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FEEDING PREFERENCES OF TWO PREDATORY SNAILS INTRODUCED 
TO HAWAII AND THEIR CONSERVATION IMPLICATIONS

Wallace M. Meyer III1, 2* & Robert H. Cowie1

ABSTRACT

Two introduced predatory land snails, Euglandina rosea and Oxychilus alliarius, have been 

feeding ecology of E. rosea and O. alliarius
and second on quantifying consumption rates, which is necessary to address the possible 

E. rosea always 
E. 

rosea -
O. alliarius will only consume prey less than 3 mm in shell 

O. alliarius consumed every snail species 
offered but did not consume either of the slug species. Consumption rates were positively 

E. rosea, having a much higher 
consumption rate than O. alliarius, and with larger E. rosea consuming more than smaller E. 
rosea
that both E. rosea and O. alliarius are generalist snail predators feeding preferentially on the 

snail species are small, they are at risk of predation by these two introduced predators, while 
invasive slugs – there are no native slugs in Hawaii – may not be impacted by them.
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INTRODUCTION

-
treme threat, and have the dubious honor of 

-

2004; Nash, 2004; Lydeard et al., 2004). The 
2008 IUCN Red List of Threatened Species

of endemism and the fact that they are under 

-
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In Hawaii, the situation may be especially 
critical. The native Hawaiian land-snail fauna 

-

-
dae, an endemic Hawaiian family of more than 

The Endodontidae in Hawaii and throughout 
-

tions on those islands they formerly inhabited 

Two introduced predatory land snails, Euglan-
dina rosea and Oxychilus alliarius, have been 
implicated in the decline of the native land-snail 
faunas. Euglandina rosea was purposely intro-
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of another introduced snail, Achatina fulica,

Cowie, 2001). Subsequently, it was introduced 

2001; Cowie et al., 2008). Unfortunately, the 
introduction of E. rosea has not reduced A. 
fulica
Cowie, 2001), but has been associated with 
the decline of many of the tree-snail species, 

-

O. alliarius was 

O.
alliarius

Oxychilus alliarius is omnivorous, but is known 
as a snail predator; it may have played a role 
in the decline of the native Hawaiian land snail 
fauna, as it is thought to have done in New 

Certain aspects of the feeding ecology of E.
rosea have been studied, including feeding 

from these results to determine the effect E.
rosea is having on land snail faunas as a whole 

rates and the reasons for prey preferences 
have not been adequately addressed. For 

-

permitting all possible predator avoidance 
behaviors. We know of no reports of feeding 

O. alliarius.
Despite the two predators’ reputations, 

relatively little attention has been paid to the 

the feeding ecology of E. rosea and O. alliarius,
-

ences, and second on quantifying consumption 
rates in order to address the possible levels of 
impact on natural populations.

METHODS

collected from the wild less than one month 
previously. They were allowed to acclimate to 
laboratory conditions for at least three days 

-
cies were fed a diet of Bradybaena similaris, a 
common invasive snail in Hawaii. Bradybaena
similaris was not used as a prey species in 

maintained in the same kind of containers as 

cm for E. rosea O. alliarius.

Different methods were used to assess 
the feeding behavior of each predator, since 
E. rosea has a much higher consumption 
rate than O. alliarius. The primary difference 

E. rosea

individual predators given a choice between 
two prey options, while O. alliarius
were no-choice, as each predator was only of-
fered one prey option. A different individual was 
used as a predator for every replicate across 

E. rosea
because hundreds of prey individuals were 
required, we used only non-native species, 

Veronicella cubensis, Deroceras laeve) and 
Achatina fulica, Paropeas

achatinaceum, Succinea tenella). These spe-
cies are phylogenetically diverse, such that the 
results should be generalisable. Inclusion of a 
species of non-native Succineidae, a family 

-

relevance to the local fauna. Given the much 
lower consumption rates of O. alliarius, it was 
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reasonable to include native species as prey 
Succinea spp., Philonesia sp., Tornatellides

spp.) in addition to common invasive species 
Arion intermedius, Deroceras laeve, Paropeas 

achatinaceum), all of which occur in areas in 
Hawaii with abundant O. alliarius.

