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Abstract

Mating preferences for particular features of
mating signals can have a pronounced effect on
the divergence of these traits both at the

intra- and interspecific level. Divergent female
mating preferences have led to reproductive
isolation and speciation. This implies that traits
that are the targets of sexual selection also serve as
reliable species recognition signals. Mollies
(Poeciliidae: Poecilia: Mollienesia) provide an
excellent model system in which to examine the
role of female mating preferences in shaping both
intra- and interspecific divergence in male mating
signals because of the enormous diversity that
exists both within and between species of mollies
in male mating behaviors and associated
morphological traits. Sailfin mollies differ from
shortfin mollies both behaviorally and
morphologically. Sailfin species show a sexual
dimorphism in which males have a greatly enlarged
dorsal fin erected and presented to the female in a
courtship display behavior. Most shortfin species
show neither sexual dimorphism in fin
morphology nor perform courtship display
behaviors. Phylogenetic analyses show that sailfin
mollies form a monophyletic group diverging from
a shortfin ancestor. Changes in size and shape of
the dorsal fin and a switch to courtship display
behavior occurred during speciation of sailfin
mollies. Females of a single sailfin species,

P. latipinna prefer males from native populations
to those from foreign populations whose males
show divergent values of dorsal fin shape and
courtship display rates. Studies of female mating
preferences have compared patterns of female
choice using heterospecific males and F1 hybrid
males that show similar, intermediate dorsal fin
morphology yet vary considerably in courtship
display rates due to Y-linked effects on this
behavior. Results suggest that females rely on
differences in dorsal fin shape and courtship
display rate when distinguishing between
conspecific, heterospecific and hybrid males.
Females from shortfin species also prefer sailfin
males to heterospecific, shortfin males suggesting
that the preference for the “sailfin male phenotype”
may be a pre-existing bias. Thus female mating
preferences in mollies are based upon the same
components of the mating signal both within and
between species, which argues for an important
role of sexual selection in promoting the initial
speciation of sailfin mollies from shortfin ancestors.

Harry J. Grier and Mari Carmen Uribe, book editors.
New Life Publications, Homestead, Florida, 2005. p 73-89.

Resumen

En las sefiales de apareo, las preferencias por
caracteristicas particulares pueden tener un efecto
pronunciado en las divergencias de estos rasgos, tanto
en nivel interespecifico como intraespecifico. La
divergencia de las preferencias sexuales de las
hembras, ha llevado a su especiacién y aislamiento.
Esto implica que los rasgos blanco de la seleccién
sexual también son sefiales confiables en el
reconocimiento de las especies. Los mollies
(Poeciliidae: Poecilia: Mollienesia) son un excelente
modelo en el estudio del papel de las preferencias
sexuales de hembras en la formacién de divergencias
intraespecificas e interespecificas sobre las sefiales de
apareo en el macho, debido a la enorme diversidad
que existe dentro y entre las especies de mollies en
cuanto al comportamiento del macho en el apareo y
sus rasgos morfoldgicos asociados. Los mollies “aleta
de velero” (sailfin) difieren de los mollies “aleta corta”
(especies shortfin) en comportamiento y morfologfa.
Las especies sailfin se caracterizan por un dimorfismo
sexual en el cual los machos tienen una aleta dorsal
muy alargada, erguida y presentada ante la hembra
durante el cortejo. La mayoria de las especies shortfin
no presentan dimorfismo sexual en las aletas ni
realizan exhibiciones durante el cortejo. Andlisis
filogenéticos muestran que los mollies sazlfin forman
un grupo monofilético que se bifurca de su ancestro,
el mollie shortfin. Cambios en el tamafio y forma de la
aleta dorsal, asi como en los comportamientos de
exhibicién durante el cortejo, ocurrieron durante la
especiacién de los mollies saz/fin. Las hembras de una
tinica especie de mollies szilfin, P latipinna, prefieren
machos de poblaciones nativas, en relacién a machos
de poblaciones extranjeras, los cuales presentan
valores divergentes en la forma de la aleta dorsal y
ritmos en la exhibicién durante el cortejo. Estudios
relacionados con preferencias sexuales de hembras han
comparado patrones de seleccién usando machos
heteroespecificos y machos hibridos F1, los cuales
presentan morfologfa similar en la aleta dorsal
intermedia pero varfan considerablemente en los
ritmos de exhibicién en el cortejo debido a efectos
“Y-linked” en este comportamiento. Los resultados
sugieren que las hembras se basan en las diferencias en
la morfologfa de la aleta dorsal y en los ritmos de
exhibicién y cortejo para distinguir entre machos
hibridos, conespecificos y heteroespecificos. Las
hembras de las especies shortfin también prefieren los
machos de las especies sazlfin entre los machos
heteroespecificos. Esto sugiere que la preferencia para
el “fenotipo del macho szilfin” puede ser una
predisposicién preexistente. Por lo tanto, las
preferencias sexuales de las hembras mollies estdn
basadas en los mismos componentes que las sefiales
de apareo, dentro y entre las especies, lo cual sugiere la
importancia que la seleccién sexual juega en
promover la especiacién inicial de los mollies saz/fin
de sus ancestros, los mollies shortfin.



