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Minimal Genetic Variation in a Morphologically
Diverse Species (Florida Tree Snail, Liguus
fasciatus)

D. M. Hillis, M. T. Dixon, and A. L. Jones

The Florida tree snail, Liguus fasciatus, is morphologically extremely variable, and
many of the phenotypes occur in geographically isolated populations. Aithough only
a single species of Floridian Liguus has been recognized by most recent authors,
confirming evidence of the conspecific nature of the morphologically diverse pop-
ulations from throughout Florida is lacking. This study involved a genetic survey of
Liguus from throughout Florida, inciuding most of the named varieties, using the
technique of allozyme electrophoresis. Genetic divergence of the populations was
very low. Of 34 loci examined, only one (glucose-phosphate isomerase, Gpi) was
variable, and only two alleles were present at this locus. The maximum genetic
distance among any two populations was 0.03. Observed individual heterozygosity
was minimal (0.0 — 0.029; x = 0.0015); among mollusks, only some self-fertilizing
species have similar levels of heterozygosity. Although most populations are fixed
for one or the other Gpi allele, both alleles are widely distributed. The distribution of
alleles and low genetic diversity support the view of a single, partially self-fertilizing

species that diversified within Florida after a single founder event.

Although there is broad correspondence
between evolutionary histories that are in-
ferred from morphology with those in-
ferred from molecular data (Hillis 1987},
morphological and molecular divergence
sometimes occur at very different rates
(Wayne and O'Brien 1986; Wilson et al.
1977). In some cases, morphologically
similar organisms are genetically diverse
{Hillis 1988; Wayne et al. 1989). In other
cases, major morphological radiations are
not accompanied by much molecular
change (e.g., Meyer et al. 1990). Therefore,
the potential exists to seriously overesti-
mate or underestimate biological diversity
if analyses are limited to a single kind of
comparison.

The Florida tree snail, Liguus fasciatus,
is an extreme example of a polytypic spe-
cies (see cover photograph). Trivial names
are available for at least 58 morphologi-
cally distinct forms in Florida, and many
more forms are known from Cuba (Clench
1946, 1954, 1965; Jones 1979; Roth and Bo-
gan 1984). The Floridian populations of
this species occur in tropical hardwood
hammocks throughout the southern Ev-
erglades, the Atlantic Coastal Ridge of
southern Florida, and the Florida Keys.
Most populations are isolated from other
populations by intervening barriers of wa-
ter, sawgrass, buttonwood, cypress, or pine

forest. Many of these isolated populations
are morphologically distinguishable from
all other populations, although some phe-
notypes are relatively widespread
throughout the range of the species in
Florida (Deisler 1982; Roth and Bogan
1984). Transplantation and crossing ex-
periments have demonstrated that shell
color pattern is genetically determined in
Liguus, although the number of loci re-
sponsible for shell patterns is as yet un-
determined (Hillis et al. 1987; Roth and
Bogan 1984).

Several taxonomic systems have been
used to classify Floridian Liguus. For in-
stance, Pilsbry (1912) recognized 15 sub-
species of three species: L. crenatus, 1. fas-
ciatus, and L. solidus. Simpson (1929)
recognized the same three species, but ex-
panded the number of subspecific names
to 35. Clench and Fairchild (1939) recog-
nized only a single species, L. fasciatus,
with three geographically parapatric sub-
species (lignumvitae, roseatus, and soli-
dus). Subsequently, Pilsbry (1946) adopt-
ed a system he attributed to T. L. and P.
L. McGinty, in which varieties were
grouped within forms, which were grouped
within eight subspecies, which were
grouped within three subspecies groups,
which were contained within the single
species L. fasciatus. However, Pilsbry (1946:



50) noted that his “subspecies™ were not
geographical races and suggested that
races that had been originally allopatric
had become sympatric through the ex-
pansion of hammocks. If differentiated taxa
of Liguus now occur sympatrically and are
reproductively isolated, then these taxa
would be regarded as distinct species un-
der virtually any modern species concept
[e.g.. the Biological Species Concept (Mayr
1969), the Evolutionary Species Concept
(Wiley 1978), or the Phylogenetic Species
Concept (Cracraft 1983)].

