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ABSTRACT

Laboratory bioassays and caged field trials were conducted to compare the acute toxicities 
of molluscicide formulations on the neonate, juvenile, and adult development stages of giant 
African snail (GAS) Lissachatina fulica (Bowdich 1822) and 3 non-target snail species in 
Barbados. Nine commercially available molluscicides, diatomaceous earth, and a kaolin clay 
product (Surround WP) were evaluated. High levels of mortality to neonate GAS were seen 
in all the laboratory molluscicide bioassays except for Surround and diatomaceous earth. 
The highest mortality rates to neonate GAS were observed from Durham granules and Slug-
fest treatments tested during field trials. Deadline, Durham granules, Metarex, and Orcal 
pellets caused the highest rates of mortality to juvenile GAS in our field trials. For adult 
GAS several molluscicides including Blitzem, Deadline, Durham Granules, Mesurol 75W, 
Metarex, Orcal pellet, and Slugfest caused greater than 95 % mortality in laboratory bioas-
says. Field trials showed that Durham granules and Slugfest yielded the highest mortality 
rates. Sluggo pellet, touted as an environmentally safe molluscicide, did not cause high rates 
of mortality to juvenile and adult GAS in our field trials, but did cause higher rates of mor-
tality to neonate GAS than the control. The majority of the molluscicides tested in our trials 
were equally or more lethal to 3 non-target snail species than GAS. Our results identify 
several effective commercially available molluscicides that can be used to control incipient 
populations of GAS. However, our results show that the potential impact on non-target snail 
species during control or eradication programs may be considerable, causing substantial 
mortality regardless of what brand, active ingredient, or formulation is used.

Key Words: diatomaceous earth, kaolin, non-target snail species, mortality, bioassay, Bar-
bados

RESUMEN

Se realizaron bioensayos de laboratorio y pruebas de campo en jaulas para comparar la 
toxicidad aguda de formulaciones de moluscocidas en las etapas de desarrollo de neonatos, 
juveniles y adultos del caracol gigante africano (CGA) Lissachatina fulica (Bowdich 1822) y 
3 especies de caracoles no-objetivos en Barbados. Nueve moluscocidas disponibles comercial-
mente, tierra diatomacea, y un producto de arcilla de caolín (WP Surround) fueron evalua-
dos. Se observaron altos niveles de mortalidad en los neonatos de CGA en todos los bioensa-
yos de molusquicidas en el laboratorio con la excepción de Surround y la tierra diatomaea. Se 
observaron las tasas más altas de mortalidad de los neonatos en los tratamientos de Slugfest 
y de los gránulos de Durham en las pruebas de campo. Deadline, los gránulos de Durham y 
los gránulos de Metarex Orcal causaron las tasas de mortalidad mas altas en los juveniles 
de CGA en nuestras pruebas de campo. Para los adultos de CGA, varios de los moluscocidas 
incluyendo Blitzem, Deadline, gránulos de Durham, Mesurol 75W, Metarex, gránulos de 
Orcal y Slugfest causaron más de un 95% de mortalidad en bioensayos de laboratorio. Las 
pruebas de campo mostraron que los gránulos de Durham y Slugfest resultaron en las tasas 
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mas altas de mortalidad. Los gránulos de Sluggo, promocionado como un moluscocida am-
bientalmente seguro, no causó altas tasas de mortalidad en los juveniles y adultos de CGA en 
nuestras pruebas de campo, pero causó mayores tasas de mortalidad en los neonatos de CGA 
en el control. La mayoría de los molusquicidas probados en nuestros ensayos fueron igual-
mente o más letal a 3 especies de caracoles no-objetivos que el CGA. Nuestros resultados 
identifican varias molusquicidas eficaces disponibles en el mercado que se pueden usar para 
controlar las poblaciones incipientes de CGA. Sin embargo, nuestros resultados muestran 
que el impacto potencial sobre especies de caracoles no- objetivos durante los programas de 
control o erradicación puede ser considerable, causando una mortalidad considerable, inde-
pendientemente de lo que marca, ingrediente activo o formulación que se utiliza.

 
Palabras Claves: tierra diatomacea, caolín, especies no-objetivos de caracoles, mortalidad, 
bioensayo, Barbados

The giant African snail ( hereafter referred 
to as GAS), Lissachatina fulica (Bowdich 1822) 
(Gastropoda: Achatinidae), is probably one of the 
best-known snail pests in the world. Believed to 
have originated in coastal East Africa (Pilsbry 
1904; Bequaert 1950), L. fulica has spread across 
southern and southeast Asia, and across the Indi-
an Ocean and Pacific Basins, as a result of almost 
2 centuries of human intentional introductions 
and accidental hitch-hiking. In the New World, 
L. fulica has become well established in the last 
20 yr, and appears to be spreading virtually un-
impeded. To date, only once has a population of 
the snail been successfully eradicated in the New 
World; this was a single relatively small popula-
tion in southern Florida introduced in 1966 and 
only after a massive eradication and public edu-
cation effort (Poucher 1975). In the Lesser Antil-
les, however, attempts to halt its progress have so 
far been in vain. After having been intentionally 
released by an unknown individual into a Na-
tional Park in Guadeloupe in 1984, L. fulica has 
spread, by intentional and accidental means, to 
the French islands of Martinique in 1988, Marie-
Galante in 1995, and Saint Martin in 1995 (Pol-
lard et al. 2008). The giant African snail was re-
ported from Barbados in 2000 and from St. Lucia 
in 2002, and their respective ministries of agricul-
ture are currently making efforts to contain the 
species. GAS is also present in Anguilla (Connor 
2006), Antigua, Dominica (Pollard et al. 2008) 
and Trinidad (Ministry of Agriculture, Land and 
Marine Resources, Trinidad and Tobago, 2009).

