent that 
hunters do harvest billies with the greatest frequency, followed by rams. The harvest of the females, 
nannies and ewes, is statistically similar and significantly less than both billies and rams. Hunters appear 
to select males more often than females. Because of the breeding biology of sheep and goats, one male to 
several females, harvesting large numbers of males does little to control population growth potential. 

The numbers of animals harvested from each hunting unit were statistically different for 2001. The results 
indicated that most animals come from the three western hunting areas Ahi, Kapele and Bobcat, which are 
the same areas where rare plants are concentrated at PTA (Evans et al. 2002).  The harvest numbers 
indicate that hunters concentrate their efforts in the areas where ungulate control is most desirable, but 
assuming that hunters tend to hunt where game is plentiful, the results also imply that there are higher 
numbers of animals in areas where rare plants are found.  

MANAGEMENT RECOMMENDATIONS 

Public hunting for recreational purposes should be continued. In addition, public hunting can be used, for 
limited periods, to control animals within fence units. Continuing to resolve public access issues related to 
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Red Leg Trail is a high priority. A high concentration of Mouflon sheep and unprotected Silene 
hawaiiensis are found in the area. Public hunting may help to relieve some of the browsing pressure on 
the unprotected plants.  

1.4b Public Bird Hunting 

METHODS 

Game bird hunting season occurs in November, December, and January on weekends and State holidays. 
There are 14 species of game birds at PTA. The impact of game bird species on endangered and native 
species is poorly understood. Although game birds are known to consume seeds of many native plants, 
the effect on native species has yet to be determined. Also, game birds are thought to have a negative 
effect on native invertebrates. In crop studies of several species, completed in 1946, seeds and 
invertebrates were found to be part of the diets of all species studied (Schwartz 1946). Because of 
potential negative impacts on native resources, it is important to track the areas from which game birds 
are harvested. At this time there is no monitoring in place to document how game affect the native 
ecosystem. 

This report covers the 2001 bird season. Data recorded and analyzed includes birds taken, areas from 
which they were taken, numbers of hunter trips, available hunting days, and hunting hours. Because many 
hunters hunt at PTA more than once over the season, the number of individual hunters is lower than the 
reported hunter trips. Hunters report the hours they spend in each hunting area. Because not all hunters 
report hours spent hunting, the average of the reported hours is multiplied by the total number of hunter 
trips to obtain the total estimated hours spent hunting. Occasionally, PTA data forms are depleted in the 
hunter check station and hunters instead use State forms. However, the State DLNR form does not 
delineate PTA hunting areas, therefore from which the game was harvested cannot be reported. 

RESULTS 

Between November 2001 and January 2002, 26 days were available for hunting. During this period, 
hunters expended 4,200 hours on 996 hunter-trips to capture 653 birds.  

Using the Kruskal-Wallis test, statistical differences in harvest numbers were detected for the different 
species (H-42.35, P=<0.001, α=0.05). Using Nemenyi’s multiple comparisons test California quail and 
Erckle’s francolin harvests were the same as chukar harvests. All other species had statistically similar 
harvest numbers (Table 1-9 and Figure 1-7).  
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Table 1-9. Bird hunting results for the 2001 season.  

Species 

A
hi  

B
obcat 

H
um

uula 

K
apele 

M
enehune 

M
auna K

ea 

O
ther 

Total 
CA. Quail 38 41 90 27 17 40 2 255 

Gamble's Quail 1 5 10 1 1 0 0 18 

Japanese Quail 3 0 1 0 1 1 0 6 

Erckle's Francolin 79 23 69 49 9 20 6 255 

Black Francolin 3 5 2 4 0 2 0 16 

Grey Francolin 4 3 1 0 0 1 0 9 

Chukar 29 2 31 6 6 6 2 82 

Kelij Pheasant 4 0 0 0 0 2 0 6 

Ring N. Pheasant 0 1 0 0 0 0 0 1 

Turkey 0 2 0 0 0 3 0 5 

Total 161 82 204 87 34 75 10 653 

 

Figure 1-7. 2001 Bird Hunting Results by Species 
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Comparing harvest numbers for 1996 to 2001 with Kruskal-Wallis and Nemenyi multiple comparisons, 
there was a statistical difference between the harvest numbers for the different species (H=85.04, 
P=<0.001, α=0.005). The multiple comparison tests indicate that Erckle’s francolin harvest was different 
from all other species (Table 1-10). California quail harvest was also different from all other species. 
Black francolin harvest was similar to Japanese quail as well as Chukar. Japanese quail was also similar 
to Gamble’s quail and Grey francolin. Lastly, Gamble’s quail harvest was similar to the remaining 
species.  

Table 1-10. Nemenyi Multiple Comparisons for species harvest 1996 to 2001. 

Species* Total Harvest 
1996-2001 

Species with Similar 
Harvest 

Q- Value 
Critical Value 4.7 

P-Value 
(α=0.05) 

Erckle’s Francolin 3130 None >10.2 <0.001 

California Quail 2521 None >30.9 <0.001 

Black Francolin 672 

Chukar,  

Japanese Quail 

Remaining Species 

3.5 

4.6 

>6.5+ 

>0.05 

>0.05 

<0.05 

Chukar 460 

Japanese Quail 

Gamble’s Quail 

Remaining Species 

1.1 

2.9 

>5.2+ 

>0.05 

>0.05 

<0.05 

Japanese Quail 396 

Gamble’s Quail 

Grey Francolin 

Remaining Species 

1.8 

4.1 

>5.8+ 

<0.05 

<0.05 

>0.05 

Gamble’s Quail 286 Remaining Species <4.7+ >0.05 

Grey Francolin 150 Remaining Species <2.5+ >0.05 

Ring Necked Pheasant 47 Remaining Species <0.7+ >0.05 

Turkey 36 Remaining Species <0.6+ >0.05 

Nepal Kalij 29 Remaining Species <0.4+ >0.05 

Blue Pheasant 27 Remaining Species <0.4+ >0.05 

Sage Grouse 9 Remaining Species <0.4+ >0.05 

Barred Dove 4 Lace Neck Dove 0.01+ >0.05 

Lace Neck Dove 3    

*Table compares species with greater harvest to species with lesser harvest only. For example Black francolin is compared to all 
species below it, but not to CA. quail or Erckle’s francolin.  

+Results are not significant at α=0.05, therefore there is no statistical difference between the harvest numbers.  

In 2001, the majority of the game harvested came from Humuula. However, the harvest was not 
statistically different from the other hunting areas (Table 1-9 and Figure 1-8). A one-way ANOVA found 
no statistically significant differences between harvest totals from all hunting areas in 2001(F=1.35, 
P=0.248, α=0.05). The 1996 to 2001 harvest totals from each hunting area were compared using an 
ANOVA. There was no statistical difference between the years for each hunting area (F=1.56, P=0.188, 
α=0.05). 
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Figure 1-8. Bird Hunting Results by Hunting Area 

Using a one-way ANOVA and Tukey multiple comparisons to compare the harvest totals from 1996 to 
2001 (for all hunting areas combined), it is apparent that there were significant differences among the 
years (F=11.69, P<0.001, α=0.05) (Table 1–11). The multiple comparison tests indicate that 1997 was 
statistically different from all other years except 1996. There were also no statistical differences between 
1996, 1998, 1999, and 2001, but there was a statistical difference between 1996 and 2000. When the year 
2000 was compared to 1998, 1999 and 2001, there were no statistical differences.  

Table 1-11. Bird Harvest Total from 1996 to 2001 

Year Total Bird Harvest 

1996 1983 

1997 3422 

1998 775 

1999 632 

2000 309 

2001 653 

 

DISCUSSION 

During the 2001 season, hunters harvested a statistically higher number of California quail and Erckle’s 
francolin compared to other game bird species. The harvest of these two species has been statistically 
higher than the other game bird species from 1996 to 2001. Because PTA does not have population 
information for these species, it is difficult to tell if the greater harvest numbers were due to greater 
population numbers, hunter preference, or a combination of both factors.  
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There was no significant difference in harvest between the hunting in 2001. This trend also holds true for 
data from 1996 to 2001. This indicates that game bird hunters (and probably game birds in general) are 
much more dispersed across PTA than are mammal hunters, who concentrate their efforts in the western 
hunting areas. 

Game bird harvest totals were variable between years. Totals in 1997 were the highest over the past six 
years. The 1997 bird season corresponded with a very wet year at PTA (Table 1-11).  In contrast, 2000 
had the lowest harvest. The 2000 season followed three years of drought conditions (Table 1-12).  

Table 1-12. Rainfall totals for 1996 to 2001 at PTA  

Year Rain Fall in Inches 

1996 15.67 

1997 15.23 

1998 3.85 

1999 7.21 

2000 7.23 

2001 9.86 

 

It appears that game bird harvest varies with rainfall (R2=0.57, P=0.05) (Figure 1-9). 

Figure 1-9. Regression Model for rainfall and bird harvest. 
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MANAGEMENT RECOMMENDATIONS 

It is recommended to continue public game bird hunting. If possible game bird hunting should be 
expanded into the Kipuka Alala Fence Unit. 

1.5 FENCE CONSTRUCTION, INSPECTION, AND REPAIR 

Currently, twelve federally listed endangered or threatened plants are found at PTA. An additional eleven 
species are classified as species of concern. To protect these rare native plants from the damaging effects 
of goats and sheep, four large fence units have been constructed at PTA.  

Because the size of the fence units, animals get trapped inside when the fences are completed. To protect 
native species effectively within the fence unit, these animals must be removed. Animal removal methods 
are being developed and implemented by USDA personnel. Even though animals are still inside, the fence 
units must be inspected periodically for damage and signs of animal ingress to prevent additional animals 
from breaching the fence unit.   

METHODS 

Fence lines were examined on foot and while driving in vehicles. Fence units were checked semi-
annually. Each time the on-road portions of the fence units were traveled a cursory inspection was made.  
Field personnel examined fence units for possible signs of animal ingress, cut wires or fence, vegetation 
obstructing the fence, vehicular damage, and general structural integrity. 

Inspection report forms were used to record damage to the fence unit and standardize the type of 
information collected by various inspectors. A database was used to store information collected on the 
data forms.  

1.5a Kipuka Kalawamauna Fence Unit 

The Kipuka Kalawamauna Fence Unit (KKFU) perimeter is approximately seven miles (12 kilometers) 
and encompasses about 1,800 acres (750 hectares). The fence unit was completed in early 1998. The 
fence unit is built along roads except for a one-mile portion on the southern boundary, which cuts across a 
pahoehoe flow.  

A total of three personnel hours were spent conducting two fence inspections of KKFU in January and 
June 2002. A portion of the fence, where two sections were joined together, had been opened to facilitate 
fire-fighting access during the 2001 Kipuka Kalawamauna Fire. The opening had been only temporarily 
closed by request of the Federal Fire Department. The need for permanent repair was noted during a fence 
inspection in January 2002. One personnel hour was used to repair this section along Access Road in 
January 2002. No damage to the fence was observed during the June 2002 inspection.  

1.5b Kipuka Alala-1 Fence Unit 

The Kipuka Alala-1 Fence Unit (KA-1FU) is approximately five and a half miles (9 kilometers) long and 
encompasses 1,050 acres (480 hectares) in Training Area 23. The fence unit was completed in early 1999. 

Eight personnel hours were expended to conduct two fence inspections in January and August 2002. 
Vandalism was detected again during a fence inspection in January 2002. The bottom of the fence 
material had been lifted up and wired open. The defect was repaired during the inspection. No damage 
was found during an inspection in June 2002.  
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1.5c Kipuka Alala-2 Fence Unit 

Kipuka Alala-2 Fence Unit was completed in April 2001. The fence is approximately 11 miles (18 
kilometers) long and encompasses approximately 4,000 acres  (1,600 hectares) of Kipuka Alala. The 
fence unit abuts KA-1FU and together both fences protect approximately 5,000 acres (1,780 hectares)  

Approximately 13.5 personnel hours were expended on two fence inspections in January and August of 
2002. No damage was observed.  

1.5d Silene hawaiiensis Fence Unit 

The Silene hawaiiensis (SHFU) fence perimeter of one and a half miles (2.42 kilometers) and 
encompasses approximately 33.4 acres (13.5 hectares). The fence unit was completed in April 1999. 

One personnel hour was spent on two fence inspections in January and June of 2002. No damage was 
found.  

DISCUSSION 

Approximately 26.5 personnel hours were expended on fence inspections and repairs during the reporting 
period. Little damage occurred and required approximately two to three personnel hours were needed for 
repairs.  

MANAGEMENT RECOMMENDATIONS 

Because of the relatively small amount of human caused damage that occurs off-road, it is still 
recommended that the fence inspections be conducted semi-annually. Only one incident of human 
vandalism was detected. No increase in monitoring frequency is recommended at this time. However, 
special hunts during September and October 2002 are scheduled within the Kipuka Alala Fence Units. A 
fence inspection of the Kipuka Alala Fence Units should be conducted following the conclusion of the 
special hunts.  

1.6 ANIMAL REMOVAL FROM FENCE UNITS 

As large fence units are constructed at PTA, methods to remove animals need to be developed. Because 
public hunters are concerned about the extermination of game mammals inside fences, NRS and USDA 
developed several non-lethal methods of removing animals from fences. Animals also were being 
removed from fence units by staff hunting. Because of unexploded ordnance (UXO), access is still 
restricted in the KA 1 and 2 Fence Units.  

1.6a Kipuka Kalawamauna Fence Unit 

SHEEP AND GOAT REMOVAL 

INTRODUCTION 

In June and July of 2001, a public muzzle loader/shotgun hunt was held inside the KKFU. A total of 64 
animals were removed from the fence unit and approximately 60% of the hunter trips were successful. 
After the public hunt, USDA staff began hunting inside the fence unit.  
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RESULTS 

Approximately 352 personnel hours were spent during 22 two-person hunting trips from October 4, 2001 
to June 30, 2002. A total of 24 sheep and 31 goats were removed from the KKFU. It is estimated that less 
than 10 sheep and 5 goats remain inside the fence unit.  

PIGS 

INTRODUCTION 

USDA staff have used a variety of methods to remove pigs from the KKFU (Evans et al. 2002). Because 
pig activity had dramatically decreased at one-way gates and traps, it was believed that all the pigs had 
been removed from the fence unit in early 2001. To ensure that pigs were not present inside the KKFU, a 
pig drive was conducted in June 2001.  

RESULTS 

Volunteers from the local hunting community assisted with the drive by providing pig-hunting dogs and 
three hunting teams. Each team spent approximately 12 hours combing the KKFU, but no pigs were 
located. 

MANAGEMENT RECOMMENDATIONS 

USDA staff hunters were allowed access to KKFU for only 22 days over the last year, which is a minimal 
number of days. Better coordination with PTA Range Division, Hawaii to increase access would expedite 
the removal of the animals. The postponement of non-essential NRS work in the KKFU would allow for 
more hunting access. Lastly, if the opportunity arises, placing a collared sheep inside the KKFU would 
assist USDA hunter is locating the few remaining sheep.  

1.6b Kipuka Alala Fence Units 

INTRODUCTION 

Animal removal has been on going since the completion of the fence units. At a public meeting in 
September 2000, LTC Owen decided to stop lethal animal control methods in the KAFU’s. Currently, 
staff hunting has not resumed in the fence units. It was the intent of LTC Owen to have the hazard rating 
of Kipuka Alala downgraded from high to low and have public hunters remove as many of the animals as 
possible prior to resuming staff hunting. In June 2001, Explosive Ordnance Division personnel made 
random sweeps of Training Area 23 to determine UXO abundance. A report was issued from EOD 
recommending that the area be downgraded from high to low hazard. In April 2002, the area was finally 
downgraded to low hazard. It is still the intent of the Army to allow the public into the area for hunting, 
but because of potentially sensitive cultural issues, coordination with the State Historic Preservation 
Office continues.  

RESULTS 

USDA staff continues using non-lethal methods of removal such as padded leg-hold traps. From July 
2001 to June 2002, an average of six leg-hold traps were open for approximately 528 hours of trapping. 
No animals were caught.  
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MANAGEMENT RECOMMENDATIONS 

Continued coordination with the State Historic Preservation Office and PTA Commander is essential for 
opening the KAFU’s for public hunting. A plan should be developed for the public hunt that clearly 
outlines hunting periods for each type of weapon, number of people allowed in the hunting area, and 
when the public access will terminate and USDA staff hunting will begin. If the opportunity arises, 
collared animals should be released into the KAFU’s to assist USDA staff hunters in locating herds. 
Because KAFU’s have been re-designated low hazard, the option of aerial hunting should be explored.  
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CHAPTER 2: RARE PLANT AND VEGETATION MONITORING 

2.1 PCSU CONTRACT REQUIREMENTS 

REQUIREMENT 5.b.6 

Monitor approximately eight Silene hawaiiensis (threatened plant) sites at Range 8 on an annual basis and 
provide a report. The report shall compare current observations to observations made in the course of past 
monitoring events, and shall recommend management actions.  

DISCUSSION 

The average height and number of the S. hawaiiensis found at Range 8 has decreased in the years 
following the initial monitoring in 1997. The possible causes of the observed decline are training impacts, 
environmental conditions, and ungulate browse. Monitoring indicates that more than 70 percent of adult 
plants show signs of damage. In addition, there was a loss of 36% of individuals between the 2000 to the 
2001 monitoring. The portion of the range where 2/3 of the plants are found hasn’t been used since 
1992/1993. Therefore, the factors affecting the plants at the Range continue to be ungulates and 
environmental changes. 

REQUIREMENT 5.b.7 

GPS coordinates shall be obtained for all vegetation and endangered species plots and entered into the 
GIS database.  

DISCUSSION 

GPS coordinates have been collected for vegetation plots, rare plant locations and monitoring plots. The 
previous database points proved to be inaccurate, therefore, the database has been updated with accurate 
points. This has increased the efficiency of monitoring efforts.  

REQUIREMENT 5.b.8 

Monitoring populations of listed plant Priority Species (PS) 1 and 2 (9 species) on a semi-annual basis. 
Performing cursory inspections of the same population on a quarterly basis. Monitoring activities shall be 
used to assess changes in the population structure (numbers of reproductive adults versus seedlings), and 
vigor (length of longest stem, stem diameter) in response to ungulate grazing pressure. Collecting of fruits 
shall be done, if available at the time of monitoring. Results from the monitoring shall be evaluated and 
recommendations made for management actions. The report shall contain monitoring results from past 
years to provide an overall assessment of trends of each species and shall include photographs.  

DISCUSSION 

This has been a very interesting and productive year for rare plant monitoring. All but a very few PS1 
locations have been reidentified and most of these have been protected with emergency exclosures. In 
addition, surveys in support of the preparation of the Biological Assessment were conducted.   The NRS 
focused their time on relocating PS1 plants and the BA surveys during the 2000/2001 reporting period 
and didn’t initiate a systematic monitoring schedule.  The final few PS1 locations are to be reidentified 
and a systematic monitoring schedule to be implemented for the PS1 species early in the next reporting 
period. The Priority Species list will continue to be used to prioritize reidentification, monitoring, and 
management actions.  
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REQUIREMENT 5.b.9 

Monitoring populations of Priority Species (PS) 3, 4 and 5 (5 species) on an annual basis. Monitoring 
activities shall be used to assess changes in the population structure (numbers of reproductive adults 
versus seedlings), and vigor (length of longest stem, stem diameter) in response to ungulate grazing 
pressure. Collecting of fruits shall be done, if available at the time of monitoring. Results from the 
monitoring shall be evaluated and recommendations made for management actions. The report shall 
contain monitoring results from past years to provide an overall assessment of temporal trends of each 
species and shall include photographs. 

DISCUSSION 

As discussed under Task 5.b.8, the NRS uses the PS list to prioritize actions related to rare species at 
PTA. Following the reconfirmation of plant locations and the implementation of a monitoring schedule 
for PS1 plants, PS2-4 species locations will be reconfirmed and monitored.  

A monitoring program for endangered and threatened species ranked as PS 3-5 will be implemented 
before species of concern with similar rankings are included in the monitoring program. Once a 
monitoring program for endangered and threatened species has been implemented, species of concern 
ranked as PS 3-5 will be monitored biannually rather than annually. Higher management priority and 
greater monitoring frequency must be given to those species listed as endangered or threatened because of 
the need to provide accurate information to regulatory agencies. 

REQUIREMENT 5.b.2.a (Kipuka Alala) 

Vegetation monitoring: BRD shall develop a Work Plan with the following objectives: Study methods 
shall be developed in concert with the arthropod survey and monitoring being developed for the same 
study area. Detect composition, structure and distribution changes in plant communities. Detect 
population structure and distribution changes in selected native plant species, which are rare or major 
ecosystem species. Detect changes in alien plant species. These include distribution and abundance of 
alien species within the study area, identifying new alien species and population structure of selected 
species. Sampling plots will be established both inside and outside of the fenced exclosure to allow for a 
comparison of conditions with different levels of ungulate management.  

DISCUSSION  

During the third quarter of the 2000/2001 reporting period, initial monitoring of the vegetation plots 
within the Kipuka Alala Fence Units was conducted. Through discussions with NRS, Jim Jacobi of the 
U.S. Geological Survey Pacific Island Ecosystem Research Center (USGS-PIERC) developed monitoring 
protocols for the area.  

REQUIREMENT 5.b.2.b.3 (Kipuka Alala) 

Monitoring native seed banks of mamane (Sophora chrysophylla) and naio (Myoporum sandwicense). In 
conjunction with the monitoring, perform ex-situ experiments to determine if germination of mamane and 
naio within Kipuka Alala can be enhanced.  

DISCUSSION  

This task was not completed due to higher priority tasks.  
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2.2 INTRODUCTION 

Vegetation and rare plant monitoring are key components in the effective management of the natural 
resources at PTA. Elzinga et al. (not dated) have defined monitoring as the collection and analysis of 
repeated observations or measurements to evaluate changes in condition and progress toward meeting a 
management objective. A truly effective program will utilize the information gathered to indicate a course 
of action in the management of the resources and will aid in the prioritization of those actions.  

2.3 RARE PLANT MONITORING 

INTRODUCTION 

Due to PTA’s land use history and isolation, access to the area has been limited. As a result PTA harbors 
unique ecosystems and vegetation. For example, PTA is one of the largest intact sub-alpine dryland 
forests remaining in the state. Not only is the ecosystem itself rare but so are many of its components. For 
example, at PTA there are eleven endangered species, one threatened species, and eleven species of 
concern, including one undescribed species. Six of these plant species are found only at PTA and two 
species are found at PTA and one or two other locations in the state. 

A Priority Species (PS) list was developed to prioritize management actions to better manage rare plants. 
Schiedea hawaiiensis and Tetramolopium sp. 1 are the only PS-1 plants, which are not listed as 
Endangered. These species of concern are included because S. hawaiiensis has one individual and T. sp. 1 
has less than 100 known individuals. Therefore, they receive the highest priority for management actions. 
The Priority Species list has been defined and species assigned as follows.  

Priority Species of Pohakuloa Training Area 

Priority Species 1 (PS1) – Plants species with fewer than 500 individuals and/or 5 or fewer populations 
remaining statewide.  

Hedyotis coriacea (E) Schiedea hawaiiensis (SOC) 

Neraudia ovata (E) Tetramolopium arenarium ssp. 
arenarium (E) 

Solanum incompletum (E) Tetramolopium sp. 1 (SOC) 

Priority Species 2 (PS2) – Plant species with 500 - 1,000 individuals and/or 6 - 10 populations remaining 
statewide. 

Asplenium fragile var. insulare (E) Zanthoxylum hawaiiense (E) 

Silene lanceolata (E)  

Priority Species 3 (PS3) – Plant species with 1,000 – 2,000 individuals and/or 10 - 20 populations 
remaining statewide. 

Festuca hawaiiensis (SOC) Portulaca sclerocarpa (E) 
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Priority Species 4 (PS4) – Plant species with 2,000 – 5,000 individuals and/or 20 - 40 populations 
remaining statewide. 

Eragrostis deflexa (SOC)  

Priority Species 5 (PS5) – Plant species with more than 5,000 individuals and/or more than 40 
populations remaining statewide. 

Chamaesyce olowaluana (SOC) Portulaca villosa (SOC) 

Cystopteris douglasii (SOC) Silene hawaiiensis (T) 

Dubautia arborea (SOC) Spermolepis hawaiiensis (E) 

Exocarpos gaudichaudii (SOC) Stenogyne angustifolia (E) 

Haplostachys haplostachya (E) 

Melicope hawaiiensis (SOC) 

Tetramolopium consanguineum ssp. 
leptophyllum (SOC) 

 

METHODS 

The monitoring protocols were developed and implemented by CEMML personnel and, though not well 
described, are found in the Field Guide for Monitoring of Rare and Endangered Plant Species at 
Pohakuloa Training Area (CEMML 1994). These protocols were based on those of the LCTA Program.  

