
3-Points Enclosure Restoration Plan
Goals of Restoration: 

• Restore vegetation in the enclosure to 75-100% native canopy with a continuous mid-story in 5
years or less. 

• Restore a diverse range of known host plants for Achatinella mustelina.

Measures of Vegetation Rehabilitation Success: 
• Increasing native understory and canopy as measured by annual vegetation monitoring.
• Increasing native cover as visually represented by UAS imagery and photopoints
• A. mustelina utilizing canopy and understory vegetation after release with low mortality rates as

measured by ground shell plots.
• Stable or increasing A. mustelina population as measured by quarterly timed-count monitoring

Restoration Approaches and Site Considerations: 
• All gear, plants, and vegetation going into the enclosure should be thoroughly inspected for

Euglandina rosea and slugs.

Predator removal: 

Rats 

The enclosure area currently exists within the West Makaleha rat grid. After the hood is secured to the 
new enclosure wall, rat removal will begin inside. Four A24s and four tracking tunnels will be utilized to 
ensure the safety of the A. mustelina. These tools will be monitored every four months. A vegetation-free 
buffer of 2m along the inside and outside wall of the enclosure will help keep vegetation growing on the 
inside from hanging out and vegetation on the outside from allowing a rat to jump and reach a branch to 
get inside. 

Euglandina rosea 

Euglandina rosea can be very cryptic and hard to find. Therefore, the ground must be raked and swept 
with a leaf blower to remove any leaves, twigs, or branches. All grass and Dicranopteris linearis (uluhe) 
will be removed to facilitate searching for E. rosea. After the fence wall is complete and E. rosea barriers 
in place and functional, E. rosea sweeps inside will be initiated.  

The E. rosea removal effort will occur during the day when they are easier to find and will consist of 
ground sweeps, understory search, and canopy survey with binoculars. The search hours are divided up as 
follows: 9 person hours performing a ground sweep in areas of minimal vegetation, three person hours 
spent searching understory vegetation, and two person hours searching the canopy with binoculars. The 
removal effort is set at different levels based on the degree of risk as described below. Each level is to be 
triggered under varied conditions outlined in a flow chart below. This effort will be time consuming 
considering the native vegetation and large trees in the enclosure.  
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If E. rosea persist within the enclosure after three months of searching, the enclosure will be subdivided 
by installing a short wall with electrical barrier to section off the enclosure. Each section would then 
follow the flow chart independently. 

Initial removal effort = Unknown risk of E. rosea in enclosure: Three staff spend one day a week 
at minimum 14 person hours per day for 6 weeks. This would total to a minimum 90 hours for the 
first month and a half. 

Highest removal effort = severe risk of E. rosea in enclosure: 3 staff spend one day a week at 14 
minimum hours per day for 4 weeks. This would total to a minimum 60 hours for the month. 

Medium removal effort = some risk of E. rosea in enclosure: 3 staff spend one day every other 
week at 14 minimum hours per day for 6 weeks. This would total to a minimum 45 hours for the 
month and a half. 

Lowest removal effort = low risk of E. rosea in enclosure: 3 staff dedicate a minimum of 14 staff 
hours one day every 3 months to search interior. 

Initial removal effort requires six consecutive weeks of searching and removing E. rosea from within the 
snail enclosure.  After the initial removal effort, medium removal effort takes place.  If E. rosea are 
discovered at any point in the surveys the highest level of removal is triggered for four weeks. Four 
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consecutive weeks of high level effort must be completed without finding any E. rosea before effort shifts 
to the medium level and subsequently low if nothing is found. Thus if E. rosea is found in the fourth 
week of high level effort, another four weeks of high level are initiated. Time required to complete 
sweeps may change over time as the enclosure becomes increasingly vegetated through restoration 
efforts. 

Trioceros jacksonii ssp. xantholophus (Jackson’s Chameleons) 

No Jackson’s chameleons have ever been recorded from the area but during E. rosea searches, staff will 
also be looking for Jackson’s chameleons and removing them. If any chameleons are discovered the 
Army natural resource program on Oahu (OANRP) will develop removal protocols. 

