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Abstract 

Melanoides tuberculata, an exotic thiarid snail that originated in the Middle East, eastern Africa, and Southeast Asia, has invaded subtropical 
and tropical areas worldwide. This study provided a detailed picture of the characteristics of a population in central Florida. We collected 40 
specimens of Melanoides tuberculata from a cool spring and cultured them and 54 of their offspring in the laboratory for 7 and 10 months, 
respectively. For both the adults and their F1 offspring, weekly or bimonthly measurements of individuals and counts of offspring produced 
estimates of growth, age at first reproduction, offspring production, and survival. From these measurements, we produced estimates of birth 
and death rates and a growth curve using a monomolecular model. We estimated predation rates on the snails with a three-day incubation of 
small (1–4 mm) M. tuberculata with crayfish in the laboratory. Finally, we produced a static life table from measurements of ~2,200 
specimens of M. tuberculata collected from the spring. Growth and reproduction measurements from the laboratory indicated that the snails 
grew rapidly and were prolific. Only initial size significantly explained any variation in the growth of individuals and only first clutch size 
explained any variation in fecundity. Nonpredatory mortality in the laboratory was low, but crayfish-induced mortality was high. The life 
table analysis suggested that the spring population was stable and that mortality was extremely high on the smallest individuals, such as those 
used in the crayfish predation rate measurements, and on the largest individuals. Therefore, the potential of M. tuberculata to invade new 
habitats and quickly establish populations may be the result of its high population growth rate, but its population growth may be checked by 
local predators, such as crayfish and perhaps snail-eating turtles and raccoons. 
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Introduction 

Florida, like subtropical areas worldwide, has an 
extensive exotic species problem. In the US, 
only California has been invaded by more fish 
species than Florida (121 vs. 262, Fuller et al. 
1999). As of May 2012, the United States 
Geological Survey reported that Florida hosted 
389 nonnative aquatic organisms, of which 189 
were fish, 63 were plants, and 15 were snails 
(USGS 2012). In particular, Florida is threatened 
by the ornamental organism trade; the primary 
route of aquatic introductions to the US as a 
whole is through stocking and bait release, 
whereas the primary source of Florida aquatic 
introductions is through aquarium release (Padilla 
and Williams 2004). The aquatic plant and fish 
trade provides a likely route for the introduction 
of nonnative snails as well as for plants and fish, 

as small snails can easily be overlooked on 
leaves or in transfer water for fish. In fact, 90% 
of the aquatic plants that Keller and Lodge 
(2007) sampled from vendors in the Great Lakes 
Basin carried secondary nonnative species and 
the vast majority of these hitchhikers were 
gastropods. Provided that abiotic conditions are 
adequate, the likelihood of snail introduction 
success is potentially high as many commonly 
traded snail species are parthenogenic, possess 
high reproductive and growth rates, and often 
have generalist feeding habits (Kolar and Lodge 
2001; Sakai et al. 2001; McMahon 2002; Marchetti 
et al. 2004; Alonso and Castro-Díez 2008). Given 
that the aquarium trade is lightly regulated, with a 
wide array of tropical species for sale in most pet 
stores and easy access on the internet to even 
more species (Padilla and Williams 2004), it is 
likely that introductions occur, and will continue 
to occur, often. 
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Thiarid snails have invaded most continents 
(North America, South America, parts of Africa) 
and many islands with mild climates from their 
original distributions in tropical Africa, Asia, 
and Oceania (Clench 1969; Pointier et al. 1993a; 
Duggan 2002; Genner et al. 2004; etc.). Many of 
these thiarid invasions have been either 
Melanoides tuberculata (Müller, 1774) or Tarebia 
granifera (Lamark, 1822), which have occurred 
as a result of aquarium releases or as intentional 
introductions for biocontrol (Pointier et al. 
1993a; Cowie 2001; Karatayev et al. 2009). 
Melanoides tuberculata invasions have been well 
studied as this species may outcompete native 
snails, particularly hydrobes that may carry 
Schistosoma (Pointier 1993; Pointier et al. 
1993a), and this species may serve as a host for 
numerous flukes itself (Dundee and Paine 1977; 
Pointier et al 1993a; Pointier et al. 1994; Scholz 
and Salgado-Maldonado 2000; Guimarães et al. 
2001; Ben-Ami and Heller 2005; Bogea et al. 
2005; Derraik 2008), including species that 
infect humans and species that infect threatened 
fishes (Mitchell et al. 2000). In the Caribbean, 
M. tuberculata spread rapidly after repeated 
introductions in the 1970’s and 80’s and became 
the most prevalent aquatic snail on the island of 
Saint Lucia (Pointer 1993). 

