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ABSTRACT

Species frequently exhibit ecogeographical trends such that phenotypes in different populations vary according to local conditions along a geo-
graphical cline or gradient. Latitudinal gradients for traits such as body size and shape are thought to be driven by variation in environmental
temperature, but we currently lack an understanding of how such variation affects both sexual size dimorphism and the expression of secondary
sexual traits. We measured sexual size dimorphism and the relative size of dewlap area, bite force, and head morphology in four populations of
green anole (Anolis carolinensis) lizards spanning a latitudinal gradient in the eastern United States. We found that while populations at lower lat-
itudes exhibit greater sexual size dimorphism than those further from the equator, the relative expression of secondary sexual traits did not con-
sistently follow this pattern, with bite force and dewlap area exhibiting negative and positive relationships with latitude, respectively. We also found
that bite force and head shape are decoupled in male green anoles at both the highest and lowest latitudes, suggesting that other selective forces

are acting on head morphology in these populations as well.
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INTRODUCTION

Species in nature can exhibit considerable intraspecific variation
across their geographical range (Mayr 1942). Most notably, organ-
isms may show systematic changes in size, shape, or coloration at
higher latitudes as compared to conspecific populations closer to
the equator (Ashton and Feldman 2003, Meiri and Dayan 2003,
Nudds and Oswald 2007, Galvan et al. 2018). Proximate explana-
tions for these ecogeographical trends commonly interpret lati-
tude as a proxy for the thermal environment. For example, local
thermal conditions are thought to explain observed latitudinal
variation in both size (Bergmann’s rule; Bergmann 1847) and
shape (Allen’s rule; Allen 1877), such that organisms in cooler
environments at higher latitude are both larger and exhibit pro-
portionately shorter appendages than those in more tropical envi-
ronments as adaptations to limit heat exchange (Partridge and
Coyne 1997, McQueen et al. 2022), although other potential
drivers include prey size (McKnab 1971) and fasting endurance
(Millar and Hickling 1990), amongst others. Rensch’s rule states
that sexual size dimorphism (SSD) increases with body size in

those taxa where males are the larger sex (Rensch 1950, Abouheif
and Fairbairn 1997), and several studies have linked this allometry
of SSD to both sexual selection (Szekely et al. 2004, Dale et al.
2007) and latitude (Blanckenhorn ef al. 2006). Although these
results suggest that the strength of sexual selection should vary
over latitudinal gradients, studies testing for intraspecific effects
of latitude on the expression of both secondary sexual traits and
SSD are uncommon.

Sexual selection drives the evolution of exaggerated secondary
sexual traits (Andersson 1994), the relative expression of which
is often considered a surrogate for the strength of sexual selection
(Gontard-Daneck and Moller 1999). SSD, by contrast, has been
shown to be inconsistently related to the strength of pre-copulatory
sexual selection across animal taxa (Soulsbury et al. 2014, Janicke
and Fromonteil 2021). Although one could predict that higher
latitude populations might experience higher levels of male-male
competition due to the truncated breeding seasons associated
with the relatively shorter warmer periods in these regions (Hau
2001, Moore et al. 2019), several previous studies have instead
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suggested that sexual selection is experienced most intensely by
organisms at lower latitudes. For example, Fujimoto ef al. (2015)
observed male competition, male courtship, and female choice in
Oryzias latipes medaka fish across a latitudinal gradient and found
that all three sexual selection pressures were strongest in the lower
latitude population. Matsumara et al. (2023) reported a similar
result in Tribolium castaneum beetles, but only for males, while
Sumarto ef al. (2020) showed that latitude influenced sexual
dimorphism in southeast Asian Adrianichthyidae fish. Although
several factors beyond temperature might contribute to latitudinal
variation in sexual selection pressures, ectothermic organisms
might be expected to be particularly sensitive to variation in the
thermal environment. Indeed, ectotherms such as reptiles and
amphibians are of interest in this context because they tend to
subvert the ecogeographical trends exhibited by many endother-
mic taxa (Adams and Church 2008, Munoz et al. 2014). None-
theless, the evaluation of ecogeographical trends in sexual
selection across populations that vary in thermal characteristics
hasbeen generally neglected in evolutionary ecology (Garcia-Roa
et al. 2020, Leith et al. 2022).