Hillis et al. {1987) tested for the possi-
bility of reproductive isolation between
morphological forms of Liguus within some
of the most polymorphic populations—
those in the Pinecrest region of the Ev-
erglades—and concluded that there was
no evidence to support this hypothesis.
Furthermore, the genetic variation as re-
vealed by allozyme electrophoresis was
minimal in these populations: only a single
locus was variable among 24 loci screened,
and the two alleles at this locus were dis-
tributed across forms (Hillis et al. 1987).
However, a deficiency of heterozygous in-
dividuals {compared to the expectations
of Hardy-Weinherg equilibrium) led Hillis
et al. (1987) to suggest the possibility of
partial self-fertilization in Liguus. This pos-
sibility was confirmed (Hillis 1989} through
laboratory crosses and study of the fusion
of two formerly isolated hammocks that
contained morphologically distinct pop-
ulations of Liguus. Hillis (1989) concluded
that the pattern of many morphologically
distinct populations of Liguus in Florida
could be explained by a high mutation rate
at the locus or loci responsible for shell
patterns, combined with rapid local fixa-
tion of color pattern mutations through
seli-fertilization.

The populations studied by Hillis et al.
{1987) and Hillis {1983) were all in the
northwestern portion of the range of Lig-
aus—the Pinecrest region (see Figure 1).
Although many of the populations in this
region are highly polymorphic in color
pattern, all the Liguus from the Pinecrest
area fall into just three of Pilsbry’s (1946)
eight subspecies (castaneozonatus, testu-
dineus, and lossmanicuas), all three of which
fall into just one of his three main groups
(the castaneozonatus-testudineus group).
Pilsbry’s other subspecies are found fur-
ther south in the Everglades, in the Florida
Keys, or along the Atlantic Coastal Ridge.
The other two major groups recognized by
Pilsbry (1946) are limited to the Middle
and Lower Florida Keys (the solidus group)
and the extreme northeastern end of the
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Figure 1. Populations of Liguus fasciatus sampled in this study. Numbers correspond to the list of localities in

Table 1. Names shown are regions mentioned in the text.

range of Liguus, along the Atlantic Coastal
Ridge in the vicinity of Fort Lauderdale
(the septentrionalis group; Figure 1). The
purpose of this study was to assess the
genetic diversity and systematic status of
distinct populations of Liguus from
throughout the range of the genus in Flor-
ida.

Materials and Methods

We collected samples of Liguus that rep-
resented most of the described varieties
from Florida (Table 1). Many populations
of Liguus from outside the Everglades re-
gion (i.e., those from the Atlantic Coastal
Ridge and the Florida Keys) are threat-
ened or extinct in their native habitat.
However, in the 1950s and 1960s, A. Jones,
R. Humes, C. C. Von Paulsen and E. Winte
transplanted individuals from many of
these populations to isolated hammocks

within Everglades National Park that lacked
native populations of Liguus. When we col-
lected samples for this study, these trans-
planted populations were thriving. The lo-
calities given in Table 1 are the original
sources of these transplanted populations
(transplanted populations are marked with
an asterisk). The transplanted populations
exist as pure colonies, as evidenced by the
uniform morphology of the respective in-
dividuals. Except for these transplanted
populations, several of the named varie-
ties are believed to be extinct.

