
CHAPTER 5 INVERTEBRATE MANAGEMENT 

5.1 PCSU Contract Requirements 

The following is a list of PCSU contract requirements related to rare snail management followed 
by a brief discussion ofNRS accomplishments. 

Makua Military Reservation 

Requirement (lk) 

Monitoring three populations of Achatinella mustelina in MMR annually. Monitoring shall 
include the analysis of impact by Euglandina rosea and rats. If impacts are observed, predator 
control shall be implemented. The data shall include parameters as described on Enclosure 4. 
Based on the analysis of data and observations, recommendations shall be made for management 
actions. 

Discussion 

NRS have continued to monitor the same three populations of Achatinella mustelina in MMR 
annually. One 'Ohikilolo population still remains rat and Euglandina free. The other two sites 
have rat bait buckets and are monitored at least quarterly. More information is given within the 
Achatinella mustelina section of this chapter. 

Various Training Areas 

Requirement (11) 

Monitoring existing snail (Amastra sp., and Laminella sp.) populations in SB SBS every two 
months. Monitoring shall include the analysis of impact by Euglandina rosea and rats. Predator 
control shall be implemented if impacts are observed. The data shall include parameters as 
described on Rare Snail Monitoring Form. Based on the analysis of data and observations, 
recommendations shall be made for management actions. 

Discussion 

The SB SBS snail populations continue to be monitored at least every two months. Rat bait 
buckets are set up in two separate locations here and the take is consistently high. More 
infonnation is presented within the Amastra micans and Laminella sanguinea sections of this 
chapter. 

Requirement ( l m) 

Surveying for new Achatinella populations around !mown locations at KWTA and SB 
(approximately 10 acres) and improving the monitoring method for Achatinella species found in 
the Ko'olau mountains. Based on the analysis of data and observations, recommendations shall 
be made for management actions. 

Discussion 
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NRS continue to search for new populations of snails and to survey extended boundaries of 
known snail sites. There are presently four sites in the Ko'olau Mountains where rat bait buckets 
are set to help protect these rare species. With helicopter support, NRS now revisit these sites on 
a quarterly basis. More information regarding these sites is given in the text of this chapter. 

5.2 Introduction to Rare Snail Management 

The island of O'ahu has forty-one listed endangered species of land snails (although many of 
these are probably already extinct) and in fact the entire genus of Achatinella is listed as 
endangered. Since 1970, 10 species of Achatinella have been found on Army training lands on 
O'ahu, as well as a few equally rare land snails in different genera. Included here are: 
Achatinella apexfulva; A. byronii; A. curta; A. leucorraplze; A. decipiens; A. lila; A. livida; A. 
mustelina; A. pulcherima; A. sowerbyana; Amastra micans; and Laminella sanguinea. 

There are three steps in the NRS snail management approach: surveying to identify new 
populations of snails; monitoring known populations; and threat control in areas where it is 
deemed necessary. NRS are presently working in close cooperation with Dr. Michael Hadfield, 
Professor of Zoology at the University of Hawaii. Since 14 August 1997, NRS have been listed 
as sub-permittee's on Dr. Hadfield's US Fish and Wildlife permit to work with endangered 
snails. As sub-pennittce's NRS are authorized to handle (capture, measure, mark, collect tissue 
samples, and release) the 0' ahu tree snails (Achatinella spp.) for the purposes of gathering 
ecological and life history data, and re-establishing wild populations. 

5.3 Rare Snail Surveys 

Snail surveying involves hiking in areas expected to have rare snails and searching trees for tree 
snails and the appropriate ground substrate for terresb·ial snails. Surveys have been conducted by 
Hadfield, 1984, and Christensen, 1985, for members of the genus Aclzatinella on O'ahu training 
lands. NRS have concentrated survey efforts in areas ofknovm snail habitation as reported in the 
1984 and 1985 surveys and from documented sightings. With the help ofThe Nature 
Conservancy of Hawaii and USFWS, NRS have obtained maps from the HINHP with plotted 
points designating past sightings to help in survey efforts. NRS have surveyed with 
malacological experts including Dr. Hadfield and his associates of the University of Hawaii, Dr. 
Daniel Chung ofKapiolani Community College and USFWS Field Staff. 

5.4 Rare Snail T hreats 

Various factors are thought to be responsible for the swift decline ofland snails in Hawaii: loss 
of habitat; predation by rats and Euglandina rosea; drought; change in cl imate; disease; and over
collection by humans. Predation pressures on Achatinella are compounded by its slow growth, 
late maturity, low motility and a low rate of fecundity (approximately one offspring per adult per 
year)(Hadfield and Mountain, 1980). In addition, during years of drought chances of survival are 
further diminished further reducing fecundity. Achatinella probably had few predators in pre
human times and it is believed that they were able to fom1 dense populations. Tree snails 
survived nearly 200 years of European rat predation and more than 1,000 years of predation by 
the Polynesian rat. This long-term predation does not appear to have significantly reduced snail 
numbers. The Hawaii Department of Agriculture introduced E. rosea, in 1958, to control the 
African snail, Achatinafulica. Its effect on Hawaiian snails has been much more devastating than 
that ofrats. Like many other plants and animals of oceanic islands, native snai ls have lost all 
defenses against introduced predators and competitors. The destructive forces of rats and 
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predatory snails present a picture of imminent extinction. Dr. Hadfield has acquired an 
Experimental Use Permit for a bait developed to control E. rosea. The bait consists of ground 
"apple snail" flesh (Pomacea sp.), 2% metaldehyde (the toxin), and 5% propionic acid (a food 
preservative). The cost to patent this product for widespread use against predatory snails is 
astronomical and thus impossible with the current funding available. NRS are working with the 
Toxicant Working Group to facilitate the use of such a toxicant for snail management in the 
future. 

