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Abstract A long-standing goal of speciation research is to
describe how reproductive isolating barriers develop, when
they arise along the ‘speciation continuum’, and to measure
the strength with which they restrict gene flow. Drosophila
arizonae and D. mojavensis are a recently diverged sister
species pair distributed from the southwestern United
States through southern Mexico. While incipient speciation
in D. mojavensis has been studied for decades, relatively
little attention has been directed toward D. arizonae,
despite the fact that previous studies have revealed evi-
dence for significant genetic differentiation among
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populations separated by geographic barriers. Here, we
examine the potential for both pre- and post-mating
reproductive isolation in D. arizonae from geographically
isolated parts of North America. We find evidence for
strong premating isolation between flies from northern
mainland Mexico and southern mainland Mexico, but no
evidence for postmating isolation in any cross. This study
highlights the utility of the D. arizonae system for further
investigation into the early evolution of premating isola-
tion, and reinforces the potential of the D. arizonae/D.
mojavensis system as a whole for studying the evolution of
reproductive isolation at a range of divergence times.

Keywords Premating isolation - Postmating-prezygotic
isolation - Postzygotic isolation - Sexual selection - Sexual
conflict - Speciation continuum

Background

Speciation progresses through an accumulation of repro-
ductive barriers, which act to restrict gene flow between
sexually reproducing populations (Dobzhansky 1937; Mayr
1942; Coyne and Orr 2004). Reproductive isolating barri-
ers can act either before or after mating occurs. Premating
isolation between populations results in reduced copula-
tions that can include ecological, behavioral, or mechanical
factors (Coyne and Orr 2004). Postmating isolation is
further subdivided into barriers that act either after mating
but before fertilization (postmating-prezygotic) or after
fertilization (postzygotic). Postmating-prezygotic (PMPZ)
barriers are often cryptic, involving interactions between
sperm or seminal fluid and the internal environment of the
female reproductive tract (Coyne and Orr 2004; Markow
1997; Sweigart 2010). Postzygotic barriers are more
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obvious to detect, often resulting in sterility or lethality in
offspring (Orr 1995) or ecologically unfit intermediate
phenotypes (Schluter 2001).

Speciation research attempts to understand how repro-
ductive isolation evolves, the rate and order in which
barriers develop, and the relative strength of barriers acting
between diverging lineages. These matters have been
addressed by studying different points along the ‘speciation
continuum,’ ranging from populations in the initial stages
of divergence to those where reproductive isolation is
complete (Seehausen et al. 2014; Shaw and Mullen 2014).
Examining populations in the early stages of divergence
provides a clear view of early evolving reproductive bar-
riers although it is not possible to determine whether the
speciation process will go to completion (Coyne and Orr
2004). Studying species further along the continuum pro-
vides an advantage in knowing that the process of specia-
tion is complete or nearly complete. It is difficult, however,
to distinguish between barriers that first contributed to the
onset of reproductive isolation and other barriers that may
have accumulated over time since divergence (Coyne and
Orr 2004; Demuth and Wade 2007). Furthermore,
hybridization experiments between species across a range of
divergence times show that hybrid vigor, outbreeding
depression and partial reproductive compatibility develop at
variable rates both within and among taxonomic groups
(Edmands 2002). While important insights have emerged
from individual case studies at different levels of divergence
(Palumbi and Metz 1991; Edmands 2016; Jiggins et al.
2001; Boughman 2001; Ramsey et al. 2003; Sanchez-
Guillén et al. 2012) systems in which a series of closely
related taxa span a range of divergence times offer a par-
ticularly promising opportunity to integrate inferences
regarding the evolution of reproductive isolation at different
timescales (Seehausen et al. 2014; Shaw and Mullen 2014).

Cactophilic species of Drosophila endemic to deserts of
North and South America have been the focus of studies on
the evolution of reproductive isolation for decades. In
particular, the sister species D. arizonae and D. mojavensis
have served as a classic model in studies of speciation
(Markow and Hocutt 1998; Etges 2014) in part because the
system as a whole allows for the study of reproductive
isolating barriers at different timescales. Interspecific
crosses between D. mojavensis and D. arizonae exhibit
premating isolation, PMPZ isolation, and postzygotic iso-
lation, though the relative strength of most barriers depends
on both the direction of the cross and the source population
of males and females (Markow and Hocutt 1998;
Wasserman and Koepfer 1977; Massie and Markow 2005;
Kelleher and Markow 2007). On the other end of the
continuum, more recently diverged D. mojavensis sub-
species exhibit considerable genetic and ecological diver-
gence, with evidence for modest reproductive isolation in

some crosses (Markow and Hocutt 1998; Etges 2014;
Markow 1991).

