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ABSTRACT

Previously published mtDNA sequence data have suggested
that an undescribed species of Physa (“Species A”) may inhabit
the swamps and ditches in the southeastern Atlantic coastal
plain. These snails are characterized by slender shells and dark
bodies, but are otherwise similar to the more widely
distributed P. pomilia. Mate choice tests revealed significant
sexual isolation between Species A and P pomilia, with homo-
gametic pairings of P pomilia five times more frequent than
hete rogame tic. A set of no-choice outeross expe riments
vielded only self-fertilized progeny from the Species A parent
and upm(lu((nt failure from the pomilia parent, suggesting
complete Species A x pomilia hybrid inviability. The third
species of Physa inhabiting South Carolina, P acuta. is more
genetically similar to Species A but bears a distinctive penial
anatomy. Mate choice tests uncovered no evidence of sexual
isolation between Species A and P acuta, and hybridization
occurred readily, with some reduction in parental fecundity
but normal F1 viability. Species A > acuta F1 hybrids appear,
however, to be 100% sterile. Thus, the re thmmlnp between
the degree of reproductive isolation and genetic divergence
seems to be stronger than that between reproductive isolation
and penial anatomy in the physid snails of South Carolina.
.-"h_:,!w Species A warrants formal (ll‘H(‘I‘il)l’iun_

Additional keywords: Speciation, Physella. Physa acuta, Physa
pomilia. mate choice, sexual isolation, hybridization. allozyme
electrophoresis

INTRODUCTION

In recent years, a great deal of interest has locused on the
evolutionary hmlntr\ of freshwater pulmonate snails in the
[an |||\ Physidae ( i\lll(}lll et al., 2003; Bousset et al., 2004
Henry et al., 2005; 2006, Escobar et al., 2007). Their oreat
reproductive plasticity, which includes selfing, mixed-
mating. and outcrossing in either or both sexual roles,

together with their ease of culture and the availability of

genetic markers, has made physid snails a favorite model
for the study of sex allocation generally (Dillon and

Wethington, 1992; Wethington and Dillon, 1991; 1993;
1996, ltJ‘J:) But (l(‘s‘pit(' great advances in our under-
standing of broad aspects of their reproductive biology,
progress in disentangling the complex evolutionary rela-
tionships within the family Physidae has been slow.

The classification S\Ht(’ll] of Georg ge Te (1978; 1980)
recognized about 40 species and sub&.p( cies of physids in
1\0]"[]1 America, arranged into genera and subgenera by
penial anatomy. \.\lthm the group of nmnnml species
bearing the pe nial complex Te characterized as “type-b,”
however, Dillon and Wethington (2006a) reported no re-
productive isolation among P gyrina (Say, 1821), and five
other more recently (lesuﬂ)ed species: P ancillaria (Say,
1825), P aurea (Lea, 1838), P. microstriata (Chamberlain
and Berry, 1930), P pmf\(u (Currier in DeCamp, 1881),
and P utahensis (Clench, 1925). The addition of P. sayi
(Tappan, 1838) to the list of type-b synonyms ol P. gyrina
was suggested by the survey of genetic variation at
allozyme- vn(odmg loci offered by Dl”(m and Wethington

7(1(]61)

In thv group of physids bearing Te’s “penial complex
type-c,” Dillon et al. (2002) could find no reproductive
i%()lclt](]l] among P integra (Haldeman 1841) from the
American n(ntheast P :’:(f('ms!mp."m (Say, 1817) from
the American southeast, or the (.{)hlll()p()lltdll P acuta
(Draparnaud, 1805). de suihed from Europe prior to
any American species of physid. Physa cubensis
(Pleiffer, 1839), from the Caribbean, and P virgata
(Gould, 1855), from the American West, have dls() re-
('L‘nl‘I}-‘ been s_\n()n)nnm(l under P acuta (Paraense &
Pointier, 2003; Dillon et al., 2005). Reproductive isola-
tion is complete, however, between physids bearing
type-b and type-c penial complexes (Dillon et al., 2004).

Te also recognized a group with penial anatomy inter-
mediate between type-b and type-c. These t\pv be”
species included P. hendersoni ((ﬁf](‘n(h, 1925), ()llglmll[}
described as a subspecies of P. pomilia (Conrad, 1834).
But since Te’s observations suggested to him that
P pomilia bore type-c penial Hl()ll)l]{llt}“\ he lowered
pomilia to subspecific status under P. heterostropha and
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raised hendersoni to the rank of species. More thorough
observations and e xperiments have conlirmed, however,
that topotypic P. pomilia bear penial anatomy type-be,
and that they are mnot reproductively isolated from
P hendersoni. a Junior synonym (Dillon et al.. 2007).

