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Abstract

We studied the mass growth trajectories of middle ear ossicles and tympanic membrane and oval window area in 19 specimens of 
postnatal ages 30–180 days of the gray short-tailed opossum Monodelphis domestica. We weighed the skull mass and the mass of the 
three middle ear ossicles with appropriate balances. Using a binocular microscope provided with a grid, we measured the length of 
malleus and incus, as well as the longest axis and the one perpendicular to it on both the tympanic membrane and the stapes footplate. 
The size variation was studied with least squares regression analyses between various measurements. The incus and stapes change 
little in mass after 40 days of postnatal life, while the malleus does, reaching maximum mass at around 100 PND (postnatal days). 
This modularity in growth trajectory is in contrast with the shared evolutionary origin of malleus and incus from branchial arch 1. 
The maturation of the middle – and as indicated by previous work, that of the inner ear – is coupled with the improvement of hearing 
sensitivity at low and high frequencies after the initial onset of hearing at 29 PND.
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Introduction

�7�K�H�� �R�Q�W�R�J�H�Q�\�� �R�I�� �W�K�H�� �G�H�¿�Q�L�W�L�Y�H�� �P�D�P�P�D�O�L�D�Q�� �P�L�G�G�O�H�� �H�D�U��
(DMME) has received much attention, as it serves to 
understand one of the classic morphological transforma-
tions of vertebrate evolution during synapsid evolution 
(McClain 1939; Maier 1990; Luo 2011; Luo et al. 2016). 
The change of the cranio-mandibular articulation, with a 

gradual reduction of postdentary elements, involved the 
acquisition of a new ossicular chain in the middle ear. 
How the structures that became the malleus (articular), 
incus (quadrate) and ectotympanic (angular) changed, 
and how they did so in relation to other middle ear and 
cranial structures related to mastication and hearing, is 

Vertebrate Zoology 72, 2022, 487–494 | DOI 10.3897/vz.72.e83544

Copyright Sirpa Nummela et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use, dis-
tribution, and reproduction in any medium, provided the original author and source are credited.
