The digestive gland was removed from
each snail, diluted 1:1 in (.01 M Tris-0.001
M EDTA-0.001 M 2-mercaptoethanol, pH
7.5, and homogenized. We centrifuged ho-
mogenates at 10,000 g for 5 min, and froze
the supernatant at —85°C for up to several
months prior to use. We followed standard
methods of starch gel electrophoresis and
histochemical staining (Murphy et al.
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Table 1. Collection localities, morphelogical varieties, and Gpi genotypes

Pop-
?.En Gpi genotype”
no. Lacality® Varieties present FF FS 58
1 Stock Island® solidulus 0 0 10
2 Middle Torch Key*" vonpaulseni ¢ 0 10
3 Howe Key* osmenti 0 0 10
L] Big Pine Key* pictus 0 0 10
5 Littte Pine Key* dryas ¢ 0 10
6 No Name Key* graphicus 0 0 10
7 Key Vaca® marmoratus 10 ¢ 0
8 Middle Hammock, Lower Matecumbe Key* pseudopictus 0 (] 10
splendidus 0 ] 10
9 Upper Hammock, Lower Matecumbe Key” delicatus 0 0 10
simpsoni 0 0 50
subcrenatus 0 (] 1¢
10 Lignumvitae Key" lignumoitae 0 0 ¢
11 Upper Matecumbe Key* matecumbensis D 0 10
12 7 km N U5 1, Key Largo* ornatus 3 5 0
13 Garden Cove, Key Largo* castaneozonatus 5 1 0
14 Totten Key* lineolatus 4 5 0
15 NW Cape Sable* capensis 10 0 0
16 Osteen Hammock, LPK 23 versicolor 7 3 0
17 Patma Vista Hammock #2, LPK 27 rastaneus 10 0 D
cingulatus 10 0 0
luteus 10 0 0
15 Pfleuger Hammock, LPK 55 deckerti 10 0 0
19 NLPK 26 eburnets a 0 10
20 NLPK 36 wintef 0 0 10
21 NLPK 81 herrresi 0 0 10
22 NLPK 8¢ framtoni 0 0 10
23 Timm's Hammock* alternatus 10 0 0
fuscoflamellus 10 0 0
24 Pinecrest 55° margaretae 10 0 0
25 Pinecrest 11 lossmanicus 12 i} 0
lucidovarius 1 0 0
26 Pinecrest 10 aurantius 1 0 0
barbouri 1 1 15
livingston! 0 0 3
migmiensis 0 1 4
roseatus 0 0 4
walkeri 3 0 15
27 Pinecrest 16a aurantius 4 1 1
barbouri 156 4 6
walkeri 6 2 7
28 Pinecrest 16 aurantius 1 2 5
barbouri 16 & 14
roseatus 0] 1 4
walkeri 45 59 154
29 Pinecrest 14 elegans 1 0 0
walkeri 14 6 20
30 Pinecrest 1a roseatus 3 4 0
walkeri 27 0 0
3t Pinecrest 13* kennethi 10 0 4}
32 Pinecrest 88 aurantius 1 2 3
clerichi 1 1 1
floridanus 0 5 0
livingstoni 2 6 14
lossmanicus 6 17 24
maosieri 2 5 2
ornatus 1 4 3
roseaius 0 i 0
testudineus 0 0 4
33 Fort Lauderdale* septentrionalis 0 0 10

Population numbers correspond to the numbers in Figure 1.

¢ Abbreviations: LPK: Long Pine Key, NLPK: North of Long Pine Key. Numbered hammocks refer to numbering
system given in Pilsbry (1946), except for NLPK localities, which are based on a report by A. Jones on file with
Everglades National Park. The populations marked with an asterisk were obtained from transplanted populations

now located in Everglades National Park.

*FF = last homozygote, FS = fast/slow heterozygote, S5 = slow homozygote.

