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The shift from egg laying to live-bearing is one of the most well-studied
transitions in evolutionary biology. Few studies, however, have assessed the
effect of this transition on morphological evolution. Here, we evaluated the
effect of reproductive mode on the morphological evolution of 10 traits,
among 108 species of phrynosomatid lizards. We assess whether the requirement for passing shelled eggs through the pelvic girdle has led to morphological constraints in oviparous species and whether long gestation times in
viviparous species have led to constraints in locomotor morphology. We fit
models to the data that vary both in their tempo (strength and rate of selection) and mode of evolution (Brownian or Ornstein-Uhlenbeck) and estimates of trait optima. We found that most traits are best fit by a generalized
multipeak OU model, suggesting differing trait optima for viviparous vs.
oviparous species. Additionally, rates (r2) of both pelvic girdle and forelimb
trait evolution varied with parity; viviparous species had higher rates. Hindlimb traits, however, exhibited no difference in r2 between parity modes. In
a functional context, our results suggest that the passage of shelled eggs constrains the morphology of the pelvic girdle, but we found no evidence of
morphological constraint of the locomotor apparatus in viviparous species.
Our results are consistent with recent lineage diversification analyses, leading to the conclusion that transitions to viviparity increase both lineage and
morphological diversification.

Introduction
Transition in reproductive mode or parity, from
egg-laying (oviparous) animals to live-bearing (viviparous) animals, is one of the most frequently observed
evolutionary shifts among vertebrate taxa and has been
observed in numerous lineages (Blackburn, 2000,
2006). Among squamates alone, it is estimated this
transition has occurred more than 100 times independently (Blackburn, 2000; Sites et al., 2011); although
recent research has suggested reversals back to oviparity
from viviparity may exist (Pyron & Burbrink, 2013).
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The frequency with which squamate lineages shift
among parity types makes them an ideal group for
comparative studies that examine the effects of
transitioning to live birth. Years of research have
demonstrated the effect of live-bearing on reproductive
anatomy and physiology (Andrews, 2002; Thompson &
Speake, 2006), why viviparity evolves (Schulte et al.,
2000; Hodges, 2004; Lynch, 2009; Lambert & Wiens,
2013) and the effect of viviparity on lineage
diversification (Lynch, 2009; Lambert & Wiens, 2013;
Pyron & Burbrink, 2013). However, few studies have
examined the effect of reproductive mode on overall
morphological diversity, despite the potential conflicting
demands of reproduction and locomotion on
morphology.
Morphological diversity is often estimated by examining rates of morphological diversification, which can be
affected by numerous factors (Kazancıo
glu et al., 2009;
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Price et al., 2011). While the transition to live birth
increases lineage diversification (Lynch, 2009; Lambert
& Wiens, 2013; Pyron & Burbrink, 2013), it may also
affect rates of morphological evolution and trait optima
through its potential to influence functional systems
related to maximizing reproductive output and/or locomotor morphology. Oviparous species produce a shelled
egg that must pass through the pelvic girdle during oviposition. It has been suggested that there may be morphological constraints due to the production of an
optimal-sized egg (Congdon & Gibbons, 1987). If an
egg too large to pass through the pelvic girdle is produced, it may rupture upon oviposition, decreasing the
survival of the offspring. Conversely, eggs that are too
small limit the amount of nutrients provisioned to
embryos, result in smaller embryos and may decrease
overall offspring survival (Smith & Fretwell, 1974).
Therefore, the passage of eggs in oviparous species may
constrain the evolution of pelvic morphology to ensure
the passage of optimal-sized eggs (Congdon & Gibbons,
1987). Without this constraint, that is when species
transition to live birth (viviparity), they may exhibit
increased rates of morphological evolution of the pelvic
girdle. One benefit of oviparity is the short retention
time of the embryos within the body, which may be
advantageous in warmer environments, whereas viviparous species retain eggs for longer periods of time until
the live birth of offspring, which may be beneficial in
colder environments (Lambert & Wiens, 2013). The
longer retention time of the embryos in viviparous species, however, may constrain the evolution of the locomotor apparatus (Shaffer et al., 1996; Qualls & Shine,
1998; Shine, 2003). Therefore, the transition to live
birth may coincide with decreased rates of morphological evolution of locomotor traits. These two hypotheses,
pelvic constraints in oviparous species and locomotor
constraints in viviparous species, can be tested in relation to the shift to live birth using modern phylogenetic
comparative methods.
In this paper, we test how parity effects tempo and
mode of morphological evolution in 108 phrynosomatid
lizards (Fig. 1) using phylogenetic comparative methods
aimed at examining rates of evolution to detect constraints. Using the OUwie package for R (Beaulieu et al.,
2012), first, we test whether oviparous species have
decreased rates of diversification in the pelvic girdle,
consistent with the pelvic constraint hypothesis to
ensure successful passage of the eggs. Second, we test
whether the transition to viviparity coincides with
decreased diversification rates of the limbs, as may be
expected by the longer retention time of eggs constraining the locomotor apparatus. In total, we examined the
fit of seven evolutionary models that vary in parameter
estimation and model of evolution, Brownian or Ornstein-Uhlenbeck (Table 1), for 10 morphological traits
among 108 species of Phrynosomatidae (Fig. 1), which
exhibit six independent transitions to viviparity, and a

