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2005 Makua Implementation Plan Status Report 

Chapter 4: Achatinella mustelina Management 
 
The Final MIP Stabilization Plan for Achatinella mustelina was revised last year to better reflect 
the results of genetics studies by Holland and Hadfield (2002) (See previous report for details of 
this revision).  The plan is based on the concept of Evolutionarily Significant Units, or ESUs.  
Each ESU is considered a genetically distinct group.  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 8 field locations to encompass the extant range of the species 

and to include all 6 genetically defined Evolutionarily Significant Units (ESUs).   
• Achieve at least 300 snails per population. 
• Maintain captive populations for each of the 6 recognized ESUs. 
• Control all threats at each managed field location. 
 
Grouping of A. mustelina sites into ESUs 
 
ESUs A through F show the relative positions of each in the Wai‘anae Mountains of Western     
O‘ahu (Figure 4.1).  The threshold of genetic distance separating the ESUs was set at 1%.  Each 
population within a given ESU has a pairwise genetic distance to all other populations with the 
same ESU of 1% or less.  Note that the exact shape and extent of each ESU is unknown and 
therefore the contours depicted are partially theoretical. 
 
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 the two extra sites in ESU-B and ESU-D.  
All sites are represented and the snails are prospering at Dr. Hadfield’s laboratory at the 
University of Hawai‘i.  Detailed snail captive propagation data is shown in Table 4.13 below.   
All eight field sites proposed as “manage for stability” are represented and growing in the 
laboratory.   
 
A number of issues related to the MIP captive propagation requirement for Achatinella mustelina 
needs to be discussed at the next MIT meeting.  The following is a list of important discussion 
topics: 
1. Determine the goals of captive propagation as they relate to the MIP requirements.  These 

goals may include two primary topics: 1. Maintenance of captive stock in case of cataclysmic 
decline in the wild. 2. Reintroduction and augmentation using lab-reared snails to wild sites. 

2. Based on these goals, re-visit minimum collection requirements for establishing lab 
populations.   

3. Based on these goals, re-visit site selection for obtaining collections. 
4. Establish minimum lab population maintenance requirements as far as supplementing lab 

populations with new wild collected snails.  The MIP stabilization plan states that lab 
populations should be refreshed with wild stock if the lab population remains small or 
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declines in numbers.  The current USFWS permit does not allow this activity.  Discuss 
modifying the USFWS permit to include this activity.  Discuss whether this activity is 
biologically sound (for extant populations, too). 

5. Discuss logistical problems of the successful population growth of some species; what is the 
burden of caring for rising numbers of snails?.  The MIP states that lab populations should be 
refreshed every two years and lab-reared snails rotated back out into the wild.  The current 
USFWS permit does not allow this activity.  Discuss modifying the USFWS permit to 
include this activity. 

6. Based on these goals, discuss reintroduction of lab snails.  What protective measures should 
be in place?  What sites hold most potential?  How viable are reintroductions/augmentations 
as a restoration measure.  What is the progress of Achatinella predator control? 

7. Genetic sampling of lab populations to ensure adequate genetic variability over time. 
 
Table 4.1 below shows detailed A. mustelina captive propagation data.  Only one initial 
collection was made to establish each of the lab populations listed in the table.  Any increases in 
the number of snails in each population are the result of births in the lab, not additional wild field 
collections.  Initial collections were made from Peacock Flats and Palehua by Dr. Hadfield.  NRS 
consider these lab populations “old” and worthy of MIT discussion.  All the other populations 
were established through collections made by NRS in 2003, in combination with tissue-sample 
collections for genetics work.  NRS collected on average 10 mature snails from each site.  This is 
the minimum number recommended by Dr. Hadfield for starting a lab population.  At no time 
did the MIT methodically select field sites from which to collect nor did the MIT discuss what 
the ideal number of snails would be for establishing a captive population.  These issues are raised 
in the list above for MIT discussion and the table below can serve as background information to 
begin these discussions.    
 
The lab populations all show the same general trends.  After 2+ years of being in captivity, many 
of the adults have died and some population numbers have leveled off.  Total population growth 
was more dramatic during the first year of captivity and has since slowed down.  This may be 
due to the snails reaching a maximum capacity for the space available, becoming inbred, or 
perhaps the faster growth during the first year is anomalous and slower growth is normal. 
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Table 4.1 Captive Snail Propagation Data 
Population ESU Date # juv # sub # adult # Individuals 

Peacock Flats A 1995 0 0 6 6 
  2003    21 
  4/2004 8 11 4 23 
  9/2005 3 15 2 20 
‘Ōhikilolo – Makai B1 2003 0 0 10 10 
  4/2004 27 0 4 31 
  9/2005 15 8 0 23 
‘Ōhikilolo – Mauka B1 2003 0 0 8 8 
  4/2004 20 5 0 25 
  9/2005 18 7 0 25 
Ka‘ala S-ridge B2 2003 0 0 10 10 
  4/2004 23 0 6 29 
  9/2005 19 5 0 24 
Alaiheihe Gulch C 2003 0 0 10 10 
  4/2004 14 4 4 22 
  9/2005 17 5 0 22 
Palikea Gulch C 2003 0 0 10 10 
  4/2004 20 1 8 29 
  9/2005 22 3 2 27 
Schofield Barracks West Range C 2003 0 0 10 10 
  4/2004 15 1 9 25 
  9/2005 27 1 2 30 
10,000 snails D1 2001 0 0 9 9 
  2003    29 
  4/2004 8 22 0 30 
  9/2005 3 24 3 30 
Schofield South Range D1 2003 0 0 10 10 
  4/2004 18 7 3 28 
  9/2005 24 2 0 26 
Mākaha  D2 2003 0 0 10 10 
  4/2004 16 0 8 24 
  9/2005 23 0 3 26 
‘Ēkahanui  - Hono‘uli‘uli E 2003 0 0 10 10 
  4/2004 24 2 3 29 
  9/2005 22 2 0 24 
Palehua Gulch F 4/2004 4 0 4 8 
  9/2005 20 0 2 22 