Lissachatina fulica is also established across 
Brazil (Thiengo et al. 2007) having been acciden-
tally released into the environment, and there is 
no sign of any slowing of its spread. Currently, 
all states in Brazil with the exception of Rio 
Grande do Sul are considered infested (Thiengo, 
pers. com.). The snail was reported in Esmeraldas 
Province, Ecuador in 2005, and is now established 
in most of the coastal provinces of that country, as 
well as on the Amazonian side of the Ecuadorian 
Andes. A population was detected on Santa Cruz 
island in the Galapagos Islands in April 2010, 
but an aggressive eradication program there ap-

pears to be bringing that population under con-
trol (Correoso 2006). In November 2007, GAS was 
reported from the state of Aragua, Venezuela, and 
has since spread to the capital Caracas. In Mis-
siones Province in Argentina, GAS was found in 
August 2010 in the town of Puerto Iguazú, and 
the governmental agricultural agency, SENASA 
Argentina, has conducted an aggressive and ef-
fective control program. The latest country in 
South America to confirm the presence of GAS 
was Paraguay in September 2012, in Missiones 
Province (SENAVE, Paraguay, 2012).

The expansion of the range of the giant Afri-
can snail now threatens other islands in the West 
Indies, and is expected to reach Puerto Rico and 
the U.S. Virgin Islands. In September of 2011, an 
established population of L. fulica was found in 
Miami-Dade County (Capinera 2011), and sig-
nificant organized efforts are currently underway 
by the Florida Department of Agriculture & Con-
sumer Services, Division of Plant Industry and 
the USDA to eradicate the snail.

As well as being detritivorous and necropha-
gous, Lissachatina fulica is a voracious herbivore 
and is reported to feed on hundreds of different 
plant species. Raut & Barker (2002) compiled de-
tailed lists of economically important plant spe-
cies that have been reported as affected by the 
snail, including important agricultural crops as 
well as those of major horticultural and medici-
nal significance. In addition to its agricultural 
importance, the giant African snail is a vector of 
the rat lung worm, the parasitic nematode, An-
giostrongylus cantonensis Chen 1935 (Nematoda: 
Metastrongylidae), has been implicated in the 
spread of human cerebral angiostrongyliasis (or 
eosinophilic meningitis) throughout the Pacific 
Basin (Bisseru 1971; Chen 1974; Carney et al. 
1978; Mead 1979; Breuil & Coulanges 1982; Kliks 
et al. 1982; Kliks & Palumbo 1992). However, al-
though A. cantonensis has been reported in the 
Greater Antilles (Aguiar et al. 1981; Jaume et al. 
1981; Lindo et al. 2002; Orihel & Ash 1994), it was 
not associated with L. fulica. In the Lesser Antil-
les, cerebral angiostrongyliasis has been reported 
from Martinique (de Meuron 2005a, b), and more 
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recently the nematode A. cantonensis has been 
found in rats in Grenada (Chikweto et al. 2009). 
The recent finding of rat lung worm parasite, A. 
cantonensis, in Florida has elevated the level of 
urgency for eradication of GAS (FDACS 2012).

There are few published studies of replicated 
trials testing the efficacy of molluscicides against 
giant African snail and other land snails. Of 
those studies, several test a single metaldehyde 
based product for control of the snail, or test a 
few products under experimental laboratory con-
ditions (summaries in Mead 1979; Raut & Ghose 
1984; Srivastava 1992), however in most of these 
studies efficacy in natural environments was not 
demonstrated. The majority of the studies employ 
baits containing metadehyde, calcium arsenate, 
or methiocarb as the principal toxicant. In addi-
tion, a few studies have tested naturally occur-
ring plant based chemicals as molluscicides in 
laboratory studies (Panigrahi & Raut 1994; Singh 
& Singh 1977a, b; Rao & Singh 2000). The current 
study reports the efficacy data for 9 commercially 
available molluscicide formulations from labora-
tory bioassays as well as field trials for both Lis-
sachatina fulica, and mortality to 3 nontarget 
snail species. The approach used in this study 
takes into consideration the differences in feed-
ing behavior of the 3 different life stages of giant 
African snail and the nontarget species tested.