5.5 Rare Snail Monitoring 

NRS employ two types of monitoring techniques. In the simplest form of monitoring, trees in 
which snails are found are tagged and the total number of snails in each tree recorded. Trees 
within sites are then mapped. NRS also utilize a more extensive mark and recapture technique. 
This method entails marking individual snails with a unique number and/or color combination to 
track them over time. In this manner, NRS are able to observe the growth rate, death rate, and the 
movement of snails between trees. An estimate of total population size can be made using the 
proportion of marked to unmarked snails captured on subsequent visits. NRS plan to spearhead a 
cooperative effort to develop and standardize rare snail monitoring and management approaches 
this year and have drafted a preliminary Rare Snail Monitoring Form that \vill stimulate 
discussion. 

5.6 Rare Snail Management 

In the following section each rare snail species reported from O'ahu Army lands since 1970 is 
discussed. The status of each species and the management conducted for it is described. 

5.6.a Achatinella apexfulva 

The historical range of A. ape-ifulva comprises parts of the KLOA. In recent years, this species 
has only been found along the Poamoho Trail. It is considered extremely rare and its present 
range is very restricted. NRS first participated in a search for A. apexfulva along the Poamoho 
Trail with USFWS staff and representatives from the University of Hawaii on 13 July 1998. On 
this field trip one snail was found and brought back to the Dr. Hadfield's laboratory for captive 
rearing. Suitable habitat is at fairly low elevations where the main threat is E. rosea. NRS have 
continued snail searches in the areas where Dr. Hadfield has monitored A. apexfulva along the 
Poamoho Trail. No new individuals were found in 2000. 

On 7 March 2001 two more snails were found at this same location and they were both brought 
back to the lab at UH. Only eight snails of this species are known and they are kept at the captive 
rearing facility at UH. It was especially encouraging to find two more in the field after 32 months 
since the last find. If more individuals are discovered in the future, NRS will discuss bringing 
them into captivity with Dr. Hadfield. This species has been slow to reproduce in captivity. Dr. 
Hadfield theorized that perhaps this was because it is found at lower elevations where the 
temperature is a bit warmer than in the captive facility. A new refrigerated chamber that can be 
maintained at a slightly warmer temperature has recently been added to the tree snail lab. Early 
signs are that this higher temperature may be more suitable for these snails. 

5.6.b Achatiuella byroniildecipieus 

There is some confusion amongst Hawaiian malacologists as to the distinction between 
Achatinella byronii and Achatine/la decipiens. For simplicity, NRS have treated both as one 
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group. This snail was historically known from the southern boundary of the KLOA and areas to 
the south. It is considered to be extant with some recent sightings by Dr. Michael Hadfield 
(USFWS 1992). A healthy population of approximately 66 A. byronii was discovered while on a 
field trip to the Schofield Waikane Trail area in May 1997. Eight of these individuals were 
brought back to the University of Hawaii snail laboratory and have grown to a population of 20+ 
today. NRS have continued to monitor this group of snails only once a year or one and one half 
years so as not to negatively impact the habitat. NRS recommend continued monitoring of this 
site to ensure that rats and E. rosea do not decimate it, and to begin threat control if necessary. 
NRS will also continue to search nearby habitats for more surviving snails. NRS make a point of 
not eating food while in this area so as not to attract rats. 

In December 1998, 77 individuals were counted with Randy Kennedy of the Division of Forestry 
and Wildlife. In August 1999, three staff members counted a total of 136 individuals at this same 
location. The more the surrounding areas are searched, the more this site seems to be an 
anomaly. Nearby areas are nearly devoid of snails. On the most recent annual trip to this area in 
the North Kaukonahua Stream drainage 9 August 2000, a total of 178 snails were counted. This 
does not necessarily signify that the population is growing but rather that the population remains 
robust and that some new areas were included in the survey. There were no trips planned for this 
past year to monitor the area but NRS do plan to return there during the coming year. 

On 26 February 2001 a survey was conducted along the southern boundary of the SBE just west 
ofPu'u Ka'aumakua . Although the habitat looks perfect for snails and the elevation is favorable, 
only one A. byronii was found here. It was discouraging to find two live£. rosea here at 2,400 
ft. and perhaps may explain why more native snails were not found here. On 8 May 2001, areas 
to the west ofPu'u Pauao and the Summit Trail were surveyed. At approximately 2,380 ft. 
elevation a total often A. byronii were counted. These areas are promising for future snail 
survey efforts because the habitat is primarily native, elevation is in the desired 2,000+ ft. range, 
and there is little record of past surveys in the area. 
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Figure 5-l gives information about the main site just north of the Schofield Waikane Trai l. 
Numbers of snails seen on four trips over the past three years are given as well as an estimate of 
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the amount of time spent searching. The rising numbers should not be interpreted as increases in 
snail populations, but rather are more probably an indication that searchers are becoming more 
familiar with preferred snail habitat. Thus, more snails are found with less time searching. 

5.6.c Acltatinella curta 

A. curta was historically found throughout the KLOA. In the past fifteen years only two snails 
have been seen; one of these on the Kawailoa Trail and one on the Pe'ahinai'a Trail. None have 
been seen in the past twelve years. At the start of the Natural Resources Program in 1995, it was 
thought that given enough searches this snail could be found. The reality of the situation is that it 
may possibly be extinct. NRS have conducted numerous searches along the Pe'ahinai'a Trail 
near the area where it was last seen and have never been successful in locating any A. curta. In 
March 1999, NRS camped for two nights in the Lower Pe'ahinai'a area but were again 
unsuccessful in finding any A. curta. Two years ago NRS camped along the Kawailoa Trail and 
with the use of plotted GPS points searched in the vicinity of the 1986 sighting. Only Succineas 
and one live E. rosea in an ohia tree were found. NRS recommend continuing these periodic 
searches in areas where A. curta was knO\vn to live. If found, specimens should be collected for 
captive propagation before the species goes extinct in the wild. 

On 25 October 2000 surveys were done in the area of"Pu' u Robe1to" on the Pe'ahinai' a Trail. 
On a previous trip, some snails had been seen and the trees tagged. NRS returned to this site and 
identified the snails as A. sowerbyana and not A. curta. There still remains much unexplored 
territory in this region and more searches will continue to be undertaken. 

