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ABSTRACT 

 

Alien invasive Pomacea canaliculata Lamarck and Pomacea maculata Perry were 

introduced into many countries of the world from South American countries either for food, 

aquaculture, or to manage and control weeds or schistosomiasis vector snails. Due to mismanagement 

in their introduced locations, these destroyed natural wetlands and agricultural crops including rice. 

Both Pomacea spp. are highly invasive and cause significant losses in aquatic macrophytes including 

rice, particularly direct seeded rice, in Southeast Asian countries. In general, management of Pomacea 

spp. is based on pesticides but an understanding of their distribution, biology and performance of eco-

friendly management tactics can reduce their damage and dispersion. Therefore, this review focused 

on the basic aspects of introduction, biology, damage and management of invasive Pomacea spp. for 

better understanding by researchers, growers and policy makers to restrict its spread. 
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INTRODUCTION 

 

The fast economic growth during the recent past has witnessed an increasing trade and 

human traveling throughout the globe; thus, increased the chances of introduction of species into new 

areas (Blumenthal 2006). Whether an introduced species will become invasive and establish in 

introduced areas depend not only upon the characteristics of the introduced locality, such as species 

diversity in the ecosystem, availability of resources and frequency and scale of disturbances (Davis et 

al. 2000), but also the biology of the introduced species i.e., its feeding flexibility, reproductive 

potential, rate of growth and tolerance to harsh environmental conditions (Kolar et al. 2001).  

 

Apple snails, Pomacea canaliculata and P. maculata (junior synonym P. insularum), 

originated from South America are widely distributed invasive species in the world (Cowie 2002; 

Hayes et al. 2009, 2015). They have high reproductive potential, fast growth rate, high dietary 

flexibility and strong resistance to several environmental conditions including hypoxia, high 

temperature and desiccation (Cowie 2002; Estebenet and Martin 2002). Thus, it has become 

successful invaders of rice and other macrophytes, along with natural wetlands in their introduced 

locations. Although, Pomacea spp. are invading vast wetlands in the world, a comprehensive review 

on basic eco-biological aspects of these snails is limited, except for de Brito and Joshi (2016), Burks 

et al. (2017), Horgan (2018) and Martín et al. (2019), that focused on various aspects of P. 

canaliculata and P. maculata, separately or restricted to specific geographical regions. Moreover, 

available literature has focused mainly on P. canaliculata than P. maculata, mainly because of their 

taxonomic confusion or earlier was spread widely in the world. However, most of the available 

information regarded both species as equally damaging and invasive (Martín et al. 2019). Therefore, a 
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brief and basic information regarding various eco-biological aspects of these invasive apple snails 

could provide a great help to achieve challenging task of restricting their spread by adopting 

appropriate management strategies.     

 

CLASSIFICATION, ORIGIN AND DISTRIBUTION 

 

Apple snails of the class Gastropoda (Order: Architaenioglossa) belong to the family of 

freshwater apple snails, Ampullariidae that originated from Gondwanan in Africa. These are 

distributed mainly in humid tropical and subtropical habitats in Africa, South and Central America 

and Asia (Hayes et al. 2009). In Ampullariids, two major genera are Pomacea containing around 50 

valid species and Pila with around 30 valid species. Three sub-genera, Pomacea (Pomacea) Perry 

1610, Pomacea (Effusa) Jousseaume, 1889 and Pomacea (Limnopomus) Dell 1904 are recognized for 

genus Pomacea (Hayes et al. 2009, 2015). Although, members of the genus Pomacea are often 

referred as “canaliculata complex or group”, but the name that attracted the world’s attention is 

“Golden Apple snails or GAS” because of either their bright orange-yellow or financial opportunity 

they provided at their introduction in Southeast Asia (Cowie et al. 2006; Hayes et al. 2008).   The 

apple snails (Pomacea spp.) are native to freshwater habitats of South and Central America, whereas, 

only one species belongs to North America (Rawlings et al. 2007). Among the invasive species, the 

native range of P. canaliculata is suggested as the natural range extended within South America 

(Cazzaniga 2006; Cowie 2002). However, currently it is more restricted to the Lower Paraná, 

Uruguay and La Plata basins, but, due to habitat similarity and connectivity of water channels, there 

are chances that it may also be present in the lower reaches of the Upper Paraná and parts of southern 

Brazil (Cowie et al. 2017; Martín et al. 2017).  

 

During the 1980’s, at least three Pomacea spp. i.e., P. canaliculata, P. maculata (junior 

synonym P. insularum) and P. scalaris were introduced to Asian countries, particularly Southeast 

Asia (Hayes et al. 2008; Lv et al. 2013). These were introduced either for food, aquaculture, or to 

manage and control weeds or schistosomiasis vector snails (Cowie and Hayes 2012). As snails failed 

to capture the market, people discarded these in the wild, where snails increased their populations and 

became serious pests of many aquatic flora and macrophytes including rice and taro (Cowie et al. 

2017; Horgan et al. 2014a). At present, freshwater apple snails are found in many countries including 

Australia, Cambodia, Chile, China, Dominican Republic, Ecuador, Egypt, Europe, Guam, Indonesia, 

Israel, Japan, Laos, Malaysia, Myanmar, Pakistan, Papua New Guinea, Philippines, Puerto Rico, 

Russia, Singapore, South Africa, South Korea, Taiwan, Thailand, Vietnam, USA and some Pacific 

islands, notably the Hawaiian Islands (Baloch 2017; Burks et al. 2017; EFSA 2012; Ip et al. 2017; 

Khin et al. 2017; Ng et al. 2017; Rodriguez et al. 2017; Yahaya et al. 2017; Yang et al. 2018a). In 

Southeast Asia, P. canaliculata was thought to be the only introduced species, but later investigations 

confirmed the presence of other species including P. gigas (Spix 1827), P. cuprina (Reeve 1856), P. 

lineate (Spix 1827), P. maculata (d’Orbigny 1835) (Cazzaniga 2006; Rawlings et al. 2007). Most of 

the above species are misidentification of either P. canaliculata or P. maculata, the two species now 

recognized as well established in the Southeast Asian countries (Hayes et al. 2012). The presence of 

hybrid individuals of P. canaliculata and P. maculata have also been reported not only in Japan but in 

their native habitats of South America (Hayes et al. 2012; Matsukura et al. 2013). 

 

MORPHOLOGY AND ANATOMY 

 

Recent genetic studies that also include morphological characteristics of P. canaliculata and 

P. maculata described some distinguishable characters that could be helpful in proper identification of 

the two species (Table 1) (Hayes et al. 2012; Lv et al. 2013; Marwoto and Nur 2012; Rao et al. 2018). 

A great variation is reported among the shells of P. maculata and P. canaliculata. The shell of P. 

maculata is globular with normal coloration of brown, black and yellowish-tan and shell length could 

reach 150 mm or more in size. However, P. canaliculata shell possesses highly variable colour bands 
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of brown, black and yellowish-tan, albino and gold colour with size could reach up to 150 mm in 

length. A spiral band is generally eroded in P. maculata with perforated umbilicus, whereas, P. 

canaliculata have highly pointed, dark spiral band with relatively large and deep umbilicus. Among 

the other main features, P. maculata possesses shallow channelled sutures, angulated body whorl and 

a highly pigmented (yellow, orange or red) inner lip, whereas, deep channelled suture, rounded body 

whorl along with not-pigmented inner pallial lip are characteristics of P. canaliculata (Table 1; Fig. 1 

and 2). However, considering the interspecific overlap and intraspecific variability between the two 

Pomacea spp., it has been suggested that morphological characters of shell alone are not reliable for 

species identification. Therefore, molecular identification is required for the two most confusing 

Pomacea spp. to understand their ecological niches for the better management (Rao et al. 2018). 

 

Table 1. Main distinguishable characteristics of P. maculata and P. canaliculata 

 

 P. maculata P. canaliculata 

Shell color Brown, become darker at 

Umbilicus. 

Yellowish or dark brown, 

yellowish around suture.  

Spiral band Low and commonly eroded High, pointed, dark, brighter at 

body whorl  

Umbilicus Perforate Large and deep  

Suture Shallow channelled  Deep channelled 

Body whorl shoulder Angulated Rounded 

Inner pallial lip Pigmented yellow–orange–red Not-pigmented 

 

 
 

Fig. 1. Main features of a typical apple snail shell 

 

 
 

Fig. 2. Specimen of P. canaliculata (left) and P. maculata (right) collected from the rice 

fields in Peninsular Malaysia (Photo by Gilal) 

 

Respiration: Pomacea spp. possesses a dual system for gaseous exchange so that it can survive either 

in or outside water (Seuffert and Martín 2010). Snails can respire either through lungs or gills 

(ctenedium), separately or simultaneously, thus, are highly amphibious. However, the frequency of 

aerial respiration sharply decreased with increased temperature (Ramakrishnan 2007). Moreover, 

snails’ have the ability to withstand harsh environmental conditions of dryness and coldness by 
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aestivating or hibernating in the soil for a period beyond 6 months depending upon the temperature 

(Cowie 2002; Yoshida et al. 2009; Yusa et al. 2006a).  

 

FEEDING HABITS AND INVASIVENESS OF APPLE SNAILS 

 

Pomacea spp. possesses a wide variety of feeding habits mainly due to its horny radula and 

includes microphagous, zoophagous, macro phytophagous and detritovores but, none being mutually 

exclusive (Cowie 2002; Estebenet and Martín 2002). During its initial development, Pomacea spp. 

normally feed on algae or other soft bodied detritus materials, but with growth, feeding shifts towards 

higher plants such as rice (Arfan et al. 2015b).  

