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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 program’s 

Research Specialist (RS) which, this year, focused on the control of invasive slugs (Pulmonata, 

Stylommatophora) and ants (Hymenoptera, Formicidae).  Work on predators of the endangered tree snail 

Achatinella mustellina appears in Chapter 3: Achatinella Species Management. 

7.1 SLUG RESPONSE TO HIGH AND LOW DOSE APPLICATION OF SLUGGO® IN 

THREE MANAGEMENT UNITS (MUS) 

7. 1.1 Introduction 

Slugs can seriously reduce the survival of rare native Hawaiian plants (Joe & Daehler 2008).  In addition, 

control of slugs using the organic molluscicide Sluggo® (trademark omitted from the rest of this 

document) (Neudorff, Germany) was shown to enhance germination of certain rare plant species (Kawelo 

et al. 2012).  In late 2010, OANRP successfully petitioned the Hawaii Department of Agriculture 

(HDOA) to expand use of Sluggo under a Special Local Needs (SLN) Label which allows it to be used in 

forests to protect native plants (see section 5.2 of the OANRP Year End Report (YER) 

http://manoa.hawaii.edu/hpicesu/DPW/2011_YER/008.pdf).  The label will expire at the end of 2015, at 

which time, OANRP hopes to provide HDOA with information pertinent to the SLN renewal. 

The purpose of this experiment was to determine whether Sluggo (a.i. iron phosphate 1% by weight) 

applied at a rate of 1 lb. per 93m
2
 once a month provides equal slug suppression as when applied bi-

monthly.  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.  The cost of the bait itself is also an expense.  A 25 lb. bag retails at 70$ 

(Grow Organic Website accessed 11/8/2012). 

The two rates tested are referred to in this document as the bimonthly treatment and the monthly 

treatment respectively.  Frequency of bait application, therefore, and not the amount of Sluggo applied at 

a single time was manipulated in this study. 

The experiment was carried out in three MUs (Fig. 1) to determine the lowest effective application rate 

for those specific areas. 
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Figure 1:  Location of the three MU’s where Sluggo frequency was tested. 

. 

These sites were chosen for the following reasons:  

1. each contained plants known to be vulnerable to slugs (Table 1)  

2. regular, slug long-term control is planned in these areas for at least the duration of the Sluggo SLN 

3. slug damage to plants has been observed and slugs are common (i.e. they were detected within 15 

minutes when searches are carried out by experienced staff) 

4. no native snails are present in proximity to the treatment areas (see section 5.3.4 page 241 of the 2011 

YER) 
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Table1: Rare plant species treated in each MU, size of treatment area amount of Sluggo used at each 

treatment. 

Location Plant species treated Treatment area 

(m
2
) 

Sluggo required per 

treatment (lbs.) 

Ekahanui  Cyanea grimesiana subsp. obatae, Delissea 

waianaensis, Phyllostegia mollis, Schiedea 

kaalae  

930 (large) 10 

Palikea C. grimesiana subsp. obatae, C. superba 

subsp. superba 

625 (medium) 7 

3 Points  C. longiflora, C. grimesiana subsp. obatae, S. 

obovata 

144 (small) 1.5 

Though the primary purpose of this work was to save labor costs associated with controlling slugs in the 

three MUs in particular, this work also addressed the following questions regarding size and slug density. 

1.  If differences between slug numbers existed between sites, did those with higher densities of slugs 

require more frequent Sluggo applications? 

2.  Did smaller areas require more frequent Sluggo application than larger ones or vice versa? We 

expected smaller areas (i.e. 3 Points) would have greater problems with slug incursion than large ones 

(i.e. Ekahanui). 

7.1.2 Methods 

At each MU, treatment and control sites were established no closer than 30m and no farther than 100m 

from one another.  Treatment areas within each MU remain those shown in section 5.3.4 pages 238-241of 

the 2011 YER.  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 6 oz. of beer.  Traps were scattered throughout the site at least 2m from its nearest 

neighbor and, in the treatment areas, at least 2m from the edge of the Sluggo application area and kept 

there for the duration of the study.  Traps were filled every two weeks, after which any captures were 

recorded and the species recorded.  Slugs were counted at both treatment and control sites every two 

weeks for the duration of the study (Oct. 15, 2011-June 1, 2012 for Ekahanui and Palikea; Nov. 15, 2011 

– June 1, 2012 for 3 Points) and their species recorded.  Refer to Table 2 for a timeline of sampling 

events.  The mean number of slugs found in the 10 treatment and the 10 control traps comprise a single 

sampling event (referred to later in the results section). 
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Pitfall trap with beer used in this study. 

Table 2. List of slug sampling events and Sluggo application dates. 