Slugs 

It would be ideal to remove slugs from within the snail enclosure prior to any habitat restoration efforts, 
especially seed sowing, with the use of Ferroxx. To ensure non-targets are not harmed, the following 
protocol will be conducted as outlined below: 

• A minimum of three night snail surveys will be conducted to encompass the area of proposed
Ferroxx use (snail enclosure) using ladders and climbing trees when possible

• If snails are found, they will be temporarily moved to LEH-C or LEH-D and a subsequent
survey must be performed on another night until no snails are found during a night survey

• Ferroxx is active for six weeks so no snails we be moved back into enclosure within three
months of last application

Weeding: 

Prior to clearing in preparation for snail enclosure construction, parts of the enclosure area were 
dominated by a dense groundcover of uluhe (D. linearis), blackberry (Rubus argutus), and koster’s curse 
(Clidemia hirta), and a canopy of Metrosideros polymorpha. Between 2001 and 2017, weeding was 
conducted in this part of the 3-Points area, and focused on trail and fence maintenance, alien grass 
control, improving rare taxa habitat, and some general understory clearing. Part of this area was open, and 
included large patches of invasive grasses and R. argutus. In December 2015, December 2016, and March 
2017, common native were outplanted in the area, and weeds were controlled around these plantings.  
Species planted include Antidesma platyphyllum, Clermontia kakeana, Clermontia persicifolia, 
Coprosma longifolia, Metrosideros polymorpha, and Perrotetia sandwicensis.   

Vegetation clearing for the snail enclosure began in January 2018. Efforts focused on removing all alien 
understory, clearing D. linearis, removing Psidium cattleianum canopy, and trimming native trees as 
needed to open up the enclosure corridor. The total area within the snail enclosure is approximately 
1,280m². Open areas are quickly colonized by sun-loving alien plants, particularly grasses, asters, and R. 
argutus. The primary goal of weed control is to maintain a low cover of weeds across the entire snail 
enclosure, and improve habitat for A. mustelina. Restoration is planned, and regular sweeps will be 
necessary to maintain low weed cover.  

Appendix 5-2



Alien plants in snail enclosure site before and after clearing: 
Species Growth Form Species Growth Form 
Ageratina riparia Shrub Ageratum conyzoides Shrub 
Blechnum appendiculatum Fern Buddleja asiatica Shrub 
Clidemia hirta Shrub Cuphea carthagenesis Shrub 
Cyclosorus parasiticus Fern Erechtites valerianifolia Herb 
Melinus minutifolia Grass Nephrolepis brownii Fern 
Paspalum conjugatum Grass Passiflora suberosa Vine 
Psidium cattleianum Tree Rubus argutus Herb 
Rubus rosifolis Herb Stachytarpheta spp. Shrub 
Sporobolus indicus Grass Youngia japonica Herb 

• Zero tolerance: Blechnum appendiculatum, Nephrolepis brownii, R. argutus, alien grasses

As of September 2018, construction of the snail enclosure is approaching completion, but weeds have not 
been fully removed from its interior. Treatment should focus first on controlling all weeds within the 
enclosure, as this will facilitate predator removal efforts. This effort will be led by the Snail Technician, 
in conjunction with the Orange Team. Other teams, Foundation staff, and volunteers should be tapped to 
assist with this project, as it requires a lot of effort. Sweeps should target all weeds, particularly those 
listed as ‘zero tolerance’ and any alien grasses. Of particular concern is R. argutus, which is difficult to 
control. Traditional ‘clip & drip’ treatment using Garlon 4 Ultra, 20% dilution is ineffective on R. 
argutus. Instead, staff should experiment with the following: clip & drip with cocktail of 20% Garlon 4 + 
1% Milestone + biodiesel; foliar spray of 5% Milestone in water; and manual removal via digging out 
roots. For the foliar spray treatment, R. argutus canes can be clipped and allowed to resprout before 
spraying to minimize non-target impact.  

Once the enclosure is built, weed control actions are scheduled separately for work done inside and 
outside of the enclosure, see table below. Within the enclosure, quarterly sweeps will be continued, and 
control of zero tolerance species prioritized. Care should be taken when working around restoration 
plantings and seed sows to avoid trampling these zones. To minimize non-target impact around 
restoration sites, Garlon will not be applied foliarly to weeds via sprayers with nozzles; only standard 
applicator bottles will be used to apply Garlon to basal stems or cut stumps. Staff must take care to avoid 
non-target impacts when spraying any herbicides for any weed targets, as inconspicuous native seedlings 
may be present, and restoring native understory is critical in creating A. mustelina habitat. Weed cover 
should remain below 10%. Outside of the enclosure, weed sweeps should be conducted twice a year, and 
should focus on keeping zero tolerance weeds levels low and promoting native cover to improve abiotic 
conditions. Grasses and other weeds should be removed from the area of the crossover to minimize the 
potential for staff to disperse them within the enclosure. A brush will be installed outside the enclosure 
near the cross-over so that staff can clean boots prior to entering the enclosure and prevent accidental 
transport of weeds into the enclosure. In addition, trees need to be removed or trimmed at least six feet 
away from the enclosure wall to ensure they do not present a jump risk for rats and Jackson’s chameleons. 
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Weed Control Actions: 
Action 
ID 