Green anole lizards (Anolis carolinensis) exhibit a broad latitu-
dinal distribution across the eastern United States, extending from
southern Florida to as far north as North Carolina and Tennessee.
Genetic studies show that the northward expansion of this ances-
trally tropical species into more temperate regions of the United
States over the past 100000 years is associated with positive selec-
tion on genes involved in cold tolerance and behaviour (Bourgeois
and Boissinot 2019), and indeed anoles from Tennessee are more
cold tolerant than those from lower latitude populations (Wilson
and Echternacht 1987). Previous studies have also shown that
green anole populations at higher latitudes exhibit relatively wider
and deeper heads than those from warmer and less seasonal pop-
ulations at lower latitudes (Jaffe et al. 2016) and are also reported
to be larger in body size due to both larger egg size and higher
growth rates as compared to lower latitude animals (Goodman
2010). Collectively, these findings demonstrate that green anoles
in the United States vary in characters at least partially in response
to thermal conditions across their latitudinal gradient in general
accordance with both Bergmann’s and Allen’s rules (Jaffe et al.
2016). However, despite the large literature on green anoles and
their status as a model system for reproductive biology and ecol-
ogy and evolution (Lovern ef al. 2004), no studies to date have
tested whether sexual selection or related phenotypes follow a
latitudinal gradient in this species.

We measured sexual size dimorphism, bite force, head shape,
and dewlap size in four populations of green anoles spanning their
latitudinal distribution in the eastern United States. Anolis species
vary in sexual dimorphism, with the extent of that dimorphism
being positively linked to sexual selection across 97 species of
anoles (Toyama et al. 2025). As in most lizard species, Anolis mat-
ing systems are dominated by male combat, and bite force has
been shown to be a key determinant of male combat outcomes,
and thus subject to sexual selection (Husak et al. 2009, Husak
2016) in many lizard taxa (Huyghe et al. 2005, Husak et al. 2006),
including several species of Anolis lizards (Lailvaux and Irschick
2007) and green anoles specifically (Lailvaux et al. 2004), whereas
head shape is an important morphological predictor of bite force

(Herrel and O’Reilly 2006, Huyghe et al. 2009, Wittorski et al.
2016). Dewlaps are used in a variety of social contexts in Anolis,
including male—male interactions, and relative bite force has been
positively linked to relative dewlap size in the males of territorial
anole species (Vanhooydonck ef al. 2005b, Lailvaux and Irschick
2007), green anoles among them (Vanhooydonck et al. 2005a,
Lailvaux et al. 2012), suggesting that rivals may glean information
on a given male’s bite force from the size of its extended dewlap
(Vanhooydonck et al. 2005b, Lailvaux et al. 2012). Individual male
green anole dewlaps also change size seasonally, with dewlap area
becoming larger over the course of the breeding season and
smaller during the non-breeding season (Irschick et al. 2006) due
to stretching and shrinking of the dewlap skin associated with
increased dewlap signalling, and thus dewlap extension, and
decreased dewlap signalling and extension, respectively (Lailvaux
et al. 2015). Dewlaps are thus an important component of anole
mating systems, and dewlap design might therefore be expected
to reflect variation in sexual selection pressures as well (but see
Henningsen and Irschick 2012, Summers and Ord 2022).

We tested the hypothesis that sexual selection is affected by
latitude in green anoles, as reflected in the measured phenotypic
traits across the four measured populations. Specifically, we pre-
dicted that green anole populations at lower latitudes will be more
sexually dimorphic, and exhibit relatively larger dewlaps, bite
forces, and head sizes compared to populations at higher latitudes.
Given the noted variation in head shape across green anole pop-
ulations, we also tested the related hypothesis that the relationship
between male bite force and overall head shape will vary across
the measured latitudinal range.