1990). We prepared gels from 50% Otto
Hiller Electrostarch (lot 392) and 50% Sig-
ma starch (lot 85F-0010) at a concentra-
tion of 12%. The following buffer systems
were used: TBE9.1 (175 mM Tris-17.5 mM
boric acid-2.75 mM EDTA, pH 9.1), TCB
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8.7 (gel: 76 mM Tris-5 mM citric acid, pH
8.7; electrode: 300 mM boric acid, pH 8.2),
TC 8.0 (gel: 23 mM Tris-5 mM citric acid,
pH 8.0; electrode: 687 mM Tris-1537 mM
citric acid, pH 8.0), and LiOH 8.3 (gel: 45
mM Tris-7 mM citric acid-19 mM boric

acid-3 mM lithium hydroxide, pH 8.3;
electrode: 190 mM boric acid-30 mM lith-
ium hydroxide, pH 8.1).

We examined 34 enzyme loci (Enzyme
Commission numbers from Bielka et al.
1984 are given in parentheses); alkaline
phosphatase (3.1.3.1), aspartate amino-
transferase (2 loci; 2.6.1.1), esterase {10
loci; 3.1.1.-), glucose-phosphate isomer-
ase (5.3.1.9), g-glucosidase (2 loci;
3.2.1.201), isocitrate dehydrogenase
(1.1.1.42}, lactate dehydrogenase (2 loci;
1.1.1.27), malate dehydrogenase (2 loci;
1.1.1.37), malic enzyme (1.1.1.40), man-
nose-6-phosphate isomerase (5.3.1.8),
peptidase (A, B, C, and 8 loci; 3.4.-.-), pep-
tidase-D (3.4.13.9), peroxidase (1.11.1.7),
phosphoglucomutase (5.4.2.2), superox-
ide dismutase (2 loci; 1.15.1.1}, and triose-
phosphate isomerase ({5.3.1.1). All loci
were examined in 60 individuals repre-
senting all populations and named varie-
ties, and all 1,092 individuals were exam-
ined for the only variable locus discovered
(glucose-phosphate isomerase). Details of
histochemical staining for these enzymes
are given by Murphy et al. (1990).

Results

Of the 34 loci examined, only the glucose-
phosphate isomerase {(Gpi) locus was
variable (Table 1). The same two Gpi al-
leles reported from the Pinecrest popu-
lations (Hillis 1989; Hillis et al. 1987) were
the only alleles observed from any Florida
Liguus populations. Most populations were
fixed for one or the other allele (Figure 2);
the only populations that were polymor-
phic for the two alleles were from the Up-
per Keys (all three populations), Long Pine
Key (one of three populations), and the
Pinecrest region (five of nine popula-
tions). The Fort Lauderdale (septentrional-
is) population and most of the populations
from the Middle and Lower Keys were fixed
for the slow Gpi allele, although the Key
Vaca population (sarmoratus) was fixed
for the fast Gpi allele. The Long Pine Key
populations are fixed (or nearly so) for the
fast Gpi allele, whereas the native popu-
lations from hammocks just north of Long
Pine Key (populations 19-22) are all fixed
for the slow Gpi allele. The only popula-
tions examined from the Redlands region
(Timm's Hammock: afternatus, fuscofla-
melisy and Cape Sable (capensis) were
fixed for the fast Gpi allele (Figure 2). The
greatest Nei's genetic distance (Hillis 1984;
Nei 1972) between any two populations or
varieties was 0.03. Observed individual
heterozygosity ranged from 0 to (.029.
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Figure 2. Frequencies of the slow {white) and fast (black) alleles of glucose phosphate isomerase for each of

the study populaticns.

Among the 60 individuals examined for all
loci, average heterozygosity was 0.0015. If
the 33 loci other than Gpi are truly mono-
morphic (as suggested by the individuals
examined at all loci), the average individ-
ual heterozygosity for all 1,092 L. fasciatus
was 0.0037.

Discussion

The very low genetic diversity among the
many varicties of Florida Liguus supports
the view that they are all members of a
single species. No evidence was found for
genetic barriers within or among differ-
entiated populations or phenotypes. The
maximum level of genetic divergence be-
tween any two populations of Florida Lig-
uus is well within the levels expected for
intraspecific comparisons {Avise 1974,
1976; Janczewski et al. 1990). The low ge-
netic variation is even more notable con-
sidering that we included even the usually

highly variable esterases and peptidases
in our survey (Sarich 1977).