volutionary biologists have long recog-
Enized the importance of sexual selection

in shaping the evolution of mating sig-
nals within species (Andersson, 1994). Yet the
role that sexual selection plays in promoting di-
vergence among species in mating signals and
its potential importance in the speciation pro-
cess has only recently begun to be explored
(Ptacek, 2000; Panhuis ez 4/, 2001). A number
of authors have argued that sexual selection and
species recognition represent a continuum in
animal communication (Verrell, 1988; Ryan
and Rand, 1993; Endler and Houde, 1995;
Boake er al., 1997; Littlejohn, 1999; Boake,
2000), which implies that the same forces of
evolution that influence signal properties used
in species recognition also influence features of
the signal that make the signaler a more attrac-
tive mate.

These signal features are not mutually exclu-
sive and thus, mating preferences for certain fea-
tures of a mating signal can simultaneously
promote divergence at both the intra- and in-
terspecific levels (Ptacek, 2000). For example,
divergence in mate recognition signals among
conspecific populations can lead ultimately to
reproductive isolation and speciation (Lande,
1981, 1982; Kirkpatrick, 1982; Thornhill and
Alcock, 1983; West-Eberhard, 1983, 1984;
Kaneshiro and Boake, 1987; Lande and
Kirkpatrick, 1988; Kirkpatrick and Ryan, 1991;
Schluter and Price, 1993; Iwasa and Pomian-
kowski, 1995; Payne and Krakauer, 1997; Ver-
rell, 1999; Uy and Borgia, 2000).

Mating signals are often complex traits
where different components of the signal pro-
vide information to the receiver concerning
species identity, gender, readiness to mate, in-
dividual identity and even mate quality (e.g.,
Crapon de Caprona and Ryan, 1990; Barlow,
1992; Rand et al., 1992; Gerhardt, 1994;
McLennan and Ryan, 1997, 1999). Determin-
ing the message and meaning of a mating signal
and how mating preferences have shaped vari-
ous components of the signal is the first step in
making a link between mating preferences and
species recognition. In order to demonstrate that
female mating preferences can shape interspe-
cific divergence in mating signals, studies must
ask whether the same male traits that are pre-
ferred by females within a species also function
to distinguish conspecific from heterospecific
males. This implies that male traits that confer
high mating success also confer a high degree of
sexual incompatibility. Only a few studies to
date have directly tested this hypothesis
(Wiernasz, 1989; Wiernasz and Kingsolver,
1992; Boake ez al., 1997).

Poeciliid fishes in general, and mollies (sub-
genus Mollienesia) in particular, have provided
ideal model systems in which to examine the
role of sexual selection in generating the enor-
mous divergence observed in male mating sig-
nals at both the intra- and interspecific levels.
Mollies have fascinated biologists for decades
because of their diversity in habitat, body size,
male secondary sex characters and mating be-
haviors. Mollies are an ideal group in which to
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Figure 1.