Date ( + 2 

days) 

Activity 

10/01/2011 Pitfalls baited in Ekahanui & Palikea for pre-treatment slug counts 

10/15/2011 Slugs counted in pre-treatment sample, pitfalls re-baited for post-treatment counts.  Bimonthly 

Sluggo treatments begin in the treatment sites within Ekahanui & Palikea 

11/1/2011 Slugs counted at Ekahanui & Palikea, pitfalls rebaited, bimonthly treatments continue.  Pre-

treatment pitfalls baited at 3 Points 

11/15/2011 Slugs counted at Ekahanui & Palikea, pitfalls rebaited, bimonthly treatments continue.  Slugs 

counted in the 3 Points pre-treatment sample, pitfalls re-baited for post-treatment counts.  

Bimonthly Sluggo treatments begin in the treatment site at 3 Points 

12/01/2011 Slugs counted at all three MU’s, pitfalls rebaited, bimonthly treatments continue 

12/15/2011 Slugs counted at all three MU’s, pitfalls rebaited, bimonthly treatments continue 

1/01/2012 Slugs counted at all three MU’s, pitfalls rebaited, bimonthly treatments continue 

1/15/2012 Slugs counted at all three MU’s, pitfalls rebaited, bimonthly treatments continue 

2/01/2012 Slugs counted at all three MU’s, pitfalls rebaited, bimonthly treatment ends.  Monthly Sluggo 

application (all MU’s) begins 

2/15/2012 Slugs counted at all three MU’s, pitfalls rebaited.  No Sluggo applied 

3/01/2012 Slugs counted at all three MU’s, pitfalls rebaited.  Monthly Sluggo application takes place 

3/15/2012 Slugs counted at all three MU’s, pitfalls rebaited.  No Sluggo applied 

4/01/2012 Slugs counted at all three MU’s, pitfalls rebaited.  Monthly Sluggo application takes place 

4/15/2012 Slugs counted at all three MU’s, pitfalls rebaited.  No Sluggo applied 

5/01/2012 Slugs counted at all three MU’s, pitfalls rebaited.  Monthly Sluggo application takes place 

5/15/2012 Slugs counted at all three MU’s, pitfalls rebaited.  No Sluggo applied 

6/01/2012 Slugs counted at all three MU’s.  Monthly application trial ends 

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.  The abbreviation 

‘ns’ is used in lieu of non-significant. Nonparametric statistical methods were used to analyze datasets 

with non-normally distributed residuals and dissimilar variation between groups, otherwise parametric 

methods were used. 

Pre-treatment differences due to MU and non-random assignment of treatment and control areas were 

analyzed using a Two-way ANOVA followed by a Tukey’s HSD.  Slug counts were normally distributed.  

In October, prior to the beginning of the biweekly application trial, there were no significant differences 

in slug numbers between treatment and control sites (F1, 23 = 1.16; P = ns) as expected.  Significant 
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differences between MUs were evident, however, with Ekahanui having more slugs than either 3 Points 

or Palikea (F2, 23 = 66.65, P = 0.000) (Fig. 3).  Please note that 3 Points was sampled Nov. 1, 2011, 1 

month after the other two sites but before any Sluggo was applied in that area (Table 2). 

Figure 3.  Mean number of slugs (bars are + 1 SEM) in treatment and control areas before the 

beginning of the trial (Oct. 1, for Ekahanui and Palikea and Nov. 1, 2011 for 3 Points).  Ekahanui 

has more than twice the number of slugs as the other two MUs. Letters denote groups that differ 

significantly from one another according to post hoc comparisons using Tukey’s HSD, therefore 

group ‘a’ differs from ‘b’ but not from other ‘a’s. 

Ekahanui and Palikea received the bimonthly treatment of Sluggo starting 15 Oct. 2011 through 1 Feb. 

2012 at which time the bimonthly trial ended and the monthly treatment began.  This means that the two 

treatments did not occur simultaneously, which would have been the preferred design.  Instead the 

monthly treatments followed the bimonthly treatments in the same treatment sites used previously.  

Monthly treatments began 1 Feb. 2012 continued through 1 June 2012 (Table 2).  Due to staggered field 

schedules, 3 Points did not receive its first Sluggo treatment until 15 Nov. 2011.  This was one month 

after both Palikea and Ekahanui began receiving their bimonthly treatment; therefore, there is less data 

available for the 3 Points bimonthly treatment (n = 5 sampling events vs. n = 7 for other MUs).  By 

contrast, all three MU's received the monthly treatment for the same amount of time (Table 2) (n = 9 

sampling events). 

Unlike the data shown in the Fig. 3, analysis post-treatment relied upon the mean number of slugs from 

all traps during a single sampling event; not those from individual traps as the unit of replication.  Thus, 

the sample unit was equal to the average number of slugs found across 10 traps at a given site (treatment 

or control) in a given MU at a particular time.  Sample sizes, therefore, were generally small; the result 
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(with the exception of the first dataset analyzed with a General Linear Model (GLM)) was data with a 

positive skew and long right tail.  Non-parametric analysis was used for these datasets.  

