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CHAPTER 7: INVERTEBRATE CONTROL PROGRAM     

Summary 

This chapter describes the status and outcome of actions carried out under the direction of the Oahu Army 
Natural Resources Program (OANRP) Research Specialist which, this year, focused on increasing 
effenciency in the control of invasive slugs, surveying for and controlling the newly introduced Coconut 
Rhinoceros Beetle (Oryctes rhinoceros) and Little Fire Ant (Wasmannia auropunctata), as well 
inspecting high risk areas for invasive ants (Hymenoptera, Formicidae).  We also discuss our efforts to 
limit or prevent native snail exposure to slug bait. 

7.1 SUMMARY OF SLUG CONTROL ACTIONS OCT. 2013-SEPT. 2014 
Background: Slugs can cause dramatic declines in the survival of rare native Hawaiian plants (Joe & 
Daehler 2008).  Control of slugs using the organic molluscicide Sluggo® (trademark omitted from the 
rest of this document) (Neudorff, Germany) was shown to encourage seedling germination and 
recruitment of certain rare plant species (Kawelo et al. 2012), in particular those within the genera 
Cyanea and Schiedea. In 2010, Sluggo was approved for forest use by the Hawaii Department of 
Agriculture (HDOA) under a Special Local Needs (SLN) permit. We are currently working with the 
manufacturer and the HDOA to ensure all research and documentation is completed to allow for renewal 
of this important product upon its expiration in Oct. 2015. This SLN has made slug suppression possible 
around rare plants in the wild. In response, OANRP has expanded its slug control program every year 
since 2010. Over the past year we controlled slugs in order to protect eight endangered species in six 
Management Units (MUs) across an area equal to 3.2 acres, a 40% increase in area from the previous 
year. Rare plant species which received Sluggo treatments at a rate of 1 lb. Sluggo per 184 m2 per month 
(half the maximum label rate) appear in Table 1. Portions of Ekahanui and Palikea were not treated every 
month as they were part of an experiment on setting reduced intervals for application of Sluggo discussed 
later in this section. 
 
Table 1. List of rare plant species treated monthly with Sluggo. Treatment areas are not necessarily 
contiguous. 
MU Plant species treated (Population Reference 

Code) 
Treatment area 
(m2) 

Sluggo required per 
treatment (lbs.) 

Ekahanui  Cyanea grimesiana subsp. obatae (EKA-C) , 
Delissea waianaeensis (EKA-D), Phyllostegia 
mollis (EKA-D), Schiedea kaalae (EKA-D) 

4,232 23 

Palikea C. grimesiana subsp. obatae (PAK-A & PAK-B) 2,220 12 

Kahanahaiki C. superba subsp. superba (MMR-E & MMR-
H), S. nuttallii (MMR-E), S. obovata (MMR-C 
& MMR-G) 

1,650 9 

Upper 
Kapuna 

S. kaalae (KAP-A) 706 4 

West 
Makaleha 

C. longiflora (LEH-B), S. obovata (LEH-A & 
LEH-C) 

1,196 6.5 

Pahole S. nuttallii (PAH-D & PAH-E), C. superba 
subsp. superba (PAH-A) 

3,000 16 
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Pest species monitoring:  
Relative slug abundance was measured using baited pitfall traps (McCoy 1999) consisting of ten 9-oz. 
glass jars, placed in holes so that their openings were level with the soil surface and baited with six oz. of 
beer.  This year, we switched from Guinness (Diageo Brewing Co., Ireland) to a less expensive brand of 
beer, Pabst Blue Ribbon (Pabst Brewing Co., CA). Results from a trial in Kahanahaiki comparing the two 
beers demonstrated they are equally attractive to slugs (Fig. 1). A repeated measures ANOVA showed 
beer type did not significantly influence catch when controlling for time (F1, 119 = 0.25, p = 0.618). 

 
Figure 1. Slugs captured per trap by beer type (bars are + 1 SEM). 
 
Due to constraints on time and labor, relative slug abundance could not be monitored at all slug control 
sites. Our strategy was to use abundance data from two sites (Palikea and Ekahanui) to determine slug 
control at other sites. This is an imperfect strategy however, as slug abundance can differ by MU. This 
coming year, we plan to monitor slugs at all sites but less frequently than in the past.  

