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Evolutionary ecologists strive to understand how natural 
selection, sexual selection and sexual confl ict infl uence repro-
ductive strategies (Andersson 1994, Arnqvist and Rowe 2005). 
Most of this work (both theoretical and empirical) has con-
cerned gonochoristic species – those with two separate sexes, 
male and female. In hermaphrodites, organisms which have 
both male and female sexual structures, reproductive decisions 
also involve sex allocation (how much energy an organism 
devotes to male vs female function, Charnov 1982) and the 
extent of self-fertilization vs outcrossing (Escobar et al. 2011). 
Studying hermaphrodites adds to the general understanding of 
evolutionary principles and expands our view of the diversity 
of sexual strategies present in natural systems. Although 
increasing attention has been devoted to these species, recent 
reviews call for empirical studies to complement theoretical 
work and to determine whether results are generalizable 
among hermaphrodite species (Anthes et al. 2010, Schärer et al. 
2014). Freshwater snails are emerging as model systems for 
addressing key questions about reproduction and mating strat-
egies in hermaphrodites (Nakadera and Koene 2013). Yet these 
efforts are often hampered by the fact that mating often occurs 
in the dark and positioning of mating partners makes it diffi -
cult to determine behaviorally not only which individual is act-
ing in the male or female role (or both), but also when actual 
mating and sperm transfer begin and end (Jarne et al. 1993). 
Methods to track individuals and identify parentage are there-
fore essential to data collection. Although DNA fi ngerprinting 
and microsatellite markers are now commonly used and 

RESEARCH NOTE

The genetic basis of albinism in the hermaphroditic freshwater snail 
Planorbella trivolvis

Cynthia G. Norton1, Angela F. Johnson1, and Betsy M. Nelson1

1Department of Biology, St. Catherine University, 2004 Randolph Ave., St. Paul, Minnesota 55105, U.S.A., cgnorton@stkate.edu

Abstract: In many species, the difference between pigmented and non-pigmented individuals is due to a single recessive Mendelian gene. We 
have demonstrated that this is also the case in the freshwater hermaphroditic snail, Planorbella trivolvis (Say, 1817), and established an albino 
population with comparable genetic background to a wild population so that pigmentation can be used as a visible genetic marker to better 
understand the reproductive biology of these mollusks. We carried out Mendelian crosses between albino (A) individuals from an inbred 
laboratory strain and pigmented (P) individuals one generation removed from a natural population and assessed pigmentation of progeny 
from eggs collected immediately after mating and 11 weeks later. Results of parental, F

1
, and F

2
 generations and backcrosses to pure-breeding 

albinos were consistent with a Mendelian single gene inheritance pattern. Because we never observed albino progeny from any albino snails 
mated to pigmented sperm donors, we also confi rmed that selfi ng is rare in P. trivolvis. A simple non-invasive paternity marker in this unusual 
hermaphrodite snail that displays almost no self-fertilization will facilitate experiments to understand its reproductive biology and provide a 
more complete picture of hermaphrodite mating strategies.

Key words: genetic marker, self-fertilization, Helisoma trivolvis

becoming less expensive, we focused on a simple phenotypic 
marker, pigmentation, as this marker can easily and non-
invasively be used to track paternity.