The following section serves to document the protocols currently used to monitor rare plants. These 
protocols are used for the majority of species. However, protocols are adapted to accommodate the 
distribution, substrate, or other factors specific to a species. 

Monitoring units are belt transects with a base stake and end stake identifying the beginning and end of 
the plot. Laying out a measuring tape between the base and end stakes delineates the centerline of the 
plot. The belt is typically six meters wide, three meters on either side of the centerline. The length of the 
belt varies depending on the distribution of the plants at the site being monitored. However, it is typically 
10 meters long.  

Once laid out, the locations of all rare plants within the belt are mapped. This is accomplished using a x- 
and y-coordinate system. The distance along (y-axis) and out (x-axis) from the meter tape is determined 
and recorded in meters. 

Information collected on each plant consists of height, phenological state, age class, vigor, and presence 
of animal damage. The height or length of the longest stem of the plant is measured in centimeters. The 
height/length is measured from the base of the plant to the apical meristem of the longest portion of the 
plant.  

The phenological state is classified as: Vegetative, not currently flowering or fruiting; Reproductive, 
viable flowers are present on the plant; Fruiting, fruit is present on the plant from the most recent 
flowering event.  
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Seedlings were previously distinguished from juveniles in previous protocols using a height criterion of 
ten centimeters. This criterion is arbitrary and may not be biologically significant. The higher seedling 
mortality rates may not decrease to juvenile mortality rates at this height class. The height/length of 
longest stem data will indicate if there is a significant height class at which mortality rates change. Until 
such a height class is determined current methods will identify a seedling as a plant with apparently 
functional cotyledons present. A juvenile is classified as a plant that has lost its cotyledons or if present 
they are apparently non-functional and it has not flowered. An adult is a plant that has flowered in its 
lifetime, regardless of its current phenological state.  

The vigor of the plant is classified as healthy when the plant is producing new leaves, most living leaves 
are green, and the plant is generally robust and thriving. The vigor is moderate when the plant is 
producing fewer new leaves, the living leaves are not quite as green as compared to a healthy plant, and 
the plant is viable but not as robust or thriving to the extent that a healthy plant is. The vigor is poor when 
the plant is producing few, if any, new leaves. Those leaves present may be pale green and/or the edges 
are brown. In some species the leaves may have little chlorophyll and be red with photo-protective 
pigments. 

Browse is classified as no browse when no parts of the plant have been consumed by ungulates. Browse is 
indicated by portions of the plant showing signs of being consumed by ungulates. Browse is further 
classified as recent browse when the browsed portions of the plant have not healed over. In addition, the 
browsed portions may be white and there hasn’t been new growth above the browsed portions. The 
browsed portion of the plant having healed over indicates old browse and there is new growth above the 
browsed portions.  

Seed collection follows the restrictions outlined in the collection permit issued by the USFWS. 

2.3a Hedyotis coriacea 

INTRODUCTION 

H. coriacea has a scattered distribution at PTA, plants are usually found as single individuals, 
occasionally in pairs, and rarely as clumps of individuals. Monitoring efforts have concentrated on 
reconfirming previously recorded locations; once the location is reconfirmed the plants are monitored. 
The data provided by CEMML indicated that H. coriacea was found at 19 locations. The previous 
contract botanist increased the number of known locations to 31; it is believed that this number includes 
the locations recorded by CEMML. Neither source provided accurate coordinates or information about 
the number of individuals at each location. Therefore, reconfirming plant locations is labor intensive and 
time consuming. 

Site A is found within the Kipuka Kalawamauna Fence Unit (KKFU) in Training Area 22 (Figure 2-1). 
There are three previously recorded plant locations at this site. Existing records do not indicate the exact 
number of individuals. An existing emergency exclosure was expanded to better protect one plant. The 
other two locations have not been confirmed.  

Site B is found within Training Area 22 (Figure 2-1). Existing records indicated that there were nine plant 
locations within the site, however, they did not indicate the number of individuals at each location. Efforts 
during previous reporting periods were successful in confirming all of the nine previously recorded 
locations. Twenty-ones of 24 reidentified or newly discovered plants are living and protected by 
emergency exclosure.  



 39

Site C is located within Training Area 22 as well (Figure 2-2). All plant locations have been reconfirmed 
at this site. All nine individuals have been protected within four emergency exclosures.  

Site D is within Training Area 22 (Figure 2-2). Efforts during previous reporting periods have 
successfully reconfirmed all four locations. Currently there are a total of five living plants, four of which 
are protected by three emergency exclosures.  

Site E is found within Training Area 23 (Figure 2-2). Efforts during a previous reporting period were 
successful in reconfirming two of the three previously recorded locations at which two plants were found. 
In addition, seven previously unrecorded plants were found at four locations. All reconfirmed and newly 
recorded plants have been protected with emergency exclosures. 

The single plant at Site F is found within the KKFU and its location has been confirmed (Figure 2-1). The 
plant is protected by an emergency exclosure. The habitat is severely degraded from the 1994 and 1999 
Puu Anahulu / Kipuka Kalawamauna Fires. There is a high density of P. setaceum in the area.  

Despite the three plants in Site G being found within the KKFU (Figure 2-1), monitoring during previous 
reporting periods recorded browse to the plants. The plants were subsequently protected with emergency 
exclosures until the remaining ungulates could be removed from the Fence Unit.  

Efforts during the previous reporting periods have not reconfirmed the single previously recorded location 
at Site H in Training Area 22 (Figure 2-2).  

Site I is found within Training Area 23 as well (Figure 2-2). Both locations have been confirmed, 
although one of the two is dead.  

Twenty-four plants within Site J are within the KA-1FU. A twenty-fifth plant was found just outside of 
the fence unit (Figure 2-2). Vandalism to the fence unit was found during a routine fence inspection 
during the 2000/2001 reporting period. The vandalism enabled ungulates to breach the fence unit, as was 
apparent by ungulate fur caught on the vandalized portion of the fence material (Evans et al. 2000). As a 
result of ungulate presence within the fence unit, recent browse was recorded on those plants within the 
fence unit at this site during the 2000/2001 reporting period.  

Prior to construction, the Kipuka Alala-1 alignment was altered to encompass the known plant 
individuals. As a result, the plants are found within 0.25-m to 10-m of the fence.  Field observations have 
indicated that ungulates travel along fence lines during daily movement patterns. Consequently, the plants 
within the fence unit are extremely susceptible to ungulate damage due to their proximity to the fence 
line.  
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Figure 2-1. Locations of Hedyotis coriacea Sites A, B, F, and G. 
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Figure 2-2. Locations of Hedyotis coriacea Sites C, D, E, H, I, J. 
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RESULTS 

Confirmation of previously recorded plants and the discovery of unrecorded individuals have increased 
the known number of plants at PTA to 74 (Table 2-1). Only one plant is unprotected by an emergency 
exclosure or fence unit. Twenty-seven small-scale exclosures were installed within large-scale fence units 
due to continued or increased ungulate activity. Two other emergency exclosures were in place at the time 
of construction of the fence units. Therefore, the number of plants indicated in Table 2-1 that are 
protected by emergency exclosure and fence units sums to a number in excess of the total number of 
known individuals.   

Table 2-1. Number of Hedyotis coriacea individuals at PTA. 

 Number of Individuals 

Previously Known 33 

Reconfirmed/ Newly Recorded 74 

Unprotected 2 

Small-scale Emergency Exclosures 72 

Large-scale Fence Units 29 

Protected / Total Known 73 / 74 

 

Four of the emergency exclosures at Site B were expanded during the 2001/2002 reporting period. The 
emergency exclosures protecting plants 04, 05, and 18 were expanded. In addition, a new emergency 
exclosure was installed to protect plant 24.  

The emergency exclosures protecting the plants at Site G have been effective in preventing ungulate 
damage to the plants and they have recovered and have become reproductive.  

An emergency exclosure was installed to protect plant 01 at Site I. The plant has been monitored and 
found to have increased in size from 34.5-cm to 41.0-cm. The plant has yet to produce viable seed. The 
nearest living plants to this individual are 525 to 875-m away at Site E. The combination of distance and 
density may preclude adequate pollination of this plant.  

Emergency exclosures, 0.5-m to 1.0-m in diameter, were installed around 24 plants at Site J within the 
Kipuka Alala-1 Fence Unit following the detection of ungulate damage. The damage to the plants was 
due to vandalism discovered during a routine fence inspection. Follow up inspections found the micro-
exclosures largely effective in protecting the plants from ungulate damage.  

DISCUSSION 

During fence inspections and monitoring of the three plants at Site G, browse to the plants was detected. 
As a result, emergency exclosures were erected around the plants to protect them until the ungulates are 
removed from the Fence Unit.  

The single plant at Site F is protected by an emergency exclosure that needs to be replaced. This plant is 
found within both the 1994 and 1999 Puu Anahulu/ Kipuka Kalawamauna Fire perimeters. Though this 
plant had not burned, habitat destruction in addition to the dry conditions that have prevailed over the last 
few years have left this plant in poor condition.  
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The Environmental Office has commenced active animal removal efforts within the KKFU. A pig drive 
was held in June 2001. No pigs were found, indicating that the one-way gates that have been in use over 
the last two years have been effective in removing animals from the fence unit.  

In addition, a special hunt was implemented during the months of June and July 2001. This special hunt 
allowed public hunters to hunt within the KKFU, using either black powder muzzleloaders or shotguns. 
Public hunters were effective in removing animals from the fence unit.  

Efforts during the 1999/2000 and 2000/2001 reporting period were successful in confirming all nine of 
the previously recorded locations within Site B. Thirteen individuals were thought to be found at these 
locations. Search efforts located a total of 24 plants at 12 locations (Figure 2-1). Two individuals have 
subsequently died. Management efforts at this site have protected all but the most recently discovered 
plant with emergency exclosures. In addition, some emergency exclosures were replaced with larger 
exclosures where the plants were beginning to exceed the size of the old exclosures. The protection of 
recently discovered individuals with emergency exclosures is a high priority management action. 

Once the locations at Site B had been confirmed, efforts to confirm locations at Site C commenced. 
Records indicated that there were five plants protected by emergency exclosures and four unprotected 
plants at Site C (Figure 2-2). The three existing emergency exclosures protecting the five plants were 
inadequate to protect them. The plants had responded to protection from ungulates and were beginning to 
exceed the size of the original exclosures. A single exclosure protecting three of the plants was replaced 
with a larger exclosure. The exclosures that protected two plants individually were replaced by a single 
exclosure large enough to protect both plants.  

The coordinate information for the plant locations at Site D has been updated. Five plants were found at 
the four previously recorded locations. A sixth plant was found near a previously recorded individual 
(Figure 2-2). This plant requires protection and the others need their emergency exclosure replaced with 
larger ones. The exclosures will be erected/replaced during the next monitoring of plants at this site. 
There are currently five living plants at this site; one plant was recorded as dead during the last 
monitoring.  

The five newly recorded plants at Site E found during the 1999/2000 reporting period as well as the two 
newly recorded plants found during the 2000/2001 reporting period were protected with emergency 
exclosures (Figure 2-2). The emergency exclosure protecting one of the previously recorded plants was 
replaced with a much larger one. One previously recorded location remains to be confirmed. Records 
indicate that this individual is protected by an emergency exclosure. Five attempts have been made to 
reconfirm the plant’s location. Attempts to locate it will continue during the next monitoring of the site.  

Records indicated that there are two individuals protected at Site I; however, only one of the two 
individuals is protected with an emergency exclosure. Field observations indicate that these are the 
previously recorded plants (Figure 2-2).  

The plants found at Site J are found within the KA-1FU along the northern fence line (Figure 2-2). The 
fence protects a portion of pahoehoe that is bordered on the south by an a’a flow. The pahoehoe section 
within the KA-1FU is searched for new plant locations every time the Site or Fence Unit is inspected or 
monitored. These individuals found within the Fence Unit are not protected by emergency exclosure, 
despite the presence of ungulates within the Fence Unit. Live capture ungulate removal in the vicinity of 
this Site has been effective in reducing the browse pressure on these individuals. The unexploded 
ordnance issues for the KA-1 and KA-2 Fence Units have been resolved. The fence units are scheduled to 
be opened to special public hunts to remove animals from the Fence Unit in support of the Environmental 
Office's management objectives for the area.  
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Plant location reidentification efforts have been prioritized according to the number of individuals at a site 
and the number of unprotected plants within the site. It is difficult to determine an exact figure indicating 
the total number of known individuals at PTA (Figure 2-2). Previous records indicated that there were 33 
individuals known at PTA, currently 74 individuals have been rediscovered or newly recorded. Two 
previously recorded locations have yet to be reconfirmed. Two of the 74 individuals are not protected. All 
72 protected plants are protected by emergency exclosures despite 29 being found within large-scale 
fence units. It was necessary to protect individuals within large-scale fence units with emergency 
exclosures due to continued or increased ungulate presence.  

All but three locations have been reconfirmed during the 1999/2000 and 2000/2001 reporting period. This 
process has required a great deal of effort and creativity (Evans et al. 2000). The original, graphically 
based plant location data did not have coordinates associated with it. Determining coordinates for the 
graphical locations did not aid in reidentifying plant locations as much as was anticipated. It was found 
that the CSU graphically based data was inaccurate once the plant locations were reconfirmed in the field. 
The mapping inaccuracies resulted in errors in plant locations being as much as 311 meters from where 
records indicated. In addition, some locations were in different vegetation types. A detailed discussion of 
the challenges and solutions in reidentifying Hedyotis coriacea plant locations can be found in Evans et 
al. (2000).  

These challenges of reidentifying plant locations are not limited to this species, but apply to all species. 
The inaccuracies in the plant location data stem from collection and recording methods. When the original 
surveys were conducted, by outside institutions and agencies, accurate GPS technology was not readily 
available. Survey routes and plant locations were typically recorded on 1:30,000 scale maps. At this scale, 
if the recorded plant location was off by one centimeter, the result was an error of 300 meters. In addition, 
the majority of biological information collected from sites or individual plants at the time of the original 
surveys has not been made available. Furthermore, location and biological information was not 
consistently updated once the Environmental Office was established.  

Newly discovered individuals have been found in the process of reidentifying previously recorded 
individuals. The total number of individuals known at PTA has increased from 35-40 individuals known 
in 1997 to 74 individuals (Table 2-1). Systematic searches will be conducted to identify undiscovered 
individuals during monitoring at each site. Areas searched will be recorded using GPS and mapped to 
prevent repeated searching of a single area and to ensure thorough coverage of the areas surrounding 
known sites.  

Because reconfirming previously recorded locations has been a higher priority than repeated monitoring, 
there are insufficient data available for comparisons through time. The monitoring that has taken place at 
the time of rediscovery indicates that unprotected plants suffer from ungulate damage. Therefore, 
emergency exclosures will continue to be used to protect plants, as they are confirmed/discovered.  

Although known individuals are protected with emergency exclosures, as they are discovered, ungulates 
are a significant threat to those plants that haven’t been discovered yet. Ungulates are consistently 
recorded in the areas of the highest concentrations of H. coriacea during the annual aerial census (Section 
1.6.a). Emergency exclosures provide only a few square meters of limited and short-term protection of 
individuals. Effective long-term protection of this species can only be accomplished with the construction 
of large-scale fence units. The fence units would protect not only individual plants, but the habitat on 
which they depend as well. Furthermore, large-scale fence units would provide ungulate-free areas in 
which natural regeneration can occur. In addition, fence units provide areas in which outplanting can be 
conducted to augment existing populations or to establish new ones.  



 45

MANAGEMENT RECOMMENDATIONS 

Although Pennisetum setaceum is present in the areas where H. coriacea is found, its presence does not 
currently threaten the plants. It is therefore recommended that the status of P. setaceum be assessed at 
each inspection or monitoring. Control should be conducted prior to the species becoming a threat, when 
it can be more easily managed.  

As discussed, large-scale fence units are necessary for the long-term viability of the species. Other than 
one plant on Maui, PTA is the only locale with known individuals. This species cannot be recovered or 
even sustained without large-scale fence units designed to protect the type of habitat in which the species 
is found.  

2.3b Neraudia ovata 

INTRODUCTION  

Prior to December 1999 there were eight known N. ovata individuals found at PTA. In December of 
1999, on a work trip to increase the size of a Solanum incompletum emergency exclosure, three additional 
N. ovata individuals were found at Site 01. There are eleven known N. ovata plant locations at PTA and 
are distributed in two remote sites. Site 01 has nine recorded locations and Site 02 has two recorded 
locations.  

RESULTS 

Monitoring during the 2001/2002 reporting period recorded the following information on status of each 
plant (Table 2-2). 

Table 2-2. Neraudia ovata status during the 
2001/2002 reporting period.  

Plant Number Status 

0101 Dead 

0102 Dead 

0103 Dead 

0104 Live 

0105 Live 

0106 Dead 

0107 Dead 

0108 Live 

0109 Live 

  

0201 Live 

0202 Live 
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 DISCUSSION 

Members of the Urticaceae family are known to be dioecious, monoecious, or polygamous (Wagner et al. 
1991). Though most individuals of this species at PTA are dioecious, some individuals have been 
recorded as having female and male flowers at different times of the year.  

All individuals show signs of the effects of drought; these signs were manifested in live plants as a 
reduction in foliar coverage. Continuing drought conditions persisted for the first half of the 2001/2002 
reporting period and one additional plant was recorded as dead.  

Manual weed control of Pennisetum setaceum and Kalanchoe tubiflora within and around N. ovata 
locations continues. Manual control methods are used within 3.0 meters of rare plants. However, these 
alien species persist near N. ovata individuals and the surrounding area.  

Emergency exclosures protecting the individual plants have been effective in preventing ungulate 
damage. Removal of browsing pressure has resulted in vegetative recovery as indicated by a lack of the 
browse lines previously observed. However, ungulates remain in the area. The presence of ungulates and 
alien species continues to degrade the habitat in which N. ovata is found. Large-scale fence units would 
provide protection of individuals and their habitat from ungulates, aiding in the recovery of this species as 
discussed with Hedyotis coriacea. 

MANAGEMENT RECOMMENDATIONS 

All known plants have been protected with emergency exclosures. Emergency exclosures protect 
individuals but ungulates and/or alien plant species continually degrade the habitat in which the plants are 
found. Large-scale fence units must be constructed to effectively protect this species and its habitat. 
Furthermore, fence units would provide protected areas in which outplanting can be conducted to 
establish new or augment existing populations. 

2.3c Schiedea hawaiiensis 

INTRODUCTION 

During the 2000/2001 reporting period rodents were observed impacting plant 02 by severing the stems, 
presumably for moisture. The area was baited but the damage to the plant continued. A rodent proof 
exclosure was constructed around the plant. In addition, the number of bait stations was increased. The 
plant recovered and baiting for rodents continued to ensure that the plant would not suffer additional 
damage.  

RESULTS 

Plant 02 continued to thrive and grew out of the rodent proof exclosure protecting it. It was allowed to 
grow through the exclosure to see if rodents would again sever the stems. Once no damage was noted for 
approximately six months, the exclosure was carefully cut away and removed.  

Approximately 30 newly germinated plants have been recorded. Five of the plants appear to be the 
progeny of plant 01, which had died in previous years. Approximately 25 appear to be the progeny of 
plant 02. Fifteen of the plants had germinated in an area of approximately 50 to 75-cm2 (8 to12-in2). It 
was determined that many of these fifteen plants would not survive due to competition. Collection would 
enable more to survive than would their remaining in the field. They were carefully collected and 
transported to the Plant Propagation Facility to be grown out for later replanting in the field.  
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DISCUSSION 

Intensive management against ungulate and rodent impacts has been successful in protecting the 
surviving individual of the original two as well as enabling regeneration from the seed bank. Individuals 
now exist that will be a source of new genetic material that can be used for augmentation of the natural 
site and the establishment of new sites.  

MANAGEMENT RECOMMENDATIONS 

The management of rodent and ungulates must continue to ensure the survival of this extremely rare 
species. In addition, new sites must be established to enhance long-term viability of the species. 

The germinants collected from the field will be grown to suitable size and replanted in the field in a 
different location. The location must be one that is protected from ungulates and will be baited for 
rodents. The Kipuka Kalawamauna Fence Unit is such an area. The Fence Unit will be searched for a 
suitable site, one that is similar to where the naturally occurring plants are found.  

2.3d Solanum incompletum 

INTRODUCTION  

The drought conditions of the last few years have subsided in 2001/2002. The decrease in the naio 
canopy, due to drought, above SOLINC01 contributed to the loss of 14 plants between 1998 and 1999. To 
prevent any further losses, a shade cloth structure with a frame constructed of PVC was erected in 1999. 
The height of the shade cloth structure had to be increased to accommodate the increasing plant heights 
during the 2000/2001 reporting period. The shade cloth structure has been effective in providing enough 
shade to prevent the large loss of plants as occurred in 1998/1999. 

RESULTS 

The PVC and ropes used in the construction of the shade cloth structure did not weather well. The PVC 
frame was replaced with a tubular galvanized metal 20-ft by 30-ft frame during the 2001/2002 reporting 
period. 

The SOLINC01 location had been protected with a small emergency exclosure when found in 1996. A 
larger fence of orange construction material was installed in 2001. The original emergency exclosure was 
left in place. The orange construction fencing was not appropriate for the terrain. The material sagged and 
did not appear effective. The construction fencing was replaced by a hogwire exclosure in 2002. 
Equipment and tools were transported to the site by helicopter sling loads. A hammer-drill and portable 
generator were used to drill holes in pahoehoe for the fence posts. The hogwire exclosure measures 
approximately 20-m to 25-m on a side. The original emergency exclosure and small-scale construction 
material fence were removed.  

The PVC, orange construction fencing material and other debris were removed from the field by 
helicopter sling load.  

There are currently 39 known S. incompletum individuals found at six locations at PTA (Table 2-3). Four 
newly germinated plants were found at SOLINC01; these plants are protected by the small-scale 
exclosure erected in 2002. Immature individuals reached maturity in the past year and are fruiting. This 
will increase the number of parental plants that can serve as a seed source.  
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In addition, SOLINC0501 that, was recorded as dead in 1998, resprouted. This plant was protected with 
an emergency exclosure of concertina wire.  

The plants at SOLINC06 have been protected since December 1999. They have continually increased in 
size and cover. These plants have now matured and have produced fruit.  

Table 2-3. Solanum incompletum – Population Size at PTA.  

Year 1996 1997 1998 1999 2000 2001 2002 

Total 
Number 16* 29 46 32 36** 34** 39** 

*   Less than five sites known.  
** Six sites known.  

DISCUSSION 

The replacement of the smaller construction fencing with the larger hogwire exclosure will provide more 
area in which natural regeneration may occur. In addition, the metal-framed shade structure will provide 
greater flexibility for expansion if necessary. The measures taken to protect the individuals at location 01 
should provide for the expansion of the site’s population. Similar measures will be considered for the 
remaining locations and implemented as deemed necessary.  

MANAGEMENT RECOMMENDATIONS 

All known plants have been protected with emergency exclosures or small exclosures intended for 
immediate protection of individuals from ungulate damage. The need for habitat protection for critically 
endangered species was discussed in the Management Recommendations for N. ovata and is applicable to 
S. incompletum as well.   

2.3e Tetramolopium arenarium ssp. arenarium  

INTRODUCTION 

Plants were present at four locations within one site prior to the 2001/2002 reporting period. The 
distribution had been reduced from ten locations within two sites through environmental conditions and 
wildfire. There were less than 50 mature individuals and approximately 760 individuals less than 5.0-cm 
recorded at the four locations (Evans et al. 2002).  

A new location with five individuals was found during vegetation monitoring for the Kipuka 
Kalawamauna Fence Unit. To ensure that the plants were not trampled by ungulates a sling load of 
concertina wire was to be transported to the location. In the process of identifying a drop zone additional 
locations were recorded. Subsequently it was determined that additional survey work should be conducted 
in the area. The sling load operation was postponed until management needs in the area could be better 
addressed. 

RESULTS 

Transects spaced 50-m apart and approximately one kilometer long were oriented in a north/south 
direction were followed using a GPS (Figure 2-3). Twenty-four transects, totaling a distance of 
approximately 24-km were surveyed. A total of thirteen new locations were recorded and one previously 
recorded location was reconfirmed. The majority of the new locations are found to the north of the 
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previously known locations (Figure 2-4). A total of 91 adults and 112 juveniles were found at these 
locations. The plants were healthy. Browse was recorded on three of the 203 newly recorded plants; the 
apical portions had been nipped off. There are currently 160 adults and 113 juveniles known from 19 
locations (Table 2-4).  