Methods: Within Palikea and Ekahanui, treatment and control sites were established no closer than 30 m 
and no farther than 100 m from one another. Traps were scattered throughout each treatment site at least 
two meters from their nearest neighbor and at least two meters from the edge of the Sluggo application 
area.  Traps were set for two weeks, after which any captures were recorded.  In previous years, Sluggo 
application was halted when slugs dropped to one slug per trap in the control sites. Slug abundance at 
untreated sites this year never dropped below this- admittedly subjective- threshold so monthly treatments 
were continuous for all except areas included in the optimal Sluggo application trial. The control data 
which informed our decision to continue treatments appears as part of a later figure (Figs. 7a & b, see “No 
Sluggo” group specifically). Calibrating the start and end times for Sluggo application requires multiple 
visits to set and check traps. This is time which could be better spent simply applying Sluggo 
continuously. We will transition to this latter strategy in the upcoming year.  
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Native snail monitoring: Native snails may be adversely impacted by Sluggo. The label cautions: “Do 
not apply in areas where it may come into contact with known populations of endemic Hawaiian snail 
species from the following rare families or subfamilies: Amastridae, Achatinellinae and Endodontidae). 
Bait must not be applied within 20 m of any tree known to harbor endangered Hawaiian tree snails 
(Achatinella spp.).” Accordingly, all areas which currently receive Sluggo have been extensively searched 
by our rare snail conservation specialist. Even a thorough survey does not garuntee detection. Snails can 
be hidden deep in foliage, move into or out of an area, or occur in such low numbers that an encounter 
would be improbable. Regular, periodic monitoring is necessary to ensure native snails are not present 
and do not move into areas where they would be exposed to Sluggo. This occurred at two sites, one at 
West Makaleha (Fig. 3) and one at the bottom of Kahanahaiki gulch (Fig. 4).  Sluggo has not been applied 
at either of these sites since snails were found. The timeline of activities by MU related to native snails at 
these sites appears in Table 2. 

Table 2. Discovery of native snail species in former Sluggo application sites. 
MU Date Finding Action 

West 
Makaleha 

April 2011 No native snails found Sluggo application begins at 
Cyanea longiflora, Schiedea 
obovata and C. grimesiana sites 

April 2013 Six A. mustellina were found 
within 20 m of C. grimesiana 
Sluggo application site 

Snails moved to suitable tree 
outside of slug control area. 
Sluggo halted at C. grimesiana 
site 

April 2014 No native snails found No action taken 

Oct. 2014 Two A. mustellina were found in 
an Antidesma tree in the former 
Sluggo application area  

Snails moved to suitable tree 
outside of slug control area. 
Sluggo resumed at C. grimesiana 
> 20 m from the original 
Antidesma host 

Kahanahaiki 
 

March 2010 Cyanea superba seedling 
survival with slug control 
investigated under an 
Experimental Use Permit for 
Sluggo 

Sluggo applied experimentally at 
two week and one month intervals 

Dec. 2010 Leptachatina spp. (Amastridae) 
found within Sluggo area 

Sluggo halted at Cyanea superba 
near snails 

Sept. 2014 Leptachatina spp. (Amastridae) 
found within former Sluggo area 

No action taken, Sluggo 
application not resumed 
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Figure 3. Achatinella mustellina location and translocation in relationship to slug control areas in West 
Makaleha. Translocated snails are shown in red. Due to eight snails found on two occasions in the vicinity 
of some of Cyanea grimesiana subsp. obatae plants Sluggo has not resumed for plants within 20 m of the 
original host tree. 
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Figure 4. Leptachatina spp. (Amastridae) locations in relationship to slug control areas in Kahanahaiki. 
Due to multiple finds of snails in the vicinity of some Cyanea superba plants Sluggo is no longer applied 
there. 
 
7.2  EFFICACY OF REDUCED SLUGGO APPLICATIONS 

Background: In 2011 we set up an experiment to determine whether Sluggo applied at the label rate 
(once every four weeks) provides equal slug suppression as when applied every two weeks.  These two 
rates were chosen because the label states (italicized emphasis my own): “Apply at higher rates if the 
infestation is severe or if the area is heavily watered or after long periods of heavy rain. Reapply as the 
bait is consumed or at least every two weeks.”  OANRP manages sites that are fairly remote.  The cost of 
slug control is doubled if crews must treat plants every two weeks when only a single application per 
month is required to reduce slug numbers.  The cost of the bait itself is also a factor.  A 25 lb. bag retails 
at $70 (http://www.groworganic.com/sluggo-25-lb-bag.html). 

