
  7- 

2006 Mākua and O‘ahu Implementation Plan Status Update 

Appendix XII: Use of cardboard, plastic, and wooden sampling 
sheets to estimate relative size of slug populations 
 
Justification: In order to further our development of efficient and effective methods of 
controlling slugs (whether using beer traps or conventional molluscacides), knowledge of 
slug population response to these proposed strategies is needed to evaluate their efficacy. In 
the event that a molluscacide proves safe to use in a forest setting, whether one applies 10 or 
100 lbs. of bait per acre will depend largely on whether slug mortality differs between the 
two application rates. Thus, control strategies can be compared using indices drawn from 
measurements of slug numbers. 

Estimation of slug population sizes may be absolute or relative. Absolute methods are 
expressed as numbers per unit area and are more accurate than relative ones, but labor 
intensive. Such methods include soil core flooding (to drive all slugs to the surface) or branding 
of slugs for use in mark-recapture analyses. Relative estimates are usually related to some 
measure of slug-activity, such as catch per unit effort (e.g. time searching) or numbers obtained 
by some form of trapping (such as in the field trial described here). Since slug activity is largely 
governed by the weather, relative estimates are an imperfect measure of slug abundance and 
tend to vary more than absolute methods. Given our labor and time constraints, however, 
relative methods are more immediately practical. In the event that relative methods fail to 
provide us with consistent or sufficient numbers of slugs to evaluate future control activities 
then absolute methods may be necessary.  

Methods: Here, we present results from a field trial using a relative method for estimating the 
size of slug populations (e.g. count of slugs using daytime refugia) wherein we tested the ability 
of three materials, wood, weed plastic, and cardboard to attract slugs. Thirty sampling sheets of 
each material, measuring 0.25 m

2

, were deployed in Kahanahāiki on October 26 and monitored 
weekly until November 30 after which the study was concluded and a new configuration 
involving larger sheets attempted (discussed later). When checked, sheets were carefully lifted to 
minimize disturbance to animals beneath and the number of slugs, snails and planarians (alien 
terrestrial flatworms) recorded.  

These latter two groups of invertebrates, though not the focus of this study, were of interest for 
several reasons. Snails, because they are among the non-target groups potentially affected by the 
application of molluscacides and include the predatory snail, Euglandina rosea. Planarians, 
because they prey upon slugs and snails and may reflect slug numbers secondarily in the event 
that slugs cannot be observed directly. In Hawaii, planarians have only been documented as 
feeding on alien snails, however, whether their diet is limited to aliens in areas where native 
snails exist, such as Kahanahāiki, is unknown. Therefore, numbers of planarians may be of 
concern for purposes of native snail conservation.  

Results: Slugs were rarely found and made up only a small percent of all catches (Fig. 1); a 
result which may reflect either low slug numbers or low sampling sheet attractiveness. It 
should be noted, however, that when found, slugs were always beneath cardboard rather than 
plastic or wood. Compared to plastic or wood, cardboard sampling sheets were the most 
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consistently occupied over time by at least one or more of the target invertebrates (Fig. 2). 
As they weathered, cardboard sheets attracted higher numbers of invertebrates; a fact that 
suggests wood sheets might function similarly, given time. Studies demonstrate high soil 
moisture has a positive effect on slug activity and population size. Given these findings, it is 
perhaps unsurprising to find that slugs generally preferred materials (like cardboard) which 
hold moisture. Soil was driest beneath the weed plastic, which, being both dark colored and 
breathable, dried quickly.  

 
Fig. 1. Count of target invertebrates (by group) found utilizing sampling sheets from October 26-November 30, 
2005. Snails are the most frequently encountered invertebrate followed by flatworms.  
 

 
Fig. 2. Number of occupied sampling sheets by material over time (n=30). Key to materials: CB=Cardboard 
PL=Plastic WD= Wood. A sampling sheet is “occupied” when it harbors one or more of the target invertebrates 
(slugs, snails or flatworms).  
 
Conclusion: Despite the low numbers of slugs utilizing the sampling sheets, slight modifications 
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to the design could be made to improve catch rate. Prior studies of this kind used cardboard 
sheets 1 m

2

 in size (Hawkins et al. 1998)i. It is possible 0.25 m
2

 was simply too small to create an 
attractive habitat for slugs. On November 30, 2005, we pulled all the plastic sheets and increased 
the size of the remaining wood and cardboard stations to 0.75 m

2

. Preliminary results are 
promising and suggest this size to be more attractive to both slugs and other invertebrates (Table 
1).  
 
Date Stations occupied 

(out of 30)  
Material  # Slugs  # Flatworms  # Snails 

(Subulinidae)  
# Euglandina 
rosa  

12/08/05 13  Wood  0  2  59  0  
12/08/05 24  Cardboard  9  1  106  1  
12/14/05 16 Wood  0 10 42 0 
12/14/05 26 Cardboard  7 7 113 0 
01/12/06 5 Wood  1 4 2 0 
01/12/06 15 Cardboard  8 6 32 0 
 
Table 1. Slugs (and other invertebrates) counted beneath sampling sheets on December 8. 
                                                 
i Hawkins, J.W., M.W. Lankester and R.R.A. Nelson. 1998. Sampling terrestrial gastropods using cardboard sheets. 
Malacologia 39: 1-9. 




