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Abstract: Molluscs constitute the second largest phylum in terms of the number of described species and possess a wide array of characteristics
and adaptations for living in marine, terrestrial, and freshwater habitats. They are morphologically diverse and appear in the fossil record as far 
back as the early Cambrian (~560 mybp). Despite their high diversity and long evolutionary history, molluscs are often underused as models 
for the study of general aspects of evolutionary biology. Freshwater snails in the family Ampullariidae have a global tropical and subtropical 
distribution and high diversity with more than 150 species in nine currently recognized genera, making them an ideal group to address questions 
of historical biogeography and some of the underlying mechanisms of speciation. They exhibit a wide range of morphological, behavioral, and 
physiological adaptations that have probably played a role in the processes of diversifi cation. Here we review some of the salient aspects of 
ampullariid evolution and present some early results from ongoing research in order to illustrate the excellent opportunity that this group 
provides as a system for addressing numerous questions in evolutionary biology, particularly with regard to the generation of biodiversity and 
its distribution around the globe. Specifi cally, we suggest that ampullariids have great potential to inform (1) biogeography, both on a global 
scale and a smaller intra-continental scale, (2) speciation and the generation of biodiversity, through analysis of trophic relations and habitat 
partitioning, and addressing issues such as Rapoport’s Rule and the latitudinal biodiversity gradient, and (3) the evolution of physiological and 
behavioral adaptations. Also, a number of species in the family have become highly successful invasives, providing unintentional experiments that 
may offer insights into rapid evolutionary changes that often accompany introductions, as well as illuminating invasion biology in general.
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Molluscs are second only to arthropods in number of 
described species, roughly estimated at about 100,000, with a 
further 100,000 or so as yet undescribed (Lindberg et al. 2004). 
Although 60-70% of molluscs are marine (van Bruggen 1995), 
they are also well represented in freshwater and terrestrial 
habitats. Their adaptations in these environments are displayed 
through a variety of trophic, ecological, and morphological 
characteristics (Lindberg et al. 2004). Yet despite their high 
biodiversity and multifaceted life histories and habits, molluscs 
remain underused in addressing general aspects of evolution-
ary biology. Several features of the group, including its long 
history, global distribution, ecological and morphological 
diversity, and high biodiversity, make it amenable to providing 
fundamental insights into many evolutionary issues, including 
patterns of historical biogeography, mechanisms generating 

biodiversity, and the underlying processes of adaptation and 
speciation. Freshwater snails offer many opportunities for 
such studies (e.g., DeJong et al. 2001, Mavárez et al. 2002, 
Facon et al. 2003, Albrecht et al. 2007, Strong et al. 2008), and 
among them the operculate family Ampullariidae seems 
particularly valuable in this regard. 

The Ampullariidae have a primarily circumtropical 
distribution, reaching their highest diversity in South America. 
There are records of ampullariids from the Lower Cretaceous, 
~145 million years before present (mybp), and the Upper 
Jurassic, ~160 mybp, in Africa and Asia respectively (Wang 
1984, Tracey et al. 1993, Van Damme and Pickford 1995), and 
their fossil record dates back at least 50 mybp in the Neotropics 
(Melchor et al. 2002). More than 150 nominal species are 
recognized in nine extant genera: Afropomus Pilsbry and 

* From the symposium “Molluscs as models in evolutionary biology: from local speciation to global radiation” presented at the World
Congress of Malacology, held from 15 to 20 July 2007 in Antwerp, Belgium.
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Bequaert, 1927, Saulea Gray, 1867, and Lanistes Montfort, 1810 
are African; Pila Röding, 1798 is African and Asian; Asolene
d’Orbigny, 1838, Felipponea Dall, 1919, Marisa Gray, 1824, and 
Pomella Gray, 1847 are South American; Pomacea Perry, 1810 
ranges from Argentina to the southeastern U.S.A. and the 
Caribbean (Berthold 1991, Cowie and Thiengo 2003).

While the overall family-level morphology of ampullariids 
is relatively constrained, many species exhibit wide ontogenetic 
and ecophenotypic conchological variation, making identi-
fi cation and delimiting of species based on conchology alone 
very difficult. Internal anatomy offers some resolution 
(Thiengo 1989, Thiengo et al. 1993, 2007), but molecular 
analyses have begun to make it possible to identify well-
demarcated lineages (species) (Cowie et al. 2006), and provide 
a phylogenetic framework to resolve fundamental taxonomic 
and systematic problems and address major evolutionary 
questions. Their long evolutionary history, wide geographic 
distribution, and high biodiversity make them especially well 
suited for studying biogeography, biodiversifi cation, and 
novel adaptations to provide further insights into evolutionary 
biology in general.

This paper makes no attempt to review ampullariid 
evolution, phylogenetics, or systematics comprehensively. 
Rather, we summarize the basic knowledge of the evolution 
and biogeography of the group and discuss some of the 
opportunities mentioned above, especially in the light of our 
ongoing research on ampullariids, to illustrate their potential 
as vehicles for addressing questions in evolutionary biology.