Euglandina rosea

Seventeen adult E. rosea
-

lettuce A. 
fulica
1–2, 2–3, and 3–4 cm shell length). Ten snails 

to one E. rosea after the prey had been allowed 
to acclimate to the container for one day. Eug-
landina rosea consumes small snails whole 
as well as eating larger snails via the shell 
aperture. Every 12 h consumed individuals 
were replaced with new individuals of the same 

class were replaced at one interval, so a choice 

were run for four to ten days depending on 
consumption rates and prey availability. At the 

prey and large prey consumed were added up 
for each container. Differences in preference
between small and large prey were assessed 
by comparing the number of containers with 
more small prey consumed to containers with 
more large prey consumed using a sign test 

Oxychilus alliarius

Adult O. alliarius
Succinea spp. from areas 

where O. alliarius is abundant) of various 

with 2 cm of soil and one leaf of Broussaisia
arguta to provide it with habitat and food. Prey 

contained one adult O. alliarius in addition 
to the prey snail, while 48 control replicates 
each contained only the prey snail. Each 
trial was run for seven days at the end of 
which prey were recorded as alive or dead. 

We have only seen O. alliarius feed via the 
aperture, as opposed to consuming the entire 
prey snail including its shell. Differences in 

using the log odds ratio, l(o)

which is useful because it permits standard 
errors, sl(o), to be calculated from binary data, 
as follows:

where N11
replicates in which the prey survived; N12 is 
the number of control replicates in which the 
species survived; N21 -
mental replicates in which the prey died; N22
is the number of control replicates in which 
the prey died.

-
-

cant differences in mortality were determined 

Prey-Species Preference

Euglandina rosea

Prey-species preference of E. rosea was as-
sessed by offering a choice between two of the 

-
tion, that is, the numbers of snails/slugs of vari-

V. cuben-
sis and D. laeve). Of the ten possible pair-wise 

D. laeve vs. 
S. tenella and D. laeve vs. A. fulica -
cluded because of lack of adequate numbers 
of D. laeve). There were ten replicates for each 
pair-wise combination. A different E. rosea and 

used in each replicate. The number of each 

a 24 h period was recorded.
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predator in each replicate/container using a 

variable prey populations, that is where prey 

i
type i; pi, and pj are the proportions of prey i 

i/ni in 
which ei is the number of prey type i remaining 

i is the 

ej/nj
1; values > 0.5 indicate preference and values 

single sample t-tests.

Oxychilus alliarius

Prey-species preference of O. alliarius

slugs and snails) following the same procedure 
and analyses as in the O. alliarius -
periments. Prey species used were: the native 
snail species Succinea
trials, 18 controls), Tornatellides
and Philonesia
species P. achatinaceum -
sive slug species A. intermedius
D. leave

Consumption Rate

Euglandina rosea

Twelve E. rosea were used in consumption 

they A.fulica,
P. achatinaceum, B. similaris
ad libitum. Snails were not starved, so that the 
consumption rate measured would be a more 

Succinea tenella, 15 

5–12 mm shell length) were then offered to an 
individual E. rosea for a period of 24 h. Each 
prey snail was weighed to the nearest 0.0001 

-
periment, 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 

consumed. Adding this amount to the known 
weight of snails consumed whole provided a 
value for the total weight consumed. Growth 

was assumed to be negligible. Wet weight con-
sumed was regressed on E. rosea

preference, followed by a Mann-Whitney U-test 

mm) between adult and juvenile E. rosea.

