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Chapter 6: Research Activities 
 
Research plays an important role in resource management.  For a number of introduced pest 
species in Hawai‘i, little is known about their life histories, distributions, abundances and 
interspecific interactions, and therefore their potential impacts on native species.  Furthermore, it 
is often not clear what the most effective and appropriate management actions are for a given 
alien species problem.  In recognition of these facts, the O‘ahu Army Natural Resource Program 
(OANRP) hired a full-time Research Specialist (RS) in September 2005.  Our new research 
program is focused on assessing the nature and magnitude of alien species threats on native 
species, and, where possible, developing control methods for the introduced pests that are 
deemed most damaging to native natural resources.  In addition, Army Natural Resource Staff 
(NRS) have expanded efforts to collect, identify and properly store invertebrate specimens.  
These allow us to rapidly detect incipient pest species on Army lands and to potentially respond 
before continued spread makes eradication prohibitively expensive. Rare native species have also 
been discovered, notably, Rhyncogonus fordi (Coleoptera: Curculionidae) a species collected 
only once in the last 30 years (Samuelson, 2003).  See Figure. 6.1 for collection details.   
 

 
Figure. 6.1: Rhyncogonus fordi (Photo by L. Tuthilll).  Collected 8/8/2006 on Kumai‘po Ridge, Mākaha, O‘ahu 
(elev: 762 m; Lat: -158.158047059; Long: 21.50294070351) and on 8/25/2006 on ‘Ōhikilolo Ridge, Wai‘anae 
Mtns., O‘ahu (elev: 884 m; Lat: -158.1933726996; Long: 21.513107143993).  Collector: K. Kawelo.  Identifications 
by G. A. Samuelson. 
 
Organized by taxonomic group, this chapter will detail our activities as they pertain to certain 
target pests.  For each, we provide an introduction to the problem, a description of research goals 
and, finally, our progress in fulfilling stated goals. 
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Euglandina rosea (Stylommatophora: Spiraxidae) 
 
Problem statement: 
The rosey wolfsnail, (Euglandina rosea), a medium, pink-hued, predatory land snail, is native to 
the southeast United States.  Purposely brought to Hawai‘i in 1955 to serve as a biocontrol, E. 
rosea failed to reduce populations of its intended target, the giant African snail, Achatina fulca.  
A generalist predator, E. rosea proved adept at finding prey in varied habitats, including native 
forests, where it became associated with the decline and endangerment of endemic snail species.  
Native snail populations in Maritius and French Polynesia responded similarly to E. rosea 
invasion. 
 
Goals: 
Examine the feeding behavior and ecology of E. rosea in native Hawaiian forest, assess their 
impacts on native snails based on population numbers and use results to aid in the development 
of an effective control program. 
 
Action: 
Occasionally, NRS provide funds and field assistance to University of Hawai‘i at Mānoa (UH) 
graduate students whose projects achieve OANRP goals.  One such project, addressing problems 
associated with E. rosea, has been underway for one year and OANRP has committed to 
supporting this research through the upcoming year.  Research is carried out by Wallace Martin 
Meyer III (UH, Center for Conservation Research and Training) as part of his PhD thesis.  NRS 
assists in monthly field surveys for E. rosea and collect E. rosea and (non-native) prey items for 
use in feeding experiments.  Results from year one of this project, written by W.  M.  Meyer, 
appear in Appendix 10.  Proposed research for the upcoming year includes an investigation of E. 
rosea movement and microhabitat preference (Appendix 9).  Results from this work will 
improve the ability of NRS to protect native tree snails from the depredations of E. rosea.   
 
Xylosandrus compactus (Curculionidae: Scolytidae) 
 
Except where noted, data on the life cycle of X. compactus and hosts in Hawai‘i are taken from 
Hara and Beardsley (1979). 
 