BIOGEOGRAPHY

The family Ampullariidae is thought to have originated 
in the part of Gondwana that is now Africa. The origin of the 
family more than 150 mybp was followed by spread and 
diversifi cation across Africa, Asia, and the Neotropics. Its 
absence in Australia is thought to be a result of the early 
separation of that continent (>160 mybp) prior to ampullariids 
reaching it (Berthold 1991). Studies of the wide distributions 
of the diverse species in Africa and the Neotropics should 
allow insights into both the higher level (generic) origins and 
patterns of diversifi cation within the family. This will, in turn, 
provide additional insight into the biological, phylogenetic, 
and evolutionary consequences of the break up of Gondwana, 
by corroborating or contradicting patterns revealed by other 
groups of plants and animals. Insights gained from those 
ampullariid taxa with narrow distributions (Afropomus, Saulea,
Felipponea, and perhaps Asolene) may also provide more 
detailed information about the precise geographic relationships 
and pathways of dispersal between particular sub-regions of 
the main parts of Gondwana, in particular certain parts of 
eastern South America and western Africa.

Clarifi cation of the exact order and timing of ampullariid 
diversifi cation and associated biogeographic patterns will not 
only provide a much better understanding of evolution within 
the group, but also contribute signifi cantly to our knowledge 
of the mode and tempo of evolution, adaptive radiation, and 
distribution of other freshwater fauna. Also, because the 
distributions of ampullariids and speciation within the family 
are probably infl uenced by both vicariant events like the 
splitting of Gondwana and passive, long distance dispersal 
with fl ow in major river systems, studying ampullarids may 
help clarify the relative roles of each, an ongoing debate in 
biogeography (Cowie and Holland 2006, Holland and Cowie 
2006, Nelson 2006).

Global
The global, historical biogeography of the Ampullariidae 

is not fully understood. Resolving remaining questions about 
the origins and diversifi cation of the genera will require 
additional fossil and molecular data and a more complete 
phylogenetic analysis. However, published hypotheses, based 
until now only on anatomical and morphological data 
(Berthold 1991, Simone 2004), have provided an important 
starting point in answering these questions, and new molecular 
information is also refi ning our understanding. According to 
the morphological analyses (Berthold 1991, Bieler 1993), the 
Ampullariidae originated in Gondwana and, 140 million years 
ago, were restricted to parts of Gondwana as follows: Afropomus
and Saulea in southern Africa, Lanistes in southern Africa and 
Madagascar, and the most recent common ancestor (MRCA) 
of Pila and the Recent Neotropical genera in southern Africa, 
Madagascar, southwestern India, and eastern South America 
(Fig. 1A). The subsequent break up of Gondwana led to 
diversifi cation of this MRCA on the different land masses. It 
gave rise in South America to fi ve genera: Pomella, Felipponea,
Asolene, Marisa, and Pomacea with the fi rst three diversifying 
early and Pomacea and Marisa being more derived (Berthold 
1991, Bieler 1993). In Africa it gave rise to Pila, which spread 
also into Asia. Afropomus, Saulea, and Lanistes remained on the 
African continent and, in the case of Lanistes, in Madagascar 
(Fig. 1A). However, recent studies using DNA sequence data 
challenge this scenario (Schultheiß et al. 2007, Jørgensen
et al. 2008). In contrast to Berthold’s (1991) phylogeny, 
Pila and Lanistes appear as sister taxa in most molecular 
analyses, suggesting a different Gondwanan distribution of 
the Ampullariidae from that Berthold had suggested. According 
to the molecular scenario, the ampullariid ancestor gave rise to 
two lineages: that giving rise to modern Afropomus and that 
giving rise to all other extant ampullariids. This second lineage 
then split into two lineages. One of these gave rise to the sister 
taxa Lanistes and Pila and diversifi ed within Africa, colonizing 
Madagascar and, in the case of Pila, Asia; the other, the MRCA 
of Saulea and the New World taxa, colonized South America 
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and gave rise to the modern Saulea in Africa and the fi ve New 
World genera (Fig. 1B). However, ongoing research (Hayes et
al. 2009) shows that this relationship is sensitive to the inclusion 
of Cyclophoridae as an outgroup (cf. McArthur and Harasewych 
2003), which results in Saulea being basal in a monophyletic 
African clade (Saulea, Pila, Lanistes, Afropomus).

Old World
Of the four African ampullariid genera, Lanistes, Pila,

Afropomus, and Saulea, the latter two are monotypic and 
restricted to Liberia, Sierra Leone, and the Ivory Coast (Brown 
1994). This area is known for its high proportion of endemic 
freshwater fauna and is considered a distinct freshwater 
bioregion, Upper Guinea (Thieme et al. 2005). The ampul-
lariid fauna in this small region has been considered old and 
relictual (Van Damme 1984), and given the region’s close 
geological ties with northeastern South America, makes it a 
likely candidate for the location of the sister taxa of the New 
World ampullariids. This contrasts somewhat with Berthold’s 
(1991) scenario in which he placed the original distribution 
of ampullariids in South America along the southern coast of 
what is now Brazil. Pila and Lanistes are generally more 
widespread in Africa though both genera have widespread as 
well as locally restricted species. Fossils of both genera are 
known from the late Cenozoic of the Albertine Rift Valley 
(Van Damme and Pickford 1995).