Historically, D. arizonae has been studied mainly in
relation to its sister species, yet it shares many of the
attributes that initially made D. mojavensis an attractive
study model for incipient speciation. Drosophila arizonae
is distributed from southern Arizona USA, down through
mainland Mexico, all the way south into Guatemala
(Markow and Hocutt 1998). More recent collections have
also identified populations throughout the Baja Peninsula
as well as southern California, USA that are presumed to
have resulted from relatively recent colonization events
(Reed et al. 2007). Previous studies using mitochondrial
and nuclear markers reveal evidence for population struc-
ture along this expansive range. Most notably, combining
information across these studies reveals strong consensus
that southern populations are highly differentiated from all
other populations (Machado et al. 2007; Reed et al. 2007,
Matzkin 2008), but there is some disagreement about the
phylogenetic placement of this group relative to other D.
arizonae. Inferences from multiple nuclear markers placed
the monophyletic southern clade as nested within the larger
D. arizonae clade (Machado et al. 2007; Reed et al. 2007),
while a phylogeny based on mitochondrial cytochrome
oxidase I grouped the southern clade as sister to D.
mojavensis, thus making D. arizonae paraphyletic (Reed
et al. 2007). Both nuclear and mitochondrial markers also
support significant genetic differentiation between the
California population and other locations including Baja
and northern Mexico/Arizona, though not to the extent
observed for southern populations (Machado et al. 2007,
Reed et al. 2007). Additionally, there appears to be dif-
ferentiation between some, but not all, populations from
Baja and northern Mexico/Arizona (Machado et al. 2007;
Reed et al. 2007). The observed population structure likely
results, at least in part, from physical barriers such as the
Sierra Madre Occidental, Trans-Mexican Volcano Belt and
the Sea of Cortez that isolate populations from different
regions. Ecological information across much of D. ari-
Zonae’s range is scant, but in northern Mexico its primary
host plant is cina cactus (Stenocereus alamosensis),
although it has also been collected from other columnar
and prickly pear hosts in this region (Fellows and Heed
1972). Little is known about host plant associations in other
areas, but cina cactus is not present over much of D. ari-
zonae’s current range, suggesting the potential for eco-
logical divergence in host plant use (Ruiz et al. 1990). This
potential is further underscored by the fact that the popu-
lation from southern California was found associated with
citrus, indicating that D. arizonae is capable of utilizing
diverse resources.

The high degree of genetic differentiation and ecologi-
cal divergence among isolated D. arizonae populations
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suggests that the potential for reproductive isolation among
these populations should be examined. While past studies
investigating premating reproductive isolation between
northern and southern mainland D. arizonae populations
using no choice and male choice experiments found no
evidence for isolation (Wasserman and Koepfer 1977
Baker 1947), a more recent study utilizing an ecologically
realistic multiple-choice test (Massie 2006) found signifi-
cant premating isolation between flies from these two
locations. This latter study, however, was performed using
only a single strain from each location, precluding any
strong inferences. Furthermore, none of these studies
included the more recently discovered populations from
southern California and the Baja peninsula, and the
potential for postmating isolation has yet to be examined
for any cross.

Here, we assess the potential for both premating and
postmating isolation among D. arizonae from northern
mainland Mexico, southern mainland Mexico, the Baja
peninsula, and southern California. In addition to providing
evidence for the early evolution of reproductive isolating
barriers in this system, our findings expand the utility of the
D. mojavensis/D. arizonae system as a model for studying
the process of divergence across the ‘speciation
continuum.’

