
   

2007 Mākua Implementation Plan Status Report 

Chapter 3.1: Achatinella mustelina Management  
 
The MIP stabilization plan for Achatinella mustelina outlines protection measures for each 
Evolutionarily Significant Unit (ESU).  Each ESU is considered a genetically distinct group and 
thus important to conserve in stabilizing the taxon.  In order to reach stability for A. mustelina, 
NRS must work towards attaining the goals below. 
 
Achatinella Stabilization Plan Summary 
 
Long Term Goals:  
• Manage snail populations at eight field locations to encompass the extant range of the species 

and all six genetically defined ESUs.   
• Achieve at least 300 snails per population. 
• Maintain captive populations for each of the six recognized ESUs. 
• Control all threats at each managed field location. 
 
Summary of Stabilization for A. mustelina 
Overall, stabilization measures for A. mustelina are progressing well.  Threat control is underway 
at seven of the eight populations designated for management and at the eighth, monitoring is 
underway in order to direct management action.  Five of the eight are protected within MU 
ungulate fences.  In the next year, at least one more MU fence will be constructed protecting a 
total of six of the eight sites.  Rat control is underway at six of the eight sites designated for 
management.  Weed control is ongoing at seven of the eight manage for stability populations.  
All eight sites are represented in captive propagation at the UH Snail Laboratory.  Research 
regarding of A. mustelina dispersal and habitat utilization is ongoing as well as research about 
Euglandina rosea habitat utilization and feeding patterns.  In addition, rat density and home 
range research is underway in ESU-A and will begin shortly in ESU-D2.  The top priority 
management work recommended in last year’s report was to expand the management of ESU-C 
because snail numbers are incredibly reduced here.  Rat baiting grid expansion around Schofield 
Barracks West Range (SBW) sites was only accomplished recently due to access limitations.  
Habitat protection fences at these sites are being constructed and will be completed in September 
2007.  The biggest priority for the next year is to complete the ESU-F fence and work to 
establish predator control for ESU-B2 sites.  In addition, NRS will work with researchers at the 
UH Snail Laboratory to pursue important Achatinella genetics work. 
 
Grouping of A. mustelina sites into ESUs 
The ESU areas have been updated based on additional genetic sampling conducted this year 
(Figure 3.1.1).  More details on the results of this sampling will be discussed within the specific 
ESU sections.  Note that the exact shape and extent of each ESU is unknown and therefore the 
contours depicted are partially theoretical. 



Chapter 3.1 Achatinella mustelina Management  3-1-2  

2007 Mākua Implementation Plan Status Report 

       Figure 3.1.1 Grouping of Achatinella mustelina sampling sites into six ESUs 
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Captive Propagation 
One of the requirements outlined in the MIP stabilization plan is to represent, in captive 
propagation, snails from each of the six ESUs and from two extra sites in ESU-B and ESU-D.  
ESU-B and ESU-D are very large therefore two sites were selected from each in order to 
represent the geographic extent of the ESUs.  All sites are represented at the UH Snail Lab.  
Detailed snail captive propagation data is shown in Table 3.1.1.   
 
Table 3.1.1 Captive Snail Propagation Summary for Achatinella mustelina 

Population ESU Date # juv # sub # adult # Individuals 
1995 0 0 6 6 
2003 -- -- -- 21 

4/2004 8 11 4 23 
9/2005 3 15 2 20 
8/2006 1 12 3 16 

Peacock Flats 

A 

7/2007 0 9 2 11 
2003 0 0 10 10 

4/2004 27 0 4 31 
9/2005 15 8 0 23 
8/2006 3 9 0 12 

‘Ōhikilolo – Makai 

B1 

7/2007 1 9 1 11 
2003 0 0 8 8 

4/2004 20 5 0 25 
9/2005 18 7 0 25 
8/2006 0 21 2 23 

‘Ōhikilolo – Mauka 

B1 

7/2007 0 12 1 13 
2003 0 0 10 10 

4/2004 23 0 6 29 
9/2005 19 5 0 24 
8/2006 4 11 0 15 

Ka‘ala S-ridge 

B2 

7/2007 0 4 1 5 
2003 0 0 10 10 

4/2004 14 4 4 22 
9/2005 17 5 0 22 
8/2006 2 20 0 22 

Alaiheihe Gulch 

C 

7/2007 2 21 0 23 
2003 0 0 10 10 

4/2004 20 1 8 29 
9/2005 22 3 2 27 
8/2006 12 13 0 25 

Palikea Gulch 

C 

7/2007 0 22 2 24 
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Population ESU Date # juv # sub # adult # Individuals 

2003 0 0 10 10 
4/2004 15 1 9 25 
9/2005 27 1 2 30 
8/2006 8 22 0 30 

Schofield Barracks West Range 

C 

7/2007 2 28 0 30 
2001 0 0 9 9 
2003 -- -- -- 29 

4/2004 8 22 0 30 
9/2005 3 24 3 30 
8/2006 1 24 3 28 

10,000 snails 

D1 

7/2007 7 14 4 25 
2003 0 0 10 10 

4/2004 18 7 3 28 
9/2005 24 2 0 26 
8/2006 11 12 0 23 

Schofield South Range 

D1 

7/2007 0 21 0 21 
2003 0 0 10 10 

4/2004 16 0 8 24 
9/2005 23 0 3 26 
8/2006 10 14 0 24 

Mākaha  

D2 

7/2007 5 17 0 22 
2003 0 0 10 10 

4/2004 24 2 3 29 
9/2005 22 2 0 24 
8/2006 7 9 0 16 

‘Ēkahanui  - Hono‘uli‘uli 

E 

7/2007 2 9 1 12 
1997 1 0 0 1 

4/2004 4 0 4 8 
9/2005 20 0 2 22 
8/2006 5 14 0 19 

Palikea Lunch / former Pālehua 

F 

7/2007 1 15 0 16 
TOTAL  2003 -- -- -- 138 
TOTAL  4/2004 -- -- -- 303 
TOTAL  9/2005 -- -- -- 299 
TOTAL  8/2006 -- -- -- 253 
TOTAL  7/2007 -- -- -- 213 

Juvenile=<10mm, Subadult=>10mm no thickened lip, Adult=thickened lip 
 
NRS have looked at these data to determine if collecting additional wild snails to bolster lab 
population numbers is necessary.  NRS and the UH Snail Lab may experiment with introducing 
adult snails to the lab for a short time and then returning them to the wild.  This would minimize 
the adult death observed in the A. mustelina lab populations in the past.  NRS will consider a lab 
population a candidate for recollection if any of the following three criteria are met:  1) there are 
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<3 adult snails, 2) there are < 20 total snails, or 3) there has been no increase in snail numbers for 
two years.  The more criteria a population meets, the higher priority it will be for field collection.  
Next field population statistics will be considered.  NRS will consider whether a particular field 
site is sufficiently large to withstand removal of adult snails to the lab.  NRS will not remove 
more than 20% of the adults from any given site to avoid negative impacts on the wild 
population.  Also, in the ESU section of this chapter, only sites that are designated as Manage for 
Stability (MFS) will be considered for recollection.  Until genetic data are presented that show 
mixing intra-ESU is not genetically harmful, NRS will refocus captive rearing support for those 
sites that fall within fences and in areas with planned long-term management. 
 
Over the next year, NRS will pursue obtaining additional collections.  If any one criterion is met, 
NRS will attempt to collect three wild adults for the lab.  If the one criterion is that the lab 
population has not increased over the last two years, NRS will continue to monitor lab trends 
closely for one year and take appropriate action if any additional criteria are met during this time.  
If two of the criteria are met for any population, NRS will attempt to collect five adult snails for 
the lab.  If all three are met, NRS will attempt to make collections of 7-10 snails for the lab.   
 
In order to illustrate this decision making process, NRS will review the lab status of the Mākaha 
lab population.   
 
The Mākaha population has zero adult snails, > 20 total snails, and has not shown an increase in 
the last two years.  This means that two of the three criteria are met.  This site is designated as 
MFS.  Therefore, NRS would pursue collecting five adult snails from a wild site to supplement 
the lab population.  This recommendation can then be refined to consider specific population 
numbers at the reference sites in ESU D2.  For Mākaha, the challenge is that there are four 
population reference sites, each with limited numbers of adult snails.  The largest number of 
adults is 21.  Taking 20% of these adults would be only four snails.  In this case it will not be 
possible to collect five wild adults from one site within the ESU.  NRS may choose to collect a 
few adult snails from one site and the remaining number from the next closest site in order to 
achieve the five total or may consider four adults from one site adequate.  These specific 
determinations will be made based on all the best available information.  No one formula can be 
applied to these varied field situations.  Returning adults to wild after birthing also remains an 
option. 
 
The captive laboratory populations show alarming trends of many more deaths than births (Table 
3.1.2).  UH Tree Snail Laboratory Staff are working on determining the causal factors involved 
in these trends.   
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Table 3.1.2 Achatinella mustelina Laboratory Population Deaths 2004-2007 

ARMY POPULATION DEATHS 2004-2006 jan-jun 04 jul-dec 04 jan-jun 05 jul-dec 05 jan-jun 06 jul-sept 06 

Species (cage) location juv/sub/adult juv/sub/adult juv/sub/adult juv/sub/adult Juv/sub/adult juv/sub/adult 

       

A. mustelina (Ka'ala S-ridge) chamber 4 bottom  0/0/2 1/0/4 4/0/2 5/3/0 1/1/0 3/2/0 

A. mustelina (Ala‘ihe‘ihe Gulch) chamber 5 top 1/0/3 1/0/3 1/0/0 0/0/0 0/0/0 0/0/0 

A. mustelina (Palikea Gulch) chamber 5 top 0/0/1 1/0/4 5/0/3 1/0/1 0/0/1 0/0/1 

A. mustelina ( ‘Ōhikilolo Mauka) chamber 5 top 1/1/2 0/0/0 0/0/0 0/1/0 0/0/1 0/0/0 

A. mustelina (Schofield West) chamber 5 top 1/0/1 1/0/3 1/0/1 3/0/2 0/0/2 0/0/0 

A. mustelina (Mākaha) chamber 5 top 1/0/2 2/0/2 2/0/1 1/0/2 0/1/0 0/1/0 
A. mustelina (‘Ēkahanui Gulch) chamber 5 
bottom 4/1/4 1/0/2 0/0/0 2/1/0 1/2/0 2/1/0 
A. mustelina (‘Ōhikilolo Makai) chamber 5 
bottom 3/0/2 4/0/4 4/0/0 9/5/0 0/0/0 0/0/0 
A. mustelina (Schofield South) chamber 5 
bottom 1/1/0 8/0/1 4/0/6 1/0/1 0/0/2 0/0/0 