In freshwater hermaphroditic snails, albinism has often 
been used as a genetic marker, since in most species the differ-
ence between pigmented and non-pigmented individuals is due 
to segregation of a single recessive Mendelian gene. As early as 
1927, the simple genetic basis of albinism was implicated in 
Lymnaea peregra (now Radix peregra (Müller 1774), Boycott and 
Diver 1927), and this pattern of inheritance has been confi rmed 
in Pulmonate snails including: Lymnaea stagnalis (Linnaeus 
1758, Cain 1956), Australorbis glabratus (now Biomphalaria gla-
brata (Say 1818), Newton 1954), Biomphalaria (Preston 1910) 
spp. (Richards 1967, 1975, 1978), Bulinus africanus (Kraus 1848, 
Rudolph and Bailey 1983), Physa heterostropha (now Physella 
heterostropha (Say 1817) synonymous with Physella acuta 
(Draparnaud 1805), Dillon and Wethington 1992) and Helisoma 
duryi (now Planorbella duryi (Wetherby 1879), Madsen et al. 
1983). These albino alleles are generally rare in natural popula-
tions where outcrossing is common, but may reach high fre-
quencies in self-fertilizing species such as Biomphalaria pfeifferi 
(Kraus 1848, Mouahid et al. 2010 and references therein). Our 
aim was to determine whether albinism is similarly inherited as 
a Mendelian recessive in the hermaphroditic freshwater snail, 
Planorbella trivolvis (Say 1817), and to establish an albino popu-
lation with a more diverse genetic background than available 
laboratory populations so this simple visible marker can be used 
to investigate factors contributing to reproductive strategies.
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Planorbella trivolvis (Say, 1817 Hygrophila: Planorbidae, 
formerly known as Helisoma trivolvis) is a hermaphroditic 
freshwater Pulmonate snail widely distributed across the US 
and Canada (Johnson et al. 2013). Individuals may mate as 
male, delivering sperm to a partner, or as female, producing 
eggs, and often mate reciprocally, acting simultaneously as 
male and female (Abdel-Malek 1952). Following mating, eggs 
are laid approximately daily in jelly-enclosed masses contain-
ing on average 20 individual eggs (Norton and Newman 2015). 
A single mating opportunity can provide enough sperm to fer-
tilize several thousand eggs, as sperm can be stored for at least 
16 weeks. Although most hermaphroditic freshwater snails 
will produce self-fertilized eggs when isolated, P. trivolvis have 
rarely produced selfed offspring in the laboratory (Crabb 1927, 
Paraense and Correa 1988, Escobar et al. 2011, Norton and 
Newman 2015), which makes them a unique system for study-
ing hermaphrodite reproductive strategies since matings can 
be easily controlled and progeny assumed to result from cross-
fertilization. Individuals in the wild are typically pigmented, 
but several labs maintain albino populations.

Our fi rst goal was to determine the genetic basis of albi-
nism in P. trivolvis using Mendelian crosses between snails 
from a laboratory albino population with non-pigmented 
tegument and eyes and pigmented individuals derived from a 
wild population where albinism has never been seen (Dillon, 
pers. comm.). Based on the mode of inheritance in other 
Pulmonate snails, we hypothesized that the pigmentation dif-
ference between wild-type and albino individuals is caused by 
a single locus autosomal recessive Mendelian gene. Secondly, 
we were able to use these experiments to investigate the extent 
of self-fertilization in mated individuals. Based on earlier 
studies of isolated snails (Norton and Newman 2015), we 
hypothesized that selfi ng would be rare.

MATERIALS AND METHODS

Study populations
Albino (A) Planorbella trivolvis were the progeny of snails 

with non-pigmented tegument and eyes sampled from a lab-
oratory population originally derived from two non-pigmented 
individuals found in a laboratory stock in 2002. Pigmented 
(P) snails were the progeny of individuals collected from a 
pond at the entrance to Charles Towne Landing State Park 
(Charleston, NC 32.8068 °N; 79.9902 °W) where albinism has 
never been observed in years of collecting (Dillon pers. 
comm.). Small percentages of albino snails in wild Helisoma 
trivolvis (Say 1817, now considered Planorbella) populations 
were reported by Page (pers. comm. as reported in Studier 
et. al. 1975), but these are the only published estimates. Although 
it is possible that the pigmented snails could have mated with 
albinos in the fi eld, it is unlikely. The test snails came from 

eggs laid by nine individuals from each population within a 
one week period.