 

Damage to rice and other macrophytes. Pomacea canaliculata and P. maculata are reported to cause 

significant losses to rice in many Southeast Asian countries including Taiwan, Japan, Philippines, 

Thailand, Malaysia, Indonesia, China and Vietnam (Arfan et al. 2014; Burlakova et al. 2009; Suharto 

et al. 2006). They also feed on a wide variety of macrophytes of varying importance including taro, 

swamp cabbage, lotus, mat rush, Chinese mat grass, wild rice, Japanese parsley, water spinach, water 

chestnuts, azolla, maize and citrus (Burks et al. 2011; Burlakova et al. 2009).  

 

Damage by apple snails to rice is observed by missing hills and floating rice fragments in the 

field (Fig. 3) (Arfan et al. 2016a; Sanico et al. 2002). However, damage to rice is mostly dependent on 

the size and density of the snails and stage of the rice crop (Arfan et al. 2016b; EFSA 2012). The snail 

density of 1 snail / m2 and 8 snails /m2 could reduce the rice yield up to 20%, and 90%, respectively 

(Arfan et al. 2016b; Naylor, 1996). The snails with shell height of > 5 cm can cause three times more 

damage than snails with shell height < 2 cm, whereas, snails less than 5 mm mostly feed on algae and 

other detritus materials in the field (Naylor 1996; Arfan et al. 2015b). Sowing methods and stage of 

rice crop also affect the amount of damage caused by Pomacea spp. as they cause severe damage to 

direct seeded rice up to 4 weeks and young transplanted (21 and 28 days) rice seedlings up to 2-3 

weeks (Arfan et al. 2016b; Lee et al. 2010; Sanico et al. 2002). No damage by Pomacea spp. has been 

observed after 5th week of transplanting in 21 and 28 days old transplanted seedlings (Arfan et al. 

2016b; Horgan et al. 2014b; Sanico et al.  2002).  

 

 
Fig. 3. Missing patches in a Malaysian rice field due to feeding of Pomacea spp. (Photo by Gilal) 

 

Irrigation water in the field also contributes significantly to rice damage by the apple snails, 

as water level above the shell height of snails increase their mobility and thus, damage (Arfan et al. 

2016b; Liang et al. 2013; Sanico et al. 2002; Teo 2003). Significant reduction in the loss of rice grown 

by direct and 21 days transplanted seedlings was also recorded when water was drained out to 
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saturated level after sowing (Arfan et al. 2016b; Teo 2003). Comparatively higher loss of rice 

seedlings (up to 90%) can be attributed to higher densities in comparison to 20% loss at 1 snail / m2 

density (Arfan et al. 2016b; Lee et al. 2010). It is also reported that one adult snail is capable of 

consuming around 24 young seedlings per day (Cowie 2002). Among the factors responsible for the 

damage of Pomacea spp. to rice, role of water level is more significant than stage of rice crop and 

snail density (Teo 2003). 

 

Threat to natural ecosystems. Although, most of the studies on Pomacea spp. focused on their 

importance as pests of rice, but their effects on the natural wetlands are also enormous as they disturb 

the normal ecosystem functions (Horgan et al. 2014a; Nghiem et al. 2013). Higher populations of P. 

canaliculata have caused complete destruction of aquatic plants, thus, resulting in higher 

phytoplankton densities and turbid waters (Carlsson 2017). Thus, shift of clear and aquatic rich 

wetlands to turbidity because of Pomacea spp., has disturbed their normal functionality to provide 

food, fodder and habitats to many aquatic organisms (Carlsson 2017). In North America, it has been 

observed that differential feeding of the P. maculata has also facilitate the growth and dispersal 

another invasive macrophytes species, Hydrilla verticillata in to takeover native macrophytes 

(Meza‐Lopez and Siemann 2015; Monette et al. 2017). 

 

Vectors of diseases. Pomacea spp. are also vectors of many hazardous diseases of human beings 

(Table 3). Angiostrongyliasis is caused by the two parasitic nematodes i.e., Angiostrongylus 

cantonensis (causal organism of fatal eosinophilic meningitis and meningoencephalitis) and A. 

costaricensis (that cause causal organism of abdominal angiostrongyliasis, a gastrointestinal 

syndrome) in human beings and other mammals including birds in many tropical and subtropical 

countries (Murphy and Johnson 2013). These diseases are mostly transferred to humans through 

consumption of gastropod snails including P. canaliculata that act as its intermediate host (Kim et al. 

2014) and the same was evident during the outbreaks of eosinophilic meningitis in China (Yang et al. 

2013) and other regions of the world (Kim et al. 2014; Kwon et al. 2013; Thiengo et al. 2013). 

Pomacea spp. are also reported as vectors of schistosomiasis caused by schistosomiasis worms that 

cause infection in the urinary tract or intestine (Cantanhede et al. 2014). Gnathostomiasis is an 

unusual human infection of intermittent subcutaneous swellings and (often) intestinal nodules, and an 

inflammatory reaction associated with production of many eosinophils. Gnathostoma spinigerum, the 

casual organism of Gnathostomiasis, enters the human body through consumption of raw P. 

canaliculata and Pila ampullacea (Komalamisra et al. 2009). 

 

Table 3. Global distribution of diseases spread by Pomacea spp. as vectors 

 

Disease Casual organism Countries 

Angiostrongyliasis Angiostrongylus 

cantonensis 

A. costaricensis 

Thailand, Brazil, China, USA, Cuba, Ecuador, Japan, 

Australia, India, Vietnam, Malaysia, Egypt, Sri 

Lanka, Cambodia, Samoa, Fiji, Belgium, Costa Rica, 

Germany, Indonesia, New Zealand, Papa New 

Guinea, UK. 

Schistosomiasis Schistosoma spp. Much of Sub-Saharan Countries (especially Somalia, 

Sudan and Yemen, Egypt), Brazil, Surinam, 

Venezuela, The Caribbean, Arabic Peninsula, 

Indonesia, Philippines, Laos, Cambodia.    

Gnathostomiasis Gnathostoma 

spinigerum 

Thailand, Japan, India, Vietnam, Myanmar, Lao 

PDR, Cambodia, China, Bangladesh, Malaysia, 

Indonesia, Philippines, Palestine, Israel, Australia, 

USA, Mexico, Ecuador  
(Doumenge and Mott 1984; Kliks and Palumbo 1992; Alto 2001; Lindo et al. 2002; Cowie 2013;  

 Gryseels et al. 2006; Komalamisra et al. 2009; Maldonado Jr. et al. 2012). 
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Threat to other invertebrates. The higher populations of invasive Pomacea spp. have also adversely 

affected the population of other benthic individuals such as worms, crustaceans and snails, especially 

in the absence of macrophytes, algae or detritus matter (Horgan et al. 2014a; Kwong et al. 2009). In 

Thailand, increasing density of P. canaliculata had adversely affected the populations of the native 

Pila scutata due to its higher growth, indiscriminate feeding and higher food consumption (Chaichana 

and Sumpan 2014). In USA, P. maculata showed severe effects on the growth and development of 

native P. palusoda (Posch et al. 2013). The ability of the invasive Pomacea spp. to consume fresh and 

partially rotten materials of various invertebrates and invertebrates (Saveanu et al. 2017; Aditya and 

Raut 2001) competed severely with other macro-invertebrate detritivores, particularly insects which 

are not so specialized in comparison to Pomacea spp. (Fenoglio et al. 2014). 

 

Quantitative losses due to apple snails. Little information is available on the quantitative yield-loss 

assessments and the most comprehensive study was that of Naylor (1996). Estimated monetary losses 

caused by the P. canaliculata in Philippines, Thailand and Vietnam were between $806 to $2,138 

million at a snail density of more than 1 snail / m2. However, the actual losses in the entire Southeast 

Asian countries including Malaysia and Indonesia may be even higher because the above-mentioned 

figure did not include the health and environmental losses caused by P. canaliculata (Naylor 1996; 

Ngheim et al. 2013).  Due to significant adverse effects of apple snails on the cultivated crops, 

managed wetlands and as vectors of human diseases, one of the species, P. canaliculata has been 

included in the world’s 100 most invasive species (Lowe et al. 2000). 

 

LIFE CYCLE AND REPRODUCTION 

 

Freshwater snails are gonochoristic and oviparous with internal fertilization (Wu et al. 2011). 

Pomacea spp. show sexual dimorphism where females are relatively larger and heavier. Females 

possess more oval aperture that curves into the shell i.e., concave; whereas, males possess convex 

operculum (curves away from shell) (Estebenet et al. 2006; Gamarra-Luques et al. 2013; Wu et al. 

2011).  The life stages of the pomacean snails consist of eggs with hatching period of 7-14 days, 

juvenile period of 14-21 days, whereas, they become fully mature in 60-80 days (Arfan et al. 2015a; 

dela Cruz et al. 2001; Liu et al. 2012). The snails can live up to two years in rice fields with life span 

of up to 4 years is reported for P. canaliculata (Estebenet and Martín 2002). Pomacea spp. possessed 

two types of breeding cycles depending upon the environmental factors, especially temperature. They 

are either semelparous (with one breeding cycle during the entire life) under tropical conditions or 

iteroparous (with more than one breeding cycle during the entire life) under temperate conditions. The 

life cycle of P. canaliculata varies from 3-6 years in temperate regions, whereas much shorter in 

tropical habitats (around one year) (Estebenet and Martín 2002).  

