
Report to the U.S. Army Garrison Hawaii 
 

Attn: Kapua Kawelo 
 
 

Feeding ecology, microhabitat utilization, population size estimates, and 
possible control of the introduced predatory snail Euglandina rosea on Oahu, 

Hawaii 
 

Year 2: Micro-habitat utilization and population structure of the introduced 
predatory snail Euglandina rosea in the Waianae Mountains, Oahu: 

Implications for Management 
 

 
Principal Investigator: Dr. Robert H. Cowie 

Center for Conservation Research and Training 
University of Hawaii 
3050 Maile Way, Gilmore 408 
Honolulu, HI 96822 
Phone: (808) 956 4909 
Fax: (808) 956 2647 
E-mail: cowie@hawaii.edu 
 

Contact Person: Wallace M. Meyer III 
Center for Conservation Research and Training 
University of Hawaii 
3050 Maile Way, Gilmore 408 
Honolulu, HI 96822 
Phone: (808) 956 0956 
Fax: (808) 956 2647 
E-mail: meyerwal@hawaii.edu 
 

Project period (Year 2): 08/01/06 – 07/31/07 
 



 2

Table of Contents 
 
Introduction to Research (Year 2)………………………………………………………………3 
 
Pilot Study: Utility of Snail Tracking Methods………………………………………………...5  
Methods…………………………………………………………………………………………....5 
Results………………………………………………………………………………………….….6 
Discussion…………………………………………………………………………………………7 
Tables and Figures...…………………………………………………………………………..…..9 
 
Main Study: Dispersal and Microhabitat Utilization of the Introduced Predatory Snail 
Euglandina rosea: Implications for Management and Control……………………………...14 
Methods………………………………………………………………………………………..…14 
Results……………………………………………………………………………………………16 
Discussion………………………………………………………………………………………..17 
Tables and Figures……………………………………………………………………………….21 
 
Literature Cited………………………………………………………………………………...27 
 
 
 
 
 
  



 3

Introduction to Research (Year 2) 
 
Introduced predators are considered to be one of the most important causes of decline and 
extinction of native species (Vitousek et al. 1997). They have been shown to have deleterious 
effects on not only prey populations but the entire community composition through interactions 
at multiple trophic levels (Schoener & Spiller 1996, 1999, Schoener et al. 2001). Unfortunately, 
islands are particularly vulnerable to introduced predators (Simberloff 1995, Schoener et al. 
2001, Blackburn et al. 2004). The Hawaiian Islands have arguably suffered the most severe 
impacts and much of what remains of their unique flora and fauna are threatened (Solem 1990, 
Burney et al. 2001).   
 
The situation is especially bad for the Hawaiian land snails. The native Hawaiian land snail fauna 
used to be extremely diverse (over 750 species) and exhibited extremely high endemism (over 99 
%) (Cowie et al. 1995), but the majority of these unique species are now extinct (Cowie 1998, 
2005), with estimates of extinction ranging from 65-75 % (Solem 1990) to as much as 90 % 
(Cowie 2002, Lydeard et al. 2004).  For example, the Amastridae, an endemic Hawaiian family 
of more than 300 species (Cowie et al. 1995), may now be reduced to as few as 10 or so species 
existing in tiny, highly localized, remnant populations. The Endodontidae appear reduced to 
sparse populations on every island they formerly inhabited (Lydeard et al. 2004), although a 
population is known on Oahu (Meyer 2006). 
 
The introduction of the land snail Euglandina rosea, which feeds exclusively on snails, has been 
implicated as a major factor influencing the decline of the native Hawaiian land snail fauna 
(Hadfield 1986). It was introduced to Hawaii in 1955 to control populations of another 
introduced snail, Achatina fulica, the giant African snail (Davis & Butler 1964, Simberloff 
1995). However, E. rosea has not reduced A. fulica populations (Civeyrel & Simberloff 1996, 
Cowie 2001) but it has been associated with the decline of many of the tree snail species, not 
only in Hawaii but also elsewhere in the Pacific (Hadfield & Mountain 1980, Clarke et al. 1984, 
Hadfield 1986, Murray et al. 1988, Hadfield et al. 1993, Murray 1993, Coote & Loève 2003), 
and may be the cause of the extinction of many other native land snails (Griffiths et al. 1993, 
Cowie 1998, 2001). 
 
Despite its reputation for having a major effect on the land snail fauna of Hawaii, relatively little 
attention has been focused on the biology of E. rosea. Instead, a large effort has been focused on 
studying the biology of the endangered Hawaiian tree snails in the sub-family Achatinellinae 
(e.g., USFWS 1981, Hadfield & Mountain 1980, Hadfield et al. 1993, Holland & Hadfield 
2002). Therefore, there remains a need to understand the basic biology of E. rosea in Hawaii in 
order that natural resources managers may better design conservation strategies for the few 
extant native snails left in the islands. Although the prognosis is rather gloomy, land snail species 
still exist, and control of E. rosea may be possible with adequate ecological information.  
 