5.6.d Aclzatinel/a leucorraplze 

A. leucorraphe is considered critically rare and may only be surviving in very restricted habitat. 
Historically, it was found in SBE and further south. Only one snail has been identified in the past 
twelve years, along the Schofield Waikane Trail. NRS have searched the SBE environs and 
hiked off-trail in appropriate habitat, including the area where Dr. Daniel Chung last reported 
seeing one A. leucorraplze, and have been unsuccessful in finding any more. This species may 
also be extinct because it was known to thrive in lower elevations where E. rosea first invaded. 
NRS will continue surveying SBE to find A. leucorraphe, and will collected it for captive 
propagation, if found. Two of the surveys that were conducted during the past year were in A. 
leucorraphe historical habitat but none were found. More searches will be required before this 
species can be considered extinct. 

5.6.e Aclzatinel/a lila 

This species is historically known from the Schofield Waikane Trail, Poamoho Trail and 
connecting Summit Trail areas. NRS no longer see it in the southern regions but have seen 
individuals north of the Poamoho Trail and Summit Trail junctions. It is considered to be 
uncommon with a very restricted range. In March 1999, NRS hiked off-trail from the known A. 
lila population into very promising habitat, but were unsuccessful in finding any new snails. 
NRS continue to monitor known locations biannually but under the advice of Dr. Hadfield are 
not doing any predator control until there is sign of predation. NRS will continue monitoring the 
known populations and searching new areas for A. lila. 

While surveying for the 'Opae 'ula Watershed Project fence exclosure, one A. lila was found 4 
February 2000 north of the Pe'ahinai'a Trail and Summit junction. On 23 August 2000 five more 
A. lila were found near the Pe'ahinai' a Trail and Summit area while clearing the fence line. This 
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is especially good news because these snails were found in the area where they had not been seen 
for the past three years. Much of these snails' habitat is now protected within the exclosure. 

On 25 September 2000 Dr. Michael Hadfield led a group of six people to survey some of his old 
sites along the Summit Trail. One site is approximately 5 minutes hiking south of the 
Poamoho/summitjunction on the windward side, where 5 A. lila were found. Unfortunately, a 
live Euglandina rosea was also found at this site; this shows the precarious circumstances that 
threatens native Hawaiian tree snails. On the same day, the group proceeded north to another old 
study site of Dr. Hadfield's. This site has the healthiest known population of A. lila. A total of 
22 were counted. This site had been visited a few times over the past few years but no records 
were kept of the number of snails counted. On 13 June 2001 the area was further surveyed and 
this time a total of 19 A. lila were counted. Each time that NRS return to this area, survey 
boundaries are expanded and new unexplored terrain is searched. 

5.6.£ Aclzatinella livida 

A. livida is a species, which is kno·wn from the KLOA. In 1981, one live snail was found in the 
area where the Ui' ie Trail meets the Summit Trail. No snails have been found this far north more 
recently but NRS do know of individuals at some of Dr. Hadfield's study sites further south near 
the old Kahuku Cabin. This area along the Summit Trail supports some of the richestAchatinella 
habitat in the entire Ko' olau range. On 16 March 1998, NRS visited the Crispa Rock site along 
the Summit Trail with Dr. Hadfield and Richard Helling. Here, NRS marked 20 A. livida snails. 
Unfortunately, these snails were unable to be identified later because the wet conditions of the 
Ko 'olau summit washed the shell markings away. When the snails are re-marked a liquid plastic 
coating will be used to help preserve the identification markings. The "Crispa Rock" site 
supports a vibrant population found in an area where there arc only scattered individual snails . 

Two years ago NRS explored areas farther north along the Summit Trail with Dr. Hadfield and 
decided to initiate predator control at the northernmost site north of the old Kahuku Cabin. Snap 
traps for rats were set out at five stations, bait buckets with diphacinone for rats at three stations, 
and Euglandina bait at two stations. The following day one rat was found in a snap trap directly 
below the one tree harboring five A. livida. These traps were in an area that had been visited 
biannually during helicopter trips in the Ko · olaus. Because these areas are so remote and so 
rarely visited it is difficult to maintain a strong presence of predator control. NRS recommend 
that snail monitoring and predator control should continue here and that other nearby areas 
surveyed for potential undiscovered populations. These populations of snails are now monitored 
quarterly to restock bait buckets. Also, the number of bait buckets has been increased from two 
to four at the northernmost site. 

In 1999, both of these Ko'olau sites were monitored twice. In both May and August 1999, bait 
stations were restocked and snail sites were monitored. These A. livida populations appear to be 
holding their own with little fluctuation in total snail counts. On 10 August 1999, staff visited 
these sites with Dr. Hadfield and h is associates: Chela Zabin, Kevin Oliva}, and Brenden Holland. 
Brenden is doing genetic research on the different Achatinella species and took samples from four 
sites along the Summit Trail back to the University of Hawaii to analyze. This genetic research 
will help clarify relationships between and within species. 

The northernmost site is significant because there are no known snails' further north and the only 
snails known to the south are an hour walk along the trail. During the past year, NRS have been 
to this site to restock the rat bait buckets four times but have nol spent enough time to sufficiently 
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The second site is now located within a fenced exclosure, free from goat activity. NRS revisit 
this area quarterly and perform mark/recapture operations. One problem that has been observed 
in this area is a marked decline in the health of many Myrsine lessertiana. This tree is a primary 
host species for Achatinella. During the course of one year, completely foliated trees have 
become defoliated. In 1998, NRS made a quarterly natural resource management trip to 
'Ohikilolo and outside professional help was sought. Desmond Ogata of the University of 
Hawaii Agricultural Diagnostic Service Center collected some Myrsine lessertiana samples and 
identified a native fungus called Phomopsis. He stated that this fungus acted secondarily and that 
something else was most likely the primary stress factor. 

It appeared that it might take more time to discover the major cause of the decline, so it was 
decided to take action that might at least be beneficial in the meantime. Three categories of living 
plants were designated and six trees in each category were selected. The three categories are 
foliated (F), partially foliated (P), and leafless (L). Three plants of each category were given 
Miracle Grow and the other three Nutricote fertilizer. Miracle Grow is a fast-acting liquid 
fertilizer whereas Nutricote is a slower-acting capsule that releases fertilizer slowly over time into 
the soil. These fertilizer treatments were continued during the next three visits, but were then 
discontinued because they did not seem to be effective. In fact, some of the treated trees had 
begun to lose their leaves. 