Table 2-4. UTM coordinates and number of individuals at the 
previously and newly recorded Tetramolopium 
arenarium locations.  

Site Easting Northing Count 

TETARE01 222964 2185454 63 

TETARE02 222595 2185610 1 

TETARE03 223052 2185331 2 

TETARE05 222722 2185556 2 

TETARE06 222748 2185711 14 

TETARE13* 222918 2186263 5 

TETARE14* 223015 2185556 19 

TETARE15* 223016 2186084 3 

TETARE16* 223002 2186094 28 

TETARE17* 223005 2186176 12 

TETARE18* 223021 2186186 52 

TETARE19* 223084 2186071 1 

TETARE20* 223073 2186148 7 

TETARE21* 223075 2186170 5 

TETARE22* 223034 2186223 12 

TETARE23* 223042 2186158 1 

TETARE24* 222972 2185994 38 

TETARE25* 222832 2186285 2 

TETARE26* 222770 2185618 7 
* Newly discovered locations.  
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Figure 2-3. Locations of newly and previously recorded Tetramolopium arenarium ssp. arenarium sites. 
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DISCUSSION 

The newly recorded individuals extend the distribution of this species farther to the north than it had been 
recorded at PTA. In addition, the age structure of the newly recorded plants has changed the population 
structure from one dominated by seedlings and juveniles less than 5.0-cm with few adults to a structure 
that may be more stable.  

MANAGEMENT RECOMMENDATIONS 

Approximately 750-1,000-m of emergency fencing would be needed to protect these plants from 
trampling by ungulates. The terrain and distances from roads preclude the fence material being 
transported by foot. In addition, the amount of fence material needed cannot be obtained at one time. 
Therefore, material will be transported to the locations when available by helicopter when other aerial 
operations are being conducted.  

In addition to the recording of new locations of this species, new locations of H. haplostachya and S. 
angustifolia were recorded. Surveying transects in a similar manner for the remainder of the Kipuka 
Kalawamauna Endangered Plant Habitat would improve our understanding of the distribution of these 
and other rare species. In addition, it would provide a simple assessment of the recovery of rare species in 
those areas affected by the 1994 and 1999 Puu Anahulu/Kipuka Kalawamauna Fire and the 2001 Kipuka 
Kalawamauna Fire.  

2.3f Tetramolopium sp. 1 

A systematic monitoring program will be implemented for this and other PS-1 ranked species. Efforts to 
date have focused on reidentifying previously recorded locations. 

2.3g Asplenium fragile var. insulare 

RESULTS 

Two newly recorded sites were documented during 2001/2002 reporting period (Figure 2-4). One site 
(ASPFRA77) is in the upper elevations of Training Area 23; 25 plants were recorded. The second site 
recorded during the 2001/2002 reporting period (ASPFRA78) is the fourth site recorded in a series of 
skylight entrances along the same lava tube system (Figure 2-4), five plants were recorded. Plants at both 
sites were healthy and showed no signs of browse. 

DISCUSSION 

The locations have been accurately recorded with a GPS and an initial monitoring was conducted. Plants 
at sites found within caves accessible through breakdown piles are at risk of impact from ungulate 
trampling. Ungulate sign such as tracks, scat, and dead animals are frequently found around entrances and 
within the illuminated portions of the caves. In suitable caves with breakdown pile entrances, A. fragile 
var. insulare is frequently found on the floors and at the bases of the cave walls where they are 
susceptible to trampling. There is no soil typically found in these types of caves. The plants grow in the 
mineral deposits left by water percolating through the walls and ceiling of the cave. The plants are 
typically very small and tentatively rooted in the fragile substrate. Their location within the cave, the 
fragility of the substrate, and the frailty of the plants increase their vulnerability to damage.  
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Figure 2-4. Newly recorded Asplenium fragile var. insulare locations. 
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In contrast to the frailty and diminutiveness of the plants previously mentioned, those found in deep caves 
accessible by vertical skylights are extremely robust with frond lengths reaching 40.0-cm. The habitat in 
which these plants are found is dramatically different. There is a build up of organic material and the 
presence of other plant species. In addition, the substrate is absorbent, the temperature cooler, and the 
humidity higher than the habitat in caves with breakdown pile entrances.  

MANAGEMENT RECOMMENDATIONS 

The cave entrances to those accessible by breakdown piles must be fenced to protect the plants vulnerable 
to trampling by ungulates. This can be accomplished using concertina wire and coordinating efforts with 
the Cultural Resources Staff.  

A. fragile var. insulare has a PS-2 ranking. Reidentification and management efforts will be shifting to 
the PS-2 ranked species. No systematic monitoring for this species has been conducted. A systematic 
monitoring will be implemented during the 2002/2003 reporting period. This species at PTA is typically 
found within caves and skylights, some of which may have sensitive archaeological concerns. Therefore, 
all reidentification efforts will be coordinated with the Cultural Resources Staff.  

2.3h Silene lanceolata 

INTRODUCTION 

Efforts to re-identify locations of S. lanceolata have been limited to those discussed in Section 2.3o later 
in this report. However, management actions at known locations have been conducted. Environmental 
Workforce provided eight personnel for two days to assist in weed management efforts in April and May 
of 2002. The workforce reduced the threat of fire to four S. lanceolata locations through the manual 
removal of Pennisetum setaceum (Fountain grass) within 3m of the plant, then used gas string trimmers to 
cut the grass within a 10 –20m radius around the plants. 

RESULTS  

The Environmental Workforce was effective in creating a P. setaceum-free buffer of approximately 30-
meters in diameter at each of the four S. lanceolata sites. Manual removal was used within approximately 
six meters of any S. lanceolata individuals. Follow up application of RoundUp was applied to the plants 
that had been mechanically treated four days later. Since manual removal was employed within six meter 
of listed species, no herbicide was used within this manual control area.  

DISCUSSION 

Volunteer and outside groups such as the Environmental Workforce are extremely useful in aiding in 
management actions. The Environmental Workforce of eight personnel spent fifteen hours over two days 
for a total of approximately 120 personnel hours controlling P. setaceum at these endangered species 
sites. Although Environmental Office personnel expended time and effort coordinating access and 
providing supervision for the work crew, this cooperative effort was well worth the relatively small time 
expended. Given the current level of staffing and the management actions needed, these types of 
assistance provide enormous relief and accomplish a great deal towards protecting our listed species and 
should be encouraged and fostered as much as possible.  



 54

MANAGEMENT RECOMMENDATIONS 

S. lanceolata, like A. fragile var. insulare discussed in Section 2.3g has a PS2 ranking. Reidentification 
and management efforts will be shifting to these species. The reidentification and protection of S. 
lanceolata locations will be a high priority during the upcoming reporting period. When the previously 
recorded sites are reconfirmed the plants will be monitored, protected, and an assessment of management 
needs made. Once all locations have been reconfirmed a systematic monitoring program will be 
implemented. This is a PS-2 ranked species; monitoring and management actions will be prioritized and 
implemented according to the PS rankings. 

2.3i Zanthoxylum hawaiiense 

RESULTS 

Z. hawaiiense is a species with a scattered distribution similar to that of Hedyotis coriacea, plants are 
usually found as a single individual, occasionally in pairs, and rarely as clumps of individuals. Three to 
six newly recorded locations with eight individuals have been documented during monitoring and 
management actions for other species (Figure 2-5).  

DISCUSSION 

There are approximately 176 recorded locations of this species at PTA. However, records do not indicate 
the number of individuals at these locations. Ten of these locations may have been destroyed during the 
1994 and/or 1995 Puu Anahulu/Kipuka Kalawamauna Fire(s). In a previous survey 84 plants were found 
at 52 locations (Popolizio et al. 1996). Extrapolation using these figures, in addition to newly recorded 
individuals, indicates there may be 260-270 individuals at known locations.  

MANAGEMENT RECOMMENDATIONS 

Z. hawaiiense, like A. fragile var. insulare and S. lanceolata discussed in Sections 2.3g and 2.3h, has a 
PS-2 ranking. Reidentification and management efforts will be shifting to the PS-2 ranked species. No 
formal monitoring for this species has been conducted. A systematic monitoring will commence during 
the 2002/2003 reporting period. Ten or fifteen percent of the known Z. hawaiiense locations will be 
randomly selected for monitoring. Location information for this species, as for others, is inaccurate. 
Attempts will be made to locate individuals nearest the randomly selected locations. If there aren’t any 
plants near the randomly selected location then another will be selected. An assessment of the adequacy 
of the number of plots will be made following the analysis of the data. If the data are too variable more 
plots will be needed to provide enough data to properly assess the status of this species. This is a PS-2 
ranked species monitoring and management actions will be prioritized and implemented according to the 
PS rankings.  
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Figure 2-5. Newly recorded Zanthoxylum hawaiiense locations. 
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2.3j Portulaca sclerocarpa 

RESULTS 

No reidentification efforts specific to P. sclerocarpa have been made during the 2001/2002 reporting 
period. 

To date, three of seven previously recorded sites have been reconfirmed. In addition, four new sites have 
been recorded. There are now a total of ten sites recorded at PTA. There are twenty-six plants found at 
seven sites.  

DISCUSSION  

Twenty-six individuals are known from the seven reconfirmed or newly recorded sites. There are four 
additional sites to be reconfirmed. Shaw (1997) estimated the number of individuals found at PTA to be 
less than 30. The numbers of individuals found at the seven reconfirmed or newly recorded sites and the 
potential numbers to be found at the four sites that have not been reconfirmed indicate that the number of 
individuals found at PTA is approximately 30-40.  

MANAGEMENT RECOMMENDATIONS 

The sites that have been reconfirmed or newly recorded have been found during the course of other 
monitoring or management actions. This species has a PS-3 ranking, therefore, reidentification, 
monitoring, and management will be prioritized according to the PS rankings or as circumstances 
necessitate.  

2.3k Haplostachys haplostachya  

INTRODUCTION  

Two surveys were conducted during the 2001/2002 reporting period; one of which was a follow up survey 
in Training Area 7. This survey was conducted to quantify the number of individuals, further determine 
the distribution, and approximate the population structure of a site found during a survey conducted by 
CSU in support of the Transformation Biological Assessment. 

The second survey was implemented to determine the distribution of T. arenarium in Training Area 19, 
within the Kipuka Kalawamauna Endangered Plant Habitat (KKEPH). Species also surveyed for were H. 
haplostachya and S. angustifolia. All newly recorded locations were documented in accordance with 
established protocols.  

RESULTS  

The follow up survey conducted in Training Area 7 determined that the population consisted of 71 adults 
and 322 juveniles. Two of the 393 individuals were browsed and all individuals appeared healthy.  

The survey conducted in Training Area 19 identified four locations with 425-500 individuals (Figure 2-6). 



 57

 

 

 

 

 

 

 

 

Figure 2-6. Newly recorded Haplostachys haplostachya locations. 
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The age structure was comprised of approximately 75-100 adults and approximately 350-400 juveniles. 
Five of the 425-500 plants were browsed. Despite a powdery white substance on many of the plants at 
one of the locations (Figure 2-6) the plants appeared healthy. The plants at the other three locations 
appeared healthy as well.  

DISCUSSION  

The individuals documented at the new site in Training Area 7 are significant because they are far 
removed from any other known site at PTA. This site is further east than any other found on the 
installation.  

The plants at the sites in Training Area 7 and 19 appeared as though  they are recovering from the drought 
of the last few years. Young plants dominate the population structure while many of the mature plants 
appeared to be flowering for the first time.  

Alien species in Training Area 7 are becoming a concern in the area., but the current level does not appear 
to pose a fire threat to the site. However, in Training Area 19 Pennisetum setaceum is abundant and has 
substantially increased fine fuel loads of the already fire-prone vegetation of the Kipuka Kalawamauna 
Endangered Plant Habitat. Control of fire fuel altering species such as P. setaceum is important to 
preserving the diversity of these communities.  

MANAGEMENT RECOMMENDATIONS 

These new locations have been incorporated into the GIS database and will be used in determining 
monitoring and management needs for the species. H. haplostachya is one of the most abundant listed 
species found at PTA and is ranked as PS-5. No systematic monitoring has been initiated for this species 
because of its PS ranking. A monitoring schedule will be will be implemented for this species once 
monitoring has been implemented for the higher ranked species.  

The site in Training Area 7 has a relatively low density of alien species at this time. Given the current 
personnel constraints, weed control for this PS-5 species is not recommended at this time. Large scale 
fencing of this site is recommended should the intensity of training in the area change.  

Samples have been collected to determine the origin of the powdery white substance found on the leaves 
of the plants found in Training Area 19. Once identified, management options will be determined.  

2.3l Silene hawaiiensis 

INTRODUCTION – Range 8 

In 1996 the Army approached the USFWS to request a formal consultation on the effects of the addition 
of two firing lanes at Range 8. This federal action had the potential to negatively impact the threatened 
species S. hawaiiensis. As part of the consultation process, the Army was required to identify and protect 
S. hawaiiensis locations at Range 8 against damage resulting from the maintenance and use of the range. 
In addition, an annual monitoring of the known locations was agreed to. The NRS initiated monitoring of 
all known S. hawaiiensis locations at Range 8 in 1997. 

RESULTS 

Table 2-5 shows that there have been changes in the average height and number of the plants at Range 8. 
The results reported represent those adult individuals that were present during all five annual monitorings. 
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Therefore, results that were reported in previous reports are different due to the change in the number of 
plants used to calculate the average height. The average height and number of the plants has decreased 
since the first monitoring in 1997. In addition, a high percentage of the adult plants at Range 8 show of 
signs of damage. However, in 2002 plant height increased and damage decreased from the previous year’s 
results.  

Table 2-5. Average height of Silene hawaiiensis at Range 8.  

 1997 1999 2000 2001 2002 

Average 
Height* (cm) 17.7 13.3 13.7 6.3 9.8 

Number of 
Individuals** 101 105 96 61 58 

Percent 
Damaged*** 75.3 87.0 71.9 75.0 12.1 

*    The average height of adult plants present at Range 8 during all five years. 
**  The total number of individuals present during that year’s monitoring.  
*** The percentage of adult plants with signs of ungulate damaged. 

DISCUSSION 

The average height and number of the S. hawaiiensis found at Range 8 has decreased in the years 
following the initial monitoring in 1997 (Table 2-5). The possible causes of the observed decline are 
training impacts and ungulate browse. Table 2-5 indicates that more than 70 percent of adult plants show 
signs of damage. In addition, there was a loss of 36% of individuals between the 2000 to the 2001 
monitoring.  

Evans et al. (2001) presented a discussion of the possible causes of the observed changes in the plants at 
Range 8. The discussion considered the potential and real impacts from military training, ungulate 
browse, and environmental factors. It was concluded that military training was not responsible for the 
observed changes. In fact, the portion of the range where 2/3 of the plants are found hasn’t been used 
since 1992/1993. However, there have been significant impacts to the plants over this time period. The 
two additional firing lanes at the time of this writing have yet to be utilized and are not operational. 
Therefore, the factors affecting the plants at the Range continue to be ungulates and environmental 
changes (Evans et al. 2002). 

The trend of declining plant height and high percentage of damaged plants from 1997 through 2001 
changed in 2002. There was an increase of 51% in plant height and a decrease of 84% in the number of 
plants with browse damage. However, there was a continued loss of individuals from the previous 
monitorings. These results further demonstrate the conclusions of Evans et al. (2001) that ungulates 
negatively impact this species. This species is clearly adapted to arid conditions and periodic drought and 
populations will persist. However, when extreme weather conditions are coupled with the impacts of an 
alien species the survival of a population is at risk.  

As a result of the Army’s formal consultation with the USFWS, it was agreed that this site would be 
monitored annually to determine if the plants were being impacted from military use of the Range. To this 
point, the Range has not been fully operational. Repeated browsing by ungulates and not military training 
is the unmistakable cause of the damage to these plants.  
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Introduction – Silene hawaiiensis Fence Unit 

In April of 1999 a 33.4-acre fence unit was completed in Training Area 3 to protect the threatened species 
Silene hawaiiensis. In May of 1999 monitoring plots were established to assess the effects of ungulate 
exclusion on this species. The initial monitoring in 1999 serves as a baseline to which subsequent year’s 
monitorings can be compared. Ten plots were established outside and inside of the fence unit. 
Establishment of plots in the two locations will test the effects of ungulate exclusion. Monitoring has been 
conducted annually since 1999. 

RESULTS 

Browse by location for each year is summarized in Table 2-6. A Chi-Square Analysis with Yates 
Correction for Continuity was used to test differences in browse between location for each year. The 
analysis indicates that browse frequency was statistically similar for both locations in 1999, when the 
fence was completed. Browse frequency in 2000, 2001, and 2002 was greater outside the fence than it 
was inside.  

Table 2-6. Summary of browse by location for each year.  Results of Chi-Square 
Analysis with Yates Correction for Continuity. Results are reported at the 
90% confidence level. 

Year Location Browsed No 
Browse 

Test 
Statistic 

Critical 
Value 

1999 Outside 36 14 

1999 Inside 80 17 
1.6070 2.706 

2000 Outside 22 20 

2000 Inside 9 71 
23.3281 2.706 

2001 Outside 19 14 

2001 Inside 6 78 
32.9369 2.706 

2002 Outside 9 27 

2002 Inside 7 85 
5.6536 2.706 

 

The average heights from four years of monitoring, 1999 to 2002, of plants inside and outside the fence 
unit are summarized in Figure 2-7.  
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 Figure 2-7. Average plant height by location of the Silene hawaiiensis Fence Unit in each year. 
Results are reported at the 90% confidence level.  

Results of the individual analyses of variance (ANOVA) for each year (Table 2-7) indicate the average 
plant height between locations is statistically similar from 1999 to 2001. Average plant height between 
locations was statistically different in 2002, with greater average height being found for the plants inside 
the fence unit (Figure 2-7).  

Table 2-7. ANOVA results comparing plant heights between locations 
for each year. Results reported at the 90% confidence level. 
P-values less than 0.1 indicate statistical significance. 

 Degrees of 
Freedom F-value P-value 

1999 1 0.08 0.780 

2000 1 0.61 0.435 

2001 1 3.30 0.072 

2002 1 7.31 0.008 

 

An ANOVA  indicated there are no statistically significant differences in the average height of plants 
outside the fence unit between years. However, there are statistically significant differences in the average 
height for plants inside the fence unit between years (Table 2-8). This test does not identify between 
which years the differences occurred.  
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Table 2-8. ANOVA results comparing plant heights between years for 
each location. Results reported at the 90% confidence level. 
P-values less than 0.1 indicate statistical significance.  

 Degrees of 
Freedom F-value P-value 

Outside 3 0.65 0.585 

Inside 3 5.95 0.001 

 

The Tukey Test compared, in a pair-wise fashion, the results of the 1999 monitoring to those of the other 
years (Table 2-9). The results indicate that there is a statistically significant difference between the results 
of the 1999 monitoring and both 2001 and 2002 results. The plants in 2001 and 2002 had statistically 
significant greater average heights than were found in 1999.  

Table 2-9. Tukey Pair-wise Comparisons identifying 
the differences in height between years for 
plants inside the fence unit. Results 
reported at the 90% confidence level. P-
values less than 0.1 indicate statistical 
significance. 

 T-value P-value 

1999 - - 

2000 2.309 0.0959 

2001 2.904 0.0193 

2002 4.076 0.0003 

 

DISCUSSION 

Monitoring and analysis have demonstrated that in 2002 the average plant height was greater inside of the 
fence unit than it was outside. In addition, average plant heights inside the fence unit in 2001 and 2002 
have increased from the baseline average in 1999, while the average height for plants outside the fence 
unit have remained similar. The greater heights for plants inside the fence can be explained by the results 
of the browse frequency analysis. In 1999, the browse frequencies were statistically similar by location. 
This is to be expected because the monitoring was conducted within one month of the fence unit’s 
completion. However, browse frequency was statistically different in subsequent years, with higher 
browse frequencies on plants outside the fence unit. The lack of protection for plants outside the fence 
unit has continued to leave them vulnerable to ungulates. Consequently plant height has not changed 
significantly from the initiation of this study. The average height for plants inside the fence unit has 
increased by an average of 48.7% over the same time period. Such results demonstrate that after two 
years of reduced ungulate browse the plants inside the fence unit have increased their average height from 
the baseline obtained in 1999. Furthermore, after three years the plants inside the fence unit have greater 
average height than those plants outside. This study shows that the reduction of ungulate pressures from 
this species can have significant positive effects in a relatively short period of time.  
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MANAGEMENT RECOMMENDATIONS 

Fencing of the plants at Range 8 is needed to ensure the long-term survival of the population. It is 
recommended that, in cooperation with PTA Range Division, Hawaii, a fencing project to protect the 
plants at Range 8 be initiated.  

Findings in Hawaii Volcanoes National Park (HAVO) indicate that mouflon are capable of jumping back 
and forth over fences four feet in height (Goltz, pers. com.). The recording of browse on plants inside the 
fence unit indicates that they are still being impacted by ungulates that may be jumping the fence. Less 
than ten percent of the plants monitored inside the fence showed evidence of ungulate damage. Although 
unexpected, the levels of impact as well as management priorities do not warrant  any corrective measures 
at this time.  

Three years of this five-year study have been completed. This study site will be monitored for two more 
consecutive years. Following which, monitoring and management recommendations will be made.  

2.3m Spermolepis hawaiiensis 

RESULTS  

No reidentification efforts have been made for this species during the 2001/2002 reporting period. 
Locations have been recorded during the course of other management actions. These new locations have 
been incorporated into the GIS and will be used in determining monitoring and management needs for the 
species.  

MANAGEMENT RECOMMENDATIONS 

S. hawaiiensis is a PS-5 ranked species; a systematic monitoring will be implemented for this species 
according to the PS rankings.  

2.3n Stenogyne angustifolia 

RESULTS  

No reidentification efforts specific to this species have been made during the 2001/2002 reporting period. 
Approximately 29 previously unrecorded locations were recorded during the course of other management 
actions and surveys (Figure 2-8). There are 75-100 individuals among these locations. These new 
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Figure 2-8. Newly recorded Stenogyne angustifolia locations. 
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locations have been incorporated into the GIS and will be used in determining monitoring and 
management needs for the species. 

MANAGEMENT RECOMMENDATIONS 

S. angustifolia is one of the more abundant endangered or threatened species found at PTA and is 
categorized as PS-5. No monitoring has been initiated for this species because of its low PS ranking. Once 
monitoring has been implemented for the higher ranked species, monitoring will be implemented for this 
species.  

2.3o 2001 Kipuka Kalawamauna Fire 

INTRODUCTION 

A fire occurred within the Kipuka Kalawamauna Fence Unit on October 9, 2001. The fire was declared 
contained on or about October 12, 2001, mop-up of hot spots then commenced. Fire watches were 
conducted for 72 hours following a hot spot being reported and extinguished. The cause of the fire was 
determined to be an illumination round fired from the western portion of Training Area 22 that drifted out 
of the Impact Area and into the Kipuka Kalawamauna Fence Unit.  

Assessments by members of the Environmental Office were conducted on October 11, 12, and 17, 2001. 
Surveys were conducted to determine the perimeter of the fire and assess any impacts to listed species. 
Species known from the surrounding area and within the burn area are Silene lanceolata, Haplostachys 
haplostachya, and Stenogyne angustifolia. There are twelve previously recorded locations of H. 
haplostachya, five previously recorded locations of S. lanceolata, and two previously recorded locations 
of S. lanceolata potentially affected by the KKF (Figure 2-9). However, there is no data indicating the 
number of individuals at the locations recorded by Colorado State University (CSU). 

RESULTS 

Surveys found that approximately 110 acres within the Kipuka Kalawamauna Fence Unit were burned 
(Figure 2-9). The northern boundary of the fire was Old Bobcat Trail. The southern boundary was 
pahoehoe substrate vegetated by Open Ohia Treeland with dense shrub understory (Shaw and Castillo 
1997). To the east, the boundary was pahoehoe substrate vegetated by Open Ohia Treeland with sparse 
shrub understory (Shaw and Castillo 1997).  

