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We thank Welker et al. (2016) for their interesting commentary and helpful additional analysis of
our recent article. Given continuing interest in the relationships between facial width-to-height
ratio (fWHR) and behaviors such as aggression and dominance (e.g., Carré and McCormick,
2008; Ozener, 2012; Lefevre et al., 2014; Geniole et al., 2015), it is important to address the
relationship between pubertal testosterone (T) and facial development.
Welker et al. (2016) contend that Hodges-Simeon et al. (2016) use an overly liberal age range in
their study design. The sample in question ranges from 8 to 22—a period of enormous phenotypic
change in males. Any secondary sexual characteristic—i.e., those traits under the ultimate influence
of sexual selection and often the proximate influence of androgens like T—shows strong, observable
changes during this time. Therefore, the observation that both T and T-dependent traits are more
masculinized in a 20-year-old male compared to his 10-year-old self is a banal fact. Barring a
rare pathology, a 20-year-old will have a substantially lower voice, taller height, and greater T
than he did when he was 10. Because of this, any cross-sectional dataset that includes 10-to-20
year olds will show a strong association between age and any T-dependent secondary sexual
characteristics. Therefore any purported secondary sexual characteristics must pass an initial,
“easy” test: a significant zero-order correlation with age (and, arguably, T) in a sample with this
kind of age range. For example, vocal fundamental frequency (i.e., pitch) strongly correlates with
both age (r = −0.78, p < 0.001) and T (r = −0.75, p < 0.001) in this sample (Hodges-Simeon
et al., 2015). Height shows a slightly stronger association with both age (r = −0.85, p < 0.001)
and T (r = −0.78, p < 0.001). Critically, fWHR could not pass this initial, low bar; we found no
relationship between fWHR and age nor between fWHR and T. This finding alone casts substantial
doubt on the possibility that fWHR is influenced by pubertal T. This is in stark comparison to the
strong age- and T-associated changes in the three other masculinity ratios (all utilizing dimensions
of the lower face and jaw) measured by Hodges-Simeon et al. (2016). Indeed—as Welker et al.
(2016) point out—most phenotypic change usually happens between the ages of 12–16 in samples
from energy-abundant countries. As the authors concede, an age range of 12–18 would be more
appropriate for the Tsimane (where development is slower than in the US and growth is stunted),
yet even an expanded age range did not yield significant results. While we agree that a narrower age
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range may have improved the study in other ways and that
the titular use of “adolescent” may create slightly different
expectations, the liberal age range (and larger N) used should
make the hypothesized effect of T on fWHR easier to detect rather
than more difficult. For instance, the correlation between age and
T is stronger for the entire sample (r = 0.83, p < 0.001) than for
the limited, 12-to-16 sample (r = 0.57, p < 0.001).
Hodges-Simeon et al. (2016) control for age as a second
pass in order to provide stronger, more convincing evidence
for the influence of T on facial morphology. For instance,
vocal fundamental frequency retains an association with T
when the age is controlled (r = −0.38, p < 0.01; HodgesSimeon et al., 2015). It is certainly true that fWHR and T were
correlated when age was controlled, despite failing the initial
test. We were confused by this relationship and address it in
the discussion, pointing to a potential residual effect of prenatal
T as a possible explanation (however, see Whitehouse et al.,
2015).
Further, the literature provides a proximate understanding of
the pathway through which T affects fundamental frequency via
androgen receptors on the vocal folds (Voelter et al., 2008). We
have no similar leads on how T might affect fWHR. In addition,
adult fWHR is not associated with either prenatal (Whitehouse
et al., 2015) or adult testosterone (Bird et al., 2016). Finally,
it’s not clear that fWHR is sexually dimorphic (Kramer et al.,
2012; Lefevre et al., 2012; Ozener, 2012; Kramer, 2017; however,
see Weston et al., 2007; Geniole et al., 2015); this unstable
relationship with sex is problematic for the claim that fWHR is
influenced by pubertal T.
Welker et al. (2016) contend that T was only transformed
for the multiple regression model, but not the zero-order
correlations. This was not the case. We see that the authors might
have been confused by the description of our data analysis (i.e.,
“For regression analyses, T, height, strength, voice pitch, and age
were log-transformed to match Pearson’s correlation assumption
of normality.”); however, the same transformed variables were
used to generate both zero-order and multivariate correlations.

growth. The research on fWHR thus far has been intriguing—
in particular, findings on the associations between low fWHR
and rated or actual aggression, dominance, strength (e.g., Carré
and McCormick, 2008; Ozener, 2012; Lefevre et al., 2014; Geniole
et al., 2015). Given these findings, we began this study with
an expectation of finding a relationship between T and fWHR;
however, we stand by our initial claim that a robust relationship
is simply not there. The special circumstance in which fWHR
is related to T in this dataset (i.e., only when age is controlled
and only between the ages of 12–16 in a bivariate sense) is
indeed confusing and deserves additional attention. However,
it is important to look beyond the p-values to the broader
theoretical and empirical context of a particular result. In a word,
the results have to make sense.
Nevertheless, ours is a single study; future research is needed
to confidently rule out the relationship between pubertal T
and fWHR. In particular, these studies should target diverse
environmental settings as T is responsive to socioecological
inputs (e.g., Ellison et al., 2002). We are currently examining
sex differences in fWHR during puberty in two datasets, which
we hope will further clarify the T-fWHR relationship. Very few
studies on the social perception of fWHR have used experimental
manipulations of fWHR (however see Hehman et al., 2015).
Because faces comprise a complex suite of intercorrelated traits,
and humans are highly sensitive to even very small variations
in facial dimensions, any study of fWHR must be mindful
of whether and how much this singular dimension co-occurs
with other aspects of craniofacial masculinity (Dixson, 2017).
Future research on fWHR should identify (1) whether certain
components of fWHR (e.g., nose length vs. philtrum length
vs. eyebrow height) contributes more to social perceptions, and
(2) the degree to which fWHR correlates with other sexually
dimorphic, T-dependent facial traits (e.g., mandibular length and
breadth). Multilevel selection experiments could be useful for this
goal (see Brooks et al., 2015).
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CONCLUSION
We appreciate Welker et al.’s (2016) attention to our study and
the topic of potential hormonal influences of adolescent facial
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