Crosses
We isolated fi fty-four snails of each type (6 from each adult) 

at 10 weeks of age in 296 ml plastic cups fi lled with dechlorinated 
tap water. We fed them approximately equal amounts of boiled 
romaine lettuce (approx. 2x2 cm, an amount typically eaten in 
3–4 days by adult snails housed alone in the lab) and changed 
water twice per week. Trays of snails were kept in the laboratory 
at room temperature (~22 °C) and with ambient light on a roll-
ing cart with multiple shelves. Parental and F

1
 matings were set 

up at 18 weeks, when snails were approximately 126 days old, 
well after sexual maturity (104.3 ± 9.7 d = 14.9 weeks; Escobar 
et al. 2011). Snails were paired randomly with a partner in a sin-
gle cup for one week, and then separated in individual cups one 
week later. Since both members of a pair typically lay eggs, each 
pair generates two sets of offspring, one from each partner; the 
individual laying eggs is considered the sperm recipient and the 
partner the sperm donor. We set up 18 crosses of each type: 
Albino x Albino, Pigmented x Pigmented, and Albino x 
Pigmented. The fi rst two crosses (comparable to Mendelian 
parental crosses), designated AA and PP (N = 36 snails in each 
cross), allowed us to characterize each original population. Since 
both parents produce eggs as well as contribute sperm to their 
partner, the Albino x Pigmented crosses served as reciprocal F

1
 

crosses with 36 focal individuals designated AP (N = 18) or PA 
(N = 18); the fi rst letter indicates the maternal parent/sperm 
recipient and second the paternal parent/sperm donor. AP snails 
were thus albino snails with pigmented sperm donors, and PA 
snails were their partners, pigmented snails with albino sperm 
donors. Progeny of these matings (collected from the second 
week of egg production post-mating) were then used to establish 
the F

2
 generation (AP x AP, N = 6; PA x PA, N = 10; and AP x 

PA, N = 15) and backcrosses of F
1
 to the albino stock (PA x A, 

N = 13 and AP x A, N = 15).

Phenotypes
To determine the pigmentation phenotypes of progeny, 

we collected up to three egg masses from individuals in each 
cross type during the fi rst week after mating. We collected 
eggs from ¼ of the parental snails (9 PP and 9 AA individu-
als), all of the F

1 
snails (18 PA and 18AP individuals), and all 

of the F
2
 and backcross snails. Egg masses were cut out of the 

plastic cups and maintained in separate wells of 12-well tissue 
culture plates fi lled with dechlorinated tap water. We identi-
fi ed whether the developing embryos were albino or pig-
mented (the eyes of pigmented individuals contain dark 
pigment and those of albinos lack pigment) by observing 
each egg mass under an inverted tissue culture microscope at 
40x. For the parental and F

1
 crosses, we collected egg masses 

from these same individuals 10 weeks later to determine 
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whether any individuals may have been producing selfed eggs 
once allosperm (contributed by the mate) was becoming 
depleted. We also assessed the pigmentation phenotypes of 
juveniles hatched from egg masses not observed earlier to 
verify pigmentation of the body as well as eyes.

If the original populations are true breeding (homozy-
gous for either the albino or pigmented alleles) and the pig-
mentation differences between them are caused by a single 
locus Mendelian recessive gene, A x A crosses are expected to 
produce all albino offspring, P x P crosses are expected to 
produce all pigmented, and in the absence of self-fertilization 
all F

1
 progeny should be pigmented. F

2
 progeny are similarly 

expected to be ¾ pigmented and ¼ albino, and backcross 
progeny ½ pigmented and ½ albino. To test whether the out-
comes of these crosses conformed to expected Mendelian 
ratios, we carried out chi-square goodness of fi t tests with one 
degree of freedom and an α level of 0.05. Any individuals that 
produced fewer than 18 embryos in collected masses (8 from 
the F

2
 and 4 from backcrosses) were excluded from the analy-

sis to avoid small biased samples.

RESULTS

Phenotypes
Progeny from the parental A x A crosses were all albino 

(as indicated by non-pigmented eyes), and those from P x P 
crosses all had pigmented eyes (Table 1). This was the case for 
embryos collected both one week and 11 weeks after mating. 
Juveniles from eggs laid 1–3 weeks post mating and observed 
12 weeks later exhibited the same pattern – those from A x A 
crosses had non-pigmented eyes and tegument and those from 
the P x P crosses had pigmented eyes and tegument. All prog-
eny from the F

1
 crosses (embryos week 1, embryos week 11 and 

juveniles) whether produced by albino (AP) or pigmented (PA) 
individuals were also pigmented. In no case did an albino snail 
mated to a pigmented snail produce albino offspring.