The objective of the work reported here was to understand E. rosea dispersal and microhabitat 
preference by tracking individual E. rosea. Both the distance and pattern of dispersal are 
important since they affect the effective sizes and genetic structure of populations (Tomiyama & 
Nakane 1993). Understanding how far E. rosea moves will help managers determine the scale on 
which control measures should be implemented, while understanding how E. rosea uses 
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microhabitats within its range will help managers determine which snail species are likely to be 
the most threatened and where traps or searches that aim to trap/catch E. rosea as part of a 
control effort should be focused.  
 
Tracking techniques have been used on many snail species to investigate various aspects of their 
ecology. For instance, tracking devises have been used to assess dispersal patterns (Tomiyama & 
Nakane 1993, Murphy 2002), life-history characteristics such as growth, mortality rates, and 
clutch sizes (Stringer et al. 2002), as well as various behaviors, e.g., mating and egg laying 
(Stringer et al. 2003), of a number of land snail species. Making these measurements and/or 
observations without tracking devises is often impossible for many land snails since many 
species are patchily distributed and difficult to find, making recapture unlikely (Stringer et al. 
2003). 
 
Studies that aim to track land snails have used a variety of tracking techniques. These techniques 
vary in both cost and quality of data that can be collected. For instance, the spool and line 
method uses the least complex technology and has many advantages. This method involves 
attaching a lightweight line to the snail while the other end of the line is wound around a spool 
that will easily release line as the snail moves (Pearce 1990). This technique is simple, low cost, 
and provides a rich data set since a detailed record of the movement is left. Murphy (2002) used 
a type of spool and line method in which, instead of the spool being stationary, the spool was 
attached to the snail and the line was attached to a stationary object at the initial tracking point 
(herein termed the ‘bobbin’ method). Other studies have used more elaborate techniques such as 
harmonic radar or Radio Frequency Identification (RFID) to relocate individuals using either a 
diode or a chip that reflects the signal from a receiver (Stringer et al. 2002). These techniques are 
more expensive and provide no data on how the snail had moved between observation periods. 
Instead, they just provide data on where the snail was found on each observation occasion (point 
data). Regardless of the technique deployed, it is imperative that the individual’s movement is 
not interfered with.  
 
This report consists of two sections. The first section is a report from a pilot study done at Lyon 
Arboretum to assess the effectiveness of three tracking techniques. The second section discuses 
the progress of the main study, a field tracking study that examines the movement patterns and 
microhabitat preferences of E. rosea in the Waianae Mountains, Oahu. Tracking studies will 
continue in conjunction with the work proposed for year 3. The pilot study was conducted since 
harmonic radar might not be appropriate for ground dwelling snails in Hawaii for two reasons: 1) 
the volcanic substrate, which is high in minerals, reflects the signal making it difficult for the 
receiver to distinguish the tag, which also deflects the signal from the receiver, from the 
background scatter, and 2) harmonic radar does not work well in dense vegetation (Kevin Hall 
personal communication). Radio frequency identification (RFID) was not considered since the 
technology, contrary to earlier expectations, can currently only receive signals at extremely close 
ranges (1 to 2 m maximum). The pilot study allowed the most appropriate tracking method to be 
chosen, which was then implemented in the main study of the microhabitat utilization and 
movement patterns of E. rosea in the Waianae Mountains. 
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Pilot Study: Utility of Snail Tracking Methods 
 
Methods 
 
Study Site 
 
This pilot study was conducted at garden Q in the Harold Lyon Arboretum. This area was chosen 
because habitat complexity was high and of a similar level to that in the area planned for the full-
scale experiment in the Waianae Mountains. The Lyon Arboretum site is characterized by many 
small low shrubs and ferns, thick tree litter that consists primarily of small twigs as opposed to 
leaves, and a dense canopy of palm trees. Larger downed logs and both open soil and rocky areas 
were also present but these microhabitats were much less common and widespread than the 
shrubs/ferns and litter microhabitats.  
 
Tracking Techniques 
 
The three tracking methods to be tested, the spool and line, bobbin, and glow in the dark paint 
methods, are described below. The spool and line and bobbin methods were tested on six E. 
rosea, while the glow in the dark method was tested on ten individuals (for reasons described 
below) from 5-13 November 2006. Observations were made at dusk for the spool and line and 
bobbin methods and at night for the glow in the dark method, on Days 1, 2, 3, 5, and 7. 
 
Spool and Line Method: The spool and line method uses a lightweight line that is attached to the 
snail. The other end of the line is wound around a spool that will easily release line as the snail 
moves. The only potential difficulty associated with this method is that the line could become 
caught and limit the movement of the snails. 
 