Melanoides tuberculata was first observed in 
the US in Texas and Florida in the 1960’s 
(Murray 1964; Clench 1969, respectively). 
Although it has been established in Florida for 
decades, its range continues to expand. Recent 
discovery of the species in Biscayne National 
Park in South Florida (Murray et al. 2010) has 
reignited interest in this successful invader, 
given its potential to outcompete native snails 
and to host human and wildlife parasites. The 
purpose of this study was to measure reproductive 
and growth parameters that predict population 
growth of M. tuberculata, given the paucity of 
demographic data for M. tuberculata outside its 
native range, other than in the Caribbean. We 
predicted that M. tuberculata would exhibit high 
reproductive and growth rates and low mortality 
rates in the laboratory. 

Methods 

Melanoides collection and culture 

In May 2011, we collected specimens of Melanoides 
tuberculata by hand from Volusia Blue Spring, a 
first magnitude spring in Central Florida. The 

spring discharges 4.6 m3 s-1 (range = 1.8–6.1 m3 s-1, 
Scott et al. 2004) and the substrate is limestone, 
sand, or silty sand. The run is comparatively 
wide (20–30 m) and short (620 m) and the tree 
canopy covers no more than half the width of the 
run. The water is cool (21oC), possesses moderate 
conductivity (1400 S cm-1, range = 1060–2840 
S cm-1), and is oligotrophic to mesotrophic 
(Scott et al. 2004). In recent years, dense beds of 
Oscillatoria sp. and Vaucheria sp. have developed 
in areas with lower anthropogenic disturbance. 

We collected the snails randomly from one 
location known to regularly possess M. tuberculata 
and immediately transported the snails back to 
the laboratory in a 5 gallon bucket of spring 
water. We measured these snails for total shell 
length with digital calipers to the nearest 0.1 mm 
and isolated 40 within a size range of 16–23.8 
mm. We put each of these individuals into their 
own 1 L plastic jar and arranged the jars 
haphazardly. The jars contained 0.5 L of spring 
water and a limestone rock collected from Volusia 
Blue Spring. The snails were cultured first in 
natural light from laboratory windows (3 
months) under continuous aeration and later 
under the fluorescent light of a second laboratory 
(5 months). We fed the snails fresh, boiled 
spinach ad libitum and changed their water every 
two  weeks  for  the   first three months.  After the 
first three months, the containers had been 
colonized by abundant algae, upon which the 
snails fed, and we supplemented this food source 
with boiled spinach approximately once a month. 
Although this change in feeding regime may 
have affected growth, the regular production of 
copious feces after the reduction in spinach 
supplementation indicated that the snails were 
feeding on the periphyton growing in the jars. 
We measured the shell lengths of these 
individuals every other day for the first two 
weeks and then when the water was changed for 
the rest of the study. After these individuals 
began to reproduce in early June, we collected, 
counted, and measured their first clutches of 
offspring. We only counted, and did not measure 
or retain, successive clutches. From the first 
clutches produced by 18 of the original snails, 
we randomly selected and isolated three offspring 
from each individual, put them into plastic 
Solo® cups of 300 ml of spring water, and 
randomly arranged the cups. Although the cups 
were smaller than the adult containers, the snail 
size:water volume was comparable between the 
adults and the offspring (500 mL:22.8 mm vs. 
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300 mL:14.3 mm). We measured, fed, and 
changed the water of the offspring when we 
measured the adults. Therefore, the juvenile 
snails received bimonthly spinach ad libitum 
until the algae had colonized the containers (~5 
months), after which spinach supplementation 
was reduced to approximately monthly. We 
followed the F1 generation for longer than the 
adults, until they began to reproduce after a total 
of 10 months.  

