Origin of the unique ventilatory apparatus of turtles
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Background. The turtle body plan differs markedly from that of other vertebrates and serves
as a model system for studying structural and developmental evolution. Incorporation of the
ribs into the iconic turtle shell negates the rib movements that effect lung ventilation in the
majority of air-breathing amniotes (the clade encompassing mammals, lizards, turtles, birds,
and crocodilians). Instead, turtles have a novel abdominal-muscle-based ventilatory apparatus

whose evolutionary origin remains a mystery.

Methods. Here we show through broadly comparative anatomical and histological analyses
that the earliest stem-group turtle form the middle Permian(260 mya), Eunotosaurus
africanus, has several turtle-specific lung ventilation characters: rigid ribcage, inferred loss of
intercostal muscles which drive costal ventilation in all other amniotes, and histological

correlates for the primary muscle, M. transverses, used in exhalation.

Results. Our results place the origin of the unique lung ventilatory apparatus of extant turtles

shortly after the divergence of turtles from other reptiles and approximately 50 million years

Peer] PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1128v1 | CC-BY 4.0 Open Access | rec: 27 May 2015, publ: 27 May 2015




before the oldest known fully developed shell.

Discussion. These data indicate that it was an easing of structural constraints through division
of function (divergent specialization) between the ribs and abdominal musculature that

facilitated the evolution of both the novel turtle lung ventilation mechanism and the turtle
shell.
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