recent well-supported phylogenetic hypothesis (Lambert & Wiens, 2013) to test for morphological constraints associated with reproductive mode.

Materials and methods
Following the phylogeny and parity modes of Guillette
et al. (1980) and Lambert & Wiens (2013), we measured 10 morphological traits in 108 species of alcohol
preserved phrynosomatid lizards. Only adult animals
were used (n = 1–6 individuals). We used digital
callipers (Mitutoyo ABSOLUTE Coolant Proof Series,
Aurora, IL, USA) to measure the following traits:
snout-vent length (SVL), pelvic height (PH), pelvic
width (PW), humerus (HU), radius (RA), 4th finger
(IVF), femur (FE), tibia (TIB), metatarsal (MET) and
4th toe (IVT) length (Appendix S1). All traits were
log10-transformed and phylogenetically size-corrected
against SVL (Revell, 2009).
Using the time-calibrated phylogeny with branch
lengths in millions of years (Fig. 1) from Lambert &
Wiens (2013), we used stochastic character mapping in
SIMMAP v1.5 to estimate uncertainty in the timing of
the transition to viviparity along the branch lengths
(Huelsenbeck et al., 2003; Bollback, 2006). The priors
used in the model were similar to previous studies (e.g.
Price et al., 2014). We used a branch length prior on
the rate parameter, rescaled the tree length so that we
did not generate an unbelievably high estimate of the
number of transitions, an uninformative prior of a = 1,
and j set to the maximum of 101 for all analyses to
provide the finest-scale possible description of the distribution. We then generated 10 000 stochastically
mapped trees (Fig. 1). This method produced an estimated six independent transitions to viviparity, similar
to previous studies (Lambert & Wiens, 2013). It should
be noted that although we only have five of the six
transitions in our sample (we are missing data for
Sceloporus goldmani), SIMMAP still estimates six transitions, as there are some instances across the 10 000
sampled trees where a transition to viviparity switches
back to oviparity. We did not specify the direction of
the transition as recent studies (Pyron & Burbrink,
2013) suggest there may be transitions from viviparity
to oviparity. Because of this, there are trees with extant
oviparous taxa that have a transition to viviparity and
then back to oviparity along a branch, resulting in an
estimated six transitions to viviparity.
The 10 000 stochastically mapped trees were then
used in the OUwie (v1.34) package for R (2013) to estimate the model and rate of evolution (Beaulieu et al.,
2012). OUwie evaluates the fit of different evolutionary
models (Table 1; e.g. Brownian vs. Ornstein-Uhlenbeck) as well as their parameter estimates (a = strength
of selection or pull towards the optimal trait value,
r2 = rate of diversification and h = trait optima). In
short, we compare a Brownian motion model with a
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Fig. 1 Phylogeny and species used in
the study based off of Lambert & Wiens
(2013). Colours are a density map
(Revell, 2013) for 1000 stochastically
mapped trees showing the variation in
timing of transition to viviparity.
Red = viviparous, blue = oviparous,
purple = uncertainty in the timing of
the transition. Tip names are spelled
out in the Appendix S1.
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Holbrookia lacerata
Holbrookia elegans
Holbrookia propinqua
Holbrookia maculata
Cophosaurus texanus
Callisaurus draconoides
Uma paraphygas
Uma scoparia
Uma notata
Uma inornata
Phrynosoma solare
Phrynosoma goodei
Phrynosoma platyrhinos
Phrynosoma mcallii
Phrynosoma coronatum
Phrynosoma cerroense
Phrynosoma orbiculare
Phrynosoma douglassii
Phrynosoma hernandesi
Phrynosoma modestum
Phrynosoma taurus
Phrynosoma asio
Phrynosoma cornutum
Urosaurus bicarinatus
Urosaurus nigricaudus
Urosaurus ornatus
Urosaurus graciosus
Sceloporus couchi
Sceloporus parvus
Sceloporus var marmo
Sceloporus smithi
Sceloporus cozumelae
Sceloporus chrysostictus
Sceloporus maculosus
Sceloporus gadoviae
Sceloporus ochoterenae
Sceloporus jalapae
Sceloporus pyrocephalus
Sceloporus nelsoni
Sceloporus graciosus
Sceloporus vandenburgianus
Sceloporus orcutti
Sceloporus hunsakeri
Sceloporus licki
Sceloporus lineatulus
Sceloporus zosteromus
Sceloporus magister
Sceloporus melanorhinus melano
Sceloporus clarkii
Sceloporus grammicus
Sceloporus palaciosi
Sceloporus heterolepis
Sceloporus dugesii intermedius
Sceloporus dugesii dugesii
Sceloporus ornatus
Scelop serrifer plioporus
Sceloporus cyanogenys
Sceloporus cyanostictus
Scelop serrifer serrifer
Scelop serrifer prezygus
Sceloporus minor
Sceloporus oberon
Scelop mucronatus mucronat
Sceloporus poinsetti
Sceloporus sugillatus
Sceloporus macdougalli
Sceloporus muc omiltemanus
Scelop mucronatus aureolus
Sceloporus megalepidurus
Sceloporus pictus
Sceloporus bulleri
Scelop torquatus binocular
Scelop torquatus torquatus
Scelop torquatus melanogas
Sceloporus lineolateralis
Sceloporus jar jarrovii
Sceloporus olivaceus
Sceloporus occidentalis
Sceloporus cautus
Sceloporus und consobrinus
Sceloporus woodi
Sceloporus und tristichus
Sceloporus und undulatus
Sceloporus virgatus
Sceloporus scalaris
Sceloporus bicanthalis
Sceloporus aeneus
Sceloporus adleri
Sceloporus stejnegeri
Sceloporus formosus
Sceloporus smaragdinus
Sceloporus malachiticus
Sceloporus lundelli
Sceloporus hor albiventris
Scel spin spinosus
Sceloporus hor horridus
Scel spin caeruleop
Sceloporus edwardtaylori
Sceloporus merriami
Sceloporus utiformis
Sator angustus
Sator grandaeveus
Sceloporus squamosus
Sceloporus siniferus
Sceloporus carinatus
Petrosaurus mearnsi
Petrosaurus thalassina
Uta stansburiana
Oviparous