TOTAL  2003    138 
TOTAL  4/2004    303 
TOTAL  9/2005    299 
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Monitoring  
 
Monitoring is an important tool for determining the effectiveness of management.  This year a 
Mākua Monitoring Program Manager was hired to increase monitoring efforts and guide 
adaptive management.  The complete list of questions related to MIP management is very long, 
but the following is a short list of high priority rare snail related monitoring questions.  NRS will 
need to prioritize monitoring tasks. 
 

o Determine best method for detecting predation at ESUs without conducting a ground 
search across the entire population. 

o Monitor population trends over time at each ESU and determine monitoring frequency.  
In the last year, NRS did not complete ESU wide monitoring with the expectation that the 
Monitoring Manager would address this issue soon after beginning work.   The ESU 
numbers have changed for only these ESUs where additional surveys were conducted 
since last MIP status update. 

o Most effective rat grid set-up in topographically challenging areas (like Pu‘u Kaua) 
o Densities of Euglandina rosea. 
 

Research 
 
For the next three years, NRS will be supporting a PhD student from the University of Hawai‘i 
investigating Euglandina rosea in Hawai‘i.  He will be trying to discern what E. rosea is eating 
in Hawai‘i and why; if there are particular chemicals in the prey slime trails that is preferred; and  
can this be mimicked and used in controlling E. rosea.  He will be investigating the use of native 
habitats to determine if there are any predictable patterns that can be useful in control.  Finally, 
his research we hope will culminate in the development of a control method for E. rosea in 
Hawai‘i’s native environment.  An example of needed research related to Achatinella 
stabilization is the development of a protocol for reintroducing Achatinella from lab-reared 
populations, and for moving snails from an unprotected field site to a protected field site close 
by. 
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Figure 4.1 Grouping of 18 A. mustelina sampling sites into 6 ESUs 
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ESU Updates 
 
NRS staff did not census snails in most ESUs this past year in anticipation of a more extensive 
monitoring program being established with the new Monitoring Program Manager. 
 
ESU-A Pahole to Kahanahāiki 
 
Table 4.2 Number of snails counted from ESU-A 

Size Classes Pop Ref Code No. 
Snails 
 

Date of 
Survey Lg Med Sml 

Pigs/ 
Goats 

Weeds Rats Euglandina 

MMR-A 
Kahanahāiki 
Exclosure 

70 7/04 50 20  
X X X X 

MMR-B 
Pahole 
Exclosure 

39 5/04 39   
X X X X 

MMR-C 
Maile Flats 

157 8/04 117 32 8 X X X X 

TOTAL    266 206 52 8 
This table shows the number of snails, size classes, and threats to the snails in ESU A.  Shaded boxes indicate that the threat is being controlled, 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
 
Management for ESU-A is well underway.  This ESU encompasses a relatively flat forest area in 
the uppermost reaches of Kahanahāiki Valley.  This area is dominated by Acacia koa and 
Metrosideros polymorpha.  Nestigis sandwicensis is a common canopy tree in this area and is 
favored by A. mustelina.  Two exclosures were constructed to protect snails from rats and 
Euglandina rosea.  The numbers of snails in these exclosures from recent observations in 2004 
are shown above as MMR-A and MMR-B.  MMR-C is the area between the two existing 
exclosures called “Maile Flats.”  Achatinella mustelina from ESU-A are represented at the UH 
Tree Snail Laboratory. 
 
MMR-A Kahanahāiki Exclosure 
For a detailed description of the Kahanahāiki snail exclosure, see PCSU Report 2003.  NRS 
continue to maintain and monitor the Kahanahāiki exclosure by re-stocking salt troughs, 
ensuring the electrical barrier is functioning and conducting rat control outside the exclosure.  
Rat control is conducted just outside the perimeter because rat damage on Nestigis sandwicensis 
fruit has been observed inside the exclosure in past years.  Bait is not placed within the exclosure 
because NRS do not want to provide any attractant that may encourage rats to cross the barrier. 
Rat control has been conducted regularly since 2001 and a total of six bait stations and 12 snap 
traps are deployed.  Weeds have been controlled in the forest around the exclosure.  Nestigis 
sandwicensis has been out-planted inside the enclosure and Acacia koa has been out-planted 
outside. 
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Table 4.3 Kahanahāiki Snail Enclosure Rat Bait Grid Information 
Year # of Bait 

Stations 
Amount of 

Bait Available
Amount of 
Bait Taken 

% Bait 
Taken 

# of rats 
trapped 

# of snap 
traps 

2002 4 351 309 88% 1 6 
2002-2003 6 832 591 71% 7 6 
2003-2004 6 958 732 76% 16 12 
2004-2005 6 882 546 62% 38 12 

 
 
The Kahanahāiki exclosure design has some flaws.  The exclosure is not impenetrable to rats but 
does seem to be keeping out Euglandina rosea. The current design requires significant overstory 
clearing along the perimeter of the exclosure, which has created a drier environment within the 
exclosure.  NRS discovered A. mustelina in the salt trough of the snail exclosure; it is unclear if 
these snails were trying to enter or exit the exclosure.  The electrical barrier is often not 
functioning properly because of rain or shorts in the system and requires monthly monitoring.  
NRS will investigate exclosure design modifications to address these issues before constructing 
any new exclosures. 
 