Three non-target gastropod species were se-
lected to compare concomitant molluscicide ef-
fects on them as well as on L. fulica. These 3 
species are widespread in Barbados and were 
sufficiently abundant to lend themselves to be-
ing included in the experiments, as well as liv-
ing sympatrically with the giant African snail in 
synanthropic environments. Pleurodonte isabella 
Férussac 1821 (Pulmonata: Pleurodontidae) is a 
species endemic to Barbados. However, like many 
other pleurodontid species, it seems to thrive in 
disturbed as well as natural environments, and is 
known to damage the bracts of some ornamental 
heliconias and gingers. Bulimulus guadalupen-
sis Bruguière 1789 (Bulimulidae) is sometimes 
considered native to Barbados, although Breure 
(1974) has suggested that it is a species that 
originated in the Windward Islands and that has 
spread throughout the West Indies and southern 
Florida. It is believed to be a detritivore as well as 
possibly grazing on algae and lichens encrusting 
tree trunks and branches. The third non-target 
species, Zachrysia provisoria Pfeiffer 1858 (Pleur-
odontidae) is a Cuban species that was first re-
ported in Barbados by Chase & Robinson (2001), 
and is now considered by some horticulturalists 
as being as serious a pest as L. fulica, or perhaps 
even more damaging.

The 3 life stages of L. fulica; neonates, juve-
niles, and adult snails differ in their feeding 
biologies. Neonates primarily feed on detritus, 
juveniles are herbivorous, while the adult stage 

is both detritivorous and herbivorous (Van Weel 
1948/49; Olson 1973). This difference in feeding 
biologies may impact their susceptibility to mol-
luscicides applied for their control. This paper 
describes laboratory and field trials testing the 
efficacy of select commercially available mollusci-
cides on 3 life stages of L. fulica, and the potential 
for mortality effects on 3 non-target snail species 
with different feeding biologies.

MATERIALS AND METHODS

Laboratory Bioassays

Laboratory bioassays were conducted in 
March 2006 at the Entomology Laboratory of the 

Ministry of Agriculture, Food, Fisheries, and Wa-
ter Resource Management, Graeme Hall, Christ 
Church, Barbados. Field-collected snails were 
held in sealed plastic 28 L Rubbermaid snap top 
containers (Rubbermaid Home Products, Fair-
lawn, Ohio), misted with distilled water (< 10 
mL), and fed daily an artificial diet of a blended 
paste comprised principally of carrots, broccoli, 
beer and guinea corn flour, based on a diet de-
scribed by Krull (2006). Approximately 15 mL of 
the prepared diet was applied to the bottom sur-
face of a 9 cm Petri dish and inverted within each 
container. Mature, presumably adult, Bulimulus, 
Zachrysia, and Pleurodonte were selected from 
the holding containers for use in the bioassays. 
The neonate (7-20 mm shell length), immature 
(20-45 mm), and adult (> 45 mm) GAS stages were 
held separately in snap top containers and pro-
vided ripe breadfruit as a food source. All snails 
were held for at least 24 h prior to beginning the 
study, and all dead or moribund individuals were 
discarded.

In each bioassay, 10 individuals of each snail 
taxa were confined in 11.4 L plastic Rubbermaid 
snap top containers (Rubbermaid Home Products, 
Fairlawn, Ohio) along with 5 g of the pellet or gran-
ule molluscicide being tested (Table 1). The bioas-
says tested 9 commercially available molluscicides 
used for snail control, as well as 2 compounds 
that are sometimes used for insect control and are 
known to be nontoxic to humans. In the case of the 
liquid and wettable powder (WP) formulations, a 
solution was prepared and transferred to a 0.75 
L plastic spray bottle (Contract Filling LLC, New 
York, New York 10003). Approximately 15 mL of 
the liquid formulation was applied by misting one-
half of the bottom surface of the snap top container 
and was allowed to dry prior to placing snails into 
the containers. Treatment controls were estab-
lished by misting one-half of the bottom surface of 
the container with 15 mL of distilled water only. 
Temperature and relative humidity were recorded 
during the study by placing a Hobo data recorder 
(Onset Computer Corp., Bourne, Massachusetts) 
into one of the snap top containers.
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The bioassay was conducted over a 24 h pe-
riod at which time mortality was recorded. Mor-
tality was determined by holding the snail and 
prodding the foot with a dissecting probe for ap-
proximately 15 seconds, a lack of motor response 
was considered evidence of mortality. Moribund 
individuals, or those showing motor response 
reactions, were not considered dead. All snails 
were discarded at the end of each bioassay, and 
new snails from the holding containers were 
used in each subsequent bioassay. Each snail 
taxa and molluscicide treatment was replicated 
5 times. Percent mortality was calculated as the 
number of dead individuals divided by 10, then 
multiplied by 100.

Field Trials

Molluscicide field trials were conducted in St. 
Thomas Parish, Barbados in October 2006. Sixty 
field cages were constructed in an open grassy 
field of approximately 1 ha in size. The grass veg-
etation was 7.5 to 10 cm tall in the field cages, and 
was not removed in order to provide the snails 
a vegetation and detritus food source. Cages, 0.6 
m width × 0.6 m depth × 0.3 m height, were con-
structed by hammering 4 wooden stakes 18 cm 
into the ground. The stakes were covered with 
30% Dewitt knitted shade cloth (Hummert Inter-
national, Earth City, Missouri) to form the outer 
surfaces of the cage, and staked to the ground 
surface using wire ground stakes (Hummert In-
ternational, Earth City, Missouri). A 15 cm long 
opening was cut into the top surface to allow en-
try to the cage in order to apply molluscicides and 
introduce snail cohorts. Molluscicides were ap-
plied using the same methods as described in the 
laboratory bioassays. The opening was stitched 
shut with 24 gauge copper wire to prevent snails 
from escaping the experimental arena.

