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Introduction 
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, 
Civeyrel & Simberloff 1996, Cowie 2001). 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 land snail species of Hawaii, especially the Hawaiian tree 
snails in the sub-family Achatinellinae (USFWS 1981). 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. 
Certain aspects of the feeding ecology E. rosea have been well studied. Feeding behavior and 
aspects of prey trail following have been well documented (Cook 1985 a, b). Prey size 
preferences have also been addressed (Cook 1989 a, b). Results from these and other studies 
suggest that E. rosea prefers smaller sized snails when given the choice (Davis & Butler 1964, 
Chiu & Chou 1962, Nishida & Napompeth 1975, Griffiths et al. 1993). In addition, the range of 
prey species in the field has been investigated on Mauritius (Griffiths et al. 1993). 
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Unfortunately, extrapolating these results to determine the effect E. rosea is having on the land 
snail faunas in other places such as Hawaii remains difficult. This is especially true since reasons 
for prey species preferences of E. rosea have not been adequately addressed, and consumption 
rates for E. rosea have never been reported. The literature suggests that E. rosea feeds non-
selectively on numerous gastropod species (Cook 1989 a, b). However, the design of the 
experiments that aimed to address species preferences did not adequately control for the size of 
prey among prey species offered (Cook 1989 a, b). Instead, they standardized the total weight of 
each species offered in each replicate choice experiment. However, if prey size is as important as 
is suggested by all these experiments, the fact that the smaller species were preferred tells us 
little about species preferences other than that small snails are preferred. Although, this may be a 
more realistic approach for determining the impact of E. rosea at one place and time, it does not 
explain the reasons for preference among species other than for size. Since E. rosea does prefer 
smaller individuals as prey, it comes as no surprise that in trials in which species of different 
sizes were offered, the larger species were less preferred. In addition, the microcosms used in 
these experiments (clear glass dishes) did not provide conditions permitting possible predator 
avoidance behaviors.  
 
The objective of the work reported here was to examine the feeding ecology of E. rosea in 
Hawaii. Particular attention was paid to determining the factors that influence prey choice, 
especially among prey species. Size preferences were also examined to confirm the findings of 
studies elsewhere. In addition, consumption rates were measured in an effort to begin to 
quantify, using community and population models, the impact of E. rosea on the land snail 
community of Hawaii and on certain target species that are considered particularly vulnerable to 
extinction. The goal was to gather accurate data on aspects of the feeding behavior of E. rosea 
that may help to quantify its impact and permit development of effective control measures. 
 
Methods 
 
Three microcosm experiments were performed at the University of Hawaii at Manoa between 
September 2005 and May 2006 to determine prey size and species preferences, as well as 
consumption rates. All experiments were done in 30 x 20 x 20 cm rectangular aquaria. Each 
aquarium was filled with top soil to a depth of 2.5 cm and kept damp to promote movement of 
both the prey and the predator. Five small pieces of lettuce were also added to provide food for 
the prey species and to entice certain species that had tendencies to bury themselves to come to 
the surface to feed and thereby become available to the predator. All prey were allowed to 
acclimate in the tank for 24 hr prior to the addition of the predator.  
 
Euglandina rosea were collected at various sites throughout the island of Oahu between August 
2005 and May 2006. Prior to their use in the experiments they were maintained individually in 
15 cm diameter circular plastic aquaria and fed a diet of snail species other than those being used 
to test for differences in prey preferences. The species most commonly used was Bradybaena 
similaris.  
 
Prey Size Preference 
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Seventeen adult E. rosea (35 to 55 mm in shell length) were used in size selection experiments. 
The predators were starved for two days prior to each experiment in an effort to standardize 
hunger levels. Achatina fulica were used as the prey and were divided into four size classes (0-1, 
1-2, 2-3, and 3-4 cm in shell length). Ten snails from each of two of the four size classes were 
offered to one E. rosea after the prey had been allowed to acclimate for one day. Each day 
consumed prey were replaced with new individuals from the same size class. Experiments ran 
from four to ten days depending upon consumption rates and prey availability. Differences 
among size classes offered were evalulated using a Fisher’s Exact test (Sokal & Rohlf 1995). 
 