PAH-A Pahole Exclosure 
For a detailed description of the Pahole snail exclosure, see PCSU Report 2003.  The Pahole 
snail exclosure is located on the Pahole side of the boundary between Mākua Military 
Reservation and the State of Hawai‘i’s Pahole Natural Area Reserve.  This site protects what 
remains of the population, which University of Hawai‘i researchers have been studying for over 
20 years.  On 27 May 2004, a total of 39 A. mustelina were counted.  Euglandina rosea have 
penetrated the exclosure barriers in the past, killing A. mustelina.  Significant predation was 
documented and live E. rosea were found within the exclosure.  Over the past year NRS have 
been assisting the State of Hawai‘i with maintenance of this exclosure.  No additional surveys 
have been conducted at this site. 
   
MMR-C Maile Flats 
NRS conducted a thorough survey of the Maile Flats area in 2004 to determine if there are any 
large concentrations of snails outside the existing exclosures.  NRS surveyed each of six 
quadrants that were installed for facilitating weed control efforts in the area.  The results of this 
survey are displayed spatially on the map (Figure 5.5).  A. mustelina is most dense in the area 
just outside the Kahanahāiki snail exclosure and to the south, into the Southeast and Southwest 
quadrants.  NRS spent a considerable amount of time weeding in Maile Flats this year.  A total of 
508 hours were devoted to ecosystem-wide management of weeds and a lot of this work included 
primary snail habitat.  Understory weeds were targeted in these efforts, as well as Psidium 
cattleianum and Schinus terebinthifolius.  This also included controlling grasses like Melinus 
minutiflora and Paspalum conjugatum.  Controlling these grasses will help to improve the 
general habitat and reduce the threat of fire. 
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Figure 4.2 ESU-A/ Population MMR-C Survey Results 
 
In 2004, one live E. rosea was exterminated in the middle-west quadrant near the Kahanahāiki 
snail exclosure.  There was some concern among NRS that rat control designed to take predatory 
pressure off A. mustelina may actually relieve pressure on E. rosea and at the same time serve as 
an E. rosea attractant.  Since then, NRS has been tracking numbers of any E. rosea found in bait 
stations and only one was reported from ESU-E.  The monitoring manager will begin work to 
develop methods to monitor for evidence of predation at Kahanahāiki, as there is detailed and 
recent survey information, and the need for detection is great. 
 
ESU-B1 ‘Ōhikilolo 
 
ESU-B is very large.  Based on Holland’s 2002 genetic studies, it stretches from East Makaleha 
to ‘Ōhikilolo Ridge.  Because of this large range, two sites have been chosen within the ESU for 
management.  These two sites are at the extreme ends of the ESU perimeter; they are the East 
Branch of East Makaleha (B2) and ‘Ōhikilolo (B1).  The habitat present at these two sites is very 
different (See 3.2.c. ESU-B2 for a description of the E. Makaleha site).  Most of the snails found 
on ‘Ōhikilolo ridge are located within the ‘Ōhikilolo Forest Patch.  This forest area is dominated 
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by Acacia koa and Metrosideros polymorpha.  Myrsine lessertiana is also a common canopy tree 
on ‘Ōhikilolo and is favored by A. mustelina.  Myrsine lessertiana underwent a dieback 3-5 years 
ago and is still recovering.  Other common native trees at ‘Ōhikilolo preferred by A. mustelina 
are Melicope spp. and Freycinetia arborea.  The number of snails and threats at each of these 
sites are presented in the tables below.  Achatinella mustelina from ESU-B1 are represented at 
the UH Tree Snail Laboratory.   
 
Table 4.4 Number of Snails Counted at ‘Ōhikilolo 

Size Classes Pop Ref Code No. 
Snails 

Date of 
Survey Lg Med Sml 

Pigs/ 
Goats 

Weeds Rats Euglandina 

MMR-E ‘Ōhikilolo 
Mauka 

77 8/04 62 8 7 X X X  

MMR-F ‘Ōhikilolo 
Makai 

210 8/04 166 22 22 X X X  

MMR-G Alemac Site 24 6/04 20 4  X X X  
MMR-H ‘Ōhikilolo   
Ko‘iahi Prikaa Reintro 
Site 

16 6/04 9 7  
X X X ? 

MMR-I Hedpar MMR-
B 

2 5/04 2   X X X X 

MMR-J Lower Mākua 
site above camp 

5 11/00    X    

TOTAL   334 259 41 29 
This table shows the number of snails, size classes, and threats to the snails in ESU B1.  Shaded boxes indicate that the threat is being controlled, 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
 
 
MMR-E ‘Ōhikilolo Mauka 
The ‘Ōhikilolo Mauka population encompasses the full area in the main forest patch “mauka” of 
the landing zone.  NRS observed significant rat predation at this site and began controlling rats in 
1999.  The rat control currently being conducted is centered on a high-density snail area and the 
rare plant Pteralyxia macrocarpa.  Euglandina rosea has never been observed at this site.  
Extensive surveys were conducted in August of 2004 and many snails were discovered outside 
the previous grid but are now included within the new grid.  The rat bait stations in this area were 
expanded from six to fourteen.  Currently this site is protected from pigs because of the steep 
cliffs that surround the site.  No evidence of goat browse has been observed in the last three 
years.  Weed control at this site is extensive and on-going. 
 