A. mustelina (Schofield) chamber 5 bottom 2/0/0 0/0/0 0/0/1 5/0/1 4/0/1 0/0/0 

A. muselina (Palehua) chamber 1  1/0/0 0/0/0 1/0/1 3/0/2 0/0/0 0/0/0 

A. mustelina (Peacock Flats) chamber 1  0/0/1 1/0/0 1/0/2 0/0/0 0/2/2 0/0/1 

A. mustelina (10,000 snails) chamber 1 0/0/0 0/0/0 0/0/0 0/1/0 1/0/1 1/0/0 

       

Mortality Totals 15/3/18 20/0/23 23/0/17 30/11/9 7/6/10 6/2/2 

       

Births during period 23 24 26 7 5 2 

Total live A. mustelina at end of period 319 329 317 284 263 255 
Population totals end of prior period by age 182/59/53 189/72/58 213/74/41 221/74/22 209/63/18 128/126/12 

       

Percent mortality by age class 8.2/5.1/33.4 10.6/0/39.7 10.8/0/41.5 13.6/14.9/40.9 3.4/9.5/55.6 4.7/1.6/16.7 

 
Genetic Issues 
The results of genetic studies can be a very useful tool in guiding management decisions.  
Microsatellites have been developed for Achatinella, which allows for more refined analyses of 
genetic variation.  The highest priority genetic study for A. mustelina is to analyze the intra-ESU 
variation through microsatellite techniques.  Results of this study can guide the prioritization of 
collections for captive propagation and also help to determine where reintroductions of lab snails 
should occur.  The Army has been funding genetics staff at the UH Snail Laboratory for the last 
four years and will continue to support this work. 
 
Monitoring  
NRS hired a Monitoring Program Manager in October 2005.  She worked with OANRP for one 
year and in that time developed a ground shell plot (GSP) methodology (Appendix 3-1).  NRS 
adapted this methodology from Dr. Hadfield’s standard 5 x 5 meter plots.  The monitoring 
objective of the GSPs is to detect presence/absence of Euglandina rosea and rat predation and 
possibly detect any increases in predation rates for a management response.  Ground shell plots 
are placed in high density areas within managed ESUs.  The first plot reading is time consuming.  
All shells are collected, measured and any predation noted.  Live Euglandina rosea are 
exterminated.  Plots located within regularly rat baited areas are monitored once per year.  Plots 
located in un-baited portions of the ESUs are monitored quarterly.  One problem with the GSP 
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methodology is that they do not detect ‘caches’ of shells in trees.  Rat predation may in fact be 
occurring but not be detected.   
 
Since the Monitoring Manager vacated the position, NRS have continued to establish ground 
shell plots at proposed locations and re-monitor existing ones.  New monitoring projects have 
been on hold.  This winter, NRS plan to work with the U.S. Geological Survey Botanist, Jim 
Jacobi to expand monitoring projects for A. mustelina.   
 
Six new GSPs were established in this reporting period.  A total of 14 GSPs are present, covering 
six of the eight managed sites.  In addition, a UH graduate student has been conducting mark and 
recapture studies at two sites within two ESUs.  Ground shell plots have been installed in six of 
the eight field sites being managed for the MIP (Table 3.1.3).   
 

Table 3.1.3 Current and Future Achatinella mustelina Ground Shell Plots 
ESU Pop. Ref. Code GSP Status GSP Size Frequency 
A MMR-C MMR-C-1 5 x 5 m Annually 
 MMR-C MMR-C-2  5 x 5 m Quarterly 
 PAH-B Dr. Hadfield’s 5 x 5 m Quarterly 
B1 MMR-F MMR-F -1  ~ 5 x 5 m Quarterly 
 MMR-F MMR-F-2 ~ 2 x 2 m Quarterly 
 MMR-F MMR-F -3 ~ 2 x 2 m Quarterly 
B2 LEH-C LEH-C-1 ~ 5 x 5 m Quarterly 
 LEH-D LEH-D-1 ~ 5 x 5 m Quarterly 
C Various* Planned for ‘08 N/A Quarterly 
D1 KAL-A KAL-A-1  5 x 5 m Annually 
 SBS-B SBS-B-1 ~ 5 x 5 m Annually 
D2 Various* Planned for ‘08 N/A Quarterly 
E EKA-A EKA-A-1 ~3 x 3 m Annually 
F PAK-A PAK-A-3 ~3 x 3 m Annually 
 PAK-G PAK-G-1 ~3 x 4 m Annually 
 PAK-G PAK-G-2 ~3 x 3 m Annually 
*These plots will be established in those populations which contain snails at sufficient  
densities to make them useful. These sites are yet to be determined. 
 
Reintroduction 
NRS spearheaded drafting rare snail reintroduction protocols in collaboration with the State of 
Hawai‘i, the Navy, UH Snail experts and the U.S. Fish and Wildlife Service (USFWS).  In May, 
a final draft of these Rare Snail Reintroduction Guidelines was provided to the USFWS for 
approval as official guidelines.  The draft guidelines are included as Appendix 3.2. After this is 
approved, NRS will have a framework under which to pursue reintroductions. 
 
Permits 
The Army requested that the Army’s USFWS, Threatened and Endangered Species permit be 
amended to include activities related to monitoring and management of Achatinella within MIP 
and OIP Management Units (MU).  This permit was re-issued in November 2006 authorizing 
NRS to conduct mark and recapture studies using techniques developed by Dr. Hadfield’s lab.  
In addition, it authorizes NRS to conduct ground shell searches and for those shells to be 
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maintained in a reference collection.  The acquisition of this permit alleviates some of the current 
permit restrictions under Dr. Hadfield’s permit and allows for senior staff to be involved in these 
activities in their management areas. 
 
Threat Control Development 
This year the Department of Defense (DOD), Legacy Program provided funding to Island 
Conservation to develop an implementation plan for predator proof fencing on Hawai‘i DOD 
lands.  In order to accomplish this, each branch of DOD submitted descriptions of candidate sites 
where predator proof fencing would benefit natural resources.  These descriptions were then 
scored based on the numbers of listed species included at the proposed site, the quality of the 
habitat, the significance of the threat to species and habitat and the logistical feasibility of the 
fence.  NRS proposed five sites, Kahanahāiki, Kaluakauila, Poamoho Summit, Wai‘eli Bench 
and Mt. Ka‘ala.  Mt. Ka‘ala was proposed jointly with the Air Force.  Site visits were 
coordinated with predator fence company staff from Xcluder, New Zealand.  They determined 
whether predator fencing was feasible at each of the sites.  For example, Mt. Ka‘ala was 
proposed as a candidate site but when Xcluder visited they thought clearing a track for the fence 
would be extremely damaging and the soil too soft to build a structurally sound fence.  Two of 
the O‘ahu Army proposed sites, one in ESU-A (Kahanahāiki) and one in ESU-D (Wai‘eli Bench) 
were selected to receive a full implementation plan.  Island Conservation will pursue funding to 
build the top projects in the coming year.   
 
NRS put out a request for designs for new and innovative Euglandina barriers but had very few 
applicants.  This summer, a UH Hawaiian Intern Program Student tested some alternative 
designs for E. rosea exclosures (Appendix 3-3).  Two small testing boxes were fabricated.  One 
incorporated screen mesh and the other copper mesh.  These meshes had spacing with different 
widths.  Both of the meshes were cut and inserted into plywood such that it made what amounted 
to a wire brush (Figure 3.1.2.).  Both designs were successful at deterring E. rosea escape.  Only 
one E. rosea escaped after seven days within the screen brush box.  No E. rosea escaped the 
copper mesh box in the seven days of observations.  Although snails escaped the one box, the 
design presented the worst case scenario of placing starving E. rosea into a small, confined space 
which forced them to try to escape.  In a field scenario, E. rosea would not experience high 
pressure to pass the barrier.  The goal of this project was to find a design that is effective and 
requires little to no maintenance as does a salt trough and even more an electric fence.  This 
design definitely is low maintenance and was effective in these trials.   
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Figure 3.1.2 Euglandina exclosure testing boxes 
 
Research  
OANRP funded the following three research projects: 
 
1) UH PhD Candidate, Marty Meyer, completed his second year of research on Euglandina 
rosea habitat utilization.  He observed high mortality of the E. rosea which he was tracking.  
Predation of E. rosea by rats was suspected but never confirmed.  Other initial results show that 
E. rosea did not move very far from their starting point, none have moved further than seven 
meters.  It also appears that E. rosea prefer leaf litter habitat.  These results are presented in 
detail in Appendix 3-4.  The third year of his research includes determining how this habitat 
utilization information can be used to guide management and in controlling E. rosea.  
Specifically, he will look at population densities and life history characteristics of E. rosea, and 
test different control methods.  This research will hopefully provide information necessary for 
the implementation of informed management programs. 
 
2) Kevin Hall, a PhD candidate at UH, continued his research this year studying the movement 
and dispersal patterns of Achatinella.  He discovered, through the use of harmonic radar tracking 
techniques, that Achatinella show site and tree fidelity, sometimes moving significant total 
distances in a single tree but returning to a spot close to their original location after all this 
movement.  In addition, he observed homing movements of snails when removed by high winds 
from their original tree.  He has submitted this work for publication.   
 
3) Aaron Shiels, a PhD candidate at UH, conducted extensive rat research within the 
Kahanahāiki gulch MU over this reporting period.  A research summary of his work this year is 
included in Appendix 3-5.  His work on determining rat home range and density in O‘ahu mesic 
forest habitat is critical in evaluating the effectiveness, of current rat baiting efforts.  Bait station 
spacing for rodenticide use in Hawai‘i is based on research from Hawai‘i Island wet forest 
habitat and may not best fill the needs of O‘ahu mesic and wet forest habitats.  NRS will use the 
results of this study and adapt current management or recommend changes to the current 
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rodenticide label for Hawai‘i.  Mr. Shiels work is also important to the development of a label 
for aerial rat bait dispersal. 
 