Prey Species Preference 
 
Prey preference of E. rosea was assessed in microcosms that offered a choice of two prey species 
out of four. All prey were non-native species: Achatina fulica, Paropeas achatinaceum, 
Veronicella cubensis, and a Succinea sp. (there are native species of Succinea in Hawaii but 
these were not used). Each trial consisted of at least ten replicates, each with a choice of two prey 
species (ten snails of each). Prey were 5.0-12.5 mm in shell length. The size distribution, that is, 
the numbers of snails of various sizes, as measured by the length of their extended foot, was 
matched between the two prey species in order to minimize any effect size may play in 
determining a species preference. Using the length of the extended foot, rather than a shell size 
measure, was necessary since one of the prey choices was the slug V. cubensis. All six pair-wise 
combinations were represented in each trial but the number of each combination depended on 
prey availability. However, in total over the five trials there were ten replicates of each pair-wise 
combination. The number of prey items consumed was calculated by counting the number left at 
the end of the experiment and subtracting it from the total number of prey provided throughout 
the course of the experiment. A paired t-test was used for each pair-wise combination to 
determine whether prey preference was significant (Dowdy & Wearden 1991). 
 
Additional experiments were performed using the same protocols specifically to examine the 
preference of E. rosea for slugs. Two slug species, Deroceras leave and V. cubensis, were used 
in combination with the snail P. achatinaceum. Five replicates of the pair-wise combinations D. 
leave vs. V. cubensis and D. leave vs. P. achatinaceum were performed in each of two trials. A 
paired t-test was used for each pair-wise experiment to determine whether prey preference was 
significant (Dowdy & Wearden 1991). 
 
Consumption Rate 
 
Twelve E. rosea were used in consumption rate experiments (seven adults 40-55 mm in shell 
length, five juveniles 10-25 mm in shell length). For a week prior to the experiments they were 
provided with prey snails (Achatina fulica, Paropeas achatinaceum, Bradybaena similaris) of 
various sizes ad libitum. Thirty prey snails (non-native Succinea sp., 15 in the size range 1.0-5.0 
mm and 15 in the range 5.0-12.0 mm shell length) were then offered to an individual E. rosea for 
a period of 24 hr. Each prey snail was weighed to the nearest 0.0001 g and individually marked. 
At the end of the experiment, the number of snails remaining alive was counted and any shells 
remaining from consumed snails were weighed to the nearest 0.0001 g, these weights being 
subtracted from the weights of those snails at the beginning of the experiment to give a value of 
the weight consumed. Adding this amount to the know weight of snails consumed whole 
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provided a value for the total weight consumed. Growth of prey snails over the 24 hr of the 
experiment was assumed to be negligible. Wet weight consumed was regressed on E. rosea size. 
A two-factor ANOVA was used to test prey size preferences of adult and juvenile E. rosea.  
There were two fixed effects, an E. rosea size effect (adult vs. juvenile) and a prey-size effect 
(small prey 1.0-5.0 mm vs. large prey 5.0 -12.5 mm). 
 
Prey Value 
 
The energy content of the snail species used in the E. rosea feeding trials, A. fulica, P. 
achatinaceum, V. cubensis, D. leave and the non-native Succinea sp., will be evaluated in July 
2006.  Shell length (for snails only), foot length, wet weight, dry weight, and total caloric value 
will be recorded for ten individuals of each snail/slug species.  Shell length and foot length will 
be measured to the nearest 0.1 mm. For snails, the wet weight will be measured with the shell 
still intact to the nearest 0.0001 g. The shells will then be dissolved in a 1 M HCl solution and 
the bodies of the snails will be weighed in order to determine the weight of the shell, by 
subtraction. Snails (and slugs) will then be dried to a constant mass at 80oC. The dry bodies will 
then be used to determine energy content, measured in a microbomb calorimeter. A regression 
will examine the relationship between size/weight and caloric value for each species, and an 
ANCOVA will examine the differences among the caloric values of the various prey species 
(Dowdy & Wearden 1991).   
 