Viviparous
Length = 30 MYA

one-rate r2 (BM) and two-rate r2 (BMS), a single-peak
OU model (OU1) and two-parameter OU models that
vary in their parameter estimates: OUM (two-h model),

OUMV (two-h and -r2 model), OUMA (two-h and -a
model) and OUMVA (two-h, -r2, and -a). These seven
models were evaluated for each trait independently. If
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Table 1 Summary of the models examined using the OUwie package for R. ‘None’ means that the parameter was not estimated in that
model. 1-rate (optimum) means that the model estimates that parameter the same for oviparous and viviparous. 2-rate (optima) means
that the model estimates that parameter as different for oviparous and viviparous.

Model

Mode

Strength of selection
a

Diversification rate
d2

Trait optima
h

BM
BMS
OU1
OUM
OUMV
OUMA
OUMVA

Brownian
Brownian
Ornstein-Uhlenbeck
Ornstein-Uhlenbeck
Ornstein-Uhlenbeck
Ornstein-Uhlenbeck
Ornstein-Uhlenbeck

None
None
1-rate
1-rate
1-rate
2-rate
2-rate

1-rate
2-rate
1-rate
1-rate
2-rate
1-rate
2-rate

None
None
1-optimum
2-optima
2-optima
2-optima
2-optima

oviparity constrains the pelvic girdle and viviparity constraints locomotor morphology, we expect either the
BMS, OUMV, OUMA or OUMVA models to provide the
better fit with the constrained group having lower r2
and/or higher a for the traits of interest. Furthermore,
examining the optimal trait values allows us to estimate
the difference in particular morphological traits
between oviparous and viviparous groups and consider
the functional implications of these differences. Each of
these seven models was evaluated on each of the 10
morphological traits across the 10 000 stochastically
mapped trees.
The fit of alternate models was determined using
DAICc (Table 2). We averaged DAICc across the 10 000
stochastically mapped trees. A model was considered to
be supported if its average DAICc  SD was < 2 (Burnham & Anderson, 2002). For most traits, more than
one model of trait evolution was supported (Table 2);
therefore, we used a model-averaging approach to estimate parameter values between the oviparous and
viviparous groups (Beaulieu et al., 2012). For most
traits, a 2-rate a model was not supported (Table 2); we
therefore only evaluated r2 and h between oviparous
and viviparous, by averaging each parameter across all
models (Table 1), except OUMVA because it is often
hard to estimate all three parameters on smaller trees
(Beaulieu et al., 2012), weighting the mean by each
model’s AICc. The parameters were averaged for a
given stochastically mapped tree across the 10 000
trees. We then evaluated the histograms for r2, if the
oviparous and viviparous have similar diversification
rates, we would expect overlap in the histograms. If
they exhibit different parameter estimates, we expect
the histograms to diverge between the two groups.

Results
Most traits were better fit by an OU model than a
Brownian motion model (Table 2). Body size, pelvic
girdle, two of the three forearm traits and 4th toe were
best fit by models that allowed the rate and optima to

vary with reproductive mode. Inspection of the histograms for r2 (Fig. 2) for all of the above traits reveals
that viviparous species have increased rates of morphological diversification, with clear separation between
oviparous and viviparous parameters for all traits. For
most hindlimb traits, however, a model with a 1-rate
r2 is best supported suggesting no difference in the rate
for these traits between the two groups. Examining the
trait optima (Table 3) shows that oviparous taxa have
greater trait optima for body size, pelvic height and
hindlimb traits, whereas viviparous taxa have greater
optima for pelvic width and forearm traits.

Discussion
Constraints can be defined as anything that reduces
potential diversity and have typically been examined in
evolutionary biology using cluster analysis, morphospace occupation and phylogenetic analyses (Lauder,
1981; Emerson, 1988; Arnold, 1992; Bj€
orklund & Meril€
a, 1993; Hambright, 1994). Whereas previous methods
have taken phylogeny into account by examining how
shared ancestry may constrain a species’ morphology,
modern comparative methods allow for the determination of the variance in morphology over evolutionary
time (Garland, 1992; O’Meara et al., 2006; Beaulieu
et al., 2012). Although these models have most often
been used to determine whether the transition to a different ecology or lifestyle increases rates of morphological evolution (Collar et al., 2011; Lapiedra et al., 2013),
they can also be used to examine the converse, a
decrease in rates of morphological evolution over time
(r2), which may indicate the presence of a constraint,
as lower rates suggest lower morphological disparity
(Garland, 1992; O’Meara et al., 2006; Beaulieu et al.,
2012). Further, as several studies have suggested constraints may be due to strong stabilizing selection, we
can use these comparative methods to determine
whether an Ornstein-Uhlenbeck model (OU, which
models traits under stabilizing selection) has a better fit,
which would further support the notion of constraints
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0.011
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0.462
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1.259

SVL, snout-vent length; PH, pelvic height; PW, pelvic width; HU, humerus; RA, radius; IVF, fourth finger; FE, femur; TIB, tibia; MET, metatarsal; IVT, fourth toe.
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OUMVA

0.037
0.057
0.176
0.066
0.057
0.119
0.014
0.034
0.216
0.197

1.138
9.868
5.592
7.506
9.037
4.062
10.793
3.100
2.582
1.578

Table 2 Mean DAICc values and AICc weights across 10 000 SIMMAP trees  SD. Models with a DAICc < 2 (in bold for both DAICc and AICc weights) are considered equally good
fits.
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Fig. 2 Histograms of model-averaged r2 across 10 000 stochastically mapped trees for traits [A: snout-vent length (SVL), B: pelvic height
(PH), C: pelvic width (PW), D: humerus length (HU), E: radius length (RA), F: 4th toe length (IVT)] that included a 2-rate r2 model as
better fit (Table 2), blue = oviparous, red = viviparous. Lines represent mean r2.