Photographs shown are
representative examples of
members of Mollienesia.
Photographs in the left panels show
species inthe P. latipinna species
complex: A) P. latipinna, B) P.
petenensis, C) P. velifera.
Photographs in the right panels
show species inthe P. sphenops
species complex: D) P. mexicana
mexicana, E) P. mexicana limantouri,
F) P. sphenops
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examine the role of sexual selection in generat-
ing interspecific patterns of phenotypic diver-
sity; differences in the two major species
complexes (sailfin and shortfin species) are
found primarily in males and are strongly asso-
ciated with divergence in their mating systems.
Males from the two species complexes differ dra-
matically both morphologically and behavior-
ally. Sailfin species are characterized by a sexual
dimorphism in which males have a greatly en-
larged dorsal fin (Regan, 1913; Hubbs, 1933;
Parzefall, 1969) that is erected and presented to
the female in a courtship display (Parzefall,
1969, 1979; Farr et al., 1986). Most shortfin
species show neither sexual dimorphism in fin
morphology nor perform courtship display be-
haviors (Parzefall, 1969, 1979; Brett and Grosse,
1982; Balsano et al., 1985; Woodhead and
Armstrong, 1985; Ptacek, 1998). Thus, diver-
gence in morphology and behavior associated
with mating system differences between these
two species complexes implies an important role
for sexual selection in promoting premating re-
productive isolation.

In this review I explore mating signal diver-
gence in mollies at both the intra- and interspe-
cific levels and the role that female mating
preferences have played in shaping this diver-
gence. I draw examples mostly from my own
studies on population variation in male mor-
phology and mating behaviors and patterns of
female mating preferences for these traits in the
sailfin molly, P. latipinna, a species native to the
coastal marshes of the southeastern United
States and northeastern Mexico. I further ex-
amine whether patterns of female mating pref-
erences within a species mirror those between
sailfin and shortfin species. Lastly, I present evi-
dence from interspecific hybrid studies that ex-
plores the relative importance of male dorsal fin
morphology and courtship display behavior as
the targets of sexual selection and species recog-
nition in mollies.

Characteristics of Mollienesia

The Mollienesia group (sensu Rauchenberger,
1989) consists of at least 15 described species
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distributed throughout southern North America
and Central America (see distribution map in
Ptacek and Breden, 1998). There are two readily
distinguishable species complexes: the sailfin
mollies of the P. latipinna complex and the
shortfin mollies of the P. sphenops complex (Fig.
1; Hubbs, 1933). The sailfin group is confined
to the Atlantic slope ranging from the coastal
southern US, south through Mexico and into
northern Guatemala and Belize. The four, sailfin
species are mostly allopatric with respect to one
another, although sympatric populations of 2.
velifera and P. petenensis have been observed in
north central Campeche, Mexico (E. Harrison
and M. Pracek, unpubl. data). Each sailfin spe-
cies is sympatric with one or more shortfin spe-
cies throughout much of their distribution. The
shortfin group, which occupies both Atlantic
and Pacific slopes from the Rio Grande through
Central America, consists of at least 11 taxo-
nomically described species.

The difference in size of the dorsal fin be-
tween sailfin and shortfin species is dramatic;
dorsal fin area differs by 2-50 fold between the
groups (Fig. 1, unpubl. data). The two species
complexes also have striking differences in mat-
ing systems (Table 1; Farr, 1989). All sailfin spe-
cies perform a courtship display in which the
dorsal fin of the male is erected and presented
to the female (Parzefall, 1969, 1979; Luckner,
1979; Farr et al., 1986; Niemeitz et al., 2002)
in an attempt to elicit female cooperation in
mating. Courtship behaviors have not been ob-
served for most shortfin species; instead males
attempt to forcefully insert the tip of the
gonopodium into the female’s gonopore in a
behavior called gonopodial thrusting. Many
shortfin species rely on a dominance hierarchy
system wherein large, dominant males aggres-
sively prevent smaller males from approaching
females (Miller, 1975; Parzefall, 1979).

Many pairs of the Mollienesia are interfertile
in the laboratory, but few examples of hybrids
are found in nature (Hubbs, 1933, 1936; Meyer
et al., 1985). The only known naturally occur-
ring hybrid species is the all-female gynogenetic
species P. formosa, which has arisen through a
hybridization of P. mexicana with P. latipinna
(Avise ez al., 1991; Schartl ez al., 1995). Despite
the occurrence of many sympatric populations
of shortfin and sailfin species throughout the dis-
tribution of Mollienesia, no other naturally oc-
curring hybrid populations resulting from crosses
between sailfin and shortfin species have been
reported. This suggests that premating isolating
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mechanisms are important in preventing inter-
specific hybridization in sympatric populations
of sailfins and shortfins. Indeed male mollies of
both P. latipinna and P. mexicana strongly dis-
criminate against both heterospecific females and
females of P. formosa where the three species co-
occur (Schlupp et al, 1991; Ryan et al., 1996).
Females from an allopatric population of P.
latipinna strongly discriminated against males of
both P. mexicana and P. orri in laboratory dichoto-
mous choice tests (Ptacek, 1998). These patterns
of mating preferences suggest that divergence in
mate recognition systems may have played an
important role during speciation of mollies.