Results 
 
Prey Size Preference 
 
Regardless of which snail combination E. rosea was offered, it always preferred the smaller 
snails (Table 1). Pooling the data, 77 snails in the smaller size class were consumed compared to 
only two from the larger size class. In addition, consumption rate (number of snails consumed), 
decreased as size of prey offered increased.  
 
Prey Species Preference 
 
Prey preference experiments with E. rosea, using abundant introduced snails (Succinea sp., 
Achatina fulica, Paropeas achatinaceum) and slugs (Veronicella cubensis, Deroceras laeve) 
showed that it preferred the snail to the slug species but showed no preference among the three 
snail species (Tables 2 and 3). Veronicella cubensis was the least preferred prey, and D. laeve 
seemed to be preferred over V. cubensis but was less attractive than P. achatinaceum and 
therefore probably also less attractive than the other snail species (Succinea sp. and A. fulica). 
 
Consumption Rate 
 
The relationship between wet weight (g) consumed and the weight of E. rosea (g) is described by 
the following linear regression (Figure 1): 

Wet weight consumed = 0.1193 (weight of E. rosea) + 0.0962; 
r2 = 0.87, P < 0.01, N = 12 
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Wet weight consumed increases as E. rosea weight increases. Although the sample size is small, 
the high r2 value suggests that this mathematical model describes the relationship between the 
variables well. The regression line was not forced to go through the origin but the y-intercept 
was nevertheless close to it. 
 
The size of E. rosea is important in prey size preference (Table 4, Figure 2). Larger E. rosea had 
a stronger preference for smaller prey (Figure 2). The ANOVA suggests that E. rosea size, prey 
size and the interaction of these two factors are important (Table 4).  
 
Prey Value 
 
These experiments remain to be done (see Methods section). 
 
Discussion 
 
Prey Size Preference 
 
The results indicate that E. rosea has a strong prey size preference. When given a choice of prey 
sizes, E. rosea will eat significantly more small snails than large snails (Table 1). These results 
are consistent with many other experiments that have examined the prey size preference of E. 
rosea in the lab (Davis & Butler 1964, Chiu & Chou 1962, Nishida & Napompeth 1975, Cook 
1989 a, b) and in the field (Griffiths et al. 1993). In addition, it seems that large (40 to 55 mm 
shell length) E. rosea have an even stronger preference for small prey (Figure 2). 
 
One reason usually proposed for E. rosea’s preference for smaller snails is calcium intake. Cook 
(1989 a) suggested that there may be a compromise between the input of important nutrients, 
primarily calcium, when the prey is consumed whole (shell included), and the caloric intake that 
comes from the consumption of body tissue. Shells of small prey (> 1.0 mm in shell length) are 
usually consumed whole. Thus, the fact that E. rosea prefers to feed on smaller snails may be a 
response to its need to procure enough calcium and perhaps other essential nutrients in order 
especially to maintain shell growth. The predators do this despite the cost of the increased 
handling time involved in consuming the prey whole (Cook 1989 a).  
 
The need for calcium and other essential nutrients present in the prey shells may explain some of 
the preference, but is probably not the only factor responsible for E. rosea’s preference of 
smaller prey. In the prey size preference experiments, no Achatina fulica were consumed whole 
but the smaller snails were nevertheless preferred. Most of the snails in the 0-1 cm size class 
were closer to 1.0 cm in size and perhaps large enough to discourage E. rosea from trying to 
consume them whole. However, if they were only choosing smaller prey for essential nutrients 
we would expect a more even distribution of preference between the 0-1 and 1-2 cm size classes. 
No data were collected on handling times, which may explain the difference between the two 
size classes. In addition, Griffiths et al. (1993) reported that E. rosea will swallow snails up to 
1.1 cm in shell length, although the species consumed did not have as rounded a shell as A. 
fulica. Still, it is surprising that in the present experiments no A. fulica were eaten whole, since 
new hatchlings were often used.  
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The data suggest that the size of the E. rosea is important in prey size preference. Although 
counter-intuitive, larger E. rosea had a stronger preference for smaller prey (Figure 2). This may 
be because large E. rosea have a greater ability to consume snails whole. Thus, the impact of E. 
rosea on small snails may be even greater when E. rosea is large. This is consistent with 
experiments that have studied predation of E. rosea in the field where a large majority of the 
species consumed were swallowed whole (Griffiths et al. 1993).  
 