Individual heterozygosity for L. fasciatus
is far below the average heterozygosity of
sexual species (Nevo 1978). Among mol-
lusks, the only lower values of individual
heterozygosity observed to date are for
self-fertilizing species, especially in intro-
duced populations (Hillis and Patton 1982;
McCracken and Selander 1980; Selander
and Kaufman 1973a,b}. This finding, to-
gether with the low genetic divergence of
the populations (maximum genetic dis-
tance of 0.03), suggests that Liguus may
have colonized Florida relatively recently.

The fixation of alternative alleles in many
populations is probably largely a result of
the self-fertilizing abilities of this species
(Hillis 1989). However, the geographic
distribution of the glucose-phosphate
isomerase alleles (Figure 2} is not random
and, in fact, partly parallels the principal
geographic pattern of shell coloration sug-

gested by Pilsbry (1912, 1946). Pilsbry
(1946) suggested that Liguus populations
in Florida resulted from three separate
dispersal events from Cuba (from snails
sealed to floating trees swept by hurri-
canes), and his three unranked ‘‘groups”
of varieties reflected this proposal. He
grouped the Liguus from the Lower Keys
together with snails from the Matecumbe
and Lignumvitae Keys as the solidusgroup,
which he and other authors {e.g., Pilsbry
1912; Simpson 1929) earlier had placed in
the species L. crenatus and L. solidus. Pils-
bry (1946} placed the mainland snails, as
well as populations from the Upper Keys
(Key Largo, Totten Key, and Elliott Key)
and the lower Middle Keys (Key Vaca and
Grassy Key) into his castaneozonatus-tes-
tudineus group. The third group was re-
stricted to the northern populations of a
single variety (the septentrionalis group).

In discussing the origin of the solidus
group, Pilsbry (1946:46-47) suggested a
single colonization of the Lower Keys and
a subsequent dispersal of these founding
populations to the upper Middle Keys
(Figure 1). He suggested a separate colo-
nization from Cuba for the mainland snails,
which he suggested landed along the At-
lantic Coastal Ridge and then spread down
to Key Largo and across to Cape Sable and
the Pinecrest region (Figure 1). However,
Pilsbry (1912, 1946:49) also considered the
Liguus from the lower Middle Keys (in-
cluding Key Vaca, population 7 in Figure
1) to belong to this otherwise mainland
group, and he suggested a colonization
from the mainland to account for this pat-
tern. Pilsbry’s third hypothesized coloni-
zation event was of the northern septen-
trionalis populations.

There is some support for at least some
of Pilsbry’s (1912, 1946) colenization hy-
potheses. The fixation of the Key Vaca
population for the fast glucose-phosphate
isomerase allele, which is otherwise re-
stricted to the Upper Keys and mainland,
supports a historical relationship between
populations in these two areas (Figure 2),
The populations on Cape Sable and most
of the populations on Long Pine Key im-
mediately to the north of Key Vaca (across
Florida Bay) are also fixed for the fast Gpi
allele, whereas the populations on the keys
to the east and west of Key Vaca are fixed
for the slow Gpi allele (Figure 2). The Up-
per Keys populations are polymorphic,
with a predominance of the fast Gpi allele,
also supporting Pilsbry’s connection of
these populations with those of the main-
land. The third colonization suggested by
Pilsbry (1946) was that of the northern-
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most septentrionalis group, which is like
the solidus group in its fixation of the slow
Gpi allele. Pilsbry (1946) noted that noth-
ing like the septentrionalis variety is pres-
ent in Cuba,