The fi ve African species of Pila currently recognized 
(Brown 1994) are distributed across Africa with no clearly 
discernable biogeographic pattern. Pila ovata (Olivier, 1804) 
is the only widespread species, although with four of its 
historically named forms being relatively distinct (Mandahl-
Barth 1954). Lanistes is more speciose than African Pila with 
19 currently recognized species, mostly with very limited 
(known) distributions (Brown 1994). Lanistes occurs both in 
Madagascar and Africa from the lower Nile south to KwaZulu-
Natal and the Okavango Delta (Brown 1994). Presuming an 
age of Lanistes of tens of millions of years, and with the 
diffi culty of delimiting species morphologically, intensive 
geographical sampling and molecular analysis, as in other 
ampullariid groups, will probably reveal additional cryptic 
species. For instance, Lanistes ovum Peters, 1845 is the only 
widespread species of Lanistes, and although many nominal 
taxa have been reduced to synonymy with it, some at least 
may represent cryptic species, with L. ovum in fact being a 
species complex rather than a single species. Molecular 
analyses of this widely distributed African taxon will be 
necessary to resolve this issue. The biogeography of Lanistes
especially is a fi eld wide open for investigation.

In Asia, Pila is the only native genus. Prashad (1925) 
recognized ten species of Pila in India, including two species of 
Turbinicola Annandale and Prashad, 1921, which is a junior 
synonym (Berthold 1991). Otherwise, Asian Pila, of which 

Figure 1. Two hypotheses of Ampullariidae biogeography and diversifi cation. A, the morphological based hypothesis of Berthold (1991) as-
sumes an ampullariid ancestor (AA) giving rise to Afropomus, Saulea, and Lanistes in southern Africa, with Lanistes spreading to Madagascar, 
and the MRCA of Pila and recent Neotropical genera splitting in Africa with Pila diversifying in southern Africa, Madagascar and Asia, and the 
fi ve Neotropical genera diversifying throughout South and Central America. B, the DNA based scenario (Hayes 2007, Schultheiß et al. 2007, 
Jørgensen et al. 2008) showing the initial divergence of two main lineages in Africa, one giving rise to Afropomus and the other diversifying 
again and giving rise to Pila and Lanistes, which diversifi ed within Africa but also colonized Madagascar with Pila spreading to Asia. The fi nal 
lineage, probably sharing a MRCA with Saulea, colonized South America, diversifying into the fi ve currently recognized New World genera. 
Shading highlights represent the major differences between the two hypotheses. Late Jurassic Gondwana maps (ca. 150 mybp) are redrawn 
from Scotese (2002).
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there may be about 25 species based on Berthold’s (1991) 
estimate of about 30 species in the genus as a whole, have 
not been revised comprehensively and their distributions, 
systematics, and biogeography are therefore also ripe for study.

Neotropics
In general, Neotropical freshwater biogeography may be 

better understood than that of Africa, especially with regard 
to ampullariids. Tectonic events and climatic fl uctuations 
have probably infl uenced the diversity and distribution of 
New World ampullariids. The emergence of the Antillean 
archipelago (~49 mybp; Graham 2003) may have facilitated 
diversifi cation by both vicariance and dispersal. Connection 
of the West Indies to northwestern South America, ending 32 
mybp (Iturralde-Vinent and MacPhee 1999), may have been 
important. Other ‘land-based’ scenarios are also possible. 
There are two main groups of hypotheses to explain 
Neotropical freshwater biodiversity. Refuge hypotheses 
(Haffer 1982) posit that diversifi cation resulted primarily 
from multiple habitat fragmentation and coalescence events 
driven primarily by Pleistocene climate changes (1.8 million 
- 11,000 ybp). Hydrogeological hypotheses (Lundberg 1998) 
suggest that current diversity was reached much earlier, resulting 
from the changing relationships among South American river 
systems and their drainages 90-10 mybp. Hydrogeological 
changes related to tectonic events drove diversifi cation by 
fracturing and reuniting aquatic habitats multiple times, leading 
to allopatric speciation. These hypotheses place divergences 
among drainage biotas much earlier than refuge hypotheses 
and offer multiple time points that may be correlated to 
cladogenic events (Sivasundar et al. 2001, Montoya-Burgos 
2003). Finally, the rise and completion of the Isthmus of 
Panama ~3 mybp (Coates and Obando 1996) provided non-
marine connections between South and Central American 
drainages. Phylogeographic patterns in several freshwater fi sh 
genera suggest multiple waves of dispersal through Central 
America from South America (Bermingham and Martin 1998, 
Perdices et al. 2002).