We also estimated mortality of M. tuberculata 
juveniles resulting from crayfish predation in the 
laboratory. We collected three crayfish (Procam-
barus sp., all 6–8 cm in length) from a local 
retention pond and held them under continuous 
aeration within 3 L glass jars, half-filled with 
water from the retention pond from which they 
were collected. We added no substrata to the jars. 
To prepare a trial, we collected newly released 
M. tuberculata from the cultured population and 
measured and sorted them into total shell length 
size classes (1–2 mm, 2–3 mm, 3–4 mm). We 
added ten individuals from each size class to 
each of the three jars and allowed the crayfish to 
feed for 3 days. This crayfish:snail ratio was 
much higher than the ratio in the field, as there 
would have to be >175 crayfish m-2 to achieve 
the same ratio with the density of ~5300 small (≤ 
4 cm) snails m-2 in the field. Therefore, the 
difference in density between the laboratory 
measurements and the field should have made 
the mortality estimates conservative, although 
the lack of substrate may have reduced crayfish 
search times. At the end of the incubation period, 
we collected, counted, and measured the shell 
lengths of the remaining snails. These mortality 
estimates were replicated twice with three 
crayfish in each trial. 

Finally, we collected specimens of Melanoides 
tuberculata from Volusia Blue Spring again in 
May 2012. These snails were collected using a 
net with 1 mm mesh to better capture the 
smallest individuals. Using the net, we collected 
all material on the substrate and the sand/silt 
down to a depth of approximately 5 cm (after 
which no more snails appeared to be collected) 
and within the area of a 1 m2 quadrat. We 
dumped each net collection into a 1 mm sieve to 
filter out the sand and silt before immediate 
transport to the laboratory in a 5 gallon bucket of 
spring water. From this 1 m2 sample, we sorted 
out and measured the total shell length of all the 
individuals with digital calipers to the nearest 
0.1 mm.  

Statistics 

Measures of growth and reproduction were normally 
distributed, so we analyzed these parameters with 
correlation and linear regression. We also used 
multiple regression to predict offspring growth, 
with maternal size, maternal growth, and maternal 
reproductive output as predictive variables. To 
determine whether crayfish snail consumption was 
size-specific, the number of snails remaining in 
each of the three size classes after the three day 
incubation period was compared with a Kruskal-
Wallis test and the size of the remaining snails 
was compared with the initial mean size with a t-
test. Finally, we used a monomolecular model to 
describe M. tuberculata growth in the laboratory 
after Pointier et al. (1992). All statistics were run 
with SPSS 19.0 (SPSS, Inc. 2010). 

We used the census data from the May 2012 
sample and the demographic parameters calculated 
from the laboratory cultures to create a static life 
table. The age of the census snails was estimated 
from the monomolecular growth curve calculated in 
the laboratory from measurements of adults and F1 
offspring. The number of females in each age 
class was adjusted to represent 92.6% of the total 
census (the proportion of the 40 snails cultured 
in the laboratory that were female). Given that 
birth rate was unrelated to maternal size in the 
laboratory and that we had cultured a range of 
sizes, we used the average birth rate of all 
individuals for all mature snails to estimate 
offspring production in the life table. From the 
life table, we estimated generation time (G), 
instantaneous growth rate (r), net reproductive rate 
(Ro), finite rate of increase (), and total 
reproductive output (Ro) of the Volusia Blue 
Spring M. tuberculata population. Finally, we 
used the estimate of the total number of offspring 
produced to estimate the mortality rate of newly 
released offspring as a proportion of the number 
of age-0 individuals collected. 