 

In both Pomacea spp., mating took place mostly at night or early morning in water, however, 

mating may be continued for several hours and snails can mate repeatedly; about three times per week 

(Estebenet and Martín 2002; Arfan et al. 2015a). During mating, males remained firmly attached to 

female’s last shell whorl using their foot and remained without feeding during the entire course of 

mating. Prolonged copulation in Pomacea spp. is naturally required to transfer enough sperms to 

fertilize thousands of eggs produced by females. No effect of male size, timing to start copulation, 

mating status and presence of prowler males was determined on the duration of copulation (Burela 

and Martín 2009).  

 

Fecundity. In Pomacea spp., oviposition usually occurs after 24 hours of copulation and 

continued up to 2 weeks; however, females could store sperms up to 140 days. Pomacea spp. always 

oviposit brightly colored eggs (Fig. 4) on raised surfaces mainly at night or early mornings to lower 

the risk of predation and desiccation (Estebenet and Martín 2002). Several studies on comparative 

features of oviposition in P. maculata and P. canaliculata reported comparatively large number of 

smaller eggs in P. maculata than P. canaliculata, that oviposit fewer number of large eggs (Arfan et 
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al. 2015a, b; Barnes et al. 2008; Hayes et al. 2012; Kyle et al. 2013). A high variation in total number 

of eggs is also reported as eggs are laid in clutches of varying sizes and a snail can lay up to 4751 

eggs per clutch (Barnes et al. 2008; Estebenet and Martín, 2002). Moreover, average number of eggs 

in P. maculata and P. canaliculata are reported as 1500 and 260, respectively (Hayes et al. 2012). The 

variation in fecundity may be due to the age and size of females, food, population density and 

environmental conditions as older females produced less egg clutches with fewer eggs (Estoy et al. 

2002a, b; Tamburi and Martín 2011) (Table 2). 

 

 
 

Fig. 4. Egg masses of P. canaliculata (left) and P. maculata (right) (Photo by Gilal) 

 

Fertility. A great variation in mean hatching success of P. maculata and P. canaliculata can 

range between 0% to 100% (Arfan et al. 2015a, b; Barnes et al. 2008; Liu et al. 2012). Moreover, a 

highly significant difference is also observed in the hatching success of Pomacea eggs under field and 

laboratory conditions as fertility percentage of 70% and 30%, respectively was observed (Barnes et al. 

2008). A huge variation in the hatching period of Pomacea spp. eggs ranged from 8 to 20.7 days 

(Arfan et al. 2015a, b; Liu et al. 2012) (Table 2). The differences in hatching success and period is 

mostly depended on the temperature and other environmental factors (Barnes et al. 2008).  

 

Table 2. Main biological parameters of P. maculata and P. canaliculata 

 

 
P. maculata P. canaliculata 

Average eggs / clutch 1500 260 

Egg diameter (mm) 2.00 3.00 

Length of egg clutch (mm) 27.0-30.3 42.3-58.4 

Width of egg clutch (mm) 14.67-17.6 18.6-22.9 

Mean hatchling width (mm) 1.192 2.598 

Mean hatchling length (mm) 1.249 2.754 

Mean hatching % 73.1 69.9 

Mean hatching period (days) 12.7 13.2 

(Barnes et al. 2008; Liu et al. 2011; Hayes et al. 2012; Arfan et al. 2015a) 
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EFFECT OF ENVIRONMENTAL FACTORS ON LIFE HISTORY TRAITS OF 

APPLE SNAILS 

 

Temperature is known to have significant effect on all the biological activities of apple 

snails, Pomacea spp. (Seuffert et al. 2010; Wada and Matsukura, 2017). Increased activities of P. 

canaliculata with increasing temperature from 20oC to 32oC are reported as snails become more 

active during night than day (Hieler et al. 2008). Moreover, it is also observed that activity of snails 

tended to decrease above the temperature of 32oC (Seuffert et al. 2010; Seuffert and Martin 2013). 

Two distinct temperature regimes have been reported for the individuals of P. canaliculata. The lower 

temperatures of 15°C and 20°C, where snails showed very minimal growth with no mortality and, the 

higher temperature regimes of 25°C, 30°C and 35°C that showed higher snail growth at the expense 

of survivalability as temperature increased. The optimum temperature suggested for higher 

populations of P. canaliculata is 25oC to 30oC (Seuffert and Martin 2013, 2017). Moreover, it has also 

been suggested that the lowest and prolonged temperatures during the coldest months could restrict 

the spread of P. canaliculata into new areas (Lei et al. 2017; Yoshida et al. 2009). Both species are 

also found resistant to variable drought conditions with females comparatively less susceptible than 

males (Glasheen et al. 2017). 

 

Pomacea spp. can also survive pH and salinity ranging 4.0 to 10.5 and 0-6.6%, respectively. 

Survivability of P. maculata at relativity humidity range of 75% to 95% was also recorded (Arfan et 

al. 2014; Ramakrishnan 2007). Moreover, pH below 5.5 had detrimental influence on the growth and 

survivability of snails and could be proved lethal. However, pH between 5.5 - 9.5, salinity below 16 

and higher relative humidity favor the survival of both Pomacea spp. (Bernatis et al. 2016; Byers et 

al. 2013).  

 

CONTROL MEASURES   

 

Generally, it is almost impossible to eradicate the developed population of the alien invasive 

species. Therefore, it is important to deal the population of invasive snail species before their 

establishment at any locality (Byers et al. 2002; Carlton and Ruiz 2005). Accordingly, several 

cultural, mechanical and chemical control measures have been developed to reduce the population of 

Pomacea spp. below threshold levels. However, only a strategy that combines all possible control 

measures may be effective in controlling the pomacean snails. But, so far, no combination is proved 

quite effective and their effect on the crop yield are also unknown (Byers et al. 2002). 

 

Cultural and mechanical control 

 

Sowing methods: Alteration in time of sowing has proved to be effective in reduction of 

snail damage to rice as comparatively more damage is recorded in direct seeded and 2 weeks old 

seedlings than 4 to 6 weeks old seedlings (Sanico et al. 2002; Teo 2003). In comparison to complete 

loss caused to direct seeded and 14 days old transplanted rice, no more loss is reported in 21 and 28 

days old seedlings after week five of transplanting (Arfan et al. 2016b). Moreover, combination of 

increasing the number of seedlings per hill and hand picking has effective in reducing the snail 

damage (Sanico et al. 2002; Yanes et al. 2014). 

 

Water management: The management of irrigation water in rice field has proved the most 

effective method in reducing the snail’s mobility and thus damage (Arfan et al. 2016b; Takashi 2004; 

Teo 2003). Moreover, construction of slightly deeper ditches in or around the paddy field can also 

facilitate the collection and destruction of snails by hand or by treating with a pesticide, because they 

congregate around ditches when paddy fields are fully drained out (Cowie 2002).  
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Botanical traps: Different kinds of traps i.e., leaves from lettuce, cassava, sweet potato, taro, 

tapioca, Gliricidia and papaya are tested with varied success for the attraction, collection and killing 

of Pomacea species (Cowie 2002; Lee et al. 2010). Studies in Malaysia showed potential of jackfruit 

skin and damaged pomelo (Syamsul et al. 2016) along with papaya (Badrulhadza and Hafizi 2014) to 

attract higher numbers of both adult and juvenile snails; hence, help in their collection and 

destruction.  

 

Crop rotation: Crop rotation has also proved effective in reducing the population of P. 

canaliculata when rice was planted with soybean in rotation (Wada et al. 2004).  

 

Picking and destruction of eggs and snails: Hand picking of snails and their eggs, although 

time consuming and labor intensive, is the most effective non-chemical method to reduce their 

population in the field (Kunimoto and Nishikawa 2008; Suharto et al. 2006). Collection of eggs can 

also be improved by placing the sticks in the field for oviposition of females (Cowie 2002).  

 

Construction of wire-mesh grills: Construction of wire-mesh grills at the rice inlets also 

restrict the snail’s entry to rice field as snails can easily be collected and destroyed at these grills (Teo 

2003). 

 

Water spray on eggs: It is reported that water spraying and submersion of Pomacea spp. 

eggs could reduce the hatching rate up to 5.8% and increase the hatching period up to 26.4 days. 

However, timing and frequency of water spraying is crucial as maximum results were obtained when 

submersion could start 6 hours after egg laying and continued for 48 hours (Wang et al. 2012). 

However, Ostrom and Chesnes (2014) found no significant role of submersion of eggs to control P. 

maculata, instead, suggested that submersion may facilitate their distribution to new areas. 

 

Biological control: A comprehensive review of de Brito and Joshi (2016) highlighted the 

role of natural enemies against P. canaliculata, but, in their native habitats, none of the natural 

enemies showed significant result in regulation of Pomacea spp. population. However different 

predators, such as fishes, birds, rats, lizards, ants, amphibians and insects have been evaluated with 

varying degree of success in different courtiers (Dong et al. 2012; Halwart 1994a; Yusa 2001). Forty-

six predator species from 16 orders have been tested in various countries against different stages of 

Pomacea spp., especially juveniles and showed variable success in controlling snail populations 

(Yusa et al. 2006b). Among natural enemies, ants i.e., Solenopsis geminate and Pheidologeton spp. 

can be a potential predators of eggs of P. canaliculata as 50% predation was recorded in Philippines 

(Yusa et al. 2006b; Yusa, 2001). Ducks are most widely and successfully used predators of to restrict 

the population of adults and juveniles released at a population of 5 to 10 ducks / hectare for one 

month. Ducks are released in the field prior to planting and 35-40 days after the emergence of 

seedlings (Halwart, 1994b; Liang et al. 2013; Teo, 2001; Vega et al. 2007).  

