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CHAPTER 5:  RESEARCH PROGRAM        

5.1 SUMMARY 

This chapter describes the status and outcome of actions carried out under the direction of the program‟s 

Research Specialist. This section does not include all research projects supported by the program. Please 

refer to the appendices to view research carried out by Brendan Holland, Ph.D, (University of Hawaii 

Manoa, Center for Conservation Research & Training) on Euglandina rosea, Chameleo jacksonii, and 

Achatinella sp. Research by Paul Krushelnycky, Ph.D, (University of Hawaii Manoa, Dept. of Plant & 

Environmental Protection Sciences) on the impacts of rats on arthropod communities also appears in the 

appendices.   

Statistical analyses in this section were performed with Minitab Release 14 software of Minitab Inc. 

(Ryan et al. 2005). Significance during hypothesis testing was characterized by p-values less than 0.05.  

With the exception of a single two-sample T test, nonparametric statistical tests (Mann–Whitney U Test) 

were used in analyses as most datasets were non-normally distributed. 

5.2 MOLLUSCICIDE SPECIAL LOCAL NEEDS LABELING (SLN) STATUS 

Since 2006 OANRP has been working with the manufacturer of Sluggo®  (Neudorff Co., Fresno), to 

complete research in support of a label expansion which would allow it to be used for the protection of 

native plants. The final Special Local Needs (SLN) label was approved in October 2010 and is valid 

within the state of Hawaii through October 2015. Below is the final label as it appears on the Hawaii 

Department of Agriculture (HDOA) website (http://hawaii.gov/hdoa/labels/sln/1004_2015.pdf). 

http://hawaii.gov/hdoa/labels/sln/1004_2015.pdf
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SECTION Z~c) REGISTRATION 

FIRST CHOICE~ SLUGGO~ 
SLUG AND SNAIL BAIT 

FOR CONTROL OF SLUGS AND NON·NATIVE SNAILS IN 
FORESTED AREAS FOR CONSERVATION PURPOSES 

EPA Reg. No. 67702·3·34704 
EPA SLN No. HI-100004 
Issue Date : 10f2712010 

Expiration Date: 1012612015 

SUPPLEMENTAL LABELING INFORMATION FOR DISTRIBUTION AND 
USE ONLY IN FORESTED AREAS WITHIN THE STATE OF HAWAII 

Th is IJbel is VJlid unt il October Z6. ZOl5 or unti l otherw ise Jmended. withdrJwn. 
cJnce lied or suspended. 

DIRECTIONS FOR USE 

This IJbel Jnd the federJ l lJbel for this product must be in the possession of the 
user Jt the t ime of pestic ide Jppl icJtion. 

Follow JII JpplicJtion directions. restrictions, Jnd precJutions on th is 
SupplementJl lJbel Jnd tilt! mJin EPA ·reg istered IJbel. It is J violJt ion of federJI 
IJW to use this pl'oduct in J m;mner inconsistent with i ts IJbeling. 

PURPOSE: For the control of slllgs and rlOO·nafive sna il s inlorested areas 10 proled 
native. threatened and endangered H;]waiian plants. 

HOW AND WHERE TO APPLY: Scatter the sllIg and sna~ ba it granules on the soil 
around the base or the plants to be protected . Scatter granules tJy hand or with a 
granular or broadcast spreader. Use 2() to 44 Ibs . per acre (0.5 to Ilbs per 1,000 
square reetl. Apply the higher rates il'the infestation is severe or if the area is heavity 
watered or aner tong periods of heavy ra in . Reapply as the bait is consumed or at least 
every two weeks. Do flO! place in piles. II the ground is dry, wet rt before applying bart. 
The sod shoukl be moist but with litHe or flO slanding water. 

WHEN TO APPLY: Appty ba il in the evening, as stugs travel and feed mostly tJy night 
or ea~y morning. 

ACCEPTED 
Octob~r 27. 2 0 10 

00110, H, • •• 1'. , ...... , l •• 
•• s-k_ .... 1'0.4 .. , N. 

83 78.115 
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The information contained in this label was presented by OANRP staff at the 19th Annual Hawai„i 

Conservation Conference. The abstract and title of our presentation follows: 

Joe, S. Oral Presentation. Registration of Sluggo® for rare plant restoration: an effective new tool for 

slug control. 