Results 

The May 2012 Volusia Blue Spring M. tubercu-
lata sample indicated that the population was dense 
(~2,200 individuals m-2) and only 13% of the 
snails were mature (Figure 1). Of the 40 
individuals that we brought into the laboratory for 
culture in May 2011, 7.5% were male and all 
were mature based on their size (Table 1). Within 
two  weeks,  all  of  the females  had  released  their 
first  clutch,  which  was  the largest  clutch observed 
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Figure 1. Size frequency distribution for 
Melanoides tuberculata collected from 
Volusia Blue Spring in May 2012. Size 
was represented as total shell length 
(mm). 
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Table 1. Demographic parameters of Volusia Blue Spring and of West Indies Melanoides tuberculata grown in the laboratory. Values 
indicate mean, standard deviation, and range. West Indies M. tuberculata demographic parameters were taken from Facon et al. (2005). 

Parameter Volusia Blue Spring West Indies 

Size of field collected snails  10.2 ± 5.2 (2.1–36.0) mm 
n = 2,230 

 

Initial size of adults raised in the laboratory 21.3 ± 1.6 (16.9–23.8) mm 
n = 40 

 

Growth rate of adults 0.0050 ± 0.0043 (0–0.017) mm day-1 
n = 40 

 

Birth rate 0.45 ± 0.20 (0.15–0.97) offspring day-1 
n = 37  

0.87 (0.30–1.5) offspring day-1 

Size of F1 individuals when released 2.47 ± 0.060 (1.6–3.6) mm 
n = 54 

2.31 (1.7–3.2) mm 

Maximum growth rate of F1 individuals 0.12 (0.022–0.12) mm day-1 
n = 54 

0.20 (0.17–0.25) mm day-1 

Size at first reproduction 14.8 ± 0.8 (13.2–16.1) mm 
n = 52 

16.4 (13–18) mm 

Age at first reproduction for F1 individuals 217 days 
n = 52 

116 (110–120) days 

Size of first clutch of F1 2.37 ± 1.54 (1–6) individuals 
n = 37 

 

 
for each snail during the study. Despite the 
uncharacteristically large size of the first clutch, 
the size of this clutch predicted the future 
fecundity of individuals, as the initial clutch was 
correlated significantly with total reproductive 
output (r2 = 0.25, F = 11.83, df = 36, p = 0.002). 
The birth rate of M. tuberculata was high and 
these reproducing snails grew slowly (Table 1). 
Maternal growth rate was positively correlated 
with the adult’s body size at the start of the study 
(r2 = 0.23, F = 11.38, df = 39, p = 0.002, Figure 
2A), but not with total reproductive output (F = 

0.21, df = 36, p = 0.65). Surprisingly, the birth 
rate was not related to the size of the adult (F = 
1.69, df = 39, p = 0.20) nor to the growth of the 
adult (F = 0.008, df = 39, p = 0.93). Over the 
course of the study, the 37 females in culture 
produced 2816 offspring. 

Most of the 54 offspring (96.3%) isolated for 
growth measurements survived to adulthood. The 
two offspring that perished both had shell 
deformities that reduced the size of the aperture 
and they died within a month of birth. Mean 
offspring    shell   length   was   2.47 ± 0.060 mm 
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Figure 2. The relationship of body size to growth for mature Melanoides tuberculata (A) and their offspring (B) grown in the laboratory. Size was 
represented as total shell length. 