Database 
 
In the last year, NRS worked with the Hawai‘i Biodiversity and Mapping Program to develop a 
rare snail database.  The database includes all snail observation data since the inception of the 
Army NR Program in 1995.  The database tracks all the field data that is included on the Rare 
Snail Monitoring Form.  This form has been expanded and revised in the last year and is 
included as Appendix 3-1.  It was modified to be more similar to the Hawaii Rare Plant 
Restoration Group’s Rare Plant Monitoring Form; which includes more population level 
information and habitat characteristics data.  Automated reports were also developed in order to 
aid in annual reporting and internal management review.   
 
ESU Updates 
 
The tables used in this section are in a new format.  They are developed through queries from the 
newly completed Microsoft Access database for snail data tracking.   
 
Population Reference Site 
The first column lists the population reference code for each field site.  This consists of a three-
letter abbreviation for the gulch or area name.  For example, MMR stands for Mākua Military 
Reservation.  Next, a letter code is applied in alphabetic order according to the order of 
population discovery.  This coding system allows NRS to track each field site as a unique entity.  
This code is also linked to the Army Natural Resource geodatabase.  In addition, the “common 
name” for the site is listed as this name is often easier to remember than the population reference 
code.   
 
Management Designation 
In the next column, the management designation is listed for each field site.  The tables used in 
this report only display the sites chosen for MFS, where NRS is actively conducting 
management.  These sites are generally the most robust sites in terms of snail numbers, habitat 
quality, and manageability.  Other field sites where NRS has observed snails are tracked in the 
database but under the designation ‘no management.’ In general, these sites include only a few 
snails in degraded habitat where management is logistically challenging.  The combined total for 
sites designated as MFS should be a minimum of 300 total snails in order to meet stability 
requirements.   
 
Population Numbers 
The most current and most accurate monitoring data from each field site are used to populate the 
‘total snails’ observed column and the numbers reported by ‘size class’ columns.  In some cases, 
complete monitoring has not been conducted within this reporting period because of staff time 
constraints, therefore, older data are used.  Some snail monitoring forms do not divide numbers 
of snails counted into size classes, therefore, size class is recorded as ‘unknown.’ 
 
 
 



Chapter 3.1 Achatinella mustelina Management  3-1-11  

2007 Mākua Implementation Plan Status Report 

Threat Control 
It is assumed that ungulate, weed, rat and Euglandina threats are problems at all the managed 
sites.  If this is not true of a site, special discussion in the text will be included.  If a threat is 
being managed at all in the vicinity of A. mustelina or affecting the habitat occupied by A. 
mustelina, a “Yes” designation is assigned.  The “No” designation is assigned when there is no 
ongoing threat control at the field site. 
 
ESU-A Pahole to Kahanahāiki 
 
  Table 3.1.4 Achatinella mustelina in ESU-A Manage for Stability Sites 

 
 
Major Highlights/Issues Year 3 

• The number of marked snails in the MMR-C portion of ESU-A is many more than on all 
previous counts. 
• A Euglandina rosea exclosure site was surveyed at Kapuna Gulch.   
• Significant upgrade and maintenance was conducted at the Pahole Snail Exclosure.  Rat 
bait stations and snap traps were deployed. 
 

Plans for Year 4 
• Secure collections for captive propagation at UH from the Maile Flats portion of this 
ESU as it is not currently represented. 
• Outplant at the Pahole exclosure site to increase canopy closure. 
• Sample lab snails to determine if the Kapuna Gulch lab collection is indeed in ESU-A.   
• Pursue construction of the Euglandina exclosure proposed for the Kapuna Gulch site with 
the State of Hawaii. 
• Continue to work with Island Conservation on design and construction plans for a 
predator exclosure around the Kahanahāiki Flats (MMR-A, MMR-C) portion of this ESU. 
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There are well over 300 snails in ESU A as shown in Table 3.1.4, therefore, this ESU meets 
stabilization goals.  Over this reporting period, the Kahanahāiki MU has been maintained as pig 
free.  Snail habitat within the fence is weeded for both canopy and understory weeds (including 
introduced grasses).  Rat control via snap traps and rat baiting continues to be maintained every 
six weeks near the Kahanahāiki and Pahole snail exclosure but not across the entire MU.  Snails 
do occur across large portions of the MU. 
 
In the Kapuna portion of this ESU, one site is designated as MFS, KAP-C.  One subunit of the 
planned Kapuna MU fencing was completed this year and some construction on the remaining 
subunits was done.  Currently, no ungulate fencing is in place to protect these snails, but with the 
completion of the additional subunits planned for this year, these snail locations will be 
protected.  This site was discussed as the next site for constructing a new Euglandina exclosure, 
and as a trial reintroduction/augmentation site.  These plans are on hold until the rare snail 
reintroduction guidelines are approved by the USFWS and until a new Euglandina exclosure 
design is chosen (See Chapter 3.1 Introduction for details).  Also construction is contingent on 
State permissions. 
 
In the last year, NRS worked with Island Conservation to determine the best route for a New 
Zealand style predator-proof fence.  The Kahanahāiki Flats portion of ESU-A was chosen as a 
high priority site that will receive a full implementation plan (see introduction section on threat 
control development).  The proposed route is shown in Figure 3.1.3.  This fence would utilize the 
existing ungulate fence corridors on three sides and one new corridor would need to be cleared 
on the northern side of the proposed fence.  This would greatly improve NRS ability to control 
rats across the Kahanahāiki Flats A. mustelina population.   
 
Details of each population are discussed in the following sections organized by NRS population 
reference code. 
 
KAP-C Kapuna Gulch (One-acre Site) 
There are no significant updates related to this site since last year’s report.  The only action taken 
at this site in the last year was a site visit with Dr. Hadfield and NARs Specialist to determine the 
best route for the proposed new Euglandina exclosure here.  The proposed fence will protect 
approximately 400 square-meters.  A site was agreed upon by all parties.  NRS will install a 
ground shell plot at the location within this reference code where the highest density of snails 
exists.  The data from this GSP will be used to determine if a rat baiting grid should be 
established to protect A. mustelina at this site.  If deemed necessary, NRS will request permission 
from the NARS commission to conduct this work.    
 
There are snails from “Peacock Flats” represented at the UH Snail Lab.  This name is 
synonymous with the Kapuna Gulch site.  This collection was established in 1995 and needs 
refreshing with more wild stock.  The problem is that wild stock is limited.  Also, NRS are not 
certain that this lab collection was ever sampled and, thus, its status in ESU-A is not confirmed.  
NRS will facilitate necessary sampling of this stock.  Regardless, this Kapuna Gulch collection 
only represents one small cluster of the A. mustelina from this ESU.   
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    Figure 3.1.3 Achatinella mustelina distribution in the Kahanahāiki portion of ESU-A 
 
MMR-A Kahanahāiki Exclosure 
NRS continue to maintain and monitor the Kahanahāiki exclosure quarterly.  Currently the 
electrical barrier is not functioning and NRS are trying to repair it or to retrofit the exclosure 
with the new brush design barriers.  A rat control grid maintained around the exclosure serves as 
an additional barrier to rats and also protects the numerous A. mustelina located just outside the 
exclosure.  This rat baiting area is shown in Figure 3.1.3.  A summary of rat control data for this 
grid is shown in Table 3.1.5.  Bait stations and snap traps are maintained every four to six weeks.  
There was a slight reduction in bait taken this year, this may be due to the reduced frequency of 
restocking bait, the bait condition and bait attractiveness.  
 
Table 3.1.5 Kahanahāiki Snail Enclosure Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of 
Site 

Visits 
2002 4 351 309 88% 1 6 6 

2002-2003 6 832 591 71% 7 6 12 
2003-2004 6 958 732 76% 16 12 13 
2004-2005 6 882 546 62% 38 12 13 
2005-2006 6 828 642 78% 55 12 10 
2006-2007 6 886 553 62% 36 12 12 
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MMR-C Maile Flats 
Management actions underway to protect snails in this site are described in general in the ESU-A 
overview.  As mentioned above, rat baiting is not conducted across this entire site as no rat 
predation has been observed.  Two GSPs, MMR-C-1 and MMR-C-2 (shown in Figure 3.1.3), are 
being monitored in order to detect rat predation if it does occur.  No rat predation was observed 
during this reporting period.  The total number of snails observed for this reference code was 
increased based on numbers of snails tagged by Kevin Hall.  Counts from 2004 surveys were 
used for the number observed in the Southeast, Southwest, Middle East, Northeast, Northwest 
quads (Figure 3.1.3).  Kevin Hall’s number replaced the 2004 count for the Middle West quad.  
His total is the total number of snails that he has tagged in that quad since January 2006.  Note 
that this number does not account for mortality that has occurred between January 2006 and 
August 2007.  NRS chose to use his count despite this limitation as we feel it better represents 
the number of snails truly within this quad.  Kevin Hall is working on an estimate of mortality 
rate for the MW quad site and this will be taken into account in next year’s report.   
 
Currently, the highest density area of this ESU (Kahanahāiki Flats) is currently not represented 
in the lab.  NRS propose to collect from the Kahanahāiki Flats portion of ESU-A to better 
represent this high concentration of individuals where management is focused.   
 
 
PAH-B Pahole Exclosure 
The number of snails in Table 3.1.4 for the Pahole Exclosure was obtained from Dr. Hadfield’s 
staff based on a survey conducted in June.  The 29 snails they observed were counted in only two 
person hours of searching.  They intend to do an exhaustive survey in the coming year.  NRS will 
assist.  This is a three dimensional plot not a two dimensional plot like the GSPs.  In addition, 
Dr. Hadfield’s staff conducted quarterly monitoring within a 5x5 meter quadrat within the Pahole 
Exclosure.  Table 3.1.6 shows the decline in numbers counted within this quadrat since 2001.   
 

Table 3.1.6 Achatinella mustelina within 5x5m quadrat at MMR-B 
Year 2001 2002 2003 2004 2005 2006 2007 
Counted Snails 22 23 16 12 n/a 10 3 
 
In 1993, 123 snails were counted within the same quadrat (Hadfield et al. 1993).  Initial declines 
at the site in 1993 were attributed to rats and E. rosea predation. 
 