METHODS

We sampled four green anole populations comprising 218 animals
in June and July 2022: Monroe County, Tennessee (TN; 26 males
and 22 females); Charleston, South Carolina (SC; 29 males and
25 females); New Orleans, Louisiana (NOLA; 26 males and 26
females); and Punta Gorda, Florida (PG; 30 males and 25
females). Four populations has been considered sufficient for cap-
turing existing latitudinal gradients both in previous meta-analyses
(e.g- Eo et al. 2008) and in empirical studies (Geifel et al. 2025),
and the four chosen populations also span the entire continental
distribution of green anoles across the eastern United States. Fol-
lowing capture, we measured morphology, bite force, and dewlap
size in all animals following standard methods. We measured
snout-vent length (SVL) and head dimensions to the nearest
0.01 mm using Mitutoyo calipers. Dewlap area was measured by
extending the dewlap using forceps and photographing it against
aknown scale using a Sony RX10 digital camera. We then digitized
each image using tpsDig 2.3.2 to estimate the total area of extended
dewlap (asin Vanhooydonck et al. 2005a, Irschick ef al. 2006, Lail-
vaux et al. 2012, 2015). It is important to note here that despite
the demonstrated elasticity of the green anole dewlap, changes in
dewlap size associated with stretching manifest only over long
periods of time, and previous studies have found measurements
of dewlap area made using the described method to be repeatable
in the short term (Vanhooydonck et al. 2005b). We measured bite
force using an isometric type 9023 Kistler (Winterthur,
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Switzerland) piezoelectric force transducer connected to a type
5058a Kistler charge amplifier and attached to custom-made bite
plates in such a way that biting down on the plates stretched the
transducer, allowing us to measure the maximum force (newtons)
exerted (see Herrel et al. 1999 for a detailed description; Anderson
et al. 2008, Lappin and Jones 2014). Bite plates had a thin layer of
padding to prevent tooth breakage during trials. We measured bite
force five times per individual, and retained the highest measured
value as our estimate of maximum bite force (Lailvaux ef al. 2004,
2019, Husak ef al. 2021). The thickness of the bite plates prevented
us from measuring the bite force of adult females from the PG
population, as these animals were often as small as or smaller than
subadults from other green anole populations.

Statistical analysis

We used R 4.4.2 for all analyses (R Core Team 2024). We used
Box-Cox transformations to transform as required to meet
assumptions of normality. To test for an effect of population on
sexual size dimorphism, we fit an ANOVA with SVL as a depen-
dent variable and population, sex, and the interaction between
population and sex as factors. To test for an effect of population
on the relative magnitude of dewlap area, head shape, and bite
force, we fita MANCOVA to these variables with sex, population,
and the interaction between sex and population as factors. Note
that due to the missing bite forces for female green anoles from
the PG population (see above), the test for the multivariate inter-
action between sex and population here is conservative. We used
the R package emmeans (Lenth 2019) to calculate Tukey-protected
post-hoc contrasts among factor levels as required. To test for
variation in the relationships between overall male head size and
bite force across the four populations, we calculated the geometric
mean of head length, head width, and head height (Lappin and
Jones 2014) and fit a linear model with transformed bite force as
adependent variable, and SVL, population size, head size, and the
interaction between population and head size as predictor vari-
ables. We used the emtrends command in emmeans to calculate the
slopes of the relationship between head size and bite force in each
of the four populations, and the emmip command to calculate
contrasts. In all cases, units of contrasts correspond to transformed
units of measurement.
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RESULTS

The ANOVA for SVL yielded a significant interaction between
sex and population size (F,, =16.677, P<.001). While males
were always significantly larger than females regardless of source
population, the largest size dimorphisms were observed in the
lowest latitude populations, where the female-male contrasts for
PG and NOLA were —0.0853 (+0.007 SE; £, =—12.95,P< .001)
and -0.1096 (£0.007 SE; t, =-16.25, P<.001) respectively, as
compared to —0.048 (+0.007 SE; t,, =~-7.242, P<.001) for SC

and —0.06 (+0.007 SE; t,, =—8.451, P<.001) for TN. The PG
anoles are the smallest lizards overall, with the average PG males
being as large as the average NOLA female (Fig. 1). However,
NOLA harboured the largest males overall, with NOLA males
beinglargerthan malesin PG (contrast PG-NOLA =—0.011+0.007
SE, t,,=-16.652, P<.001), SC (NOLA-SC con-
trast=0.03+0.007 SE, £, =3.972,P<.001),and TN (NOLA-TN
contrast=0.034£0.0074 SE, t,  =5.035, P< .001). By contrast,
while there was no difference in SVL between the SC and TN
males (SC-TN contrast =0.008 +0.007 SE, to, =1.198,P= .629),
SC females were significantly larger than those from the TN pop-
ulation (SC-TN contrast=0.019+0.007 SE, £, =2.72,P< .036).
NOLA females were significantly smaller than those from SC
(NOLA-SC contrast=-0.035+0.007 SE, t,,, =—5.21 P<.001 ),
but were not significantly different in SVL from TN females
(NOLA-TN contrast=-0.016+0.007 SE, £, =-2.291, P=.1).
The MANCOVA on the combined effects of sex and population
on head morphology, dewlap area, and bite force with SVL as a
covariate yielded significant effects of sex (Pillai’s trace =0.8756,
F_ =212, P<.001) and population (Pillai’s trace=0.518,