Recently a new classification has been proposed synthe-
sizing ll])()ldt()l"\ experiments on reproductive isolation
toge ther with mtDNA sequence divergence and morphol-
(1;:1(‘1] observations (Wethington, 2004; Wethington and

Lvdeard, 2007). This (Id\‘\lf](clfll]l'l recognizes approxi-
mately 12 North American species and documents a loose
corre sp(md( nce between mtDNA sequence phylogroups
and Te’s penial morphologies as outlined above.

In addition, the sequence data of Wethington and
Lydeard suggests that a previously unrecognize (l species
of Physa, Llldld(tf’ll/(‘(] by a d: ik body and elongated
shell, might inhabit the swamps and ditches of the
southeastern coastal plain. This species, bearing the
type-be penial anatomy of P pomilia but genetically
more similar to P acuta, was referred to as “Physa Spe-
cies A”. The purpose of the present paper is to report
the results of experiments designed to test for reproduc-
tive isolation between Phiysa Species A and populations
of the two other physids occurring in South Carolina.
P acuta (type-¢) and P. pomilia (t\pe be).

The origin and evolution of I(‘pl{)(lll(ll\(' isolation has
been the auhj( ct ol intense interest since the e dl]\ twen-
tieth-century birth of the Modern Synthesis (Mayr,
1942: 1963). The barriers that may evolve between a
pair of populations are conve ntionally divided into pre-
zygotic components (such as sexual isolation) and post-
zygotic components  (such as hybrid inviability or
sterility). The former is typically assessed using mate
choice tests (Bateson, 1983) and the latter by no-choice
breeding experiments (Coyne and Orr. 2004). Here we
report the results of both mate choice and no-choice
breeding experiments between a reference population
of Pr’n}w Species A from South Carolina and P acuta.
then (separately) Physa Species A and P. pomilia.

MATERIALS AND METHODS

The Ph_t;x(.' acuta p()pn]:ltinn used to found “line A” for
these experiments inhabits the main pond at Charles
Towne Landing State Park, west of the Ashley River,
within the city limits of Charleston, SC (32.8062° N,
79.9862° W). Snails of this population are not reproduc-
tively isolated from P. acuta sampled near the type local-
ity for the species in France (Dillon et al.. 2002). The
P."u,zsa pmuz!‘m population used here to found “line H”
was collected from the I\p(‘ locality for Physa pomilia
hendersoni (Clench. 1925): the Combahee River at the
US 21/17A bridge, 1 km E of Yemassee, Hampton
County, SC (32.7060° N, 80.8281° W). Dillon et al.
(2007) reported no reproductive isolation between this
population and snails sampled from Conrad’s (1834)
type Imdlll\ for Phl'}\(f pumn'm sensu stricto in Alabama.
The reference population of Physa Species A used to

found line “S™ was collected from the spring by Huger
Creek at Huger Landing, 4 km N ol Huger, Berke I[\
County, South Carolina (33.1305°N; 79.8111°W).

All snails were cultured in transparent pnl\(tll\lmw
10 ounce drinking cups filled with approximately
210 ml of aerated, Illtt red pond water and covered with
a 95 x 15 mm polystyrene Petri dish lid. They were fed
O.S.L Spirulina Aquarium Flake Food. sold in pet stores
primarily as a diet for herbivorous agquarium fishes. All
('.\'[)(’l'itlt(']lth took [)[;1(‘(‘ at room temperature, ell)l)mxi-
mately 23°C. T initially isolated ten wild-collected snails
from each study population in separate cups. collected
eou masses with weekly water change, and reared the
nlfsprmﬂ to 2 mm shell le ngth, approximately 3 weeks
post-hatching (well in d(l\(lll(( of maturity). These three
sets ol wild- u;lh(lul but laboratory born sibships were
designated Al through A10. S1 through $10, and H1
through H10. From these sibships were drawn isolates
for the mate choice tests and pairs of parents for the
study of postzygotic reproductive isolation.