In December 2006, NRS installed a rat baiting grid of six bait stations and 12 snap traps around 
the Pahole Snail Exclosure and have been restocking the grid every four to six weeks.  Due to 
continued high bait take, the number of bait stations and snap traps was increased in June and 
July 2007.  There are currently eight bait stations and 24 snap traps.  Table 3.1.7 shows rat 
control data for this site.  NRS are astounded by the high rat density around the Pahole 
Exclosure.  Ninety-four rats were snapped in less that one year’s time.  NRS expect there to be a 
peak in rat captures when rat control is first initiated but these numbers are higher than those 
normally observed proportional to the number of snap traps deployed.  NRS will consider 
decreasing the guava stands around the site to reduce the food supply for rats in the area.  NRS 
will also communicate this data to the UH graduate student studying rats in this ESU. 
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NRS also conducted significant maintenance on the exclosure which included pruning of 
overhanging vegetation, caulking holes in the corrugated siding, and general refurbishing.  In 
addition, NRS conducted weed control four times during this reporting period in and around the 
exclosure. Species controlled include, Clidemia hirta, Buddleia asiatica, Lantana camara and 
Schinus terebinthefolius.  NRS also sprayed the alien grasses Paspalum conjugatum and Melinus 
minutiflora within and around the exclosure.  In addition, NRS continue to treat the incipient 
population of Erharta stipoides grass within the exclosure.  Three control visits were made 
during this reporting period and no mature E. stipioides plants were observed.  See ICA report in 
Chapter One.  The NRS horticulturist and the NARS Horticulturist are propagating common 
native trees favored by A. mustelina for out planting within the Pahole Snail Exclosure. 
 
Table 3.1.7 Pahole Snail Enclosure Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount of 
Bait 

Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of 
Site 

Visits 
2007 8 992 858 86% 94 24 10 

 
ESU-B 
 
ESU-B is a very large ESU.  For management purposes it has been split into two portions.  ESU-
B1 includes snail occurrences on ‘Ōhikilolo Ridge and B2 includes occurrences in Central and 
East Makaleha.  Each are discussed separately.  The current status of snails at each MFS 
population reference code in ESU-B1 is shown in Table 3.1.8 and ESU-B2 status in Table 
3.1.10. 
 
ESU-B1 ‘Ōhikilolo 
 
  Table 3.1.8 Achatinella mustelina in ESU-B1 Manage for Stability Sites 
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Major Highlights/Issues Year 3 
• Rat control was maintained. 
• Ground Shell plots were monitored showing no signs of rat or Euglandina predation. 
 

Plans for Year 4 
• Conduct a survey at MMR-H and establish a baiting grid if necessary. 

 
Table 3.1.7 summarizes the current information about each population reference code within 
ESU B1.  Figure 3.1.4 shows the sites within ESU B1 where active management is underway 
and the sites where NRS are not conducting management. 
 
Management of this ESU continues as it has in years past.  The ‘Ōhikilolo ridgeline goat 
exclusion fence continues to be maintained, monitored and is goat free.  Weed control is 
conducted in the forest surrounding most of the snail sites within this ESU for both canopy and 
understory weeds (including introduced grasses).  In addition, restoration has been conducted 
with suitable host trees for A. mustelina.  A. mustelina have been observed on some of the oldest 
plantings of Myrsine lessertiana on ‘Ōhikilolo.  Rat control via snap traps and rat baiting 
continues to be maintained at least quarterly in areas where rat predation has been observed.   
 
The three GSPs (MMR-F-1, MMR-F-2, and MMR-F-3) in this ESU were monitored according 
to schedule this year (Figure 3.1.5).  No rat predation was observed during this reporting period.  
Although Euglandina are listed as a threat at this ESU, no E. rosea have ever been observed.  
NRS will continue to be vigilant when importing gear and equipment into this ESU to avoid its 
inadvertent introduction. 
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   Figure 3.1.4 Location of ESU-B1 ‘Ōhikilolo Achatinella mustelina 
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   Figure 3.1.5 ESU-B1 ‘Ōhikilolo Ground Shell Plots 
 
MMR-E ‘Ōhikilolo Mauka 
Figure 3.1.5 shows the location of each population reference code within ESU-B1.  A rat grid of 
14 bait stations and 14 snap traps is being maintained at this site.  Table 3.1.9 below shows rat 
control data from this site.  Weather and training conflicts interfered with access to ‘Ōhikilolo 
over the reporting period.  Thus, the number of site visits made was reduced from four to three.  
This affected the quality of rat control in this grid.  When the rat control grid was restocked in 
December, there was 100% take meaning for a period of time there was no rat control occurring 
at this site.  Extensive weed control is ongoing.  Restoration with Acacia koa has been conducted 
as the canopy is fairly open.  NRS plan to supplement this restoration work with additional 
outplantings.  A ground shell plot will be installed within the ‘Ōhikilolo mauka grid and 
monitored annually. 
 
Table 3.1.9 ‘Ōhikilolo Mauka Rat Control Data 

Year # of Bait 
Stations

Amount of 
Bait 

Available 

Amount 
of Bait 
Taken 

% Bait 
Taken 

# of 
Snap 
Traps 

# of 
Rats 

Trapped 

# of 
Site 

Visits 
1999 2 32 27 84% 6 4 3 

1999-2000 2 128 114 89% 6 3 4 
2000-2001 6 128 108 84% 6 0 3 
2001-2002 6 224 199 89% 6 1 4 
2002-2003 6 384 248 65% 6 3 4 
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2003-2004 6 384 363 95% 6 4 4 
2004-2005 14 544 363 67% 14 6 3 
2005-2006 14 896 725 81% 14 10 4 
2006-2007 14 448 402 90% 14 7 2 

 
MMR-F ‘Ōhikilolo Makai 
There are three GSPs here and NRS found no significant signs of predation.  In addition, the 
ungulate exclosure constructed to protect habitat around the site is monitored and maintained 
quarterly.  Many hours are spent conducting weed control at this site.  The habitat at this site is 
the most native area at ‘Ōhikilolo.  NRS have observed significant recruitment of M. lessertiana, 
a favored host tree at this site. 
 
MMR-H ‘Ōhikilolo Ko‘iahi  Pritchardia kaalae Reintroduction Site 
An exhaustive survey has not been conducted at this site since June 2004.  Since that time, some 
informal surveys have been conducted in conjunction with weed control work, and a few snails 
were observed.  In the last report, NRS recommended conducting an exhaustive survey in the 
area and beginning rat control if appropriate.  This work was not performed last year but will be 
a high priority for this year. 
 
ESU-B2 East and Central Makaleha 
 
  Table 3.1.10 Achatinella mustelina in ESU-B2 Manage for Stability Sites 

 
 
Major Highlights/Issues Year 3 

• Two ground shell plots were installed and monitored quarterly. 
 

Plans for Year 4 
• Collect from the East Makaleha portion of this ESU for representation in the UH Tree 
Snail Lab. 
• Control incipient canopy weeds in the ESU. 
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• Collect additional genetics samples for determining intra-ESU genetic variation. 
• Determine best destination for S-Ridge (LEH-A) laboratory stock. 

 
This portion of ESU-B covers a wide geographic area.  Achatinella mustelina exist on almost 
every ridge from Central to East Makaleha.  Due to management limitations and the geographic 
spread of these sites, NRS only plan to manage two of the sites within the proposed East 
Makaleha MU fence.  There are sufficient numbers of snails encompassed within this MU to 
achieve stability goals.  Table 3.1.10 shows the numbers of snails found at these two MFS sites.  
The priority management action for protecting snails in this ESU is the construction of the East 
Makaleha MU fence.  This fence construction is pending a formal agreement with the State of 
Hawaii regarding our management work on State lands.  Ecosystem-altering weeds such as 
Psidium cattelianum are present in very low densities although some incipient canopy weeds 
such as Toona ciliata are moving in and should be controlled before they become established.  
Rat control is not being conducted because of the damage that rat baiting trails would cause to 
this habitat, which is dominated by Dicranopteris linearis.  In order to monitor rat impacts, two 
GSPs (LEH-C-1 and LEH-D-1) were installed during this reporting period and are monitored 
quarterly.  NRS will respond with rat control if predation is observed.  The monitoring activity 
and trail use during GSP reading trips is very extensive and NRS area concerned that pig activity 
will follow our activity if a fence is not in place.  The habitat across ESU-B2 is dissected by 
narrow ridges which drop off steeply on both sides into deep gulches.  This terrain is too steep to 
construct an E. rosea exclosure similar to those existing in ESU-A.   
 
Genetic analyses using microsatellite techniques were planned for this ESU in order to determine 
intra-population variation.  This data was to be used to guide management decisions related to 
mixing snails from the same ESU but from different ridges in captive propagation.  This question 
has not been answered as genetic work has taken longer than expected.  In addition, more 
collections are required to get enough data to be able to answer the question.  For microsatellite 
analyses, collections from between 8-10 snails are recommended from each sampled site within 
the ESU.  Collections of only three snails per each field site have been made based on 
requirements established for CO1 analysis.  Additional collections are required to address the 
question of intra-ESU variation and more samples will be collected in the next year. 
 
A special discussion is warranted for the S-ridge (LEH-A) non-MFS site in ESU-B2.  The only 
laboratory representation of ESU-B2 is from S-ridge in Central Makaleha.  Collections were 
made in 2003.  This site is not designated as a MFS.  NRS decided not to recollect to supplement 
this lab population.  Instead, NRS will collect 7-10 adults from the biggest concentration of A. 
mustelina within the proposed East Makaleha MU.  The five remaining snails in the lab from S-
ridge are good candidates to return to the original wild site. 
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   Figure 3.1.6 ESU-B2 East Branch of East Makaleha 
 
LEH-C Culvert 69 and LEH-D Culvery 73 
There are no specific issues related to this site that have not been covered in the general ESU B2 
section above.  No predation was detected at the GSPs here. 
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ESU-C Schofield Barracks West Range (SBW), Ala‘ihe‘ihe and Palikea Gulches 
 
  Table 3.1.11 Achatinella mustelina in ESU-C Manage for Stability Sites 

 
 
Major Highlights/Issues Year 3 

• Rat control grids were installed within SBW-A and SBW-C where A. mustelina are still 
extant. 
• Fences have been surveyed and permissions acquired for construction in September at 
SBW-A. 
• Surveys this year revealed more snails than had been observed in recent years at SBW-A. 
• A new site was discovered on the slopes of Mt. Ka‘ala (SBW-R) which may fall within 
ESU-C.  Genetic samples were secured. 
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Plans for Year 4 
• Determine the ESU designation for the new SBW-R population on the slopes of Mt. 
Ka‘ala via genetic testing.  Adjust management plans for the ESU accordingly. 
• Complete fence to protect SBW-A in September 2007. 
• Resurvey sites within Mt. Ka‘ala NAR that have not been visited recently. 
• Secure additional collections to bolster lab population as necessary. 
• Continue rat control 

 
The number of snails in this ESU is extremely low (see Table 3.1.11).  Access restrictions limit 
the number of visits NRS can make each year to the most ‘manageable’ sites in this ESU (SBW-
A, SBW-B and SBW-C) because they lie above the impact area within SBW (Figure 3.1.7).   
 