A combination of hypotheses may thus explain New 
World ampullariid diversifi cation. But historical biogeographic 
inferences rely on the fossil record and knowledge of phylogenetic 
relationships of extant taxa; in both regards New World 
ampullariids are poorly known. Limited fossil evidence 
places Pomacea in South America ~50 mybp but an earlier, 
possibly Gondwanan, origin has been suggested (Berthold 
1991, Melchor et al. 2002), with origin and diversifi cation of 
contemporary New World taxa occurring in South America 
soon after breakup of the supercontinent (~180 mybp). An 
ancient origin of South American ampullariids supports the 
hydrogeological hypothesis but remains conjecture without 
knowledge of the temporal pattern of diversifi cation. Thus, 
New World ampullariids have the potential to illuminate and 

discriminate among these various general hypotheses of the 
diversifi cation of the freshwater biota.

In South and Central America, based on molecular 
analysis (Fig. 1B), the lineage that probably gave rise to the 
genus Saulea in Africa diversifi ed into fi ve currently recognized 
genera, Pomella, Asolene, Marisa, Felipponea, and Pomacea.
Reconstruction of the relationships within the family, based 
on morphology, placed Asolene as the most basal of the New 
World ampullariids with close ties to both Felipponea and 
Pomella (Berthold 1991, Bieler 1993). Pomacea and Marisa
were placed in more derived positions and as sister taxa 
(Fig. 1A). Pomella has a rather disjunct distribution, with 
Pomella americanista (Ihering, 1919) and Pomella megastoma
(Sowerby, 1825) (subgenus Pomella sensu stricto) occurring 
in the south (Argentina, Uruguay, Paraguay, southern Brazil) 
and Pomella sinamarina (Bruguière, 1792) (subgenus Surinamia)
in the north of the continent (Guyana, Suriname, French 
Guiana). Similarly, the distribution of Asolene is non-contiguous, 
with some species occurring in the south and others restricted 
to the north. The three species recognized by Cowie and 
Thiengo (2003) in Felipponea are restricted to the south 
(Argentina, Uruguay, Paraguay, southern Brazil). Taxa in the 
more derived Marisa-Pomacea clade have much wider and 
somewhat more contiguous distributions. The two species of 
Marisa are distributed from southern Brazil through northern 
South America and Trinidad and Tobago. Marisa planogyra 
Pilsbry, 1933 occurs primarily in the south and Marisa
cornuarietis (Linnaeus, 1758) in the north, with some possible 
overlap in northern Brazil. Pomacea is the largest and most 
diverse genus and has the widest distribution, occurring from 
Argentina through Central America, the Caribbean and into 
southeastern North America. 

Multi-gene phylogenetic results from recent work on 
New World ampullariids are largely in agreement with 
previous hypotheses, placing Pomacea as the most derived 
group of New World ampullariids (Hayes 2007, Hayes et al.
2009). However, Pomacea as currently recognized (Cowie and 
Thiengo 2003) is not monophyletic, as also suggested by 
Simone (2004) in his morphological study. Similarly, Hayes 
(2007) found no support for monophyletic Asolene,Felipponea,
or Marisa. Instead, both species of Marisa, two species of 
Felipponea, and several species of Asolene were recovered in 
a single well-supported basal clade, sister to a clade consisting 
of other species of Asolene and Pomacea (Fig. 2). These two 
clades were in turn sister to the larger well-supported group 
containing the remaining Pomacea species and the only 
Pomella species included in the analysis, Pomella megastoma.
In the past, assignment of species to these genera, especially to 
Asolene, Felipponea, and Pomella, based on morphological 
criteria, has been inconsistent (Cowie and Thiengo 2003); 
these molecular results will help to circumscribe these poorly 
understood genera. Also, these preliminary data begin to clarify 
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the biogeographic patterns of diversifi cation in New World 
ampullariids and reveal insights into factors like desiccation 
resistance, oviposition, and predation pressure that may have 
played a role in this diversifi cation (Hayes 2009). These issues 
are discussed below.

BIODIVERSITY AND SPECIATION

The family Ampullariidae contains more than 150 
species, and reaches its highest diversity in the Neotropics 

with the genus Pomacea, which contains 117 nominally valid 
species (Cowie and Thiengo 2003). The question of why there 
are so many Neotropical species has intrigued scientists since 
Alfred Russel Wallace (1852) fi rst proposed that rivers act as 
barriers, driving allopatric speciation in Amazonian monkeys. 
Since then several explanations have been proposed, including 
Haffer’s (1969) explanation of bird diversity in the context of 
the so-called “refuge hypothesis” and explanations of freshwater 
ichthyofaunal diversity based on the “hydrogeological 
hypothesis” (Lundberg et al. 1998, Montoya-Burgos 2003). 
Most explanations of high levels of Neotropical diversity have 