For mate choice tests, large samples of juvenile snails
from all three populations were reared to maturity over
the course of 8—10 weeks isolated in individual cups,
with weekly feeding and water change. Two experiments
were pe rformed: one comparing Spt cies A to P acuta
and the other comparing Species A to P. pomilia. Each
experiment was composed of three trials, each trial in-
volving 10 adult snails from one population and ten adult
snails from a second, all approximately matching in their
shell sizes. Snails were blotted dry and marked with a
small dab of fingernail polish according to their popula-
tion ol origin. Then the '7{1 individuals were simulta-
neously introduced into a 2 liter glass beaker (filled
with 1,400 ml of filtered, aer dt((l pond water) and
placed on a glass table to facilitate observation.

Mating activity was monitored for 6 hours. When a
snail first successfully copulated as male (defined as the
comy lete insertion of its penis into the gonopore of a
p;lrlm'r.‘! it was removed [rom the beaker, its shell marked
with a dot of white correction fInid, and returned. Each
individual was often involved in many matings over the
6 hours of observation, both in the male and in lhv female
role, but only its first successful copulation in the male
role was recorded. This was an arbitrary decision on my
part (since both copu lants in a pair Illl"]ll mate in either
role. and the result is not a “choice” Imt rather the out-
come of a contest). but necessary nevertheless to prevent
double-counting. Note that this design yields a slight bias
toward heterogametic pairings. not 1:1 but rather 9:10.

Each trial m\()]\ul 20 |}L.\ll snails, entirely unmated.
Three such trials were performed testing for sexnal iso-
lation between Species A and acuta (the SA experiment)
and three additional trials performed testing for sexual
isolation between Species A and pomilia (the SH experi-
ment), pooling results within experiment to vield a maxi-
mum of 60 observations in each case. Chi- -square
statistics were calculated from the pair of 2 x 2 contin-
gency t: ables that resulted, normalized Il\ 4/N, as a mea-
sure of sexual isolation (Gilbert and Starmer. 1985).
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For no-choice tests of postzygotic reproductive isola-
tion, three sets of incross control cups were established
using pairs of unrelated parents drawn from the ten sib-
ships within each of the populations (S, H. and A). as for
example S1x52, S2x83, ..., S10xS1. Two sets of out-
cross experimental cups were also established with 10
pairs of snails across populations, the SA cross (SxAl,
SxA2, ..., SxAl10) and the SH cross (SxH1, SxH2, .
lell[l) “L(h pair of f pare nts received a water change

and fresh food every 7 days, at which time the sides o['

the cup were inspected for egg masses. (Note that any
egg mass might result from outcrossing, or be the prod-
uct of self- l( rtilization by either parent.) If egg masses
were present, all {ml)t\m were counted (m(l adults
transferred to a fresh cup. Eggs were monitored until
hatching (generally about 2 weeks) and all viable, crawl-
ing F1 juveniles counted. Observation was terminated
upon the death of either parent in a pair.

Crosses were initiated with pairs of snails aged one
week post hatch. Then any difference in tlu’ central
tendency of age at first upm(lmtl(m (in weeks post
hatch) ) be ‘tween the 10 outcross l""” and the combina-
tion of both sets of 10 corresponding control pairs was
tested by calculating a combined (30 pair) median and
comparing counts above and below that median using
Fisher’s exact tests.

For statistical analysis of fecundity and F1 viability,
week 1 was established se parately for each set of 10
Ihllls as the [irst week in which eggs were laid by 3 or
more pairs of parents. Embryos and viable h: u(hhntrs
were subsequently counted for 10 weeks. I then aver-
age :d the embryo pm(lu(hm] of each l)du of parents
across its hfellm(' ignoring any I(’ddlntf (pre- mdtmlr\)
zeros and any postmortem zeros, while including as
0 any failure to upmduu' by viable, mature p‘urs ‘50
for ('\amph- if one parent in a pair of snails died at week
6. leaving a record of 0, 0, 40, 0, 50 embryos for the pair,
their mean fecundity would be 90/3 = 30 embryos per
week. A Kruskal-Wallis nonparametric ANOVA was used
to test whether any significant difference existed in the
central tende TICY {J[ wee ]\I\ mean [ecunditv ol either set
of 10 outeross pairs (SH or SA) and the 2 (~(}rrr5p(}1l(hng
sets of 10 control pairs.