Number Eaten

Smaller Larger

0–1 vs. 1–2 cm 4 10 2
4 0
4 13 0
4 2 0

0–1 vs. 2–3 cm 5 11 0
5 4 0

0–1 vs. 3–4 cm 5 10 0
1–2 vs. 2–3 cm 5 4 0

5 4 0
5 3 0
5 0 0

1–2 vs. 3–4 cm 4 3 0
4 1 0

2–3 vs. 3–4 cm 10 0 0
10 2 0
10 1 0
10 0 0

Total 77 2

TABLE 1. Number of Achatina fulica eaten by 
Euglandina rosea when given a choice between 

E. rosea individual.



PREDATORY SNAILS IN HAWAII

Oxychilus alliarius

Twelve O. alliarius were used in consumption- 

-
Succinea spp., 

1–3 mm shell length) for seven days. Each prey 
item was weighed to the nearest 0.0001 g and 
was individually marked prior to being placed 

the snails remaining alive were counted and 
any shells remaining from consumed snails 
were weighed to the nearest 0.0001 g, these 
weights being subtracted from the weights of 

to give a value of the weight consumed.

RESULTS

Regardless of which snail combination E. 
rosea

17) more of the smaller snails were consumed 

conservative and considering the three in-
stances in which no prey were eaten and the 
one in which two of the larger prey were eaten 

null hypothesis of no preference, gives a two-

Control

No. Survived No. Died No. Survived No. Died P-value

0–3 mm 20 0 3 33
0 0 NS

17 0 17 0 NS
12 1 12 0 NS

TABLE 2. Predation of Oxychilus alliarius on native Succinea
P-Value based on log odds ratio tests. NS indicates P-Values > 0.05.

Treatment

Snails vs. Snails
Pa vs. St Pa S
Pa vs. Af Pa Af
Af vs. St Af S

Slugs vs. Snails
Vc vs. Pa Vc Pa
Vc vs. St Vc S
Vc vs. Af Vc Af
Dl vs. Pa Dl Pa

Slugs vs. Slugs
Dl vs. Vc Dl Vc

E. rosea
Vc Veronicella cubensis, Dl Deroceras laeve Pa  Paropeas achatinaceum,
Af  Achatina fulica, St Succinea tenella
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of Euglandina rosea.

E. rosea preference for smaller prey 
12 mm shell length). Error bars represent 

± 1 standard error.
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Euglandina rosea thus prefers smaller snails 
when given a choice.

In the O. alliarius
above 3 mm in shell length was preyed upon 

mm in shell length or less; hence, there was 

Prey-Species Preference

Euglandina rosea always preferred the snail 
over the slug species but showed no prefer-

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 

S.
tenella and A. fulica).

Oxychilus alliarius readily consumed all snail 
species offered, as indicated by the much 

but there was no difference in mortality between 

Consumption Rate

Wet weight consumed increased as E. rosea
2 value 

describes the relationship well. The regression 
line was not forced to go through the origin but 

the y-intercept was nevertheless close to it. 
Adult E. rosea preferred smaller snails to larger 

E. rosea showed no 

The consumption rate for O. alliarius was 

DISCUSSION

Small snails were more vulnerable to preda-
tion by both E. rosea and O. alliarius. While 
O. alliarius can only consume small snails 

E. rosea can consume larger prey. However, 
E. rosea

-
erence in E. rosea

are not eaten if presented along with smaller 
prey, but are eaten if presented with larger 

interesting, and perhaps important for the dy-

Control

No. Survived No. Died No. Survived No. Died P-value

Snails
Succinea spp.* 18 0 25
Tornatellides spp.* 14 1 1 12
Philonesia sp.* 12 0 4 8
P. achatinaceum 8 0 1

Slugs
D. laeve 10 0 10 1 NS
A. intermedius 1 17 0 NS

TABLE 4. Predation of Oxychilus alliarius Succinea spp., Tornatellides
spp., Philonesia sp., P. achatinaceum D. laeve and A. intermedius). P-Value based on log 
odds ratio tests. NS indicates P-values > 0.05. *Native species.
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namics of the interaction, although the data are 
too few to evaluate further. Nonetheless, our 
results and those of other studies indicate that 

the predatory behavior of E. rosea, and thus 
confound conclusions of prey species prefer-