 

Many fish species especially black carp (Mylopharyngodon piceus (Richerdson), common 

carp (Cyprinus carpio Linnaeus), Nile tilapia (Oreochromis niloticus Linnaeus), African catfish 

(Clarias gariepinus Burchell), Clarias batrachus, Anabas testudineus, Ompok bimaculatus and 

Osphronemus exodon, along with the turtles Malayemys subtrijuga, Chinemys reevesii and Pelodiscus 

sinensis, and the freshwater crab Esanthelphusa nimoafi are reported to consume Pomacean snails 

(Carlsson et al. 2004; Dong et al. 2012; Teo 2006; Yeo 2004; Yoshie and Yusa 2008; Yusa 2001; 

Yusa et al. 2006b). However, only common carp and African catfish showed some promising results. 

Common carp at a density of 2041 fishes / hectare could reduce the P. canaliculata population 

significantly, but construction of a separate pond was suggested to increase the survivability and 

efficacy of the fish (Teo 2006). Land snail, Quantula striata, raccoon (Procyon lotor) and leech, 

Whitmania pigra have also shown promising predation on various stages of P. canaliculata under 

field and lab conditions (Carter et al. 2017; Guo et al. 2017; Ng and Tan 2011).  
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Among micro-organisms, two isolates i.e., CKP-012 and CKP-032 of entomopathogenic 

fungi, Paecilomyces lilacinus have showed promising results in controlling the snail eggs, whereas 

only CKP-012 showed mortality among newly hatched hatchlings. However, effectiveness of CKP-

012 against juveniles decreased with increasing age. LC50 of CKP-012 for preventing hatchling of 

one-day old was 8.63x107 conidia / ml for 2.26 days, whereas 1.74x108 conidia / ml for 3.43 days 

were required to kill 50% one day old hatchlings (Maketon 2009). 

 

Chemical control 

Synthetic pesticides: Despite the human and environmental concerns, use of pesticides, not 

specifically molluscicides, is the first choice of the growers to control the population of freshwater 

apple snails (Cowie 2002). Different chemicals i.e., copper sulphate, calcium cyanamide, sodium 

pentachlorophenolate, niclosamide; various organo-tin compounds, endosulfan, metaldehyde, cartap 

hydrochloride, and isazophos are used and evaluated for the control of ampullariids. Many of these 

chemicals have serious human and environmental hazards and are banned in many countries of the 

world (Halwart 1994b; Schnorbach et al. 2006). Niclosamide and metaldehyde are presently the more 

appropriate molluscicides as bait type application of metaldehyde could reduce the snail population in 

the field even during heavy rains because of its slow release of active chemicals (Schnorbach et al. 

2006; Takashi 2004). 

 

Botanical pesticides. Although research has been carried out on various botanical 

molluscicides (de Brito and Joshi 2016), but so far, no significant success in development of 

commercial botanical molluscicides has been achieved to be used against the ampullariids (Martín 

2006). However, saponins and quinoa saponins are the widely studied plant chemicals against 

Pomacea spp.  

 

Various extracts of neem¸ Azadirachta indica show molluscicidal activities against P. 

canaliculata that was comparable to niclosamide (Noor and Mohd 2017). A recent study also 

evaluated the efficacy of methanol crude extracts of Andrographis paniculata, Entada spiralis, Ficus 

deltoidea, Furcraea selloa and Ipomoea batatas along with niclosamide against P. maculata and 

reported that F. selloa and E. spiralis showed similar feeding deterrent potential as that of 

niclosamide. Moreover, F. selloa extracts also exhibited maximum (80%) mortality of the targeted P. 

maculata at 15 ppm (Anis et al. 2019). In addition, more recently, extracts of several plants have been 

exploited against various stages of Pomacea spp. with varying degree of success (Table 4). Despite 

wide scale usage of both synthetic and botanical chemicals, these are not so effective to control 

Pomacea spp., as snails can avoid pesticides by burrowing deep into the soil or move away to other 

vegetation through running water and later become the source of infestation. Moreover, continuous 

hatching of eggs being is not affected by most chemicals and can add to population build-up of snails. 

Moreover, molluscicides were also found to be toxic against the developing rice seedlings (Joshi et al. 

2005). 

 

Table 4. Various botanical pesticides used against Pomacea spp. (continuation of de Brito and Joshi 

2016) 

 

Botanical Name Active compound(s) 
Effective 

Concentration 
Reference(s) 

Azadirachta Indica Azadirachtin 
1.97 g/L−1 (juveniles) 

2.51 g/L−1 (adults) 
Harun et al. 2016 

Pueraria peduncularis 
Pedunsaponin A 

Pedunsaponin C  
5.511 mg L−1 Yang et al. 2017 

Cymbopogon citratus α & β- citral Not available 
Ibrahim et al. 2017 

Piper bitle eugenol Not-available 

Curcuma longa terpenes 32.475 g L−1 Mansur et al. 2018 
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Botanical Name Active compound(s) 
Effective 

Concentration 
Reference(s) 

Cymbopogon citratus 30.503 g L−1 

Solidago canadensis esters, alcohols 1.49 g L−1 Shen et al. 2018 

Schima superba 
pentacyclic 

triterpenoid saponins 
8.33 mg L−1 Yang et al. 2018b 

Carica papaya 

Artocarpus integer 
flavonoids, saponins 

18. 5 g/L−1 

39.8 g/L−1 
Latip et al. 2018 

Chenopodium quinoa saponins Not-available 
Castillo-Ruiz et al. 

2018 

Allium sativum alkaloids and tannins Not-available Garin et al. 2019 

Chimonanthus nitens 
esters, alcohols, 

chimonanthine 
Not-available Li and Zou 2019 

Ilex paraguariensis  

Decoction extract 

(31.39 mg L−1); 

Butanol extract 24.75 

mg L−1 

Brito et al. 2019 

 

CONCLUSION 

 

The invasive apple snails i.e., P. canaliculata and P. maculata has caused very serious and 

heavy losses to humans after their introduction to various countries of the world from their native 

South American origin. Multiple factors contributed towards their successful invasion to their new 

introduced locations. However, basic information related to their biology, feeding habits, damage, 

factors responsible for their spread and possible management measures discussed here could provide a 

comprehensive understanding of their invasiveness. Therefore, appropriate efforts should be taken not 

only to restrict their further spread but adopt appropriate measures especially cultural and mechanical 

to reduce populations of apple snails below threshold levels.  

 

 

ACKNOWLEDGEMENTS 

 

 Financial support by Long Term Research Grant Scheme (Rice Research-5525001), Ministry 

of Higher Education, Malaysia is highly acknowledged during the study. The author (s) is also greatly 

indebted to the financial support of Sindh Agriculture University, Tandojam, Pakistan for Ph.D. 

studies. 

 

REFERENCES CITED 

 

Aditya, G. and S. K. Raut. 2001. Food of the snail, Pomacea bridgesi, introduced in India. Current 

Sci. 80(8): 919-921. 

Alto, W. 2001. Human infections with Angiostrongylus cantonensis. Pacific Health Dialog. 8(1): 176-

182 

Anis, S.M., R. Muhamad, D. Omar and N. Asib. 2019. Molluscicidal and feeding deterrent activity of 

crude plant extracts on Pomacea maculata Perry. Curr. Res. J. Biol. Sci. 11(2): 6-12. 

Arfan, A.G., R. Muhamad, D. Omar, A.A. Nor Azwady and G. Manjeri G. 2015a. Effectiveness of an 

automated digital infrared CCTV multi-camera system in investigating mating and 

oviposition behavior of apple snails, Pomacea spp. J. Entomol. Zool. Stud. 3(4): 254-259. 



 

Biology and ecology of invasive apple snails….. 

77 

 

Arfan, A.G., R. Muhamad, D. Omar, A.A. Nor Azwady and G. Manjeri. 2014. Distribution of two 

Pomacea spp. in rice fields of Peninsular Malaysia. Ann. Res. Rev. Biol. 4: 4123-4136. 

Arfan, A.G., R. Muhamad, D. Omar, A.A. Nor Azwady and G. Manjeri. 2015b. Comparative life 

cycle studies of Pomacea maculata and Pomacea canaliculata on rice (Oryza sativa). Pak. J. 

Agric. Sci. 52(4): 1075-1079. 

Arfan, A.G., R. Muhamad, D. Omar, A.A. Nor Azwady and G. Manjeri. 2016a. Foes can be friends: 

Laboratory trials on invasive apple snails, Pomacea spp. preference to invasive weed, 

Limnocharis flava (L.) Buchenau compared to rice, Oryza sativa L. Pak. J. Zool. 48(3): 673-

679. 