Bobbin Method: The bobbin method is similar to the spool and line method, except that in this 
case the spool is attached to the snail and the line is attached to a stationary object at the initial 
tracking point. The only potential difficulty with this method is keeping the weight of the bobbin 
low enough so movement of E. rosea is not restricted. 
 
Glow in the Dark Method: The glow in the dark method uses a paint that reflects ultraviolet light. 
Once individual snails are painted, they should be easy to locate at night with use of a black 
light. However, it will be difficult to locate snails under leaves or in shrub/fern habitat using this 
technique. Since recapture rate using this technique was likely to be lower than for the other 
techniques, ten as opposed to six snails were used.  
 
Both the spool and line and the bobbin techniques have two major advantages over the glow in 
the dark method because they leave a trace of where the snail moves. This not only allows the 
snail to be easily located, but allows for information on its movement between collection events 
to be recorded. Thus, total distance moved can be compared with a linear distance moved away 
from the initial starting point, and the habitat traversed between observations can be determined. 
The one advantage of the glow in the dark method is that the snail is not weighed down by any 
apparatus, nor constrained by a potentially tangled thread. No adverse effects of the paint were 
recorded for four E. rosea painted with the glow in the dark paint and observed prior to this pilot 
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study. The four individuals were kept alive in the lab for three weeks and exhibited similar 
feeding and movement patterns compared to control snails (not painted). Long term effects of the 
paint on the snail are unknown.  
 
Analyses 
 
The relative utility of each method was addressed by comparing the distances moved and paths 
taken by individual snails tracked by each method, the ease of tracking and recapture, and the 
quality of data collected. An ANOVA tested for differences among the Euclidean (straight-line) 
distances snails moved using the three tracking methods. Since snails with glow in the dark paint 
have nothing inhibiting their movement, they were used as a control to see if snails being tracked 
with the other methods have similar movement patterns. For the spool and line and bobbin 
methods both the total distance moved and the T:E ratio (ratio of total distance to Euclidean 
distance) were compared using a Mann-Whitney U-test. To determine the utility of the three 
tracking techniques I recorded the time spent locating individual snails for each method and the 
number of snails found during each observation period. Microhabitats where individuals were 
found and mortality were also recorded.  
 
Results 
 
There was no significant difference in the Euclidean distance moved (F= 0.78, df = 2, p = 0.48) 
among the tracking treatments (Figure 1). There were significant differences between both the 
total distance moved and T:E ratio between the spool and line and bobbin method (Figures 2, 3) 
with snails tracked with the bobbin method moving significantly longer distances than snails 
tracked with the spool and line method. This difference was expected since it was noticed that 
many individuals tracked with the spool and line method were restricted in their movement by 
the tension created in the line when it was wrapped around multiple objects. Most snails tracked 
via the spool and line method became completely restricted in movement between observations. 
 
There were obvious differences among treatments in the time required to locate the snails and the 
number of individuals observed. Only seven of the ten snails tracked with the glow in the dark 
method were seen again. Six of these snails were only seen once and the other snail was recorded 
only twice, for a total of eight of a possible 50 (10 snails, five occasions) possible records . An 
hour and a half was spent looking for the snails marked with the glow in the dark paint on each 
observation period but it took less than an hour to find and measure all snails tracked with the 
other two techniques. 
 
Mortality was higher than expected. Only one of the six snails tracked by the spool and line 
method was still alive after the week of observations. One snail may have pulled free of the tape 
and glue that held the line to the snail, but it was unclear what caused the death of the other 
snails. It seems as the other four snails had been preyed upon since shells were found either 
crushed or in one instance the snail had been moved in a straight line for a long distance. 
Typically, when rats prey on snails they pick them up and take them in a straight line away from 
the capture location to a place where they eat them (Aaron Shiels personal communication). 
Three of the six snails tracked by the bobbin method were also dead by the end of the one week 
study and rats were also likely to have been the cause since rats were abundant at the site and the 
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snails were found crushed.  Mortality of snails tracked by the glow in the dark method is 
unknown. However, seeds painted with the glow in the dark paint were not preyed upon by rats 
in other experiments at Lyon Arboretum, suggesting that rat predation may have been less when 
using this technique than when using the other (Aaron Shiels personal communication). 
 
Snails were found in different microhabitats in the three treatments (Figure 4). Most snails 
tracked with the bobbin technique were found in the leaf litter. Snails tracked by the glow in the 
dark method and those tracked by the spool and line method were normally found on top of the 
litter. 
 
Discussion 
 
The bobbin method was the most useful tracking method. It was the only method in which the 
snail was free to move and could be easily recaptured. The spool and line technique severely 
hampered snail movements (Figures 2, 3) because of the tension in the line as it got wrapped 
around multiple objects. This problem was alleviated when the bobbin was carried by the snail. 
The bobbin apparatus used in this pilot study was bulky and a little heavier than preferred (just 
over 10 % of the snails’ weight), but has now been upgraded and the weight can be easily 
adjusted (see Figure 5 for a picture of the apparatus used for the pilot study compared with the 
updated bobbin apparatus). The glow in the dark method allowed snails to move freely, but the 
recapture rate was so low that this method does not seem worth the effort. In addition, the bobbin 
method provides a trace of where the snail moves, allowing data to be collected on the actual 
paths followed by the snails and their relative preferences for different microhabitats. 
 