Similarly, T averaged the counts of F1 hatchlings with-
in pairs across wee L\ ignoring zeros not corre spon(hntr
to embryo production, and divided each pair mean hy its
mean cmln\n production to obtain pair mean F1 viabili-
ty. [f 35 + 45 hatchlings were recovered from the exam-
p]v pair of snails (II)H\(’ their mean F1 viability would be
(35/40 + 45/50)/2 = 858.9%. A second Kruskal-Wallis non-
parametric ANOVA was use d to test whether any signifi-
cant difference existed in the central tendency of wee kly
mean F1 viability posted by either set of 10 outcross pairs
and its 2 cor wspmulmu sets of 10 control pairs.

To assess the fertility of putative hybrid offspring, F1
hatchlings (from both experimental sets and all three
control sets) were reared from each of 3 w])(u.ll(* unre-
lated l):m'a' to size 2 mm. These were crossed in time
series: 1 early pair from eggs laid around week 1, 1 mid-

dle pair produced around week 5, and 1 late pair pro-
duced around week 10, to yield 9 F1 pairs. So if the
putative hybrid progeny were reared from pairs SxAl,
SxA2, and SxA3, for ex ampl(‘ the Vowere crossed as
SA1xSA2 early, SA2xSA3 early, SA3xSAl early,
SA1 xSA2 middie, SA2xSA3 middle, ... SA3xSAl late.
\Jlm crosses were likewise constituted I()t corresponding
controls S and A, and the total of 3 x 9 = 27 crosses of
F1 snails reared to adulthood for each experiment, with
weekly feeding and water change. An identical set of
27 cups was established to ev valuate hybrid fertility in the
SH experiment. I recorded the dates at which emhnos
and viable I'2 hatchlings were produced by each pair.

A larger sample of I* 1 progeny from 3 outcross pairs
[rom both the SA and SH experiments were reared to
4-5 mm shell length, at which time they were frozen in
100 ul of tissue buffer for analysis by allozyme electro-
ph()rﬁs]\ We have identified 12 e nzyme-e ncndlng loci at
which allozyme variation is Illl(‘il)lf:‘ table as the product
of codominant alleles segregating in Mendelian fashion
(Dillon and Wethington, 1994). These are aconitase
(Acon), esterases (tlm’v loci: Estl, Est3, Est6), glucose
phosphate isomerase (Gpi), isocitrate dehydrogenase
(two loci: Isdhl and Isdh2), leucine dnunopeptlddse
(Lap). mannose phosphate isomerase (Mpi), phospho-
glucomutase (two loci: Pgm1 and Pgm2), and 6-phospho-
gluconate dehydrogenase (6pgd). We used horizontal
starch gel electrophoresis in an aminopropylmorpholine
pH 6 hulfe: system to resolve allozyme variation at the
Gpi, Isdh, and 6ped loci, a Tris- Citrate pH6 bufter sys-
tem for Acon, Mpi, and Pgm, and a TEBS system for
6pgd, Lap, and Est. Det ails regarding our ele(lmpho—
retic methods, including a description of our equipment
and recipes for stains and buffers, have been previously
published (Dillon, 1992; Dillon and W elhmgﬁt{m 1995).

The set of no-choice mating experiments described
above were conducted simultaneously with those of Dil-
lon et al. (2007), using identical techniques. The data
reported here on the reproductive performance of the

A and H incross control lines have been published pr‘e
\lt)llsl\ although the SA and SH experimental results, :
well as the S incross control, are original to the pre senl
investigation.

RESULTS

The SA mate choice (\l)tnm( nts did not reveal anv
evidence of sexual lH()]dll(m between Species A and
P. acuta (Table 1, upper). A total of 49 copulations were
observed (of a l)()'\'-.lhl(' 60 l()tdl d])p‘m‘ntl}- without
regard to species (normalized x> = 0.82, p = 0.37). The
SH e xperiments did, however, suggest prezygotic repro-
ductive isolation between Species A and P pomilia
(Table 1, lower). The 38 {()pll](lh()]lh observed in the SH
mate choice tests included only 2 of pomilia inseminated
hy a Species A partner, while 10 pumifiu were inseni-
nated by pomilia partners. There was also a bias toward
|1(;|11(>:»’.}'gt1liL' pairings on the Sl)(*ci('s A side, /\_-ir;’lt]ing a
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Table 1. Copulations observe l] in the two mate choice
experiments, Physa Species A = P acuta (above) and F’frg_.:.w!
Species A x P. pomilia (below).

Males

Homogametic Heterogametic Totals

Females Species 15 15 30
A(S)

P acuta (A) 12 7 19

49

Females Species 16 10 26
A(S)

P pomilia (H) 10 2 12

38

\lg_,mh(dnt overall deviation from random mating (nor-
malized ¥~ = 6.63, PE 0.01).