Arfan, A.G., R. Muhamad, D. Omar, A.A. Nor Azwady and G. Manjeri. 2016b. Sowing methods and 

water levels influence apple snail’s damage to rice and its yield. Exp. Agric. 53(4): 528-538. 

doi:10.1017/S0014479716000557  

Badrulhadza, A. and Y. Hafizi. 2014. Evaluation of several plant-based attractants for apple snail 

management. Acta Biol. Malaysiana. 3(2): 49-57. 

Baloch, W.A. 2017. Country report (Pakistan) on non-native apple snails, pp 213-219. In R.C. Joshi, 

R.H. Cowie and L.S. Sebastian (eds.). Biology and Management of Invasive Apple Snails. 

Phil. Rice Res. Inst. Nueva Ecija, Philippines.  

Barnes, M.A., R.K. Fordham, R.L. Burks and J.J. Hand. 2008. Fecundity of the exotic apple snail, 

Pomacea insularum. J. North Am. Benthol. Soc. 27(3): 738-745. 

Bernatis, J.L., I.J. Mcgaw and C.L. Cross. 2016. Abiotic tolerances in different life stages of apple 

snails Pomacea canaliculata and Pomacea maculata and the implications for distribution. J. 

Shellfish Res. 35(4): 1013-1025. 

Blumenthal, D.M. 2006. Interactions between resource availability and enemy release in plant 

invasion. Ecol. Letters. 9(7): 887-895. 

Brito, F.C.D., G. Gosmann and G.T. Oliveira. 2019. Extracts of the unripe fruit of Ilex paraguariensis 

as a potential chemical control against the golden apple snail Pomacea canaliculata 

(Gastropoda, Ampullariidae). Nat. Prod. Res. 33(16): 2379-2382. 

Burela, S. and P.R. Martín. 2009. Sequential pathways in the mating behavior of the apple snail 

Pomacea canaliculata (Caenogastropoda: Ampullariidae). Malacologia. 51(1): 157-164. 

Burks, R.L., J. Bernatis, J.E. Byers, J. Carter, C.W. Martin, W.G. McDowell and J. Van Dyke. 2017. 

Identity, reproductive potential, distribution, ecology and management of invasive Pomacea 

maculata in the southern United States, pp 293-333. In R.C. Joshi, R.H. Cowie and L.S. 

Sebastian (eds.). Biology and Management of Invasive Apple Snails. Phil. Rice Res. Inst. 

Nueva Ecija, Philippines. 

Burks, R.L., S.A. Hensley and C.H. Kyle. 2011. Quite the appetite: juvenile island apple snails 

(Pomacea insularum) survive consuming only exotic invasive plants. J. Mollus. Stud. 77(4): 

423-428. doi: http://dx.doi.org/10.1093/mollus/eyr022. 

Burlakova, L.E., A.Y. Karatayev, D.K. Padilla, L.D. Cartwright and D.N. Hollas. 2009. Wetland 

restoration and invasive species: apple snail (Pomacea insularum) feeding on native and 

invasive aquatic plants. Rest. Ecol. 17(3): 433-440.  

Byers, J.E., S. Reichard, J.M. Randall, I.M. Parker, C.S. Smith, W.M. Lonsdale, I.A.E. Atkinson, T.R. 

Seastedt, M. Williamson, E. Chornesky and D. Hayes. 2002. Directing research to reduce the 

impacts of nonindigenous species. Conser. Biol. 16: 630–640. 

Byers, J.E., W.G. McDowell, S.R. Dodd, R.S. Haynie, L.M. Pintor and S.B. Wilde. 2013. Climate and 

pH predict the potential range of the invasive apple snail (Pomacea insularum) in the 

http://dx.doi.org/10.1093/mollus/eyr022


J. ISSAAS Vol. 26, No. 2: 66-85 (2020)   

78 

 

Southeastern United States. PLoS ONE. :8(2). e56812. 

https://doi.org/10.1371/journal.pone.0056812 

Cantanhede, S.P.D., M.A. Fernandez, A.C.D. Mattos, L.C. Montresor, N. Silva-Souza and S.C. 

Thiengo. 2014. Freshwater gastropods of the Baixada Maranhense Microregion, an endemic 

area for schistosomiasis in the State of Maranhão, Brazil: I - qualitative study. Revista da 

Sociedade Brasileira de Med. Trop. 47: 79-85. 

Carlsson, N.O. 2017. Invasive apple snails are threatening natural ecosystems in Southeast Asia, 

Europe and North America, pp 45-61. In: Joshi, RC, R.H. Cowie, L.S. Sebastian (eds.), 

Biology and Management of Invasive Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Carlsson, N.O.L., A. Kestrup, M. Martensson and P. Nystrom. 2004. Lethal and non-lethal effects of 

multiple indigenous predators on the invasive golden apple snail (Pomacea canaliculata). 

Freshwater Biol. 49: 1269-1279. 

Carlton, J.T. and G.M. Ruiz. 2005. Vector science and integrated vector management in bioinvasion 

ecology: conceptual frameworks, pp 36-58. In H.A. Mooney, R.N. Mack, J.A. McNeely, 

L.E. Neville, P.J. Schei and J.K. Waage (eds.). Invasive Alien Species: A New Synthesis. 

Island Press, Washington.   

Carter, J., S. Merino, D. Prejean and G. LaFleur Jr. 2017. Observations of Raccoon (Procyon lotor) 

predation on the invasive maculata apple snail (Pomacea maculata) in Southern Louisiana. 

Southeastern Naturalist. 16(3): N14-N18. https://doi.org/10.1656/058.016.0302  

Castillo-Ruiz, M., H. Cañon-Jones, T. Schlotterbeck, M.A. Lopez, Á. Tomas and R. San Martín. 

2018. Safety and efficacy of quinoa (Chenopodium quinoa) saponins derived molluscicide to 

control of Pomacea maculata in rice fields in the Ebro Delta, Spain. Crop Prot. 111: 42-49. 

Cazzaniga, N.J. 2006. Pomacea canaliculata: harmless and useless in its natural realm (Argentina), 

pp 37-60. In R.C. Joshi and L.S. Sebastian (eds.). Global Advances in Ecology and 

Management of Golden Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, Philippines. 

Chaichana, R. and T. Sumpan. 2014. The potential ecological impact of the exotic snail Pomacea 

canaliculata on the Thai native snail Pila scutata. Sci. Asia. 40(1): 11-15. 

Cowie, R.H. 2002. Apple snails (Ampullariidae) as agricultural pests: Their biology, impacts and 

management. In: G.M. Barker (ed.), Molluscs as Crop Pests. CABI, Wallingford, UK. 

Cowie, R.H. 2013. Pathways for transmission of angiostrongyliasis and the risk of disease associated 

with them. Hawai'i J. Med. Publ. Health. 72(6 Suppl 2): 70-74. 

Cowie, R.H. and K.A. Hayes. 2012. Apple snails, pp 207-217. In R.A. Francis (ed.). A handbook of 

global freshwater invasive species. Earthscan, London, UK. 

Cowie, R.H., K.A. Hayes and S.C. Thiengo. 2006. What are apple snails? Confused taxonomy and 

some preliminary resolution, pp. 3-23. In R.C. Joshi and L.S. Sebastian (eds.). Global 

Advances in Ecology and Management of Golden Apple Snails. Phil. Rice Res. Inst. Nueva 

Ecija, Philippines. 

Cowie, R.H., K.A. Hayes, E.E. Strong and S.C. Thiengo. 2017. Non-native apple snails: systematics, 

distribution, invasion history and reasons for introduction, pp 3-32. In: R.C. Joshi, R.H. 

Cowie and L.S. Sebastian (eds.). Biology and Management of Invasive Apple Snails. 

Philippine Rice Research Institute, Nueva Ecija, Philippines. 

Davis, M.J.P. Grime and K. Thompson. 2000. Fluctuating resources in plant communities: a general 

theory of invasibility. J. Ecol. 88(3): 528-534. 

https://doi.org/10.1656/058.016.0302


 

Biology and ecology of invasive apple snails….. 

79 

 

de Brito, F.C. and R.C. Joshi. 2016. The golden apple snail Pomacea canaliculata: A review on 

invasion, dispersion and control. Outlooks Pest Manage. 27(4): 157-163. 

dela Cruz, M.S., R.C. Joshi, E.R. Tiongco and A.V. Antonio. 2001. Management options for the 

golden apple snail. Rice Technology Bulletin No. 33; Philippines, pp 12. Department of 

Agriculture, Philippine Rice Research Institute (PhilRice). 

Dong, S., G. Zheng, X. Y and C. Fu. 2012. Biological control of golden apple snail, Pomacea 

canaliculata by Chinese soft-shelled turtle, Pelodiscus sinensis in the wild rice, Zizania 

latifolia field. Scientia Agricola. 69(2): 142-146. 

Doumenge, J.P. and K.E. Mott. 1984. Global distribution of schistosomiasis: CEGET/WHO atlas. 

World Health Stat. Quart. 37: 186-99 

EFSA. 2012. Scientific opinion on the evaluation of the pest risk analysis on Pomacea insularum, the 

island apple snail, prepared by the Spanish Ministry of Environment and Rural and Marine 

Affairs. Eur. Food Safety Authority J. 10(1): 2552 [57 pp.]. doi: 10.2903/j.efsa.2012.2552. 

Available online: www.efsa.europa.eu/efsajournal. 

Estebenet, A.L. and P.R. Martin. 2002. Pomacea canaliculata (Gastropoda: Ampullariidae): Life-

history traits and their plasticity. Biocell. 26(1): 83-89. 