Figure 2. Ampullariidae phylogeny based on analysis of one mitochondrial and three nuclear genes showing the relationships among the ma-
jor clades of the monophyletic New World genera (Hayes 2007). Egg morphology and oviposition location are mapped onto the major groups 
illustrating the evolutionary shift from laying gelatinous eggs below the water to laying calcareous eggs on emergent vegetation. Representative 
egg clutches from species within each of the major lineages illustrate a high level of morphological conservation within groups. From left to 
right egg clutches are: Top row, Pomacea insularum (d’Orbigny, 1835), Pomacea canaliculata, Pomacea paludosa; second row, Pomacea diffusa
Blume, 1957, Pomacea bridgesii (Reeve, 1856); third row, Pomacea sp., Pomacea glauca, Pomacea guyanensis (Lamarck, 1822); fourth row, 
Pomacea catemacensis (Baker, 1922); fi fth row, Asolene spixii (d’Orbigny, 1838), Felipponea sp.; bottom row, Lanistes ovum, Pila conica (Wood, 
1828). Photo credits: J. F. R. Amato (Felipponea sp.), K. C. M. Heiler (Lanistes ovum), J.-P. Pointier (Pomacea glauca), R. C. Joshi (Pila conica), 
K. Gallagher (Asolene spixii), S. C. Thiengo (Marisa planogyra), and K. A. Hayes (all others). 
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been based on vertebrates, invoking vicariance as the primary 
isolating mechanism (Hall and Harvey 2002, Costa 2003, 
Ribas et al. 2005). 

Conspicuously lacking are studies of the huge diversity 
of invertebrates, including Neotropical freshwater molluscs 
and studies looking specifi cally at the complex inter- and 
intraspecifi c interactions that drive speciation. Ampullariids 
have the potential to provide insight into these issues, as well 
as to reveal other less studied mechanisms generating diversity 
(Vermeij and Covich 1978, Endler 1982). 

Since Darwin (1859), evolutionary biologists have suggested 
that ecology plays a vital part in the origin of species (Schluter 
2001, Via 2002). The evolutionary ecology of apple snails has 
great potential for shedding light on the various processes 
involved in population divergence and ultimately speciation. 
Here, we address three of these, which may overlap; there are 
probably others equally amenable to investigation using these 
snails. First, the interaction between apple snails and their 
predators, their trophic relations, may infl uence natural 
selection regimes acting on both predator and prey. Studies 
focusing on these interactions should provide key insights 
into the evolution of these relationships and predator prey 
co-evolution in general, which in turn will provide information 
about how such processes help shape biodiversity. Second, 
habitat partitioning among ampullariids within an ecosystem 
may provide the necessary isolation for divergent selection to 
reinforce adaptations leading to reproductive isolation. These 
interactions may represent major drivers of evolutionary 
change. Third, because of their wide latitudinal distribution 
and high species level diversity, ampullariids offer an exciting 
opportunity to investigate large-scale patterns, or rules, of 
biodiversity, including Rapoport’s Rule and the latitudinal 
diversity gradient.

Trophic relations
Throughout their range, ampullariids are major constituents 

of tropical/subtropical freshwater diversity and are key taxa in 
important aquatic ecosystems such as the Florida Everglades, 
the Llanos of Venezuela, and the Pantanal of central South 
America (Donnay and Beissinger 1993, Fellerhoff 2002, 
Brown et al. 2006). They may even serve as important 
indicators of ecosystem health (Ogden et al. 2005). In these 
systems, they are the main food of snail kites, which include 
the endangered Everglades Snail Kite, Rostrhamus sociabilis
plumbeus, and closely related congeners (i.e., Rostrhamus 
hamatus). Because of the abundance of apple snails in 
these ecosystems and their role in the diet of a variety of 
animals (birds, fi shes, turtles, crocodilians), they could be 
considered keystone prey species and an important link 
between aquatic and terrestrial food chains (Donnay and 
Beissinger 1993, Ebenman and Jonsson 2005). Studies of 
trophic relationships indicate that these links may have 

a large influence on species diversity (Paine 1966, Kondoh 
2003).

Populations of species coupled in predator-prey relationships 
may often be ecologically linked through both conspicuous 
predator-prey interactions (Connell 1961, Vermeij 1982) and 
more cryptic evolutionary dynamics (Yoshida et al. 2007). For 
instance, variation in the distribution and abundance of apple 
snail species has been shown to infl uence the distribution 
(Angehr 1999), abundance (Darby et al. 2006), and behavior 
(Tanaka et al. 2006) of snail kites, which have evolved both 
morphologically and behaviorally for extreme specialization 
on apple snails (Beissinger et al. 1994). At the same time, 
predation pressure, by kites and other predators, has probably 
shaped the morphological and behavioral adaptations of 
apple snails. For example, Reed and Janzen (1999) determined 
that the foraging behavior of limpkins (Aramus guarauna)
resulted in disruptive selection on shell size in Pomacea 
fl agellata (Say, 1829) in Costa Rica. They also observed 
directional selection against larger, light-colored snails by 
snail kites. Dieckmann and Doebeli (1999) modeled just such 
a predator-prey system and found that predator-prey 
interactions, when coupled with demographic stochasticity 
and the resulting genetic drift and assortative mating, often 
leads to evolutionary branching, which could result in 
sympatric speciation. Providing further evidence of possibly 
important evolutionary interactions, Snyder and Snyder 
(1971) found that Pomacea paludosa (Say, 1829), Pomacea 
glauca (Linnaeus, 1758), and Pomacea dolioides (Reeve, 1856) 
exhibit alarm responses to chemical cues from turtle predators, 
injured or dead conspecifi cs, and mechanical disturbance.

