
Materials & Methods

A grid of 12 plots, each 225m2 and a minimum of 20m from its closest neighbor, was 
established in a gulch roughly 2ha in size within the KMU on February 2007. Pre-
treatment monitoring confirmed both slugs and native Tornatellid snails were present 
at similar numbers in all plots and Achatinella mustelina absent. Six plots were 
randomly chosen to receive Sluggo® treatments  while the remaining served as 
controls. At one week post-treatment and for two months after the final treatment 
slugs were counted inside plots using a combination of the following methods.

1. a 20-minute timed search by the same person throughout the trial (McCoy 
1999);

2. ten, 9 oz. pitfall cups baited with 6 oz. of beer (Cranshaw 1997);
3. six 0.5m2, squares of moistened cardboard which serve as daytime refuge 

(Hawkins et al.1998). 

Though the methods mentioned above are also used to detect relative snail 
abundance, Tornatellids were found only in the timed searches, presumably 
because they are arboreal. Thus, numbers of snails shown in the “results” section 
are for timed counts only, while numbers of slugs equal the sum of all three methods 
combined. Counts for Tornatellids ceased after the final Sluggo ® treatment on 17 
April 2007 after it became clear that further monitoring was unnecessary.

Differences in slug response due to treatment over four months, and for snail 
response over two months, was undertaken using a general linear model (GLM).  P 
values greater than 0.05 were considered non-significant. Nonparametric methods 
were not necessary as variation between groups was similar and residuals were 
normally distributed.  All statistical analyses were performed with Minitab® Release 
14 software of Minitab Inc. (Ryan et al. 2005).

Problem statement
At least 12 slugs and one semi-slug, Parmarion martensi, all clearly alien, are established in Hawaii 
(Fig. 1; Cowie 1997). This number is likely an underestimate, as thorough surveys for slugs in Hawaii 
have not been undertaken. Further, slugs have become widespread in mesic and wet native forest 
managed by the Oahu Army Natural Resource Program (OANRP). Research carried out by Joe and 
Daehler (in press) demonstrated slugs are important predators of two plant species (Figs. 2 & 3) listed 
as endangered under the U.S. Endangered Species Act which are managed intensively by OANRP. A 
number of other species are likely impacted by slugs as well. A review of U.S. Fish & Wildlife Service
(USFWS) Rare Plant Recovery Plans by the same authors found slugs listed as a threat to 22% of the 
273 Hawaiian plant species listed as threatened or endangered. 

In order to protect vulnerable plant populations, OANRP carried out field trials using iron phosphate 
(brand name Sluggo® Neudorff Co., Fresno, CA), a biochemical, certified organic, molluscicide, under 
an Experimental Use Permit (EUP) issued by the Hawaii Department of Agriculture. Unlike 
metaldehyde (Dolder 2003)- the active ingredient in popular baits such as Corry’s Slug & Snail Death® 
and Deadline® products- iron phosphate is not a contact poison, not toxic to vertebrates, and occurs 
naturally in the environment. The purpose of this research was to establish whether application of 
Sluggo® in native forest controlled slugs without adverse affects to common, native, non-endangered 
snails (Achatinellidae subfam. Tornatellidinae) hereafter referred to as “Tornatellids.” Work took place in 
the Kahanahaiki Managamement Unit (KMU) a 36.5ha parcel of montane, mesic forest (Fig. 4). 
Although other native snails exist in the KMU, notably the endangered tree snail Achatinella mustelina
we deployed bait only in areas well away from rare snail populations.
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Results & Discussion

Relative slug abundance over time in treated and untreated plots is shown in Figure 5. Sluggo® application significantly reduced slug 
numbers in treatment plots (P=0.007). GLM results show slug numbers were also significantly affected by time (P=0.001) and that there 
was no interaction between time and treatment (P=0.299). In other words the impact of Sluggo® was constant over time. It is important to 
note that Sluggo® application significantly reduced slug numbers up to, and perhaps exceeding two months after the final treatment. Future 
monitoring of plots will determine how long slug numbers remain depressed.

In contrast, snail numbers were not significantly affected by treatment (P=0.616) (Fig. 6) nor were they affected by any interaction between 
time and treatment (P=0.458). As with the slugs, snail numbers were significantly influenced by time (P= 0.033) generally showing an 
upward trend between March and April. The significant effect of season on slug and snail numbers is unsurprising given that mollusks 
respond to changes in temperature and moisture (Nystrand and Granström 1997).

Though complete eradication of slugs was not achieved, Sluggo® was responsible for, on average, a four-fold decrease in slug numbers in 
treatment plots. Slug numbers declined through two Sluggo® applications but reached a plateau by the third and forth treatments. This 
suggests that repeated applications may be effective in preventing recovery over time, but do not play a role in the initial knockdown. Future 
tests will determine whether one or two treatments may be adequate in achieving the same reduction in slug numbers over time.

Slug herbivory is clearly a threat for S. obovata and C. superba, and likely threatens the survival of other natives, particularly Cyanea
species.  Effective slug control is critical if native plant conservation programs are to succeed.

Safety & Efficacy of Sluggo® Deployment in Natural Areas

Figure 5. Mean number of slugs per 225m2 plot over time in treated (red bars) vs. 
control (white bars) plots (N=6). Treatment significantly (P<0.05) reduced slug numbers. 
Bars are ± one SEM.

Figure 3.  Deroceras laeve
consuming a Cyanea superba
seedling.

Figure 4. Location of the KMU where field trials of Sluggo® 
took place this spring.
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Figure 6. Mean number of native Tornatellid snails per 225m2 plot over time 
in treated (red bars) vs. control (white bars) plots (N=6). Treatment did not 
significantly (P>0.05) affect snail numbers. Bars are ± one SEM.

Figure 1. The impressively large, Limax maximus, 
native to Europe, is the most common species in the 
Kahanahaiki Management Unit (KMU).

Figure 2. Schiedea obovata with 
signs of slug damage. This 
includes damage to parts of the 
plant more easily encountered by 
slugs such as the lower leaves 
and leaf margins.