Phylogenetic Relationships among
Members of Mollienesia

A molecular phylogeny for 11 of the 15 species
of Mollienesia has been done, based upon nucle-

Figure 2.

Single most parsimonious tree based
upon analysis of the combined
D-loop/ND2 data set for the 14 taxa
examined. Tree length = 686;
Consistency index = 0.531;
Homoplasy index = 0.469; Retention
index = 0.593. Bootstrap support
from 1000 iterations is given in the
circles at the nodes. Numbers on
branches are branch lengths
measured as number of nucleotide
substitutions. (From Ptacek and
Breden, 1998)
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Table 1.
Secondary sexual differentiation among species® in the subgenus Mollienesia

Sexual Dimorphism in: Presence of

* Viviparous Fishes
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otide sequence data from the mitochondrial ge-
nome, 1047 base pairs (bp) of the entire ND2
gene and 500 bp of the noncoding control re-
gion (Ptacek and Breden, 1998). The Trinidad
guppy, P. reticulata, was used as the outgroup
taxon. The single most parsimonious tree is pre-
sented (Fig. 2) showing support for monophyl-
etic groups from 1000 bootstrap iterations.
Neighbor-joining and maximum likelihood
analyses recovered similar topologies (Ptacek and
Breden, 1998).

The phylogeny is consistent with monophyly
of Mollienesia with respect to the position of two
South American mollies, P. caucana and P.
vivipara, outside of the Mollienesia clade.
Mollienesia consists of two well-supported
clades. The first of these contains seven of the
eight previously classified shortfin species
(Rauchenberger, 1989). The second clade of
Mollienesia contains the three, sailfin species of
the P. latipinna species complex and one mem-
ber of the P. sphenops, shorttin species complex,
P. latipunctata (Rauchenberger, 1989).

Species Color Dorsal Fin Size Courtship Displays References
P. sphenops complex:
P. butleri No No Unknown Farr 1989
P. catemaconis Yes No Unknown Miller 1975
P.chica Yes No No Miller 1975; Brett & Grosse 1982
P. gilli No No Unknown Farr 1989
P. maylandai No No Unknown Farr 1989
P. mexicana Yes No Yes, but at Woodhead & Armstrong 1985;
low rates Balsano et al. 1985; Ptacek 1998
P.orri Yes No No Farr 1989; Ptacek 1998
P. sphenops No No No Parzefall 1969, 1979; Farr 1989
P. sulphuraria No No Unknown Farr 1989
P.teresea No No Unknown Greenfield 1990
P. latipinna complex:
P. latipinna Yes Yes Yes Luckner 1979; Farr et al. 1986,
Ptacek & Travis 1996
P. latipunctata No No Yes Niemeitz et al. 2002
P. petenensis Yes Yes Yes Parzefall 1969; Farr 1989
P. velifera Yes Yes Yes Parzefall 1989; Farr 1989

¥P. formosa is not included because it is an all-female gynogenetic species (Turner, 1982).

While the inclusion of P. latipunctata as part
of a monophyletic sailfin clade is surprising, it
has now been supported by two separate phylo-
genetic studies based on both nuclear DNA
(Schartl et al., 1995) and mtDNA (Ptacek and
Breden, 1998). From a morphological stand-
point, P. latipunctata is clearly a shortfin, how-
ever, recent behavioral observations have shown
that males of P. latipunctata perform courtship
displays much like those of other sailfin species
(Niemeitz er al., 2002; personal observation).
This observation argues for the importance of
behavioral as well as morphological trait diver-
gence during speciation of sailfin mollies.