Prey Species Preference 
 
Euglandina rosea exhibited a clear preference for the three snail species over the two slug 
species in all the feeding preference tests (Tables 2 and 3). In all six pair-wise experiments 
examining the preference between either of the three snail species, Succinea sp., Achatina fulica, 
or Paropeas achatinaceum and the slug species, Veronicella cubensis, E. rosea preferred the 
three snail species to the slug. It showed no preference among the three snail species. In the 
experiment that examined the prey preference of E. rosea between the slug Deroceras laeve and 
the snail P. achatinaceum, E. rosea again preferred the snail to the slug. The results do suggest 
that E. rosea prefers the slug D. laeve over the slug V. cubensis, suggesting preferences among 
slug species.  
 
I can only speculate on reasons why snails were preferred to slugs. The slugs seemed to spend a 
large proportion of their time buried in the soil compared to the snails. Achatina fulica also spent 
a large proportion of the time buried but seemed to come up to feed at night, coinciding with the 
time E. rosea was usually active. The other two snail species, Succinea sp. and P. achatinaceum, 
were always found on the surface of the soil or on the sides and top of the aquaria. This 
microhabitat preference of the slugs may have precluded them being available as often as prey 
items. Slugs may have evolved other defense strategies that enabled them to lose their shells, 
including production of copious amounts of mucus when provoked, having a relatively thick 
integument, and avoidance behaviors such as tail flicking and mantle flaring (Cook 1985 a).  
 
Consumption Rate 
 
The linear regression approximates the consumption rate of E. rosea well. As size of E. rosea 
increases, so does consumption, at a predictable rate. Therefore, if E. rosea population density 
and population size distribution are known, a model could be constructed to determine the 
impact of this predator on the land snail community as a whole and on populations of species of 
particular interest.   
 
Prey Value 
 
These experiments remain to be done (see Methods section). 
 
Impact of Euglandina rosea on Native Snail Populations 
 
The native Hawaiian land snail fauna used to be extremely diverse (over 750 species) and 
exhibited high endemism (over 99 %), but most of these unique species (perhaps as many as 90 
%) are now extinct (Cowie 2002, Lydeard et al. 2004). Most of those species that remain appear 
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to be reduced to sparse populations on every island they formerly inhabited (Lydeard et al. 
2004). Therefore, even slight increases in mortality caused by predation may have serious 
detrimental impacts on the remaining land snail populations. Results from this work provide a 
grave reminder of the deleterious impact of E. rosea. 
 
The most likely criticism of this work may be that no native snails were used in the feeding 
trials. Therefore, extrapolating these results to say anything about the impact of E. rosea on 
native land snails of Hawaii could be misleading. However, all the species used as prey in the 
experiments currently occur in Hawaii, all five species come from different families, and one of 
those families, the Succineidae, is represented by extant endemic Hawaiian species currently 
found on all of the main islands. All these facts suggests that E. rosea is a highly generalist 
predator of snails, that probably would prey on native Hawaiian snails in very much the same 
way as it did in the experiments described herein. Most of the extant native Hawaiian land snails 
are endangered or threatened with the possibility of extinction, so that use of large numbers of 
them in experiments of this kind is probably not justifiable. In addition, most of the prey species 
tested can be found living in areas where native species occur and the behavior of E. rosea in 
these areas in relation to both native and non-native prey may be similar.  
 