MMR-F ‘Ōhikilolo Makai 
The ‘Ōhikilolo Makai site consists of the main forest patch “makai” of the landing zone.  The 
core of the A. mustelina population on ‘Ōhikilolo ridge is located here.  NRS have observed 
significant rat damage to Prichardia kaalae fruit near ‘Ōhikilolo Makai snails and are currently 
baiting to protect this fruit year-round.  Prior to 2004, no evidence of rat predation on snails had 
ever been observed at this site.  Hence, rat control was never initiated at ‘Ōhikilolo Makai.  
However, comprehensive snail monitoring was conducted at ‘Ōhikilolo Makai in the summer of 
2004 and eight rat-predated shells were observed at one site.  All the predated shells were 
estimated to be between three and six years old.  With this new information, NRS will reconsider 
the best rat control/monitoring approach for this site.  No evidence of Euglandina rosea has ever 
been observed at this site.  NRS will continue to monitor for E. rosea in ‘Ōhikilolo Makai.  Care 
will be taken to ensure that all field gear that has the potential to transport E. rosea to the site is 
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strictly inspected.  This site is completely protected from ungulates by fencing. Extensive canopy 
and understory weed control efforts are underway. 
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Figure 4.3 ESU-B1 ‘Ōhikilolo 
 
 
MMR-G Alectryon macrococcus Site 
MMR-G is located just below the ‘Ōhikilolo makai forest patch at the 2,700 ft. elevation.  The 
endangered plant Alectryon macrococcus var. macrococcus is also located at this site and most 
of the A. mustelina found were observed on these plants.  NRS have not observed rat damage to 
A. mustelina at this site although NRS are certain that rats are present in the area.  NRS have not 
observed E. rosea at this site either. NRS will continue to monitor for any signs of predation.  
Currently this site is protected from pigs by the steep cliffs that surround the site.  The threat 
from goats is minimal as none have been detected recently in the valley.  Although some weed 
control has been conducted at this site, extensive weed control will be more difficult than at the 
Mauka and Makai sites because of the steep terrain and high density of weed cover. 
 
MMR-H ‘Ōhikilolo Ko‘iahi  Pritchardia kaalae Reintroduction Site 
MMR-H is located at 2,200 ft., just below the junction of ‘Ōhikilolo and Ko‘iahi  ridges.  This 
forest was dominated by Myrsine lessertiana, which experienced a large dieback over the last 
five years.  NRS outplanted the endangered plant Prichardia kaalae into this site and have 
conducted weed control in combination with this effort.  Observations indicate that M. 
lessertiana is making a comeback as numerous juveniles are now seen in areas previously 
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dominated by this taxon.  NRS have not observed rat damage to A. mustelina at this site although 
NRS are certain that rats are present in the area.  NRS will conduct ground searches for E. rosea 
shells at this site in order to determine if it is present.  Currently MMR-H is protected from pigs 
because of the steep cliffs that surround the site.  The site has a small population of A. mustelina 
(16 counted in 6/04). 
 
MMR-I Hedyotis parvula MMR-B Site 
Only two individual A. mustelina have been observed at MMR-I, elevation 2,700 feet. They were 
found in a tiny forest pocket on steep cliffs by NRS on rappel.  The small forest pockets are 
dominated by Metrosideros tremuloides.  This site does not have much management potential as 
the terrain is too steep and remote to conduct meaningful management.  In addition, Schinus 
terebinthifolius is abundant within most small forest pockets in this habitat type.  Rats and E. 
rosea are both present at this site, but because of the terrain, no ground searches have been 
conducted for predated shells.  The A. mustelina habitat at this site has certainly benefited from 
goat control. 
 
MMR-J Above Lower Mākua campsite 
This site was only surveyed one time in November 2000.  NRS has not camped at the Lower 
Mākua site for a few years and therefore, has not been able to re-monitor this site. 
 
 
ESU-B2 East Branch of East Makaleha 
 
Table 4.5 Number of Snails Counted in East Branch of East Makaleha 

Size Classes Pop Ref Code No. 
Snails 

Date of 
Survey Lg Med Sml 

Pigs/ 
Goats  

Weeds Rats Euglandina 

LEH-C (culvert 
69) 

83 6/04 83   X  X ? 

LEH-D (culvert 
73) 

19 6/04 10 3 6 X  X ? 