Sexual Selection and Phenotypic Divergence
in Mating Signals among Populations of the
Sailfin Molly P latipinna

The sailfin molly, P. latipinna, is remarkable with
respect to the extensive variation that exists
among males in body size and several size-asso-
ciated traits, most notably courtship display rates



and dorsal fin shape (Farr ez al., 1986; Travis and
Trexler, 1987; Travis, 1989; Ptacek and Travis,
1996). Variation among populations in these
male traits is most likely the result of the inter-
play between natural selection and sexual selec-
tion that may or may not select for the same
overall male size within a population (Trexler ez
al., 1990, 1992, 1994; Travis, 1994; Ptacek and
Travis, 1997).

Males from different populations vary over
threefold in size-specific rates of courtship dis-
plays and gonopodial thrusts (Ptacek and Travis,
1996). Similar variation exists in morphological
traits used in the courtship display, i.e., “sexual
characters,” such as relative length and height of
the dorsal fin and relative length of the
gonopodium. For example, males of the same size
from different populations can vary nearly two-
fold in dorsal fin length and height (range of
means = 8.7-14.2 mm for length, 2.8-9.9 mm
for height). Morphological traits that are not in-
volved with courtship displays, i.e., “morphomet-
ric characters,” such as caudal fin height and
mid-body depth, do not show nearly this level of
variation among populations (range of means =
6.4-9.6 mm for caudal fin height, 9.0-12.4 mm
for mid-body depth). In particular, in popula-
tions where males are on average small in size at
maturity, size of the dorsal fin is larger than ex-
pected based upon the allometric relationship
with male size (Travis and Ptacek, unpubl. data;
Fig. 3). The lack of an association between in-
creased male size at maturity and relative dorsal
fin size suggests that sexual selection through fe-
male choice for enhanced apparent body size ap-
pears to drive the evolution of dorsal fin
morphology, to some degree, independently of
body size. A similar pattern of female mating pref-
erences for increased apparent size has been found
for females of P. latipinna using models of male
P. latipinna that varied in dorsal fin size and body
size (MacLaren et /., 2004) and for females of
Xiphophorus helleri (Rosenthal and Evans, 1998).

In addition, while a strong positive associa-
tion exists between male body size and court-
ship display rates within many populations
(Farr et al., 1986; Ptacek and Travis, 1996),
little relationship exists among populations
(Fig. 3). Again, this suggests that female mat-
ing preferences can drive divergence among
populations in courtship display rates to some
extent independently of either male size or
dorsal fin size.

For sexual selection to have generated these
phenotypic distinctions among sailfin molly
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populations, females in different populations
must exhibit divergent preferences. Evidence
exists for just such a pattern of divergence among
populations in female preferences (Ptacek and
Travis, 1997). Females of P. latipinna prefer
males from their own population when those
males are matched for body size with males from
another population; however, they do not do so
against all alternatives (Ptacek and Travis, 1997).
In most populations, females were best able to
discriminate between native and foreign males
that did not overlap in either courtship display
rate or dorsal fin morphology (Fig. 3) and less
able to discriminate when either of these traits
showed considerable overlap (Ptacek and Travis,
1997).

These results argue that females use popu-
lation-specific values of dorsal fin shape or rates
of courtship displays to distinguish males from
native populations. Thus intraspecific, inter-
population variation in female choice is based
on the same phenotypic trait distinctions that
separate the sailfin and shortfin species (Ptacek,
1998). The observed pattern of population dif-
ferentiation within P. latipinna argues that di-
vergence among conspecific populations in
male traits associated with mate recognition
could have led to the observed divergence of
mating signals between sailfin and shortfin
mollies.

Figure 3.

Relationship between average
courtship display rate (number/10
min. + SE) and discriminant function
score (£ 95% confidence intervals)
for “sexual” morphological
characters for males from six
populations of P. /atipinna. See text
for definition of “sexual”
morphological characters
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The Role of Sexual Selection in Interspecific
Mating Signal Divergence in Mollies