Similar processes may also have shaped the diversity of 
Old World ampullariids. Van Damme and Pickford (1995) 
suggested that rapid radiations of Lanistes spp. and changes in 
Pila spp. in the Rift Valley lakes of East Africa were probably 
the result of selection pressure from specialized predators, 
particularly fi shes. Rapid and successive morphological 
changes in these two genera were inferred to have occurred 
ca. 8-2.5 mybp. A series of impressive Lanistes radiations 
involving rapid, major changes in shell morphology provides 
a good model for understanding speciation processes (Van 
Damme and Pickford 1995). Specifi cally, two successive 
radiations occurred, fi rst in Paleolake Obweruka and later in 
Lake Malawi, both demonstrating convergence on anti-
predatory behaviors and morphologies characteristic of a 
number of Rift Valley lake mollusc species. Some of the 
patterns seen, particularly thalassoidism (i.e., shell form 
resembling marine gastropod species), were attributed to 
predator-prey interactions that may have triggered speciation. 
The repetitive ampullariid radiations were considered as 
conforming to a punctuated equilibrium model of evolutionary 
change (Van Damme and Pickford 1995) although such 
interpretations of African Great Lake fossil gastropod faunas 
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have long been criticized (e.g., Jones 1981). The fossil radiations 
may be useful in understanding patterns of more recent 
radiations of African ampullariids, especially if change in 
shell morphology can be linked to genetic change.

Almost all theory on the tempo and mode of speciation in 
Lake Malawi, while providing major insight into evolutionary 
processes, rests on the study of cichlid fi shes (Kocher 2004). 
The recent ampullariid radiation in Lake Malawi was studied 
morphologically by Berthold (1990), but a detailed molecular 
study of these snails would potentially shed further light on 
these questions using a non-fi sh model system. Recent studies 
of the Lake Malawi radiation (Jørgensen et al. 2008, Schultheiß, 
Van Bocxlaer, Albrecht, and Wilke, pers. comm.) revealed 
relatively low genetic variation within this clade. This might 
indicate a young evolutionary age of the radiation, a suggestion 
previously made by Berthold (1990). In combination with 
modern morphometric analyses, molecular methods will 
help to identify general patterns of diversifi cation in ancient 
lakes, which will help clarify any differences in mode and 
tempo of speciation between vertebrate taxa like cichlid fi sh 
and invertebrates like the ampullariid genus Lanistes.

Habitat partitioning
In addition to predator-prey interactions, other aspects 

of ampullariid ecology have probably infl uenced their current 
diversity. African Lanistes have both lacustrine (e.g., Lake 
Malawi, see above) and riverine (e.g., Congo River basin) 
radiations. In Lake Malawi Lanistes nyassanus Dohrn, 1865 
and Lanistes solidus Smith, 1877 differ in their use of 
microhabitats along a depth gradient, probably related to 
food availability and differential response to cichlid predators 
(Louda et al. 1984). Further, using the Lanistes spp. of 
Lake Malawi as an example, Berthold (1991) explored aspects 
of speciation and evolution of shell sculpture within the 
framework of a multidimensional niche concept. He proposed 
that speciation of Lake Malawi Lanistes was driven by differential 
adaptations to wave action, food resources, and predators 
(particularly habitat and behavioral shifts for predator 
avoidance). Such a scenario has the classic elements that would 
be anticipated in a case of ecological speciation, whereby 
reproductive isolation builds between two populations that 
accumulate adaptations to unique aspects of their environment 
(Schluter 2001). 

The Congo River basin radiation of Lanistes consists of 
Lanistes bicarinatus Germain, 1907, Lanistes congicus Boettger, 
1891, Lanistes intortus Martens, 1877, and Lanistes nsend-
weensis (Dupuis and Putzeys, 1901). The high levels of concho-
logical variation among these species makes inferring their 
monophyly diffi cult based on morphological analysis. None-
theless, this great variation suggests a role of ecology in species 
diversifi cation. Investigation of this radiation should focus 
initially on ascertaining its age, documenting genetic variation, 

determining monophyly, and identifying common ancestors. 
However, while it is an example of neither true riverine nor 
true lacustrine speciation, it offers the possibility of 
investigating speciation in a habitat type (river basin) that is 
more permanent on both ecological and evolutionary time-
scales than most lake habitats (Giller and Malmquist 1998). 
If future molecular investigations reject the monophyly of 
the Congo species, then the basin might be interpreted as a 
refuge that has been stable over the long term rather than a 
place of species radiation. 