Methods
Stocks and Husbandry

We obtained D. arizonae stocks used for the experiments
from personal collections, the Drosophila Species Stock
Center, and from donations by Dr. Luciano Matzkin.
Stocks represented four main geographic regions: southern
Mexico, southern California, USA, Baja California, Mex-
ico, and northern Mexico (Fig. 1). Given that the majority
of stocks had been maintained as isofemale strains in the
laboratory for varying amounts of time prior to experi-
mentation, we merged stocks within regions to create more
genetically diverse mass populations several generations
before the experiments described below. The Sonora,
Mexico population (heretofore “northern”) included 16
isofemale lines collected near San Carlos, Sonora, Mexico
in 2006. The southern California population (heretofore
“Riverside”) was comprised of five isofemale lines col-
lected from Riverside, CA in 2002. The Baja population
(heretofore “Baja’) included a line started from a multi-
female collection from San Quintin (Drosophila stock
center id: 15081-1271.29; collected in 2008) and four lines
collected nearby from El Rosario in 2003. Flies from the
southern region (heretofore “southern”) included lines
from multiple localities that formed a monophyletic group
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Fig. 1 Map showing geographic origin of Drosophila arizonae lines
used to analyze pre- and postmating reproductive isolation. Multiple
lines were merged from each geographic area to create mass
populations prior to experimentation. Gray triangles represent
mountain ranges that may serve as geographic barriers between D.
arizonae populations. Localities: I Riverside, CA, 2 San Quintin,
Baja California, 3 El Rosario, Baja California, 4 San Carlos, Sonora, 5
San Luis Potosi, 6 Hidalgo, and 7 Tuxtla Guitierrez, Chiapas

in a previous phylogeographic study: one line founded
from a multifemale collection from Tuxtla Guitierrez,
Mexico (Drosophila Stock Center id: 15081-1271.14;
collected in 1987), two isofemale lines from San Luis
Potosi, Mexico (Drosophila  Stock  Center id:
15081-1271.31 and 15081-1271.32; collected in 2005), and
two lines founded from multi-female collections from
Hidalgo, Mexico (Drosophila Stock Center id:
15081-1271.17; collected in 1987, and 15081-1271.07).
Given that these stocks were originally collected from
different localities within the southern region, we first
confirmed that there was no reproductive isolation among
them before merging into the mass population. Each pop-
ulation was maintained at large size throughout the
experiment in multiple half-pint milk bottles with Carolina
Instant Drosophila media. Larval and adult densities were
monitored to ensure they were roughly equivalent, and all
environmental conditions were kept constant (Casares et al.
2005). For both premating and postmating isolation
experiments, virgin flies were collected daily and sorted
under light CO, anesthesia. Virgin males and females were
kept separately in groups of approximately 15 flies for
9-13 days to ensure they reached reproductive maturity
prior to experimentation.

Premating Isolation Experiments
We used a multiple-choice experimental design to test for

premating isolation. At least 12 h before mating, 16
females and 16 males from two focal regions were
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randomly assigned to fresh media containing blue, red,
green, or no food dye. Food dye can be observed in the
abdomen under a microscope, and was used to differentiate
flies from different populations. Previous studies have
shown this type of coloring to have no effect on mating
preference (Wu et al. 1995; Jennings and Etges 2010). All
mating trials were in the morning, which is when flies
typically mate. For each trial, we placed 60 flies (15 of
each sex from two populations) in a mating chamber
constructed from an 8” x 1” petri dish with holes drilled to
allow access with an aspirator. We removed copulating
pairs from the mating chamber with an aspirator, waiting a
minimum of 30 s to ensure they were not pseudocopulating
(flies typically copulate for ~ 3 min). Following sug-
gested guidelines for multiple-choice mating experiments,
we terminated each trial after 30 min or until half of all
possible matings occurred (15) (Casares et al. 2005; Gilbert
and Starmer 1985). After each trial, source populations of
copulating males and females were determined by assess-
ing abdomen color. Ten to 11 replicate trials were per-
formed for each cross combination.

We used the program JMATING (Carvajal-Rodriguez
and Rolan-Alvarez 2006) to analyze the mating data.
Although our study design involved multiple replicates of
each mating experiment, this structure is not explicitly
accounted for in the JMATING analyses. Thus, to
examine whether replicates for each experiment could be
pooled prior to analysis, we tested whether there was
heterogeneity of odds ratios among replicates using
Breslow—Day tests with Tarone’s adjustment. We found
no evidence for heterogeneity among replicates in any of
the experiments (P > 0.05), and therefore pooled across
replicates for the JMATING analyses. These analyses
calculated the index of sexual isolation Ipg;, which ranges
between —1 and 1, with zero indicating random mating
and one indicating complete reproductive isolation. We
also used the isolation asymmetry index (IApg;) to deter-
mine the symmetry of mating combinations for the
interpopulation reciprocal crosses; an IApg; of 1 indicates
symmetrical matings and equal preference for males/fe-
males of any given combination while any deviation from
1 indicates asymmetry. Significance of isolation indices
was tested using bootstrapping (10,000 replicates). Given
that we performed six experiments in total we used the
Holm-Sidak step-down procedure (Holm 1979) to
account for multiple testing.