Table 2. Static life table calculated from the Volusia Blue Spring census of Melanoides tuberculata in 2012. Lengths at a given age were 
predicted from the monomolecular model calculated from laboratory data on growth rates. Census data at a particular age was used to 
determine demographic parameters: lx (survivorship), bx (birth rate), Vx (mean birth rate per individual), and xlxbx (age specific individual 
birth rate). To determine the survival of the individuals from their release to our collection, the number of age-0 individuals was predicted 
from the Ro (net reproductive rate).  

Age (months) Length (mm) Census (individuals) lx bx Vx xlxbx 

0 2.0 4198  0 0 0 
1 4.6 1100 0.19 0 0 0 
2 6.8 763 0.12 0 0 0 
3 8.7 86 0.11 0 0 0 
4 10.5 55 0.031 0 0 0 
5 12.2 95 0.012 14.7 0.17 0.87 
6 13.7 72 0.0071 14.7 0.10 0.63 
7 15.0 26 0.0095 14.7 0.14 0.98 
8 16.3 16 0.016 14.7 0.21 1.90 
9 17.5 4 0.013 14.7 1.15 1.70 
10 18.5 2 0.014 14.7 1.21 2.00 
11 19.5 2 0.0048 14.7 0.42 0.77 
12 20.3 2 0.0024 14.7 0.21 0.42 

>12 21+ 9 0.0036 14.7 0.32 0.68 

 
when released from the female (Table 1) and this 
initial size was unrelated to maternal body size 
(F = 0.244, df = 46, p = 0.62), maternal growth 
(F = 1.65, df = 46, p = 0.21), or to maternal 
reproductive output (F = 3.11, df = 46, p = 0.084). 
The offspring grew quickly and their growth was 
negatively correlated with initial body size, both 
absolutely (r2 = 0.15, p = 0.008) and as a percentage 
of initial size (r2 = 0.87, p < 0.001, Figure 2B). 
Like the initial size, the growth of the offspring 
was unrelated to maternal size (F = 0.62, df = 46, 
p = 0.44), maternal growth (F = 0.79, df = 46, p 
= 0.38), total maternal reproductive output (F = 
0.29, df = 46, p = 0.60), or to production of F2 
offspring (F =3.09, df =46, p =0.085). Their growth 

slowed with increasing age and size (F = 7288, 
df = 1836, p < 0.001, Figure 3A). However, because 
the smaller individuals grew more rapidly, all 
individuals approached the same mean size by 
maturity, such that the relationship between 
initial body size and later body size disappeared 
by the end of the study (F = 3.12, df = 46, p = 
0.084, Figure 3B). These offspring reached maturity, 
as indicated by release of the first clutch, by 14.8 
± 0.81 mm, although the smallest snail to release 
offspring was 13.2 mm in length (Table 1). 

When presented with juvenile M. tuberculata, 
all three crayfish rapidly attacked them. However, 
most attacks were unsuccessful, as suggested by 
the regular    sounds of snails dropping to the bottom 
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Figure 3. Size dependent growth of Melanoides tuberculata in 
the laboratory. The growth curve indicates a reduction in growth 
with age (A) and all individuals grew to approximately the same 
size by maturity, regardless of initial body size (B). Size was 
represented as total shell length. 
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Figure 4. Size selective consumption of snails by Procambarus 
sp. The bars represent the grazing rate on the two (trial 1) to three 
(trial 2) size classes of M. tuberculata. Error bars represent 
standard deviations. Small snails were represented by 1–2 mm 
individuals; medium snails by 2–3 mm individuals; and large 
snails by 3–4 mm individuals.  Size was represented as total shell 
length. 
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Figure 5. The distribution of individuals with respect to age as 
estimated from the monomolecular model calculated in the 
laboratory. The black lines represent differences in the estimated 
mortality rates at different ages. 

of the jars and observation of intact dropped 
snails. Despite the apparently low success rate of 
attacks, the crayfish consumed 4.9 ± 0.96 to 5.1 
± 0.50 snails day-1 and they preyed upon the 
smallest snails preferentially (H = 7.2, k = 3, p = 
0.026, Figure 4). Although the first trial yielded no 
significant difference between grazing rates of 
crayfish on large and small snails, the average 
size of the snails was significantly larger after 
the three day incubation period in the second 
trial (t = -6.30, df = 10, p < 0.0002). 