The Mt. Ka‘ala NAR populations in this ESU are difficult to get to and have not been monitored 
in the last year.  Management options at these sites are limited by extremely steep terrain and 
degraded habitat.  In the next year, it is a high priority for NRS to re-monitor these sites because 
of their extremely rare and thus vulnerable status.  In August, a large fire burned into the lower 
reaches of Mt. Ka‘ala NAR but did not threaten any sites where A. mustelina are known. 
 
A new population of 61 A. mustelina (SBW-R) was discovered at higher elevations on the slopes 
of Mt. Ka‘ala in SBW (Figure 3.1.7).  Snails from this site were sampled in hopes that this site 
may fall within ESU-C.  If genetic analyses show that this population falls within ESU-C, NRS 
will adjust management plans to include this site and the total number of snails known within 
this ESU would double.   

 
   Figure 3.1.7 ESU-C Schofield Barracks West Range, Ala‘ihe‘ihe and Palikea Gulches 
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ANU-A (Manuwai), ALI-B (Palikea Gulch), IHE-B (Ala‘ihe‘ihe Gulch) 
No additional surveys have been conducted at these sites in the last year.  Therefore, the status 
remains the same as last year’s report.  Re-surveying sites and re-collecting for captive 
propagation should be the highest priority for the populations within Mt. Ka‘ala NAR.  It was 
proposed last year that NRS secure habitat from ungulates for A. mustelina in Mt. Ka‘ala NAR.  
The most manageable habitat within Mt. Ka‘ala NAR is in upper Palikea gulch and this was 
proposed for protection in last year’s report.  This fence is lower priority than most of the other 
fences proposed in the MIP and OIP because there are not actually any snails extant at the site.  
NRS have added this fence to plans.  Once intra-ESU genetic studies are complete, these data 
can be used to guide options for managing the small numbers of A. mustelina that remain in Mt. 
Ka‘ala NAR. 

 
     Figure 3.1.8 ESU-C Schofield Barracks West Range Management 
 
Schofield Barracks West Range SBW-A, B, and C  
The current progress at this portion of ESU-C is covered above in the general ESU-C discussion.  
It is worth noting that there was a large increase in the number of snails observed at SBW-A in 
this reporting period.  The number of snails observed almost doubled from 15 total snails in 2005 
to 28 total snails in August 2007.  Rat baiting grids were established in SBW-A and SBW-C in 
August 2007.  NRS will continue to restock baiting grids as range access permits. 
 
This summer, NRS took advantage of a break in training at Schofield in order to overcome some 
of these management hurdles.  NRS planned and will construct two ungulate fences to protect 
SBW-A and SBW-B sites (see Figure 3.1.8).  SBW-B does not currently have any extant snails.  
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In addition, this extra time provided an opportunity to establish permanent rat baiting grids and 
conduct more thorough snail searches at the sites.  Four new bait stations were deployed in 
SBW-A and six at SBW-C.  They will be monitored as access allows.  Figure 3.1.8 shows the 
ground shell plot proposed for installation after the ungulate fences are complete.  Without 
ungulate fences, these plots would be difficult to monitor due to the intense pig digging in the 
area.  The terrain at both of these sites is favorable for constructing a Euglandina exclosure.  
This may be pursued in the future as access allows and especially as NRS develop new, lower 
maintenance, exclosure designs. 
 
ESU-D North Kalua‘ā , Wai‘eli, Pu‘u Hāpapa, SBS, and Mākaha  
 
ESU-D is by far the geographically largest ESU.  For management purposes it has been split into 
two portions.  D1 includes North Kalua‘ā, Wai‘eli, Pu‘u Hāpapa, and SBS.  D2 includes 
Mākaha.  The current status of snails at each population reference code in ESU D1 is shown in 
Table 3.1.12. 
 
It is worth noting that surveys have been conducted near Pu‘u Kalena ESU-D over the last year.  
During these surveys, over 139 new A. mustelina have been discovered.  Although these snails 
are not apart of a MFS site, the habitat for these snails will receive protection via the OIP.  The 
OIP Kalena-Ka‘ala MU fence is slated for construction to protect a number of rare plant 
populations in the area.  NRS may revisit this new concentration of snails for management after 
Mākaha receives more survey attention.  If the numbers of snails observed does not increase, 
NRS may propose shifting management to the Pu‘u Kalena area.  
 
ESU D1 North Kalua‘ā , Wai‘eli, Pu‘u Hāpapa and SBS 
 
 Table 3.1.12 Achatinella mustelina in ESU-D1 Manage for Stability Sites 

 
 
Major Highlights/Issues Year 3 

• Installed one new ground shell plot.  
• Maintained rat control grid twice per quarter. 
• Determined the best route for a predator fence for the KAL-A site with Island 
Conservation. 
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• Determined that snails sampled at SBS-D were A. mustelina and not A. concavospira. 
 

Plans for Year 4 
• Continue rat grid maintenance and ground shell plot monitoring 
• Assist Island Conservation in securing funding for the predator fence at KAL-A 

 
Only sites designated as MFS are included in the population status table for this ESU (Table 
3.1.12).  Figure 3.1.9 shows the sites with this designation in addition to those sites designated as 
‘No Management.’  In the last reporting period, there have been no major changes to population 
numbers. 
 
In ESU D1 over the last year, ungulate fences have been maintained and kept pig free, snail 
habitat has been weeded and rat baiting and snap trapping has continued.  A total of 20 bait 
stations and 40 snap traps are re-set every six weeks in order to provide rat protection for A. 
mustelina in this ESU. 
 
Two ground shell plots are monitored annually within this ESU.  No rat predated shells were 
recovered at these plots in the last year. 

 
   Figure 3.1.9 ESU-D1 Kalua‘ā, Wai‘eli and Pu‘u Hāpapa 
 
KAL-A, Kalua‘ā and Wai‘eli (Land of 10,000 Snails) 
A more current number was used in the population status table for this ESU for KAL-A.  This 
number is smaller than the number reported in 2006.  This can be attributed to a shorter 
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combined survey time.  The Kalua‘ā and Wai‘eli rat control data is listed in Table 3.1.13.  Bait 
was available all year and access for re-stocking was regular and predictable, allowing NRS to 
provide year round rat control to protect A. mustelina.  No E. rosea were observed this year in 
GSP.  Live E. rosea have been collected  in the past. 
 
A predator exclusion fence is being planned to protect the core snail habitat at KAL-A (see 
Chapter Introduction: Predator Fences).  In the last year, NRS wrote a proposal for Island 
Conservation to assess the feasibility of building a predator fence at this site.  Island 
Conservation is compiling a full implementation plan including costs for construction, predator 
removal and maintenance at the KAL-A site.  Staff from Xcluder fence, New Zealand surveyed 
the KAL-A site and outlined a route approximately 500 meters long where predator fencing 
would be feasible.  Island Conservation will pursue funding to construct this proposed fence in 
2009. 
 
Table 3.1.13 Kalua‘ā and Wai‘eli Rat Control Data  

Year # of Bait  
Stations 

Amount of Bait 
Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of Snap 
Traps 

# of Site 
Visits 

2003-2004 16 680 547 80% 0 0 3 
2004-2005 16 1280 655 51% 11 16 7 
2005-2006 16 1774 1107 62% 16 16 7 
2006-2007 16 1576 993 63% 10 24 8 

 
SBS-B Pu‘u Hāpapa 
The snail numbers reported for this site are the same as those used in last year’s report.  NRS 
recommended surveying for possible strategic fencing that could allow the removal of pigs from 
this portion of ESU D1 but because of a backlog of fences, NRS did not pursue this action in the 
last year.  Access was not reliable over the last year.  This fence is on the list of fencing projects 
being pursued by the Army NR fence crew but will be a lower priority than most of the other 
planned MU fences as over 300 snails are known from within the already fenced portion of this 
ESU.  Weed control projects should be investigated and initiated.  Table 3.1.14 is a summary of 
the rat control data since work began in 2000.  Rat bait was available all year long in stations 
thus effecting protection for A. mustelina at this site.  Access to the baiting grid was regular and 
predictable this year which is an improvement since last year.  
 
Table 3.1.14 Pu‘u Hāpapa Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of Snap 
Traps 

# of Site 
Visits 

2000 8 240 159 66% 0 0 4 
2000-2001 8 496 286 58% 0 0 8 
2001-2002 8 680 401 59% 0 0 6 
2002-2003 8 896 476 53% 0 0 7 
2003-2004 8 1024 595 58% 0 0 8 
2004-2005 8 896 408 46% 18 14  7 
2005-2006 8 768 264 34% 12 14 6 
2006-2007 8 826 314 38% 12 14 8 

 
SBS-D North of Urekaa 
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This site was discussed in last year’s report because genetic collections had been made to 
determine if snails here are A. mustelina or A. concavospira.  Results show that the snails are A. 
mustelina, therefore, this site will not be discussed in future reports as it is designated as a ‘No 
Management’ site. 
 
SBS-A Moho Gulch 
This site was previously managed to protect A. mustelina and other native ground shell species.  
For five years, NRS maintained a predator control grid here.  NRS abandoned these efforts in the 
last year because rare snail populations are no longer present at the site.  A few A. mustelina still 
remain but do not warrant the separate baiting effort. This site has shifted from a MFS site to a 
‘No Management’ site. 
 
ESU D2 Mākaha  
 
 Table 3.1.15 Achatinella mustelina in ESU-D2 Manage for Stability Sites 

 
 
Major Highlights/Issues Year 3 

• Completed Mākaha Subunit I MU fence and are removing pigs within it. 
• Conducted weed control in areas where A. mustelina is known. 
 