Several lines of evidence implicate an important
role for sexual selection in the divergence be-
tween shortfin and sailfin groups. First and fore-
most is the difference in relative fin size (fin size
adjusted for body size) and the marked distinc-
tion in mating behaviors; sailfin mollies show
courtship behaviors and some level of female
choice. Males of most species of sailfin mollies
are easily distinguishable from shortfin males on
the basis of differences in the length of the dor-
sal fin (Ptacek, 1998, 2002). Indeed the number
of fin rays in the dorsal fin is the diagnostic char-
acter used to distinguish members of the sailfin
molly complex from those of the shortfin molly
complex (Miller, 1983). Males of most shortfin
species have 6-11 dorsal fin rays, while males of
P. latipinna range from 12-16, males of P. pete-
nensis range from 12-16 and males of P. velifera
range from 15-21 dorsal fin rays. Dorsal fin
length rather than height appears to be the mor-
phological trait that best separates sailfin species
from shortfin species (Ptacek, 1998), with 2.
latipunctata being the sole exception. Males of
P. latipunctata from a single population in Ta-
maulipas, Mexico, have 10-11 dorsal fin rays,
despite considerable variation in male size at
maturity (range from 23 to 45 mm SL) in this
population. Thus the dorsal fin morphology of
P. latipunctata is clearly that of a shortfin species.

Males of all four species of sailfin mollies
however, perform courtship displays to females
in an attempt to elicit female cooperation in
mating (Table 1; Farr, 1989; Parzefall, 1989;
Niemeitz et al., 2002). Both the form of the
display and the rate of courtship displays per-
formed vary between sailfin and shortfin spe-
cies. Males of sailfin species orient their bodies
in front of females and raise the dorsal fin,
spreading the fin rays and fanning the dorsal
fin towards the female. Males often bend their
bodies towards the female in a sigmoid fash-
ion characteristic of guppies and other
poeciliids (Liley, 1966; Farr, 1975, 1989). Dis-
plays can last from a few seconds to up to a
minute in duration. Males of P. velifera have
longer duration displays than those of P.
latipinna and P. petenensis and males often
swim in a circle around the female almost en-
closing the female in the arc formed by the
erect dorsal fin. Males of P. petenensis perform
courtship displays that are more similar to
those of P. latipinna, having a shorter duration

and often directed along the side of the female.
Males of P. latipunctata swim in semi-circles
around the front of the female while spreading
and fanning the dorsal fin (Niemeitz ez 4/,
2002). Such displays generally end with the
male approaching the female’s gonopore from
the side and performing gonopodial thrusts
(personal observation). Interestingly, courtship
behavior in P. latipunctata appears to be
strongly influenced by male-male competition
with larger, more dominant males becoming
extremely dark in coloration and performing
higher rates of courtship displays than nor-
mally-colored, subordinate males. The darker
coloration and higher rates of courtship dis-
plays performed by large, dominant males of
P. latipunctata has been observed both in the
field (Niemeitz et 2/., 2002) and in the labora-
tory (personal observation). The rates of court-
ship displays performed by courting males of
all sailfin species can be quite high, with males
of P. latipinna having been observed to perform
as many as 8-10 displays per minute, although
the average is 2-4 displays per minute (Ptacek
and Travis, 1996; personal observation).

In marked contrast, males of most species of
shortfin mollies have not been observed to per-
form courtship displays (Table 1; Farr, 1989). A
form of courtship display has been described for
P. mexicana. Males of P. mexicana swim along-
side females with their dorsal fin erect and their
pelvic fins extended away from the body. Males
will shimmy their bodies and bend them to-
wards females in a sigmoid fashion. However,
the rates at which they perform these courtship
behaviors are nearly five times lower than the
rates of courtship displays performed by males
of P. latipinna (Ptacek, 1998, 2002). While fe-
males of P. mexicana have been observed to co-
operate with males during copulation attempts
(Balsano ez al., 1985), the degree to which males
of P. mexicana rely on courtship to enhance re-
productive success is unknown.

In order for sexual selection to have played
an important role in divergence of sailfin mollies
from shortfin mollies, females should exhibit
strong preferences for the sailfin male pheno-
type over the shortfin male phenotype. Female
mollies prefer large, courting males and this is
particularly true for females of the sailfin molly,
P. latipinna (Schlupp et al., 1994; Ptacek and
Travis, 1997; Gabor, 1999). Interspecific pat-
terns of female choice have also been examined
for three species of mollies: the sailfin species P.
latipinna and two shortfin species, P. orri and



Figure 4.