Phenotypic ratios in the F
2
 progeny conformed to the 

expected 3:1 pigmented to albino Mendelian ratios (Table 2). 
Progeny from each of the cross combinations as well as the 
combined totals show no signifi cant differences from those 
expected. Similarly, for the backcrosses, there were no signifi -
cant differences from the expected 1 pigmented: 1 albino 
phenotypic ratio (Table 2).

DISCUSSION

Genetics of albinism in Planorbella trivolvis
Our data demonstrate a single gene basis for albinism in 

Planorbella trivolvis, with phenotypic ratios conforming to 
Mendelian expectations. Phenotypic ratios of parental, F

1
, F

2
 

generations and backcrosses are all consistent with those 
expected from a single locus autosomal recessive mode of 
inheritance. These results confi rm our hypothesis and are 
consistent with the mode of inheritance of albinism in other 
freshwater hermaphroditic snails (Boycott and Diver 1927, 
Cain 1956, Newton 1954, Richards 1967, 1975, 1978, Rudolph 
and Bailey 1983, Dillon and Wethington 1992, Madsen et al. 
1983). The ability to use pigmentation differences as a genetic 
marker in P. trivolvis will help to further our goal of develop-
ing this species as a model system for understanding her-
maphrodite reproductive strategies. Albinism has been used 
in many other snail species to study frequencies of self- vs 
cross-fertilization (Paraense 1955, Guimarães et al. 2016), the 
age at which female and male function mature (Wethington 
and Dillon 1993), duration of sperm storage (Cain 1956), the 
infl uence of mating history on gender roles and gender con-
fl ict (Wethington and Dillon 1996), and fl exibility of gender 
roles (Vianey-Liaud 1989). We have now established a popu-
lation of albino snails derived from homozygous albino off-
spring of F

2
 crosses which has a genetic background more like 

that of wild populations than current existing laboratory 
populations (they share approximately half their genome 
with the wild caught populations) which will facilitate similar 
studies.

Self-fertilization
In the current study we were also able to assess the fre-

quency of self- and cross-fertilization in P. trivolvis. In no 
instance did albino snails mated to a pigmented partner (in the 
F

1
 A x P crosses) produce albino offspring. The absence of 

Table 1. Phenotypes of offspring from parental (AA and PP) and F
1
 

(AP and PA) crosses. Sample size (N) indicates the number of indi-
viduals from which eggs were collected at each time period.

Cross
Source of Individuals 
(time post-mating) N Albino Pigmented

AA embryos (1 week) 9 345 0
embryos (11 weeks) 6 151 0
juveniles (1 week) 17 124 0
Total 620 0

AP embryos (1 week) 17 0 714
embryos (11 weeks) 15 0 583
juveniles (1 week) 12 0 61
Total 0 1358

PA embryos (1 week) 14 0 536
embryos (11 weeks) 6 0 114
juveniles (1 week) 12 0 65
Total 0 715

PP embryos (1 week) 7 0 309
embryos (11 weeks) 8 0 366
juveniles (1 week) 27 0 89
Total 0 764
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albino progeny from these crosses not only confi rms the rarity 
of albinism in this wild population, as albino progeny could 
also have resulted if a pigmented sperm donor carried a reces-
sive albino allele, but it confi rms that these snails exclusively 
use allosperm to fertilize their eggs, even when they have mated 
with another individual. This was the case in the fi rst week 
post-mating as well as at 10 weeks later, when snails were laying 
fewer egg masses and fewer eggs per mass, presumably as a 
result of sperm depletion. These results from the albino labora-
tory stock are consistent with the extremely low level of self-
fertilization we have observed in pigmented snails from the 
wild-caught South Carolina population isolated before sexual 
maturity and monitored their entire lives (Norton and 
Newman 2015). This absence of self-fertilization makes P. trivolvis 
particularly interesting as a model system for investigating 
reproductive strategies in hermaphrodites without the compli-
cation of autosperm production or selfed offspring.
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