Problem statement: 
Native to Asia, the black twig borer X. compactus didn’t become widely distributed in Hawai‘i 
until 1960, nearly 30 years after its initial arrival in plant material from Singapore.  In common 
with other members of the tribe Xyleborini, X. compactus depends upon on an ambrosia fungus, 
farmed in galleries bored into the vascular tissue of the host plant, for its development.  Hawai‘i 
hosts 21 endemic ambrosia beetles, many of which specialize on a single plant species.  While 
native ambrosia beetles and other naturalized species, like X. crassicus, nest and rear young in 
dead wood, X. compactus, readily attacks healthy plants.  In Hawai‘i, active galleries have been 
found in 108 host plant genera spanning 44 plant families, making X. compactus a serious 
economic pest as well as a threat to native species.  With such a wide range of hosts, X. 
compactus is nearly impossible to control through the removal of potentially infected vegetation 
alone. 
 



Chapter 6 Research Activities  6-3 

2006 Mākua & O‘ahu Implementation Plan Status Update 

The life cycle of X. compactus is such that damage to the host plant arises as a result of multiple 
activities: 1. the hole bored by the beetle upon entry (Figure. 6.2) 2. the formation of a gallery in 
which eggs are laid (Figure. 6.3), and, according to some researchers (N. Dudley, Hawai‘i 
Agriculture Research Center (HARC) pers. comm.) 3. disease-causing strains of the Fusarium 
fungus, which is inoculated into the new host plant by a gravid female.  Upon reaching maturity, 
the female X. compactus leaves her parental gallery, having already mated with a male sibling, 
the majority of which die in place, never to emerge.  On average, eight eggs are produced by the 
female at one time.  These hatch within seven days, after which, larvae feed on fungus until they 
pupate and reach maturity.  Another two weeks will elapse before these recently pupated females 
will leave the galley, at which time they will depart via the single hole bored by their mother. 
 

 
Figure. 6.2: Black twig borer entry hole into Flueggea neowawraea stem showing insect frass (photo by S. Joe). 
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Figure. 6.3: Black twig borer gallery in Flueggea neowawraea branch showing mature and recently pupated adult 
females alongside grubs (photo by H. C. Kuo). 
 
Xylosandrus compactus is a major threat to a number of rare and endangered plants, notably 
Caesalpina kavaiensis (Fabaceae), Alectryon macrococcus (Sapindaceae) and Flueggea 
neowawraea (Euphorbiaceae), all of which are observed to suffer high attack rates.  Because X. 
compactus resides primarily within the plant pith, chemical control options are limited.  
Greenhouse collections of  Flueggea neowawraea are treated with Merit® (Bayer Crop Research, 
Triangle Park, NC), a systemic insecticide applied as a root drench.  The number of entry holes 
on greenhouse plants differed little from those recorded from untreated, outplanted trees.  This 
suggested treatment with Merit® did not deter X. compactus females from nesting and egg laying 
attempts.  Closer inspection of 10 entry holes, however, yielded only three active galleries 
among the greenhouse individuals compared to eight among the outplanted population. 
 
Goals: 
Having found systemic insecticides cumbersome to deploy, slow to act and expensive, with only 
questionable efficacy, NRS sought out alternatives.  NRS entered into a partnership with Nick 
Dudley, a forester with the HARC and Nancy Gillette, a research entomologist with the U.S.  
Forestry Service (UFS), to test the anti-aggregation pheromone Verbenone® (Phero Tech, Point 
Roberts, WA) against X. compactus among outplanted Flueggea neowawraea in Kahanhāiki 
Gulch.  Verbenone® is currently used on the mainland U.S. to protect pine stands from boring 
beetles in the genus Dendroctonus (Curculionidae: Scolytidae) (Gillette et al. 2006).  In previous 
work, Dudley and Gillette demonstrated ethanol effectively attracted X. compactus (Gillette et 
al., in prep), presumably because it mimics the odor of rotting wood.  When paired with 
Verbenone, however, they found ethanol attracted significantly fewer X. compactus than did 
ethanol alone or ethanol paired with other potential repellents (Gillette et al., in prep).  Thus, 
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while Verbenone appears to repel X. compactus, our experiment will determine whether this 
effect is strong enough to protect F. neowawraea. 
 