Estebenet, A.L., P.R. Martín and S. Burela. 2006.Workshop: Biology of Ampullariidae conchological 

variation in Pomacea canaliculata and other South American Ampullariidae 

(Caenogastropoda, Architaenioglossa). Biocell. 30(2): 329-335. 

Estoy Jr, G.F., Y. Yusa, T. Wada, H. Sakurai and K. Tsuchida. 2002a. Effects of food availability and 

age on the reproductive effort of the apple snail, Pomacea canaliculata (Lamarck) 

(Gastropoda: Ampullariidae). Appl. Entomol. Zool. 37(4): 543-550. 

Estoy Jr, G.F., Y. Yusa, T. Wada, H. Sakurai and K. Tsuchida. 2002b. Size and age at first copulation 

and spawning of the apple snail, Pomacea canaliculata (Gastropoda: Ampullariidae). Appl. 

Entomol. Zool. 2002;37(1): 199-205. 

Fenoglio, S., R. W. Merritt and K. W. Cummins. 2014. Why do no specialized necrophagous species 

exist among aquatic insects? Freshwater Sci. 33(3): 711-715. 

Gamarra-Luques, C., M. Giraud-Billoud and A. 2013. Castro-Vazquez A. Reproductive 

organogenesis in the apple snail Pomacea canaliculata (Lamarck, 1822), with reference to 

the effects of xenobiotics. J. Mollus. Stud. 79(2): 147-162. doi: 10.1093/mollus/eyt011. 

Garin, J.R.G., J.M.A.N. Alcantara, C.F.G. Biagtan and J.L.L. Mangapot. 2019. Molluscicidal activity 

of garlic (Allium sativum) bulb aqueous extract against golden apple snail (Pomacea 

canaliculata). Phil. J. Nat. Soc. Sci. 1(1.2):26. 

Glasheen, P.M., C. Calvo, M. Meerhoff, K.A. Hayes and R.L. Burks. 2017. Survival, recovery, and 

reproduction of apple snails (Pomacea spp.) following exposure to drought conditions. 

Freshwater Sci. 36(2): 316-324. 

Gryseels, B., K. Polman, J. Clerinx and L. Kestens. 2006. Human schistosomiasis. The Lancet. 

368(9541): 1106-1118. 

Guo, J., C. Zhang, Y. Xiang, J.E. Zhang and K. Liang. 2017. Biological control of the exotic invasive 

snail Pomacea canaliculata with the indigenous medicinal leech Whitmania pigra. Bio. Sci. 

Technol. 27(9): 1071-1081. 

Halwart, M. 1994a. Fish as biocontrol agents in rice: the potential of common carp Cyprinus carpio 

(L.) and Nile tilapia Oreochromis niloticus (L.), pp 169. Margraf Verlag. Weikersheim, 

Germany. 

http://www.efsa.europa.eu/efsajournal


J. ISSAAS Vol. 26, No. 2: 66-85 (2020)   

80 

 

Halwart, M. 1994b. The Golden Apple Snail (Pomacea canaliculata) in Asian rice farming systems: 

present impact and future threat. Int. J. Pest Manage. 40: 199-206. 

Harun, N.B., M. Redhuan, N. Eliyana, A.T. Khaing, and W.Z. Mohamed. 2016. Molluscicidal 

properties of Azadirachta indica on Pomacea canaliculata. Int. Med. J. 23(6): 702-705. 

Hayes, K.A., R. Joshi, S.C. Thiengo and R.H. Cowie. 2008. Out of South America: multiple origins of 

non‐native apple snails in Asia. Divers. Distr. 14(4): 701-712. 

Hayes, K.A., R.H. Cowie and S.C. Thiengo. 2009. A global phylogeny of apple snails: Gondwanan 

origin, generic relationships, and the influence of outgroup choice (Caenogastropoda: 

Ampullariidae). Biol. J. Linn. Soc. 98(1): 61-76. 

Hayes, K.A., R.H. Cowie, S.C. Thiengo and E.E. Strong. 2012. Comparing apples with apples: 

Clarifying the identities of two highly invasive Neotropical Ampullariidae 

(Caenogastropoda). Zool. J. Linn. Soc. 166: 723-753. 

Hayes, K.A., R.L. Burks, A. Castro-Vazquez, P.C. Darby, H. Heras, P.R. Martín, J.W. Qiu, S.C. 

Thiengo, I.A. Vega, T. Wada, Y. Yusa, S. Burela, M.P. Cadierno, J.A. Cueto, F.A. 

Dellagnola, M.S. Dreon, M.V. Frassa, M. Giraud-Billoud, M.S. Godoy, S. Ituarte, E. Koch, 

K. Matsukura, M.Y. Pasquevich, C. Rodriguez, L. Saveanu, M.E. Seuffert, E.E. Strong, J. 

Sun, N.E. Tamburi, M.J. Tiecher, R.L. Turner, P.L. Valentine-Darby and R.H. Cowie. 2015. 

Insights from an integrated view of the biology of apple snails (Caenogastropoda: 

Ampullariidae). Malacologia. 58: 245-302. 

Heiler, K.C.M., P.V. von Oheimb, K. Ekschmitt, C. Albrecht.2008. Studies on the temperature 

dependence of activity and on the diurnal activity rhythm of the invasive Pomacea 

canaliculata (Gastropoda: Ampullariidae). Mollusca. 26: 73–81. 

Horgan, F. G. (2018). The ecophysiology of apple snails in rice: implications for crop management 

and policy. Ann. Appl. Biol. 172(3): 245-267. 

Horgan, F.G., A.M. Stuart and E.P. Kudavidanage. 2014a. Impact of invasive apple snails on the 

functioning and services of natural and managed wetlands. Acta Oecol. 54: 90-100. 

Horgan, F.G., F.J. Yanes and M.L.P. Almazan. 2014b. Seedling broadcasting as a potential method to 

reduce apple snail damage to rice. Crop Prot. 64: 168-176.  

Ibrahim, R., Z.A. Haiyee and S.N.H.M. Latip. 2017. The antifeedant activity of essential oil from 

Cymbopogon citratus and Piper bitle for controlling golden apple snail, Pomacea 

canaliculata. J. Fund. Appl. Sci. 9(6S): 39-49. 

Ip, K.K.L. and J.W. Qiu. 2017. Invasive apple snails: ecology and management in Hong Kong, pp 

145-165. In R.C. Joshi, R.H. Cowie and L.S. Sebastian (eds.). Biology and Management of 

Invasive Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, Philippines. 

Joshi, R.C., K.M. Meepagala, G. Sturtz, A.G. Cagauan, C.O. Mendoza, F.E. Dayan and S.O. Duke. 

2005. Molluscicidal activity of vulgarone B from Artemisia douglasiana (Besser) against the 

invasive, alien, mollusc pest, Pomacea canaliculata (Lamarck). Int. J. Pest Manage. 51(3): 

175-180. 

Khin, K.M.M. and N.Y. Khin NY. 2017. Apple snails (Pomacea spp.) in Myanmar: current status and 

integrated management activities, pp 209-211. In R.C. Joshi, R.H. Cowie and L.S. Sebastian 

(eds.). Biology and Management of Invasive Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Kim, J.R., K.A. Hayes, N.W. Yeung and R.H. Cowie. 2014. Diverse gastropod hosts of 

Angiostrongylus cantonensis, the rat lungworm, globally and with a focus on the Hawaiian 

Islands. PLoS ONE. 9(5): e94969. https://doi.org/10.1371/journal.pone.0193556 



 

Biology and ecology of invasive apple snails….. 

81 

 

Kliks, M.M. and N.E. Palumbo. 1992. Eosinophilic meningitis beyond the Pacific Basin: the global 

dispersal of a peridomestic zoonosis caused by Angiostrongylus cantonensis, the nematode 

lungworm of rats. Soc. Sci. Med. 34: 199-212. 

Kolar, C.S. and D.M. Lodge. 2001. Progress in invasion biology: predicting invaders. Trends Ecol. 

Evol. 16(4): 199-204.  

Komalamisra, C., S. Nuamtanong and P. Dekumyoy. 2009. Pila ampullacea and Pomacea 

canaliculata, as new paratenic hosts of Gnathostoma spinigerum. Southeast As. J. Trop. 

Med. Pub. Health. 40(2): 243-246. 

Kunimoto, Y. and M. Nishikawa. 2008. Improvement of the catch efficiency of the apple snail, 

Pomacea canaliculata (Lamarck) (Gastropoda: Ampullariidae) by the trap crop. Jap. J. Farm 

Work Res. 43: 75-82. 

Kwon, E., T.M. Ferguson, S.Y. Park, A. Manuzak, Y. Qvarnstrom, S. Morgan, P. Ciminera and G.S. 

Murphy. 2013. A severe case of angiostrongylus eosinophilic meningitis with encephalitis 

and neurologic sequelae in Hawai‘i. Hawai‘i J. of Med. Publ. Health. 72(6 Suppl 2): 41-45. 

Kwong, K.L., R.K.Y. Chan and J.W. Qiu. 2009. The potential of the invasive snail Pomacea 

canaliculata as a predator of various life-stages of five species of freshwater snails. 

Malacologia. 51: 343-356. 

Kyle, C.H., A.L. Plantz, T. Shelton and R.L. Burks. 2013. Count your eggs before they invade: 

Identifying and quantifying egg clutches of two invasive apple Snail species (Pomacea). 

PLoS ONE. 8(10): e77736.  