Snails used in the experiment were collected 
and handled in the same fashion as those in the 
laboratory bioassays. Table 1 lists the mollusci-
cides tested; however, Surround WP and diatoma-
ceous earth treatments were not included in the 
field trials because they did not cause significant 
mortality to GAS in the laboratory bioassays. Ap-
plication and quantities of molluscicides were the 
same as used in the laboratory bioassays. A to-
tal of 60 field cages were setup to accommodate a 
single field cage for testing each of the snail taxa 
and molluscide treatment combinations (3 GAS 
life stages + 3 non-target snails � 10 treatments). 
Each of the snail taxa by molluscicide combina-
tions were setup as in a complete randomized de-
sign and replicated a total of 5 times, over time 
during a 14 day period. Molluscicides were ap-
plied only once to each cage. In each field cage, 
10 individuals of each snail taxa were introduced 
to the cage after the molluscicide treatment was 
applied. Mortalities were scored at both 24 h and 
48 h post treatment following the same scoring 
methods used in the laboratory bioassays. Dead 
individuals were removed from the experimental 
arena and discarded at 24 h, with all remaining 
individuals removed and discarded at 48 h. There 
were a few occurrences of escaped snails during 
the trial. In this case, percent mortality was cal-
culated as the number of dead individuals divided 
by the number of remaining live individuals, mul-
tiplied by 100.

Percentage data from both the laboratory bio-
assays and field trials were arc sine transformed 
prior to one-way analysis of variance tests. ANO-
VAs were run using JMP statistical analysis soft-
ware (JMP 2007) among the molluscicide treat-
ments by snail taxa, and means were separated 
using Tukey-Kramer’s HSD at the 0.05 level. 
Only the mean percentage data are reported in 
Tables 2-7.

TABLE 1.  LIST OF MOLLUSCICIDES, THEIR ACTIVE INGREDIENTS, AND APPLICATION RATES TESTED IN LABORATORY BIOASSAYS AND 
FIELD TRIALS.

Product name (formulation1) Active Ingredient  Rate per 1.0 m2 Manufacturer

Blitzem (P) Metaldehyde 4% 4.9 g Yates, Orica Australia Pty Ltd.
Deadline® MPs (P) Metaldehyde 4% 4.9 g Amvac Chem. Corp.
Diatomaceous earth (WP) Sedimentary mineral 30.0 g Golden Harvest Organics, LLC
Durham® Granules (G) Metaldehyde 7.5% 1.9 g Amvac Chem. Corp
Mesurol® 75W (WP) Methiocarb 75% 10.1 mL Gowan Co. LLC
Mesurol® Pro (P) Methiocarb 2% 5.0 g Bayer Crop Science
Metarex® (P) Metaldehyde 4% 4.9 g Liphatech, Inc.
Orcal® Pellet (P) Metaldehyde 3.25% 4.9 g Or-Cal Inc.
Slugfest® (L) Metaldehyde 25% 15.0 mL Or-Cal Inc.
Sluggo® Pellet (P) Iron Phosphate 1% 5.0 g Western Farm Services, Inc.
Surround® (WP) Kaolin clay 28.5 g Engelhard Corp.

1Formulation description: G = granule, L = liquid, P = pellet, WP = wettable powder. The mode of action for pellet (P) and granular 
formulations is presumably through ingestion, whereas the wettable powder (WP) and liquid (L) formulations is through direct 
contact.
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RESULTS

Temperature ranged from a low of about 22 °C 
to a high of 27 °C, and relative humidity ranged 
from 95 to 99 % in the laboratory bioassays (Fig. 
1.). High levels of mortality to neonate GAS were 
seen in all the molluscicide treatments except for 
Surround, Diatomaceous earth, and Sluggo Pellet 
(Table 2). All of the treatments, with the exception 
of Surround and Diatomaceous earth, caused sig-
nificantly greater mortality to neonate GAS than 
the control (F = 72.09, P = 0.0001). The highest 

levels of mortality to neonate GAS were found in 
the Mesurol 75W and Slugfest treatments, both 
of which are liquid formulations. The highest 
rates of mortality to juvenile GAS occurred in the 
Blitzem, Deadline, Mesurol 75 W, and Slugfest 
treatments. All treatments with the exception of 
Diatomaceous earth, Sluggo pellet, and Surround 
caused significantly greater mortality to juvenile 
GAS than the control (F = 33.69, P = 0.0001). For 
adult GAS, 100 % mortality occurred in the Blit-
zem, Deadline, Durham granules, Metarex, and 
Slugfest treatments. All the treatments, with the 

TABLE 2. MEAN (± SE) PERCENTAGE MORTALITY TO GIANT AFRICAN SNAIL GROWTH STAGES FROM LABORATORY BIOASSAYS TESTING 
THE EFFICACY OF DIFFERENT MOLLUSCICIDES.