The prey size preference results are consistent with many previous experiments (Davis & Butler 
1964, Chiu & Chou 1962, Nashida & Napompeth 1975, Cook 1989 a, b, Griffiths et al. 1993). 
Euglandina rosea prefers the smallest snails available. This is of concern for conservation efforts 
since many of the native snails are small compared to many of the abundant introduced 
snails/slugs that have become established in the native forests of Hawaii (e.g., Limax maximus 
and Meghimatium striatum) where a majority of the native Hawaiian snails are found (Meyer 
2006, Joe 2006). For instance, all species in the native families Endodontidae, Helicinidae, and 
Pupilidae are extremely small (< 1.0 cm in shell length for their entire life), still found in the 
Waianae Mountains, and appear reduced to sparse populations on every island they formerly 
inhabited (Lydeard et al. 2004, Meyer in press). The results suggest that E. rosea would readily 
consume these snails whole if it encountered them and may have had a large impact on their 
populations in the past. Many native succineid species are also relatively small, being less than 
1.0 mm in shell length when hatched and rarely getting to be over 13.0 mm (personal 
observation). Snails in the family Achatinellidae come in all sizes. For instance the 
‘tornatellinids’ (Achatinellidae belonging to subfamilies other than Achatinellinae) are widely 
distributed but patchy, and extremely small ( < 1.0 cm in shell length). Snails in the sub-family 
Achatinellinae, the Hawaiian tree snails, are larger. One species, Achatinella mustelina is born at 
an average size of 4.6 mm and reach sizes greater than 21.0 mm in shell length (Hadfield et al. 
1993). Despite being larger, their populations have declined with the introduction of E. rosea 
(Hadfield & Mountain 1980).  Decline of Achatinellinae in particular is probably related to their 
slow growth, the long time they take to reach reproductive maturity (3-5 yr), and their slow 
reproductive rate, which make them highly vulnerable to unnaturally high levels of predation by 
not only the introduced predatory snail E. rosea, but rats and shell collectors (Hadfield & 
Mountain 1980, Hadfield 1986, Hadfield et al. 1993). 
 
The results of the prey species preference experiments also have conservation ramifications. 
There are no native slugs in Hawaii. Although, E. rosea will consume slugs, the data suggest that 
given a choice it would probably consume a snail rather than a slug when both are present in 
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equal numbers. Currently, in terms of biomass, slugs constitute a large portion of the Hawaiian 
land snail fauna (Meyer 2006) and have been shown to negatively impact the survivorship of 
young native Hawaiian plants (Joe 2006). Thus, predation of E. rosea on slugs could be seen as 
one positive conservation outcome. Unfortunately, the results suggest that E. rosea prefers snails 
to the slug species offered, and many of these slugs reach sizes that are well above E. rosea’s 
preferred size range for consumption.  
 
Data from the consumption rate experiment suggest that if E. rosea did locate a patch of native 
snails it could quickly have a large effect. In two of the consumption rate trials, twenty snails 
were consumed in one day. Survey work conducted during 2005 led to the records of two small 
extant native ground-dwelling land snail species in the families Endodontidae and Helicinidae on 
the island of Oahu (Meyer 2006 b). These two species belong to two families that have been 
considered either extinct or extremely rare in the Hawaiian Islands (Lydeard et al. 2004, R.H. 
Cowie pers. comm., 2005). The endodontid population seems to be around a few hundred 
individuals, according to The Nature Conservancy (TNC), which have begun monitoring (D. 
Sailer, pers. comm. 2005). Thus one E. rosea may be able to consume all individuals in just a 
few days. Although these experiments suggest that small species of native Hawaiian snails may 
be especially susceptible to predation by E. rosea, in conjunction with previous studies of the 
larger Achatinellinae, they suggest that all extant native species are probably susceptible to E. 
rosea.  
 
Direction of Future Research 
 
It is not a surprise that E. rosea has proved to be an ineffective biocontrol agent and a serious 
threat to native species. In 1988 the World Conservation Union (IUCN) passed a resolution 
urging government agencies to stop further introductions of E. rosea for biocontrol purposes 
(Griffiths et al. 1993). Although this was a good initial step to control the impacts of E. rosea 
throughout the Pacific and other tropical areas, more drastic measures of control are needed to 
protect the native snails that are susceptible to predation in areas where E. rosea is established. 
To create effective control measures, a comprehensive understanding of the biology of E. rosea 
is needed. This report addresses aspects of the feeding ecology of E. rosea. With Year 2 funding, 
tracking technology will be used to elucidate the microhabitat preferences of E. rosea. 
Understanding how E. rosea utilizes microhabitats within its range will help natural resource 
managers determine which snail species are likely to be most threatened. In addition, this 
information will help determine where traps or searches for E. rosea as part of a control effort 
should be focused.   In Year 3, attempts will be made to construct traps to determine E. rosea 
density and begin control measures.  