Photographs showing parental
species used as sires in the
reciprocal crosses and their F1
hybrid sons: A) P. latipinna; B) F1
hybrid son with a P. latipinna sire;

C) P. mexicana; D) F1 hybrid son with
a P. mexicanasire

P. mexicana (Ptacek, 1998). Females of the sailfin
species P. latipinna consistently preferred con-
specific males across all treatment combinations
containing conspecifics. This result implies that
female choice by sailfin species helps promote
premating isolation between sailfin and short-
fin species in sympatry. Females of the two
shortfin species had lower levels of female pref-
erence and spent less time interacting with
males. However, females of both shortfin spe-
cies did show preferences for the sailfin 2.
latipinna males when comparing them to
heterospecific shortfin males, but exhibited no
preference for either male type when compar-
ing the sailfin males with conspecific males. This
suggests that shortfin females recognize and are
attracted to the sailfin phenotype, but that spe-
cies-specific cues of conspecific males may in-
hibit this attraction.

The lack of a preference for sailfin males by
shortfin females when comparing them with
conspecific males may explain the absence of
interspecific hybrids in natural populations
where sailfin and shortfin species co-occur. Clear
avoidance of heterospecific females by sailfin
males from sympatric populations (Ryan ez a/.,
1996; Schlupp et al., 1991) coupled with the
lack of a strong female preference for the sailfin
male phenotype in the presence of conspecific,
shortfin males may aid in decreasing the chances
of interspecific hybridization. The potential for
a pre-existing bias (Basolo, 1990; Ryan, 1990)
for the sailfin phenotype in females of shortfin
species however, would suggest that when the
initial traits leading to premating isolation
(courtship display behavior and/or enlarged

dorsal fins) first evolved in molly populations,
the females” sensory system was already biased
towards favoring these traits in males, hence
hastening their establishment and promoting
divergence of sailfins. This implies an impor-
tant role for sexual selection in generating and
maintaining the observed divergence in mate
recognition systems in mollies.

Targets of Sexual Selection and Species
Recognition in Mollies

Theoretical models have demonstrated that
sexual selection can lead to speciation when
premating reproductive isolation develops in
parallel with divergence of sexually-selected
traits (Lande, 1982; Thornhill and Alcock,
1983; West-Eberhard, 1983, 1984; Kaneshiro
and Boake, 1987; Lande and Kirkpatrick, 1988;
Iwasa and Pomiankowski, 1995; Payne and
Krakauer, 1997). Such a model of speciation
requires that the phenotypically varying male
traits that are the targets of sexual selection also
serve as reliable species recognition signals. A
definitive test of which traits are essential for
species recognition can only be conducted by
varying traits systematically, one at a time, hold-
ing all other traits constant. Such a task is par-
ticularly challenging when the mating signal is a
multivariate visual cue that varies in both mor-
phological and behavioral components.

I have been using a novel approach to exam-
ine female mating preferences for different com-
ponents of the mating signal in the sailfin molly
P. latipinna. Male phenotype in mollies can be
manipulated by producing interspecific hybrids
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Figure 5.

A. Species scores on the first two
canonical axes from a discriminant
analysis of 14 morphological shape
variables from males of P. /atipinna
(L), P. mexicana (M) and F1 hybrids
with P. latipinna sires (l) and F1
hybrid with P. mexicana sires (m).

B. Average number of courtship
displays (number/10 min. +£SE)
performed by F1 hybrid males during
the 10-min observation period in
response to P. latipinna females and
P. mexicanafemales. (From Ptacek,
2002)
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between sailfin and shortfin species that vary in
their expression of certain behavioral and mor-
phological trait values (Ptacek, 2002). First gen-
eration male hybrid offspring have been reared
from reciprocal crosses between the sailfin spe-
cies P. latipinna and the shortfin species P. me-
xicana (Fig. 4). Four crosses between a P.
mexicana dam and a P. latipinna sire yielded 42
F1 hybrid sons and five crosses between a 2.
latipinna dam and a P. mexicana sire yielded 66
F1 hybrid sons. Comparisons of phenotypic
trait distributions for 14 morphological shape
characters and rates of three mating behaviors
(courtship displays, gonopodial thrusts and
gonoporal nibbles) between hybrid males from
the two directions of the interspecific cross and
males of the two parental species suggest that
courtship display behavior can evolve indepen-
dently of morphology in F1 hybrid males
(Ptacek, 2002). Canonical discriminant analy-
sis shows that F1 hybrid males are intermediate
with respect to the two parental species along
the first canonical axis, which describes relative
dorsal fin length, regardless of the direction of
the cross (Fig. 5A). Males of the two parental
species and the F1 hybrids overlap considerably
along the second canonical axis, w