E. rosea is also important in 

counter-intuitive, larger E. rosea had a stron-

may be because large E. rosea have a greater 
ability to consume snails whole. Thus, the 
impact of large E. rosea on small snails may 

of the species consumed by E. rosea were 

reason usually proposed for E. rosea’s pref-
erence for smaller snails is calcium intake. 

compromise between the input of important 
nutrients, primarily calcium, when the prey is 

-
loric intake that comes from the consumption 
of just body tissue.

for the snail species over the slug species in all 
-

ing E. rosea’s preference between snails and 
slugs, it preferred the snails, while showing no 
preference among snail species in snail vs. 

the slugs, E. rosea did prefer D. laeve over V. 
cubensis Oxychillus alliarius showed 
similar preferences, consuming all snail spe-

no native slugs in Hawaii, but non-native slugs 

2008; Meyer & Cowie, in press) and negatively 

Daehler, 2008). Thus, predation on slugs could 
a priori be seen as a positive counter balance 
to the introduction of these predatory snails, 
but unfortunately, our results show that both 
O. alliarius and E. rosea prefer snails to slugs, 

O. alliarius
and E. rosea.

Consumption rate was related to predator 
O. alliarus was much lower than 

that of E. rosea
O. alliarius; and within E. rosea con-

O. alliarius on 
native snails may still be considerable because 

of the high densities this species can reach, 
notably at higher elevations on the islands of 
Maui and Hawaii.

-

dimension for their entire life) compared to 
some of the abundant introduced snails/slugs 

Achatina
fulica, Cornu aspersum, Limax maximus, Ve-
ronicella cubensis, and Meghimatium striatum)

& Cowie, in press). Most survive only in sparse 

O. alliarius and 
E. rosea would readily consume these native 
snails. Some native succineid species are also 
relatively small during the early stages of their 
life history, being less than 1 mm in shell length 

2003; W. M. M., personal observations), making 
them vulnerable to O. alliarius
months of their lives and to E. rosea for their 
entire lives. Achatinellids are more diverse in 

to predation by both predators. Conversely, 
Achatinellinae, the Hawaiian tree snails, are 
larger. For instance, Achatinella mustelina are

are not likely to be consumed by O. alliarius,
their populations have declined following the 
introduction of E. rosea

snails) following the introduction of E. rosea

Although consumption rates of O. alliarius
are much lower than those of E. rosea, O. al-
liarius may be having a large impact on native 
land snails. Populations of O. alliarius are more 
dense than those of E. rosea in native rain for-
ests, notably on the islands of Hawaii and Maui, 
and are becoming more prevalent on other 
islands at higher elevations where most of the 

Meyer & Cowie, in press). Endangered Hawai-
ian tree snails are probably not impacted by 
O. alliarius, as they are too large even at birth, 
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but much of the remaining Hawaiian land snail 
diversity may well be affected. Nevertheless, 
to ascertain the real individual and combined 
impacts of these predators on the land snail 
community as a whole and on populations of 
species of particular interest will require data 

-
tions of these predators as well as on the life-
histories of the prey species. Unfortunately, 
data on population densities and life-histories 
for both prey and predators are few. However, 
investigations of these aspects of their ecology, 
combined with the preference and consumption 
rate data presented here, would permit models 
to be developed describing the dynamics of this 
system, which could help biodiversity manag-
ers protect native populations and control alien 
species.

-
resenting all of the native families. Knowledge 
of the feeding ecology of these predators is 
therefore essential if natural resources manag-
ers are to design better conservation strategies 
targeting these remaining native species. The 
results of this study are relevant beyond Hawaii 
as both predatory snails and the introduced 

-
ments have been widely distributed by human 

& Gallardo, 2007). This may be especially 
pertinent for understanding the threat of these 

composed of species belonging to many of 

is dependent on monitoring the presence of 
these predators and evaluating their impacts.
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