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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 



Chapter 6 Research Activities  6-10 

2006 Mākua & O‘ahu Implementation Plan Status Update 

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.   
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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 

 
 