 Treatment

Growth Stage

Neonate Juvenile Adult

Control 2.5 ± 2.5 d1 2.5 ± 2.5 b 2.5 ± 2.5 c
Blitzem 85.0 ± 9.6 ab 100.0 ± 0.0 a 100.0 ± 0.0 a
Deadline 97.5 ± 2.5 a 100.0 ± 0.0 a 100.0 ± 0.0 a
Diatomaceous Earth 0.0 ± 0.0 d 2.5 ± 2.5 b 0.0 ± 0.0 c
Durham Granules 97.5 ± 2.5 a 97.5 ± 2.5 a 100.0 ± 0.0 a
Mesurol 75W 100.0 ± 0.0 a 100.0 ± 0.0 a 95.0 ± 5.5 a
Mesurol Pellet 70.0 ± 12.2 bc 80.0 ± 16.8 a 52.5 ± 18.4 b
Metarex 95.0 ± 2.9 a 92.5 ± 7.5 a 100.0 ± 0.0 a
Orcal Pellet 97.5 ± 2.5 a 95.0 ± 5.0 a 95.0 ± 2.9 a
Slugfest 100.0 ± 0.0 a 100.0 ± 0.0 a 100.0 ± 0.0 a
Sluggo Pellet 60.0 ± 4.1 c 35.0 ± 15.5 b 0.0 ± 0.0 c
Surround 0.0 ± 0.0 d 5.0 ± 5.0 b 0.0 ± 0.0 c

F = 72.09 33.69 70.66
P = 0.0001 0.0001 0.0001

1Means in a column followed by the same letter are not significantly different using Tukey’s HSD (P < 0.05), n = 5 and df = 11, 
38 for all ANOVA’s.

TABLE 3.  MEAN (± SE) PERCENTAGE MORTALITY TO NON-TARGET SNAIL SPECIES FROM LABORATORY BIOASSAYS TESTING THE EF-
FICACY OF DIFFERENT MOLLUSCICIDES.

 Treatment Bulimulus Zachrysia  Pleurodonte

Control 10.0 ± 4.1 c1 0.0 ± 0.0 d 0.0 ± 0.0 c
Blitzem 90.0 ± 4.1 a 80.0 ± 5.7 ab 100.0 ± 0.0 a
Deadline 100.0 ± 0.0 a 70.0 ± 9.1 ab 57.5 ± 11.1 abc
Diatomaceous earth 72.5 ± 12.5 ab 7.5 ± 4.8 cd 35.0 ± 16.6 bc
Durham Granules 100.0 ± 0.0 a 80.0 ± 11.5 ab 85.0 ± 9.6 ab
Mesurol 75W 92.5 ± 2.5 a 95.0 ± 5.0 a 80.0 ± 16.8 ab
Mesurol Pellet 72.5 ± 17.0 ab 67.5 ± 4.8 ab 75.0 ± 10.4 ab
Metarex 100.0 ± 0.0 a 82.5 ± 11.1 a 87.5 ± 9.5 ab
Orcal Pellet 95.0 ± 2.9 a 82.5 ± 4.8 a 90.0 ± 7.1 ab
Slugfest 100.0 ± 0.0 a 97.5 ± 2.5 a 100.0 ± 0.0 a
Sluggo Pellet 87.5 ± 4.8 ab 52.5 ± 16.5 abc 40.0 ± 17.8 abc
Surround 45.0 ± 21.0 bc 30.0 ± 23.8 bcd 32.5 ± 21.4 bc

F = 9.53 9.86 6.79
P = 0.0001 0.0001 0.0001

1Means in a column followed by the same letter are not significantly different using Tukey’s HSD (P < 0.05), n = 5 and df = 11,38 
for all ANOVAs.
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exception of Diatomaceous earth, Sluggo pellet, 
and Surround, caused significantly greater mor-
tality to adult GAS than the control.

Three different snail species were tested to 
determine the non-target effects of the mollusci-
cide treatments in laboratory bioassays (Table 3). 
Deadline, Durham granules, Metarex, and Slug-
fest caused the highest mortality to Bulimulus. 
All of the molluscicide treatments, excluding Sur-
round, caused significantly greater mortality to 
Bulimulus than the control. For Zachrysia, highly 
significant mortality rates occurred in all the mol-
luscicide formulations tested with the exception 
of Surround and Diatomaceous earth (F = 9.86, 
P = 0.0001). All of the molluscicide formulations, 

with the exception of Deadline, Diatomaceous 
earth, Sluggo pellet, and Surround caused signifi-
cantly greater mortality to Pleurodonte than the 
control (F = 6.79, P = 0.0001). The highest rates of 
mortality to Pleurodonte occurred in the Blitzem 
and Slugfest treatments.

Our field trials excluded testing Surround and 
Diatomaceous earth because of the limited efficacy 
observed in most of the laboratory bioassays. Low 
rates of mortality were observed for neonate GAS 
in the 24 h field trials; however, Slugfest caused 
about 64% mortality at that development stage 
(Table 4). Low mortality rates were observed for 
both the juvenile and adult stages of GAS at 24 
h for all the molluscicides tested, less than 50 % 

TABLE 4. MEAN (± SE) PERCENTAGE MORTALITY AT 24 H TO GIANT AFRICAN SNAIL GROWTH STAGES FROM FIELD TRIALS TESTING 
EFFICACY OF DIFFERENT MOLLUSCICIDES.