7.1.3 Results 

Application of Sluggo at either the bimonthly or monthly application rate in the treatment areas reduced 

slugs significantly over the control group at all MUs (GLM, F 2, 89 = 30.84, P = 0.000) (Fig. 4).   

 

Figure 4.  Relative slug abundance (bars are + 1 SEM) in treatment and control areas across 

sampling events (15 Nov. 2011-1 June 2012) by MU.  Although Ekahanui initially had the highest 

density of slugs, 3 Points had higher numbers than the other MUs over the duration of the study.  

Letters denote groups that differ significantly from one another according to post hoc comparisons 

using Tukey’s HSD. 

Seasonal trends in the number of slugs at untreated (control) sites illustrate the consistently high numbers 

of slugs at 3 Points compared to either Palikea or Ekahanui (Fig. 4).  Reasons for this are unclear as all 

three areas receive approximately 1,250mm of rainfall per year (Giambelluca et al. 2011) and it has been 

established slug populations respond positively to increased moisture.  Rainfall itself, however, is not as 

important to forest floor moisture (Nystrand &Granström 1997), so perhaps microhabitat plays a role in 

determining local slug abundance. 
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Slug counts in the treatment areas only are shown in Figure 5.  Slugs remain low in both the bimonthly 

and monthly treatments for Ekahanui and Palikea only, with a spike in numbers evident at 3 Points when 

the monthly treatment commences. 

 

Figure 4.  Overall, 3 Points had higher numbers of slugs for a longer amount of time than the other 

two MU’s. 
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Figure 5.  Slug counts in the treatment areas over time.  Note the almost immediate increase in slug 

numbers at 3 Points when Sluggo was applied only once per month.  By comparison, slug 

suppression at Palikea and Ekahanui appears unaffected by a scaled back treatment regimen. 

Overall (across all MUs), application of Sluggo bimonthly did not achieve better suppression of slugs 

than at a monthly dose (Kruskal–Wallis test, H= 1.60, d.f.= 1, P = ns).  Note that control groups were 

omitted in the analysis but are shown alongside the treatment groups in the graph below for comparison 

(Fig. 6). 
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Figure 6.  Relative slug abundance (bars are + 1 SEM) in low vs. high dose treatment areas across 

all MUs.  Although the means of the bimonthly and monthly application differ, the medians (shown 

as black diamonds) are identical. 

Trends within individual MUs 

Outcomes of the two treatments (bimonthly vs. monthly rate) and comparisons of each treatment type 

against its control group, were compared using the Wilcoxon–Mann–Whitney U test (MWU) followed by 

a Bonferroni adjustment for multiple comparisons (3 total for each MU: bimonthly rate vs. control; 

monthly rate vs. control and monthly vs. bimonthly rate). 

  



Chapter 7  Invertebrate Control Program 

2012 Makua and Oahu Implementation Plan Status Report 197 

3 Points 

At 3 Points, only the bimonthly application significantly reduced slugs over the control group (MWU, W= 

40, n1 = n2 = 9, P = 0.036).  The monthly treatment was relatively ineffective (W= 103, n1 = n2 = 5, 

P = 0.399).  Though the bimonthly application suppressed slugs over the control group, this difference 

was not significant when compared against the monthly rate (W= 103, n1 = 5, n2 = 9, P = ns) (Fig. 7).  

 

Figure 7.  Relative slug abundance (bars are + 1 SEM) in monthly and bimonthly treatment sites 

compared to controls at 3 Points MU.  Medians are labeled and represented by black diamonds.  

Letters indicate groups that are significantly different from one another.  Notice that the monthly 

treatment group does not differ significantly from any other group. 
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Palikea 

Unlike 3 Points, in Palikea both the monthly and bimonthly treatments significantly reduced slugs over 

the control.  Findings for the bimonthly group using MWU were W= 76, n1 = n2 = 7, P = 0.009 and W= 

119.5, n1 = n2 = 9, P = 0.009 for the monthly group respectively.  When both treatment groups were 

compared against one another, there was no significant difference in slug suppression (W= 79, n1 = 7, n2 = 

9, P = ns) (Fig. 8). 

 

Figure 8.  Relative slug abundance (bars are + 1 SEM) in the monthly and bimonthly treatment 

sites compared to controls at Palikea MU.  Medians are labeled and represented by black 

diamonds. Letters indicate groups that are significantly different from one another.  Notice that the 

monthly treatment group does not differ significantly from the bimonthly treatment, while both 

treatments differ from the controls. 
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Ekahanui 

As in Palikea, both the monthly and bimonthly treatments significantly reduced slug numbers over the 

control group.  Results were W= 75, n1 = n2 = 7, P = 0.014 for the bimonthly group and W= 93.5, n1 = n2 

= 8, P = 0.026 (MWU) for the monthly group. As with Palikea, significantly greater suppression of slugs 

was not achieved when Sluggo was applied bimonthly compared to the monthly (W= 62.5, n1 = 7, n2 = 8, 

P = ns) (Fig. 9). 