Introduced slugs are seedling predators of several endangered plant species. Since 2006, OANRP has 

worked with state and federal agencies to investigate the safety and efficacy of the molluscicidal 

bait Sluggo® (active ingredient, iron phosphate) to control slugs in forestry settings without harming 

native snails. In late 2010, OANRP successfully petitioned HDOA to pass SLN labelling for Sluggo®. 

This label amendment means that, for the first time, eradication of slugs in a natural area is possible. Prior 

to Sluggo®, available slug control methods (e.g. traps baited with beer or copper barriers) were highly 

labor-intensive and of limited efficacy. Here we describe the SLN registration process. We review label 

restrictions intended to reduce risk to native snails. Finally, we describe Sluggo® application 

techniques to maximize protection of vulnerable plants. 

5.3 SEEDLING RESPONSE TO HIGH AND LOW DOSE APPLICATION OF SLUGGO® 

IN A FORESTED AREA 

5.3.1 Introduction 

The purpose of this experiment was to determine whether Sluggo® applied once a month is equal to 

application at the same rate (44 lbs. per acre) twice a month as indicated by the survival of naturally 

occurring Cyanea superba subsp. superba (hereafter referred to as C. superba) seedlings over 16 months 
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(March 2010-July 2011). This experiment directly relates to how Sluggo® would be applied to maximize 

native plant recruitment while taking into account labor costs.   

5.3.2 Methods 

Thirty six C. superba in the Kahanahaiki Management Unit produced fruit in the 2009‐2010 season. This 

unprecedented fruiting event allowed us to compare, for the first time, the efficacy of Sluggo® 

application at intervals less frequent than the label rate (two week intervals) thereby minimizing labor 

associated with slug control. This experiment began prior to the SLN label expansion passed in October 

2011, thereby necessitating that we acquire an Experimental Use Permit from HDOA to apply Sluggo® in 

a forest setting.  

Twenty-nine plants had offspring at the start of the experiment in March 2010. We randomly divided 

these plants into two groups (see table below), one of which received Sluggo® every two weeks (n=14), 

the other which received it once month (n=15). Note that the replicate unit was the plant with its 

associated seedlings, not the individual seedlings. The proportion of seedlings extant after 16 months at 

each adult was subsequently compared between treatments.  

Number of seedlings per plant in the low 

(Sluggo® given once a month) treatment group 

Number of seedlings per plant in the high  

(Sluggo® given twice a month) treatment 

group 

1 1 

1 1 

2 2 

4 2 

5 2 

5 3 

14 3 

16 10 

21 13 

24 21 

26 30 

44 46 

52 58 

63 131 

72  

Table showing number of seedlings per adult C. superba by treatment at the start of the experiment 

(March 2010). Note that each group included at least six plants with five or fewer seedlings. Under ideal 

conditions, these would have been excluded from the study. The small sample size, however, necessitated 

their inclusion. 

5.3.3 Results & Discussion 

At 16 months, no significant difference in seedling survival was evident between the two groups (Mann-

Whitney U two-sided test: W = 191.5, P=0.14). Despite this result, it is notable that the high treatment 

group had a mean (and median) survival rate that was over three times that of the low dose group (see 

graph below).   
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The lack of significance may be due to the low number of seedlings per adult. Approximately half of 

adults produced five or fewer seedlings at the outset (see table above). These low numbers led to many 

adults with 0% surviving seedlings after 16 months.  Another problem with the study design was the close 

proximity of the plants to one another.  This meant that adults with offspring receiving the high dose 

treatment were sometimes less than four meters away from adults from the low dose group. It is likely, 

therefore, that although the bait at the low dose treatment was inert after two weeks, fresh bait at neighbor 

plants ensured slugs were being controlled at all times.  It would be tempting, given the lack of a 

significant difference between groups, to conclude that application of Sluggo® should proceed at a low 

dose rate. However, given the limitations of the study design and the generally high survival of seedlings 

in the high treatment group, such a management decision would be premature.   

5.3.4 Finding an optimal slug control strategy 

OANRP is concerned with providing plants maximum protection from slugs. Given the unclear outcome 

of the study above, it seems safest to apply Sluggo® at a high rate until a lower dose can be proven 

equally effective.   

Slug control is planned at four sites. Each was chosen to include endangered plant species known to be 

vulnerable to slugs and treatments are scheduled to take place throughout the wet season (when slugs are 

abundant). Treatment is timed to coincide with the production of fruit and seedlings. Treatments will 

become less frequent as the wet season transitions to the dry season, or earlier if slugs are found to be 

considerably less abundant. Maps of each of the four sites as well as plants receiving treatment appear 

below: 
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Sluggo® application site in Ekahanui 
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Sluggo® application site in Kahanahaiki 
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Sluggo® application site at Three Points 
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Sluggo® application site at Palikea 

 

The new Sluggo® label specifies that the bait cannot be applied if certain rare snails are present (see USE 

RESTRICTIONS section 7.1, this document). Snails found during both daytime and nighttime surveys 

conducted by an experienced malacologist (V. Costello) appear below.  