Reared together in a no-choice design, mixed pairs of

Species A and P acuta showed no {1{*1‘1\ in age 4( first
reproduction, their modal age at maturation (7 wks)
indeed s.];g_,htl} less than that observed in either umtclw{]
Species A « matched acuta control pairs ( (Table 2).
A ledu(h()n was dppdl(ml in parental fecundity, however,
the median of 55.2 nnhnm/\vl\ l)ustv(l I)\ SA ontcross
pairs significantly below both controls (p = 0.027).
The JSJ% median viability of the F1 Species A / acula
hybrids was intermediate  between the F1 viabilities
observed from incross controls.

Electrophoretic analysis of a sample of offspring |“rmn
three SA outcrosses confirmed the hybridity of all F
progeny. One pair of parents was I{)llmlmlsl\ fixed [m
alternative alleles at the Isdh locus, vielding a sample of

twelve entirely heterozygous progeny. A second pair of

SA parents were both hctem/\gml\ at the Est3 locus
(Est3'""Est3% x Est3"%/Est3™ \1(‘](1]110 twelve F1 proge-

ny in }()lll (I:l‘\\[‘\ I]l(’ t]]l]{] l)(l]l ()I l)dl( nts lll(llltll (1 one

Table 2. Statistics comparing the fitness of Phiysa Species
A x P acuta outcrosses to pure .”h_r,r.\'n Species A and pure
P. acuta controls. -

Species A SA outcross P acuta

First oviposition, P generation

Mode (weeks post hatch) S 7 8
Range 75 7-10 5-10
\\-‘"[—*[—‘H_\_' mean |):|nlnt;|l
fecundity
Median (embryos) 75.4 552 66.9
Range 19-105 15-851 17-104
Weekly mean F1 viability
Median (%) 80.5 73.1 61.7
Ran}_{(- 66-91 49-99 45-86
I Fertility 67% 0% 100%
Viable F2 hatch
Median (week) 12.5 9
Range 4-19 - 9-11

heterozygote at the Isdh locus (Isdh'/Isdh'® x Isdh'™/
Isdh™"). am] one hete m/\(mlv at the Est3 locus (Est3'/

Est3®? x Est3%%/Est3%), vielding at both loci twelve F1
progeny anmtntm” the h(lmn/\ gous and one homozy-
gous class, missing the other ||mn()/\tf(ms(](m entirely. The
likelihood of missing a single llunm/\ﬂum class in twelve
selled progeny [rom a hete rozygous parent would be 0.032.

None of the nine pairs of F1 progeny from the SA
outcross produced viable F2 offspring. One SA pair was
terminated early by mortality, while the other eight pairs
all laid eggs pm[m(l\ h(’”]l]ﬂl!]” at week 7 dll{] extend-
ing to \w('L 19. All egg masses Taid by all eight pairs of
SA hybrids over the 12 week period were ]l( Id for five
weeks. with no hatching observed.

Reared together in a no-choice design, pairs of Species
A and P pomilia demonstrated significant delays in age at
first re ])m(hl(h(m behind that posted by their combined
controls (Fishers exact p = 0.003). Their modal age of 9
weeks at the onset of egg laying was slightly behind both
the Species A control and the pomilia control (Table 3).
The median parental fecundity of 27.3 embryos/wk
posted in the SH outcross experiment was also sigmifi-

Llnﬂ\ lower than both incross controls (l) = {)(}(}3}, and
the median viability of their progeny (64.8%) lower than
the Species A control. Only one of the nine pairs of first

generation progeny from the SH e xperiment vielded via-
ble second generation {)!!slmng_ at week 20. Most of the
e mmw |11\t generation p,u]\ laid eggs that failed to
hatch, generally over many weeks of Uh\( srvation.

Ele (lmplnmll( analysis revealed that two sets of SH
parents were lmtmtmlsl} fixed for alternative alleles at
the LAP locus. Samples of ten first generation progeny
from both of these crosses vielded (ml\ one ||t)nm/\rft1m
class, strongly suggesting self-fertiliz tion by the Sl)( cies
A parent, dnd no upm(lu(tmn by the __.')mu.'hrf parent.
Absence of suitable genetic markers made inference re-
garding the third set of SH progeny analyzed equivocal.

Table 3. Statistics comparing the fitness ol Physa Species
ALK B pm:ur’m outcrosses to pure I’J’ujw Species A and pure
P pomilia controls.