Each of the five previously recorded S. lanceolata locations was inspected to determine the impacts of the 
fire. Four of the five locations are well known. Each has rare plant monitoring transects. These were 
easily identified and it was found that the locations did not burn and no S. lanceolata individuals were 
affected. The fifth location had not been re-identified prior to the fire. Due to the inaccuracy of the 
Colorado State University (CSU) data (Evans et al. 2000), this site could not be re-identified with 
certainty. Approximately 50% of the potential area that the previously recorded location was mapped to 
burned. There were no living or dead plants found in either the burned or unburned area.  
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Figure 2-9. 2001 Kipuka Kalawamauna Fire perimeter and locations of listed species. 
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The twelve previously recorded H. haplostachya locations had not been reconfirmed prior to the 2001 
KKF. During the post fire assessment each previously recorded location was inspected to determine the 
impacts of the fire. Seven of the twelve exact locations that had been recorded burned. Surveys of the 
remaining five previously recorded locations found that there are plants within a distance of 
approximately 50-meters. The survey of the burn area resulted in the recording of fifteen locations 
occupied by H. haplostachya (Figure 2-9). There were approximately 1163-1858 juveniles and 126-210 
adults recorded from the within and adjacent to the burn area.  

The two previously recorded S. angustifolia locations had not been reconfirmed prior to the 2001 KKF. 
During the post-fire assessment, each previously recorded location was inspected to determine the 
impacts of the fire. One of the two locations that had been previously recorded burned and no plants were 
found in the nearby, unburned area. A survey of the remaining previously recorded location found no 
plants within a distance of approximately 50-meters of the mapped location. The survey of the burn did 
not result in the recording of new locations occupied by S. angustifolia.  

DISCUSSION 

The 2001 Kipuka Kalawamauna Fire was preceded by several years of drought. In addition, the numbers 
of individuals at the locations were not provided by CSU. It is entirely possible that the locations S. 
lanceolata and S. angustifolia were mapped to were unoccupied prior to the fire, due to drought. 
Although, the mapped location burned, the fire may not have affected listed species.  It is also plausible 
that the actual locations the plants were at did not burn but no plants were present due to the drought. 
Therefore, it cannot be determined with certainty, due to mapping inaccuracy, if the fire affected the 
plants at these locations.  

Although seven of twelve previously recorded H. haplostachya locations within the burn area did burn, 
there are 1,289-2,068 individuals recorded from the survey and there may be as many as 1,550-2,500 
individuals in the area. Though it is unknown how many individuals occupied the locations that were 
destroyed in the fire, 150-500 H. haplostachya may have been destroyed. This accounts for 0.4-2.0% of 
the estimated 25,000-35,000 H. haplostachya at PTA.  

The impacts of the 2001 Kipuka Kalawamauna Fire are undeterminable in the cases of S. lanceolata and 
S. angustifolia or nearly negligible for H. haplostachya. It cannot be shown, with certainty, that there was 
a loss of either S. lanceolata or S. angustifolia. The losses to H. haplostachya do not account for a large 
enough proportion of the population to jeopardize its existence. In addition, the seed bank of H. 
haplostachya will survive fire and germinate while previously established individuals may survive well 
enough to resprout (Stevens 2001). 

Perhaps the most significant effect of the 2001 Kipuka Kalawamauna Fire is that to the ecosystem. The 
vegetation communities of the KKEPH are inherently prone to fire. The invasion by P. setaceum has 
exacerbated the fire risk to the listed species in this diverse habitat. The vulnerability of the vegetation 
communities in the KKEPH, in which five endangered and threatened plant species are found, to fire has 
been demonstrated by fires in 1994, 1999, and 2001. These fires have burned approximately 1,989 ha 
(4,915 acres) of 3,178 ha (7,854 acres) or 62.5% of the Kipuka Kalawamauna Endangered Plant Habitat. 

The fire threat to listed species and the ecosystems upon which they depend can be reduced through 
control of P. setaceum. These controls should first target listed plant species sites and locations, then 
expand to a landscape scale. Although the fires of 1994 and 1999 originated off the installation, it is 
imperative that the Army create and maintain fuel breaks and fire access roads in strategic locations 
throughout the installation to insure that fire suppression personnel and equipment have access to 
vulnerable areas. Proactive measures must be employed to protect the rare natural resources at PTA from 
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threats originating outside as well as inside its boundaries. The 2001 Kipuka Kalawamauna Fire was 
caused by live fire exercises within the KKEPH. Live fire exercises pose a significant threat to listed 
species when conducted in fire sensitive areas such as the KKEPH. Future exercises in proximity to listed 
species should be carefully considered before being conducted.  

2.4 VEGETATION MONITORING  

The Kipuka Kalawamauna Fence Unit (KKFU) protects approximately 1,800 acres of the Kipuka 
Kalawamauna Endangered Plant Habitat (KKEPH). Vegetation types within the KKEPH are among the 
most diverse and important ecosystems found at Pohakuloa Training Area. Ungulates are a major threat to 
native plant species and their habitats. Ungulates found within the surrounding area and the fence unit 
include feral pigs, feral goats, and feral sheep. Removal of feral goats and feral sheep within the fence 
unit commenced in June of 2001. Ungulates should be removed by the first quarter of 2002. 

This study was initiated to determine the effects of ungulate exclusion on the vegetation protected by the 
KKFU. The initial monitoring was conducted to establish a baseline condition of the vegetation prior to 
the complete removal of ungulates from the fence unit. This initial portion of the study is a pilot study to 
determine the level of monitoring necessary to make accurate assessments and draw conclusions from the 
data. The information from this study will be used to plan and implement future management actions in 
this and surrounding areas.  

METHODS 

The monitoring methods were initially developed by USGS-PIERC and implemented within the Kipuka 
Alala Fence Units at PTA. The methods were also used to assess the vegetation inside and outside the 
Kipuka Kalawamauna Fence Unit (KKFU).  

Vegetation Layer Cover Estimate   

Total combined cover of all plant species in each vegetation layer shown in Table 2-10 was estimated 
using the cover classes given in Table 2-1.  

Table 2-10. Vegetation layers used for vegetation cover estimate. 

Layer Code Layer Range Description 

1 0 – 0.5 m Ground vegetation 

2 >0.5 – 1 m Small shrubs and grasses 

3 >1 – 2 m Tall shrubs 

4 >2 – 5 m Small trees and tall shrubs 

5 >5 m Moderate-sized trees 
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Table 2-11. Cover classes used for vegetation cover estimate. 

Cover Class 
Code Cover Range Maximum Area 

Covered Example Area 

0 Not Present 0 m2  

1 >0 – 1% 2.5 m2 1 x 2.5 m 

2 >1 – 5% 12.5 m2 2.5 x 5 m 

3 >5 – 10% 25 .0 m2 5 x 5 m 

4 >10 – 25% 62.5 m2 2.5 x 25 m 

5 >25 – 50% 125.0 m2 5 x 25 m 

6 >50 – 75% 187.5 m2 7.5 x 25 m 

7 >75 – 90% 225.0 m2 9 x 25 m 

8 >90% >225.0 m2 >9 x 25 m 

 

COUNTS OF WOODY PLANTS  

Woody plants were counted in ten 5x5-m subplots within the main plot (Figure 2-10) and recorded by 
species using the layer codes given in Table 2-12. A plant must be rooted in the subplot to be counted.  

Table 2-12. Layer codes used for woody 
species sampling. 

Layer Code Height Range 

1 0 – 0.5 m 

2 >0.5 – 1 m 

3 >1 – 2 m 

4 >2 – 3 m 

5 >3 – 4 m 

6 >4 – 5 m 

7 >5 m 

Understory Species Cover  

Understory species cover was sampled using the pole-intercept method at 0.5 m intervals along the three 
transects established along each of the 25 m edges of the plot and along a 25 m transect located through 
the center of the plot (Figure 2-10), yielding 150 sample points per plot. A thin two-meter tall metal or 
plastic pole is placed vertically on the ground at a sampling point along the transect. Any plant species 
that touches the pole is recorded for vegetation layers 1,2, and 3 (Table 2-10). A species is recorded if; 
live vegetative material, floral material, or dead material is attached to a living plant. A species is only 
recorded once per layer, regardless of how many times the species touches the pole in the layer. More 
than one species can be recorded in a layer if they touch the pole. 
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Figure 2-10. Diagram of layout of 10 x 25 m main plot showing the three transects (heavy dashed line) and ten 5 x 5 m subplots 
established to facilitate data collection.
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Substrate Type 

Substrate type (gravel, rock, soil) was sampled by placing a sharp metal rod on the ground at 1.0 m 
intervals along each transect and recording the substrate type. If an obstacle blocked the substrate at a 
sampling point, the measurement was taken at the closest point.   

DATA ANALYSIS METHODS 

Percent Vegetation Cover By Layer 

Percent vegetation cover by layer was compared between locations and layers. The values recorded for 
each layer are rank data because they are based on a range of cover percentages. The percent cover data 
by location and layer were ranked together. The data were analyzed by comparing the rankings between 
layers and the two locations, using a non-parametric General Linear Model (GLM) with two factors (Zar 
1999).  Multiple comparisons were made using the Tukey Multiple Comparison Test (Zar 1999). Using 
the GLM on ranked data is the nonparametric equivalent of the parametric GLM (Dohm pers. com.). 
Analyses were made at the 90% confidence level. All tests were performed using the statistical software 
MINITAB, Release 13, (Adobe Systems Inc. 2000). 

Woody Species Density by Layer 

Total woody species densities were compared between locations and layers. The numbers of woody plant 
species from each subplot were pooled for the entire plot for each layer. Layers 4-7 (greater than two-
meters) were excluded from the analysis because ungulates do not impact individuals in these layers. The 
assumptions of normality and equality of variances were tested. Comparisons between locations were 
made using a GLM with one factor  (Zar 1999). Comparisons of each layer between locations were made 
with a one factor GLM as well. Comparisons between layers were made using the nonparametric Kruskal-
Wallis Test with one factor (Zar 1999). Multiple comparisons between layers were done using the 
nonparametric Nemenyi Test (Zar 1999). Analyses were made at the 90% confidence level. All tests were 
performed using the statistical software MINITAB, Release 13, (Adobe Systems Inc. 2000). 

Understory Species Cover 

The assumptions of normality and equality of variances were tested. Violations of normality occurred for 
each species tested. Comparisons of individual species between locations were made using the 
nonparametric Kruskal-Wallis Test (Zar 1999). Because parametric techniques are more powerful than 
non-parametric techniques, the comparisons were conducted using a one-factor GLM (Zar 1999). 
Analyses were made at the 90% confidence level. All tests were performed using the statistical software 
MINITAB, Release 13, (Adobe Systems Inc. 2000). 

Substrate Type 

The assumptions of normality and equality of variances were tested. The data satisfied the assumptions. A 
two-factor GLM was used to compare differences between locations as well as substrate types. Analyses 
were made at the 90% confidence level. All tests were performed using the statistical software MINITAB, 
Release 13, (Adobe Systems Inc. 2000). 

2.4.a Kipuka Alala Vegetation Monitoring 

In March and April 2001, NRS in conjunction with USGS-PIERC implemented a vegetation monitoring 
program to track the changes in the vegetation of Kipuka Alala. Thirty plots were established and 
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monitored. USGS-PIERC compiled the data and currently is analyzing the information. After preliminary 
results, it was clear that additional plots were needed to achieve more statistical power and improve the 
reliability of the results. In April 2002, 10 additional plots were established and monitored by NRS. All 
the plots established in 2001 were re-visited and the woody species were counted and trees with diameters 
greater than 5 cm were tagged and the overall vigor of the tree was recorded. Data were complied, 
corrected and sent to USGS-PIERC for further analysis.  

2.4b Kipuka Kalawamauna Vegetation Monitoring  

METHODS AND DATA ANALYSIS 

The methods that J. Jacobi identified for use in the Kipuka Alala study, as described above, guided the 
methods and data analysis used for KKFU. The vegetation type under consideration for this study is the 
Open Metrosideros polymorpha Treeland with Dense Shrub Understory (Shaw and Castillo 1997). 
Twenty plots were stratified by location and locations were randomly selected utilizing random selection 
procedures in ArcVIew version 3.2 (Figure 2-11). Each location is either inside or outside of the fence 
unit. The plot locations were identified in the field using a Garmin 12XL GPS unit. The direction of the 
long axis of the plot was randomly selected using a random number table and rounded to the nearest ten 
degrees.  
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Figure 2-11. Kipuka Kalawamauna Fence Unit vegetation plot locations. 
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Metrosideros polymorpha Vegetation Type 

RESULTS 

Vegetation by Layer 

The data were analyzed using ranks of the data and a non-parametric GLM. The analysis results indicate 
that the total percent cover of vegetation between locations (inside/outside) does not differ (Table 2-13). 
The analysis did indicate there are differences between the layers (Table 2-13).  

Table 2-13. GLM results of ranked percent vegetation cover between 
locations. Tested at the 90% confidence interval.  

 Degrees of 
Freedom F-value P-value 

Location 1 0.36 0.550 

Layer 6 14.87 0.002 

Interaction 6 1.86 0.093 

 

When the Tukey Multiple Comparison Tested analyzed the data by layer the percent cover of vegetation 
was similar between layers one and two, which differed from all other layers (Table 2-14). 

Table 2-14. Tukey Multiple Comparison Test for 
differences between layers. Tested at the 
90% confidence interval.  

Layer T-value P-value 

2 -2.222 0.2912 

3 -6.705 < 0.001 

4 -8.849 < 0.001 

5 -7.877 < 0.001 

6 -8.794 < 0.001 

7 -9.182 < 0.001 

DISCUSSION 

The percent cover was similar between locations, which supported the assumption that both sampling 
locations were similar. We included all seven vegetation layers in the analysis because the percent cover 
should give a sense of the overall vertical structure of the vegetation plots. There was a significant 
difference for cover among the layers. Most of the vegetation was located in layers one and two (below 
one meter), which were statistically similar for cover. Layers one and two differed from all other layers 
and layers three to seven were similar. Most of the alien invasive plants such as fountain grass are found 
in layers one and two, helping to elevate the cover. The depth and amount of soil present may limit plant 
height, which could increase cover in layers one and two. An abundance of young plants may also 
contribute to the higher cover of layers one and two.  
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Most ungulate damage occurs to plants in layers one and two, effectively reducing the cover of some 
native species and preventing them from growing into the higher layers. Because ungulates have not been 
excluded from the fence unit, they have been damaging plants in both locations through trampling and 
browsing. 

 RESULTS  

WOODY SPECIES DENSITY BY LAYER 

The GLM indicated that there are no differences in total woody species density between locations (Table 
2-15). In addition, no location effects were found for layers one and two. However, there was a location 
effect found in layer three (Table 2-15).  

Table 2-15. GLM results comparing location effects. Tested at the 90% 
confidence interval. 

 Degrees of 
Freedom F-value P-value 

Total # 1 2.23 0.141 

Layer 1 1 0.04 0.847 

Layer 2 1 4.01 0.061 

Layer 3 1 10.28 0.005 

 

Post-hoc analysis indicates the difference in layer three is attributable to D. viscosa (Table 2-16). There is 
greater density of this species outside the fence compared to inside the fence.  

Table 2-16. GLM results comparing location effects on the three most 
abundant species in layer three. Tested at the 90% 
confidence interval. 

Species Degrees of 
Freedom F-value P-value 

D. viscosa 1 4.97 0.039 

D. linearis 1 1.15 0.297 

S. tameiameiae 1 0.13 0.726 

 

The Kruskal-Wallis test indicated that there was a significant difference between the layers (Table 2-17).  
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Table 2-17. Kruskal-Wallis Test of differences between layers. Tested at 
the 90% confidence interval. 

 Degrees of 
Freedom H-value P-value 

Layers 2 34.42 <0.001 

 

Using the Nemenyi multiple comparison test, it is apparent that layer three is different from layers one 
and two, which are similar to each other (Table 2-18).  

Table 2-18. Nemenyi Multiple Comparison Test 
between layers. Tested at the 90% 
confidence interval. 

Layers Q-value P-value 

2 vs. 3 7.64 <0.001 

2 vs. 1 0.97 >0.1 

1 vs. 3 6.67 <0.001 

 

DISCUSSION 

Woody Species Density by Layer 

Total woody species density was similar between locations. Because ungulates have not been removed 
from the fence unit and are still impacting the vegetation in both locations, this was the expected result. 
Individual layers were compared to one another between locations to determine if combining the layer 
data had masked any differences. Both layers one and two were similar for both locations but layer three 
showed a significantly higher woody species density outside the fence. One of the post-hoc tests 
conducted indicated that D. viscosa had a higher density in layer three outside the fence, which appeared 
to cause the variation in the woody species density outside the fence unit.  

There were significant differences between vegetation layers.  Because we wanted to concentrate on 
levels most affected by ungulates we restricted the analysis to layers one, two and three (less than 2 
meters). Again layers one and two had the highest woody species density and layer three was significantly 
different.  There could be many factors influencing the vegetation and increasing the number of plants in 
layers one and two. Natural population regulating mechanisms such as limited water and soil may prevent 
many plants from growing above 1 meter.  We did not measure the age structure of the plots, but it is 
possible that there are many more young plants less than a meter tall compared to mature adults. Also, 
ungulates are present at both locations and are still impacting the vegetation and may be preventing 
certain native plants from achieving their full growth potential.   
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RESULTS 

Understory Species Cover 

There were fifteen species recorded. However, Lepidium hyspoifolium, Mariscus hillebrandii, Myoporum 
sandwicense, Pelea turnifolia, Psilotum nudum, Vaccinium reticulatum, and Wahlenbergia gracilis were 
either absent from one of the locations or not abundant enough to be analyzed.  

The species for which there were sufficient data to analyze were Carex wahuensis, Dodonaea viscosa, 
Dubautia linearis, Melinis repens, Metrosideros polymorpha, Osteomeles anthyllidifolia, Pennisetum 
setaceum, and Styphelia tameiameiae.  

The Anderson-Darling Normality Test indicated that the data for individual species were not normally 
distributed. The test of equality of variances indicated that the variances for individual species were equal. 
Due to the non-normality of the data the nonparametric Kruskal-Wallis Test was used. The results 
indicated that there are no location effects on the cover of Carex wahuensis, Dubautia linearis, Melinis 
repens, Metrosideros polymorpha, Osteomeles anthyllidifolia, Pennisetum setaceum, or Styphelia 
tameiameiae (Table 2-19). A location effect was found for Dodonaea viscosa (Table 2-19).  

Table 2-19. Results of the Kruskal-Wallis analysis for understory 
species cover.  

Species H-value P-value 

Carex wahuensis 0.24 0.626 

Dodonaea viscosa 4.98 0.026 

Dubautia linearis 0.09 0.767 

Melinis repens 0.00 0.988 

Metrosideros polymorpha 2.21 0.137 

Osteomeles anthyllidifolia 1.13 0.287 

Pennisetum setaceum 2.21 0.137 

Styphelia tameiameiae 0.03 0.859 

 

The parametric GLM was used to test the same hypotheses. The GLM is robust and a more powerful test 
than its nonparametric equivalent (Zar 1999). Agreement with the results of the nonparametric test 
indicates that the violations of the assumptions were not severe enough to invalidate the results of the 
parametric test. The results of the parametric test can then be reported. The GLM agreed on every species 
with the Kruskal-Wallis Test (Table 2-20).  
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Table 2-20. Results from the GLM comparing understory species 
cover by location Tested at the 90% confidence 
interval. 

Species F-value P-value 

Carex wahuensis 1.51 0.224 

Dodonaea viscosa 5.79 0.019 

Dubautia linearis 0.21 0.645 

Melinis repens 0.07 0.791 

Metrosideros polymorpha 1.75 0.191 

Osteomeles anthyllidifolia 1.78 0.187 

Pennisetum setaceum 2.70 0.106 

Styphelia tameiameiae 0.00 0.959 

 

DISCUSSION 

Understory Species Cover 

To determine understory species cover, data for each species was compared between locations. Seven of 
the eight species tested had similar covers between locations 

D. viscosa was the only species of the eight compared that was significantly different between locations 
(Figure 2-12 and 2-13). P. setaceum was more abundant inside the fence unit but the result was not 
statistically significant.  

 

Figure 2-12. Understory species cover with similar cover between 
locations. Error bars represent one standard deviation.  
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Figure 2-13. Understory cover for D. viscosa and P. setaceum. Error 
bars represent one standard deviation. 

A post-hoc regression analysis was conducted to determine if there was a relationship between D. viscosa 
and P. setaceum covers between locations. The abundance of P. setaceum appeared to have an effect on 
the abundance of D. viscosa inside the fence unit but did not outside of the fence unit (Table 2-21).  

Table 2-21. Post-hoc regression analyses of P. setaceum as a predictor of D. 
viscosa cover.  

Predictor Response r2 F-value P-value 

P. setaceum 
Inside 

D. viscosa 
Inside 

46.0 23.83 <0.001 

P. setaceum 
Outside 

D. viscosa 
Inside 

2.6 0.76 0.391 

 

This may be explained by the proximity of a Myoporum sandwicense shrubland degraded by P. setaceum 
to the plots inside the fence unit (Figure 2-11). The abundance of P. setaceum is a good indicator of 
degraded habitat. P. setaceum, may not be directly affecting D. viscosa, but D. viscosa may be less 
abundant in degraded habitat. 

Substrate type 

There were three substrate types recorded; gravel, rock, and soil. The Anderson-Darling Normality Test 
was non-significant and the variances were equal. The parametric two-factor GLM was used to test 
differences in substrate composition between locations and abundance of substrate types.  

There were no differences in the overall substrate composition between locations. There was a significant 
difference in the abundance of substrate types as well as an interaction between location and substrate 
type (Table 2-22).  
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Table 2-22. Two-factor GLM for differences between location and 
substrate types.  

 Degrees of 
Freedom F-value P-value 

Location 1 0.00 0.991 

Substrate 2 123.05 0.008 

Interaction 2 3.87 0.027 

 

Because there was a significant interaction, one-factor ANOVA’s were used to determine if there was a 
difference in individual substrate types between locations (Table 2-23). No significant differences were 
found. 

Table 2-23. One-factor ANOVA for differences in 
substrate types between locations. 

Substrate Type F-value P-value 

Gravel 0.99 0.333 

Rock 2.15 0.159 

Soil 3.13 0.094 

 

A one-factor ANOVA with Tukey multiple comparisons was used to determine differences in abundance 
between substrate types. All the substrate types differed significantly in abundance from one another 
(Table 2-24 and Table 2-25). 

Table 2-24. One-factor ANOVA for differences in 
abundance between substrate types.  

 F-value P-value 

Substrate Type 439.46 <0.001 

 

Table 2-25. Tukey Multiple Comparisons for 
differences between substrate types. 

 F-value P-value 

G vs. R 29.39 <0.001 

G vs. S 11.35 <0.001 

R vs. S -18.05 <0.001 
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DISCUSSION 

There was a significant difference between substrate types. Rock was by far the most abundant substrate 
on all the plots, which contributes to the patchy nature and short stature of the vegetation. Soil was more 
abundant than gravel. The amount of soil present on a plot is particularly important because it is vital for 
plant growth.  

Because there was a significant interaction between location and substrate type, we analyzed each 
substrate type separately for differences between locations. Rock and gravel appear to be similar between 
locations. At the 90% confidence level soil does not show a significant difference but the P-value is close 
to 0.05 and therefore caution should be used when interpreting this result.  At lower confidence levels soil 
may show a significant difference between locations and may be responsible for the significant interaction 
between location and substrate type.  

At the 90% confidence level, the substrate between locations was similar for all substrate types. This 
indicated that plots in both locations had similar ratios of gravel, rock, and soil. This physical similarity is 
important because soil influences the type and height of vegetation found on the plots.  

RESULTS 

Individual Species Occurrences 

A species list was generated for each plot. The relative abundance of alien species to native species can be 
compared. Native species accounted for 77% of to the total plants present and alien comprised 23% of the 
total (Table 2-26). No alien species were present above 0.5 meters, therefore layer 3 was not used for 
further analysis. Using the Haber correction for Χ2, no significant differences in native to alien plant 
ratios were detected between layers 1 and 2 (Χ2=2.065, DF=1, 0.1 < p < 0.25) and between inside and 
outside the fence  (Χ2=0.01, DF=1, 0.75 < p < 0.90).  

Table 2-26. Native to Alien plant ratios for plots. 

Location Total Plants Native Alien 

Layer 1 279 69% 31% 

Layer 2 96 77% 23% 

Inside Fence 231 76% 24% 

Outside Fence 247 79% 21% 

 

DISCUSSION 

Individual Species Occurrences 

The ratio of alien to native plants is always a concern in native plant management areas. Alien plants 
compete with native plants for space, nutrients, and water. At each plot, each species was recorded to 
yield a species list. Each species was listed only once for each height class, therefore these results do not 
indicate density of species for each plot, but rather a comparison of occurrence.  For all the plots 
combined 77% of the plants recorded were natives and 23% alien plants. Most of these alien plants 
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occurred in Layer 1 (0 to 0.5 meters), which is consistent with the herbaceous nature of most of the weedy 
species we encountered on the plots. Native plants were recorded more often than alien plants in Layer 2 
(0.5 to 1 meter) and no alien plants were recorded in Layer 3.  