Field 
Team 

Categor
y Code 

WCA 
Code 

Location Team Action Comments Update 

7673 Foundation W/ Weed 
Control 

West 
Makaleha-
02 

3 Points 
Snail Jail 

Snail Enclosure: clear site 
of weeds in preparation 
for construction of snail 
enclosure. Treat 
understory herbs, spray 
alien grasses and ferns. 
Focus in particular on 
RubArg. 

Clearing complete. 
Conduct follow-up 
till enclosure pau.  

7674 Foundation W/ Weed 
Control 

West 
Makaleha-
02 

3 Points 
Snail Jail 

Snail Enclosure: Maintain 
weeds within snail 
enclosure. Sweep entire 
enclosure quarterly to 
twice a year; treat all 
weeds.  Focus on RubArg, 
vines, woody weed keiki, 
and ferns.  Zero tolerance 
inside enclosure for alien 
ferns and RubArg. 

Enclosure scheduled 
for completion in 
September.  

7831 Foundation W/ Weed 
Control 

West 
Makaleha-
02 

3 Points 
Snail Jail 

Snail Enclosure: Control 
grasses within snail 
enclosure, quarterly, or as 
needed.  Zero tolerance 
for alien grasses inside 
enclosure. 

6270 Orange W/ Weed 
Control 

West 
Makaleha-
02 

Outside 3 
Points 
Snail Jail 

Upper fence, around snail 
jail, and from ridge to top 
of Cyagri cliffs: sweep 
this area every 6 
months/year. Target all 
weeds, esp. Budasi, 
Rubarg, Clihir, Psicat.  
Assist Outreach with 
gradual removal of Psicat. 

Enclosure scheduled 
for completion in 
September. 

4941 Orange W/ Weed 
Control 

West 
Makaleha-
02 

Outside 3 
Points 
Snail Jail 

Control weedy grasses 
across exclosure, focusing 
on upper half and around 
snail enclosure, every 3-6 
months, as needed.  
Target Melmin.  Exercise 
care when working 
around rare taxa. 

Re-vegetation: 

The snail enclosure has significant patches of native canopy, mostly comprised of Metrosideros 
polymorpha. Understory however, post clearing of uluhe and all alien understory, will be rather sparse. 
Restoration efforts will aim to fill in any canopy light-gaps, and to establish a mid-story and connectivity 
across all vegetation. Due to the difficulties of searching for E. rosea, understory restoration will be 
conducted as a last step in the restoration process, when there is absolute certainty that the enclosure is E. 
rosea free.  

Appendix 5-2



Outplantings of restoration species will begin only after E. rosea sweeps are complete, in order to reduce 
trampling, and after all the alien taxa have been removed to allow more flexibility with use of herbicides. 
Completion of E. rosea and alien plant removal is expected to occur by the end of 2018.   

No shrubs or canopy trees will be planted or sowed within 2m inside and outside of the fence enclosure in 
order to protect the wall from branch falls, and to prevent vegetative predator bridges over the wall. Plants 
that spill into this buffer zone will be trimmed regularly.  

Seed sows are also planned shortly after the first set of reintroductions. The table below summarizes the 
revegetation actions, species planned for use, and timeline.  

Re-vegetation Summary: 
Approximate date Action Species Comments 
January 2018 Outplant Coprosma longifolia, Kadua affinis These quick-growing, easy to propagate species 

have worked well to establish shrubby 
vegetation in open areas in the other snail 
enclosures. Over time, they are known to 
connect to canopy vegetation. 

January-March 
2018 

Seed sows Pipturus albidus (fresh seed) 
Bidens torta (stored seed) 
Scaevola gaudichaudiana (fresh seed) 

These species are both documented as 
establishing well from low-effort broadcast 
sows.  