The static life table calculated from the census 
data indicated that mortality rates on juvenile 
individuals likely was high (Table 2). The majority 
of the snails were immature and, if the population 
that produced those offspring was approximately 
the same size as the census, the census data 
suggested that roughly 75% of the offspring 
produced would not survive a month (1100 age-1 
month individuals/4198 age-0 individuals = 26% 
survival, Table 2, Figure 5). The data also suggested 
that, of those that survive the first month, only 
approximately 10% would survive to maturity. 
Survival of snails larger than 23 mm also appeared 
to be extremely low, suggesting high mortality 
rates for the largest snails as well (Figure 5). 

Discussion 

As expected, M. tuberculata was abundant in 
Volusia Blue Spring, most of the individuals 
collected in the field were immature, and this 
species’ growth and reproductive rates in the 
laboratory were high. These characteristics, in 
combination with its proclivity to move with the 
aquarium trade and its broad tolerances and 
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feeding preferences (Madsen 1992; Rader et al. 
2003; Coat et al. 2009), may help to explain its 
ability to colonize and, in some cases, dominate 
the snail assemblages of systems all over the 
subtropical and tropical world (Pointier 1993; 
Pointier et al. 1993a; Pointier et al. 1994; El-Kady et 
al. 2000; Guimarães et al. 2001; Karatayev et al. 
2009). Future research should determine how natural 
variation affects the birth, growth, and death 
rates of this species in the wild. Furthermore, the 
species’ success also may be the result of repeated 
introductions; even established populations may be 
regularly re-inoculated (G. Warren, pers. comm.), 
particularly considering that even a casual internet 
search provides a wealth of aquarium sources on 
culture, sale, and trade of M. tuberculata and that 
Florida clearly has an influx of aquarium escapees 
(Padilla and Williams 2004). 

In this study, the population density of 
M. tuberculata (~2,200 individuals m-2) was 
moderate relative to population density estimates 
made in South Florida in the 1960’s (133 - 
37,000 individuals m-2, Roessler et a. 1977) and 
to other parts of the world (100 – 13,400 
individuals m-2 in Lake Chad and Martinique, 
respectively, Lévèque 1971; Pointier et al. 1989). 
Specimens of M. tuberculata from Volusia Blue 
Spring grew at a similar or slower rate than 
laboratory-reared morphs from the West Indies 
(Table 1, Pointier et al. 1993b, Facon et al. 2005) 
and from Israel (shell length at 300 days, or S300 
= ~17 mm, Livshits and Fishelson 1983). As a 
result of the relatively slow growth rate, the 
Florida snails reproduced later, but at a smaller 
size than the West Indies snails (Table 1). 
Furthermore, the mean size of liberated offspring 
was slightly larger than those from the West 
Indies, but the smallest snails liberated in our 
study were considerably smaller than the mean 
for those from the West Indies (1.61 mm). It is 
likely that in our cultures, the larger offspring 
were overlooked at the time of release and 
therefore, their liberation size was overestimated. 

The slower growth of our Florida spring 
M. tuberculata specimens relative to snails 
isolated from the West Indies may have been due 
to a combination of lower culture temperature, 
the reduction in spinach supplementation in the 
latter part of the experiment, and differences in 
life history characteristics of the morph in 
question. The temperature of the West Indies 
cultures was not reported by Pointer et al. (1992) 
or by Facon et al. (2005), but their surface water 
temperatures were undoubtedly higher than the 
year-round  21oC of Volusia Blue Spring   and our 

 
Table 3. Life table parameters for Volusia Blue Spring and West 
Indies Melanoides tuberculata. For Volusia Blue Spring, daily 
rates of  G = generation time,  r = instantaneous rate of increase,  
 = finite growth rate are presented with Ro = net reproductive 
rate. Pointier et al. (1992) presented data in fortnights; therefore, 
data presented in parentheses for Volusia Blue Spring represent a 
conversion of the daily values to values in fortnights. 