 

Figure 9.  Relative slug abundance (bars are + 1 SEM) in monthly and bimonthly treatment sites 

compared to controls at Ekahanui MU.  Medians are labeled and represented by black diamonds.  

Letters indicate groups that are significantly different from one another.  Notice that the monthly 

treatment group does not differ significantly from the bimonthly treatment, while both treatments 

differ from the controls. 

7.1.4  Discussion 

At the outset, Ekahanui had significantly more slugs than the other two units (about twice as many per 

trap, see Fig. 3).  Both Palikea and 3 Points, prior to the beginning of treatment, had similar numbers of 

slugs (~5/trap).  This finding may have been an anomaly, however, as numbers were consistently higher 

at 3 Points over the next several months and numbers at Ekahanui, even in untreated areas, never reached 
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those initially observed in October 2011 (Fig. 4).  It seems more likely that 3 Points had and continues to 

have, higher numbers of slugs than either Palikea or Ekahanui but that this was not detected initially.  

These high numbers may explain why only the bimonthly application of Sluggo effectively suppressed 

slugs at 3 Points, while the monthly rate provided equally good suppression of slugs at Palikea and 

Ekahanui.  This explanation is unsatisfactory however, because in addition to having the highest slug 

density, 3 Points also had the smallest treatment area (only 144m
2
 vs. Palikea’s 625 m

2 
or Ekahanui’s 

930m
2
).  A small treatment area meant greater incursion of slugs from untreated areas. Thus, the effect of 

density and treatment area are confounded in the case of 3 Points.  The effect of consecutive treatments 

(bimonthly followed by monthly) may also have inflated the efficacy of the monthly application.  It is 

possible that lingering suppression of slugs from the bimonthly treatment was responsible for the 

perceived efficacy of the monthly treatment.  Figure 5 suggests this is not the case however.  If the 

bimonthly application was responsible for the success of the monthly application, we would expect slug 

numbers to gradually rise in Palikea and Ekahanui as the monthly application progressed.  This did not 

happen.  Alternatively the dramatic dips in slug numbers directly following each monthly treatment at 3 

Points shows that slugs are responding but recovering before the next Sluggo application.   

7.2 FUTURE RESEARCH 

Starting in October 2012, we have resumed treatment of all rare plants in these three MUs with one 

difference.  We increased the treatment area at 3 Points so that it now measures 250m
2
.  We may expand 

this area to be more comparable to the Palikea site where monthly application was successful (~500m
2
).  

Also of interest would be to reduce the size of the treatment areas at Palikea and Ekahanui to see whether 

slug incursion becomes a problem, as we suspect happened at 3 Points.  Alternately, we could increase the 

treatment area at Palikea or Ekahanui to examine whether Sluggo could be just as affective when applied 

less frequently than once per month (say once every six weeks for example).   

Presently, however, slugs are only being counted in the treatment and control sites at 3 Points while 

applying Sluggo once per month.  If slug numbers are significantly depressed in the treatment site relative 

to the control after 4 months, we will have evidence that Sluggo applied over a greater area reduces the 

need for repeat visits despite high pest density.  As this work demonstrated, Sluggo applied once a month 

in Ekahanui and Palikea is as effective as bimonthly application thereby reducing the cost of labor and 

materials associated with slug control. 

Further research is needed to determine the resource response to different slug densities.  Missing from 

this particular study was any regeneration or survival data for the rare plant species treated .  We do not 

know the level of slug suppression needed to create the greatest benefit for rare plant taxa.  This is 

expected to differ for different species of plants in different areas at different times of year.  We will focus 

on tackling these complex questions in future studies. 

7.3 SURVEY OF INVASIVE ANT SPECIES 

In Hawaii, ants are most likely to become established around disturbed areas frequented by humans such 

as bathrooms, campgrounds, fence lines, helipads, and roads (See Appendix 7-2 of the 2010 YER).  

As stated in previous reports (see section 5.4 of the 2011 YER) OANRP conducts annual surveys of 

invasive ants in high-risk areas using a standard protocol developed by University of Hawaii 

entomologists (see appendix 7-1 of the 2010 YER). These areas include trailheads, cabins and landing 

zones, where accidental introductions of ants are more likely to occur as well as in areas where rare 

resources (plants, snails or endangered Drosophila) may prove vulnerable to ant attack. Careful 

monitoring will increase our chances of early detection and eradication. 