The use of harmonic radar technology for tracking E. rosea may not be appropriate. If not 
restricted E. rosea is usually found in leaf litter or under small shrubs and ferns (Figure 4). 
Currently, the ability for the harmonic radar to penetrate the foliage is limited (Kevin Hall 
personal communication). This technology has been used on snails (Stringer et al. 2002, 2003), 
but these snails were larger (~ 7-8 cm shell length) than E. rosea and have shells that are more 
equidimensional (length to width ratio) than E. rosea, which is elongate (high length to width 
ratio). The transponder (diode and antennae) used were large and could not easily be attached to 
an E. rosea shell. The largest E. rosea would only be two-thirds of the size in terms of length and 
much less in terms of width of the species used in these other experiments. Additionally, the 
recapture rates in these other experiments were low despite the large transponder (Stringer et al. 
2003), suggesting the need to mark many individuals with a harmonic radar tag to be assured of 
adequate data. Finding large numbers of E. rosea is difficult and may not be possible at some 
locations. And again, point data from each observation occasion tells us little about how the 
individual has moved between recapture events. 
 
The high levels of mortality were surprising. Of the twelve snails tracked by the spool and line 
and bobbin methods only four remained at the end of the one week study. Although one 
individual may have escaped by pulling itself free of the tape and glue that attached the line to 
the snail, it is clear that the other snails were preyed upon. Evidence consisted of shell fragments 
left behind, and an individual pulled many meters in a strait line (a behavior typical of rats). I did 
see rats on many occasions while making my observations. This may present problems in 
tracking these snails over long periods of time, especially if rats are regularly consuming snails. 
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However, understanding mortality rates and the impact of rats and other predators on E. rosea 
populations is an important component of understanding the impact of E. rosea in the forests of 
Hawaii. It could be that rats and/or other introduced predators may control E. rosea populations. 
 



 9

Tracking Method

Spool & Line Bobbin Glow in the Dark

A
ve

ra
ge

 L
in

ea
r D

is
ta

nc
e 

(m
) /

 d
ay

0.0

0.2

0.4

0.6

0.8

1.0

1.2

 
Figure 1: The average Euclidean (linear) distance (m) moved by individuals tracked by the three 
tracking methods. Bar heights represent mean values (error bars = 1 standard error). There were 
no significant differences in distance moved among tracking methods (F= 0.78, df = 2, p = 0.48). 
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Figure 2: Average total distance (m) moved per day for the bobbin and spool and line methods 
as measured by the amount of string released. Bar heights represent mean values (error bars = 1 
standard error). The difference between the two tracking methods was significant (p < 0.001). 
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Figure 3: Ratio of total distance : Euclidean (linear) distance moved between the spool and line 
and bobbin tracking method. Bar heights represent mean values (error bars = 1 standard error). 
The difference between tracking methods was significant (p < 0.001). 
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Figure 4: Proportions of different microhabitats where individuals tracked with the three 
different methods (spool and line, bobbin, and glow in the dark paint) were found. The three 
microhabitat categories were: 1) under leaf litter, 2) on shrubs and ferns, and 3) on top of litter; 
this last microhabitat included individuals found on open rock and soil without the presence of 
leaf litter. No snails used woody microhabitats such as downed logs. 
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Figure 5: Pictures of the different bobbin apparatuses used. (A) is the bobbin apparatus used in 
the pilot study. (B) is the new bobbin apparatus used in the field tracking experiment. The new 
bobbin is lighter. 
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Main Study: Dispersal and Microhabitat Utilization of the Introduced Predatory Snail 
Euglandina rosea: Implications for Management and Control   
 
Methods 
 
Study Site 
All work was conducted in Kahanaiki gulch starting on February 1, 2007. Kahanaiki gulch is on 
the North West side of the Waianae Mountains on Oahu (N 21o 54.205′, W 158o 19.646′). It has 
steep cliffs that rise roughly 100 m from the bottom of the gulch to the ridges either side. The 
ridges are ~ 550 to 750 m in elevation. The vegetation is mixed with both native and invasive 
species present. The introduced strawberry guava (Psidium cattleianum) is the most abundant 
tree in the gulch, but native trees such as ohia (Metrosideros polymorpha) and koa (Acacia koa) 
are present. The climate in the gulch is tropical with wet winters and dry summers (Juvick & 
Juvick 1998). The gulch bottom is usually cool and wet compared to the dry hot ridges on sunny 
days (personal observation).  
 