TOTAL   102 93 3 6 
This table shows the number of snails, size classes, and threats to the snails in ESU B2.  Shaded boxes indicate that the threat is being controlled; 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
 
 
LEH-C Culvert 69 
The Culvert 69 site is off of the Mt. Ka‘ala Access Road.  The forest is wet, fairly intact, and 
dominated by Metrosideros polymorpha and Dicranopteris linearis.  Achatinella mustelina is 
found along the crest of the ridge that starts at culvert 69.  The ridge crest is moderately steep 
and narrow in most spots, less than 10 meters wide. The ridge quickly becomes steep off both 
sides.  Very few weedy plant species are found along the section of ridge where A. mustelina is 
found, between 3,000 and 3,400 ft.  Little effort was been spent looking for evidence of E. rosea 
and rat predation, but in the limited time spent, no evidence was found.  NRS will survey the 
eastern boundary ridge along the Dupont trail within this branch of East Makaleha to determine 
the presence and abundance of snails there.  NRS will expand management of this area by first 
developing fencing plans.  Achatinella mustelina from ESU-B2 are represented at the UH Tree 
Snail Laboratory. 
 
LEH-D Culvert 73 
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The Culvert 73 site is off of the Mt. Ka‘ala Access Road.  The forest is wet, fairly intact, and 
dominated by Metrosideros polymorpha and Dicranopteris linearis.  Achatinella mustelina is 
found along the crest of the ridge that starts at culvert 73.  This ridge has characteristics similar 
to the ridge off of culvert 69.  Very few alien plant species are found along the section of ridge 
where A. mustelina is found, between 3,000 and 3,400 ft.  Little effort has been spent in the area 
looking for evidence of E. rosea and rat predation, but in the limited time spent no evidence was 
found.  NRS will place priority on developing fencing plans for this area and continue to survey 
to determine abundance and distribution of A. mustelina in the area. 
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Figure 4.4 ESU-B2 East Branch of East Makaleha 
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ESU-C Schofield Barracks West Range, Alaiheihe and Palikea Gulches 
 
Management for ESU-C is challenging.  The numbers of snails found at any one site within the 
ESU are few and the habitat quality is marginal.  Steep terrain and access issues related to 
entering Schofield Barracks West Range compound these challenges.  ESU-C was not managed 
prior to the MIP.  Originally, the SBW-A, B and C sites were going to be combined into one site 
for management.  Unfortunately, this site is difficult to access because of its location above the 
Schofield Barracks West Range (SBW) live-fire training area.  At the May 2004 MIT snail 
subcommittee meeting, a decision was made to survey the upper reaches of Manuwai gulch to 
find a manageable population, as this area is already slated for large-scale fencing.  
Unfortunately, only one snail was found.  Other proposals for management are discussed below.    
Achatinella mustelina from ESU-C are represented at the UH Tree Snail Laboratory. 
 
Table 4.6  Number of Snails Counted in ESU-C 

Size Classes Pop Ref Code No. 
Snails 

Date of 
Survey Lg Med Sml 

Pigs/ 
Goats 

Weeds Rats Euglandina 

SBW-A North  
Hale‘au‘au, Hame 
Ridge 

8 1/05 5 2 1 
X X X X 

SBW-B North 
Hale‘au‘au, one ridge 
north of Hame  

0 1/05    
X X X X 

SBW-C North 
Hale‘au‘au, just above 
Pouteria pair territory 

7 1/05 4 3  
X X X X 

SBW-P Stekaa site 10 1/05 3 7  X X X X 
ALI-B Western 
Palikea Gulch 

6 3/23/05 4 1 1 X X X X 

ANU-A Manuwai 
Gulch 

1  1   X X X X 

IHE-B Alaiheihe 
Gulch 

10 3/22/05 5 4 1 X X X X 

TOTAL    42 22 17 3 
This table shows the number of snails, size classes, and threats to the snails in ESU C.  Shaded boxes indicate that the threat is being controlled; 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
 
Schofield Barracks West Range-A, B, C, and P 
These four sites will be discussed collectively because their situations are similar and related.  
All of these sites are located in Hale‘au‘au gulch between 2,500 and 2,600 ft in elevation.  The 
habitat is infested with pigs.  This area is off-limits to hunters, therefore the pig population is un-
checked.  There are no fences installed here for snail management.  The high pig numbers 
facilitate the spread of Psidium cattleianum, which is a dominant canopy tree in the area.  Native 
forest areas have a very tall canopy in Hale‘au‘au, which is dominated by Metrosideros 
polymorpha.  The subcanopy is composed of Antidesma platyphyllum, Melicope spp., 
Cheirodendron platyphyllum and Elaeocarpus bifidus.  This area was proposed for management 
because the terrain is relatively flat in portions of this ESU and suitable for constructing snail 
exclosures similar to those in ESU-A.  However, since these exclosures require intense 
maintenance, Hale‘au‘au may not be suitable because of access restrictions.  This being said, if 
management of A. mustelina overlapped with management of other species in SBW, then 
adequate access may be possible to obtain.  The Oahu Biological Opinion (Oahu BO) mandates 



Chapter 4 Achatinella mustelina Management  4-14  

2005 Makua Implementation Plan Status Report 

that two species must be managed within SBW, Stenogyne kanehoana and O‘ahu ‘Elepaio.  In 
this last year, one new A. mustelina site was discovered in the south fork of Hale‘au‘au in a spot 
where the other two Oahu BO taxa are present. This is referred to in the table above as SBW-P.  
If substantial numbers of A. mustelina are found at the SBW-P site, rat baiting could be 
conducted in conjunction with O‘ahu ‘Elepaio predator control and a fence could be constructed 
to protect all three species together.  Additional surveys in the vicinity of the S. kanehoana in 
South Hale‘au‘au for A. mustelina are recommended.  Genetic analyses of tissue samples placed 
these snails in ESU-C, same as the other snails sampled in North Hale‘au‘au Gulch.  So far, a 
total of ten snails were counted here on 19 January 2005. 
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Figure 4.5 ESU-C Schofield Barracks West Range, Alaiheihe and Palikea Gulches 
 