5,151
F _,.,=6,P<.001) on the measured traits, but no significant inter-

aéifcs)gn between sex and population (Pillai’s trace=0.028,F, =0,
P=.934). Males exhibited larger size-corrected dewlaps than
females in all four populations (F, . =180.53,P<.001), but while
the smallest relative dewlap areas were seen in PG lizards for both
sexes, the relative dewlap areas across the LA, SC, and TN lizards
were similar to each other for both males and females (Fig. 2A).
By contrast, the highest bite forces relative to body size were seen
in the lower latitude populations, with PG males biting the hardest
of all the four populations following correction for body size (Fig.
2B). Although bite forces could not be recorded for PG females

Figure 1. Transformed snout-vent length (SVL) for males and females from each of the four sampled populations. Populations are arranged

along the x-axis in order of increasing latitude.
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Figure 2. Predicted marginal means + 95% confidence intervals representing: A, dewlap area®”; B, head length®*; C, head width®*; D, head
height; and E, bite force®*, for males and females from each of the four sampled populations. Populations are arranged along the x-axis in order
of increasing latitude.
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Figure 3. Marginal trends + 95% confidence intervals for male bite force® and the geometric mean for male head shape after accounting for
SVL within each of the four green anole populations. The 95% confidence intervals for both the PG and Tennessee males marginally include 0.

(see above), the linear model for male bite force as a function of
composite head size (as captured by the geometric mean of head
length, head width, and head height) and population with SVL as
a covariate yielded a significant interaction between population
and head size, indicating that the slopes of the size-free head size/
bite force relationships differ among populations. Specifically, the
slopes of this relationship in the NOLA and SC lizards are positive,
whereas the PG and TN populations exhibited negative slopes
over the measured head size range (Fig. 3), the 95% confidence
intervals of which marginally crossed 0 in both cases (Table 1).

DISCUSSION

Populations of green anoles are known to vary across latitudinal
gradients, with populations at high latitudes in particular showing
both genomic and phenotypic evidence of increased cold toler-
ance relative to other populations. We tested the hypothesis that
the expression of sexually selected traits would exhibit a similar
ecogeographical gradient and predicted that lower latitude popu-
lations should experience increased sexual selection, as evidenced
by greater sexual dimorphism, and larger heads, dewlaps, and
bite forces.

Our prediction was partially supported. There was a general
trend of greater sexual size dimorphism at lower latitudes, such
that the PG and NOLA populations exhibited the greatest differ-
ence in body size between males and females compared to the SC
and TN populations. However, the greatest such dimorphism was
observed in the NOLA population, rather than in the PG animals
at the lowest latitude (Fig. 1). Mayr (1942) emphasized that eco-
geographical trends are probably influenced by multiple factors
as opposed to single conditions such as temperature, and further
that exceptions to a general population trend are probably due to
conflict between those selective factors (Mayr 1956). With regard
to SSD specifically, Toyama ef al. (2025) showed that patterns of
SSD in Anolis lizards are generally as expected if such dimorphism
evolved under the auspices of sexual selection, but also found that
sexual selection was likely to be much stronger on island species
compared to mainland anoles. Anolis carolinensis has been present
on the US mainland for 4-6 Myr, and thus can hardly be consid-
ered an island species. Nonetheless, green anoles have historically

Table 1. Slopes of the size-free relationship between the geometric
mean of male head length, head width, and head height and bite
force® in each of the four sampled green anole populations, as well as
the respective standard errors (SE) and upper and lower 95%
confidence intervals.