Little is known regarding X. compactus densities or population response to seasonal cues.  
Anecdotal observations suggest X. compactus numbers increase starting in late April, peak in 
August and begin to decline in October (E. Burbano, UH Plant & Environmental Protection 
Sciences (PEPS) pers. comm.).  If true, then the deployment of repellents would be most 
effective at those times when numbers are high and damage to plants most severe.  Therefore, 
NRS needed to devise ways to both monitor X. compactus and quantify its damage to F. 
neowawraea.  Data from such endeavors are expected to provide information critical to F. 
neowawraea conservation. 
 
Actions: 
As in previous studies (Gillette et al., in prep; E. Burbano, unpub. data), we used counts of X. 
compactus attracted to ethanol-baited traps as an indicator of relative population size.  An 
insecticidal strip (Vaportape® Hercon Environmental, Emigsville, PA) placed in the collecting 
cup killed any insects entering the trap.  On June 15, 2006, six traps were hung at intervals of 20 
m around the periphery of the Nike greenhouse (elev: 610 m, Lat: -158.195227096951, Lon: 
21.5461005736750).  Traps were emptied and re-baited weekly (Figure. 6.4).  Samples collected 
through August yielded only three X. compactus.  It is too early to say whether our methodology 
is flawed, or whether the low catch corresponds to actual numbers of X. compactus in this area. 
NRS plan to continue sampling through the end of the year, then re-assess whether the traps are 
working.  Other Scolytidae found, from most to least common, were Hypothenemus sp.; 
Xyloborinus spp.; Xyloborus spp.;  and X. crassicus.  These groups are not known to bore living 
plants (Huang-Chi, pers.  comm.) and, when opened, entry holes into Flueggea neowawraea 
have yielded only X. compactus. 
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Figure. 6.4: Black twig borer trap with collection cup removed.  S. Joe is pictured collecting samples after which, 
the cup will be reattached to the bottom of the trap (photo by H.C. Kuo). 
 
Counts of new entry holes accumulated over time by individual Flueggea neowawraea provide 
data on the frequency of X. compactus attack in the absence of treatments.  This method has been 
used elsewhere (Gillette et al.  2006) to evaluate the success of experimental repellents.  Using 
white latex paint, NRS marked all existing holes on outplanted F. neowawraea and have started 
recording new holes on a weekly basis.  Preliminary results show trees accumulate one new entry 
hole per 2.4 inches of bole length every 9 days.  An experimental test of Verbenone® efficacy in 
the field is planned but the design not yet finalized by all cooperators.  At present, the 
experiment is planned to run for 90 days (the duration of efficacy recommended on the label) 
with some trees receiving Verbenone® and others serving as controls.  Upon conclusion, attack 
rates between the treatment and control will be compared.  Until that time, these trees will be 
resurveyed every 10 days to determine baseline levels of damage.  
 
Solenopsis geminata (Hymenoptera: Formicidae) 
 
Problem statement: 
Solenopsis geminata, the tropical fire ant, has been present in Hawai‘i for over 100 years and, as 
the name suggests, is capable of delivering repeated, mildly painful stings.  Fire ants are 
notorious for their stinging behavior, and respond rapidly and aggressively to any disturbance. 
Listed among the top five most invasive ants in Hawai‘i, S. geminata is common in dry, 
disturbed areas below 450 m elevation (Krushelnycky et al. 2005).  Thought to be restricted to 
lowland areas, it was recently discovered at an elevation of 600 m on a ridge top on Army land 
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(Figure. 6.5).  The threats posed to native species by S. geminata include reduced fledgling 
survival in seabirds (S. Plentovich, UH Zoology pers. comm.) and the displacement of native 
arthropods through predation and competition (Krushelnycky et al. 2005).  Workers tend 
honeydew-producing homoptera, especially mealybugs, which, in turn, threaten native plants via 
overfeeding and disease transmission. 
 

Figure. 6.5: Location of Solenopsis  geminata (marked with a cross) in Kahanahāiki. 
 