shaping morphological evolution. Additionally, OU
models require an additional parameter to estimate the
strength of the pull towards an adaptive peak (Arnold,
1992). Therefore, if constraints exist, we would expect
that pull to be stronger in our constrained group
(higher alpha). In OU models, we can compare the trait
optima (h) to consider functional implications between
our two groups. If there are constraints due to a particular character, such as oviparity constraining pelvic

girdle, then we expect a two-rate r2 model to provide a
better fit (BM or OU), with our ‘constrained’ group
having lower values for r2 (i.e. lower rates of morphological diversification). Further support for constraints
would be provided by two-rate a OU models having a
better fit; with the constrained group having a higher
a; indicative of a stronger pull towards the adaptive
peak, keeping those species’ morphology closer to the
optimum. Lastly, if there are constraints associated with
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Table 3 Model-averaged mean optimal trait values  SD across
the 10 000 stochastically mapped trees. SVL represents log10 snout
to vent length, all other traits are phylogenetically size-corrected
log10-transformed traits.
Trait
SVL
PH
PW
HU
RA
IVF
FE
TIB
MET
IVT

Oviparous h
1.817
0.0040
0.0013
0.0060
0.0060
0.0097
0.0092
0.0053
0.0063
0.0034












Viviparous h
0.0003
0.0002
0.0005
0.0002
0.0005
0.0003
0.00004
0.00008
0.0003
0.0005

1.780
0.0113
0.0160
0.0093
0.0012
0.0077
0.0132
0.0253
0.0017
0.0148












0.0040
0.0009
0.0043
0.0016
0.0019
0.0048
0.0006
0.0042
0.0034
0.0042

SVL, snout-vent length; PH, pelvic height; PW, pelvic width; HU,
humerus; RA, radius; IVF, fourth finger; FE, femur; TIB, tibia;
MET, metatarsal; IVT, fourth toe.