Large-scale biodiversity rules
A number of patterns of species diversity have been 

documented across a wide range of taxonomic groups. Most 
notably, these patterns include Rapoport’s Rule – a positive 
correlation between species ranges and latitude (Stevens 
1989), Bergmann’s rule – increasing body size with increasing 
latitude in mammals and birds (Bergmann 1847), and the 
latitudinal biodiversity gradient – decreasing species richness 
from tropical to polar latitudes (Dobzhansky 1950). The 
latitudinal biodiversity gradient is one of the longest recognized 
and most universally accepted patterns in nature (Darwin 
1859, Wallace 1878, Hutchinson 1959, Wright et al. 2006), 
yet there remains little agreement regarding the underlying 
mechanisms responsible for it (Mittelbach et al. 2007). 

Three broad categories of explanations have been 
proposed to explain the gradient, involving ecological, 
evolutionary, and historical hypotheses (Mittelbach et al.
2007). Ecological hypotheses focus on processes of species 
coexistence and the maintenance of species diversity through 
species interactions, and apple snails have been mentioned 
above as a system with which to investigate such processes. 
Evolutionary hypotheses focus on rates of diversifi cation. And 
historical explanations are based on the persistence and extent 
of tropical environments. Understanding the relationship 
between latitude and speciation has been hindered by a lack 
of comparative analyses across a single clade that inhabits 
both tropical and temperate regions. Here again, apple snails 
may serve as a good system for investigating the underlying 
processes, and they can be used to test explicitly several of the 
proposed hypotheses.

The oft-cited “diversifi cation rate hypothesis” suggests that 
high tropical diversity results from high rates of speciation 
(Fischer 1960) caused by one or more of the following: (1) greater 
opportunities for reproductive isolation because lower latitudes 
contain larger area (Terborgh 1973), (2) increased rates of 
molecular evolution due to higher metabolic rates in warmer 
regions (Rohde 1992, Wright et al. 2006), (3) enhanced biotic 
interactions because of increased specialization and reduced 
dispersal (Dobzhansky 1950, Janzen 1967), and (4) lower 
extinction rates due to increased climatic stability (Darwin 1859, 
Fischer 1960) or larger population sizes (Terborgh 1973). 



54 AMERICAN MALACOLOGICAL  BULLETIN     27  ·1/2 · 2009

Using ampullariids to investigate the various mechanisms 
responsible for higher levels of tropical than of temperate 
diversity will require data from paleontology, biogeography, 
ecology, and phylogenetics. However, using preliminary data 
(Hayes 2009) we can begin addressing at least one of these 
hypotheses. The explanation of Rohde (1992), supported by 
Wright et al. (2006), posits that higher tropical diversity 
results from an increased rate of molecular evolution in the 
tropics relative to higher latitudes. Species of Pomacea are an 
ideal group to test this hypothesis, as they range from 
temperate Argentina to the southeastern U.S.A. Using the 
approach of Wright et al. (2006), rate heterogeneity in 
molecular evolution can be tested using sister taxa, one of 
which occurs in the tropics and the other in a temperate 
region (e.g., Pomacea canaliculata (Lamarck, 1822) and 
Pomacea dolioides). Hayes (2009) found that ampullariid 
diversity indeed decreases with increasing latitude. If future 
research fi nds a difference in rate of evolution, these taxa 
could be used to investigate further the possible mechanisms 
driving the differences. 

The “historical time and area hypothesis” contends that 
areas with tropical climates are historically larger and older, 
which has allowed more opportunity for diversifi cation 
(Fischer 1960, Wiens et al. 2006). If this were the primary 
driver of greater tropical versus temperate diversity, we should 
expect tropical species to be older and temperate species to be 
nested within clades of tropical taxa. Also we should expect 
diversity to be correlated with the age of geographical regions. 
Data emerging from ongoing work on ampullariids (Schultheiß 
et al. 2007, Jørgensen et al. 2008, Hayes et al. 2009) are beginning 
to provide the phylogenetic and biogeographic framework to 
address such hypotheses.

PHYSIOLOGY AND BEHAVIOR

In addition to addressing broad questions of biogeography 
and speciation, apple snails provide an excellent system for 
studying the evolution of physiological and behavioral 
adaptations, aspects of which may have profound implications 
for the generation of diversity, and for addressing important 
questions in behavioral ecology and evolution. Mapping 
apple snail oviposition location onto a preliminary phylogeny, 
Hayes (2007) found that laying eggs on emergent vegetation 
or other above-water hard surfaces is a synapomorphy that 
unites the most derived clade consisting predominantly of 
snails currently referred to Pomacea. Other ampullariids, 
including Old World and basal New World taxa, oviposit 
either on vegetation below or at the water line or in mud close 
to it (Cowie 2002) (Fig. 2). This observation, combined with 
the fact that this derived group is also the most speciose and 
covers the widest geographical range, leads to speculation 

that this shift to above water oviposition may have been a key 
innovation that accompanied the diversifi cation and spread 
of the group. Other characteristics in the above-water egg-
laying group seem to include longer siphons (for aerial 
respiration), increased lung size, and increased desiccation 
resistance (Cowie 2002). All these factors may be correlated 
with the success of the group.