Over the past two years of this study four of the originally "foliated" trees are now leafless and 
the other two are in decline. Also, four of the originally "partially foliated" trees are now leafless 
and the other two remain partially foliated. The originally leafless trees are still leafless and 
disintegrating. No tree was ever observed to lose its leaves and then regrow them. The trees that 
were selected for the partial category were healthy trees to begin with and were not selected 
because they had already started to lose their leaves. They were just not as full of leaves as the 
"foliated" trees. Considering these data, a full 75% of the original healthy trees have already lost 
their leaves and two more are in decline. 

175 



100% 

80% 

60% 

40% 

20% 

0% 
Sep Oct-

Apr-99 Jul-99 - Jan-00 Apr-00 Jul-00 
99 00 

o% Defoliated 0 0 17 33 33 33 50 

11 % Declining 0 17 17 0 17 33 

0 % Healthy 100 83 67 67 67 50 17 

L:_ 
Figure 5.4 "Foliated" Myrsine /essertiana 

------·------

o% Defoliated 0 0 17 17 33 33 50 

li'il% Declining 0 17 0 17 0 17 0 

m% Healthy 100 83 83 67 67 50 50 

-----· 
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On the 'Ohiki lolo trip in Ju ly 2000, Jen Saufler, a UH graduate student, collected soil and plant 
samples to help with the Myrsine lessertiana analysis. In her preliminary study she found that 
extreme cavitation in plant xylem can be caused by root flooding fo llowed by drought. This 
phenomenon can lead to dieback in affected plant species. Another significant find was that the 
soil moisture in the dieback areas averaged 60%, whereas in the healthy areas it averaged only 
33%. This may appear contrary to what might be expected; if drought is causing the Myrsine 
dieback, then the area of dying Myrsine should be drier and not wetter. According to Talbert 
Takahama of the state of Hawaii NAR, the healthy area may be drier because it has more 
"pumps," meaning there are more healthy trees present absorbing moisture. In the wetter area 
there may be fewer healthy trees using the available water and therefore the soil moisture level is 
higher. NRS also plan to outplant more greenhouse-grown Myrsine that have been propagated 
from seeds collected from 'Ohikilolo. 

NRS have been performing mark/recapture work on 'Ohikilolo snail popu lations since August 
1998. These studies were initiated in accordance with investigations that Dr. Hadfield had done 
at Kanehoa (Hadfield and Mountain, 1980) Pahole, and Palikea (Hadfield, 1993). NRS have 
furthered the understanding of demographic characteristics by collecting data for growth rate 
analysis, size/age frequency distribution, and population estimates. It was hoped that a lot wou ld 
be learned about the habits of Achatinella mustelina on 'Ohikilolo and that this information 
would contribute to better management of the species. 

Tree "N" will give some idea of how the Myrsine lessertiana dieback is affecting the native tree 
snails. In 1998, the original tree "N" had lost its leaves and Dr. Hadfield advised NRS to move 
the snails in two translocations, half at a time, to a healthy tree. A perfectly healthy-looking 
;V/yrsine lessertiana was chosen and on 4 March 1998, 13 of the 26 snai ls present in the tree were 
moved to the new tree. On 23 June 1998, the remaining snails found in the tree, which now 
numbered 17, were also moved into the new "N" tree. At this point 30 snails had been added to 
the tree and there were already some snails Jiving in the tree that had not been marked. On 7 
April 1999, a total of 56 A. mustelina were counted and marked in this new tree. This was by far 
the most snai ls seen by NRS in any one tree but by then the tree had already begun showing signs 
of leaf loss. By 4 January 2000 the tree was leafless and 43 snails were counted. On 25 July 
2000, 34 snail s were found, and by March 27, 2001 only 21 snails remained. Some snails chose 
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to stay in the leafless trees which suggests that the fungus on which they survive can be found 
growing on the bark of trees as well as the leaves. 

According to records 456 total snails have been marked in twenty trees. Of these twenty trees, 
fifteen have been Myrsine lessertiana, and of these fifteen, fourteen have lost their leaves. 
'Ohikitolo is of special concern not only because there is a large, healthy population of snails 
found there, but also because of the Myrsine dieback. Following some of the work that Dr. 
Hadfield had done in his study sites at Kanehoa in 1976 and Pahole in 1984, NRS attempted to 
distinguish any differences between the population at 'Ohikilolo and these populations. In 
analyzing these data there appears to be a strong correlation between what was found at 
'Ohikilolo and what Dr. Hadfield had seen at his study sites. An analysis of the population's 
size-frequency distribution showed that there was a fairly even distribution of size classes up to 
the 18.5 mm size class. Here approximately 40% of the snails measured were found in the largest 
size categories. This curve was very similar to what Dr. Hadfield had found previously. One 
dissimilarity was that birth sizes at 'Ohikilolo were somewhat smaller at 3.5 mm (compared with 
4.50 mm at Kanehoa). Snails develop a lip or thickened edge of shell around their aperture at the 
time of sexual maturity and this was generally seen at approximately 18.5 mm to 21.0 mm. 

Growth rate curves were plotted using shell length as a measure of increase over time. These data 
suggest that younger snails grow at faster rates than snails that are approaching their maximum 
length. This differs f1-om what Dr. Hadfield had found at his study sites. He noted that animals of 
all sizes appeared to be growing at about the same rate. He also noted that their findings were 
unusual and that it is more common for gastropods to show rapid early growth and a decreased 
rate of growth as size increased. These data are inconclusive but this appears to be what was seen 
on · Ohikilolo. Snails that joined the study when they were 12.0 mm or 11.0 mm showed growth 
rates of 3.26 mrnfyr or 3.09 mm/yr respectively. Snails that were 17.5 mm or 16.5 mm grew at 
rates of 1.06 mm./yr or 1.92 mrnfyr. Many of the young snails that were marked during the study 
were marked once and never seen again. Pilsbry and Cooke ( 19 I 2-1914) had suggested that 
"young shells ·wandered more widely than the adults." This was found to be very true in the case 
of· Ohikilolo. Many of the snails that were seen and recaptured four or five times were marked 
initially as adults and therefore could not yield significant data for growth/study analyses because 
they were already at or near their maximum growth when first seen. 