a particular group, we might also expect OU models
with two-rate h to be better fit, suggesting different
phylogenetic optima for the two groups, which can
then be interpreted based on functional considerations.
Using the OUwie package for R (Beaulieu et al., 2012),
we tested the fit of seven different evolutionary models
that vary in their model of evolution (Brownian vs.
OU) as well as their parameter estimations (Table 1) to
determine whether there are constraints associated with
reproductive mode and found constraints in the pelvic
girdle and forelimb morphology among species that
produce a shelled egg (oviparous).
Our study examined the fit of two evolutionary models (OU and Brownian) on morphology in phrynosomatid lizards. Other evolutionary models, such as a
speciational model, may provide a better fit (see Laurin
et al., 2011). However, a speciational model was not
tested because there is a priori, no reason to think it
might provide a better fit than the OU or Brownian
motion models. Furthermore, the current methods used
to analyse rates of morphological evolution, such as
OUwie, do not include a speciational model of evolution to test. Therefore, we would not be able to directly
compare parameter estimates for trait optima (h) and
diversification (r2) between gradual and speciational
models.
We found that most traits were fit better by OU models than a Brownian motion model; two-rate r2 models
were better supported than two-rate a models; and
lower diversification rates (r2) of several traits in oviparous species. Our results suggest that egg laying may
constrain the pelvic girdle and forelimb morphology,
but not hindlimb morphology. How morphology
changes in conjunction with parity is poorly understood
despite extensive studies into shifts in reproductive
mode (Guillette et al., 1980; Blackburn, 2000, 2006;
Thompson & Speake, 2006). The use of modern phylo-
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genetic comparative methods may be useful in
detecting constraints in relation to shifts in ecology or
lifestyle over evolutionary time.
We found support for the hypothesis that oviparity
constrains the pelvic girdle, with reduced diversification
rates of both pelvic height and width over time. Morphological constraints in relation to egg laying have
been suggested for squamates and turtles and have
mostly been examined within species by inspection of
the regression between female size, pelvic size and egg
size (Congdon & Gibbons, 1987; Clark et al., 2001; Hofmeyr, 2005; Oufiero et al., 2007). Similar slopes for the
relationship between body size and pelvic opening in
three species of turtles were interpreted as constraints
on the pelvic girdle (Congdon & Gibbons, 1987). However, no studies have examined potential morphological constraints through evolutionary time as species
transition to other modes of reproduction (i.e. viviparity). Our results suggest decreased diversity of pelvic
height and width through evolutionary time, suggesting there may be less flexibility in the variation in
these traits for species that produce a shelled egg.
Inspections of trait optima show an increased pelvic
height in oviparous compared with viviparous species
(Table 2), which would allow females to produce larger
eggs that may not rupture upon oviposition. However,
the optimum for pelvic width is narrower for egg laying species, opposite of predictions that oviparous species are constrained to have an overall larger pelvic
girdle. Because pelvic width may also be important for
locomotion, there may be competing selection pressures and functional demands on the morphology associated with egg laying and that associated with
movement (Snyder, 1954; Congdon & Gibbons, 1987;
Irschick & Jayne, 1999). As Congdon and Gibbons note
in reference to the turtle species they examined
(1987): ‘[. . .] the architecture of the pelvic girdle is
under strong counter-selection pressure associated with
the requirements of locomotion, limb retraction and