Unique egg morphologies are associated with each of the 
clades in this above-water oviposition group, with the most 
derived group having spherical eggs that cluster relatively 
loosely in the egg mass. The more basal taxa in this group lay 
eggs that are honeycombed or polygonal in shape and abut 
tightly against one another within the egg mass (Fig. 2). It is 
possible that the derived condition of spherical, loosely 
clustered eggs may also have contributed to the success of 
these taxa through increased hatching rate resulting from 
more effi cient respiration through the egg shell although 
respiration rates in clutches with different morphologies have 
yet to be measured. 

Nuptial feeding is any form of nutrient transfer from the 
male to female during or directly after courtship or copulation. 
Burela and Martí n (2007) reported nuptial feeding in Pomacea 
canaliculata, the fi rst time it has been reported in a gastropod. 
Such behavior has implications for sexual selection and 
fi tness. Burela and Martí n (2007) discussed several possible 
advantages, including enhanced male fi tness through benefi ts 
conferred to the offspring via additional nutrients, and mate 
attraction, mate acceptance, or increasing the length of copulation 
to maximize sperm transfer. Either way, this is a fascinating 
behavior that has interesting evolutionary implications for apple 
snails and mating behavior in general. Burela and Martí n (2007) 
suggested that given the high level of similarity in the general 
body plan across the Ampullariidae, this behavior is probably 
not exclusive to this species, and may be found more widely. 

BIOLOGICAL INVASIONS

Invasive species are now recognized throughout the world 
as a major economic and environmental threat (Pimentel 
et al. 2005, Puth and Post 2005). While these alien invasions 
cause tremendous agricultural, conservation, and human 
health problems, the rapid evolutionary changes that often 
accompany such unplanned invasion experiments may 
permit a greater understanding of the natural world, and at 
the same time provide insights into a variety of ecological 
and evolutionary processes (Sax et al. 2007). That rapid 
evolutionary changes occur after the introduction of alien 
species has become increasingly well documented (Cox 
2004, Carroll et al. 2005, Huey et al. 2005), and more studies 
are taking advantage of these “accidental experiments” to 
investigate contemporary evolution. Such changes may often 
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take place in tens to hundreds of generations instead of the 
millions that most evolutionary processes are normally 
thought to occur over, and they take place in both the alien 
and the native species that interact during invasions (Sax et al.
2007). A number of ampullariid species have become invasive 
outside their native ranges, particularly species of Pomacea
and Marisa (Joshi and Sebastian 2006, Rawlings et al. 2007, 
Hayes et al. 2008). It is possible that the adaptive genetic 
changes necessary to be successful invasives are occurring 
rapidly in these species, and these processes may be understood 
better by integrating ecological and evolutionary perspectives. 
Wada and Matsukura (2007) have shown that Pomacea
canaliculata has adopted at least two strategies for dealing 
with overwintering in its introduced range in Japan: burial in 
mud or seeking refuge under rice straw before the onset of 
winter. They found seasonal differences in cold hardiness of 
snails, suggesting that cold winters may impose strong natural 
selection on such populations. It is still uncertain whether 
this is an adaptation acquired after introduction or one 
possessed by source populations in their native ranges. 
However, in either case it demonstrates that ampullariids may 
be an illuminating system for studying adaptive strategies of 
introduced species. Because multiple ampullariid species have 
been introduced, comparative studies among them may reveal 
key differences in such strategies. The results of such studies 
will not only strengthen our understanding of invasion 
biology but may also allow us to investigate the patterns and 
tempo of adaptive genetic changes along with the infl uence of 
founder events on these processes. 

CONCLUSIONS

More than 150 years after Darwin’s revolutionary idea 
of descent with modifi cation, there remain a number of 
unanswered questions fundamental to our understanding of 
evolution and biodiversity. How many species are there? 
How are these species distributed? What are the processes 
that generate this biodiversity? Many of these questions 
remain unanswered simply because of the complexity of the 
evolutionary process. For example, the myriad mechanisms 
that might lead to the evolution of reproductive isolation (i.e., 
speciation) are often diffi cult to  disentangle. Yet addressing 
these issues in a range of groups, particularly those with the 
highest diversity, may reveal additional insights that will go a 
long way to answering these big evolutionary questions. 
Ampullariids offer an excellent system for addressing many of 
these questions, particularly regarding the generation of 
biodiversity and how it spread and diversifi ed around the 
globe. Lessons learned from this group may be generalized 
not only to other freshwater taxa but also to more profound 
and over-arching themes in evolutionary biology.
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