It appears that alien plants were well distributed throughout the study area and were found in similar 
ratios regardless of whether the plot was inside or outside or burned or not burned. Native plants were still 
dominant on all the plots, but alien plants appear to comprise a substantial portion of the plants found on 
each plot. 

CONCLUSIONS 

As expected both locations are similar in substrate and vegetative characteristics. Because no 
management such as ungulate exclusion has been implement inside the fence unit, this area is still similar 
to adjacent unprotected areas. As management actions are implemented, increases in percent cover, 
understory species cover and woody species density are expected inside the fence unit.  

Dodonaea viscosa Vegetation Type 

RESULTS  

VEGETATION BY LAYER 

Data were analyzed using ranks of the data and non-parametric GLM. The analysis results indicate that 
the total percent coverage between locations does not vary (Table 2-27). The GLM indicated a significant 
difference between the percent cover in different layers (Table 2-27).  

Table 2-27. GLM results of ranked percent vegetation cover between 
locations and burned and unburned. 

 F-Value P-Value 

Location 1.26 0.396 

Burned 116.11 0.059 

Layer 33.52 0.008 

Location/Burn  
Interaction 

0.30 0.620 

Location/Layer 
Interaction 3.34 0.174 

Burned/Layer  
Interaction 

4.55 0.123 

Location/Burn/Layer 
Interaction 1.03 0.385 

 

Because percent cover did not vary between locations, the data was analyzed again using the GLM, 
omitting the location factor. This analysis indicated that there is a significant difference between percent 
cover on burned and unburned plots and between layers (Table 2-28). There is also a significant 
interaction between the two layers. 
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Table 2-28. GLM Results of ranked percent vegetation cover between 
burned and unburned and layers. Tested at the 90% 
confidence level. 

 F-Value P-Value 

Burned 34.07 <0.001 

Layer 101.73 <0.001 

Interaction 4.48 0.006 

 

Using the Tukey test, pairwise comparisons were made for the percent coverage in all the layers. All 
layers were significantly different from one another regarding cover (Table 2-29).  

Table 2-29. Tukey Multiple Comparison Test. Tested at the 
90% confidence level.  

Layer T-Value P-Value 

2 -7.71 <0.001 

3 -11.72 <0.001 

4 -16.91 <0.001 

 

DISCUSSION 

Vegetation by Layer 

The percent cover was similar between sampling locations, which was expected because animals were 
still present inside the fence unit. There were even vegetation layers, but vegetation was present only in 
four layers in the Dodonaea vegetation type. There was a statistical difference between the percent cover 
on plots that were burned and plots that were not burned in 1999, regardless if they were inside or outside 
the fence unit. All layers for all plots were statistically different from one another. Most of the alien plants 
and newly emerging native plants were located in the first two layers, giving these a greater percent cover 
than layers three and four.  

RESULTS  

Woody Species Density by Layer 

Data was post stratified by location (whether burned or not) and by burned status without regard to 
location. This was done because trying to stratify data using both location and burn status did not yield 
equal variances and parametric analyses were not possible.   

The GLM indicated that there were no differences in total woody density between inside and outside the 
fence unit (Table 2-30). No location effects were indicated in the individual layers (Table 2-30).  
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Table 2-30. GLM results comparing location effects. Tested at the 
90% confidence level.  

 F-Value P-Value 

Total Number 2.64 0.121 

Layer 1 2.46 0.134 

Layer 2 1.74 0.203 

Layer 3 0.63 0.437 

 

Using burn status, the GLM indicated there were significant differences between burned and unburned 
plots (Table 2-31). Comparing individual layers to one another, there is a significant difference between 
layers two and three for unburned and burned plots.  Layer 1 had similar numbers of woody species in 
burned and unburned plots.   

Table 2-31. GLM results comparing burn effects. 

 F-Value P-Value 

Total Number 7.25 0.015 

Layer 1 0.11 0.739 

Layer 2 19.31 <0.001 

Layer 3 30.29 <0.001 

 

Comparing the layers to one another regardless of location or burn status, the Kruskal-Wallis test 
indicates that there was a significant difference between the layers (Table 2-32). Using the Nemenyi 
multiple comparison test, there was a statistical difference between layer 3 and layers 1and 2. Layers 1 
and 2 were statistically similar (Table 2-33).  

Table 2-32. Kruskal-Wallis test of differences between 
layers. 

 H-Value P-Value 

Layers 8.29 0.016 

 

Table 2-33. Nemenyi Multiple Comparison Test 
between layers. 

Layers Q-Value P-Value 

2 vs. 3 10.31 <0.001 

2 vs. 1 1.60 >0.10 

1 vs. 3 8.71 <0.001 
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DISCUSSION 

Woody Species Density by Layer 

Total woody species densities were similar between locations without regard to burned status. Because 
ungulates have not been removed from the fence unit and were still impacting vegetation in both 
locations. This was the expected result. Individual layers were compared to one another between the 
locations but all were statistically similar. 

Total woody species density was significantly different between burned and unburned plots. The 
unburned plots had a greater density of woody species. Individual layers were compared to one another. 
Layer 1 was statistically similar between burned and unburned plots, indicating that both had similar 
numbers of young woody species present. Layers 2 and 3 had significantly higher numbers of woody 
species in unburned plots. This result was expected because the fire burned the majority of the mature 
(over 0.5 meter) plants and insufficient time had passed since the fire for new plants to grow into these 
height classes.  

All layers were combined regardless of location or burned status and compared to one another. A non-
parametric test was used because the variances were not equal. The Kruskal-Wallis test indicated that 
there was a significant difference among the woody density for all the layers combined. To determine 
where the differences occurred, the Nemenyi multiple comparison test was used. This test indicated that 
layers 1 and 2 were similar and layer 3 was different.  There are many factors that may be influencing the 
density of woody species among the layers. Because half of the plots had been burned, that may be 
contributing to the lower number of woody species in layer 3.  Also limited water may be influencing the 
number of plants that can achieve a height of greater than 1 meter.  We did not measure age structure, but 
it is possible there are many more young plants (less than 1 meter) than mature plants. Also, ungulates are 
present in both locations and may be preventing certain native plants from achieving their full growth 
potential.  

RESULTS 

Understory Species Cover 

There were 13 species recorded. However, Bidens menziesii, Dubautia linearis, Melinis repens, Plantago 
lanceolata, Sida fallax, Sporobolus indicus, and Verbesina encelioides were either absent from one of the 
locations or not abundant enough to be analyzed. 

The species for which there were sufficient data were Chenopodium oahuense, Dodonaea viscosa, 
Eragrostis atropioides, Lepidium hyssopifolium, Pennisetum setaceum, and Myoporum sandwicense. 

The data for each species was post stratified according to location and burn status. The Anderson-Darling 
test indicated that the data for individual species were not normally distributed. Several species also had 
non-equal variances between locations and no species had equal variances between burned and unburned 
plots. The non-parametric Kruskal-Wallis test was used to compare individual species. Results for 
location indicate that there was no location effect for all species tested except Chenopodium oahuense, 
which showed a statistical difference (Table 2-34).  Results for burn status indicate that all species exhibit 
a statistical difference between burned and unburned plots, except Lepidium hyssopifolium, which was the 
same in both plot types (Table 2-35).  
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Table 2-34. Kruskal-Wallis analyses for understory species cover by 
location. 

Species H-Value P-Value 

Chenopodium oahuense 3.85 0.050 

Dodonaea Viscosa 1.12 0.289 

Eragrostis atropioides 0.79 0.375 

Lepidium hyssopifolium 0.20 0.653 

Pennisetum setaceum 0.01 0.905 

Myoporum sandwicense 0.17 0.677 

 

Table 2-35. Kruskal-Wallis analyses for understory species cover by burn. 

Species H-Value P-Value 

Chenopodium oahuense 3.85 0.050 

Dodonaea Viscosa 24.18 <0.001 

Eragrostis atropioides 4.39 0.036 

Lepidium hyssopifolium 0.45 0.503 

Pennisetum setaceum 5.48 0.019 

Myoporum sandwicense 5.35 0.021 

 

Only three species had equal variances between locations and no species had equal variances between 
burned and unburned.  GLM was used to compare location effects for the three species. GLM is a 
parametric test, which is more powerful than non-parametric tests. One assumption to the test is that the 
data is distributed normally, but the GLM is a robust test that usually performs well even when data is not 
normal (Zar 1999).  The GLM confirmed that there are no location effects for Dodonaea viscosa, 
Eragrostis atropioides, and Myoporum sandwicense (Table 2-36). 

Table 2-36. Results from the GLM comparing understory species cover by 
location.  

Species H-Value P-Value 

Dodonaea Viscosa 1.28 0.262 

Eragrostis atropioides 0.46 0.502 

Myoporum sandwicense 0.01 0.926 
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DISCUSSION 

UNDERSTORY SPECIES COVER 

To determine understory species cover, data for each species was compared between locations. Five of 
the six species tested had similar covers between locations. Only Chenopodium oahuense was 
significantly different between locations. Because the variances were not equal between the locations, this 
result could not be tested using the more powerful parametric test, therefore it may be prudent to treat this 
result with caution. Three species had equal variances between locations therefore a parametric GLM was 
used to compare between locations. The GLM results indicated that there were no location effects for 
these species. Because ungulates are still impacting species within the fence unit, this result was expected.  

To determine understory species cover for burned and unburned plots, data fore each species was 
compared. Of the six species compared, five were statistically different between the plots. The exception 
being Lepidium hyssopifolium, which was similar between both plot types.  Because this is a prolific 
herbaceous weed, it is not surprising that the cover is similar between burned and unburned locations. 
Native woody species such as Dodonaea viscosa tended to have higher cover values in unburned areas 
and grassy species such as Eragrostis atropioides and  Pennisetum setaceum tended to be more abundant 
in the burned plots.  

RESULTS  

Substrate 

Three substrate types were recorded: gravel, rock, and soil. Because gravel was inconsistently measured, 
it was subsequently dropped from the analysis. A two-factor GLM was used to compare location and 
substrate type.  There were no significant difference between substrate types and location and no 
significant interaction between substrate type and location (Table 2-37).  

Table 2-37. GLM results for differences between locations and substrate type.  

 Degrees of Freedom F-Value P-Value 

Location 1 9.00 0.857 

Substrate 2 28.49 0.118 

Interaction 2 1.25 0.271 

 

DISCUSSION  

Substrate  

The results from the GLM indicated that rock and soil are statistically similar in the sample plots and that 
there is no difference between inside and outside the fence unit. Physical similarity is important because 
soil influences the vegetation found on the plots.  
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RESULTS 

Individual Species Occurrences 

A species list was generated for each plot. The number of alien species to native species can be compared. 
For plots in the Dodonaea viscosa vegetation type, native species accounted for 67% of the species 
recorded and alien species 33%. No alien species were present above 0.5 meters, therefore layer 3 was not 
used for further analysis. Using the Haber correction for Χ2, a significant difference between the ratios of 
native and alien species in layers one and two was detected  (Χ2= 17.82, DF=1, P=<0.001). Fewer native 
plants were found in layer 1 (52%) than layer 2 (83%) and a greater number of alien plants were present 
in layer 1 (48%) than layer 2 (17%). Using the Haber correction for Χ2, no significant differences 
between the native to alien plant ratios were detected between the burned and unburned  (Χ2= 0.937, 
DF=1, 0.25 < P < 0.5) and inside and outside (Χ2= 0.459, DF=1, 0.25 < P < 0.5) (Table 2-38).   

Table 2-38. Native to Alien plant ratios for plots.  

Location Total Plants Native Alien 

Burned 99 64% 36% 

Unburned 148 70% 30% 

Inside Fence 126 65% 35% 

Outside Fence 121 69% 31% 

 

DISCUSSION  

The ratio of alien to native plants is always a concern in native plant management areas. Alien plants 
compete with native plants for space, nutrients, and water. At each plot, each species was recorded to 
yield a species list. Each species was listed only once for each height class, therefore these results do not 
indicate density of species for each plot, and rather it is just a comparison of occurrence.  For all the plots 
combined 67% of the plants recorded were natives and 33% alien plants. Most of these alien plants 
occurred in Layer 1 (0 to 0.5 meters), which is consistent with the herbaceous nature of most of the weedy 
species we encountered on the plots. Native plants were recorded more often than alien plants in Layer 2 
(0.5 to 1 meter) and no alien plants were recorded in Layer 3.  

It appears that alien plants were well distributed throughout the study area and were found in similar 
ratios regardless if the plot was inside or outside or burned or not burned. Native plants were still 
dominant on all the plots, but alien plants appear to comprise a substantial portion of the plants found on 
each plot.   

CONCLUSIONS 

As expected both locations are similar both in substrate and vegetative characteristics. Because no 
management such as ungulate exclusion has been implement inside the fence unit, this area is still similar 
to adjacent unprotected areas. As management actions are implemented, increases in percent cover, 
understory species cover and woody species density are expected inside the fence unit.  

There were vegetative differences between the burned and unburned plots as expected. The burned plots 
have less percent cover, woody species density, and native woody species cover. The burned plots also 
had greater grassy cover than the unburned plots. It appears that fire has an effect on the native woody 
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species structure of the vegetation community.  In time this may become less apparent as young native 
woody species grow and replace lost mature plants.  
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CHAPTER 3. WEED CONTROL 

3.1 PCSU CONTRACT REQUIREMENTS 

REQUIREMENT 5.b.10  

Performing weed control (herbicide and/or manual) of Russian thistle, banana poka, Jerusalem cherry, 
German ivy, and other incipient infestations on approximately 30 acres. Areas of focus shall be centered 
in biologically sensitive areas, fenced areas and roadsides with particular emphasis at Puu ka Pele and 
Puu Keekee. Weed control to be conducted throughout the year depending upon the phenology of the 
plants. A report shall be prepared describing species targeted, method used and effectiveness, area 
covered, analysis and management recommendations. The report shall include photographs.  

DISCUSSION  

Control efforts have been effective in reducing Russian thistle densities in the core areas such as Puu 
Keekee and Puu ka Pele. However, considerable resources continue to be expended in this effort. In 
addition, new infestations have been identified along roads and training areas heavily used by the 
military. As a result, control efforts on Russian thistle increased by 65 hours over last year’s efforts, a 
22% increase in personnel time. Russian thistle continues to be the main focus of weed control at PTA.  

REQUIREMENT 5.b.2.b.4 (Kipuka Alala) 

Identifying areas where weed densities are high and prioritizing these areas for weed control. Performing 
localized weed control (herbicide and/or manual) and monitoring in priority areas. Results from the 
identification, application of weed control, and monitoring shall be evaluated and recommendations made 
for management actions.  

DISCUSSION  

No progress on this task was made because Russian thistle and Fountain grass control around listed plant 
species were the focus of control efforts during the reporting period. 

3.2 INTRODUCTION 

The objective of alien plant species control at PTA is to control incipient infestations and reduce the 
spread of established species into biologically sensitive areas. Incipient infestations are targeted and 
controlled to prevent them from becoming large management problems. The advancement of established 
species is slowed through control along roadsides and disturbed areas leading to or near biologically 
sensitive areas. Roadside control is important because roads are disturbance corridors that enable alien 
species to spread from degraded areas into undisturbed and more sensitive habitats. In addition, alien 
plant species are controlled in and around rare plant locations. Control efforts in these very sensitive areas 
serve to reduce competition with rare native species as well as preventing the degradation of the habitat.  

3.3 WEED CONTROL  

Methods 

Methods and equipment used vary depending on the plant and/or circumstances. They include manual and 
chemical control. Manual control consists of pulling the plant from the ground and bagging any seeds or 
portions of the plant capable of vegetative reproduction. Manual control is performed within 3.0 meters of 
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rare plant locations. Manual control is conducted by hand pulling, cutting with serrated sickles, or cutting 
with gas-powered line-trimmers. Chemical control utilizes backpack sprayers or a truck mounted spray 
system. Chemicals are applied to the entire plant, a trimmed plant, a frill (a cut around the circumference 
of the plant), or the stump. Chemical methods are not used within 3.0 meters of rare plant locations or in 
the vicinity of rare plant locations during poor weather conditions. Herbicides used include 2,4-D, Garlon, 
Krovar, and RoundUp. Application rates and restrictions follow those specified on the manufacturer's 
label.  

3.3a Russian thistle (Salsola kali) 

INTRODUCTION 

Control efforts began in 1997 with a combination of contractor and in-house resources. Intensive in-house 
control efforts commenced in August 1997 with personnel being tasked specifically to control Russian 
thistle. Control efforts since 1997 have been successful in reducing the density and distribution of Russian 
thistle in some areas and only moderately successful in others. It appears that portions of cantonment are 
under control. Conversely, Puu Keekee continues to be a problem that more time and effort need to be 
focused. New populations continue to be found across PTA, possibly established through military 
activities. 

METHODS 

A monitoring strategy involving the use of ArcView and its associated database has been developed to 
better manage time, resources, and Russian thistle. The use of such tools will give a more complete and 
accurate assessment of Russian thistle control and monitoring efforts at PTA. After an area has been 
treated, the perimeter is mapped with a GPS unit. The data are downloaded into ArcView and added to 
the database. As a result, more accurate comparisons of treated areas, volume, type and concentration of 
herbicide applied can be made temporally and spatially.  

Russian thistle sites are visited as often as time allows. When plants are found they are manually removed 
or treated with herbicide. New control sites are located by surveys of roadways that are connected to or 
pass through known sites frequented by military or military support vehicles. Military as well as military 
support vehicles may be vectors of dispersal of this species across PTA. 

RESULTS 

Table 3-1 shows that approximately 355 in-house hours have been spent on control efforts from July 2001 
through June 2002. Figure 3-1 shows that the work has been concentrated in approximately 432 acres 
around Puu Keekee, Puu ka Pele and Cantonment. Repeated treatments in these areas resulted in the 
equivalent of spraying approximately 666 acres being treated.  
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Table 3-1. Russian thistle control efforts July 2001 to June 2002.  

Month Acres Hectares Amount Applied 
(gallons) Hours Bags 

Removed 

July 01 48.04 19.428 40.25 25 18 

August 01 66.22 39.252 78.75 53.5 55 

September 01 34.2 13.842 24.25 15.75 9 

October 01 146.14 59.143 57.1 50.5 20 

November 01 39.89 16.143 21 14.75 10 

December 01 --- --- --- --- --- 

January 02 67.09 27.146 82 41.25 12 

February 02 76.04 30.767 41.0 33.25 7.5 

March 02 75.73 30.647 90.5 56.25 7.75 

April 02 72.52 29.345 43.25 33.5 2.75 

May 02 20.44 8.261 15.5 19.5 --- 

June 02 20.26 8.081 9.0 11.5 --- 

Totals 666.57 282.1 502.6 354.75 142.0 

 

Table 3-2 shows the personnel hours and amount of herbicide applied in Russian thistle control effort 
since 1997.  

Table 3-2. Control efforts of Russian thistle since 1997.  

Year Amount Applied 
(gallons) Hours 

1997 176 71 

1998 1086 238 

1999 920 287 

2000 201 93.5 

2001 767 290 

2002 503 355 
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Figure 3-1. Locations of Russian thistle treatment sites. 
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DISCUSSION 

Control efforts since 1997 have reduced densities in core control areas so that they are now best managed 
with backpack sprayers instead of the power sprayer. Remaining plants are dispersed over a wider area. 
The area treated during the current reporting period was 432 acres. Retreatment of areas results in the 
equivalent of spraying 666 acres. These are increases from 120 acres and 250 acres respectively during 
the previous reporting period.  

The seed bank of Russian thistle across PTA persists through dry periods and responds to localized 
increases in precipitation. Rainfall in the past six months was more than 8.5 inches. The result has been a 
substantial increase in the amount of Russian thistle germinating across PTA. NRS controlled newly 
emerging plants before they could flower and set seed. The current approach is intended to exhaust the 
seed bank and reduces future inputs into it.  

Russian thistle is a continuous problem at PTA. It was thought that eradication of this species was 
possible when control efforts commenced in the late 1990’s. Unfortunately, personnel time controlling 
Russian thistle has increased as has the area of infestation and there is no indication that things will 
change. 

The Environmental Office undertook control efforts because Russian thistle control was viewed as an 
environmental issue and not one that impacts training. However, the vast majority of control efforts have 
been conducted around cantonment and heavily used training lands. In addition, new infestations are 
introduced through military activities, which continue to confound control efforts. Puu ka Pele is the only 
control site that directly benefits listed species. The large amount of time needed to control this species 
has taken away from the ability of NRS to control alien species around the sensitive habitat of listed 
species.  

MANAGEMENT RECOMMENDATIONS 

The new introductions and spread of this species at PTA is from military activities. Russian thistle control 
around cantonment and lands used primarily for training are the responsibility of the Integrated Training 
Area Management (ITAM) program.  

Puu ka Pele is a control site that should continue to be the responsibility of the Environmental Office, due 
to its proximity to the endangered Haplostachys haplostachya.  

New strategies are needed to address this species. Increased use of herbicides with pre-emergent 
characteristics should be utilized to exhaust seed banks and prevent their reestablishment. Consideration 
should be given to the Environmental Office discontinuing control efforts around cantonment and lands 
primarily used for training. Control efforts in these areas should be turned over to the ITAM program. 
The Environmental Office should continue to perform control efforts for this species around listed species 
such as Puu ka Pele.  

INTRODUCTION 

Krovar® Herbicide Trial 

Krovar®, a selective herbicide was used this past year in an effort to control Russian thistle. Krovar® has 
pre and post-emergent properties. When its application is timed appropriately it will kill broad-leaf plants 
as well as seed upon germination.  
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METHODS 

A small area adjacent to the PTA Federal Fire Department was selected to test the efficacy of using such a 
herbicide. A 6-lb bag of Krovar® was added to 50 gals of water at a rate of twelve pounds per acrea and 
applied to approximately 0.5 acres. 

RESULTS 

The results of the Krovar® trials have been promising, Russian thistle and other alien plant species have 
been slow to return to treated areas.  

DISCUSSION 

This type of herbicide can be a useful tool in the control of Russian thistle. Not only does it control 
emerged plants it also reduces the viability of the seed bank following favorable weather. 

INTRODUCTION 

Russian thistle Competition Study 

NRS along with ITAM personnel began to investigate how Russian thistle (Salsola kali) invades and 
subsequently competes against the native Lovegrass (Eragrostis atropioides), and Aweoweo 
(Chenopodium oahuense) shrublands across PTA.  A greenhouse experiment compared gas exchange and 
tissue water relationships among S. kali, E. atropioides and C. oahuense to determine if S. kali invasion is 
influenced by drought and soil nitrogen availability. 

METHODS 

Competition for water and nitrogen among Salsola, Eragrostis, and Chenopodium was evaluated by 
germinating and growing seedlings of each species together in pots (figure 4) under three levels of 
irrigation and two levels of nitrogen fertilization. Above-ground and below-ground biomass was 
harvested after 4 months to estimate relative growth rates. Plant adaptation to soil water availability was 
evaluated by measuring instantaneous rates of photosynthesis in response to leaf-to-air vapor pressure 
differences (VPD) and by measuring plant water potential (Ψ), and relative water content (RWC) at full 
turgor and at the point of turgor loss (wilting point). These measurements were done to evaluate if 
drought adaptation was accomplished by tolerating low water potentials or by higher water use 
efficiencies (more carbon fixed per unit water transpired).         

RESULTS 

Salsola produced 47% and 49% more above ground biomass than did Eragrostis and Chenopodium, 
respectively. The maximum rate of photosynthesis and stomatal conductance were similar among all the 
species subjected to leaf-to-air vapor pressure differences. Root-to-shoot ratios were significantly lower 
for Salsola than for either of the two native species. Estimates of plant water potential and relative water 
content at the point of turgor loss revealed that Russian thistle is able to maintain gas exchange at lower 
water potentials than Eragrostis or Chenopodium. Growth rates of all species responded similarly to 
nitrogen treatments.  
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DISCUSSION 

The results of this experiment suggest that Russian thistle invasion might be exacerbated by periods of 
low soil-water availability but not by high nitrogen availability.  

3.3b Fountain grass (Pennisetum setaceum) 

INTRODUCTION 

Pennisetum setaceum is an alien grass introduced to the Islands in the early 1900’s (Wagner et al. 1999). 
It is a highly invasive species that competes with native species for water, nutrients, and space. It alters 
ecosystems by forming nearly complete cover causing a dramatic alteration of fire regimes.  