Location Plant species present 

that are vulnerable to 

slugs 

Day survey date 

followed by 

night survey 

date 

Snails found? Action 

Ekahanui (MAP 1) Delissea 

waianaensis, 

Schiedea kaalae, 

Cyanea grimesiana  

subsp. obatae 

3/22/2011, 

3/22/2011 

Yes, 

Achatinella 

mustellina 

Closest trees with snails 

are >30 m from 

application site, 

therefore not at risk. 

First Sluggo® treatment 

occurred on 

10/17/2011. 

Kahanahaiki 

(MAP 2) 

C. superba subsp. 

superba,  S. obovata 

12/28/2010, 

3/16/2011 

Yes, three 

areas had 

Leptachatina 

sp. 

Sluggo® will not be 

applied in proximity to 

any of the three 

Leptachatina sites. 
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Three points 

(MAP 3) 

C. longiflora, C. 

grimesiana subsp. 

obatae, S. obovata 

4/12/2011, 

10/25/2011 

No Sluggo® was deployed 

on 11/21/2011 

Palikea (MAP 4) C. grimesiana subsp. 

obatae, C. superba 

subsp. superba 

1/3/2011, 

1/3/2011 

Yes, 

Achatinella 

mustellina 

Closest trees with snails 

are >50 m from 

application site. 

Sluggo® was deployed 

on 10/19/2011 

Slugs are to be monitored both within and outside (control group) of the treatment area to ensure bait 

efficacy, as well as to alert OANRP to seasonal reductions in slugs to trigger reduced or halted Sluggo® 

application. For example, slug populations in some areas (Kahanahaiki) have previously crashed during 

dry summer months. Sluggo® applications would cease during intervals of low slug activity. Beer traps 

centrally placed within the treatment area and another set placed in a similar habitat, but at a distance of at 

least 20 meters (from the treatment edge), will be used to track changes in slug numbers.  

Sampling inside and outside the treatment area in both Palikea and Ekahanui prior to Sluggo® application 

indicated no pre-existing difference in slug numbers within individual management units (n=8, Two-

sample t-test P>0.05). Differences in slug densities between management units, however, are emerging. A 

single trap in Ekahanui yielded an average of 17.25 slugs (±0.84), compared to 5.25 slugs (±0.59) found 

in Palikea traps over the same time interval. Such disparities in slug numbers between sites suggest that 

no single method of Sluggo® application will be appropriate for all areas. 

Sluggo® will be applied at two-week intervals within the treatment areas for no less than three months. 

At that time, numbers of slugs within and outside of the treatment area will be compared. If no significant 

differences are found, then the buffer area around the treatment area will be expanded, as it will be 

assumed that incursion from slugs there is high. Should numbers of slugs remain unchanged within the 

treatment area, despite a large buffer, it will be considered a failure. Treatment will be considered 

effective if it results in a substantial and statistically significant decrease in slugs when compared against 

the control group. For areas where the two-week treatment is proven effective, treatment will be reduced 

in frequency with the goal of determining whether the low application rate results in the same decrease in 

slug numbers. 

5.4 SURVEY OF INVASIVE ANT SPECIES 

Ants are most likely to become established around disturbed areas frequented by humans such as 

bathrooms, campgrounds, fence lines, helipads, and roads (Plentovich 2010). Areas undergoing 

construction of fences or other structures should be carefully monitored for new introductions. Activities 

including the transfer of soil, such as out-planting, should also be carefully monitored. Careful monitoring 

will increase chances of early detection, and early detection is key to successful eradication or control. 

OANRP conducts annual surveys of invasive ants in high-risk areas using a standard protocol developed 

by Sheldon Plentovich, PhD, (University of Hawaii at Manoa Zoology) and Paul Krushelnycky, PhD, 

(University of Hawaii at Manoa Plant Environmental Pest Program) (Plentovich and Krushelnycky 2009).  

Below is a table listing ant species found in each Management Unit. New records for 2011 are indicated 

with an asterisk (*). 

Management 

Unit 

Ants recorded from site before 2011 Action needed? 