Although the geographic distribution of
the Gpialleles in Florida is consistent with
Pilsbry's (1946) hypotheses of three sep-
arate colonizations of Liguus from Cuba,
the extreme genetic similarity of all Flor-
ida Liguus populations is indicative of a
single population bottleneck {unless Cu-
ban Liguus populations are also geneti-
cally nearly uniform). Populations of in-
troduced mollusks that are capable of self-
fertilization typically are fixed for single
alleles at most loci (e.g., Hillis and Patton
1982; Selander and Kaufman 1973a,b).
Comparison between Cuban and Florida
Liguas could falsify Pilsbry's (1946) mul-
tiple-colonization hypothesis if it is found
that Cuban populations show mote typical
levels of genetic variation. The genetic
similarity of all the Florida populations
would then be evidence for a single pop-
ulation bottieneck, presumably from an
initial colonization event. Either scenario
requires rapid mutation within the colo-
nized populations in the genes responsi-
ble for shell coloration, with local fixation
in isolated populations due to self-fertil-
ization and/or selection. The discordance
between the near uniformity of allozymes
and the extreme morphological polymor-
phism of Liguus suggests that rates of evo-
lution of the genes responsible for color
pattern are quite high compared to the
rates of evolution of the allozyme loci. Of
the alternative mechanisms for local fix-
ation of color patterns (self-fertilization or
strong selection), self-fertilization is likely
to be the most important, because self-
fertilization is known to occur in this spe-
cies and because selection on shell pat-
terns in polymorphic populations appears
to be weak or absent (Brown 1378).

Although our data indicate high genetic
similarity among Florida populations of L.
fasciatus, efforts to protect the disappear-
ing habitat of the many morphologically
distinctive and/or geographically isolated
populations of this species should none-
theless be encouraged. The geographic
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distribution of the morphological diversity
{as well as the limited biochemical diver-
sity) indicates that the majority of the (al-
beit low) genetic variation of L. fasciatus
exists among, rather than within, popula-
tions. Indeed, the self-fertilization capa-
bilities of this species result in populations
that are genetically more like individuals
of outcrossing species. Thus, the long-term
survival of L. fasciatus probably depends
on widespread preservation of the re-
maining populations.

References

Avise JC, 1974. Systematic value of electrophoretic data,
Syst Zool 23:465-481.

Avise JC, 1976. Genetic differentiation during specla-
tion. In: Molecular evolution {Ayala FJ, ed). Sunder-
land, Massachusetts: Sinauer Associates; 106-122.

Bielka H, Dixon HBF, Karlson P, Liebecq C, Sharon N,
Van Lenton EJ, Velick SF, Vliegenthart JFG, and Webb
EC, 1984. Enzyme nomenclature, 1984. Orlando, Flor-
ida: Academic Press.

Brown CA, 1978. Demography, dispersal, and micro-
distribution of a population of the Florida tree snail,
Liguus fasciatus, (MS thesis). Gainesville: University of
Florida.

Clench WJ, 1946. A catalogue of the genus Liguus with
a description of a new subgenus. Occ Pap Mollusks 1:
117-128.

Clench WJ, 1954. Supplement to the catalogue of the
genus Liguus. Occ Pap Mollusks 1:442-444.

Clench WJ, 1965. Supplement to the catalogue of the
genus Liguus. Occ Pap Mollusks 2:423.

Clench WJ and Fairchild GB, 1939. The classification
of Florida Liguus. Proc N Engl Zool Club [7:77-86.

Cracraft J, 1983. Species concepts and speciation anal-
ysis. In: Current ornithelogy: vol 1 (Johnston RF, ed).
New York: Plenum Press; 153-187.

Deisler JE, 1982. Species of special concern: the Flor-
ida tree snail. In: Rare and endangered biota of Florida:
vol 6. Invertebrates (Franz R, ed). Gainesville: Uni-
versity Presses of Florida; 153-18.

Hillis DM, 1984. Misuse and modification of Nei's ge-
netic distance. Syst Zool 33:238-240.

Hillis DM, 1987. Molecular versus morphological ap-
proaches to systematics. Annu Rev Ecol Syst 18:23-
42,

Hillis DM, 1988. Systematics of the Rana pipiens com-
plex: puzzle and paradigm. Annu Rev Ecol Syst 19:39-
63.