P. setaceum at PTA has the greatest distribution and density of any alien plant species. P. setaceum 
degrades habitat by competing with native plants for water and nutrients, displaces native species, and 
increases fuel loads. It is one of the greatest threats at PTA to listed species as well as the ecosystems in 
which they are found.  

METHODS 

Methods used for P. setaceum control include those identified in the Methods portion of section 3.3 Weed 
Control.  

A combination of manual and chemical control is also used for P. setaceum. The plant is first cut back 
with gas-powered line-trimmers. Approximately two weeks later the new, young, growing portions of the 
plant are sprayed with herbicide.  

RESULTS 

Approximately 250 personnel hours were spent controlling P. setaceum at endangered and threatened 
plant locations as well as outplanting sites. Control efforts occurred at and around the following species 
locations:   

Haplostachys haplostachya Silene lanceolata 

Hedyotis coriacea Solanum incompletum 

Neraudia ovata Tetramolopium arenarium ssp. arenarium 

Schiedea hawaiiensis  

 

DISCUSSION 

The Environmental Workforce-PCSU (EW) spent four days at PTA. The crew was tasked with 
controlling P. setaceum around rare plant locations. The EW used gas-powered line-trimmers while NRS 
followed up with applications of Round Up®. P. setaceum was also removed at Puu ka Pele from around 
the endangered Haplostachys haplostachya. The EW worked within the Kipuka Kalawamauna Fence 
Unit removing P. setaceum from around the endangered Silene lanceolata. NRS have followed up and 
removed resprouting plants and expanded the treated areas.  

NRS perform weed control during scheduled monitoring as needed as well as at high priority species 
sites. Once P. setaceum has been removed the site is revisited to ensure plants have not resprouted or 
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reestablished. Removal of P. setaceum from around rare plant populations is done to reduce competition 
and enhance the possibility of natural recruitment. Once the immediate area around rare plants has been 
cleared NRS expands the control area to provide a fuel break around the populations.  

MANAGEMENT RECOMMENDATIONS 

Removal of invasive species from rare plant populations must continue. Once the weeds have been 
manually removed from the immediate area of rare plans, they can be more quickly and efficiently 
controlled in surrounding areas using gas-powered line-trimmers.  
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CHAPTER 4. NATIVE ANIMAL MONITORING AND MANAGEMENT 

4.1 PCSU CONTRACT REQUIREMENTS 

The following is a list of PCSU contractual requirements relating to monitoring and management for 
native Hawaiian animals followed by a brief discussion of Natural Resource Staff (NRS) 
accomplishments. 

REQUIREMENT 5.b.11 

Plan and implement  annual surveys of the avian population in forested areas of Kipuka Alala (7 transects 
(each transect length approximately 2-2.5 km)), Palila Critical Habitat (four transects (each transect 
length approximately 3.5 km)) and two Forest Bird Survey transects in Training Area 22 (approximately 
5.5 and 7 km in length).  

DISCUSSION 

Bird populations were monitored in Palila Critical Habitat, Kipuka Alala, and Training Area 22 on a total 
of 12 transects in December 2001.  

REQUIREMENT 5.b.12 and 5.b.6 (Kipuka Alala) 

Monitoring and mapping territories of approximately 15-20 banded Elepaio present in Training Area 23. 
Identification of individual birds shall be accomplished by bands. If additional birds are banded, 
morphological measurements shall be taken of the bill, tarsus and wing. Body color shall be determined 
using Munsel color charts. Color-banded birds shall be monitored once a year. Predator control shall be 
implemented over bird territories during breeding season.  

DISCUSSION 

All Elepaio work was conducted in Training Area 23. No additional birds were banded during the 2001-
2002 contract period. Predator control was implemented in March 2002 at two active Elepaio territories 
and one area that had unbanded birds in 2001. The two pairs were monitored prior to breeding season, but 
no nests were discovered and efforts to find the birds post-breeding season have been unsuccessful.  

REQUIREMENT 5.b.13 and 5.b.7 (Kipuka Alala) 

Establish a trial rodent control program for plants and animals using toxic and non-toxic materials over a 
1,000 square meters in Kipuka Alala. Grid patterns shall be monitored every month to determine 
effectiveness.  

DISCUSSION 

Rodent control for Elepaio was conducted in two active Elepaio territories and one area that had an 
unbanded pair in 2001. In two of the areas almost 50% of the bait stations showed rodent feeding activity. 
The other area did not have any feeding activity over a two-month period, although there was evidence of 
rodents in the area. It has been difficult to determine the effectiveness of the rodent control program 
because NRS was unable to find and monitor active nests and pairs post breeding season.  
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REQUIREMENT 5.B.14  

Surveying possible areas of seabird habitation in May-June, especially for the Dark-rumped Petrel 
(Pterodroma phaeopygia sandwichensis).  

DISCUSSION 

A Dark-rumped Petrel survey was conducted from June 4-6, 2002.  During the day survey personnel 
hiked in the southern portion of PTA where previous surveys have been conducted.  At night observers 
listened for calling activity from nightfall until 2200 hours.    

No birds were heard calling at night. During the day three human modified pits that may have been 
formerly used as burrows were discovered. A additional burrow was found that contained two nests.  The 
material wasn’t fresh enough to be from the current breeding season but it was from recent use. 

Annual surveys should continue during the breeding season. Attempts should be made to monitor over a 
longer period of time with remote sensing devices, such as sound recorders or radar.  Personnel working 
in HAVO have visually observed birds that did not call. During ground surveys night vision optics should 
be used to aid in data collection at night.  

4.2 INTRODUCTION TO NATIVE ANIMAL MONITORING AND MANAGEMENT 

Historically, fifteen species of native Hawaiian birds occurred on PTA (Shallengerberger 1977). Of these, 
nine are listed as endangered and the other five are non-listed species. Presently no endangered species 
are known to reside on PTA.  Some endangered species such as  Nene, Palila, and Akiapolaau have 
populations that boarder PTA and these species are known to occasionally use the resources located on 
PTA. Areas with potential habitat resources for endangered birds such as Palila Critical Habitat are 
monitored annually for endangered birds. Annual monitoring is also conducted in Training Area 23 
(Kipuka Alala), a Saddle Road Realignment mitigation site, where it is important to track the history and 
health of the avian community in anticipation of the possible reintroduction of palila.   

Seven monitoring transects are located in Training Area 23 (Kipuka Alala), and four are located in 
Training Areas 1-4 (Palila Critical Habitat) (Figure 4-1). These monitoring areas cover the majority of the 
mamane/naio (Sophora/Myoporum) forests on PTA. One monitoring transect is located in Training Area 
22, which is Ohia (Metrosideros) forest (Figure 4-1). One more transect is planned for Training Area 22.  

Introduced predator management has been implemented because they are known to have a significant 
impact on native birds. Rats, especially the black rat (Rattus rattus), are known to depredate nests 
(Atkinson 1977). Cats have been seen on video depredating a Palila nest (Banko pers. com.). In Training 
Area 23 (Kipuka Alala), a Saddle Road Realignment mitigation site, introduced predators are believed to 
limit the Elepaio population. Because Training Area 23 is a potential reintroduction site for Palila, it is 
important to determine if a native bird population with low density can be effectively protected. 
Introduced predators are believed to be limiting the Elepaio population in Training Area 23, therefore 
toxic baits and traps were used in areas with breeding Elepaio to control predators.  

Rodents impact native plants by browsing foliage and eating seeds and seedlings (Cole 1998). Many of 
the endangered and threatened plants at PTA, have fleshy fruits, which may be attractive to rodents (Clark 
1986). Rodent impacts to rare and endangered plants at PTA are poorly understood. Because some of the 
endangered species occur in low numbers and it is critical to obtain as much seeds as possible, rodents are 
controlled around these plant populations as a precaution.  
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4.3 BIRD POPULATION MONITORING 

Several studies of the avian resources at PTA have been conducted over the past twenty years. In 1977, 
Shallenberger (1977) conducted a cursory study of birds and mammals. In 1993, The Nature Conservancy 
conducted a yearlong population study in Training Area 23 (Gon et al. 1993 ). In 1995, David conducted 
a survey in Palila Critical Habitat (PCH) (David 1995). Cooper et al. (1995) conducted a rare bat and 
seabird study. Hawaiian Forest Bird Survey transects in PCH have been monitored for the past 18 years. 
The majority of the studies have taken place in the mamane/naio (Sophora/ Myoporum) forests of PTA. 
Population monitoring will continue annually on established transects.  

4.3a Bird Population Monitoring 

Count Methods 

Bird population monitoring transects have been established in Kipuka Alala, PCH, and Training Area 22 
(Figure 4-1). The seven transects in Kipuka Alala are each approximately 2,500 meters in length. Four 
transects have been established in PCH and each is about 3,600 meters in length. One transect has been 
established in Training Area 22 and it is 5.5 kilometers long. Another transect will be established in 
Training Area 22 in 2002. 

Counting stations are located along a line transect every 150 meters. The counting method is based on the 
US Fish and Wildlife Service Hawaiian Forest Bird variable circular-plot (VCP) survey methods (Scott 
1986). Counts at each station are conducted for six minutes between 0545 and 1100. Every bird of each 
species heard or seen is recorded. The distance to every bird detected is recorded in meters. Weather 
conditions are also noted on the monitoring form. 

The survey was conducted in December 2001 over a two-week period. Two NRS staff, Lena Schnell and 
Dave Faucette, were the primary counters and Steve Evans assisted on remote transects for safety 
purposes. Counts were not conducted on days when the weather was not within established protocol 
guidelines (Scott 1986). 
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Figure 4-1. Annual Bird Monitoring Transects
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RESULTS 

Palila Critical Habitat 

A total of 787 birds were recorded over four transects in Palila Critical Habitat. The Hawaii Amakihi 
(Hemignathus virens virens) was the most numerous and widely dispersed bird indicating that the 
population is doing well (Table 4-1). Japanese White-eye (Zosterops japonicus) and House Finch 
(Carpodacus mexicanus) were the second most numerous birds. Apapane (Himatione sanguinea) 
accounted for 4% of the total birds counted and they were present at 27% of the stations sampled.  

Table 4-1. Bird Monitoring – 2001 December census results in Palila Critical Habitat. 

Common Name Species Number 
Counted 

Percent of 
Total 

Percent 
Occurrence 

Hawaii Amakihi* Hemignathus virens virens 381 42% 96% 

Japanese White-eye Zosterops japonicus 115 15% 71% 

House Finch Carpodacus mexicanus 76 10% 46% 

Erckle’s Francolin Francolinus erckelli 72 9% 43% 

Skylark Alauda arvensis 48 6% 39% 

Apapane* Himatione sanguinea 32 4% 27% 

California Quail Callipepla californica 32 4% 21% 

Northern Cardinal Cardinalis cardinalis 14 2% 16% 

Warbling Silverbill Lonchura malabarica 8 1% 5% 

Yellow-fronted Canary Serinus mozambicus 4 1% 5% 

Chukar Partridge Alectoris chukar 3 <0.1% 4% 

Northern Mockingbird Mimus polyglottus 1 <0.1% 1% 

Red-billed Leiothrix Leiothrix lutea 1 <0.1% 1% 
* Native Hawaiian bird species.  

Kipuka Alala 

A total of 1,225 birds were recorded over seven transects in Kipuka Alala. Hawaii Amakihi accounted for 
over half the birds counted and were present at all stations (Table 4-2). Japanese White-eyes were the next 
most common birds, but only accounted for less than 10% of the total count. Japanese White-eyes were 
present at over half the counting stations. Apapane, the third most common birds, were present at 43% of 
the counting stations. The remaining birds recorded were a combination of introduced species except for 
Elepaio (Chasiempis sandwichensis). Only two Elepaio were recorded and the species only accounted for 
less than 0.1% of the total species recorded.  
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Table 4-2. Bird Monitoring – 2001 December Census Results in Kipuka Alala 

Common Name Species Number 
Counted 

Percent of 
Total 

Percent 
Occurrence 

Hawaii Amakihi* Hemignathus virens virens 769 63% 100% 

Japanese White-eye Zosterops japonicus 113 9% 53% 

Apapane* Himatione sanguinea 105 9% 43% 

Erckle’s Francolin Francolinus erckelli 41 3% 22% 

Yellow-fronted Canary Serinus mozambicus 40 3% 21% 

House Finch Carpodacus mexicanus 40 3% 22% 

Warbling Silver Bill Lonchura malabarica 39 3% 11% 

Northern Mockingbird Mimus polyglottus 29 2% 2% 

Northern Cardinal Cardinalis cardinalis 20 2% 21% 

California Quail Callipepla californica 23 2% 12% 

Kalij Pheasant Lophua leucomelanos 3 <0.1% <0.1% 

Elepaio* Chasiempis sandwichensis 2 <0.1% <0.1% 

Chukar Partridge Alectoris chukar 1 <0.1% <0.1% 
* Native Hawaiian bird species.  

Training Area 22 

A total of 278 birds were recorded on one transect. Hawaii Amakihi accounted for over half of the birds 
recorded and were present at 95% of the counting stations (Table 4-3). Hawaii Amakihi were the only 
native birds recorded from this study area. Yellow-fronted Canaries (Serinus mozambicus) were the 
second most abundant birds and they were recorded at 50% of counting stations. Together House Finches, 
Japanese White-eyes, and Warbling Silver Bills (Lonchura malabarica) accounted for about 20% of the 
total count. Spotted Doves (Streptopelia chinensis), Northern Mockingbirds (Mimus polyglottus) and 
Northern Cardinals (Cardinalis cardinalis) accounted for less than 3% of the total count.  

Table 4-3. Bird Monitoring – 2001 December Census Results in Training Area 22 

Common Name Species Number 
Counted 

Percent of 
Total 

Percent 
Occurrence 

Hawaii Amakihi* Hemignathus virens virens 195 70% 95% 

Yellow-fronted Canary Serinus mozambicus 29 10% 50% 

Japanese White-eye Zosterops japonicus 23 8% 34% 

House Finch Carpodacus mexicanus 18 6% 29% 

Warbling Silver Bill Lonchura malabarica 7 3% 10% 

Spotted Dove Streptopelia chinensis 3 1% 3% 

Northern Mockingbird Mimus polyglottus 2 1% 3% 

Northern Cardinal Cardinalis cardinalis 1 <0.1% 3% 
* Native Hawaiian bird species.  
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DISCUSSION 

Palila Critical Habitat 

The results of the 2001 census were very similar to results from the previous two censuses for PCH 
(Evans et al. 2000). Most species had similar percent occurrences over all years indicating that 
populations were relatively the same as the year before. Other species that were common and well 
distributed over the study area include House Finch, Japanese White-eye, Skylark and Erckle’s Francolin 

Kipuka Alala 

The species composition of Kipuka Alala appeared to differ from PCH. Like PCH Amakihi were the most 
abundant birds, but Japanese White-eye, Apapane and Erckel’s Francolin represented a larger proportion 
of the avian community in Kipuka Alala. Apapane are more common in Kipuka Alala than PCH, which 
was probably due to the close proximity of the Ohia and Mamane/Naio forests. Apapane utilize nectar 
from both Ohia lehua and mamane blossoms. Only two Elepaio were heard during the census, which is 
the same as the 2001 census.  

Training Area 22 

The species composition of Training Area 22 differed from both Kipuka Alala and PCH. Amakihi were 
again the most common birds in the study area, but the next most common birds were Yellow-fronted 
Canaries. House Finches and Japanese White-eyes were also relatively common in this area. Amakihi 
were the only native birds to be recorded from this region.  

SUMMARY 

Amakihi accounted for 48%, 70% and 63% of the total birds counted and were present at 93%, 100% and 
95% of all counting stations in the three study areas. The data are insufficient at this time to yield an 
estimate of abundance, but the numbers indicate that the densities of birds are high and they were well 
dispersed within the three study areas. It is encouraging to find a native bird in such abundance on PTA. 

Most species were found in all three study areas, but the percent occurrence of certain birds varied with 
study area. For example, Yellow-fronted Canaries are scarce in PCH, more common in Kipuka Alala and 
very common in Training Area 22. Most birds were common in one study area and scarce in another 
except Amakihi, which was common in all the areas.  

MANAGEMENT RECOMMENDATIONS 

It is recommended to continue monitoring bird populations at PTA on an annual basis. Personnel should 
receive training on the statistical program DISTANCE (Research Unit for Wildlife Population 
Assessment, University of St. Andrews) so population estimates can be calculated. Monitoring Elepaio 
populations and predator control should continue because of the low numbers of birds remaining in 
Kipuka Alala.  
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4.3b Rare Bird Monitoring 

Hawaiian Dark-rumped Petrel 

INTRODUCTION 

The range of the Hawaiian Dark-rumped Petrel (DRPE) has been reduced in historic times (Banko 1980). 
Currently, DRPE are found at high elevations on the Big Island, Maui, and Kauai. Populations may still 
be present on Molokai and Lanai (Hu et al. 2001). The largest population concentration is at Haleakala 
National Park followed by Volcanoes National Park (Hu et al. 2001). The bird's nesting habitat in 
Volcanoes National Park is similar to habitat found on Pohakuloa Training Area. Birds at Hawaii 
Volcanoes National Park tend to find burrows in lava blisters and tubes or human modified pits on 
reddish pahoehoe flows (Hu et al. 2001). The southern portion of Training Area 23 contains very similar 
habitat to where the DRPE nest in Hawaii Volcanoes National Park.  

Two overnight surveys have been conducted in the southern portion of Training Area 23 (Evans et al. 
1998 and Evans et al. 2000). No birds were seen or heard during the trips. It is possible that a very small 
number of birds may still use this area for nesting even though none were detected during the survey. 
PTA NRS will conduct surveys for birds on a three-year cycle.  

METHODS 

Surveys sites were selected using GIS data layers of the lava flows and vegetation. Two campsites were 
chosen in the southern portions of Training Area 23 at high elevation. This area was similar to areas 
where DRPE are found in Hawaii Volcanoes National Park. NRS were flown to campsites in a helicopter 
because the area is very remote.  

During daylight hours the lava flow was surveyed looking for potential burrows. Skylights and blister 
openings were examined for carcasses and bird bones. The openings of potential burrows were examined 
for feces, which can indicate if a bird is present or not.  

From sundown to 2130, NRS staff listened for birds in the immediate area. Young unpaired DRPE often 
call during this time period, making their presence easy to determine.  

RESULTS 

A survey was conducted in the southern portion of Training Area 23 by NRS staff, Jeff Trainer, and an 
EOD escort from 4 June to 6 June 2002. No birds were heard calling at night. During the daytime surveys 
of the area, three human modified pits that may have been formerly used as burrows were discovered. An 
additional burrow that contained two nests was found. The material was not fresh enough to be from the 
current breeding season but it was from recent use. 

RECOMMENDATIONS 

Because potential nesting sites were discovered during this survey, surveys for DRPE should be 
continued during the breeding season. The feasibility of monitoring over a longer period of time with 
some remote sensing devices, like sound recording or radar, should be explored. Night vision optics 
should be used to aid in data collection at night because silent birds have been detected using these 
devices during surveys in Hawaii Volcanoes National Park. 
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4.3c Elepaio Monitoring 

A total of 35 Elepaio have been banded in Kipuka Alala. The typical breeding season for Elepaio is 
January to June and juveniles remain with their parents for several months (Vanderwerf, pers. comm.). 
Out of the 35 birds captured only two were juveniles with their parents, indicating that very few juveniles 
are present in the population. Of the 35 birds banded in Kipuka Alala, only one banded in 1998 is known 
to be alive.  

The low number of juveniles and the disappearance of adult birds are alarming indicators that the Elepaio 
population is in serious trouble. Rodents have been shown to limit Elepaio populations in Hawaii 
Volcanoes National Park and on Army Lands (Sarr, in press, Rohrer, pers. com.).  

METHODS 

To monitor Elepaio, the male territory song is played over a portable recorder with an attached amplified 
speaker in areas where birds were located the previous year. If a bird responds, the location is marked 
using a hand-held GPS unit. The birds are followed for as long as possible to establish an approximate 
territory using the tracking function on the GPS unit. Observations regarding sex, mates, presence of 
bands and health are made using 8X40 binoculars.  

RESULTS 

The unbanded pair on the poison grid was located twice post 2001 breeding season. The male was seen 
once in July 2001 and October 2001, but neither time was the female or a juvenile seen. Therefore it was 
concluded that this pair did not have a successful nest. The banded male, AL\WH, RD\WH, was 
unsuccessfully monitored in July, August and October 2002. The banded male never responded to the 
playbacks, therefore it cannot be determined if the pair had a successful nest or not.  

Surveys for the 2002-breeding season began in February 2002. The male AL\WH, RD\WH and his mate 
were located in the same general area they had occupied in 2001. The unbanded pair on the poison grid 
was not located despite repeated surveys and playbacks in their former area. A new unbanded pair was 
located and monitored in Area C (Figure 4-2). Another unbanded male was also seen in the general area. 
A mate was never seen for this bird. During a survey in April 2002, a juvenile bird was seen (Figure 4-2). 
This was the first young bird seen since 1996.  

Rodent control was implemented in the immediate area the birds were occupying in March. It was 
assumed that by this time in the breeding season, birds would be close to the area where they would build 
their nests. Bait stations with rodenticide were systematically placed around the area the birds appeared to 
utilizing. Rodent control was also conducted around the area the unbanded pair occupied last year on the 
poison grid. In Area A, the pair appeared to remain within the rodent control area through May 2002, 
therefore the nesting area was probably protected from rodents. But in Area C, the pair apparently moved 
about 300 meters northeast of where the bait stations were located. These bait stations probably afforded 
little protection if the pair built a nest in this location. It is difficult to determine the effectiveness of these 
bait stations regardless of the pair moving because there was no rodent feeding activity recorded in over 
two months of exposure.  
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Figure 4-2.Elepaio Monitoring 
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 Table 4-4. Banded Elepaio Monitoring Results 

Bird, Color Band Band Year Area* Sex Mate, Color Band Result 

AL/WH, RD/WH 1998 A M Yes, Unbanded Sighted 

Unbanded NA B M Unbanded No Response 

Unbanded NA C M Unbanded Sighted 

Unbanded NA C M Not seen Sighted 

*Area corresponds to Figure 4-2. 

DISCUSSION 

In 1993, David conducted a yearlong study of forest birds in Training Area 23 (Kipuka Alala) and 
found Elepaio to be common (Gon et al. 1993). Elepaio were detected on average at 24% of the 
counting stations and the birds were strongly associated with the mamane naio vegetation. During 
the 2000 avian census, Elepaio were present at only 1% of the counting stations. It is clear that 
the population has declined to very low levels.  

Territory song playbacks were conducted from July 2001 to May 2002. Two pairs were located 
and monitored during the 2002-breeding season. The pair that occupied a portion of the poison 
grid from last year (Area B, Figure 4-2) was not seen again this year.  

NRS did see a juvenile bird in April 2002 during a survey in Area C (Figure 4-2). Because this 
bird was not present with any adults, it was assumed to be a bird from the 2001-breeding season. 
It is encouraging to see a juvenile bird in an area where no management activities have taken 
place. Also, there appear to be at least one pair with another adult male in the same general area. 
Although the area is remote, NRS will focus more management in this area next year. NRS will 
also survey at higher elevations in hopes of finding new pockets of Elepaio.  

The rate of disappearance of Elepaio is alarming. In five years, 34 banded birds have disappeared. 
Single pairs are occupying territories that formerly contained three pairs, indicating that the 
density of Elepaio has declined since 1996. The sizes of Elepaio territories are large at PTA 
compared to territory sizes in disturbed habitat on Oahu. Territory sizes have been estimated at 
1.6 ha (4 acres) for Manoa Valley and 1.5 ha (3.6 acres) in The Nature Conservancy’s Honouliuli 
Preserve. These compare to 5 ha (12 acres) in PTA, suggesting that the density of birds is much 
lower at PTA than some areas on Oahu where the species is considered endangered (Vanderwerf 
1998). This low density contributes to the difficulty on location, monitoring and managing this 
population, but without active management this population will probably not persist very long 
into the future.  

MANAGEMENT RECOMMENDATIONS 

It is unclear why adult Elepaio are disappearing. It is recommend coordinating with Oahu NRS to 
band additional Elepaio. It is also recommended to conduct a study to determine adult 
survivorship and determine factors that are causing the rapid population decline. Predator control 
in areas with nesting Elepaio should continue. 
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4.4 INTRODUCED PREDATOR CONTROL 

4.4a Predator Control for Birds 

Introduced predators have been extensively studied in Hawaii because of their effect on native 
bird populations (Atkinson 1977, Sarr et al. in press, Amarasekare 1993). At PTA introduced 
predators include cats (Felis catus), mongooses (Herpestes auropunctatus), black rats (Rattus 
rattus) and mice (Mus domesticus). Black rats probably pose the greatest threat to native birds 
because of their arboreal habits.  