Plans for Year 4 
• Install rat control grids at high density A. mustelina sites within the new fence.  Restock 
bait every six weeks. 
• Install two ground shell plots at these sites. 
• Coordinate with Aaron Shiels from UH regarding rat studies within the fence unit. 
• Continue surveys along crestline and Makai Ridge fenceline. 
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This ESU will be discussed as one unit because very little management specific to A. mustelina 
is currently underway.  Table 3.1.15 shows the current population numbers for ESU-D2.  Figure 
3.1.10 shows the current known distribution of A. mustelina in Mākaha Valley.  The most 
noteworthy management highlight for this ESU is that the MU fence was completed this year.  It 
protects 60 of the 92 snails or 65% at designated MFS sites. Surveys may reveal additional snails 
within the fence.  GSPs and rat grids will be established now that the fence is complete. 
 
Aaron Shiels, a PhD student from U.H, will initiate rat home range and rat density studies within 
the Mākaha fence now that it is complete.  He has already established protocols for his research in 
Kahanahāiki MU over the last year.  He will be implementing these same protocols in Mākaha.  
What he learns at Mākaha will aid in designing the best rat control program for the MU.  NRS 
funded his research almost exclusively. 
 
Mākaha  MAK-A, B, C, D  
The only small change in population status at the ESU was at MAK-A where the number of 
snails observed during this reporting period increased from 24 to 31. 

 
   Figure 3.1.10 ESU-D2 Mākaha  
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ESU-E Pu‘u Kaua/‘Ēkahanui  
 

   Table 3.1.16 Achatinella mustelina in ESU-E Manage for Stability Sites 

 
 
Major Highlights/Issues Year 3 

• Cleared the large subunit fence corridor and began fence construction. 
• Conducted weed control at sites with A. mustelina. 
• Continued to restock rat bait grids. 
• Monitored ground shell plots. 
 

Plans for Year 4 
• Complete construction of the large subunit fence. 
• Continue rat control. 
• Monitor ground shell plots. 
• Investigate installing predator control at MAK-D. 

 
No new surveys were conducted during this reporting period, therefore, the numbers of snails 
reported this year are identical to last year.  Table 3.1.16 summarizes the current population 
numbers for each reference code within this ESU.  Some of the sites designated as MFS are 
located within the existing ungulate exclosure and others will be protected when ‘Ēkahanui 
Subunit II is constructed.  The fenceline for this subunit has been cleared and construction has 
begun in the lower elevations.  There was a setback in construction due to fence vandalism and 
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the need for additional fence materials.  NRS hope construction will be completed during the 
upcoming reporting period.  Rat management is underway at all the known ESU-E sites with the 
exception of EKA-D and EKA-F.  Figure 3.1.11 shows the geographical distribution of sites, rat 
baiting areas, and GSPs within this ESU. 

 
   Figure 3.1.11 ESU-E Pu‘u Kaua/‘Ēkahanui 
 
‘Ēkahanui EKA-A, B, C, and E 
Rat control continues at this ESU with a total of 21 bait stations and 31 snap traps.  Rat data is 
presented in Table 3.1.17.  Rat bait was available all year long in stations.  Increasing numbers of 
site visits has yielded high counts of rats trapped.  The percent of bait taken has increased 
slightly in the last year due to more frequent checks.  No rat predation or E. rosea were observed 
at GSPs in the last year within this ESU. 
 
Table 3.1.17 ‘Ēkahanui Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Snap 
Traps 

# of Rats 
Trapped 

# of Site 
Visits 

2004 2 64 22 34% 0 0 4 
2004-2005 18 1186 542 46% 31 9 6 
2005-2006 21 1940 1035 53% 42 42 7 
2006-2007 21 2338 1479 63% 42 27 8 
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Pu‘u Kaua EKA-D 
Last year a recommendation was made to investigate rat baiting options at Pu’u Kaua.  NRS 
determined that rat control should wait until ‘Ēkahanui Subunit II is completed due to possible 
pig interference with predator control efforts. 
 
EKA-F (Amastra site in northerly gulch) 
Additional surveys were recommended in last year’s report but this was not done.  These surveys 
are not a high priority as baiting at this site may not be initiated until the ‘Ēkahanui Subunit II 
fence is complete. 
 
ESU-F Pu‘u Palikea/Mauna Kapu (Palehua) 
 
The discussion for this ESU is combined for sites where rat control is being conducted, PAK-A-I 
and MAU-A.  The management conducted is very similar for these sites.  The geographical 
distribution and an overlay of the management underway at these sites are shown in Figure 
3.1.12.  Rat control is being conducted at all sites in this ESU except for PAK-D and PAK-J 
because these sites are outliers.  There will not be a specific discussion about these sites.  The 
status of all MFS populations within ESU-F are shown in Table 3.1.18.  Once the large-scale 
MU fence is completed all MFS sites will be protected from ungulates except the MAU-A site.   
 
Major Highlights/Issues Year 3 

• NRS installed three new ground shell plots in ESU-F. 
• NRS expanded two rat baiting grid to better encompass snail trees. 
• NRS cleared the MU fence corridor and began construction. 
• NRS started rat control at Mauna Kapu (MAU-A) early July 2007. 
 

Plans for Year 4 
• Complete the Palikea MU fence. 
• Conduct weed control at all ‘manage for stability’ snail sites. 
• Collect additional snails for captive propagation to bolster laboratory numbers. 
• Add two bait stations to extend the PAK-C grid to capture additional known snails. 
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Table 3.1.18 Achatinella mustelina in ESU-F Manage for Stability Sites 
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    Figure 3.1.12 ESU-F Pu‘u Palikea   
 
Pu‘u Palikea PAK-A-I (excluding PAK-D)  
Rat control grids at Palikea and Mauna Kapu are re-stocked every four to six weeks.  The Mauna 
Kapu site had rat control initiated in early July 2007.  Rat control at Mauna Kapu was previously 
conducted by The Nature Conservancy prior to the start of 2007.  There are a total of 35 baits 
stations and 55 snap traps in place at eight sites at Pu‘u Palikea and five bait stations and 10 snap 
traps at Mauna Kapu.  Rat control data is combined for both sites and presented in Table 3.1.19.  
NRS will add additional bait stations and snap traps to the PAK-C site to the east and north of 
the Lunch Spot Pu’u to fully encompass the snails found at this location. 
 
Table 3.1.19 Pu‘u Palikea Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of Snap 
Traps 

# of Site 
Visits 

2004 - 2005 28 3342 970 29% 83 28 11 
2005 - 2006 33 3387 1413 42% 70 42 10 
2006 - 2007 40 4208 1738 41% 86 65 11 
 
Weed control was conducted for both established and incipient weeds near these managed snail 
sites.   
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Chapter 3.2 OIP Achatinella sp. Management 
 
The OIP outlines stabilization for several Achatinella species that occur within the O‘ahu Action 
Area (AA) in the Ko‘olau Mountains. Snail species in the OIP include: A. apexfulva, A. 
bulimoides A. byronii, A. lila, A. livida, and A. sowerbyana. With the OIP still in draft form, NRS 
have not initiated full stabilization of these taxa.  The current Draft OIP categorizes all 
Achatinella in the Ko‘olau Mountains as Tier 2 priority (OANRP 2005a). This means that full 
stabilization efforts may not begin until Army training occurs in the upper reaches of Kawailoa 
Training Area (KLOA) or Schofield Barracks East Range (SBER). NRS expect to finalize the 
OIP in the beginning of 2008, at which time the program will determine what stabilization 
actions will begin based on status, threat, and funding.  This past year, NRS have continued 
baseline management of the OIP snail taxa to include rodent control, genetic sampling, 
monitoring, and collection.  
 
OIP Achatinella species Stabilization Plan Summary 
 
Long Term Goals for all OIP Achatinella species: 

• Manage extant population units (PUs) and additional reintroduction PUs, up to a 
total of six PUs within the action area to encompass the known geographical range 
of the species. 

• Achieve at least 300 individuals in each PU to be Managed for Stability. 
• Maintain captive propagation populations from each of the three PUs being 

Managed for Stability. 
• Control all threats at each managed field location. 
• Tier 2 stabilization priority. 

 
Summary Discussion 
 
Major Highlights for FY07 

• Snail database was developed this year. 
• Genetic sampling to determine A. sowerbyana ESUs continued 
• Geographic Units (GUs) were created due to lack of ESU information at this time 
• Genetic analyses determined that Achatinella in Schofield Barracks South Range 

are A. mustelina and not A. concavospira.  
• Army-Kamehameha Schools license agreement progress close to completion 
• Ground shell plot established at the Crispa A. livida site 
• Live A. livida observed at Northern site for the first time in 2 years 
 

Rodent control is being conducted at various sites in the Ko‘olau range near rare snail 
populations. The bait gets old and unattractive to rats if it is not changed often.  NRS try to 
restock these baits twice each quarter but inclement weather often interferes with scheduled 
helicopter operations, as was the case this year.  In addition, NRS is working with UH PhD 
candidate, Aaron Shiels, to learn more about rat density and home range in O‘ahu forests (see 
Appendix 3-5).  Management notes from the past year are organized by species below. 
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One of the major highlights of this year was the creation of the snail database.  NRS are now 
better able to track each species by population reference code and Geographic Units (GUs).  The 
GUs were created to help manage these species in the absence of genetically determined 
Evolutionarily Significant Units (ESUs). These GUs are drawn on the maps (Figures 3.2.3-3.2.6) 
and listed in the tables for each species and provide a look at how many sites and individuals are 
in each unit.  
 
NRS has made progress toward a formal license agreement with Kamehameha Schools to cover 
conservation of rare species within leased portions of KLOA and Punalu‛u, Wai‛awa, Waimano, 
and Wai‛au Valleys on O‛ahu.  Once this license agreement is signed, NRS will construct 
additional ungulate fencing in KLOA which will protect essential habitat for rare species 
including Achatinella.  
 
Captive Propagation 
 
NRS have been providing funding for the UH Snail Lab to maintain populations of OIP species 
in their captive propagation facilities.  Some collections were made prior to the development of 
the OIP but progeny from these collections will hopefully be used in the conservation of these 
species both in and ex situ. Table 3.2.1 shows the current lab populations for these OIP taxa. As 
more lab populations are established NRS will present this data by GU for each species. 
 