 Treatment

Growth Stage

 Neonate Juvenile  Adult

Control 0.0 ± 3.9 c 0.0 ± 0.0 b 0.0 ± 0.0 a
Blitzem 6.9 ± 2.6 c 5.0 ± 5.0 b 2.5 ± 2.5 a
Deadline 15.3 ± 8.4 bc 28.9 ± 9.8 ab 0.0 ± 0.0 a
Durham Granules 47.4 ± 4.9 ab 37.5 ± 15.5 ab 42.5 ± 20.2 a
Mesurol 75W 9.5 ± 6.9 c 0.0 ± 0.0 b 5.0 ± 2.9 a
Mesurol Pellet 1.3 ± 3.8 c 0.0 ± 0.0 b 5.0 ± 2.9 a
Metarex 8.6 ± 3.5 c 45.1 ± 9.0 a 15.0 ± 11.9 a
Orcal Pellet 18.0 ± 3.4 bc 20.0 ± 12.2 ab 22.5 ± 13.1 a
Slugfest 64.5 ± 12.0 a 8.1 ± 5.3 ab 37.5 ± 14.4 a
Sluggo Pellet 33.4 ± 13.7 abc 7.5 ± 7.5 ab 5.0 ± 0.0 a

F = 7.65 4.13 2.51
P = 0.0001 0.001 0.028

1Means in a column followed by the same letter are not significantly different using Tukey’s HSD (P < 0.05), n = 5 and df = 9,40 
for all ANOVAs.

TABLE 5.  MEAN (± SE) PERCENTAGE MORTALITY AT 48 H TO GIANT AFRICAN SNAIL GROWTH STAGES FROM FIELD TRIALS TESTING 
EFFICACY OF DIFFERENT MOLLUSCICIDES.

 Treatment

GROWTH STAGE

 Neonate  Juvenile  Adult

Control 0.0 ± 2.9 d 2.5 ± 2.5 b 0.0 ± 0.0 b
Blitzem 24.4 ± 5.2 cd 46.1 ± 18.7 ab 33.1 ± 9.9 ab
Deadline 43.9 ± 9.8 bc 85.0 ± 6.5 a 60.0 ± 20.4 ab
Durham Granules 84.7 ± 4.2 a 85.0 ± 8.7 a 75.0 ± 14.4 a
Mesurol 75W 27.8 ± 5.3 cd 2.5 ± 2.5 b 20.6 ± 8.2 ab
Mesurol Pellet 1.3 ± 2.7 d 15.0 ± 9.6 b 15.0 ± 11.9 ab
Metarex 55.5 ± 6.5 abc 82.8 ± 6.1 a 55.0 ± 18.9 ab
Orcal Pellet 43.6 ± 5.0 bc 84.2 ± 7.1 a 47.5 ± 10.3 ab
Slugfest 84.0 ± 11.4 a 25.2 ± 6.3 b 72.5 ± 7.5 a
Sluggo Pellet 74.3 ± 11.9 ab 30.8 ± 13.3 b 23.5 ± 16.5 ab

F = 16.54 14.31  3.79
P =  < 0.0001  < 0.0001  0.003

1Means in a column followed by the same letter are not significantly different using Tukey’s HSD (P < 0.05), n = 5 and df = 9,40 
for all ANOVAs.
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in all cases (Table 4). Metarex caused the high-
est mortality rate of all formulations tested, and 
it was significantly greater than the control (F 
= 4.13, P = 0.001). At 24 h none of the mollus-
cicides caused significantly greater mortality to 
adult GAS than the control. At 48 h, only Dur-
ham granules and Slugfest caused significantly 
greater mortality to adult GAS than the controls. 
Overall, higher mortality rates were observed for 
juvenile GAS than the adult growth stage at 48 h 
(Table 5). Deadline, Durham granules, Metarex, 
and Orcal pellet caused significantly greater mor-
tality to juvenile GAS at 48 h than the controls (F 
= 14.31, P < 0.0001). Two of the products tested, 
Durham granules and Slugfest, contained greater 
than 4% metaldehyde. They did not cause signifi-
cantly greater mortality to GAS lifestages than 
those products that only contained 4% metalde-
hyde. Similarly, Mesurol 75W, which contains a 

higher concentration of methiocarb, did not cause 
significantly greater mortality to GAS life stages 
than the lower concentration in the Mesurol pel-
let formulation.

Deadline, Durham granules, and Orcal pellets 
caused the highest amount of mortality to Bu-
limulus at 24 h (Table 6). Only these 3 mollusci-
cides caused significantly greater mortality than 
the control (F = 7.02, P = 0.001). The amount of 
mortality to Bulimulus in the control at 48 h was 
more than double that observed in the first 24 h. 
At 48 h, only Blitzem caused significantly great-
er mortality than the control (Table 7). Metarex 
caused the greatest amount of mortality to Zach-
rysia at 48 h, while all of the molluscicides, with 
the exception of Blitzem and Mesurol pellet, 
caused significantly greater mortality to Zachry-
sia than the control. The greatest amount of mor-
tality to Pleurodonte at 24 h occurred in the Blit-
zem and Slugfest treatments, whereas Mesurol 
75 W, Mesurol pellet, and Sluggo pellet were not 
significantly different than the control. All of the 
molluscicides, with the exception of Mesurol 75W 
and Mesurol pellet, caused significantly greater 
mortality to Pleurodonte than the control at 48 
h (Table 7).