On March 24, 2006, Talbert Takahama (NARS specialist) reported having been stung by an 
unusual red ant along the Kahanahāiki fenceline. On May 6, 2006, NRS returned to the area with 
entomologist Paul Krushelnycky who identified the ant as being S. geminata and expressed 
surprise at it being established at such a high elevation.  The following weeks were spent 
surveying the extents of infestation and searching surrounding ridges for additional colonies.  No 
additional S. geminata colonies were found.  A number of other ant species, including Pheidole 
megacephala, Plagiolepis alluaudi, Technomyrmex albipes and S. papuana were recorded from 
nearby areas but not considered for eradication.  They were either innocuous or too well 
established for treatment to be effective.  A 40 m transect with survey stations at 1 m intervals 
was established through the center of the S. geminata infestation following the fence line. NRS 
used methodology recommended by the Cooperative Extension Service (2004) to detect fire ants.  
Survey protocol involves visual searches for nests and foragers, as well as the use of baits to 
attract nearby foragers (if present).  Chopsticks dipped in peanut butter served as bait.  These 
were left under vegetation for 60 minutes, then retrieved and any ants found identified.  In this 
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manner, we judged the infestation covered an area roughly155 m2 in size.  It should be noted that 
the infestation abutted a steep cliff where further survey was impossible.  Thus, the eastern 
boundary was determined by the geography of the area, not the absence of ants.  We speculate 
this is, in fact, the actual boundary as the ants currently occupy an area that is hot, dry, exposed 
and with little vegetation while the cliff face is densely vegetated.   
 
The mode by which S. geminata became established at such as remote location is unknown.  The 
small area occupied and the low numbers of ants suggest S geminata is either newly arrived or 
that the habitat is marginal for their survival.  Though winged, S. geminata queens are poor fliers 
(P. Krushelnycky, pers. comm).  They may have been blown up by wind from lower elevations.  
If transported by humans, they may have hitchhiked on personnel gear or in fence material 
brought to construct the fence. It should be noted, however, that NRS is careful to clean gear and 
it has been nearly 10 years since the fence was constructed. 
 
Goal: 
Application of Amdro® Fire Ant Bait (Ambrands, Atlanta, GA) to achieve eradication of S.  
geminata from Kahanahāiki.  Hydramethylnon, the active ingredient in Amdro, is used by U.S. 
Fish & Wildlife Service (USFWS) and the National Park Service (NPS) to control ants elsewhere 
in Hawai‘i (such as offshore islands, Haleakalā National Park and Palmyra Atoll) and is 
considered safe to use in ecologically sensitive areas. 
 
Actions: 
Ant densities were monitored pre and post treatment using peanut butter baits left at 1 m 
intervals along the transect (described above).  On April 25 S. geminata foragers were found at 
48% (or 19/40) of all baits.  Of this 48%, 5 ants, on average were present.  The area was treated 
with 10.8 oz. of Amdro (the label rate) using a hand-held bait spreader on May 30 and, again on 
July 24, when S. geminata re-appeared.  Ant eradication often requires multiple treatments 
because pupae are unaffected by ingestible pesticides.  They are aestivating and, therefore, do 
not eat.  Results from pre and post treatment surveys appear in Table 6.1.  To date, S. geminata 
has not recurred.  Monthly checks of the area will continue for 1 year after the latest treatment.  
If no ants are found during this time, monitoring will cease and the population will be considered 
eradicated. 
 
Table 6.1.  Solenopsis geminata monitoring results pre and post treatment 

Date 
(2006) 
(MM/DD/) 

# of baits with 
ants (of 40 
total) 

Visual search (2 
person hours) 

Notes 

04/25 19 Present  
Treated on 05/30 
06/01 0 Absent  
06/05 0 Present One nest found, but ants are behaving 

abnormally.  Pupae present. 
06/08 0 Absent  
06/15 0 Absent  
07/13 1 Present Active nests found. 
Treated on 07/24 
07/20 0 Absent  
07/27 0 Absent  
08/10 0 Absent  
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Terrestrial slugs (Mollusca: Pulmonata) 
 