Table 3.2.1 Captive Achatinella Propagation Data for Koolau Taxa (August, 2007) 

Species # juv # sub # adult # Individuals 
A. lila 215 246 8 470 
A. sowerbyana 4 14 3 21 
A. livida 50 66 6 122 
A. byronii 5 14 9 28 
A. apexfulva 3 4 1 8 
A. bulimoides 21 4 9 34 
 
Genetic Sampling Status 
Last year, NRS made a large effort to collect genetic samples from several OIP species in order 
to provide more insight to the species level distinction of A. byronii/decipiens and determine 
ESUs for A. lila, A. sowerbyana, and A. livida such as those made for A. mustelina (see chapter 
3.1).  As determinations are still being made, NRS aided the UH Snail Lab obtain a few 
additional samples this past year.  NRS tried to collect genetic samples from the most northern 
known individuals of A. sowerbyana to help determine if this species is distinct from A. livida or 
if these are just extreme morphologies of one taxonomic entity (see A. sowerbyana discussion 
below). Table 3.2.2 outlines the genetic sampling efforts made to date.  Once genetic analyses 
are complete, NRS will review and revamp the stabilization plans for each of these species. 
Genetic samples were not collected from wild snails at populations that are represented in the 
UH Snail Lab.  Lab snails will be used for this purpose. Figure 3.2.2 shows locations where 
genetic samples were taken between 2005 and 2007.  
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Table 3.2.2 Genetic collections for OIP species and GU determinations in the Northern 
Ko‘olau Mountains as of August 2007. 

Species Site Army Pop 
Ref. Code Date Samples/ 

Chirality 
A. byronii Below Poamoho Monument KLO-F 7/12/05 3 samples 
A. byronii Windward Poamoho Cabin KLO-B 4/18/06 3 dextral  
A. byronii Windward Poamoho Cabin KLO-B 4/20/06 6 sinistral 
A. byronii Windward and North Poamoho Monument KLO-F 4/19/06 6 dextral  
A. byronii West of Pu‛u Pauao KLO-D 8/22/06 3 dextral 
A. lila Windward and North Poamoho Monument KLO-B 4/19/06 1 sinistral 
A. lila Windward side of notch north of Peahinaï‛a summit KLO-E 5/3/06 3 sinistral 
A. lila Peahinaia Summit LZ KLO-C 5/3/06 2 sinistral 
A. livida Radio LZ KLO-C 8/24/06 3 sinistral 
A. sowerbyana Below Poamoho Monument KLO-C 7/12/05 1 sample 
A. sowerbyana Windward and North Poamoho Monument KLO-C 4/19/06 1 dextral 
A. sowerbyana Poamoho Pond KLO-A 8/23/06 7 dextral 
A. sowerbyana Windward side of Radio LZ PAP-A 8/24/06 2 sinistral 
A. sowerbyana Poamoho Trail  KLO-GG 4/12/07 4 samples 
A. sowerbyana Shaka KLO-M 5/16/07 9 dextral 
A. sowerbyana 290 KLO-L 5/16/07 7 dextral 
A. sowerbyana East of Bloody Finger KLO-MM 5/17/07 1 dextral 
 

 
Figure 3.2.1 Achatinella byronii on Hame (Antidesma platyphyllum) 
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Figure 3.2.2 Genetic sampling sites in the Ko‛olau Mountains 2005-2007 
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Kevin Hall, a PhD candidate at UH, is partially supported by the Army and has collected 
numerous genetic samples from KLO-J and KLO-C.  These will be incorporated into the study to 
determine ESUs for A. sowerbyana. 
 
Surveys 
NRS conducted one survey for Achatinella in the Ko‘olau Mountains while doing genetic 
sampling surveys in May of 2007.  NRS and U.H. snail lab surveyed for snails along the Ko‘olau 
Summit Trail from ‘Ōpae‘ula MU north along the Upper Kawai Iki ridge and the Lower Kawai 
Nui ridge. The focus of these surveys was to locate outlying individuals of A. sowerbyana to use 
in comparison to the other populations.  
 
One of the areas revisited was A. sowerbyana KLO-R ‘Freckled Tooth Ridge’, along the ridge 
between Kawai Nui and Kawai Iki gulches.  Seven A. sowerbyana were counted here in August 
2002 however during the recent survey no live snails were found, only old flagged trees were 
relocated.  New areas, near the summit, were also surveyed and no snails were observed.   One 
ridge further south is A. sowerbyana KLO-K ‘Bloody Finger’, where a total of 34 snails were 
counted in March 1999.  Only one snail was seen in May 2007.  Achatinella sowerbyana does 
seem to be in decline in these particular areas west of the Ko‘olau summit.  Generally speaking, 
the habitat is still very native and appears to be suitable snail habitat.    
 
Achatinella apexfulva 
 
In the spring of 2005, NRS collected the last known extant individual of A. apexfulva to add to 
the captive propagation population.  This lab population currently consists of eight individuals 
(Table 3.2.1).  These few individuals are the only representatives of this species known and all 
were originally from or are progeny from a population that occurred in KLOA.  Therefore, NRS 
are committed to continuing surveys for this species each year.  The relatively low elevation 
habitat known for this species is largely undersurveyed.  NRS will focus on the most recently 
known wild sites for surveying (OIP 2005).  
 
Achatinella byronii  
 
The UH Sail Lab has one population of this species, comprised of 28 individuals, represented 
with mixed individuals from the Schofield-Waikāne Trail below KLO-E.  This lab population 
was started in 1997.  As the OIP will be finalized this year, NRS may want to refresh the lab 
population and begin collecting snails from some of the other designated Manage for Stability 
populations such as KLO-B, ‘Poamoho Cabin’ and KLO-F, ‘North of Poamoho Trail’ (Figure 
3.2.2).  
 
NRS did not conduct extensive surveys at A. byronii populations in the last year. However, a 
new site, KLO-I ‘East of 290’, was discovered this year.  Population estimate information is 
listed in Table 3.2.3.  The total numbers of individuals is greater than reported in the past, 
however, this is due more to the use of the database in keeping track of the most accurate counts 
rather than the most recent population visits (i.e. in some cases NRS have searched more 
thoroughly).  This database allows us to track the ‘manage for stability’ populations and the level 
of threat control currently being conducted at these sites.  
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The database shows that approximately 250 A. byronii occur within proposed or existing MUs.  
The Poamoho PU is partially protected within a rat baiting grid that is restocked every six weeks 
along the Poamoho summit.  This population is protected from rats and contains approximately 
45 individuals.  Table 3.2.5 shows the amount of bait taken and rats trapped since the baiting grid 
was established.  This year NRS visited this bating grid six times (double last year) and 700 bait 
blocks were available over the year.  NRS doubled the number of snap traps in the area, 
however, the number of rats snapped was less than the three previous years. Figure 3.2.2 shows 
the populations that fall within proposed MUs and/or that NRS plan to Manage for Stability. 

 
Figure 3.2.3 Management Designations for Achatinella byronii 
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Table 3.2.3 Numbers of Achatinella byronnii individuals by Geographic Unit. 
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NRS continue to weigh the benefits and the cost of setting up a rodent control grid in the North 
Kaukonahua PU, which contains approximately 175 individuals. This area is relatively intact and 
highly susceptible to damage by NRS walking extensively in the area. However, the population 
is not well monitored at this time.  In order to monitor for signs of increased rat predation, a 
ground shell plot would need to be checked on a quarterly basis. This frequency of monitoring 
may be just as destructive as restocking a rat baiting grid every six weeks and reading a ground 
shell plot once a year.  NRS plan to visit this site in the next quarter to set up a ground shell plot 
and will assess the feasibility of setting up a rodent control grid relative to the impact to this 
sensitive habitat. 
  
As mentioned (OANRP 2006), NRS have observed a dramatic reduction in snail numbers in the 
SBER populations.  Up to 14 individuals were observed in the past at this site.  Our current 
observations are just six individuals over four locations.  NRS plan to revisit these sites in the 
next year and conduct surveys in the area to try to locate snails.  
 
Table 3.2.4 Poamoho (KLO-F) Achatinella byronii Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount 
of Bait 
Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of Site 
Visits 

2003-2004 8 384 321 84% 9 8 3 
2004-2005 8 768 264 34% 18 8 6 
2005-2006 8 384 248 65% 7 8 3 
2006-2007 8 700 255 36% 6 16 6 

*This baiting grid also protects A. lila (KLO-B) and A. sowerbyana (KLO-C, FF, and GG). 
 
Achatinella bulimoides 
 
NRS have not conducted additional surveys for A. bulimoides this year.  However, there are large 
portions of the windward Ko‘olau cliff habitat that have not been surveyed and NRS expect to 
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find additional individuals.  At this time NRS know of two in situ individuals.  Once surveys are 
sufficient enough to determine the geographical extent of this population, a stabilization plan will 
be developed. The most recent locations of this species are known from within the KLOA AA 
but just outside the KLOA boundary within Kamehameha Schools land in Punalu‘u.  
 
The lab populations of A. bulimoides have grown significantly in the last year. From the ten 
originally collected in 2006 there are now 34 individuals.  This growth rate is high compared to 
some of the older lab populations of other species.   
 
Achatinella concavospira 
 
This species was not considered in either the MIP or OIP consultation.  Over the last year some 
A. concavospira-like individuals within SBS were determined to be A. mustelina. Therefore, this 
species will continue to be outside of the MIP or OIP consultations.  However, it is possible that 
this taxon may be discovered on Army lands in the future therefore it benefits NRS to track its 
status when observed while doing other management activities. Over the last year NRS have 
assisted the UH Snail Lab in the location of other known A. concavospira spots in the southern 
Wai‘anae Mountains while conducting other work or on volunteer time.  These populations are 
all located within The Nature Conservancy of Hawai‘i's (TNCH) Honouliuli Preserve where 
NRS conduct other rare species or ecosystem management.  NRS will continue to support the 
UH Sail Lab and TNCH in their conservation efforts for this species as it is extremely rare and is 
sometimes observed by NRS in the course of other management activities.  
 