Latip, S.N.H.M., F.W.M. Nawi, E.S. Shari and S.H.P. Mansur. 2018. Potential of Carica papaya and 

Artocarpus integer extracts as botanical pesticides for controlling, golden apple snail, 

Pomacea canaliculata. p. 963-973. Proceedings of Regional Conference on Science, 

Technology and Social Sciences (RCSTSS 2016). Springer, Singapore.  

Lee, G., C. Paik, T. Noh, H. Seo and M. Choi. 2010. Analysis of damages and rice consumption by 

golden apple snails (Pomacea canaliculata: Ampullariidae) at growth stages of rice. Kor. J. 

Appl. Entomol. 49(4): 343-349.  

Lei, J., L. Chen and H. Li. 2017. Using ensemble forecasting to examine how climate change 

promotes worldwide invasion of the golden apple snail (Pomacea canaliculata). Environ. 

Monitor. Assess. 189(8): 404. https://doi.org/10.1007/s10661-017-6124-y 

Li, S. and Z. Zou. 2019. Toxicity of Chimonanthus nitens flower extracts to the golden apple snail, 

Pomacea canaliculata. Pest. Biochem. Physiol. 160: 136-145. 

Liang, K., J. Zhang, C. Song, M. Luo, B. Zhao, G. Quan and M. An. 2013. Integrated management to 

control golden apple snails (Pomacea canaliculata) in direct seeding rice fields: An approach 

combining water management and rice-duck farming. Agroecol. Sust. Food Syst. 38(3): 264-

282. 

Lindo, J.F., C. Waugh, J. Hall, C. Cunningham-Myrie, D. Ashley, M.L. Eberhard, J.J. Sullivan, H.S. 

Bishop, D.G. Robinson, T. Holtz and R.D. Robinson. 2002. Enzootic Angiostrongylus 

cantonensis in rats and snails after an outbreak of human eosinophilic meningitis, Jamaica. 

Emerging Infect. Dis. 8: 324-326. 

Liu, J., Y.J. He, J.C. Tan, C.X. Xu, L. Zhong, Z.G. Wang and Q.G. Liao. 2012. Characteristics of 

Pomacea canaliculata reproduction under natural conditions. J. Appl. Ecol. 23(2): 559-565. 

Lowe, S., M. Browne and S. Boudjelas. 2000. 100 of the world's worst invasive alien species: a 

selection from the global invasive species database: Invasive Species Specialist Group. 

Auckland, New Zealand. http://www.gisp.org/publications/brochures/100worst.pdf  

http://www.gisp.org/publications/brochures/100worst.pdf


J. ISSAAS Vol. 26, No. 2: 66-85 (2020)   

82 

 

Lv, S., Y. Zhang, H.X. Liu, L. Hu, Q. Liu, F.R. Wei, Y.H. Guo, P. Steinmann, W. Hu, X.N. Zhou and 

J. Utzinger. 2013. Phylogenetic evidence for multiple and secondary introductions of 

invasive snails: Pomacea species in the People's Republic of China. Divers. Distr. 19(2): 

147-156.  

Maketon, M., K. Suttichart and J. Domhom. 2009. Effective control of invasive apple snail (Pomacea 

canaliculata Lamarck) using Paecilomyces lilacinus (THOM) Samson. Malacologia. 51(1): 

181-190.  

Maldonado Jr. A., R. Simões and S. Thiengo. 2012. Angiostrongyliasis in the Americas, pp 303-320. 

In J. Lorenzo-Morales (ed.). Zoonosis. InTech, Rijeka, Croatia.  

Mansur, S.H.P., S.N.H.M. Latip and F.W.M. Nawi. 2018. Effectiveness of Curcuma longa and 

Cymbopogon citratus leaf extracts as botanical pesticides for controlling golden apple snail, 

Pomacea canaliculata. p. 975-982. Proceedings of Regional Conference on Science, 

Technology and Social Sciences (RCSTSS 2016). Springer, Singapore.  

Martín, P.R., M.E. Seuffert, N.E. Tamburi, S. Burela and L. Saveanu. 2017. Behaviour and ecology of 

Pomacea canaliculata from Southern Pampas (Argentina). p. 241-256. In R.C. Joshi, R.H. 

Cowie and L.S. Sebastian (eds.). Biology and Management of Invasive Apple Snails. Phil. 

Rice Res. Inst. Nueva Ecija, Philippines. 

Martín, P.R., S. Burela, M.E. Seuffert, N.E. Tamburi and L. Saveanu. 2019. Invasive Pomacea snails: 

actual and potential environmental impacts and their underlying mechanisms. CAB Reviews, 

14(042): 1-11. 

Martín, R.S. 2006. Recent developments in the use of botanical molluscicides against golden apple 

snails (Pomacea canaliculata), pp 393-403. In R.C. Joshi and L.S. Sebastian (eds.). Global 

Advances in Ecology and Management of Golden Apple Snails. Phil. Rice Res. Inst. Nueva 

Ecija, Philippines.  

Marwoto, R.M. and R.I. Nur. 2012. Notes on the distribution of invasive freshwater snail Pomacea 

canaliculata (Lamarck, 1822) and P. insularum (d'Orbigny, 1835) in Indonesia. Biotropia. 

18(2): 123-128. 

Matsukura, K., M. Okuda, N.J. Cazzaniga and T. Wada. 2013. Genetic exchange between two 

freshwater apple snails, Pomacea canaliculata and Pomacea maculata invading East and 

Southeast Asia. Biol. Invas. 15(9): 2039-2048. 

Meza‐Lopez, M. M. and E. Siemann. 2015. Experimental test of the invasional meltdown hypothesis: 

an exotic herbivore facilitates an exotic plant, but the plant does not reciprocally facilitate the 

herbivore. Freshwater Biol. 60(7): 1475-1482. 

Monette, D., S. Ewe, J. M. Dinkins and S. H. Markwith. 2017. Interactions of exotic and native 

Pomacea with wetland vegetation structure in the Greater Everglades, Florida, USA. Fund. 

Appl. Limnol. 189(4): 291-299. 

Murphy, G.S. and S. Johnson. 2013. Clinical aspects of eosinophilic meningitis and 

meningoencephalitis caused by Angiostrongylus cantonensis, the rat lungworm. Hawai'i J. 

Med. Publ. Health. 72(6): Supplement 2: 35-40. 

Naylor, R. 1996. Invasions in agriculture: assessing the cost of the golden apple snail in Asia. Ambio. 

25: 443-448. 

Ng, T.H. and S.K. Tan. 2011. Observations of land snails feeding on the eggs of Pomacea 

canaliculata (Lamarck, 1822) (Mollusca: Gastropoda). Nature in Singapore. 4: 79-83. 

Ng, T.H., S.K. Tan and D.C.J. Yeo. 2017. South American apple snails, Pomacea spp. 

(Ampullariidae), in Singapore, pp 221-239. In R.C. Joshi, R.H. Cowie and L.S. Sebastian 



 

Biology and ecology of invasive apple snails….. 

83 

 

(eds.). Biology and Management of Invasive Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Nghiem, L.T., T. Soliman, D.C. Yeo, H.T. Tan, T.A. Evans, J.D. Mumford, R. Keller, R.H. Baker, 

R.T. Corlett and L.R. Carrasco. 2013. Economic and environmental impacts of harmful non-

indigenous species in Southeast Asia. PLoS ONE. 8(8). e71255. 

https://doi.org/10.1371/journal.pone.0071255  

Noor, S.H.M.L. and F.K. Mohd. 2017. Neem, Azadirachta indica, as a potential biopesticide for 

controlling the apple snail, Pomacea canaliculata, pp 343-350. In R.C. Joshi, R.H. Cowie 

and L.S. Sebastian (eds.). Biology and Management of Invasive Apple Snails. Phil. Rice Res. 

Inst. Nueva Ecija, Philippines.  

Ostrom, A.S. and T.C. Chesnes. 2014. An assessment of submersion as a mechanical control 

technique of Pomacea insularum eggs in Southern Florida, USA. Nat. Res. Conser. 2(1): 6-

10. 

Posch, H., A.L. Garr and E. Reynolds. 2013. The presence of an exotic snail, Pomacea maculata, 

inhibits growth of juvenile Florida apple snails, Pomacea paludosa. J. Mollus. Stud. 79(4): 

383-385. 

Ramakrishnan, V. 2007. Salinity, pH, temperature, desiccation and hypoxia tolerance in the invasive 

freshwater apple snail Pomacea insularum. Ph.D. thesis, University of Texas, Arlington, 

USA. 

Rao, S.R., T.S. Liew, Y.Y. Yow and S. Ratnayeke. 2018. Cryptic diversity: Two morphologically 

similar species of invasive apple snail in Peninsular Malaysia. PloS one, 13(5). e0196582. 

https://doi.org/10.1371/journal.pone.0196582  

Rawlings, T.A., K.A. Hayes, R.H. Cowie and T.M. Collins. 2007. The identity, distribution, and 

impacts of non-native apple snails in the continental United States. BMC Evol. Biol. 7:7: 97. 

Rodriguez, C., E. Espinosa and R. Coello. 2017. Pomacea canaliculata in Ecuador: a recent pest with 

multiple implications, pp 257-291. In R.C. Joshi, R.H. Cowie and L.S. Sebastian (eds.). 