It is not possible to use conventional population estimate methods for 'Ohikilolo, as the 
population is too large to get a sizable fraction of the entire population. When the mark/recapture 
data are examined, only about 40% to 60% of the previously marked snails can be found at any 
one visit. These are not large, leafy trees in which many snails can hide and not be seen. Rather, 
the data suggest that this is an open population and that there is a lot of migration in and out of 
trees. This is a violation of many methods of estimating abundance. Random sampling is crucial 
to all models. To date, NRS have limited sampling efforts to trees that are known to contain high 
numbers of snails. This sampling method also violates assumptions for models that are designed 
for open populations. As a side note, the environment has undergone many changes even in the 
short time that NRS have been visiting the area. These environmental changes also could affect 
population estimates if snails move in response to such changes. As discussed, 14 of the 15 
Myrsine lessertiana snail study trees have lost their leaves during the past four-year's time. Most 
of these trees are still standing but are leafless and still harboring 1i ve snails. One tree in 
particular had 26 snails four years ago which were translocated to a different healthy host tree. 
After the translocation six more snails moved into the leafless tree and at least that many have 
been seen there for the past two years (although not necessarily the same six snails). In the 
meantime, the new host tree has now lost its leaves but at last count had a population of21 snails. 
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On the top of 'Ohikilolo Ridge near the main helicopter landing zone is a fenced area comprising 
approximately 2.5 acres in size. On 28 March 2001 NRS set up 5 transects through this area with 
the intention of counting snails and estimating the total number of snails present. Transects 
consisted of72m, 75m, 78m, lOOm, and 108m in length. All were 5 meters wide and ran from 
one edge of the fence to the other. A total of 207 A. mustelina were counted. The transect areas 
comprise approximately 20% of the total area inside the fence. Using Jolly's Methods for 
population estimates (Krebs 1989) the total number of snails inside the fence exclosure is 1 00 1 ± 
918. Most of the 207 snails that were counted were scattered throughout the transects. 

The table below shows what kinds of vegetation they were found on. 

Achatinella mustelina 
Plant Species Number of Snails 
Antidesma platyphyllum 57 
Myrsine lessertiana 27 
Freycinetia arborea 23 
Melicope oahuensis 23 
Metrosideros polym01pha 17 
Nestigis sandwicensis 13 
Dodonaea viscosa 12 
Psychotria sp. 10 
Hedyotis acuminata 8 
Scaevola gaudichaudiana 7 
Alyxia oliv~formis 6 
Bobea sandwicensis I 
Elaphoglossum aemulum 1 
Platydesma cornuta l 
Schinus terebinthifolius I 

' Table 5-1 Ohlkllolo transect sna1ls and vegetation 

The size of snails was also considered during the transect counts. The small category was <8mm; 
the medium category from 8mm to 18mm; and the large category > l 8mm. The individual snails 
were not actually measured with calipers but placed into size categories visually. The breakdown 
was as follows: 
Small - 14 
Medium-45 
Large- 96 
This totals 155 with size classes instead of207. One leafless Antidesma platyphyllum contained 
31 snails while one Myrsine lessertiana had 21 snails. Size classes were not determined in these 
hvo trees. The breakdown of snails between the three different size classes is consistent with 
what has been found previously with NRS monitoring on 'Ohikilolo. 

The third site is located within a snail enclosure in the Kahanahaiki Gulch MU, Mlvffi.. This 
project has been a cooperative effort between the Army and the State Division of Forestry and 
Wildlife and was constructed in 1998. The State provided the materials and construction and 
NRS have provided the maintenance and monitoring of the enclosure. The snail enclosure is 
modeled after a design developed in Tahiti on the island ofMoorea to protect Partula snails. The 
enclosure combines physical, chemical and electrical barriers to keep out predatory snails and 
rats. It is designed with a salted trough and electric fence to prevent entry of E rosea and an 
overhanging wall portion to exclude rats. During a Sierra Club Service Project in 1999, a strip of 
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carpeting was added to the salt trough to help maintain a constant presence of salt. Experiments 
with live E. rosea, showed the salt tough is effective in repelling them. Acacia koa trees have 
been outplanted around the outside of the enclosure to help create some shade where a gap had 
been made during construction. NRS also plan to outplant Nestigis sandwicensis inside the 
enclosure as other non-native plants are weeded out. In October 1998, NRS marked 55 A. 
mustelina in the enclosure. On 21 June 2000, 54 snails were counted. Of these, 23 were 
recaptures and 31 were newly marked snails .. When these numbers are applied to the Lincoln 
Index (Poole 1974) mark/recapture formula, the total number estimated in this enclosure is 129 ± 
20. On 3 April 2001 a total of 56 snails were marked with a blue paint pen. On a return trip on 
14 June 2001 a total of 62 snails were seen. Of these, 29 had been previously marked and 33 
were not marked. Using the Lincoln Index a total of 120±16 snails are estimated for this site. 
This population is also exceptional, as there are no other known populations as large as this one in 
this general area. 

During the mark/recapture in June 2000, NRS did find some seeds from Nestigis sandwicensis 
that had been eaten by mice or rats. Snap traps were placed inside the enclosure and one rat was 
caught. This proves that although no rat predation has been seen on the snails, rats can penetrate 
the enclosure. The enclosure will continue to be monitored to ensure that no predatory animals 
are eating the snails and NRS plan to bait for rats on the outside of the enclosure. If this type of 
threat control proves worthwhile it would provide an in-situ environment for raising and 
protecting snails in the future. One concern with the snail enclosure is that A. mustelina on the 
outside may attempt to get in. From observations using other snails it appears that snails are only 
repelled by the salt and should not be harmed or killed by it. Recommendations for A. mustelina 
include vigilant and responsible work at all three of the mark/recapture sites. NRS are privileged 
to be sub-permittee's with Dr. Hadfield and will capitalize on these opportunities to work and 
study closely with native snails. The snail enclosure will be maintained and monitored. NRS will 
continue to search for new populations of A. mustelina in unexplored areas. 