Population Slope SE d.f. LowerCI Upper CI
Punta Gorda -0.322 0.187 90 -0.6933 0.0498
New Orleans 0.33 0.103 90 0.1251 0.5353
South Carolina  0.278 0.108 90 0.0629 0.4929
Tennessee 0202 0.135 90 -0.0654 0.4687

not been subject to the community dynamics experienced by
mainland anoles in Central and South American communities,
typically facing little competition or interspecific interactions until
the introduction of Caribbean congeners over the last several
decades. Furthermore, previous authors have suggested that urban
populations of green anoles in particular might experience height-
ened sexual selection compared to green anoles in rural or less
disturbed habitats because the artificial and discontinuous nature
of urban green anole habitat forces males into close proximity with
each other (Bloch and Irschick 2006, McMillan and Irschick 2010,
Lailvaux 2020), in much the same way that insular lizard species
tend to be subject to stronger sexual selection and resource com-
petition (Novosolov et al. 2013). The extreme dimorphism exhib-
ited by the urban green anoles in New Orleans might therefore be
explained by the intense sexual competition experienced by males
in this population. On the other hand, the green anoles from South
Carolina also derive from primarily urban habitats, yet are not
particularly sexually dimorphic. It may be that the sexual selection
and latitudinal effects may mask or cancel each other out in urban
populations at higher latitudes, although we cannot conclude this
with confidence from our current dataset. However, it is also
important to note here that the NOLA and PG populations har-
bour the largest and smallest lizards respectively in terms of total
body size, and yet both of these populations are also more dimor-
phic than the two high-latitude populations. The general trend of
higher dimorphism closer to the equator therefore does hold
within our sample, variation in dimorphism among those
low-latitude populations notwithstanding, suggesting that these
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populations both probably experience more intense sexual selec-
tion than those further from the equator.

Dewlap area and bite force showed opposite latitudinal trends
to each other after accounting for body size, with higher latitude
lizards exhibiting the largest relative dewlap sizes (Fig. 2A), while
the highest bite forces were observed in green anole populations
closer to the equator (Fig. 2B). Consequently, while our results
for bite force mirror our SSD data in support of our prediction of
stronger sexual selection at lower latitudes, the dewlap size data
do not. An important caveat to our results for dewlap size is the
known plasticity in dewlap size in green anoles. Lailvaux et al.
(2015) showed that the dewlap skin in male green anoles shows
asignificantly lower elastic modulus—i.e. is significantly less resis-
tant to stretching—compared to belly skin during the breeding
season, resulting in dewlaps stretching over the course of that
season when males are allowed to extend their dewlaps as part of
their displays, and shrinking when they are prevented from doing
so. Given this dewlap elasticity, any trend towards greater dewlap
size at low latitudes could be masked if males at higher latitudes
display at relative greater rates. Although we would not expect this
to be the case based on sexual selection alone, anoles are also
known to display their dewlaps in other selective contexts, includ-
ing during interactions with predators (Leal 1999), during inter-
specific interactions (Losos 1985, Tokarz and Beck 1987, Leal et
al. 1998), and in non-directed territorial displays (Greenberg and
Noble 1944, Jenssen et al. 1995). Few data are available on intra-
specific variation in dewlap display frequencies within green
anoles. Bloch and Irschick (2006) showed that green anole males
in an urban population in New Orleans displayed roughly twice
as much as males from a nearby rural population, whereas Lovern
et al. (1999) compared male displays among populations from
Georgia, Florida, and Hawai'i, and found few differences among
populations in display duration, although display frequency was
not measured. Lailvaux ef al. (2012) further showed that dewlap
area is insensitive to resource availability in juvenile anoles, sug-
gesting that dewlap display frequency is the major known source
of dewlap plasticity. In the absence of a similar latitudinal gradient
in dewlap display frequency, the pattern for dewlap area therefore
opposes that for bite force and SSD. Summers and Ord (2022)
argue that dewlap size is primarily a function of signal detectabil-
ity, which could be relevant here; the PG population is unique
among other green anole populations in its lack of red coloration,
instead being a greyish colour (Macedonia et al. 2003). However,
Macedonia et al. (2003) did not find that the grey coloration made
the dewlap more visible in the light environment compared to
red-dewlapped males in their respective populations. Further-
more, an analysis of headbob displays place PG males within the
range of variation of headbob displays of red-dewlapped anoles
(Macedonia et al. 2015). It is unclear why the PG anoles have grey
dewlaps unlike other green anole populations, or what that means
for dewlap size in particular or sexual signalling in general, but the
unique dewlap may simply be due to a bottleneck during Pleisto-
cene sea-level changes (Tollis and Boissinot 2014, Macedonia
et al. 2015).