Postmating Isolation Experiments

We conducted postmating isolation experiments separately
from the premating experiments. Single-pair matings were
staged in the morning and included all possible mating
combinations between populations (six total experiments).

We placed females individually into vials containing two
males, and copulations were observed. Following copula-
tion, individual females were moved into new vials, and
were then transferred to fresh food daily for a total of
8 days. The total amount of progeny surviving to adulthood
was recorded for each female. The most powerful method
of analysis for our postmating dataset would be a factorial
ANOVA, as this would account for main effect differences
of female and male source populations, and the interaction
would test for the potential presence of postmating isola-
tion. However, we were unable to transform the data to
achieve normality of residuals (an assumption of the
ANOVA procedure), due to the presence of excess zeros in
each dataset. As a solution, we split the dataset and con-
ducted two separate tests: (1) we first used a Fisher’s exact
test to examine whether there were differences among
crosses in the proportion of matings that failed to produce
any progeny, and (2) for matings that did produce progeny,
we used a factorial ANOVA to examine mean progeny
production (square root transformation normalized the
residuals on this dataset). If the interaction term was sig-
nificant we conducted all pairwise post hoc tests to further
dissect the nature of the interaction using Tukey’s method
to correct for multiple testing. A case where crosses
between regions (A x B) produce significantly less off-
spring than their corresponding pure crosses (A x A and
B x B) would suggest the presence of either postmating-
prezygotic barriers (e.g. reduced oviposition or failed fer-
tilization) or hybrid inviability, though additional studies
would be necessary to differentiate between these possi-
bilities. We favored the factorial ANOVA approach over
an alternative one-way non-parametric approach because
the latter would compare crosses individually without
accounting for potential regional differences in male fer-
tility or female fecundity.

To test for the possibility of hybrid sterility in crosses
between geographic regions, we assessed whether F; off-
spring of each cross were capable of producing F, progeny.
Specifically, pairs of F; virgin male and female flies were
placed together in individual vials and the proportion of
vials producing any F, progeny was counted. This was
done separately for each cross (12 crosses between regions
and 4 pure crosses; N = 30-34 vials for each cross) and the
proportion of vials producing progeny for all crosses was
compared using a Chi square test. With this design, addi-
tional tests would be necessary to differentiate between
male or female sterility as a cause of any reduction in the
proportion of vials producing F, offspring for a particular
cross, but equivalent F, production among within and
between region crosses would indicate that hybrids do not
show elevated levels of complete sterility (we did not
quantify offspring production so the potential for subfer-
tility was not examined).
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Results
Premating Isolation Experiments

Total deviations from random mating for all cross combi-
nations are given in Table 1. We found significant pre-
mating isolation between southern and northern crosses
(Ipsy 0.3961, p = 0.0004; Table 1), while no other com-
binations deviated from random mating. The [Apg; index
revealed a major reduction in copulations between southern
females and northern males, compared to the number of
copulations between northern females and southern males
(IAps; = 0.640, p = 0.002; Table 1).

Postmating Isolation Experiments

After correcting for multiple testing, comparisons of the
proportion of matings that failed to produce progeny
revealed differences among crosses in only one experiment
(Fig. 2). More specifically, both crosses between Baja and
Riverside exhibited higher failure rates where no offspring
were produced (17 and 18 %) than the pure Baja cross
(0 %) (Fig. 2). After correcting for multiple testing, results
from factorial ANOVAs comparing progeny production
revealed a significant female x male interaction in the
Baja/Riverside experiment and the southern/Riverside
experiment. In the former case, crosses between Baja
females and Riverside males produced more progeny than
pure Baja crosses, while crosses between Riverside females
and Baja males produced more progeny than either pure
cross (Fig. 3). Similarly, in the southern/Riverside experi-
ment, crosses between regions resulted in higher progeny
production than the pure southern cross (Fig. 3). Three
other experiments revealed a significant female effect, with
southern females producing more progeny than Baja
females, northern females more than southern females, and
Riverside females producing more than northern females.
We found no evidence consistent with elevated rates of F;

male or female sterility in offspring of crosses between
regions. The proportion of F; crosses that produced pro-
geny was uniformly high (0.88-1), and did not differ
among Crosses (x> = 13.54; p = 0.561).