5.6.h Aclzatinella pulclzerima 

Achatinella pulcherima was reported in 1974 from the Helemano drainage vicinity, KLOA, but 
has not been found by NRS. Surveys have been and will continue to be conducted to search for 
individuals of this species. 

5.6.iAchatinella sowerbyana 

This species is the most common in the Ko'olaus. Historically, it was once found throughout 
KLOA but today is found mostly in the Ko' olau Summit region in the Castle Trail , Poamoho 
Trail, and SBE areas. Next to A. mustelina it is considered to be the most commonly found 
Achatinella species on O'ahu. NRS have flagged trees in the above-mentioned areas where these 
snails have been identified, have monitored them annually, and plan to monitor them biannually 
in the future. Considering the poor state of Ko' olau Achatinella in general, A. sowerbyarza is 
doing surprisingly well. Although A. so>verbyana is subject to all the same threats that other 
Ko' olau Achatinella species face, they continue to survive at lower elevations and in more 
microhabitats. 

Over the past four years while camping at the Poamoho Trail and Summit Areas, NRS have set 
out snap traps for rats and often caught two or three in one night. NRS have hiked to some of Dr. 
Hadfield's old study sites in this area and will continue to monitor the snails here. This past year 
on 25 September 2000 Dr. Hadfield escorted NRS to his old sites in the vicinity of the Poamoho 
Cabin. NRS had not surveyed these areas before. At the site 5 minutes walk south of the 
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Poamoho Trail monument, at 2,450 ft elevation, a total of 17 A. sowerbyana were found. At the 
site just north of the Poamoho Trail junction a total of 64 A. sowerbyana were counted. On 8 
May 2001 the area to the west of Pu 'u Pauao and leeward of the Summit Trail was surveyed for 
snails. The area surrounding the Poamoho Cabin pond was smprisingly rich for A. sowerbyana. 
A total of 46 snails were counted. The habitat is especially wet here and it seems that perhaps the 
abundance of moisture acts as a deterrent to predators. Some of the trees actually have water at 
their base and the opportunities for snails to reach other trees are greatly limited. This pond area 
was again surveyed on 13 June 2001. No snails were seen along the ridge coming down from the 
cabin but in the areas in and around the pond a total of72 A. sowerbyana were counted. With this 
recent survey the pond area seems to be one of the two biggest populations of A. sowerbyana. 

A. sowerbyana is a good candidate for mark/recapture efforts, if such efforts are shown to be 
successful at other sites as a population monitoring technique. Threat control will be 
implemented around known aggregations of A. sowerbyana if necessary. The ' Opae'ula 
Watershed Project has constructed a fence exclosure in the Pe'ahinai'a/Summit area during the 
past year. NRS will now have more management work to perform in this area and plan to set out 
snap traps, collect data, and discuss initiating a predator control program at selected snail sites. 

While camping at the Pe'ahinai'a Trail and summit area in August 1999, snap traps were put out 
on two successive nights. Three mice and three rats were caught. NRS set out three bait buckets 
for rat control in response to these catches. This past year three more rats were caught and the 
bait buckets were increased to a total of five. During the August 2000 camping trip, ten snap 
traps were set out on two successive nights and no rats were caught. Because of the weather 
conditions, terrain and thick vegetation in the Ko' olaus, it is often difficult to find evidence of rat
eaten snail shells. It is easier to prove the presence of rats and then discuss how best to 
implement a predator control program. 

In May 1999, NRS were dropped offby helicopter on a ridge west of the Lehua Maka Noe Bog 
that is now known as "Bloody Finger Ridge." This ridge was selected because it is almost 
completely surrounded by water and thus was thought to possibly have fewer predators. Here 
staff counted 36 A. sowerbyana in approximately four hours of searching. This experience shows 
once again that there are possibilities of finding more snails when new and probably unexplored 
areas can be searched. In October 1999, NRS spent three days searching an area west of "Radio 
LZ," which is now known as "Hesperomannia Hill." Although much of this habitat looked 
suitable for snails, none were found. This is another example that demonstrates how patchy the 
populations of snails can be. Sometimes miles separate known snail sites. 

5.6.j Amastra micaus 

The amastrid land snails, a family of pulmonate gastropods endemic to the Hawaiian Islands, 
have been little investigated in recent years, and their biology is poorly known. Amastrids have 
largely been ignored by most biologists, and this, along with their increasing rarity in the last few 
decades, has been responsible for their absence in the biological and conservation literature. 
Many shells of Amastra can be found in SBMR but it is very difficult to find any live specimens. 

Dr. Daniel Chung, a professor at Kapiolani Community College in Honolulu, joined NRS during 
a field trip to the SBS in 1996. Dr. Chung has been studying snails in Hawaii for more than 
twenty-five years and is very knowledgeable. He led NRS to a patch of Freycinetia arborea ('Ie 
' ie),· Urera glabra (Opuhe), and Pipturus albidus (Mamaki), native Hawaiian plants known to 
support Amastra micans populations. No sightings had been documented since 1966 for these 
land snails. In this area the group identified three live A. micans and collected numerous empty 
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shells. Achatinel/a mustelina, Amastra micans, and Laminella sanguinea are all found together in 
this same habitat. 

After further study NRS discovered signs of rat predation on Achatinella shells and also found 
shells of Euglandina rosea. Following Dr. Chung's advice, NRS returned to the site and started a 
predator control program using diphacinone bait stations to control rats in the area. NRS have 
continued to maintain this management program for the past three years. Although A. mustelina 
continue to be seen here, Amastra micans has been harder to find. None were seen for a period of 
one and a half years. In July 1999, four live A. micans were found. On this same day a live E. 
rosea was also found in the patch. This site is located on a very sloped hillside and monitoring 
needs to be done carefully to minimize impact. NRS will continue monitoring and maintaining 
bait stations, and also meeting with the Toxicants Working Group to determine a safe control 
toxicant for E. rosea. Surveys in similar habitat did identify one additional remaining pocket of 
live amastrids on the slopes below the summit. NRS will conduct surveys at the A. micans site 
during each visit and any E. rosea found will be killed. 