DISCUSSION

Overall, the laboratory bioassays showed 
greater levels of mortality to the molluscicide 
treatments than the field cage trials for all of the 
snail taxa tested. This was an expected outcome 
as the laboratory experimental arenas lacked the 
heterogeneous environment of the field cages. Al-
though we provided an artificial diet in the bioas-
says, while field cages contained an abundance of 
detritus and plant material, snails in the bioas-
says most likely had a higher chance of coming in 

Fig. 1. Temperature (°C) and percent relative humid-
ity in Rubbermaid snap top containers during the labo-
ratory bioassays.

TABLE 6.  MEAN (± SE) PERCENTAGE MORTALITY AT 24 H TO NON-TARGET SNAIL SPECIES FROM FIELD TRIALS TESTING EFFICACY OF 
DIFFERENT MOLLUSCICIDES.

 Treatment Bulimulus Zachrysia  Pleurodonte

Control 12.5 ± 9.5 bc1 0.0 ± 0.0 b 5.3 ± 3.1 c
Blitzem 41.9 ± 6.4 abc 11.9 ± 8.9 b 62.5 ± 13.1 a
Deadline 61.4 ± 6.5 a 25.6 ± 9.3 ab 45.0 ± 13.2 ab
Durham Granules 60.5 ± 0.0 a 35.8 ± 4.8 ab 52.5 ± 22.9 ab
Mesurol 75W 6.3 ± 6.3 c 0.0 ± 0.0 b 2.5 ± 2.5 c
Mesurol Pellet 15.6 ± 5.2 bc 3.1 ± 3.1 b 20.0 ± 13.5 abc
Metarex 45.5 ± 5.0 ab 67.5 ± 13.8 a 43.6 ± 11.6 ab
Orcal Pellet 52.5 ± 7.5 a 30.0 ± 19.6 ab 40.0 ± 8.2 ab
Slugfest 42.5 ± 0.0 abc 28.8 ± 10.9 ab 65.0 ± 16.6 a
Sluggo Pellet 28.8 ± 12.3 abc 8.8 ± 5.9 b 37.8 ± 3.1 abc

F = 7.02  4.78 2.73
P = 0.001  0.001 0.01

1Means in a column followed by the same letter are not significantly different using Tukey’s HSD (P < 0.05), n = 5 and df = 9, 40 
for all ANOVAs.
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contact with or ingesting lethal doses of the mol-
luscicide formulation being tested. The bioassays 
were conducted over a 24 h time period, and 100% 
mortality rates were seen in numerous mollusci-
cide treatments. The laboratory bioassays served 
as good preliminary trials for testing the efficacy 
of the molluscicides and provided us data to jus-
tify the elimination of a few products from field 
testing. Both Surround WP, a kaolin clay based 
product, and diatomaceous earth, an abrasive 
powder used in insect control, were eliminated 
from field trials because of the low rates of mor-
tality to GAS. In our field trials we recorded mor-
tality at both 24 and 48 h after treatment. None of 
the treatments reached 100 % mortality at 24 h, 
whereas several treatments exceeded 95% mor-
tality at 48 h. These results suggest that a 48 h 
time interval may be sufficient for future mollus-
cicide field trials.

Three development stages of GAS were used 
in both the laboratory bioassays and field trials. 
High levels of mortality to neonate GAS were 
seen in all the molluscicide treatments in the lab-
oratory bioassays except for Surround, and Dia-
tomaceous Earth. In field trials, the highest mor-
tality rates to neonate GAS were recorded in the 
Durham granules and Slugfest liquid treatments. 
The neonate life stage of GAS predominantly 
feeds on detritus. Our field trials suggest that pel-
letized formulations of molluscicides were less ef-
fective, and possibly less attractive, on this stage 
than liquid or granular formulations. The highest 
rates of mortality to juvenile GAS occurred in the 
laboratory bioassays in the Blitzem, Deadline, 
Mesurol 75W and Slugfest treatments. In field 
trials, Deadline, Durham granules, Metarex, and 
Orcal pellets caused 100% mortality to juvenile 
GAS, whereas the liquid formulations, Mesurol 
75W and Slugfest, caused significantly less mor-