Hillis DM, 1989. Genetic consequences of partial self-
fertilization on populations of the Florida tree snail
(Liguus fasciatus). Am Malacol Bull 6:7-12,

Hillis DM and Patton JC, 1982. Morphological and elec-
trophoretic evidence for two species of Corbicula (Bi-
valvia: Corbiculidae) in North America. Am Midl Nat
108:74-80.

Hillis DM, Rosenfield DS, and Sanchez M, 1987, Allo-
zymic variability and heterozygote deficiency within
and among morphologically polymorphic populations
of Liguus fascietus (Mollusca: Pulmonata: Bulimuli-
dae). Am Malacol Bull 5:155-159.

Janczewski DN, Goldman D, and O'Brien 8J, 1990. Mo-
lecular genetic divergence of orang utan (Pongo pyg-
maeus) subspecies based on isozyme and two-dimen-
sional gel electrophoresis. | Hered 81:375-387.

Jones AL, 1979. Description of six new forms of Florida
tree snails, Liguus fasciatus. Nautilus 94:153~159.

Mayr E, 1969. Principles of systematic zoology. New
York: McGraw-Hill.

McCracken GF and Selander RK, 1980. Self-fertilizing
and monogenic strains in natural populations of ter-
restrial slugs. Proc Natl Acad Sci USA 77:684-688.

Meyer A, Kocher T}, Basasibwaki P, and Wilson AC,
1990. Monophyletic origin of Lake Victoria cichlid fish-
es suggested by mitochondrial DNA sequences. Nature
347:550-553.

Murphy RW, Sites JW Jr, Buth DG, and Haufler CH,
1990. Proteins 1: lsozyme electrophoresis. In: Molec-
ular systematics (Hillis DM and Moritz C, eds). Sun-
derland, Massachusetts: Sinauer Associates; 45-126.

Nei M, 1972. Genetic distance between populations.
Am Nat 106:283-292.

Nevo E, 1978. Genetic variation in natural populations:
patterns and theory. Theor Popul Biol 13:121-177.

Pilsbry HA, 1912, A study of the variation and zooge-
ography of Liguus in Florida. J Acad Sci Philadelphia
15:429-470.

Pilsbry HA, 1946. Land mollusca of North America
(north of Mexico). Acad Nat Sci Philadelphia Mono 3,
2(1):1-520.

Roth B and Bogan AE, 1984. Shell color and banding

parameters of the Liguus fasciatus phenotype (Mollus-
ca: Pulmonata). Am Malacol Bull 3:1-10.

Sarich VM, 1977. Rates, sample sizes, and the neutrality
hypothesis for electrophoresis in evolutionary studies.
Nature 265:24-28.

Selander RK and Kaufman D, 1973a. Self fertilization
and genic population structure in a colonizing land
snail. Proc Natl Acad Sci USA 70:1186-11390.

Selander RK and Kaufman D, 1973b. Genic variability
and strategies of adaptation in animals, Proc Natl Acad
Sci USA 70:1875-1877.

Sitnpson CT, 1929. The Florida tree snails of the genus
Liguus, Proc US Natl Mus 73(20):1-44.

Wayne RK and O’Brien 5J, 1986, Empirical demon-
stration that structural gene and morphometric vari-
ation of mandible traits are uncoupled between mouse
strains. ] Mamm 67:441-449,

Wayne RK, Van Valkenburgh B, Kat PW, Fuller TK,
Johnson WE, and O'Brien SJ, 1989, Genetic and mor-
phological divergence among sympatric canids. J Hered
80:447-454.

Wiley EO, 1978. The evolutionary speci¢s concept re-
considered. Syst Zool 27:17-26.

Wilson AC, Carlson S8, and White TJ, 1977. Biochem-
ical evolution. Annu Rev Biochem 46:473-639.