In a 1998 report, NRS stated an interest to begin a captive propagation program since Amastra is 
not yet listed as endangered but rather is considered a Species of Concern. In February 1999, two 
live A. micans were collected from a new population on the slopes ofPu'u Hapapa and brought 
back to the Natural Resources Center. The snails were kept in plastic buckets in an air
conditioned office at between 70 and 75 degrees. Samples of the preferred vegetation mentioned 
above are kept in a refrigerator and replaced every two weeks. Two A. micans were born in 
captivity but did not survive, possibly because of slightly warmer summer temperatures. One 
more adult was added and recently both of the original adults died, possibly due to mites, disease, 
diet, or old age. According to Dr. Chung, A. micans live approximately four to five years and 
these two had been in captivity for one and a half years. NRS continued raising these snails in 
captivity until 27 September 2000 when the last remaining adult was released back to the original 
habitat on Pu'u Hapapa. Trying to raise these snails in the office proved to be a demanding and 
difficult endeavor. The office environment s imply was not suitable over the long-term. The 
snails could survive but did not seem to prosper. The temperature seemed to be desirable but the 
air conditioning tended to dry the containers out and moisture needed to be added daily. During 
the past year no live Amastra micans have been recorded. 

NRS collaborated with Dr. Chung in wTiting an article that was published in the Bishop Museum 
Occasional Papers, 28 May 1998, entitled "Recent Records of the Landsnails Amastra micans and 
Lamine!la sanguinea." The Army Natural Resource Program also contributed 15 dead specimens 
of A. micans and 6 dead specimens of L. sanguinea to the Bishop Museum collection. 

5.6.k Lamiuella sanguiuea 

Laminella sanguinea have also been found at the Amastra micans site in SBS mentioned above. 
NRS were happily surprised to locate nine live L. sanguinea here in 1996. This was the first 
documented sighting since 1993. Unfortunately, many empty shells of dead snails were also 
found. Since L. sanguinea and A. micans are sometimes found in the same microhabitat, the 
predator control conducted for A. micans applies to both species. L. sanguinea is not listed as an 
endangered species but like A. micans is a Species of Concern. NRS have found shells of L. 
sanguinea in other places in the SBW and SBS but had not been able to find live specimens 
anywhere else. In December 1998, 27live L. sanguinea were found on Pu'u Hapapa. 

Raising L. sanguinea in captive propagation was also discussed as a prudent management activity 
in the PCSU report of 1997-1998. It appears that the same threats affecting all of the other native 
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Hawaiian snails are also affecting them. Unlike some of the other known areas where NRS find 
snails, this one is at a much lower elevation and is much more susceptible to the ravages of E. 
rosea. In November 1998, NRS began raising L. sanguinea at the Natural Resources Center. 
OriginaUy one pair was brought back from Pu'u Hapapa and one other adult added later. It was 
difficult to raise the snails to maturity and immature snails born in captivity were unable to 
survive longer than one and one half years. On 27 September 2000 the surviving two adults and 
two juveniles were released to their original habitat on Pu'u Hapapa. 

Another management proposal for the Pu'u Hapapa area was to camp there overnight and set out 
snap traps for rats near the prime snail habitat. This was accomplished when ten traps were set 
out in one night and three rats were caught. NRS began a predator control project for rats in 
February 2000 and continue to monitor this area twice a quarter. There are a total of eight bait 
stations on Pu'u Hapapa and six more in the SBS. Hopefully, with continued vigilance, the rat 
problem will be reduced and the snails will be protected. 

On 6 June 2000 five live Laminella sanguinea were counted in the SBS during the Achatinella 
mustelina surveys. Since then, not as much time has been allotted to surveying while the rat bait 
buckets are restocked. On more recent trips, only two or three snails have been seen. Up above 
on Pu'u Hapapa the rat bait is usually restocked but the area where most of the Laminella 
sanguinea have been seen is avoided. 1l1e snails are found in very steep terrain with many loose 
rocks. It is difficult to work in the area without doing some damage. Therefore, the site is visited 
infrequently. Five live Laminella sanguinea were seen here with Dr. Michael Hadfield on 19 
April 2001 and samples were collected for genetic studies. 

5.7 Rare Snail Management Recommendations 

The recent history of the native Hawaiian land snails shows that they are literally struggling for 
their existence and losing battles daily to the many threats opposing them. NRS will continue the 
following management: 

• Marking and recapturing snails and collecting data to assist in management. 
e Maintaining the Kahanahaiki snail enclosure as an area where native snails can live in a 

healthy environment free from the tlu·eats of rats and predatory snails. 
• Searching in areas of historic snail habitat with the expectation that if any critically rare snail 

is found, it will be given to the UH snail laboratory for captive rearing. 
• Controlling predators while working to develop a predator control technique for wet forest 

areas that can remain effective over long periods of time. 
• Supporting the licensing of a more toxic rodenticide to improve rat control in remote areas. 
• Supporting Dr. Hadfield's efforts to develop a bait for controlling E. rosea and use it where 

appropriate. 
• Working with other agencies to develop long-range snail management strategies. 

Increasing visits to Ko · olau snail sites and improve predator control in these areas. 

183 



5.8 Rare Snail Monitoring and Management Schedule 

This schedule is made to help NRS plan the continued searches for rare snails and the monitoring 
of known sites. Management actions to control threats will be determined as data is collected and 
analyzed. For some of these snails there are no known populations in the wild. For these snails 
an 'X' will identify the quarter in which NRS will plan to search for this species. For species 
having known populations, an 'X' next to the species will designate in which quarter new areas 
will be searched for more populations. 

