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PATTERNS OF HYBRIDIZATION IN THE PIRIQUETA CAROLINIANA COMPLEX IN
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Abstract.—We have identified a broad zone of hybridization between two morphologically and ecologically distinct
herbaceous perennial taxa (morphotypes) within the Piriqueta caroliniana complex, which extends more than 300 km
across the central Florida peninsula. Phylogeographic analyses indicate that the caroliniana morphotype has been
present in north and central Florida since the early Pleistocene and that the viridis morphotype has immigrated into
southern Florida much more recently. We examine the distribution of diagnostic morphological characters and nuclear
genetic markers to assess the extent and patterns of introgression in this system. The results are consistent with the
hypothesis that this hybrid zone has expanded north in recent history as viridis alleles have introgressed into regions
that were previously occupied by populations of caroliniana. Genetic markers diagnostic for caroliniana have con-
sistently high frequencies across the hybrid zone, whereas markers for viridis are extremely variable among populations
with frequency reversals in adjacent populations. The latter pattern is probably the result of the combined stochastic
effects of dispersal and drift on viridis alleles as they introgressed northward. Additional evidence for the recent
expansion of this hybrid zone comes from patterns of variation for morphological and genetic markers. As expected
for an expanding hybrid zone, within-population morphological variation was greatest toward the advancing front of
introgression and levels of genetic variation for neutral diagnostic markers were greatest in the region of initial contact
and lower in areas of recent expansion. The observed patterns of variation suggest that at least some hybrid genotypes
have high fitnesses, which has led to the expansion of the hybrid zone via the displacement of parental genotypes in

central Florida.
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Numerous studies suggest that hybridization has been im-
portant in the evolution of plants and animals (reviewed in
Harrison 1990; Arnold 1992; Dowling and Secor 1997). This
is particularly true of the Angiosperms, where the majority
of extant taxa are thought to have been influenced by hy-
bridization at some point in their history (Grant 1981; Whit-
ham et al. 1991; Masterson 1994). Although many analyses
have emphasized examples of stable hybrid zones (Harrison
1993; Arnold 1997), it has long been recognized that one
consequence of hybridization is the melding of two previ-
ously isolated taxa (Anderson 1949; Stebbins 1959; Grant
1981). In particular, if reproductive barriers are weak, ex-
tensive introgression may contribute to increased genetic var-
iation in populations and the spread of novel adaptations
(Stebbins 1950; Anderson and Stebbins 1954; Barton and
Hewitt 1985; Grant and Grant 1996; Arnold 1997). However,
there have been few studies that have documented the pro-
gress and consequences of introgression between taxa sep-
arated by weak genetic barriers (e.g., Avise and Smith 1974;
Hafner et al. 1983; dePamphilis and Wyatt 1990; Shoemaker
et al. 1996).

Empirical and theoretical studies of natural hybridization
have emphasized factors that contribute to the maintenance
of hybrid zones (Barton and Hewitt 1985; Harrison 1990;
Arnold 1997). Several of these treatments emphasize reduced
hybrid fitness as the primary factor that limits the spread of
hybrids and the onset of extensive introgression (Barton and
Hewitt 1985). However, the assumption that hybrid genotypes
are generally unfit has been challenged by Arnold and his
colleagues (Arnold and Hodges 1995; Arnold 1997), who
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argue that some recombinant hybrid genotypes are often of
equal or higher fitness than at least one of the parental species.
With unfit hybrid genotypes and dispersal of parental ge-
notypes into the region of hybridization, a narrow hybrid zone
that behaves according to the dynamics of a tension zone
would develop (Barton 1979, 1980; Barton and Hewitt 1985).
A narrow hybrid zone could also be maintained if hybrids
are more fit only in specific habitats (Anderson 1949; Moore
1977; Graham et al. 1995). However, if hybrids are generally
more fit than one or both parental species, we would expect
the displacement of parental genotypes resulting in extensive
introgression and the development of a broad hybrid zone
(Barton and Hewitt 1985). Although extensive introgression
and the spread of hybrids in groups that display moderate
levels of divergence is probably common, there have been
few analyses of hybrid zones that extend over broad geo-
graphic ranges (e.g., Avise and Smith 1974; Hafner et al.
1983; dePamphilis and Wyatt 1990).