tality. Juvenile GAS are predominantly herbi-
vores, at times causing significant damage to foli-
age and fruits of agricultural crops. Results from 
our field trials indicate that pellet formulations 
caused higher mortality rates than liquid formu-
lations, presumably they were more attractive to 
the juvenile snails because of the bran or cereal 
grains used as an attractant in the formulation of 
the pellets. For adult GAS several molluscicides 
including Blitzem, Deadline, Durham Granules, 
Mesurol 75W, Metarex, Orcal pellet, and Slugfest 
caused greater than 95% mortality in laboratory 
bioassays. Field trials showed that Durham gran-
ules and Slugfest yielded the highest mortality 
rates for adult GAS.. These 2 products contained 
the highest concentrations of metaldehyde; how-
ever, the differences in mortality rates were not 
significantly greater than the other molluscicide 
products containing only 4% metaldehyde. The 
2 methiocarb based products tested showed the 
lowest mortality rates to both adult and juvenile 
GAS, contraindicating their use in control pro-
grams for the snail. The adult stage of GAS is 
both herbivorous and detritivorous, presumably 
making it vulnerable to either liquid or pellet 
formulations of molluscicides. In our field trials 
liquid and granular formulations caused greater 
mortality to adult GAS than pellet formulations. 
Sluggo pellet (iron phosphate 1%), touted as an 
environmentally safe molluscicide, did not cause 
high rates of mortality to juvenile and adult GAS 
in our field trials. However, both the laboratory 
bioassays and field trials showed that Sluggo pel-
lets caused greater neonate GAS mortality than 
the control. Collectively, these observations sug-
gest that census data assessing the number of in-
dividuals in a particular development stage, in a 
specific area or environment requiring treatment, 
may be necessary in order to selectively treat the 

TABLE 7. MEAN (± SE) PERCENTAGE MORTALITY AT 48 H TO NON-TARGET SNAIL SPECIES FROM FIELD TRIALS TESTING EFFICACY OF 
DIFFERENT MOLLUSCICIDES.

Treatment Bulimulus Zachrysia  Pleurodonte

Control  35.8 ± 19.3 b  0.0 ± 0.0 d 20.0 ± 9.1 b
Blitzem  97.5 ± 2.5 a 32.5 ± 13.8 bcd 90.0 ± 7.1 a
Deadline  95.0 ± 5.0 ab 67.5 ± 8.5 abc 90.0 ± 7.1 a
Durham Granules  90.0 ± 4.1 ab 82.5 ± 10.3 ab 92.5 ± 2.5 a
Mesurol 75W  42.9 ± 20.3 ab 26.9 ± 16.9 cd 18.3 ± 8.0 b
Mesurol Pellet  35.5 ± 11.7 ab 35.6 ± 16.3 abcd 48.0 ± 20.3 b
Metarex  90.0 ± 7.1 ab 90.0 ± 10.0 a 95.0 ± 5.0 a
Orcal Pellet  90.0 ± 5.8 ab 60.0 ± 14.7 abc 82.5 ± 11.1 a
Slugfest  82.5 ± 11.8 ab 57.5 ± 7.5 abc 82.5 ± 8.5 a
Sluggo Pellet  65.0 ± 18.5 ab 75.0 ± 2.0 abc 72.2 ± 14.2 a

F = 4.19  6.19  8.17
P = 0.001 < 0.001 < 0.001

1Means in a column followed by the same letter are not significantly different using Tukey’s HSD (P < 0.05), n = 5 and df = 9,40 
for all ANOVAs.
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predominant development stage with the most 
appropriate molluscicide or formulation. Other 
factors may influence the choice of using either 
a liquid, granular or pellet formulation such as 
potential rainfall, vegetation coverage, potential 
nontarget effects, or toxicity risks associated with 
the presence of pets and children. Pellet formula-
tions generally have a greater persistence or re-
sistance to breakdown from rainfall, often mak-
ing them the preferred formulation for mollusc 
control programs.

Three non-target gastropod species were in-
cluded in our bioassays and field trials in order 
to compare the molluscicide effects on them as 
well as GAS. Bulimulus guadalupensis is detri-
tivorous as well as a micro-grazer known to feed 
on algae and lichens. High rates of mortality were 
observed in field trials of the metaldehyde based 
pellet formulations and lower mortality rates 
were seen in the methiocarb based formulations. 
Several metaldehyde based products caused mod-
erate to high rates of mortality to Zachrysia provi-
soria. This information may be useful to nurseries 
and producers of landscape ornamentals where Z. 
provisoria at times reach high numbers and cause 
extensive feeding damage. Pleurodonte isabella is 
a herbivorous mollusc that occasionally damages 
the floral bracts of ornamental plants. P. isabella 
showed high rates of mortality from the metade-
hyde based pellet formulations, and much lower 
mortality from the methiocarb based formula-
tions. The majority of the molluscicides tested 
in our trials were equally or more lethal to the 
non-target snails than GAS. This was certainly 
the case with Sluggo pellet, which caused greater 
mortality to all three non-target snails than GAS. 
On the other hand, exposure to Mesurol 75W and 
Mesurol pellets resulted in lower mortality in 
all three non-target snails than in GAS. Our re-
sults may not be indicative of what might occur 
in natural environments simply because in our 
trials snails were confined in the presence of the 
molluscicide and could not leave the treated area. 
However, the observed mortality can be used as 
a relative measure of the efficacy of the differ-
ent products that were tested. Our trials suggest 
that the potential impact on non-target snail spe-
cies during control or eradication programs may 
be substantial, causing high rates of mortality 
regardless of what brand, active ingredient, or 
formulation is used. The results of this study in-
dicate that molluscicide formulations with higher 
concentrations of either metaldehyde or methio-
carb did not cause greater mortality to giant Afri-
can snail life stages, suggesting that selection of 
molluscicides with no more than 4% metaldehyde 
is sufficient for control programs and this may 
help limit adverse impacts on the environment.
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