Discussion

We found a significantly high degree of premating isolation
between geographically isolated southern and northern D.
arizonae. These results agree with, and strengthen, previ-
ous evidence for premating isolation between single strains
derived from Peralta, AZ and Hidalgo, Mexico (Massie
2006). This pattern also is consistent with previous studies
showing that southern D. arizonae show the most genetic
differentiation from all other D. arizonae localities
(Machado et al. 2007; Reed et al. 2007; Matzkin 2008).
While we did not detect statistically significant premating
isolation between southern D. arizonae and those from
Baja or Riverside, these crosses had the second and third
highest isolation indices respectively (Table 1). Although
there is some evidence to suggest genetic subdivision
among flies from northern Mexico, the Baja Peninsula, and
southern California (Machado et al. 2007; Reed et al. 2007,
Matzkin 2008), we found no evidence that this genetic
divergence is accompanied by the evolution of premating
isolation.

Consistent with our findings in D. arizonae, early evo-
Iution of premating isolation is also observed in some
crosses between D. mojavensis subspecies. Specifically,
crosses involving D. mojavensis sonorensis females and D.
mojavensis baja males exhibit significant premating isola-
tion (Wasserman and Koepfer 1977; Markow 1991). The
mechanistic basis of this isolation remains unresolved, but
could be influenced by differences in courtship behaviors
and contact pheromones (e.g. cuticular hydrocarbons), as
reported in other recently diverged Drosophila pairs (Etges
2014; Chung et al. 2014; Shirangi et al. 2009; Nanda and

Table 1 The number of copulations for crosses between flies from different combinations of Drosophila arizonae populations and isolation
indices for each cross (the source population of females is listed first for each cross)

Cross (1 x 2) n (within) n (between) 1 x2 2 x 1 1 x1 2 x2 Ipg p value IApg; (1 x 2/2 x 1)  p value
S x B 61 46 23 23 26 35 0.136 0.1690 1.001 0.936
S x R 73 53 22 31 41 32 0.162 0.0748 0.944 0.243
S x N 77 37 9 28 48 29 0.396 0.0004*  0.640 0.002*
B xR 55 48 24 24 30 25 0.068 0.5000 1.001 0.96

B x N 73 65 26 39 54 19 0.002 0.9940 0.997 0.974
R x N 62 60 30 30 35 27 0.0127  0.8968 1.00 0.918

S southern, B Baja, N northern, R Riverside, CA

* Statistically significant after Holm—Sidak correction for multiple testing
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Fig. 2 Proportion of crosses that produced progeny for all possible
cross combinations. Significance was assessed using Fisher’s exact
test. In cases where the test was significant after adjusting for multiple

Singh 2012). Exploring these possibilities in D. arizonae is
an important avenue for future research due to the strength
of premating isolation observed between southern and
northern populations. Moreover, a better understanding of
D. arizonae’s ecology is needed, particularly in under-
studied southern portions of its range. Ecological factors
such as larval rearing substrates and temperature are known
to influence cuticular hydrocarbons profiles in D.
mojavensis (Etges 2014), and thus may play an important
role in mating interactions between D. arizonae
populations.

The pattern of premating isolation between southern and
northern D. arizonae is asymmetrical, with fewer copula-
tions observed between southern females and northern
males than the reciprocal pairing. This corroborates the
previous study (Massie 2006), which also found fewer
copulations between southern females and northern males.
Asymmetrical premating isolation is commonly observed
in other groups of recently diverged Drosophila (Yukile-
vich and True 2008; Yukilevich 2012; Arthur and Dyer
2015; Robertson 1988, Ehrman and Wasserman 1987),

Cross

testing (Holm-Sidak step-down), group means under different letters
were significantly different. S southern, B Baja, N northern, R River-
side, CA

including D. mojavensis subspecies (Wasserman and
Koepfer 1977; Markow 1991). In crosses between D.
mojavensis sonorensis and D. mojavensis baja asymmet-
rical premating isolation has been hypothesized to result
from reproductive character displacement driven by his-
torical reinforcement in Sonora, where D. mojavensis
sonorensis females have been selected to be more dis-
criminating due to the presence of D. arizonae (Wasserman
and Koepfer 1977). In our study, however, northern D.
arizonae females, which are sympatric with D. mojavensis,
mated readily with males from all of the other populations.
These results suggest that the presence of D. mojavensis
does not fundamentally alter D. arizonae female mate
discrimination. On the other hand, copulations between
southern females, which are allopatric with D. mojavensis,
and northern males were rare. Since we did not quantita-
tively analyze specific elements of courtship, it is not clear
whether this isolation reflects patterns of female mate
discrimination, or whether males contribute more directly
to the reduction in interpopulation copulations. Little is
known about Drosophila community structure in the
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Factor F P B Factor F P ¢ Factor F P
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Fig. 3 Mean progeny production for all possible cross combinations.
Error bars represent 95 % Cls. In cases where there was a significant
male x female interaction, individual crosses grouped under different

