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Do frog limb shapes reflect microhabitat use against the backdrop of shared ancestry, body size variation, and developmental

constraints? Stepanova and Womack found that when phylogeny and body size are controlled, microhabitat use is a key factor

in explaining anuran limb evolution. The shape of distal limb elements in anuran limbs also evolves at a higher rate than prox-

imal elements, suggesting that a relaxation of developmental constraints in distal elements may be shared across tetrapod limb

development.

A holistic understanding of morphological evolution requires

consideration of both extrinsic and intrinsic factors (Goswami

et al. 2014). Extrinsic factors, often in the form of similar se-

lective pressure from the environment, are frequently invoked to

explain phenotypic convergence between lineages (Losos et al.

1998). In contrast, intrinsic factors, such as allometry and trait

covariation, may direct patterns of phenotypic variation without

apparent adaptive significance (Goswami et al. 2014).

The tetrapod limb skeleton offers an ideal system to disen-

tangle the relative contribution of extrinsic versus intrinsic fac-

tors in shaping morphological evolution. Given their proximity

to external substrate, limbs have been a key character in studying

the ecomorphological diversification of both extant and extinct

lineages (e.g., Van Valkenburgh 1987). On the other hand, even

with ecological specializations, limb morphology may still reflect

the influence of allometry and phylogenetic history (Van Valken-

burgh 1987). Moreover, in recent years, developmental processes

are increasingly recognized as another major driver of morpho-

logical variation in the limb skeleton (Kavanagh et al. 2013). Dif-

ferences in developmental timing may shape divergent patterns

of morphological integration in the limb skeletons of closely re-

lated groups (Goswami et al. 2014). It has been postulated that

in mammals, more distal, late-developing limb elements may be
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more variable and susceptible to selection than proximal elements

(Young and Hallgrímsson 2005). However, whether this consti-

tuted a common pattern observed in tetrapod limb development

in general remained poorly understood.

In this issue, Stepanova and Womack (2020) examined the

covariation of limb shape with phylogeny, body size, microhab-

itat use, and developmental timing in 236 living anuran species.

Using three-dimensional geometric morphometrics and phyloge-

netic comparative methods, the authors found that both forelimb

and hindlimb shapes showed a significant relationship with both

phylogenetic history and body size. When phylogeny and body

size were controlled, microhabitat use drove limb shape differen-

tiation among anurans, and an evolutionary model with individual

optima for each microhabitat best explained the pattern of anuran

limb evolution. Moreover, species utilizing different microhabi-

tats exhibited divergent evolutionary rates and morphological dis-

parity in limb skeletons. Burrowers stood out with higher evolu-

tionary rates in both forelimbs and hindlimbs than all the other

microhabitat ecomorphs. Lastly, in both forelimbs and hindlimbs,

distal elements with late developmental timing had higher evo-

lutionary rates than proximal elements. Distal elements also ap-

peared more susceptible to changes associated with or related to

body size and microhabitat use.

While previous analyses presented conflicting results on the

relationship between anuran limb morphology and microhabitat,

Stepanova and Womack (2020) demonstrated that both anuran

forelimbs and hindlimbs exhibit similar adaptive responses to
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microhabitat variation, once the effect of phylogeny and body

size were controlled. Future studies may further investigate the

pattern of morphological integration between anuran forelimbs

and hindlimbs. Moreover, within-limb differences in evolutionary

rates and morphological disparity observed in anurans corrobo-

rate previous results on mammalian limb development (Young

and Hallgrímsson 2005). This supports the hypothesis that re-

laxed developmental constraints on distal limb segments may

characterize tetrapods as a whole. The structure of the underly-

ing gene regulatory network that may explain this shared pattern

in tetrapod limb development merits further investigation.
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