In March 2000, a study was initiated to collect samples of Achatine/la mustelina from various 
sites in the Wai'anae Mountains. D' Alte Welch published a book entitled "The Distribution and 
Variation of Achatinella mustelina mighels in the Wai'anae Mountains, O' ahu'' in 1938. This 
book was the field guide that was used to determine which areas were to be surveyed. Welch 
separated the snails into sub-species and the genetic work will be used to study the variation 
between the different populations. These surveys involved not only Army training lands but also 
land managed by The Nature Conservancy of Hawaii, the State Division of Forestry and Wildlife, 
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and the Board of Water Supply. The results of the genetic work are complete and are being used 
by the Makua Implementation Team to determine future management. Although sequence data 
revealed clear evidence of highly structured geographic populations of A. mustelina, the pattern 
of genetic variation does not support the morphology-based subspecies proposed by Welch 
(Holland, 2001). 
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5.9 Rare Damselfly Management 

Damselflies are part of the same order as dragonflies, with similar body structure, but smaller. 
They hatch from eggs and spend the next 3-4 months of their larval stage in water. When mature, 
the larvae crawl out of the water onto vegetation or a rock, shed their old cuticle, and emerge as 
adults with wings. They are federally listed as a Species of Concern. 

On 31 March 1999, NRS, along with Arlene Pangelinan of the U.S. Fish and Wildlife Service 
and Kate Johnson of the University of Hawaii, participated in a translocation of native Orange
black damselflies (Megalagrion xanthomelas) from Tripier Army Medical Center (TAMC) to 
DMR. 'This damselfly was considered Hawaii 's most abundant one in the early 1900s and was 
even commonly found in Honolulu gardens. Due to loss of habitat and the introduction of alien 
aquatic species such as guppies and topminnows, the damselfly had been reduced to a single 
remaining population at TAlviC. When this population was threatened by expanding construction 
projects in 1995, the Army was requested to find another suitable habitat to ensure that this native 
damselfly would not become extinct on O' ahu. Megalagrion xanthomelas is still abundant on 
Moloka'i, Uina' i, and Hawaii. 

Pinao'ula'ula Stream at DMR was selected because it has no predatory alien fish and is located 
on a hillside where it will not impact training. The Army was fortunate to combine efforts with 
Kate Jolmson, who used the translocation as a graduate research project and continued to monitor 
the site weekly for one year. NRS monitored the site bimonthly. 

For the tTanslocation the group collected 44 larvae (naiads) by scooping in the sediment of the 
stream with hand nets. Each naiad was placed in a plastic vial half-filled with stream water to 
keep the naiads cool. A total of 55 adults (30 females and 25 males) were captured using other 
hand nets. It was a sunny day, which helped to bring out many adult damselflies, and the 
collection was complete by 12:30 PM. The wings of the adults were marked so that they could be 
identified later at the translocation site. Adults were also placed in vials and stored in a cooler 
with blue ice. 

Kate had already designated the relocation sites at the stream so after arriving at DMR the group 
proceeded to release the naiads in pairs into the water and the adults (one male and one female) 
into the air. Adults are believed to live for approximately 2-3 months. Kate found adults that had 
most likely emerged from naiads released in the stream but she never located any adults that had 
developed from eggs laid at the site. One of the problems that Kate noticed was crayfish. In the 
thesis that Kate Johnson submitted (Johnson 2001) she reported that she had captured 120 
crayfish. While performing surveys for alien fish no one had ever observed crayfish but Kate was 
able to trap them and she suspected that they negatively impacted the success of the translocation. 
Although the temperature and pH of the two streams was similar, there were many differences 
that may have contributed to the failure of the translocation. The plants that were found at the 
two sites were very different. None of the plants that Neal Evenhuis had found female M. 
xanthome/as using for oviposition at TAMC were present at the translocation site. The water 
depth differed in that the TAMC stream is deeper (28 em) compared to the DMR site (10 em). 
1l1e streambed bottoms differed in thatTAMC was composed of dirt, gravel, and bedrock while 
the translocation site is muddy. Also, the available food sources differed. It is possible that the 
translocation fai led due to insufficient or unsuccessful reproduction or high mortality in the naiad 
phase of development. 

The long-term survival of Megalagrion xanthomelas on O'ahu is important for the conservation 
of the .species on the island and will not be abandoned because this effort to expand their range on 
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the island failed. The T AMC stream will continue to be monitored and perhaps in the future 
another more suitable stream will be located for another translocation. The USFWS has received 
grant funding to continue monitoring of the TAMC site and work in conjunction with the Bishop 
Museum to locate another site for translocation. 
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5.10 Eleutherodactylus coqui Management 

In April2001, NRS was alerted to the presence of E. coqui on SBE. Both the U.S. Fish and 
Wildlife Service and the State Department of Agriculture (DOA) had become aware of the 
infestation in the residential area. In exploring the reports, personnel noted that the frogs had 
crossed the fence onto military property. NRS accompanied FWS and DOA personnel on three 
trips to hand capture adult male frogs between May and August 2001. Over the coarse of these 
visits and through conversations with biologists involved with control efforts elsewhere in the 
State of Hawaii it became apparent that hand capture alone would not be an effective control 
option for this infestation. The following factors lead NRS, FWS, and DOA to this conclusion. 
First the infestation is too large. Secondly, there are dozens of male frogs across an area of 
approximately five acres. Thirdly, only a fraction of these can be removed through hand capture 
efforts. 

Thus far, there has been no marked decline in the number of males detected after hand capture 
efforts. It is believed that there are probably at least an equal amount of females to males in the 
area. To date, no females have been removed through hand capture techniques. It is believed that 
removing males alone will have minimal effects on a population of this size. Another 
compounding factor is that females can store sperm, possibly for as long as six months. 

NRS, FWS, and DOA have decided to take a more aggressive approach to this infestation by 
clearing vegetation and spraying. DOA and FWS are going to work on the residential side to 
educate the residence and get permission to spray on their private property. NRS is working with 
a DPW Entomologist to clear the infested area with bulldozers in preparation for spraying. Once 
permission has been gained on the private side and the area on the military side has been 
bulldozed agencies will coordinate spraying operations and post treatment monitoring. All 
spraying will be performed under DOA special use pennit and will utilize either pyronone or 
caffeine based products. It is expected that spraying should rapidly decimate the population. 
NRS will continue to lead support to this operation and carefully monitor success. 

188 