Results indicated that a month interval between Sluggo applications provided adequate slug control in the 
two largest sites (Ekahanui and Palikea; OANRP 2012) but was insufficient at West Makaleha where the 
treatment area measured only 144 m2. The following year, doubling the treatment area significantly 
improved slug suppression and allowed for a longer interval between treatments (OANRP 2013). This 
year we tested whether slug control can be achieved when Sluggo is applied even less frequently. We 
refer to this latest study as the Extended Interval Treatment (EIT) as compared to the Monthly Interval 
Treatment (MIT), which took place prior to the EIT in the early months of 2012. 
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Methods: We delimited treatment areas measuring 2000 m2 and control sites at least 30 m away from the 
treatment areas in two MUs: Ekahanui and Palikea (Figs. 5 & 6). From January 2014 through July 2014 
we applied Sluggo once every 8 weeks at Ekahanui and once every 6 weeks at Palikea. Except when 
relevant, we will refer to both of these as the EIT at that site. 

 

Figure 5. Slug treatment and control sites in Ekahanui. Under the EIT the shaded area received Sluggo 
once every 8 weeks. 
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Figure 6. Slug treatment and control sites in Palikea. Under the EIT the shaded area received Sluggo once 
every 6 weeks. 

We used counts of slugs at baited traps once every two weeks in treatment and control sites as a measure 
of relative slug abundance (see Pest Species Monitoring this document). 

Analysis post-treatment relied upon the counts of slugs at the control traps subtracted from counts of 
slugs at the treatment traps. Thus a value of 0 indicated no difference between each trap pair, a positive 
number indicating an increase in slugs and a negative number a decrease in slugs due to treatment. The 
dataset for the EIT relied upon data collected this year, while that for the MIT relied upon data gathered 
from January through June 2012. Both the EIT and MIT occurred in the same areas, with the same baited 
beer traps, the only difference was that the former took place in 2012 and the latter in 2014. 

Analysis: Statistical analyses were performed with Minitab Release 16 software of Minitab Inc. (Ryan et 
al. 2005).  Significance during hypothesis testing was characterized by p-values less than 0.05. Datasets 
did not deviate greatly from normal so a repeated measures ANOVA was used to investigate the effect of 
treatment independent of time.  Differences between the treatment and control groups within EIT 
treatments by MU were analyzed using a two sample T test. While reductions in the number of slugs 
between the MIT and EIT as well as between the control and treatment groups were compared 
statistically, direct comparisons between the two EIT treatments (6 weeks at Palikea vs. 8 weeks at 
Ekahanui) were not possible because of lack of replication within the other MU. 

Results: The mean number of slugs recorded at the treatment and control sites in the MIT vs. the EIT 
group at Ekahanui is shown in Figure 7a. The same data for Palikea is shown in Figure 7b. 
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Figure 7. A: Ekahanui MIT and EIT groups vs. the control. B: Palikea MIT and EIT groups vs. the 
control. 

A repeated measures ANOVA showed a significant slug reduction in the MIT group over the EIT group 
in Ekahanui (F1, 244 = 28.38, p < 0.000). This was also true for Palikea where the MIT group outperformed 
the EIT group (F1, 271 = 49.27, p < 0.0005) (Fig. 8).  

 

Figure 8. Interval plot (bars are 95% Confidence Interval for the Mean (CIM)) of the EIT at both sites 
showing a greater reduction in slugs in the MIT group. 

In fact, a two sample T test failed to show a difference between the EIT group and its control at Ekahanui 
(t(15) = 1.50, p = 0.149) or Palikea (t(17) = -0.21, p = 0.835) indicating the Sluggo treatment was 
ineffective. 

Conclusion: Despite fluctuations in slug numbers from year to year, when Sluggo is applied at intervals 
longer than 4 weeks apart, slug reduction is indistinguishable from no treatment. Sluggo should be 
applied at least every month to protect rare plant species. 

7.3  SURVEY OF INVASIVE ANT SPECIES 

New ant species: In December 2013, the Little Fire Ant (LFA) arrived in Waimanalo from infested 
material from the Big Island. It is a serious threat both ecologically and economically. To prevent 
accidental transport of this pest, we surveyed several new sites, including suppliers of our greenhouse 
media and the garden supply shop at Schofield Barracks. These are areas where, if LFA were found, they 
could easily contaminate our greenhouse and by extension get into natural areas where we work. We plan 
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	Table 4. List of ant species found in each MU. Results for the majority of MUs are not yet available.



