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SURVIVING THE CHILL: HOW EXTREME ANTARCTIC
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RESUMO

Antarctic notothenioid fishes are a prime example of vertebrate adaptive radiation within a
marine setting under extreme environmental conditions. Emerging from a common ancestor
around 22 million years ago, the notothenioids are notable for the evolution of antifreeze
glycoproteins, which played a crucial role in allowing these originally bottom-dwelling fishes
to survive and adapt to seawater temperatures that approach the freezing point. While extensive
craniofacial modifications have accompanied this adaptive radiation, little is known about how
these morphological changes have contributed to the evolutionary success of notothenioids.
Here, we analyze the skulls of 80 notothenioid and 92 Perciform species using micro-CT
scanning and three-dimensional geometric morphometrics to show that variation in skull shape
is best explained by divergent selection with respect to habitat. Bathydraconidae and
Channichthyidae exhibited the greatest morphological disparity with elongated skulls compared
to other notothenioids and related Perciformes. There was an accelerated pace of morphological
evolution within the eight icefish families, revealing that their rapid diversification coincided
with the development of comparatively high levels of morphological modularity during the
Miocene. While conventional studies often suggest that extensive integration might limit
phenotypic evolution, icefishes represent an example where increased modularity could
potentially enhance evolutionary potential. We propose that the evolution of heightened
phenotypic modularity in icefishes could be considered a pivotal innovation, facilitating their
morphological evolution and subsequent adaptive radiation in Antarctica.
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