Problem statement:  
Hawai’i lacks native terrestrial slugs (Gastropoda: Pulmonata).  A number of introduced species 
are now established (Cowie 1997) and, further, become widespread in mesic to wet native forest, 
most notably, Deroceras reticulatum, recognized around the globe as a serious pest.  While few 
formal studies have been conducted to investigate the impacts that alien slugs are having on 
native flora, they are nevertheless widely regarded among local botanists to be key limiting 
factors to native seedling survival and responsible for the failure of several restoration efforts.  
Rare plant recovery plans drafted by USFWS (1995a, 1995b, 1997, 1998a, 1998b, 1998c, 1999, 
2005) identify slugs as either current or potential threats to some 50 endangered plant taxa, most 
in the Campanulaceae. Two field trials at Lyon Arboretum in O‘ahu (A. Yoshinaga, Lyon 
Arboretum, and C. Daehler, UH Botany, unpub. data) demonstrated slugs capable of reducing 
the survival of native Cyanea angustifolia seedlings by as much as 80%.  These findings are in 
agreement with those found by Joe (2006) who showed slug exclusion significantly enhanced the 
survival of two native endangered plant species managed by NRS: Scheidea obovata 
(Caryophyllaceae) and Cyanea superba (Campanulaceae).  Based on this data, we feel it is 
imperative to control slugs in the vicinity of vulnerable plant populations.   
 
NRS has used both beer traps to control slugs and copper barriers to protect rare plants in the 
past, with mixed success.  Both methods can only be used on a small scale. Copper barriers 
cannot practically be used to make exclosures larger than 1 m2 and they run the risk of trapping 
slugs at the time of construction.  During the wet season, when slugs are most abundant, the soil 
beneath the barrier tends to erode causing gaps slugs can exploit.  Thus, to be effective, they 
need weekly maintenance. Beer traps, like the copper, are expensive, labor intensive and, 
because slugs cannot detect airborne odors from a distance of more than 10 cm (when “smelling” 
slugs touch the ground with olfactory tentacles) (South 1992), only able to lure slugs within a 
few feet of the trap, if at all.  Chemical control using molluscicides is currently prohibited, as 
none are registered for forest or conservation use. 
 
Goal: 
Determine whether molluscicides might be used safely in a conservation setting.  Work with 
cooperating agencies to get label permissions for use of molluscicides in forested areas. 
  
Action: 
Effective slug control in ecologically sensitive areas, while desirable for those seeking to protect 
native plants, is cause for concern among native snail conservationists.  NRS, has been working 
with members of the Hawai‘i Department of Agriculture (HDOA) Pesticide Branch and the 
USFWS to identify molluscicides which show promise for eventual use in conservation.  A 
dialog on issues pertaining to invasive gastropod control took place at the 2006 Hawai‘i 
Conservation Conference.  The symposium, organized by NRS and U.S.  Geological Survey staff 
brought together snail and slug experts from UH and USDA as well as pesticide specialists from 
USFWS.  Though the use of molluscicides to control slugs remains a contentious issue for native 
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snail biologists, there was general agreement that, with proper research and careful application, 
nontarget impacts on native snails could be avoided. 
 
Molluscicides commonly contain the active ingredients metaldehyde or methiocarb which, upon 
contact, can cause dehydration in mollusks.  In addition, both of these compounds are hazardous 
to humans and animals (Dolder 2003; EPA Doc. 1994).  In contrast, iron phosphate (brand name 
Sluggo® Neudorff Co., Fresno, CA), a biochemical molluscicide registered in 1998, is not toxic 
to birds, mammals, fish, or (apart from mollusks) invertebrates (EPA 1998).  It’s mode of action, 
once ingested by the slug, is to interfere with digestion, causing death within 48-72 hours.  
Because of these promising attributes, Sluggo® is considered the most promising molluscicide 
for eventual use in a forest setting.  Neudorff Co.  representatives have agreed to negotiate with 
EPA to amend the label, while NRS have agreed to carry out research in support of this change. 
 