Abiotic Characterization of Kahanaiki Gulch 
 
To record the abiotic characteristics of Kanahaiki gulch six Log Tag HAXO-8 temperature and 
humidity loggers were placed at six sites, two in the gulch and two just below both the south and 
north facing ridges. They were placed more than 500 m apart and hung on the base of a tree in 
shady areas at a height of 0.25 m above the ground. They were placed in the field on April 13, 
2007 and set to record data every 30 min. They are scheduled to be picked up on July 13, 2007. 
Temperature and humidity data will be used to compare abiotic conditions in the gulch to those 
on the ridges and to determine if there is any correlation between temperature and humidity and 
the movement patterns of E. rosea.  
 
Patterns of Prey Density 
 
To determine patterns of prey densities in the gulch, eighteen sites were surveyed for snails on 
two occasions (8-12 March 2007, 10-15 May 2007) by timed searches of the trees/shrubs and by 
the use of beer traps to trap ground-dwelling snail/slug species. In addition, trees were surveyed 
for listed Achatinella spp. to make sure there would be no deleterious impacts on these snails 
during this study. Six sites were in the gulch bottom and six were located 20 m below each of the 
north facing and south facing slopes (total 18 sites). At each site trees were surveyed for 10 min 
and ten beer traps (88 ml glass jars, 5.0 cm tall and 5.0 cm in diameter with a 2.5 cm diameter 
opening in the top, filled with beer) were buried into the soil so the top was flush with the soil 
were left for four days before collection. Each individual collected was counted and identified to 
species except in the case of the ‘tornatellinids’ (small Achatinellidae in subfamilies other than 
Achatinellinae), which were just recorded collectively. 
 
Dispersal Patterns and Microhabitat Selection 
 
Both movement patterns and microhabitat preference were determined by using the bobbin 
technique (see pilot study above) to follow the trails of individuals as they moved through 
different microhabitats through time. From March 29, 2007, adult E. rosea were fitted with a size 
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40-8-20 nylon thread bobbin from Imperial Threads™. Each bobbin was wrapped in Parafilm© 
and enough line was pulled from the bobbin until it weighed less than 0.5 g (less than 10% of the 
weight of an adult E. rosea).  Bobbins were glued to the shells using SuperGlue©. The end of the 
line was attached to a dowel in a cement base. The line was tied and taped to the dowel. Eight E. 
rosea have been tracked successfully. Six E. rosea were not tracked successfully, mostly because 
the line was broken, and are not reported on here. After the line breaks, it is difficult to find the 
snail again. Sites where E. rosea were being trapped were visited once a week following 
attachment of bobbins to the snails. 
 
Dispersal Patterns: To describe dispersal patterns of E. rosea, five measurements related to their 
movement were recorded for each individual on each observation occasion: 1) linear distance 
from initial release point, 2) compass angle from initial release point, 3) linear distance from 
point at which snail was most recently previously recorded, 4) compass angle from point at 
which previously recorded, and 5) total distance traveled (the length of line pulled from the 
spool).  
 
Microhabitat Preference: To determine microhabitat preferences, the microhabitat used be each 
snail was categorized (see below) every 0.75 m along the line left by the snail and compared to 
the relative prevalence of the different microhabitats overall, as assessed by taking measurements 
at 1 m intervals along four transects that were run on randomly chosen compass headings from 
the point of initial release to the furthest linear distance moved by the particular snail from its 
initial release point. If at least 24 points were not scored along these four transects, additional 
transects were surveyed until the number of microhabitat data points exceeded 24. In addition, 
the habitats where the snails were actually found were recorded. Almost all snails were inactive 
when found suggesting that they move at night and during periods of wet weather. When 
following the line left during the movement of each individual, whether the snail was using 
arboreal or ground level habitats was first recorded. If this point was in an arboreal habitat (trees 
and shrubs higher that 0.5 m), the height above ground and species of plant was recorded and the 
plant was searched for potential E. rosea prey. If the point was on the ground, then the 
microhabitat was recorded as one of the following: 1) wood, consisting of downed logs greater 
that 10 cm in diameter, 2) open, consisting of all areas, including rock and open soil, where the 
individual can be easily seen, 3) shrub/fern, consisting of all habitat that has low shrubs or ferns 
that grow up to 0.5 m from the ground and block visual sight of the ground, and 4) leaf litter, 
consisting of areas with a thick covering of dead leaves and twigs without the cover of shrubs 
and ferns. When assessing the proportion of these microhabitats only ground level microhabitats 
were included. No quantitative measurement of plant density was attempted.  
 
Analysis 
 
Abiotic Characterization: To date no data have been collected from the data recorders. Once 
they are retrieved, temperature and humidity data will be compared among the gulch bottom and 
the two ridges. Snail movement patterns will be correlated with temperature and humidity.  
 
Patterns of Prey Density: A two-factor ANOVA was used to test for differences in prey density 
among the gulch, south facing slope, and north facing slope sites. The fixed variable was location 
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(gulch, south facing slope, north facing slope). The other, random variable was collection date (1 
and 2).  
 