Biology and Management of Invasive Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Sanico, A.L., S. Peng, R.C. Laza and R.M. Visperas. 2002. Effect of seedling age and seedling 

number per hill on snail damage in irrigated rice. Crop Prot. 21(2): 137-143. 

Saveanu, L., E. Manara and P. R. Martín. 2017. Carrion consumption and its importance in a 

freshwater trophic generalist: the invasive apple snail Pomacea canaliculata. Marine 

Freshwater Res. 68(4): 752-759. 

Schnorbach, H.J., H.W. Rauen and M. Bieri. 2006. Chemical control of the golden apple snail, 

Pomacea canaliculata, p. 419-438. In R.C. Joshi and L.S. Sebastian (eds.). Global Advances 

in Ecology and Management of Golden Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Seuffert, M.E. and P.R. Martín. 2010. Dependence on aerial respiration and its influence on micro 

distribution in the invasive freshwater snail Pomacea canaliculata (Caenogastropoda: 

Ampullariidae). Biol. Invas. 12(6): 1695-1708. 

Seuffert, M.E. and P.R. Martín. 2013. Juvenile growth and survival of the apple snail Pomacea 

canaliculata (Caenogastropoda: Ampullariidae) reared at different constant temperatures. 

SpringerPlus. 2(1): 1-5. 

Seuffert, M.E. and P.R. Martín. 2017. Thermal limits for the establishment and growth of populations 

of the invasive apple snail Pomacea canaliculata. Biol. Inv. 19(4): 1169-1180. 



J. ISSAAS Vol. 26, No. 2: 66-85 (2020)   

84 

 

Seuffert, M.E., S. Burela and P. Martín. 2010. Influence of water temperature on the activity of the 

freshwater snail Pomacea canaliculata (Caenogastropoda: Ampullariidae) at its 

southernmost limit (Southern Pampas, Argentina). J. Therm. Biol. 35: 77-84. 

Shen, X., Z. Wang, L. Liu and Z. Zou. 2018. Molluscicidal activity of Solidago canadensis L. extracts 

on the snail Pomacea canaliculata Lam. Pesticide Biochem. Physiol. 149: 104-112. 

Suharto, H., R.M. Marwoto, M. Heryanto and S.S. Siwi. 2006. The golden apple snail, Pomacea spp., 

in Indonesia, pp 231-242. In: R.C. Joshi and L.S. Sebastian (eds.). Global Advances in 

Ecology and Management of Golden Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Syamsul, R.B., R. Muhamad, A.G. Arfan and G. Manjeri. 2016. Effectiveness of various plant-based 

attractant traps against apple snail, Pomacea maculata (Gastropoda: Ampullariidae) in a rice 

field. Pert. J. Trop. Agric. Sci. 39(2): 137-143. 

Takashi, W. 2004. Strategies for controlling the apple snail Pomacea canaliculata (Lamarck) 

(Gastropoda: Ampullariidae) in Japanese direct-sown paddy fields. Jap. Agric. Res. Quart. 

38(2): 75-80. 

Tamburi, N.E. and P.R. Martín. 2011. Effects of food availability on reproductive output, offspring 

quality and reproductive efficiency in the apple snail Pomacea canaliculata. Biol. Invas. 

13(10): 2351-2360. doi: http://dx.doi.org/10.1007/s10530-011-0047-2 

Teo, S.S. 2001. Evaluation of different duck varieties for the control of the golden apple snail 

(Pomacea canaliculata) in transplanted and direct seeded rice. Crop Prot. 20: 599-604.  

Teo, S.S. 2003. Damage potential of the golden apple snail Pomacea canaliculata (Lamarck) in 

irrigated rice and its control by cultural approaches. Int. J. Pest Manage. 49: 49-55. 

Teo, S.S. 2006. Evaluation of different species of fish for biological control of golden apple snail 

Pomacea canaliculata (Lamarck) in rice. Crop Prot. 25(9): 1004-1012. 

Thiengo, S.C., S.R. de Oliveira, M.A. Fernandez and A.M. Júnior. 2013. Angiostrongylus cantonensis 

and rat lungworm disease in Brazil. Hawai'i J. Med. Pub. Health. 72(6 Suppl 2): 18-22.  

Vega, R., D. Manalo, C. Caramihan, M. Medialdia, M. Bulatao and R. Escobin Jr. 2007. Duck 

ranging effects on population and size of golden snails (Pomacea canaliculata) before and 

after transplanting rice. Philip. J. Crop Sci. 32(1): 35-36. 

Wada, T and K. Matsukura K. 2017. Response to abiotic stress in Pomacea canaliculata with 

emphasis on cold tolerance pp 119-132 In R.C. Joshi, R.H. Cowie and L.S. Sebastian (eds.), 

Biology and Management of Invasive Apple Snail. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Wada, T., K. Ichinose, Y. Yusa and N. Sugiura. 2004. Decrease in density of the apple snail Pomacea 

canaliculata (Lamarck) (Gastropoda: Ampullariidae) in paddy fields after crop rotation with 

soybean, and its population growth during the crop season. Appl. Entomol. Zool. 39(3): 367-

372. 

Wang, Z., J. Tan, L. Tan, J. Liu and L. Zhong. 2012. Control the egg hatchling process of Pomacea 

canaliculata (Lamarck) by water spraying and submersion. Acta Ecol. Sinica. 32(4): 184-

188.  

Wu, J.Y., Y.T. Wu, M.C. Li, Y.W. Chiu, M.Y. Liu and L.L. Liu. 2011. Reproduction and juvenile 

growth of the invasive apple snails Pomacea canaliculata and P. scalaris (Gastropoda: 

Ampullariidae) in Taiwan. Zool. Stud. 50(1): 61-68. 

Yahaya, H., A. Badrulhadza, A. Sivapragasam, M. Nordin, M.M. Hisham and H. Misrudin. 2017. 

Invasive apple snails in Malaysia, p. 169-195. In R.C. Joshi, R.H. Cowie and L.S. Sebastian 

http://dx.doi.org/10.1007/s10530-011-0047-2


 

Biology and ecology of invasive apple snails….. 

85 

 

(eds.). Biology and Management of Invasive Apple Snails. Phil. Rice Res. Inst. Nueva Ecija, 

Philippines. 

Yanes, F.J., M.L.P. Almazan and F.G. Horgan. 2014. Reducing seed-densities in rice seedbeds 

improves the cultural control of apple snail damage. Crop Prot. 62: 23-31.  

Yang, C., M. Zhang, B. Lei, G. Gong, G. Yue, X. Chang, X. Sun, Y. Tian and H. Chen. 2017. Active 

saponins from root of Pueraria peduncularis (Grah. ex Benth.) Benth. and their 

molluscicidal effects on Pomacea canaliculata. Pest Manage. Sci. 73(6): 1143-1147. 

Yang, C., X. Chang, M. Zhang, X. Ni, T. Lv, G. Gong, G. Yue, X. Sun and H. Chen. 2018b. Active 

compounds of stem bark extract from Schima superba and their molluscicidal effects on 

Pomacea canaliculata. J. Pest Sci. 91(1): 437-445. 

Yang, Q.Q., S.W. Liu, C. He and X.P. Yu. 2018a. Distribution and the origin of invasive apple snails, 

Pomacea canaliculata and P. maculata (Gastropoda: Ampullariidae) in China. Sci. Reports. 

8(1): 1-8. 

Yang, T.B., Z.D. Wu and Z.R. Lun. 2013. The apple snail Pomacea canaliculata, a novel vector of 

the rat lungworm, Angiostrongylus cantonensis: its introduction, spread, and control in 

China. Hawai'i. J. Med. Publ. Health. 72(6 Suppl 2):23-25.  

Yeo, D.C.J. 2004. A new species of Esanthelphusa (Crustacea: Brachyura: Parathelphusidae) from 

Laos, and a redescription of Potamon (Parathelphusa) dugasti Rathbun, 1902. Raffles Bull. 

Zool. 52: 219-226. 

Yoshida, K. K. Hoshikawa, T. Wada and Y. Yusa. 2009. Life cycle of the apple snail Pomacea 

canaliculata (Caenogastropoda: Ampullariidae) inhabiting Japanese paddy fields. Appl. 

Entomol. Zool. 44(3): 465-474. 

Yoshie, H. and Y. Yusa. 2008. Effects of predation on the exotic freshwater snail Pomacea 

canaliculata (Caenogastropoda: Ampullariidae) by the indigenous turtle Chinemys reevesii 

(Testudines: Geoemydidae). Appl. Entomol. Zool. 43(4): 475-482. 

Yusa, Y. 2001. Predation on eggs of the apple snail Pomacea canaliculata (Gastropoda: 

Ampullariidae) by the fire ant Solenopsis geminata. J. Mollus. Stud. 67(3): 275-279. 

Yusa, Y., R. Joshi and L. Sebastian L. 2006b. Predators of the introduced apple snail, Pomacea 

canaliculata (Gastropoda: Ampullariidae): their effectiveness and utilization in biological 

control, p. 345-361. In R.C. Joshi and L.S. Sebastian (eds.). Global Advances in Ecology and 

Management of Golden Apple Snails. Phil. Rice Res. Inst., Nueva Ecija, Philippines. 

Yusa, Y., T. Wada and S. Takahashi. 2006a. Effects of dormant duration, body size, self-burial and 

water condition on the long-term survival of the apple snail, Pomacea canaliculata 

(Gastropoda: Ampullariidae). Appl. Entomol. Zool. 41: 627-632. 

 

 