Ongoing and extensive introgression that results from high
hybrid fitness would produce a hybrid zone that expands as
hybrids displace parental genotypes. The process of displace-
ment of one or both parental species by recombinant hybrids
has been discussed (Anderson 1949; Stebbins 1959; Lewontin
and Birch 1966), but has been observed only rarely (Grant
and Grant 1996; Arnold 1997, p. 173). If a hybrid zone is
broad as a result of recent expansion, one would expect dif-
ferences in levels of variation for neutral and selected di-
agnostic markers in different portions of the hybrid zone that
correspond to hybrid population age (Fig. 1). Early hybrid
generations (F,, F3, B,, Bs, etc.) will display high levels of
morphological variability as a result of segregation and re-
combination between the two parental genomes. Much of this
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Fic. 1. Expected patterns of within-population variation for neu-
tral markers (solid line) and markers that are at a selective advantage
(dashed line) for narrow and expanding hybrid zones. In expanding
hybrid zones the regions of highest variation for neutral and selected
markers become displaced from each other, with the peak for var-
iation in neutral markers remaining near the point of initial contact
(down arrows) and the peaks for variation in selected characters
corresponding to the advancing fronts of hybridization.

variability may be lost in older hybrid populations as a con-
sequence of selection and drift. If high-fitness recombinant
genotypes are produced, then the region of hybridization may
expand as they disperse into new habitats. Thus, selection
will facilitate the spread and introgression of characters that
are associated with higher fitness, producing an advancing
wave of hybridization that is marked by high levels of var-
iability for the selected characters (Fig. 1). Neutral (or nearly
neutral) genetic markers, in contrast, will diffuse through the
hybrid zone more slowly, resulting in clines for selected and
neutral markers that are noncoincidental (Barton 1983; Bar-
ton and Gayle 1993). Depending on population size and rates
of dispersal, genetic variation for neutral loci will decrease
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toward the advancing fronts of expanding hybrid zones as a
result of the loss of introgressing neutral alleles through sto-
chastic dispersal events and genetic drift (Fig. 1). Although
assessments of within-population variability could provide
valuable information concerning patterns of introgression and
hybrid zone age, there have been few previous attempts to
incorporate estimates of variances in genetic and morpho-
logical traits in analyses of hybrid zones (e.g., Barton and
Gale 1993; Nurnberger et al. 1995).

In this study we examine patterns of introgression and
hybridization between two morphologically and ecologically
distinct taxa in the Piriqueta caroliniana complex in central
Florida, hereafter referred to as the caroliniana (= P. caro-
liniana Urban: Small 1933; = P. caroliniana var. tomentosa:
Long and Lakela 1971) and viridis (= P. viridis Small: Small
1933; = P. caroliniana var. glabra: Long and Lakela 1971)
morphotypes. Phylogeographic analyses of this complex in-
dicate that these two taxa have been independently derived
from the Bahamas (Maskas and Cruzan, unpubl. ms). Rela-
tively high levels of chloroplast DNA (cpDNA) diversity and
disjunct distributions for cpDNA haplotypes indicate that
caroliniana has been present in North America since the early
Pleistocene. However, allopatric populations of viridis, on the
other hand, are characterized by a single cpDNA haplotype.
The low genetic diversity in these populations along with
their association with mesic habitats in southern Florida and
their morphological similarity to Bahamian populations in-
dicate that they are the result of a recent immigration (Maskas
and Cruzan, unpubl. ms.). Populations of viridis were prob-
ably established 5000 to 7000 YBP when the climate in south-
ern Florida became warmer and more mesic, the Everglades
were formed, and there was an influx of tropical plant species
from the West Indies (Long and Lakella 1971; Lodge 1994).
The hybrid zone in central Florida was apparently formed as
changes in climatic conditions favored the northward dis-
persal of viridis into regions that were previously occupied
by populations of caroliniana.

We examine the dynamics of a broad hybrid zone between
the caroliniana and viridis morphotypes in central Florida
using analyses of the frequencies and variances for diagnostic
morphological and genetic markers. Previous studies suggest
that the reproductive isolation barriers between these taxa are
relatively weak (Ornduff 1970; Gavrilets and Cruzan 1998;
Wang and Cruzan 1998). Our analyses indicate differences
in the within-population level of phenotypic variation are
consistent with patterns expected for an expanding hybrid
zone. In particular, we find distributions of diagnostic mor-
phological and genetic markers that are consistent with the
hypothesis that viridis alleles are introgressing north into pop-
ulations of caroliniana.

MATERIALS AND METHODS
Study System

Piriqueta (Turneraceae) is widely distributed throughout
Central and South America, the West Indies, and the south-
eastern United States. Based on vegetative morphology,
Small (1933) recognized four species of Piriqueta, but sub-
sequent revisions have regrouped these taxa in various ways
(Long and Lakela 1971; Arbo 1995). Here we examine hy-