Dispersal Patterns: This section is descriptive. Distance traveled and number of trees climbed 
for each snail tracked are reported. I don’t know of any study that has described the movements 
of this species, so all information will be new.  
 
Microhabitat Preferences: To estimate habitat preference of E. rosea, Jacobs’ selectivity indices 
(Jacobs 1974, and used by Sugiyama and Goto 2002) were calculated using the following 
formula: 
 
Dia = (ri -pa) / (ri + pa – 2 ri pa) 
 
where Dia is the selectivity index of individual i for microhabitat a, ri is the ratio of microhabitat 
type a use to all the other microhabitat types used by the individual, and pa is the ratio of 
microhabitat a to all the other microhabitats available for the individual to use within the local 
area. As described above, ri is determined for each snail by recording the microhabitat type at 
0.75 m intervals along the path of each snail’s trial, as determined from the line left from the 
bobbin, and pa is determined from the data gathered at 1.0 m intervals along the four or more 
transects. If the individual preferentially uses a microhabitat the Dia score will be positive, if it 
avoids a microhabitat the Dia score will be negative.  
 
To determine day time microhabitat preferences Jacobs’ selectivity indices were also used.  The 
proportion of times snails were found in each microhabitat was compared to the proportion of 
that microhabitat available to that individual in the local area. For day time microhabitat 
preferences data recorded for all individuals were combined. 
 
Results 
 
Abiotic Characterization 
 
Data remain to be collected (see Methods section). 
 
Patterns of Prey Density 
 
There was a significant treatment effect for the three most abundant potential E. rosea prey 
items, Limax maximus, Deroceras leave, and the ‘tornatellinids’, with a majority of the 
individuals being found at the sites within the gulch (Table 1). In addition, a native Philonesia 
sp. was found at a gulch site. Meghimatium striatum was the only other species collected (also at 
a gulch site). The numbers collected for Philonesia sp. and Meghimatium striatum were too low 
to test for any differences among treatments. 
 
Dispersal Patterns 
 
The results are still preliminary as only a few snails have been tracked for more than a month. 
Surprisingly, the two snails tracked since March 29, 2007 have not moved further than 7 m in 
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linear distance from their initial release point. A complete synopsis of individual movements is 
provided in Table 2. Some individuals did climb trees (up to 2 m above the ground). Every tree 
climbed so far was a strawberry guava (Psidium cattleianum) and there were snails 
(‘tornatellinids’) found in each of the trees climbed. It is unclear what caused the death of 
individuals 3 and 6. Pictures of how they were found are shown in Figure 6. Only one snail was 
recorded active during a day and at that time it was raining.  
 
Microhabitat Preference 
 
The microhabitat preferences of the six E. rosea tracked were estimated from the Jacobs’ index 
of selectivity. Selectivity indices were positive for all individuals in the leaf litter microhabitat 
suggesting that this microhabitat was preferred, since it was used more frequently than expected 
by random (Figure 7). Selectivity indices were negative for all individuals in open and fern/shrub 
microhabitats. Results were mixed for the wood microhabitat.  
 
Leaf litter was preferred during the day (Figure 8), as it was the only microhabitat that had a 
positive selectivity score.   
 
Discussion 
 
The present study is the first investigation of the spatial patterns of dispersal and habitat use of 
one of Hawaii’s worst invasive species, Euglandina rosea. This study provides detailed 
information about movement patterns and microhabitat preferences at the scale of the individual. 
So far, only a few individuals have been observed for only a short period of time (Table 2), so 
caution needs to be exercised when intepreting the results. Nevertheless, these data provide 
managers with an initial understanding of how E. rosea uses its environment. This study, in 
conjunction with work that will be completed in year 3 examining population densities in the 
gulch and life history characteristics of E. rosea, as well as the effectiveness of control methods, 
will hopefully provide information necessary for the implementation of informed management 
programs. 
 
Abiotic Characterization of the Habitats 
 
Many land snails have evolved to prevent desiccation (Cowie & Jones 1985, Arad et al. 1993, 
Copley 2000). The data have not yet been collected to characterize the temperature and humidity 
profiles of the gulch and the ridges either side of it. The gulch seems to be cooler and damper 
than the ridges on hot sunny days, but the difference between the gulch and the ridges may be 
slight on rainy days. Also, the abiotic conditions required by E. rosea are not known, although 
such knowledge would of great significance in evaluating its potential distribution. These data 
will provide information valuable to begin addressing whether E. rosea prefers gulch habitats 
and if ridges act as dispersal barriers. In year 3, surveys will be conducted in the gulch and on the 
ridges to compare density between these different habitats. 
 
 
 
 



 18

Patterns of Prey Density 
 
Predators move to areas with the highest prey densities (Fauchald & Tveraa 2006). There were 
higher prey densities in the gulch compared to the ridges (Table 1). Areas with low prey 
densities may act as a dispersal barrier since predators may remain in areas where food capture 
requires less effort.  
 