Achatinella lila 
 
This species has been extremely prolific in captive propagation and the lab currently maintains 
470 individuals. The lab population was originally founded with individuals collected from the 
Poamoho summit area.  This year the UH Snail Lab determined the lab population was large 
enough to support a reintroduction near the original collection site within KLOA.   
Prior to the reintroduction, the UH Snail Lab would like to compare the level of genetic variation 
of lab populations versus the wild populations and the degree of similarity within and among the 
lab and wild populations.  In this reporting period, UH Snail Lab staff collected genetic samples 
from the Poamoho Summit area and from the Punaluu cliffs area to facilitate this comparison.  
This information will aid the development of a reintroduction plan for this species.  This year 
NRS helped to organize a reintroduction protocol, to be utilized by any conservation agency, in 
anticipation of an Achatinella mustelina reintroduction in the Wai‘anae Mountains and will be 
used as a template for this A. lila reintroduction (see Appendix 3-2). 
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Table 3.2.5 Numbers of Achatinella lila individuals by Geographic Unit 

 
 
NRS have been baiting along the ‘Ōpae‛ula summit KLO-C and D and North of the Poamoho 
Trail KLO-B sites. Rat control data for these sites is presented in Tables 3.2.4 and 3.2.6.  NRS 
restocked the bait in the ‘Ōpae‛ula area this area seven times over the past year and snapped a 
total of 25 rats.  The increase in rats snapped is reflective of an increase in visits rather than a 
detected increase in rat numbers in the area. Figure 3.2.3 below shows that NRS plan to manage 
all known locations of A. lila for stability.  
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Figure 3.2.4 Management Designations and Geographic Units for Achatinella lila 
 
 Table 3.2.6 ‘Ōpae‘ula Summit (KLO-D) A. lila Rat Control Data 

 
 
 
 
 
 
 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount 
of Bait 
Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of Site 
Visits 

1999-2000 4 88 18 20% 7 10 3 
2000-2001 4 208 135 65% 0 10 4 
2001-2002 4 400 159 40% 5 10 5 
2002-2003 4 240 87 36% 9 10 4 
2003-2004 4 320 255 80% 13 10 4 
2004-2005 4 400 130 33% 17 10 5 
2005-2006 4 400 171 43% 12 10 5 
2006-2007 4 560 177 32% 25 10 7 
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Achatinella livida 
 
Table 3.2.7 Numbers of Achatinella livida individuals by Geographic Unit 

 
 
This species is currently known from only three sites in the Ko‘olau Mountains, referred to as 
Radio, Crispa and Northern by NRS.  All three sites are designated as Mange for Stability and all 
three have ongoing rat control since 2000.  NRS have not observed any snails on flagged trees 
within the grid over the last year. The baiting grid at Radio (KLO-C) will be revaluated with 
NRS staff most familiar with the distribution of this species at the site in the coming year.  Bait 
station and snap trap locations will be relocated if necessary.  Bait take has remained relatively 
similar over the past four years at these three sites (see Tables 3.2.8-10). A ground shell plot was 
installed at Crispa (KLO-A) in November 2006.  The ground shell plot did not reveal any rat 
predated shells or high numbers of fresh dead individuals.  This plot will be re-read annually 
because this site is currently baited for rats. NRS will continue to restock baiting grids twice per 
quarter (weather permitting) at each site in the coming year.  Each baiting grid will be revaluated 
and expanded if necessary. 
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This year preliminary genetics research comparing sequences from CO1 (the same gene used to 
delineate ESUs in A. mustelina) revealed that individuals sampled within populations of A. 
sowerbyana, near the ‘Ōpae‘ula exclosure, contained A. livida haplotypes. This is data is 
interesting because to date no A. livida have been known from this area and all snails sampled 
had dextral chirality, which is characteristic of A. sowerbyana in this area. However, more 
research needs to be conducted before any conclusions are made. 
 
The UH Snail Lab currently has 122 individuals of A. livida that originated from two collections 
of individuals from Radio (KLO-C).  NRS will consider starting additional lab populations for 
the other two extant populations, Crispa (KLO-A) and Northern (KLO-B).  NRS reported that no 
snails had been observed at Northern (KLO-B) since 2004. However, this year two snails were 
seen while NRS were restocking baiting grid.  NRS plan to do an overnight trip to count snails at 
this site in the coming year.  Once a thorough search is conducted at this site NRS will determine 
how many individuals should be brought into the lab to secure the population from extinction.  
 

 
Figure 3.2.5 Management Designations and Geographic Units for Achatinella livida 
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Table 3.2.8 Koloa (KLO-B, Northern LZ) Achatinella livida  Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount 
of Bait 
Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of Site 
Visits 

2000 2 64 60 94% 0 0 3 
2001 4 192 192 100% 0 0 5 

2001-2002 4 368 357 97% 0 0 6 
2002-2003 6 352 320 91% 10 6 4 
2003-2004 6 384 312 81% 10 12 4 
2004-2005 6 672 343 51% 34 12 7 
2005-2006 6 384 201 52% 12 12 4 
2006-2007 6 480 244 51% 18 12 5 

 
Table 3.2.9 Kawai Iki II (KLO-C, Radio LZ) Achatinella livida Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount 
of Bait 
Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of Site 
Visits 

2000 2 96 32 33% 0 0 3 
2001 4 144 128 89% 0 0 5 

2001-2002 4 320 314 98% 0 0 5 
2002-2003 6 286 284 99% 1 6 4 
2003-2004 6 380 313 82% 9 12 4 
2004-2005 6 669 208 31% 29 12 7 
2005-2006 6 288 241 84% 11 12 3 
2006-2007 6 480 149 31% 14 12 5 

 
Table 3.2.10 Kawai Iki I (KLO-A, Crispa LZ) Achatinella livida Rat Control Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount 
of Bait 
Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of Site 
Visits 

2000 2 96 72 75% 0 0 3 
2001 4 204 148 73% 0 0 5 

2001-2002 4 320 291 91% 0 0 5 
2002-2003 6 256 256 100% 6 6 4 
2003-2004 6 352 287 82% 13 12 4 
2004-2005 6 636 248 39% 34 12 7 
2005-2006 6 288 250 87% 14 12 3 
2006-2007 6 472 259 55% 17 12 5 
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Achatinella sowerbyana 
 
Table 3.2.11 Numbers of Achatinella sowerbyana by Geographic Unit 
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This is by far the most abundant Achatinella species in the OIP. The numbers of individuals for 
this species reported for this year reflect the use of the NRS snail database and our ability to 
track the most current, accurate survey numbers and the preliminary population estimates for two 
study sites. Therefore, this year the total number of individuals for this species is 783 counted 
over 37 sites, while last year we reported a total of 335 individuals.  Of these, 302 individuals (at 
20 sites) occur within the ‘Ōpae‘ula-Helemano fenced management unit. Approximately 284 at 
‘Ōpae‘ula-Helemano and 177 individuals along the Poamoho summit are protected within rat 
baiting grids. Figure 3.2.4 shows the current management designations for this species.  
 
NRS currently fund UH PhD Candidate, Kevin Hall, who is studying the genetic variation, 
population size, and dispersal patterns of both A. sowerbyana and A. mustelina.  This research 
will provide much needed information on the most common Achatinella remaining in the 
Ko‛olau Mountains.  This research has provided higher population estimates for the KLO-J 
‘Hypalon site’ within GU-C ‘Opaeula-Helemano’, and KLO-C ‘North of Poamoho Summit site’ 
within GU-D ‘Poamoho Summit & Trail’.  However, these preliminary estimates do not account 
for mortality rates (see discussion in A. mustelina).  In previous visits NRS had counted 69 
individuals at KLO-J and 42 at KLO-C, compared to Kevin’s estimates of 232 and 177 for the 
two sites respectively.  This data may indicate that current counts by NRS for Achatinella in 
other sites are under estimates. 
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Figure 3.2.6 Management Designations for Achatinella sowerbyana 
 
NRS stated in the 2006 report that the morphology of A. livida from the three known sites was 
very similar to what was classified as A. sowerbyana by the Bishop Museum Malacology 
collections department.  Unexpectedly, this genetic analysis also showed that some A. 
sowerbyana occurring within the Peahinaia summit area may be more genetically similar to A. 
livida populations found over 3,000 meters to the north (Bjorn Erickson pers. comm. 2007).  
These individuals within Pe‘ahinai‘a are found within just a few meters of individuals that are 
genetically A. sowerbyana. This finding was considered unusual and NRS accompanied UH 
Snail Lab staff to do more genetic sampling in this area, although a second analysis provided the 
same conclusion. NRS will continue to treat all the morphologically identified A. sowerbyana at 
Pe‘ahinai‘a as one population.  However, NRS continue to fund genetic analyses by the UH snail 
Lab to determine ESUs.  It is anticipated that microsatellite analyses will provide more insight.  
 
The UH Snail Lab reports that there are just 21 A. sowerbyana individuals representing two wild 
populations, KLO-T ‘near from pond’ (lower Pe‘ahinaia) and KLO-F ‘Pe‘ahinai‘a trail 
pulcherrima-like snails’ (Upper Pe‘ahinaia).  These lab populations were established over 10 
years ago and appear to be in decline. NRS feel it may be necessary to recycle some of the adult 
lab snails back into the wild while replenishing the lab stock with additional snails. Also, NRS 
may want to establish additional lab populations and will follow collection guidelines.  
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There are several sites within KLOA that NRS are currently baiting for rats and monitoring 
regularly.  The summit of Poamoho (KLO-C) and the ‘Ōpae‘ula to Helemano MU (KLO-L, M, 
J) are restocked every six weeks. Recent surveys revealed high numbers of individuals which 
reinforces the need for rat control in the most recent rat bait grid (Table 3.10).  
 
Table 3.2.12 ‘Ōpae‘ula to Helemano (KLO-L, 290) Achatinella sowerbyana Rat Control 
Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of 
Site 

Visits 
2002 6 96 33 34% 0 0 2 

2002-2003 6 480 175 36% 9 6 5 
2003-2004 6 384 182 47% 3 12 4 
2004-2005 6 576 133 23% 30 12 6 
2005-2006 6 552 177 32% 22 12 6 
2006-2007 6 625 124 20% 15 12 7 

 
Table 3.2.13 ‘Ōpae‘ula to Helemano (KLO-M, Shaka) Achatinella sowerbyana Rat Control 
Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of Site 
Visits 

2002 6 96 59 61% 0 0 3 
2002-2003 6 288 137 48% 4 6 5 
2003-2004 6 384 246 64% 2 6 4 
2004-2005 6 576 118 20% 32 12 6 
2005-2006 6 480 216 45% 9 12 5 
2006-2007 6 636 233 37% 14 12 7 

 
Table 3.2.14 ‘Ōpae‘ula to Helemano (KLO-J, Hypalon) Achatinella sowerbyana Rat 
Control Data 

Year # of Bait 
Stations 

Amount of 
Bait 

Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of Rats 
Trapped 

# of 
Snap 
Traps 

# of Site 
Visits 

2005-2006 6 288 216 75% 7 6 4 
2006-2007 6 672 294 44% 23 6 7 

 
 