southern portions of D. arizonae’s range, but it is possible
that the presence of other closely related sympatric species,
such as D. navojoa, could influence mating interactions. In
fact, previous studies have suggested that the presence of D.
navojoa alters D. mojavensis mate discrimination in areas
where these species overlap (Markow and Maveety 1985).
Nevertheless, it is interesting to note that even if unexplored
community dynamics do influence patterns of mate dis-
crimination, the effects do not appear to be universal, in that
we did not detect significant isolation in other crosses
involving southern populations (though there was a trend
toward higher isolation). The same is also true in D.
mojavensis, where premating isolation is not detected in
crosses involving D. mojavensis sonorensis and other sub-
species subspecies (Wasserman and Koepfer 1977; Markow
1991). Altogether, these results suggest that complex pro-
cesses in different populations likely drive the evolution of
mating interactions, which results in somewhat diverse
outcomes in crosses between diverging populations.

We acknowledge the caveat that our conclusions about
levels of premating isolation are based on experiments with
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letters were significantly different (post hoc comparisons with
Tukey’s adjustment; o = 0.05). S southern, B Baja, N northern,
R Riverside, CA

stocks that had been maintained in the laboratory for sev-
eral years prior to experimentation. While we believe that
some caution is warranted in interpreting these results, the
similarity between our results and those reported by Massie
(2006), both in terms of the strength of isolation and the
pattern of asymmetry (southern females discriminating
strongly against northern males), strengthens the case that
these findings reflect real biological differences rather than
laboratory artifacts. This is made even more convincing by
the fact that these experiments were performed by different
laboratories using different northern and southern D. ari-
Zonae strains.

Combining evidence from comparisons of reproductive
failure, progeny production, and fertility of F; offspring
reveals little evidence of postmating isolation in any cross.
Although crosses between Baja and Riverside exhibited
higher failure rates than the pure Baja cross, these results
are counterbalanced by the fact that successful crosses
between flies from these regions actually produced more
progeny than the pure Baja cross. Differences in failure
rates may actually be due to unusually low failure rate of
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the pure Baja cross in that particular experiment (0 %), as
failure rates for this cross in the two other experiments
involving Baja were lower and more on par with the Baja/
Riverside pure crosses. Taken together, the data do not
support postmating isolation between flies from Baja and
Riverside. We did not measure F, hybrid fertility or
quantify F; hybrid offspring production relative to parental
reproductive output. Sterile F, hybrids would implicate
postmating isolating barriers, as would a reduction in F;
hybrid reproductive output. Although we failed to detect
reduced progeny production or hybrid sterility/inviability
in this study, additional experiments focusing on these and
other forms of postmating isolation (e.g. conspecific sperm
precedence) might reveal evidence for more cryptic
incompatibilities in crosses between regions.

Synthesizing information from studies of geographi-
cally isolated D. arizonae and D. mojavensis populations,
it is clear that premating isolation evolves rapidly, having
been detected among divergent populations of each spe-
cies. In both cases, isolation is asymmetrical and depends
on the specific population combination used in the cross,
such that males or females that are isolated from indi-
viduals of one population may readily mate with indi-
viduals from another population (Markow and Hocutt
1998; Wasserman and Koepfer 1977; Massie and Markow
2005). Thus, whatever population-specific selective pres-
sures or random processes drive the evolution of pre-
mating isolation, the effects are idiosyncratic. The
dynamic nature of the evolution of premating isolation is
also evident at longer timescales. Given its early evolu-
tion among recently diverged populations within each
species, one might predict that strong premating isolation
would characterize all crosses between D. mojavensis and
D. arizonae. However, while premating isolation is rela-
tively high for crosses between northern D. arizonae
females and all D. mojavensis subspecies, in the recip-
rocal crosses isolation ranges from strong to virtually
absent depending on the D. mojavensis subspecies used in
the cross (Markow and Hocutt 1998; Wasserman and
Koepfer 1977; Massie and Markow 2005). Altogether,
these results suggest that premating isolation has the
capacity to evolve rapidly, but also may be highly labile
over evolutionary time. This is not necessarily surprising
given that this form of isolation typically involves a
strong behavioral component, and behavioral traits are
known to be particularly labile (Blomberg et al. 2003).
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