Our second hypothesis, that the relationship between head size
and bite force would vary across the latitudinal range, was sup-
ported. Head morphology is a primary determinant of bite force

in lizards (Herrel et al. 2001, 2007, Verwaijen et al. 2002), and we
therefore expected that variation in relative head dimensions
would track variation in relative bite force across the measured
populations. Our results show that PG males exhibit both the
widest and flattest heads relative to body size of the four popula-
tions we examined. However, despite these lizards exhibiting the
largest bite forces relative to their body size, the relationship
between overall head size and bite force showed a marginally
non-significant negative slope once the effects of body size are
accounted for (Table 1). The 95% confidence intervals of the pos-
itive slope between head size and bite force similarly included zero
in the Tennessee green anole males (Table 1). Bite force in anoles
is generally a function of head width and head height, with lizards
with taller and wider heads yielding higher bite forces (Wittorski
et al. 2016, De Meyer et al. 2019). Our data show that male PG
lizards have the shallowest and narrowest heads relative to body
size, yet the highest bite forces. The reasons for this decoupling
between head size and bite force are not apparent from our dataset,
but could be related to dietary or habitat differences in the PG
population (Bonneaud et al. 2016). Indeed, lizards in the TN pop-
ulation are unique in our sample since they make frequent use of
rocky outcrops in their local habitat, particularly during the winter
when crevices act as a thermal refuge (Bishop and Echternacht
2004). Saxicolous lifestyles are associated with reduced bite forces
in cordylid lizards that exhibit dorsoventrally flattened body plans
for making use of crevices, including shallow heads and necessarily
short jaw adductor muscles (Broeckhoven and Mouton 2014).
Despite the known effects of sexual selection on both bite force
and head size in green anoles (Lailvaux et al. 2004), other selective
pressures probably affect head shape as well.

Although latitudinal trends were evident in dewlap size, bite
force, and head dimensions after accounting for effects of body
size, these trends typically mirrored each other in males and
females, as evidenced by the lack of a significant interaction
between sex and population in any of the measured traits. The
green anole mating system is based on female defence polygyny
(Nunez et al. 1997, Jenssen and Nunez 1998), and as such the
expression of sexually selected traits is shaped primarily by male
combat in these animals. The similar expression of dewlap size,
bite force, and head dimensions in both sexes across the measured
populations therefore represents either common selection pres-
sures on each beyond sexual selection or, more likely, a lack of sex
limitation in the relative expression of these sexually selected male
traits. Lailvaux et al. (2019) found evidence for unresolved intralo-
cus sexual conflict involving head shape and bite force in a New
Orleans population of green anoles, such that the mechanical
burden of larger than optimal heads in females—probably caused
by sexual selection for large heads in males (Lailvauxef al. 2004 ) —
compromises female sprint speed. The parallel latitudinal trends
of these traits in males and females therefore suggests that similar
conflict may exist across the measured population, and that
females probably suffer costs of sexual selection for traits related
to male competition that are not compensated for (for a review
see Husak and Swallow 2011) in each.

Our data collected across four populations of green anoles show
evidence for a latitudinal gradient in the strength of sexual selec-
tion in these lizards; after accounting for body size, lizards at lower
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latitudes are on average more dimorphic, with wider heads and
higher bite forces compared to those at higher latitudes, but with
smaller dewlap areas. Rensch’s rule says that SSD tends to scale
positively with allometry in species where males are the larger sex
(Fairbairn 1997). However, our data show that the green anole
populations exhibiting the largest SSD were those harbouring
lizards with both the largest and the smallest average body sizes
among the four populations studied. One possibility is that the
lack of thermal selection for larger body size in southern popula-
tions compared to SC and TN populations, combined with higher
sexual selection at low latitudes, has resulted in the patterns of
dimorphism we found. These data, in conjunction with the finding
that lower latitude green anoles also exhibit higher relative bite
forces, therefore support the interpretation of SSD expression as
afunction of the strength of sexual selection in these animals (Sze-
kely et al. 2004), and further show that sexual selection is likely to
be stronger at lower latitudes in green anoles, as it seems to be in
several other organisms (Blanckenhorn et al. 2006). Empirical
studies that directly measure the strength of natural and sexual
selection across this gradient would be useful for confirming or
rejecting this notion.
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