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Do the relative size of the olfactory bulb, cochlea, and orbit correlate with diet in phyllostomid bats? Hall et al. (2021) found that

the degree of frugivory is positively correlated with the relative size of the olfactory bulb and the orbit. The degree of animalivory

is negatively correlated with the relative size of the olfactory bulb and the orbit. Finally, the degree of nectarivory is negatively

correlated with the relative size of the cochlea.

The relative size of one particular sensory organ is generally
discussed in the light of ecological, phylogenetic, and devel-
opmental constraints. However, very few studies have included
several sensory structures and properly tested for potential trade-
offs (e.g. Martinez et al. 2020). Previous studies demonstrated
that some nectar-feeding phyllostomid bats used a combination
of olfactory and acoustic (echolocation) cues to detect and local-
ize open flowers (e.g. Gonzalez-Terrazas et al. 2016). However,
nothing is known on the co-variation and the potential trade-off
between the three key sensory structures: the olfactory bulb, the
orbit, and the cochlea (Fig. 1).

In their study, Hall et al. (2021) used diffusible iodine-based
contrast-enhanced computed tomography (diceCT) on 79 bats.
This method enables the contrast enhancement of soft tissues, al-
lowing them to be isolated (segmentation) and their volume to be
extracted. However, due to the constraints of the method, such a
large dataset is extremely rare. Based on the extracted volume,
the authors sized sensory structures with cranial centroid size us-
ing phylogenetic generalized least squares (PGLS).

Hall et al. (2021) demonstrated a relationship between diet
and these sensory structures. Indeed, among phyllostomids, the
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Figure 1. Sensory structures may differentially covary with each
other and between bat species. Sagittal view of the skull of Davy’s
naked-backed bat (Pteronotus davyi) with 3D representations
of olfactory bulb (red), orbit (gray), and cochlea (yellow). Raw
data has been extracted from the open data-based morphosource
(Boyer et al. 2017). Segmentation and illustration: Quentin Mar-
tinez & Arthur Naas.

average proportion of the olfactory bulb and cochlea is the high-
est in animalivores (Hall et al. 2021, Fig. 4). Also, the average
proportion of the orbit is the highest in frugivores (Hall et al.
2021, Fig. 4). However, at a finer scale, the pattern of covariation
is complex and not only explained by diet. As an example, for
a given relative size of orbit, animalivores could have a similar
or very different relative size of olfactory bulb (Hall et al. 2021,
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Fig. 2). Similarly, for a given relative size of olfactory bulb, an-
imalivores could have a similar or very different relative size of
cochlea (Hall et al. 2021, Fig. 2). Overall, their results demon-
strated that these three sensory structures may differentially co-
vary with each other and between bat species. This may be the
result of different selective pressures. As an example, the masti-
catory apparatus arises early during ontogeny and may constrain
the subsequent development of sensory structures as well as the
general skull shape (Smith et al. 2021). Finally, different patterns
of modularity have been found between visually oriented non-
echolocators and echolocators bats (Arbour et al. 2021). In the
light of these results, the patterns shown by Hall et al. (2021)
might suggest an interaction between sensory structures and the
overall skull shape.

Further investigations and statistical approaches will be nec-
essary to know if some species are less affected by sensory trade-
off than others. Finally, more performance studies are needed to
understand how the relative size of the sensory structures affects
species abilities. This is particularly necessary for the olfactory
bulb.

LITERATURE CITED

Arbour, J. H., A. A. Curtis, and S. E. Santana. 2021. Sensory adaptations
reshaped intrinsic factors underlying morphological diversification in
bats. BMC Biol. 19:88.

2 EVOLUTION 2021

Boyer, D., G. Gunnell, S. Kaufman, and T. McGeary. 2017. Morphosource:
archiving and sharing 3-d digital specimen data. Paleontol. Soc. Pap.
22:157-181.

Gonzalez-Terrazas, T. P., C. Martel, P. Milet-Pinheiro, M. Ayasse, E. K. V.
Kalko, and M. Tschapka. 2016. Finding flowers in the dark: nectar-
feeding bats integrate olfaction and echolocation while foraging for nec-
tar. R. Soc. Open Sci. 3:160199.

Hall, R. P., G. L. Mutumi, B. P. Hedrick, L. R. Yohe, A. Sadier, K. T. J. Davies,
S. J. Rossiter, K. Sears, L. M. Davalos, and E. R. Dumont. 2021. Find
the food first: an omnivorous sensory morphotype predates biomechan-
ical specialization for plant based diets in phyllostomid bats. Evolution.
https://doi.org/10.1111/evo.14270

Martinez, Q., J. Clavel, J. A. Esselstyn, A. S. Achmadi, C. Grohé, N. Pirot,
and P-H. Fabre. 2020. Convergent evolution of olfactory and ther-
moregulatory capacities in small amphibious mammals. Proc. Natl.
Acad. Sci. USA 117:8958-8965.

Smith, T. D., A. Curtis, K. P. Bhatnagar, and S. E. Santana. 2021. Fis-
sures, folds, and scrolls: the ontogenetic basis for complexity of the
nasal cavity in a fruit bat (Rousettus leschenaultii). Anat. Rec. 304:
883-900.

Digests are short (~500 word), news articles about selected
original research included in the journal, written by students or
postdocs. These digests are published online and linked to their
corresponding original research articles. For instructions on Di-
gests preparation and submission, please visit the following link:
https://sites.duke.edu/evodigests/.


https://doi.org/10.1111/evo.14270
https://sites.duke.edu/evodigests/