Understanding how prey are distributed within a mountain range and at smaller scales, e.g. 
within a gulch, is important to understanding how E. rosea may impact the remaining native 
snail populations. Native tree snails, Achatinella spp., are typically found on ridges (Holland and 
Hadfield 2002). Does the lower prey densities on the ridges limit E. rosea from moving into 
these areas, or does the lower prey densities in these areas force E. rosea to spend more time 
searching aboreal habitats for prey, including endangered Achatinella spp.?  
 
Dispersal Patterns 
 
The results of concerning the general dispersal patterns of E. rosea are quite surprising. It was 
expected that being a predator, E. rosea would move large distances compared to other snails. 
Studies examining the movement patterns of other snails suggest that some snails move much 
longer distances (e.g., Tomiyama & Nakane 1993 for A. fulica, Murphy 2002 for Hedleyella 
falconeri, an Australian predatory snail). Euglandina rosea is a smaller snail than these species. 
Nevertheless, as a predator it is surprising that the two snails tracked for more than 50 days have 
not moved further than 7 m in linear distance from the initial starting point (Table 2).  Although 
the total distance moved for each snail is roughly five times greater than the linear distances 
moved, the data suggest that E. rosea does not disperse more than about 10 m (linear distance) in 
about two months. However, this pattern may result from the fact that all snails were tracked in 
the gulch where prey densities are high (Table 1); a different pattern may emerge for snails 
tracked in areas with lower prey densities. Further studies will track snails on ridges to compare 
the movements of snails among the two ridges and the gulch. 
 
Two E. rosea were consumed (Table 2). In one instance part of the body was partially consumed 
and there was no damage to the shell. It is possible that this snail died to causes other than 
predation, but I had observed this snail alive and active two days before. The other snail had a 
large piece of the shell broken away and the whole body was missing (Figure 6). It is unknown 
what role other predators or diseases play in controlling E. rosea populations. Interactions among 
many of the introduced and native species in Hawaii may be complex. However, understanding 
these interactions is important in developing well-conceived control methods. 
 
Microhabitat Preference 
 
Versatility in use of habitat determines a species’ ubiquity and distribution within its range 
(MacNally 1995). More versatile (generalized) species are able to maintain populations across a 
broader spectrum of habitats and exploit the resources available within those habitats (Tomblin 
& Adler 1998). Understanding the ecological factors that impact the distributions of organisms, 
particularly those species that have the potential to impact the structure of entire communities, is 
important in determining the effect of a species across a landscape. Also, understanding how a 
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predator uses microhabitats within its range will help managers determine which species are 
likely to be the most threatened and where traps or searches that aim to trap/catch an alien 
predator as part of a control effort should be focused. 
 
Euglandina rosea chooses microhabitats with dense leaf litter in preference to open and 
fern/shrub habitats (Figure 7). The results for wood habitat are mixed, but it is possible that at the 
completion of the tracking study, wood habitats may be shown to be preferentially chosen since I 
often see slugs (potential prey items) in this microhabitat. Selectivity indices for wood were 
negative only in areas where the wood microhabitat was extremely rare, making encounters with 
this habitat less likely.  
 
Leaf litter was also the preferred microhabitat during the day (Figure 8). Euglandina rosea is 
generally most active during the night and these sites may represent day time shelters. Leaf litter 
may be preferred for many reasons, including: 1) higher prey densities, 2) higher moisture 
retention, limiting desiccation, and 3) avoidance of predators. Assessment of prey density 
according to microhabitat was attempted by examining the beer trap data from the different 
microhabitats, but the variance was high and no pattern could be detected statistically. 
Desiccation is likely a major factor determining microhabitat selection (Cowie & Jones 1985, 
Arad et al. 1993, Copley 2000). However, the shrub/fern habitat was avoided (Figure 7) despite 
the high likelyhood that this microhabitat can retain moisture. Visual predators can affect prey 
distributions (Cain & Sheppard 1952). In leaf litter, E. rosea is extremely difficult to see since 
the red/brown shell matches the color of dead leaves. Therefore, visual predators may have a 
much harder time finding E. rosea in leaf litter habitats. The two individuals that died during this 
experiment (Figure 6) were found in fern/shrub habitat. Comparisons among the microhabitat 
utilization of E. rosea, rats, and other introduced mammal species in the same gulch (mammal 
data currently being collected by Aaron Shiels) may provide a way to assess whether these 
species use different microhabitats.  
 