METHODS 

Three rodent control areas were established around Elepaio territories in Kipuka Alala for the 
2002-breeding season (Figure 4-3). Bait stations were placed at 50-meter intervals along the 
transect lines. Area A has a total of 16 stations, Area B has a total of 20 stations, and Area C had 
a total of 8 stations.  Peanut butter flavored bait blocks impregnated with Diphacinone rodenticide 
was used inside the bait stations. Three to eight poison bait blocks were placed inside each 
station. Stations were checked on a regular basis through the breeding and fledging seasons.   

The presence or absence of rodent feeding activity was recorded at each station. Activity was 
defined as incisor marks in one or more of the wax bait blocks and/or feces inside the bait 
stations. If it was possible to determine the type of rodent from incisor marks or feces, this 
information was also recorded. The percent activity was calculated by dividing the number of 
stations that showed feeding activity by the total number of stations on the study grid. 

Two cat traps were placed in both Areas A and B for a total of four. Traps were baited with 
commercial cat food and check every 24 hours. If the trap could not be checked within 24 hours 
the traps were closed. Bait was left continuously in the traps (even if closed) to try and lure 
animals into the area. 

RESULTS 

Bait stations in Area A were checked on a periodic basis. Rodent feeding activity was present at 
49% of the bait stations visited through May 2002. Rodent activity in Area A was mostly 
attributed to mice (83%). In Area B, 45% of the bait stations had rodent feed activity present. It 
was difficult to assign much of the feeding activity to a species. Therefore, mouse and rat feeding 
activity cannot be compared. In Area C, no rodent activity was recorded in any of the bait stations 
through May 2002.  

During 32 trap-nights, no cats were captured.  

DISCUSSION 

Rodent feeding activity is reduced in areas where Diphacinone rodenticide is used (Evans et al. 
2002). Because feeding activity is related to the number of rodents, it can be assumed that as 
feeding activity declines so does the number of animals in the area. Feeding activity is only an 
index of rodent numbers and it is not possible to determine the number of animals present or 
removed. Poison bait blocks is an effective means to reduce feeding activity in select areas 
(Evans et. al 2000). Once poison is removed feeding activity quickly returns to pre-treatment 
level, suggesting that constant baiting is necessary for rodent control (Evans et al. 2002). 
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Figure 4-3. Rodent control grids in Elepaio breeding territories.  
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It was difficult to correlate a majority of the feeding activity data to a particular species. Scat was 
the most reliable species indicator, but incisor marks in the wax were also used. To complicate 
species identification further, slugs would digest the bait surface, obscuring incisor marks. Mice 
appeared to be more prevalent than rats in Area A.  

No feeding activity was recorded from Area C. It is unclear why rodents in this area did not come 
to the bait boxes. A pile of discarded Solanum pseudocapsicum fruits was seen in April 2002 near 
one of the bait stations, indicating that rats are present in the area. It may be that the bait boxes 
had not been out for sufficient time in this area for rodents to find, explore and trust the bait 
stations. It may also be that the bait used was not fresh and the smell did not emanate a great 
distance form the bait station thereby not attracting rodents. 

Because the Area C pair was remote, it was difficult to get adequate time to spend at their 
territory to watch where the nest was constructed; therefore we had to guess where to put the bait 
boxes. The area where the bait boxes were placed was determined by following the pair on two 
occasions. When the pair was monitored in April 2002, they had shifted their presence about 300 
meters to the northeast. Because it was later in the nesting season, it was assumed that the pair 
built a nest in this new location. Therefore the bait stations probably did not provide adequate 
protection for this pair.  

In 2002, the method for protecting Elepaio pairs was different from 2001 (Evans et al. 2002). In 
2001, a large rodent control grid was established. Transects were used to place 121 bait stations at 
500-meter intervals. This grid was placed over an area that had previously encompassed several 
Elepaio territories. But, many of those pairs had vanished from 1998 to 2001 and the grid mostly 
covered area that was not used by Elepaio (only one unbanded pair remained in the area). In 
2002, to reduce effort and to try and increase effectiveness, Elepaio pairs were located just prior 
to breeding season and then bait stations were placed in the area where the pair appeared to be 
spending most of their time just prior to nesting.  

It is difficult to determine the success of the baiting program because we have not been able to 
locate and monitor Elepaio nests. The thick vegetation, limited time, and remote locations have 
made it difficult to locate the nests. NRS is currently monitoring the Elepaio pairs to determine if 
they were able to hatch any young. The pair with the banded male WH\RD AL\WH was heard in 
May 2002, but was not visually located. The pairs will be located again over the summer of 2002 
to determine if any young were hatched. 

MANAGEMENT RECOMMENDATIONS 

Predator control should continue for Elepaio. It is recommended trying to locate territories prior 
to breeding season to concentrate effort where birds actually are. If possible, control for mice in 
these areas too. It is recommended to keep up to date on the USDA’s efforts to list Diphacinone 
for hand broadcasting. 

4.4b Rodent Control for Plants 

Neraudia ovata and Solanum incompletum 

Rodents are suspected of having an impact on both Neraudia ovata and Solanum incompletum. 
Rodents feed heavily on the fruits of Solanum pseudocapsicum, which has similar fruits to S. 
incompletum. Bait stations with Diphacinone have been placed in all enclosures for N. ovata and 
near most S. incompletum. During this contract period the bait stations were monitored four 
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times. A total of nine pounds were distributed over seven bait stations. Rodent feeding activity 
was similar at stations located near both species.  

It is difficult to determine effectiveness of the baiting because no impacts have been directly 
linked to rodents such as feeding on seeds or young plants. Because the fruits of both S. 
incompletum and N. ovata are fleshy and juicy, they are a potential source of moisture and 
nutrition (Clark 1982, Sugihara 1997). The rarity of these species and low natural recruitment 
justifies control without a clear demonstration of negative impacts by rodents. The logistics and 
travel constraints to this remote location make conducting a study to determine bait effectiveness 
impractical. In addition a study would necessitate some plants serving as controls and would not 
be protected from rodent impacts. Therefore, it was deemed beneficial for these species to control 
rodents without conducting a study. 

Schiedea hawaiiensis 

Rodent control has been continuous for this species. During the reporting period no new browse 
was seen on the adult plant. Therefore it the baiting appears to be effective. 

Rodent control for this species is extremely important. Rodents have an affinity for this particular 
genus and plants have also been browsed in greenhouses (Weller, pers. com.). More bait stations 
and providing some type of moisture for the rodents is recommended.  

MANAGEMENT RECOMMENDATIONS 

Baiting should continue at the territories of endangered species that are impacted by rodents. The 
baiting program should be expanded to include more locations and more species.  
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CHAPTER 5: RARE PLANT PROPAGATION 

5.1 PCSU CONTRACT REQUIREMENTS 

REQUIREMENT 5.b.15 

Propagating Priority Species (PS) 1 and 2, maintaining database of propagation methods, 
maintaining seeds in storage and conducting periodic germination tests. Work in conjunction with 
other agencies to determine seed viability and establish genetic safety nets for PS 1 and 2. Based 
on the propagation methods, prepare a report that includes methods, results and management 
recommendations. The report shall also include status of seed viability determinations and 
assessments. 

DISCUSSION 

Work has continued on developing propagation methods for PS 1 and 2, as well as some of the 
lower priority species. Records of germination trials and propagation methods include the source 
of the seed or vegetative material, the date collected and the collector, the date and number of 
seeds planted, the propagation media, treatments, and germination percentage. A log is kept 
showing the number of seeds germinating over time. Notes and recommendations are also 
included.  

Seeds from the field and the Rare Plant Propagation Facility (RPPF) are collected when available 
and placed in storage at PTA for future outplanting purposes. Seeds in storage are also used to 
test seed viability over time. Seeds of some species have been sent to Lyon Arboretum for seed 
storage studies and seed banking. Seeds of Solanum incompletum have been sent to Professors 
Carol and Jerry Baskin at the University of Kentucky for germination studies. Spores of 
Asplenium fragile var. insulare have been sent to Professor Valerie Pence at the Cincinnati Zoo 
and Botanical Garden for spore storage studies. 

Natural Resources Staff (NRS) is working with the Big Island Rare Plant Group (BIRP) to 
coordinate and prioritize recovery efforts by various agencies and landowners for the island’s 
rarest plants. Currently four taxa found at PTA have been placed on the Genetic Safety Net List 
for the Big Island. They are Neraudia ovata, Schiedea hawaiiensis, Solanum incompletum, and 
Tetramolopium sp. 1. 

REQUIREMENT 5.b.16 

Managing the operation of the plant nursery and adaptation compound, working generally with 
plant taxa that cannot be grown at lower elevations where commercial propagation facilities are 
available. An annual report shall be prepared which describes subalpine dryland propagation and 
outplanting methods and results. 

DISCUSSION 

RPPF maintenance continues to be a labor-intensive activity. The watering regime has been 
substantially reduced. This allows nursery stock to acclimate to the natural conditions at PTA, 
easing outplanting stress. Plants are regularly fertilized and monitored for insects and pathogens. 
To prevent injury to propagules, a wind sensor has been installed that will close the greenhouse 
vents if winds are sustained at 25 mph. Repairs to the gutters and drainage system of the RPPF 
were completed. 
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REQUIREMENT 5.b.17 

Developing and implementing an outplanting plan. The plan shall contain the rationale for 
outplanting, methods and monitoring protocols. Implementation shall include drafts of documents 
needed for permits and approvals for outplanting of listed species. Thereafter, outplanting shall 
commence and outplanting sites shall be monitored and maintained, as appropriate. Annual 
reports shall summarize outplanting accomplishments and recommend future management 
actions. 

DISCUSSION 

PTA’s U.S. Army Biologist drafted the Rare Plant Outplanting Plan during this reporting period. 
It utilizes some of the recommendations from the 1999 Recovery and Outplanting Plan prepared 
by NRS. Small-scale outplanting projects for two Species of Concern and some common native 
species have been undertaken. Small-scale trials will continue until an outplanting plan is in 
place. 

REQUIREMENT 5.b.18 

Maintaining and managing an interpretive garden to educate visitors on the management and 
causes of degradation of natural resources within the Pohakuloa dryland ecosystem. The garden 
will encompass approximately 0.25 acre (0.10 hectare). 

DISCUSSION 

Work on the Interpretive Garden has accelerated during this reporting period with improved 
layout, increased plantings and development of interpretive signs. 

REQUIREMENT 5.b.19 

Designing and testing protocols for utilization of native dryland plants in revegetation projects. 
The approximate area for testing will be 250 ft. x 250 ft. (76 m x 76 m). A report shall be 
prepared describing the rationale for the design, method and results. Findings shall be evaluated 
and recommendations made for management actions. 

DISCUSSION 

Cooperative efforts with ITAM staff have included assistance in maintenance of ITAM nursery 
stock in the RPPF and outplanting of common natives in areas affected by wind erosion. No 
projects are currently in place in the test plot. Future revegetation activities will take place in situ. 

5.2 INTRODUCTION TO RARE PLANT PROPAGATION 

Every plant species has one or more mechanisms for delaying germination until the seed has been 
dispersed (Deno, 1993). Understanding and overcoming these delay mechanisms in order to 
propagate PTA’s rare plants poses a challenge to NRS. To successfully propagate a species, a 
thorough understanding of its seed dormancy characteristics (if any), its reproductive system, and 
its possible reliance on insects or animals for dissemination of pollen and/or seeds is essential. 
This information is not available for most of PTA’s rare plants. In addition to this lack of 
biological and horticultural information, small population size may reduce seed set, seed viability, 
germination percentage, and overall seedling vigor (Ellstrand and Elam 1993). The situation is 
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further exacerbated by the intra-specific diversity often exhibited by Hawaiian plants (Wagner et 
al. 1990) and the variable environmental conditions that can affect plant fecundity (Baskin and 
Baskin 2001). 

Although all of PTA’s endangered and threatened species had been propagated by NRS in the 
past, records of test results and appropriate germination protocols were not available. In addition, 
not all species have been propagated from seed. Because of the lack of data, propagation efforts 
were begun anew during this reporting period. The methods, results, and recommendations 
presented here should be regarded as preliminary findings. Because of the large number of 
variables noted above, it would be unwise to extrapolate these initial results to all populations of 
these species or even to particular harvests. Many more trials may be necessary to determine a 
germination protocol for each species. The small sample size for the trials conducted thus far 
precluded any kind of statistical analysis. Results are reported as simple germination percentages. 
Propagation by cuttings has been attempted when seed germination has proven problematic. But 
because seeds are unique genetic entities that may exhibit enhanced ecological adaptability and 
may be more resistant to damage and environmental stresses than vegetative propagules (Schmidt 
2000), efforts have been concentrated on seed germination trials.  

Propagation efforts and future restoration activities will benefit greatly from a more thorough 
understanding of the life history characteristics, the reproductive biology and the ecology of these 
vulnerable species. It is hoped the initial findings reported here will serve as a guide for the 
direction of future inquiries. 

5.3 PROPAGATING PRIORITY SPECIES 1 

A Priority Species (PS) list was developed by NRS to prioritize management actions. The taxa in 
PS 1 have fewer than 500 individuals and/or nine or fewer populations remaining statewide 
(Evans et al. 2002).  

5.3.a Hedyotis coriacea 

Seed production of Hedyotis coriacea in the field is very low. The specimen plant in the RPPF 
produces abundant flowers, but sets no seed. The solitary plant in the Interpretive Garden appears 
to have some well-formed seed capsules this season. No recruitment in the field has been 
observed. Poor seed production may be due to lack of pollen transfer or inbreeding depression as 
a result of low population numbers or geographic isolation (Schmidt 2000). Hand pollination in 
the RPPF has not been successful. Seedlings are extremely small and difficult to handle. Growth 
is very slow (average height after 5 months is 7 mm with only 3 or 4 sets of true leaves). 

SEEDS 

METHODS 

Seeds from Hedyotis coriacea Sites B, E and G were collected in October, November and 
December 2001. A total of 120 seeds were sown in January 2002 in perlite/vermiculite (1:1) after 
a 3-hour water soak.  

RESULTS 

Time to first germination: 34 days 
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Germination period: 45 days 

Germination percentage: 32% 

Percentage survival at time of transplanting to potting media: 14% 

Percentage survival after 5 months: 8% 

Time from seeding to outplanting: Not yet determined 

CUTTINGS 

METHODS 

Stem cuttings should be approximately 4 in. (10 cm) in length with at least 4 nodes. Select 
sections with some leaf growth in the axils of the nodes that will be above media level. Make 
sharp vertical cuts in the length of the stem below media level on 2-4 sides. Dip in rooting 
hormone and plant in media of vermiculite/perlite (1:1). Keep under high humidity for first 2-3 
months. 

RESULTS 

Cuttings should be ready for outplanting in 8-10 months. 

MANAGEMENT RECOMMENDATIONS 

Continue attempts at hand pollination in the RPPF. Continue seed germination trials with seeds of 
different age and at different seasons of the year to try to determine if an after-ripening period or 
temperature may play a role in germination and/or seedling vigor. Increase monitoring to acquire 
more information on life history traits and reproductive biology of the species to try to determine 
causes of low fecundity. 

5.3.b Neraudia ovata 

Neraudia ovata is typically dioecious although Evans et al. (2002) have reported that two 
individuals at PTA have possessed either male or female flowers at different times of the year. 
This kind of mating system reduces the effective population size and further compounds other 
possible risks to a small population. Shortage of sufficient pollen may impact seed set, viability, 
germination and seedling vigor (Baskin and Baskin 2001). Tetrazolium tests conducted at Lyon 
Arboretum showed living tissue within the seeds but were inconclusive as to actual seed viability 
(Yoshinaga, pers. comm.). 

Several trials using different treatments have been attempted for N. ovata. Germination 
percentage is very low and germination extends over a period of many months. Seedling vigor is 
poor, seedlings being very susceptible to stem wilt soon after germination. Propagation by 
cuttings has been more successful. 
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SEEDS 

METHODS 

Germination treatments have included water soak (varying from 2 hours to 2 days), chemical 
scarification with gibberellic acid-3 (GA-3) at various concentrations, mechanical scarification, 
stratification, dry heat at 80ºC and germination in soil from the field site. Approximately 700, 
greenhouse obtained, seeds were sown during these trials.  

RESULTS 

Most success with seeds came from the GA-3 experiment. Forty seeds per treatment were soaked 
in concentrations of 125, 250, 375, and 500 PPM. At least one seed germinated in all 
concentrations. 125 PPM produced the most seedlings in the shortest time (10% germination over 
4 months). Overall germination for the GA-3 experiment has been 9 % over the past 8 months. 

CUTTINGS 

METHODS 

Stem cuttings (6”) should be from tips with at least one season’s growth and as few flowers 
and/or fruit as possible. Root in perlite/vermiculite (1:1). Rooting hormones are not necessary. 
Keep under shade at ambient humidity. 

RESULTS 

Cuttings should be ready for outplanting in 8-10 months. 

MANAGEMENT RECOMMENDATIONS 

Maintain all genetic stock (6 individuals) from the field at the RPPF to ensure proximity of males 
and females and to ease seed collection. Continue with seed germination trials. 

5.3.c Solanum incompletum 

At the beginning of the reporting period, no S. incompletum seeds had been germinated at PTA. 
The four individuals present in the RPPF had been propagated at Lyon Arboretum using micro-
propagation techniques. In order to determine whether the inability to germinate seeds was a 
product of poor seed viability or complex dormancy requirements a tetrazolium test was 
conducted at Lyon Arboretum. Results were inconclusive; there was some living tissue within the 
seeds, but not necessarily in the parts of the embryo vital to germination (Yoshinaga, personal 
communication). Further testing with other germination stimulants was unsuccessful, except for 
gibberellic acid (GA-3), a plant growth hormone. When seed viability was established, research 
efforts were focused on seed dormancy requirements. 

Greenhouse grown seeds were sent to Professors Carol and Jerry Baskin at the University of 
Kentucky, leading researchers in seed ecology, dormancy and germination, who are very 
interested in studying subalpine and montane Hawaiian species. Because of its responsiveness to 
GA-3, the Baskins speculate that S. incompletum possesses a type of physiological dormancy that 
requires a certain temperature regime for germination. They are presently conducting germination 
trials under various temperature regimes. Preliminary results seem to indicate that the best regime 



 

 118

for germination of S. incompletum may be 15/6 °C alternating diurnal temperature. After 20 
weeks, germination was 53%. More studies are necessary to determine if higher temperatures 
might induce a deeper dormancy (C. Baskin, personal communication).  

Simultaneously germination trials have been conducted at the RPPF utilizing various seed 
treatments. Seedlings are generally hardy and can be transplanted to potting media at the 
cotyledon stage. Seedling survival is good. Forty-five seedlings are currently in the RPPF, some 
of which will be ready for outplanting in Fall 2002. Three propagules have been planted in the 
Interpretive Garden. 

METHODS 

Treatments for seeds have included soaking in water or lemon juice, GA-3 at various 
concentrations, passing seeds through the intestinal tract of chickens, prolonged soaking with 
daily rinsing (3 weeks), and use of seeds of different ages, from both greenhouse and field 
collections. Media have ranged from Pro Mix, cinder, perlite, vermiculite, and paper towels, to 
soil from the field site. These trials have involved over 600 seeds.  

RESULTS 

Time to first germination: Ranged from 13 days (GA-3 in a petri dish) to 18 weeks (Pro 
Mix/cinder)  

Germination period: Extends sporadically over several months. 

Germination percentage: Ranged from 0-53%, averaging 18% 

Time from seeding to outplanting: Not yet determined. Shortest possible time estimated at 8-10 
months.   

MANAGEMENT RECOMMENDATIONS  

Utilize GA-3 at 375 PPM as a germination stimulant until further studies determine specific 
dormancy breaking requirements. Continue germination trials without GA-3 to try to determine if 
seedling vigor is affected by the gibberellin. Gather more phenology data concerning times of 
seed maturity and germination in the field. 

5.3.d Schiedea hawaiiensis 

Schiedea hawaiiensis is the rarest species at PTA, with only one individual known in the field. 
Both the field and greenhouse specimens have produced viable seed this year. Some seeds require 
an after-ripening period, a time of physiological maturation that occurs after harvest or 
abscission. For S. hawaiiensis, an after-ripening period of 6 months is recommended before 
planting (Weller, personal communication). Seeds in the germination trials were given only a 3-4 
month after-ripening period. Germination percentage may improve with the recommended 6-
month period. Seedling survival is good and they are easily transplanted to potting mix. 

METHODS 

Approximately 75 seeds were surface sown on perlite/vermiculite (1:1). 
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RESULTS 

Time to first germination: Greenhouse grown seed- 4 weeks; Field grown seed-10 weeks. 

Germination period: 1 flush over several days 

Germination percentage: Greenhouse seed-38%; Field grown seed- was not determined but 
probably very similar 

Time from seeding to outplanting: 6-8 months 

MANAGEMENT RECOMMENDATIONS  

Continue germinating both greenhouse and field grown seed when available in order to monitor 
for possible differences in seedling vigor both in the RPPF and as outplants. 

5.3.e Tetramolopium arenarium ssp. arenarium 

The estimated number of individuals at PTA has increased dramatically during the present 
reporting period (from 70 individuals to 273) with new clusters discovered in the Kipuka 
Kalawamauna Endangered Plants Habitat. Germination trials with greenhouse grown seed have 
produced good results (58-72%). Germination percentage of seeds collected in the field in 1998 
was much lower (15%), perhaps indicating reduced seed viability with age. No seedlings of this 
group survived to outplanting stage. With the increased numbers found in the field, trials will be 
continued with field-grown seed when available. 

METHODS 

A total of 163 seeds were sown in vermiculite/perlite (1:1). A two-hour warm water soak 
produced the highest germination percentage and the best seedling vigor. 

RESULTS 

Time to first germination: 11 days 

Germination period: 10 days 

Germination percentage: 15-72% 

Time from seeding to outplanting: approximately 6 months 

MANAGEMENT RECOMMENDATIONS 

Because T. arenarium does not exhibit any unusual dormancy or germination requirements, 
efforts should be focused on seed collection to maximize genetic diversity of propagules. Seed 
should be collected and germination trials conducted from the various clusters within the 
population. Samples of seed collections should be stored and tested periodically to ascertain 
viability following long term storage. Results will guide future seed collection and storage 
protocols. 
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5.3.f Tetramolopium sp. 1 

Very little work has been done with this species to date. No specimens were present in the RPPF 
at the beginning of the reporting period. Seed in storage was last collected in 1998. Seed 
collection is planned for fall 2002, with subsequent germination and outplanting trials to follow. 
Two propagules from the germination trial conducted during this reporting period have been 
planted in the Interpretive Garden. Two others will be kept in the RPPF for seed collection and 
future germination trials. 

METHODS 

Germination protocol used was similar to other Tetramolopium species. Approximately 30 seeds 
were soaked in warm water for 2 hours and planted in a perlite/vermiculite (1:1) mix.  

RESULTS 

Time to first germination: 6 weeks 

Germination period: 3 weeks 

Germination percentage: Not determined, but low (may be due to older seed used in trial) 

Time from sowing to outplanting: approximately 6 months 

MANAGEMENT RECOMMENDATIONS 

Collect seed from the field maintaining as much genetic diversity as possible. Begin outplanting 
trials. 

5.4 PROPAGATING PRIORITY SPECIES 2 

The taxa in PS 2 have 500-1,000 individuals and /or six to ten populations remaining statewide. 

5.4.a Asplenium fragile var. insulare 

All propagation of A. fragile has been done at the H.L. Lyon Arboretum Micro-propagation 
Facilities. Progress is slow and propagules will not be available for at least one more year. A. 
fragile spores have also been sent to Dr. Valerie Pence at the Center for Conservation and 
Research of Endangered Wildlife at the Cincinnati Zoo and Botanical Garden. Dr. Pence is 
conducting spore storage studies that will aid in conservation efforts. 

5.4.b Silene lanceolata 

Halward and Shaw (1996) report varying germination responses among the different populations 
of S. lanceolata tested (both field collected and greenhouse grown seed). In general they 
recommend an after-ripening period of at least 40-60 days. Germination trials at the RPPF have 
been conducted with greenhouse grown seed. Germination percentages of these trials (16-20%) 
were much lower than the results reported by Halward and Shaw (67-92%) and may reflect the 
shorter after-ripening period allowed (0-43 days). Future trials will be conducted with seeds 
stored for longer periods and/or field grown seed. 
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METHODS 

Trials were conducted with 150 seeds soaked in water for 24 hours. 