ANU-A (Manuwai) 
Manuwai is one of the gulches in Lower Mt. Ka‘ala Natural Area Reserve (NAR).  Lower Mt. 
Ka‘ala NAR as a whole is characterized by very steep-walled gulches, which limit management 
options.  There are plans for a fence in Manuwai in order to protect some rare plant populations 
found there.  NRS theorized that A. mustelina could be managed in combination with these 
plants in one large fenced unit; however, based on the poor numbers of snails discovered during 
the survey conducted last year, NRS are re-evaluating again where and how to conduct 
management for A. mustelina in ESU-C.  Other sites in Lower Mt. Ka‘ala NAR are available for 
management.  More surveys will be conducted in other gulches within this portion of ESU-C in 
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order to determine if there are populations located in moderate terrain, within a healthy native 
forest.  If no other populations of snails are found, NRS may be forced to choose a site in SBW. 
 
ALI-B (Palikea Gulch) 
Some areas of Palikea Gulch had been surveyed before and in fact, ten snails had been collected 
in the eastern side in 2003 and brought to the UH Laboratory for Captive Propagation.  The most 
recently discovered snails were found in the western side of the gulch, in an area little surveyed 
in the past. 
 
IHE-B (Alaiheihe Gulch) 
This area was partly surveyed at night during a camping trip in March 2005.  More time is 
necessary for surveys here to get a more accurate count of how many snails are found in this 
area. 
 
ESU-D North Kalua‘a , Wai‘eli, Pu‘u Hāpapa, SBS, and Mākaha  
 
ESU-D is by far the largest ESU.  For management purposes it has been split into two portions.  
D1 includes North Kalua‘a, Wai‘eli, Pu‘u Hāpapa, and SBS, and D2 includes Mākaha.   
 
Table 4.7 Number of Snails Counted in ESU-D1 

Size Classes Pop Ref Code No. 
Snails  

Date of 
Survey Lg Med Sml 

Pigs/ Goats Weeds Rats Euglandina 

KAL-A Kalua‘a  
and Wai‘eli  

481 8/04 158 237 86 X X X X 

SBS-B Pu‘u 
Hāpapa 

196 8/04 131 44 21 X X X X 

TOTAL    677 289 281 107 
This table shows the number of snails, size classes, and threats to the snails in ESU D1.  Shaded boxes indicate that the threat is being controlled, 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
 
ESU-D1 North Kalua‘a, Wai‘eli, Pu‘u Hāpapa, and SBS 
Management for ESU-D1 is promising.  The numbers of snails found at the sites is substantial 
and habitat quality is good.  The Kalua‘a /Wai‘eli and Pu‘u Hāpapa sites are continuous and 
encompass most of the Pu‘u Hāpapa summit.  Rat baiting is already being conducted at both sites 
and the fence line has been cleared and construction will commence in September 2005.  Weed 
control is also conducted at both sites.  The native species in this ESU preferred by A. mustelina 
include Freycinetia arborea and Myrsine lessertiana.  The native forest canopy is primarily 
Metrosideros polymorpha.  Slow growing Freycinetia arborea is extremely susceptible to pig 
damage as it grows low to the ground.  ESU D1 was managed prior to the MIP and the number 
of snails in the area reflects this.  A. mustelina from ESU-D1 are represented at the UH Tree 
Snail Laboratory. 
 
KAL-A, Kalua‘a and Wai‘eli (Land of 10,000 Snails) 
NRS and TNC conducted a joint survey of this site.  The total reflected in the table above is the 
result and shows that this site is one of the most robust in the Wai‘anae Mountains.  The Nature 
Conservancy (TNC) has been working here for the last three years, as it is located within the 
Honouliuli Preserve.  They have been administering rat bait to protect snails from rat predation 
and have been controlling pig populations in the area.  NRS and TNC maintain 16 bait boxes and 
16 snap traps near the core of the population (See Table 3.7).  In 2004 the Army funded a full-
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time field position to work on species covered in Army consultations located on Honouliuli 
Preserve.  This staff person has been assisting with the rat baiting and ungulate control efforts at 
the Kalua‘a and Wai‘eli A. mustelina site.  TNC obtained grant money for fence materials for a 
new exclosure to protect this site.  The fence should be constructed by winter 2005.  NRS has 
been assisting TNC with fence line clearing and fencing material delivery.  NRS will work with 
TNC staff to cooperatively maintain the rat bait stations, expand the rat-baiting grid if necessary, 
and conduct weed control. 
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Figure 4.6 ESU-D1 Kalua‘a, Wai‘eli and Pu‘u Hāpapa 
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Table 4.8 Rat Data for Kalua‘ā and Wai‘eli  