Implications for Management and Control 
 
This study indicates. at least preliminarily, that E. rosea does not disperse long distances and is 
reliant on leaf litter for foraging, shelter, and egg laying (personal observations made over the 
last year). Since E. rosea does not disperse far, control methods may be successful in small areas, 
such as those where native snails are known to exist. An effective eradication method would 
have to be developed. Leaf litter is a major component of Oahu mountain habitats and is 
extremely important for many ecosystem processes. However, degradation or removal of this key 
microhabitat may significantly alter the behavior of E. rosea. For instance, a litter free barrier 
may be effective in preventing encroachment of E. rosea, although, there are probably many 
other factors that may also have to be altered to make such a barrier effective.  
 
Understanding that E. rosea prefers leaf litter is a little alarming, since most E. rosea were 
collected in the open microhabitat (a microhabitat that is not preferred). This suggests that there 
may be more E. rosea than previously thought. A detailed study of E. rosea density in Kahanaiki 
gulch will begin in August 2007.  
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The results also suggest that a classical mark-recapture study can provide accurate information 
since the snails do not move long distances, making recapture relatively likely. The mark-
recapture study that will begin in August 2007 will provide information on the life history and 
density of E. rosea in the gulch. Also, I hope to track juvenile E. rosea to determine their 
dispersal patterns, which may be different from those of adult E. rosea.  
 
Because of the consequences of the introduction of E. rosea, it is important to understand the 
biology of this species. Only through such studies can informed decisions be made regarding 
which control methods might be successful. 
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Table 1: Numbers of possible prey items collected at six sites in each of three areas in Kahanaiki 
gulch (NF = north facing ridge, SF = south facing ridge, G = within gulch) on two occasions 
(March 8, 2007 and May 10, 2007). A two-factor ANOVA tested for differences in prey numbers 
among habitat types and on the two collection occasions. 
 
Taxon NF SF G Source p-value 
 
‘tornatellinids’ 

 
12 

 
12 

 
205 

 
location 
time 
location*time 

 
< 0.001 
   0.333 
   0.371 

Limax 
maximus 

 
40 

 
17 

 
133 

 
location 
time 
location*time 

   
   0.141 
   0.387 
   0.421 

 
Deroceras 
laeve 

 
19 

 
9 

 
96 

 
location 
time 
location*time 

 
< 0.001 
   0.382 
   0.044 

 
Meghimatium 
striatum 

 
1 

 
2 

 
2 

 
NA 

 

 
Philonesia sp. 

 
0 

 
0 

 
1 

 
NA 
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Table 2: Summary of dispersal patterns of the eight E. rosea tracked during the main experiment.  
 
 E. rosea 1 E. rosea 2 E. rosea 3 E. rosea 4 E. rosea 5 
 
Date of Release 
 

 
29-March-07 

 
29-March-07 

 
11-April-07 

 
3-May-07 

 
3-May-07 

 
No. of  days tracked 
 

 
54 

 
54 

 
15 

 
19 

 
19 

 
Maximum linear 
distance (m) 
traveled from start 
point 
  

 
 

6.34 

 
 

6.94 

 
 

1.89 

 
 

5.80 

 
 

13.53 

 
Total distance (m) 
traveled from start 
point 
 

 
39.64 

 
36.40 

 
6.66 

 
21.38 

 
77.2 

 
No. trees climbed 
(No. trees with snails) 
 

 
0 

 
0 

 
0 

 
3 (3) 

 
5 (5) 

 
Still tracking  
 

 
Yes 

 
Yes 

 
No  

(flatworm or E. rosea 
predation?) 

 
Yes 

 
Yes 
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Table 2 continued:  
 
 E. rosea 6 E. rosea 7 E. rosea 8 
 
Date of Release 
 

 
3-May-07 

 
17-May-07 

 
17-May-07 

 
No. of  days tracked 
 

 
0 

 
5 

 
5 

 
Maximum linear 
distance (m) 
traveled from start 
point 
  

 
 
0 

 
 

6.12 

 
 

3.46 

 
Total distance (m) 
traveled from start 
point 
 

 
0 

 
9.13 

 
8.83 

 
No. trees climbed 
(No. trees with snails) 
 

 
0 

 
0 

 
0 

 
Still tracking  
 

 
No 

(rat or bird predation?) 

 
Yes 

 
Yes 
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(A) 
 

  

(B) 
 

  
 
 
Figure 6: Pictures of the two snails that were found dead. The E. rosea in (A) looked to be half 
consumed without any damage to the shell. However, it is possible that the snail was not preyed 
on and died due to unknow causes. It was seen alive two days before. The E. rosea in (B) has a 
large hole crunched out of the shell. Part of the body was left in the part of the shell on the other 
side of the hole. 
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Figure 7: Microhabitat selection by six adult E. rosea in Kahanaiki gulch. Positive and negative 
values of the Jacobs’ selectivity index indicate that different microhabitats were used more or 
less frequently, respectively, than expected by chance.  
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Figure 8: Day time habitat selection of six adult E. rosea in Kahanaiki gulch. Positive and 
negative values using the Jacobs’ selectivity index indicate that different microhabitats were used 
more or less frequently, respectively, than expected by chance.  
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