RESULTS 

Time to first germination: 17 days  

Germination period: 21 days 

Germination percentage: 16-20% 

Time from seeding to outplanting: 10 months   

MANAGEMENT RECOMMENDATIONS 

Germination trials should be conducted with seed from both the Kipuka Alala and Kipuka 
Kalawamauna populations to try to determine if there might be specific germination patterns 
peculiar to the individual populations. This information will be useful in developing the 
outplanting/management plan.  

5.4.c Zanthoxylum hawaiiense 

Z. hawaiiense, like some other Hawaiian Zanthoxylum species, is very slow to germinate with an 
extended germination period of many months (Moriyasu, personal communication). Seeds 
planted in the RPPF in September and October of 2000 began germinating within several months 
and continued until May 2002. This extended germination period is not uncommon among some 
Hawaiian dryland species and may be the result of genetic and/or environmental influences 
(Baskin and Baskin 2001). The germination trial with 21 sees, begun in this reporting period, has 
not yielded any seedlings to date. Approximate time from seeding to outplanting is estimated to 
be two years. 

MANAGEMENT RECOMMENDATIONS 

Seed collection in the field should include as many individuals as possible. Continue germination 
trials. 

5.5 PROPAGATING OTHER SPECIES 

Germination trials have also been conducted for Eragrostis deflexa (PS 4) and PS 5 taxa, 
including Chamaesyce olowaluana, Dubautia arborea, Silene hawaiiensis, Stenogyne 
angustifolia, and Tetramolopium consanguineum. 

Other taxa not included on the Priority Species List are experimented with as time and seed 
availability permit. Data collected may be helpful in future habitat restoration activities. 
Germination trials have been conducted for the following species: 
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Alphitonia ponderosa Pittosporum terminalioides 

Alyxia olivaeformis Plectranthus parviflorus 

Argemone glauca Pleomele hawaiiensis 

Bidens menziesii Pouteria sandwicensis 

Capparis sandwichiana Reynoldsia hawaiiensis 

Coprosma ernodeoides Santalum paniculatum 

Coprosma montana Sicyos anunu 

Diospyros sandwicensis Sida fallax 

Dodonaea viscosa Sophora chrysophylla 

Exocarpos menziesii Styphelia tameiameiae 

Myoporum sandwicense Tetramolopium humile 

Myrsine lanaiensis Vaccinium reticulatum 

Osteomeles anthyllidifolia Wikstroemia phillyreifolia 

 

5.6 MAINTAINING SEEDS IN STORAGE 

A seed storage program had been previously initiated for both listed and common species at PTA. 
Seeds continue to be collected from the field and catalogued by species, date, location and 
founder. They are stored in sealed polyethylene bags in a refrigerator at 5º C and 23% relative 
humidity (Secretariat for Conservation Biology 2001). Seed germination trials are conducted to 
determine germination protocol and to test seed viability. (A seed inventory for PTA’s federally 
listed species, including number of founders and approximate quantity of seed on hand, is shown 
in Table 5-1.)  When germination protocol for the listed species has been determined and seed is 
available in quantities greater than what is necessary for outplanting needs, some seeds are sent to 
H.L. Lyon Arboretum on Oahu. At Lyon Arboretum seed storage protocol for each species will 
be determined. Depending on the species and quantity of seed available, some seed will be put 
into a genetic safety net storage program. While some will be stored for future experimentation 
and outplanting purposes at PTA. Seeds that are available in ample number and have been found 
suitable for long-term storage will be sent to the USDA’s National Seed Storage Laboratory at 
Fort Collins, CO.  
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Table 5-1. Seed Inventory for PTA’s Listed Species (July 2002). 

Species Founders Quantity 
(Approximate) 

Asplenium fragile var. insulare 16 Spores  
(unknown quantity) 

Haplostachys haplostachya 20 5,000 

Hedyotis coriacea 24 500 

Neraudia ovata 4 300 

Portulaca sclerocarpa 8 5,000 

Silene hawaiiensis 4 6,000 

Silene lanceolata 12 8,000 

Solanum. incompletum 8 5,000 

Spermolepis hawaiiensis 1 50 

Stenogyne angustifolia 3 125 

Tetramolopium arenarium 17 500 

Zanthoxylum hawaiiense 5 163 

 

5.7 MANAGING THE RARE PLANT PROPAGATION FACILITY 

At the beginning of the reporting period, most of the plants in the RPPF had been in pots for 
extended periods and were severely rootbound, making them unsuitable candidates for 
outplanting and more susceptible to stress and pathogens. The watering regime was excessive for 
plants native to a dryland ecosystem. Accordingly, watering was reduced from twice a day to 
twice a week to ready plants for outplanting and to avoid fungal infestations associated with high 
greenhouse humidity. 

In order to minimize the use of chemical insecticides, which may be harmful to sensitive plant 
tissue, an integrated pest management program is utilized. This system includes keeping the 
facility clear of weeds and decaying matter, regular and thorough inspections to detect 
pest/pathogen outbreaks at inception, isolation of infected individuals during treatment, and use 
of mechanical and other non-chemical controls when possible. Pesticides used are rotated to 
minimize the possibility of built up resistance in the target pest. 

Transplanting of propagules is done in a timely manner to encourage the natural growth rate and 
to maintain optimum plant vigor prior to outplanting. 

Other maintenance activities in the RPPF this reporting period involved the installation of a wind 
sensor that automatically closes vents during periods of high winds and the repair of the gutter 
system. 

5.8 DEVELOPING AND IMPLEMENTING AN OUTPLANTING PLAN 

During this reporting period PTA ‘s U.S. Army Biologist drafted the Rare Plant Outplanting Plan 
for Pohakuloa Training Area. This document outlines the management strategy for augmentation 
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and reintroduction of PTA’s rare species. The draft is presently under peer review by a group of 
international authorities in the field. Upon receipt of their comments the draft will be sent to 
individuals in Hawaii who have knowledge and experience in restoration activities with native 
species for their remarks. United States Fish and Wildlife Service (USFWS) has requested that 
implementation of the plan be postponed until conclusion of Section 7 negotiations. 

Meanwhile small-scale outplanting trials have been conducted for two Species of Concern, 
Eragrostis deflexa and Schiedea hawaiiensis. 

5.8.a Eragrostis deflexa 

E. deflexa is a perennial grass found in western PTA. The statewide population is estimated to be 
>3,000 individuals by the USFWS (2002), with the majority of the population at PTA. The chief 
threat to E. deflexa is competition from alien plants, especially fountain grass, Pennisetum 
setaceum (Shaw et al. 1992). This outplanting will try to establish a colony in an area cleared of 
P. setaceum. 

METHODS 

The site selected was a rock outcrop with ash deposits in mixed Dodonaea shrubland within the 
Tetramolopium arenarium site 05 exclosure. This area had recently been cleared of P. setaceum. 
Forty-eight propagules were planted on February 22 and 25, 2002 in six groupings. Hydrated 
Terra Sorb (3/4 cup per plant), a potassium acrylamide copolymer that absorbs water and slowly 
releases it in the root zone, was mixed into each planting hole along with 0.5 liters of water. 
Supplemental watering (0.5L/plant) was provided on a schedule that was modeled after that used 
by the Hawaiian Silversword Foundation during its restoration efforts for Argyroxiphium kauense 
(Robichaux, pers. comm.). The watering was modified depending upon precipitation events close 
to the scheduled watering days. Supplemental water was provided approximately every two 
weeks for the first two months, once a month for two months, then once every six weeks into 
September. It is hoped that increased rainfall in the fall and winter months will be adequate to 
sustain the propagules. The area has been cleared of P. setaceum every two months after 
outplanting. 

RESULTS 

All individuals reached reproductive stage by May 16, 2002. As of July 31, 2002, survival was 
98%. Drought stress was evident in 80% of the individuals during this driest part of the year. 

DISCUSSION 

Perennial grasses are typically long-lived (Shaw et al. 1992). Although some drought stress was 
evident during the dry season it is expected that most plants will rebound with increased seasonal 
precipitation. Monitoring should continue to determine long-term survival and/or natural 
regeneration. 

5.8.b Schiedea hawaiiensis 

S. hawaiiensis is the rarest species at PTA, with only one known individual remaining in the field. 
Browsing by feral sheep and goats pose the major threat to this taxon, although it may also be 
attractive to rodents, (Weller pers. comm.). Seedlings have been propagated in the RPPF during 
this reporting period and outplanting will continue in the next reporting period. 
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METHODS 

Three cuttings and three propagules from field collected seed were planted in a narrow depression 
within close proximity to the mother plant on May 16, 2002. The site selected consisted of 
pockets of organic matter among the ‘a’a, with shade provided by an open Metrosideros canopy. 
Each plant received 3.75 liters of water and no additional soil amendments. Supplemental 
watering (3.75L/plant) was done every two weeks for the first month and at six-week intervals 
after that. 

RESULTS 

As of July 31, 2002 survival was 100% with an average growth of 42 cm. 

DISCUSSION 

Site selection is an important consideration, as this species seems to respond favorably to some 
shade. Baiting in the area of the outplanting may be a wise precaution as rodents may be a threat, 
in addition to ungulates. Future outplanting sites should be located in areas much more removed 
from the mother plant in order to minimize the possibility of total loss due to fire and other 
threats. Protected areas apart from PTA should be considered where suitable habitat is available. 
Possible sites include DOFAW’s protected preserves at Puu Waawaa, Puu Huluhulu, and Puu o 
Umi. 

5.8.c Outplantings with Other Agencies 

Propagules have been provided to other agencies for cooperative outplanting efforts. Information 
shared among the groups will be helpful in determining the most effective outplanting strategies 
for PTA and also in building alliances for future Section 7 stabilization activities.  

The North Kona Fuels Management Working Group is working to create a firebreak in the 
Kaupulehu area of North Kona that would help to minimize fire threats to PTA and adjacent 
areas. Fountain grass (Pennisetum setaceum) is being cleared and the areas planted with native 
species. Pittosporum hawaiiense, Santalum paniculatum, and Osteomeles anthyllidifolia have 
been contributed from the RPPF. 

Cooperative efforts are underway with Division of Forestry and Wildlife (DOFAW). DOFAW 
staff have outplanted Ranunculus hawaiensis on Mauna Kea that was grown at the RPPF. In 
addition, Eragrostis deflexa propagules from the RPPF have been outplanted at Puu Waawaa.  

5.9 MAINTAINING THE INTERPRETIVE GARDEN 

The Interpretive Garden (IG) continues to be a source of information for visitors to PTA and the 
Natural Resources Staff. Aesthetics as well as education were a consideration for the improved 
layout and increased plantings, resulting in a more user-friendly garden area. It is hoped that upon 
completion of the interpretive signs visitors will leave with an increased understanding and 
appreciation for Pohakuloa’s natural and cultural resources. The Cultural Resources Staff is 
working to increase awareness of the garden among troops training at PTA and it is anticipated 
that the number visitors will grow in the next reporting period.  

With the addition of Neraudia ovata, Solanum incompletum, and Zanthoxylum hawaiiense, all of 
PTA’s listed species except for Asplenium fragile and Spermolepis hawaiiensis are present in the 
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IG. Some life history information is being gleaned from this collection despite the differences 
between field conditions and cultivation. Natural regeneration continues to occur for some of the 
species. 

5.10 CONDUCTING REVEGETATION PROJECTS 

In cooperation with Integrated Training Area Management  (ITAM) staff two revegetation 
projects were conducted during this reporting period. Both projects focused on minimizing soil 
erosion in disturbed areas. 

5.10.a Chenopodium oahuense Project 

Soil erosion can be intensified when vehicular traffic is not confined to the designated roadways. 
On a section of Makai Road near Firing Point 303, traffic had encroached off the sides of the road 
and disturbed vegetation, allowing the wind to erode the soil, especially on the eastern side. 
Chenopodium oahuense was planted along both sides of the road in an effort to slow erosion by 
providing a vegetative cover and windbreak and also to discourage off-road driving. 

METHODS 

Chenopodium oahuense, a dominant native species in this area was available in the RPPF from a 
previous revegetation project. The propagules (115) were in 4” pots and extremely rootbound. At 
planting on August 28, 2001 the tops of the plants were trimmed and the roots were cut severely 
to try to loosen them. Hydrated Terra Sorb (1 cup per plant) was worked into the planting hole for 
60% of the propagules. All plants were given approximately 4 liters of water. No supplemental 
water was provided following outplanting. 

RESULTS 

As of July 31, 2002 79% of the plants survived. Of those that did not survive, approximately one 
half was lost to disturbance by pigs and one half to vehicular traffic. 

DISCUSSION 

The project demonstrates the remarkable hardiness of C. oahuense. Plants were able to establish 
themselves despite extreme disturbance to their root system at time of outplanting. Although no 
supplemental water was provided, natural precipitation during this past rainy season was higher 
than in the last few years and certainly aided establishment. Plants were not measured at 
outplanting but individuals that received Terra Sorb appear visibly taller and more robust than 
those that did not. Because Terra Sorb was not incorporated into the planting holes in a random 
manner it is not possible to determine if the increased vigor of the treated plants was a result of 
the additive or varying soil conditions at the site.  

MANAGEMENT RECOMMENDATIONS 

C. oahuense is a strong candidate for future revegetation projects on disturbed sites. Whenever 
possible, outplanting should be scheduled during the fall to take advantage of seasonal 
precipitation. More experimentation with Terra Sorb or a similar product will be conducted to 
determine possible benefits according to species and soil type. 
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5.10.b Mixed Native Species Project 

In an effort to restore native vegetation to an area recently cleared of Salsola kali (Russian thistle) 
a variety of native species were planted at the cantonment between base camp and Bradshaw 
Army Airfield. 

METHODS 

A total of twenty three individuals were planted from eleven species that included Argemone 
glauca, Bidens menziesii, Carex wahuensis, Coprosma montana, Dodonaea viscosa, Mariscus 
hillebrandii, Osteomeles anthyllidifolia, Santalum paniculatum, Sida fallax, Sophora 
chrysophylla, Wikstroemia phillyreifolia. Planting was done on April 8, 2002. Supplemental 
watering (0.8L/plant) was provided twice a week for the first month, every two weeks for two 
months and then once a month. 

RESULTS  

As of July 31, 2002 overall survival was 48%. Some species fared better than others did. All 
individuals of Argemone glauca, Coprosma montana, and Wikstroemia phillyreifolia did not 
survive, whereas all individuals of Dodonaea viscosa and Santalum paniculatum did survive. The 
other species averaged 50% survival. 

DISCUSSION 

This outplanting project began at the beginning of the dry season and this may have made it more 
difficult for the propagules to become established, even with supplemental watering. In addition, 
not all species selected are naturally occurring components of this habitat. For example, 
Coprosma montana and Wikstroemia phillyreifolia are not usually associated with disturbed sites 
or this Keekee loamy sand substrate. Survival would probably increase with better timing with 
seasonal rains and appropriate choice of species.  
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APPENDIX 1. SEMI-ANNUAL HUNTING REPORTS. 

Results 

January to June 2001 

There were 48 days available for hunting from January to June 2001. During this period, 
approximately 11,000 hours were expended on 1,284 hunter trips to capture 196 animals. Of the 
1,284 hunter trips made, 172 (13%) were successful. The capture success for this period was 0.15 
and the average capture time was 56 hours per animal.  

 A one-way ANOVA indicated no statistical difference between the harvest of sheep and goats. 
(F=0.00, P=0.976, α=0.05). The Kruskal-Wallis test also indicated no statistical difference 
between the harvest of billies, nannies, rams, or ewes (H=2.44, P=0.49, α=0.05). Although the 
harvest ratios may not be statistically significant, males are consistently harvested more often 
than females (Table 1-1 and Figure 1-1).  

Table 1-1. January to June 2001 Hunting Results 

 

A
hi 

B
obcat 

H
um

uula 

K
apele 

M
enehune 

M
auna K

ea 

K
K

FU
 

O
ther 

Total 

Billy 17 12 0 17 0 0 9 0 55 

Nanny 6 2 0 3 1 0 9 0 21 

Goats 0 0 0 0 0 0 1 0 1 

Ram 11 16 2 5 10 1 7 0 52 

Ewe 4 8 1 4 3 0 2 0 22 

Sheep 0 0 0 0 0 0 5 0 5 

Boar 2 0 0 1 0 0 0 0 3 

Sow 3 2 1 1 0 1 0 1 9 

No Data 0 0 0 0 0 0 18 10 28 

Total  43 40 4 31 14 2 51 11 196 
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Figure 1-1. January to June 2001 Hunting Results by Animal Harvest Total 

The Kruskal-Wallis test indicates that there is a difference among the game harvested from the 
various hunting areas (H=16.21, P=0.23, α=0.05). The majority of the game was harvested from 
Ahi, Bobcat (including KKFU) and Kapele hunting areas (Table 1-1 and Figure 1-3). 

Figure 1-2. Hunting results by hunting area for January to June 2001 . 
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Results July to December 2001 

There were 50 days available for hunting from January to June 2001. During this period, 
approximately 6,190 hours were expended on 823 hunter trips to capture 144 animals. Of the 823 
hunter trips made, 123 were successful. The capture success for this period was 0.17 and the 
average capture time was 43 hours per animal. 

A one-way ANOVA was used to determine that there is no statistical difference between the 
harvest of sheep and goats (F=0.15, P=0.70, α=0.05) or between the harvest of billies, nannies, 
rams and ewes (F=109, P=0.37, α=0.05). The actual number of males harvested was greater than 
females (Table 1-2 and Figure 1-3). 

Table 1-3. July to December 2001 Hunting Results. 

 

A
hi 

B
obcat 

H
um

uula 

K
apele 

M
enehune 

K
K

FU
 

Total 

Billy 13 14 0 16 0 2 45 

Nanny 5 3 0 3 1 3 15 

Goats 0 0 0 0 0 6 6 

Ram 12 15 3 1 11 2 44 

Ewe 5 7 2 4 7 5 30 

Boar 2 0 0 1 1 0 4 

Total 37 39 5 25 20 18 144 
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Figure 1-3. July to December 2001 Hunting Results by Animal Harvest 

 

A one-way ANOVA was used to determine that there is no statistical difference between the 
mean number of animals harvested from each hunting area (F=1.19, P=0.34, α=0.05). Although 
there is no statistical difference, the majority of the game was harvested from Ahi, Bobcat and 
Kapele (Table 1-2 and Figure 1-4).  
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Figure 1-4. July to December 2001 Hunting Results by Hunting Area 

 

DISCUSSION 

Analysis indicates that the harvest of goats and sheep is statistically similar. In addition, the 
analysis indicated that the harvest of billies, nannies, rams, and ewes are all statistically similar. 
This is surprising because males have always been harvested with greater frequency than females. 
Perhaps analyzing several years of data would reveal a different trend than comparing six months 
or one year.  

From July to December 2001, there was no statistical difference in the harvest between hunting 
areas, but there was a statistical difference from January to June 2001. It is difficult to determine 
why the harvest was more equal in the hunting areas during one half of the year than it was in the 
other half. Data over a longer time span should be analyzed to accurately determine long term 
trends in harvest.  
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APPENDIX 2. BOX PLOT INTERPRETATION 

Reprinted from the Help Menu in the statistical software program MINITAB, Release 13 (Adobe 
Systems Inc. 2000). 

 

Boxplots, also called box-and-whisker plots, are particularly useful for showing the distributional 
characteristics of data. By default, a boxplot consists of a box, whiskers, and outliers. 

 

A line is drawn across the box at the median. If a red dot is present, it represents the mean. By 
default, the bottom of the box is at the first quartile (Q1), and the top is at the third 
quartile (Q3) value. The whiskers are the lines that extend from the top and bottom of 
the box to the adjacent values. The adjacent values are the lowest and highest 
observations that are still inside the region defined by the following limits: 

Lower Limit: Q1 - 1.5 (Q3 - Q1) 

Upper Limit: Q3 + 1.5 (Q3 - Q1) 

Outliers are points outside of the lower and upper limits and are plotted with asterisks (*).  

 


	MANAGEMENT SUMMARY
	Feral Ungulate Management
	Aerial Census/Tracking and Hunting Data
	Ungulate Exclosures Management

	Rare Plant Monitoring
	Kipuka Kalawamauna Fire Effects Monitoring
	Kipuka Alala Vegetation Monitoring
	Kipuka Kalawamauna Vegetation Monitoring
	Rare Plant Propagation
	Russian Thistle Control
	Bird Population Monitoring
	Endangered Species Act Section 7 Conservation Actions
	Miscellaneous Support Efforts

	 CHAPTER 1. FERAL UNGULATE MANAGEMENT 
	1.1 PCSU Contract Requirements
	1.2 Ungulate Management 
	1.3 Ungulate Monitoring
	1.3a Semi-annual Aerial Ungulate Census
	1.3b Monitor Animal Movement

	1.4 Hunting Programs
	1.4a Public Mammal Hunting
	1.4b Public Bird Hunting

	1.5 Fence Construction, Inspection, and Repair
	1.5a Kipuka Kalawamauna Fence Unit
	1.5b Kipuka Alala-1 Fence Unit
	1.5c Kipuka Alala-2 Fence Unit
	1.5d Silene hawaiiensis Fence Unit

	1.6 Animal Removal From Fence Units
	1.6a Kipuka Kalawamauna Fence Unit
	1.6b Kipuka Alala Fence Units


	 CHAPTER 2: RARE PLANT AND VEGETATION MONITORING
	2.1 PCSU Contract Requirements
	2.2 Introduction
	2.3 Rare Plant Monitoring
	2.3a Hedyotis coriacea
	2.3b Neraudia ovata
	2.3c Schiedea hawaiiensis
	2.3d Solanum incompletum
	2.3e Tetramolopium arenarium ssp. arenarium 
	2.3f Tetramolopium sp. 1
	2.3g Asplenium fragile var. insulare
	2.3h Silene lanceolata
	2.3i Zanthoxylum hawaiiense
	 
	2.3j Portulaca sclerocarpa
	2.3k Haplostachys haplostachya 
	2.3l Silene hawaiiensis
	2.3m Spermolepis hawaiiensis
	2.3n Stenogyne angustifolia
	2.3o 2001 Kipuka Kalawamauna Fire

	2.4 Vegetation Monitoring 
	2.4.a Kipuka Alala Vegetation Monitoring
	2.4b Kipuka Kalawamauna Vegetation Monitoring 
	Metrosideros polymorpha Vegetation Type



	 CHAPTER 3. WEED CONTROL
	3.1 PCSU Contract Requirements
	3.2 Introduction
	3.3 Weed Control 
	3.3a Russian thistle (Salsola kali)
	3.3b Fountain grass (Pennisetum setaceum)


	 CHAPTER 4. NATIVE ANIMAL MONITORING AND MANAGEMENT
	4.1 PCSU Contract Requirements
	4.2  Introduction to Native Animal Monitoring and Management
	4.3 Bird population monitoring
	4.3a Bird Population Monitoring
	4.3b Rare Bird Monitoring
	4.3c Elepaio Monitoring

	4.4 Introduced Predator Control
	4.4a Predator Control for Birds
	4.4b Rodent Control for Plants
	Schiedea hawaiiensis



	 CHAPTER 5: RARE PLANT PROPAGATION
	5.1 PCSU Contract Requirements
	5.2 Introduction to Rare Plant Propagation
	5.3 Propagating Priority Species 1
	5.3.a Hedyotis coriacea
	5.3.b Neraudia ovata
	5.3.c Solanum incompletum
	5.3.d Schiedea hawaiiensis
	5.3.e Tetramolopium arenarium ssp. arenarium
	5.3.f Tetramolopium sp. 1

	5.4 Propagating Priority Species 2
	5.4.a Asplenium fragile var. insulare
	5.4.b Silene lanceolata
	5.4.c Zanthoxylum hawaiiense

	5.5 Propagating Other Species
	5.6 Maintaining Seeds in Storage
	5.7 Managing the Rare Plant Propagation Facility
	5.8 Developing and Implementing an Outplanting Plan
	5.8.a Eragrostis deflexa
	5.8.b Schiedea hawaiiensis
	5.8.c Outplantings with Other Agencies

	5.9 Maintaining the Interpretive Garden
	5.10 Conducting Revegetation Projects
	5.10.a Chenopodium oahuense Project
	5.10.b Mixed Native Species Project

	 Literature Cited
	 Personal Communications

	APPENDIX 1. SEMI-ANNUAL HUNTING REPORTS.
	APPENDIX 2. BOX PLOT INTERPRETATION