Year # of Stations 
Bait 

Available 
Bait 

Taken %Take Rats Snapped 
# of Snap 

Traps 
2004 16 680 547 80% 0 0 
2005 16 1280 655 51% 11 16 

 
SBS-B Pu‘u Hāpapa 
North Wai‘eli gulch is situated within Schofield Barracks South Range (SBS).  A portion of Pu‘u 
Hāpapa, which is the peak at the top of Wai‘eli gulch, is also a part of SBS.  This portion of Pu‘u 
Hāpapa is referred to as SBS-B.  NRS have been controlling rats since 2000.  This year a total of 
768 bait blocks were put out in 8 stations.  Rat control also protects two other species of native 
snails that are found in overlapping habitat at this site.  These taxa are Laminella sanguinea and 
Amastra micans.  During the August 2004 survey at Pu‘u Hāpapa, NRS counted 196 A. 
mustelina in an area less than 10 acres in size.  This portion of Pu‘u Hāpapa is very steep, which 
renders management efforts challenging.  For safety, NRS work while on rappel in some areas.    
Weed control is underway at Pu‘u Hāpapa and should directly improve the quality of habitat for 
A. mustelina in the area.  One recent difficulty with working in SBS is significantly reduced 
access due to increased live-fire training.  Previously, access was unlimited but now NRS must 
wait for “cold” days when the military is not shooting live rounds.  NRS need to work with 
Range Control to determine the long term feasibility of managing this site. 
 
Table 4.9 Rat Data for Pu‘u Hāpapa  

Year  
# of 
Stations 

Bait 
Available 

Bait 
Taken %Take 

Rats 
Snapped # of Snap Traps 

2000 8 488 292 60%   0
2001 8 432 254 59%   0
2002 8 880 503 57%   0
2003 8 512 273 53%   0
2004 8 896 502 56%   0

2005 8 768 281 37% 24
14 newly 
deployed

 
ESU D2 Mākaha  
 
Mākaha  MAK-A, B, C, D 
NRS has just begun to do comprehensive surveys of Mākaha Valley for snails.  One overnight 
trip was conducted in the Kumaipo area and areas were searched at night.  Fifteen snails were 
counted.  There is still more habitat to survey in the area and additional trips are necessary.  
Another survey was conducted in the Kumaipo area in June 2005.  This area is within the 
proposed MU fence.  On this trip, sites MAK A, C, and D were surveyed.  Only two staff 
participated and NRS believes that estimates may still be low.  Night surveys in these areas 
would be used to gauge total numbers.  NRS has not surveyed intensively for threats but believe 
that rats and E. rosea are impacting populations.  From a management perspective, Mākaha 
presents some challenges.  Unlike many of the other areas where NRS conduct predator control, 
snails appear to be spread across a large area in Mākaha.  NRS suspect that once surveys are 
completed the population will be more or less continuous across the upper reaches of the 
exclosure and into the Kumaipo area.  In the next year, NRS will work to complete surveys and 
investigate threats.  Once this is complete, a threat control strategy can be developed.  NRS 
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began weed control operations in Mākaha this year and have conducted weed control in and 
around snail populations.  Achatinella mustelina from ESU-D2 are represented at the UH Tree 
Snail Laboratory, however, NRS should evaluate these collections to see if they represent the full 
range of this ESU and perform additional collections if necessary. 
 
Table 4.10 Number of Snails Counted in ESU-D2 Mākaha  

Size Classes Pop Ref Code No. 
Snails  

Date of 
Survey Lg Med Sml 

Pigs/ Goats Weeds Rats Euglandina 

MAK-A (Isolau 
ridge) 

24  6/05 21 1 2 X X X X 

MAK-B (Kumaipo 
ridge crest) 

15  1/05 11 4  X X X X 

MAK-C (Hesarb 
ridge) 

2  6/05 2   X X X X 

MAK-D (ledge 
below Mauka LZ) 

27  6/05 21 3 3 X X X X 

TOTAL    68 55 8 5 
This table shows the number of snails, size classes, and threats to the snails in ESU D2.  Shaded boxes indicate that the threat is being controlled, 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
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Figure 4.7 ESU-D2 Mākaha  
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ESU-E Pu‘u Kaua/‘Ēkahanui  
 
Pu‘u Kaua/‘Ēkahanui EKA-A, B, C, and E 
Management for ESU-E has increased dramatically this year.  Extensive snail surveys were 
conducted on 12-14 October 2004 and the results are shown in the table below.  The rat baiting 
grid has been expanded to include eleven bait stations and twenty-two snap traps.  This ESU 
encompasses a few large concentrations of snails within the ‘Ēkahanui drainage and along the 
ridge crest above the drainage.  The ridge crest forest type is comprised mainly of wet forest 
species including Metrosideros polymorpha, Metrosideros tremuloides, Melicope peduncularis, 
and Dicranopteris linearis.  Most of the snails found in this area are on Myrsine lessertiana.  
Both EKA-A and EKA-B are situated in this type of ridge crest vegetation.  The ‘Ēkahanui gulch 
area is a mix of alien and native forest patches.  The native vegetation in areas within ‘Ēkahanui 
that have high concentrations of A. mustelina consists of Freycinetia arborea, Diospyros 
hillebrandi, Nestigis sandwicensis, and Antidesma platyphyllum.  The Nature Conservancy is 
currently conducting rat control in the vicinity of an Amastra spirazona population.  Achatinella 
mustelina do occur in the same habitat (EKA-E).  In addition, rat control is conducted during the 
nesting season (January to June) in the vicinity of `Elepaio and this baiting may benefit A. 
mustelina that are nearby.  NRS will assist TNC in these efforts.  An ungulate exclosure that 
protects approximately 50 acres of forest already exists in the southern fork of ‘Ēkahanui , 
however, only EKA-A and EKA-E are located within this fence.  The Army staff person working 
with TNC developed plans for additional fencing to protect the remaining portions of ‘Ēkahanui 
gulch and all the snails in EKA-B.  The EA for the fence has been completed and the CDUP has 
been obtained.  Ten snails were collected from the Mamane Ridge site for captive propagation 
and are doing well at the UH Tree Snail Laboratory (See Captive Snail Propagation Data).   
 