March-November 
2018 

Outplant Antidesma platyphyllum, Ilex 
anomala, Perrottetia sandwicensis 
Metrosideros polymopha var. 
glaberrima, Metrosideros polymorpha 
var. polymorpha., Metrosideros 
tremuloides,  

Some of the canopy species listed here are slow-
growing, and will be planted in waves as they 
are ready to leave the greenhouse. Due to the 
existing canopy, and the moisture at temperature 
at the elevation of the snail enclosure, it is less 
of a concern to outplant during the summer 
months.  

Trails:  
Trails will be utilized to mitigate trampling of native recruits and outplants. Permanent markers will be 
used to designate trails.  

Vegetation Monitoring: 

Vegetation monitoring of the enclosure will consist of three approaches, including point-intercept 
monitoring, photopoints, and UAV imagery. These approaches will track vegetation changes over time, 
and help guide restoration efforts.  

Point-intercept monitoring will be used to measure percent cover of native and non-native taxa. 
Vegetation will be recorded separately from 0 – 2m AGL and > 2mAGL to document percent cover in the 
understory and canopy, using approximately 500 point intercepts along non-permanent transects.  
Monitoring will occur annually for the first 5 years, after which the interval may be extended to every 2 – 
3 years. 
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Photopoints will be used to provide visual representations of sub-canopy vegetation. There will be five 
photopoints in the enclosure. They will be marked with permanent galvanized pipe, orange flagging, and 
metal write-on tags with the Pole #. At each pipe, photos are taken in the cardinal directions, using a 
compass and print-out of previous photopoints to line up each shot. They should be taken quarterly for the 
first year following clearing, then annually for the next 5+ years.  

Action 
ID 

Field Team Category 
Code 

WCA 
Code 

Location Team Action Comments Update 

7826 Foundation W/ 
Photopoint 
Monitor 

West 
Makal
eha-02 

West 
Makaleha 
Snail Jail 

Install and take photopoints 
at West Makaleha Snail Jail. 
Re-take when clearing 
complete, then quarterly, then 
annually. 

Installation 
planned 2018-09 

UAV imagery will be used to provide visual representations of upper canopy vegetation and will occur in 
conjunction with point-intercept monitoring, as possible. 

Vegetation cover goals: 

Preliminary vegetation cover goals were made to guide efforts and may be used to trigger changes in 
management strategies.  

• Goal for 0 - 2mAGL:  > 50% cover after 2 years and beyond. Given the sparsity of native
vegetation in the understory post-clearing, restoration inputs will show up first in this category.
An emphasis of tree taxa outplantings in areas that lack canopy will be made initially.  Lower
cover will trigger more outplanting, seed sows and transplants of understory species. The cover
goal may then be maintained with the addition of more understory species.

• Goal for > 2mAGL: > 75% by 5 years, and > 90% by 10 years. Given the time required for
outplanted trees taxa to grow > 2mAGL, the cover of tree taxa within the 0 – 2 m AGL strata
should carefully assessed to ensure that progress towards cover goals for > 2mAGL is made.

• Goal for total AGL cover: > 75% by 2 years and beyond. This will give a measure of the overall
vegetation cover regardless of vertical stature, and an indication of how much open ground
remains, of relevance with respect to snail movement across the enclosure. Lower cover would
trigger efforts to plant more and continue to fill in open areas and increase overall planting
density.

Appendix 5-2



Snails that are part of ESU-B: 

ESU-B stretches approximately 6 kilometers from Ohikilolo Ridge in the west to the Dupont Trail in the 
east.  The snail enclosure at 3 Points lies near the separation line between ESU-B1 and ESU-B2.  The 
tables below show the number of snails known from these different snail populations. 
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Most of the snails found in ESU-B1 are on Ohikilolo in the Mauka and Makai patches.  These were both 
surveyed recently in May 2018. 
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The snails in ESU-B2 stretch across the ridges from Central to East Makaleha. 
OANRP plan to develop a translocation plan when the 3 Points enclosure is complete (Sept 2018) and 
propose how many snails to collect from the different populations and mix in the enclosure. 

Appendix 5-2



References 

OANRP. 2016. Appendix 3-5 Vegetation monitoring of Achatinella mustelina ESU-E enclosure, 
2016 pre-clearing results in 2016 Status Report for the Makua and Oahu Implementation Plans. 

Appendix 5-2