Parameter Volusia Blue Spring West Indies 

G 8.27 (16.54) 23.1–33.6 
Ro 1.20  
r 0.0098 (0.094) 0.14–0.24 
 1.01 (1.10) 1.15–1.28 

laboratory. Second, our snail containers were 
colonized by many species, including abundant 
algae upon which the snails apparently fed and 
we reduced spinach supplementation. Interestingly, 
one species of algae, Vaucheria sp., became 
superabundant in the containers, perhaps due to a 
lack of snail foraging on this species. This 
species is a nuisance alga that produces 
extensive algal mats in Volusia Blue Spring.  
Finally, it is possible that the Volusia Blue 
Spring morph used in this study is not one of the 
morphs that invaded the West Indies, which 
varied in life history characteristics themselves 
(Facon et al. 2005). Facon et al. (2003) identified 
morphs from all over the world and the morphs 
that they analyzed from Florida matched morphs 
from Indonesia and Brunei, although certainly it 
is possible that their subsample only picked up 
one of several morphs that has invaded Florida. 

The life table estimates of population growth 
rates were extremely rough. It is likely that birth 
rates calculated in the laboratory overestimated 
field birth rates, even given the reduction in 
spinach supplementation in the latter five months 
of the study. Furthermore, the monomolecular 
growth curve adequately described the growth of 
snails in the laboratory; however, the asymptote 
for this curve was much smaller than the largest 
snail observed in the field (29 mm vs. 39 mm) 
and the laboratory growth curve would predict 
that the largest snail in the field would be 
infinitely old. Therefore, it is likely that we 
underestimated growth rates. However, the life 
table parameters that we calculated from our 
field census/laboratory growth and birth rates 
were comparable to those calculated for West 
Indies snails by Pointier et al. (1992, Table 3). 
Given its broad ecological tolerances (Mitchell 
and Brandt 2005; Coat et al. 2009; Murray et al. 
2010) and its extreme fecundity, it would appear 
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that M. tuberculata has the potential to rapidly 
expand its population in new suitable habitats. 
Although it is likely that the mortality rates 
calculated from the cultures (3.7%) and from the 
crayfish predation study underestimate mortality, 
two crayfish feeding within 1 m2 could consume 
enough age-0 snails to account for the loss of 
snails between birth and one month. It also is likely 
that other invertebrates and fish consume juvenile 
snails and undoubtedly contribute to the loss of 
larger immature individuals. Predation by musk 
turtles, which have been shown to prey heavily 
on snails (Berry 1975), and raccoons, for which 
widespread incidence of trematode infection 
indicates snail predation (Hamir et al. 1993), may 
account for the high mortality in the larger size 
classes. 

Regardless of the relatively slow growth and 
low fecundity that we observed in this study 
compared to the growth of West Indies morphs, 
our Volusia Blue Spring population was extremely 
fecund and matured quickly in the larger context 
of proliferation in Florida springs. Even if our 
rough life table overestimates the population 
growth rate, due to underestimates in mortality 
and overestimates in growth and fecundity, the 
species clearly has the potential to dominate new 
habitats, as has been evident from its displacement 
of native hydrobes in the West Indies (Pointier 
1993; Pointier et al. 1993a) and in South America 
(Pointier et al. 1994; Guimarães et al. 2001; 
Giovanelli et al. 2005; Karatayev et al. 2009) 
and rapid spread in the Great Basin in the 
western US (Rader et al. 2003). This study, and 
others like it, highlight the need for greater 
control over the aquarium trade. 
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