body support that prevents expansion of the aperture
to accommodate greater parental investment in individual offspring’. Although the turtle bauplan is unique, it
nevertheless is subject to many of the same functional
considerations as other, less specialized groups. Thus, it
is likely that many of the same constraints and functional trade-offs are occurring in oviparous lizards.
Therefore, a higher pelvis may ensure large enough
eggs can pass through, but a narrow pelvis may interact with locomotor abilities in oviparous species. However, to fully understand these relationships, studies
are needed that examine the kinematics of gravid oviparous and viviparous species during differing locomotor
modes to determine the functional role of pelvic width
and height during locomotion and its relationship to
offspring size.
We did not find support for locomotor constraints
on morphology in the viviparous species – although
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no direct measures of locomotor performance were
measured. We found no difference in the diversification rates of hindlimbs, and rates were actually
higher in the forelimbs of viviparous species. Most
forelimb and hindlimb optima in viviparous species
were larger and smaller, respectively, than for oviparous species. The length of the limbs and their ratio
are important for locomotion in lizards (Huey et al.,
1990; Bonine & Garland, 1999; Aerts et al., 2000;
Vanhooydonck & Van Damme, 2001). For example, a
low ratio of forelimbs to hindlimbs is expected to be
beneficial for ground-dwelling species, whereas similar
length fore- and hindlimbs may be better for climbing; furthermore, several limb characteristics have
been correlated with various locomotor performance
measures (Vanhooydonck & Van Damme, 2001). In
fact, among 27 species of phrynosomatid lizards,
hindlimb length was significantly correlated to sprint
speed (Bonine & Garland, 1999). Therefore, the different optima for the limbs in oviparous and viviparous species may be related to locomotor ability and/
or habitat usage. However, the only study that has
examined the effect of parity on locomotion found
no difference in escape speed in Lerista bougainvillii
(Qualls & Shine, 1998), and they did not quantify
kinematics or limb morphology between the different
parity modes. Whereas comparisons within oviparous
species have found that gravidity decreases locomotor
performance in squamates (Seigel et al., 1987; Sinervo
et al., 1991; Miles et al., 2000; Olsson et al., 2000;
Shine, 2003), more studies are warranted to determine the interaction of limb morphology and locomotion between oviparous and viviparous species.
Furthermore, because limb morphology has been
shown to vary across habitats, studies are warranted
that examine the effect of habitat on morphological
diversification in these traits.
Many studies have examined the effect of viviparity
on various aspects of the organism (Blackburn, 2000);
our study is the first to examine its effect on macroevolutionary patterns of morphological diversification. Our
results demonstrate that patterns of morphological evolution are consistent with lineage diversification; viviparity leads to increased diversification (Lynch, 2009;
Lambert & Wiens, 2013; Pyron & Burbrink, 2013). Our
study also suggests that differences exist in trait optima
for the pelvic girdle and limbs between oviparous and
viviparous taxa, which warrants further investigation
into the functional role of these traits in egg laying and
live-bearing species during locomotion. Further, our
study demonstrates that the transition to viviparity is
another mechanism that can increase morphological
diversification, a fact that may become more important
in the future, as viviparous species may be more
susceptible to the effects of climate change (PincheiraDonoso et al., 2013); thus, we may lose an important
source of morphological diversification.
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