The habitat requirements of native tree snails in the genus Achatinella (Achatinellidae), overlaps 
with that of many of the endangered plant species targeted by slugs and there is little doubt that, 
if consumed, Sluggo®  would prove toxic to native snails.  Achatinella are believed to feed 
exclusively on epiphytic algae and fungi (Hadfield and Mountain 1980) and they are not ground-
dwelling.  These observations suggest that Achatinella might not be attracted to, or come into 
contact with, Sluggo®  (which would be broadcast on the ground).  The diets of most groups of 
native snails, however, have yet to be studied (R. Cowie, UH Zoology,  pers. comm.) and it is 
therefore unknown whether they would consume Sluggo®  if it was encountered.   
 
In order to determine whether Sluggo®  might be ingested by native tree snails, NRS conducted a 
feeding trial wherein captive-reared snails were offered inert (non-toxic) bait (Figure. 6.6).  
Unable to perform experiments using a listed species, Partulina redfieldi served as subjects 
rather than Achatinella.  The laboratory conditions and fungus diet given to both species is 
identical and behavior shown by P. redfieldi (in this instance) was considered applicable to 
Achatinella as well (M. Hadfield, UH Zoology pers. comm.).  Nontoxic bait similar to Sluggo®  
was mixed according to a recipe provided by Neudorff Co. representative.  For the purposes of 
this experiment, red food coloring was added to the bait so it could be identified later in snail 
fecal samples.  From 3:30 pm July 14 to 11:00 am July 15, 2006 snails had access to 4 g of bait 
stuck to the side of their container adjacent to their regular food (fungus in agar) (Figure. 6.7).  
Fecal samples confirmed 2 of the 8 snails sampled the bait, though in minute amounts (Figure. 
6.8).  We conclude from this trial that, if placed in areas accessible to native tree snails, Sluggo®  
may be consumed. 
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Figure. 6.6.  Inert bait mixture offered to experimental subjects.  The recipe follows: 0.5 cup old fashioned oats 
cooked in 1 cup boiling water for 5 minutes.  1 tablespoon of molasses.  0.25 teaspoon red food coloring.  Blend in 
mixture until smooth. 
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Figure.  6.7.  Presentation of bait and regular fungus diet to Partulina  redfieldii experimental subjects.   

  

Fungus 

Bait mixture 
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Figure  6.8.  Evidence of bait consumption by two separate snails. Circles mark areas with red bait. 
 
Problem: A lack of basic knowledge regarding the distribution, species composition, population 
density, seasonality and feeding habits of slugs on Army lands and throughout Hawai‘i, 
generally. 
 
Goal: Fill in these knowledge gaps through data collection. 
 
Action: NRS has endeavored to collect, voucher and identify slugs from remote areas (Table 
6.2), which, in turn, has led to the discovery of species new to O‘ahu.  In order to measure slug 
densities, we field tested a number of methods (Appendix 11) and used the most successful to 
implement long-term, slug monitoring stations in Kahanahāiki Gulch and Kaluakauila.   
 
Table 6.2.  Selected records of slug species collected on conservation lands.  All identifications made by S. Joe. An 
asterisk (*) marks species new to Oahu based on (Cowie 1997; 1998; 1999). 

Date Collector Locale Slug species Elev.  (m) 
9/11/2006 L.  Morgan Ko‘olau Mountains Limax maximus 792 
8/29/2006 D.  Forman Three Points (Wai‘anae 

Mountains), West Makaleha 
Meghimatium striatum 853 

4/26/2006 J.  Gustine Mount Ka‘ala Lehmannia valentiana* 884 
2/27/006 W.  Weaver West range; Haleauau Limax maximus 670 
2/21/2006 M.  Burt Three Points Deroceras reticulatum* 853 
9/15/2005 J.  Beachy KTA, Kaunala Gulch Meghimatium striatum 243 
8/31/2005 A.  Yoshinaga Lyon Arboretum Parmarion martensii 88 
12/1/2005 V.  Costello Waimano Camp Summit 

(Ko‘olau Mountains) 
Meghimatium striatum 808 

 
 