Species A SH outeross P pumih’r;

First oviposition, I’ generation
Mode (weeks post hatch) S 9
Range 7-8 8-12 7-11

\\'('(-‘]\'I_\ mean ]]:lrl'nl;ll
fecundity

Median (embryos) 75.4 279 57.4

Range 19-105 7—41 19-68
Weekly mean F1 viability

Median (%) 505 64.8 55.8

Range 6G6-91 10-86 33-86
Fl F('l'ti“t) 67% 10% T8%

Viable F2 hatch
Median (week) 12.5 20 5

Range 4-19 - 3-8




Page 280

THE NAUTILUS, Vol. 123, No. 4

DISCUSSION

The experiments reported here confirm reproductive
isolation between the “Physa Species A” of Wethington
(2004) and populations representing both of the other
physid species inhabiting South Carolina, P. acuta and
P pomilia. An initiative to formally describe Species A
has just been published (Wethington et al., 2009). The
reproductive isolation displayed h\ these three species is
of different degrees, however, and apparently more
closely related to their genetic divergence than to their
reproductive anatomy.

Physa Species A and P acuta cluster in the same
mtDNA pl]\lmrmup (Wethington and Lydeard, 2007)
but differ in their penial anatomy. The mate choice tests
reported here yielded no evidence of sexual isolation
between them. A significant reduction in the joint fecun-
dity of Species A x P. acuta outcross pairs was indeed
revealed by no-choice breeding experiments, although
there was no evidence of wdnu(l viability in the Fl
hybrids such crosses produced. Species A x acuta
h\lm(ls were, Im\w\u entirely sterile.

Physa Species A and P. pomilia share identical type-be
pe nial anatomy, but are more distantly related gene tical-
ly. The reproductive isolation that Species A and pomilia
[ll‘uplrl\ under controlled conditions is of a greater degree
than that observed between Species A r.lll(.l acuta. Pdu('d
in a no-choice design, Species A and pomilia parents
displayed delayed re 111(){1|1Lt|(:11 reduced fertility, and re-
duced offspring viability. All the viable first-generation
progeny recovered from SH outcrosses were attributable
to self-fertilization by the Species A parent, reproduction
by the pomilia pdl(—‘lll apparently foreclosed. It seems
like ly that the substantial reduction in reproductive suc-
cess demonstrated in the second generation by SH off-
spring may be attributable to Spv(ws A mlnee(hntr
depression. Such results are quite simiar to those we
obtained from crosses between the type-c¢ Physa acuta
and the type-b Physa gyrina (Dillon et al., 2004).

In addition, mate choice tests returned evidence of

prezygotic |(pmdn(l|\e isolation between Spemes A
and P punuhrr P]l\\lds seem to mate d('umlmtr to a
modified “Bateman’s Principle” (Bateman, 1949). They
are generally quick to copulate as males, and dlspld\
|1tt|v diserimination, but when mounted in the female
role they can be choosy. often displaying rejective be-
haviors like evasion am] shell- s]m]\nur (DeWitt, 1991;
1996; Wethington & Dillon, 1996; \IL(adllh‘v and Sih,
2008). Only 38 of the 60 snails tested in the SH mate
choice experiments were ultimately able to mate as

males, at least l)cutlx because of the high frequency of

rejective behaviors they encountered in heterogametic
couplings. Our obse rvation that pomilia L(:pl.l]dnts were
more rejective of heterogametic insemination than Spe-
cies A copulants may be related to our separate observa-
tion that the S[J(ths A partner in our SH no-choice
experiments retained the ability to reproduce by self-
fertilization, while the pomilia partner dppdlenl]\ did
not. This situation is similar to that we have previously

described for the interspecific pairing of Physa acuta
and P. pomilia (Dillon et al., 2007).

Although nothing is known about the genetics of re-
productive isolation in pulmonate snails, a large body of
research has confirmed that both prezygotic and pmt/\—
gotic barriers are inherited in a complex and polygenic
fashion in Di osophila (Wu and Palopoli, 1993; Ritchie
and Phillips, 1998). In general it has been found that
postzygotic isolating mec hdmsms evolve independently
of, and tend to ng behind, prezygotic mechanisms
(Coyne and Orr, 2004). Whether the latter can be rein-
forced by natural selection on the former is controver-
sial. Experiments to trace the evolution of both sets of
characters through the larger phylogeny of the Physidae
are currently ongoing.
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