Table 4.11 Number of Snails Counted in ESU-E 

Size Classes Pop Ref Code No. 
Snails  

Date of 
Survey Lg Med Sml 

Pigs/ Goats Weeds Rats Euglandina 

EKA-A (Mamane 
Ridge) 

183    10/04 93 30 60 X X X X 

EKA-B (Plapri 
EKA-A site) 

55    10/04 46 6 3 X X X X 

EKA-C (Plapri 
EKA-C site) 

6      10/04 6 - - X X X X 

EKA-D (near 
summit of Pu‘u 
Kaua) 

202     10/04 158 31 13 
X X X X 

EKA-E (Amastra 
site) 

5      10/04 5 - - X X X X 

TOTAL 451  308 67 76     
This table shows the number of snails, size classes, and threats to the snails in ESU E.  Shaded boxes indicate that the threat is being controlled, 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
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Table 4.11 Pu‘u Kaua/‘Ēkahanui Rat Bait Grid Information 

2004 
# of 
Stations 

Bait 
Available 

Bait 
Taken %Take 

Rats 
Snapped 

# of Snap 
Traps 

Mamane 
ridge 11 160 91 57% 0 0
Plapripri C 2 128 128 100% 0 0
       

2005 
# of 
Stations 

Bait 
Available 

Bait 
Taken %Take 

Rats 
Snapped 

# of Snap 
Traps 

Mamane 
ridge 11 848 368 43% 6 22
Plapripri C 2 128 108 84% 0 0
Myrsine 
ridge 6 160 74 46% 2 9

 
Pu‘u Kaua EKA-D 
EKA-D is near the summit of Pu‘u Kaua in steep habitat.  There has been discussion of possibly 
moving snails from here to the lower areas where rat baiting is on-going.  Dr. Hadfield and Steve 
Miller (USFWS) have both advised NRS to collect more data on the status of the snails in this 
habitat, such as population stability.  This question will likely be discussed further at future Snail 
Working Group and MIT meetings. 
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Figure 4.8 ESU-E Pu‘u Kaua/‘Ēkahanui 
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ESU-F Pu‘u Palikea 
 
Pu‘u Palikea PAK-A-G 
Populations in this ESU are scattered around Pu‘u Palikea and across the rim of the S. Pālāwai 
drainage.  The area has both native habitat as well as some weedy areas.  In general, most of the 
snail sites are in native habitat.  NRS surveyed the areas between the populations without finding 
snails.  NRS surveyed the area in September of 2005 and plans to return next year and survey 
further.  NRS began wide-spread rat control at Palikea this year.  Rat control grids are 
maintained at all populations except the outlier to the north, PAK-D.  There are a total of 28 baits 
stations and 28 snap traps in place.  NRS and TNC restock these grids once a month.  A larger 
fence unit has been scoped for this area and an EA has been prepared.  Fencing is likely to 
proceed in the next couple of years.  NRS performed weed control in the vicinity of the exclosure 
constructed around Cyanea grimesiana subsp. obatae and will expand weed control once the 
larger fence is complete.  NRS have seen E. rosea at the site but do not yet know the extent or 
impact of this predator.  Since this is a very accessible site, NRS plan to work with the UH 
researcher to do further investigations.  Snails collected from this ESU are represented at the UH 
Tree Snail Laboratory. 
 
Table 4.12 Numbers of Snails Counted in ESU-F 

Size Classes Pop Ref Code No. 
Snails  

Date of 
Survey Lg Med Sml 

Pigs/ Goats Weeds Rats Euglandina 

PAK-A Pu‘u 
Palikea Ohia spot 

9 8/04 5 2 2 X X X X 

PAK-B `Ie`ie 
Patch 

13 8/04 11 1 1 X X X X 

PAK-C Steps spot 19 8/04 14 3 2 X X X X 
PAK-D Joel Lau’s 
site 

11 8/04 8 2 1 X X X X 

PAK-E Exogau 
site 

6 8/04 4 1 1 X X X X 

PAK-F Dodvis 
Site 

5 8/04 3 2  X X X X 

PAK-G Hame and 
Alani site just 
above Cyagri 
fence 

22 8/04 13 6 3 
X X X X 

TOTAL    85 58 17 10 
This table shows the number of snails, size classes, and threats to the snails in ESU F.  Shaded boxes indicate that the threat is being controlled; 
X’s indicate that the threat is present.  In some cases the threat may be present but not actively preying on A. mustelina. 
 
 
Table 4.13 Palikea Snails Rat Bait Grid Information (Baiting initiated 16 Sept 2004) 

Year # of Bait 
Stations 

Amount of Bait 
Available 

Amount of 
Bait Taken 

% Bait 
Taken 

# of rats 
trapped 

# of snap 
traps 

2004 - 2005 28 3342 970 29% 83 28 
 
TNC previously baited the PAK-C site and PAK-B site prior to NRS baiting which started in 
September 2004.  NRS currently bait PAK-A, PAK-B, PAK-C, PAK-E, PAK-F, PAK-G.   
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Figure 4.9 ESU-F Palikea 
 
 
 




