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The functional basis of fish responses to dissolved oxygen
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There exists no integrated understanding of the relationship between ambient oxygenation and
fish activities, precluding the development of predictive management and conservation. As
suggested just about 20 years ago by W.H. Neill and J.D. Bryan, we returned to the drawing
board using as a background the conceptual scheme proposed nearly 70 years ago by F.E.J.
Fry. We revisited the effect of dissolved oxygen upon fish metabolism and clarified the
definitions of limiting, critical and incipient lethal oxygen levels. We then revisited the notion of
oxy-conformer and oxy-regulator and then explored P.W. Hochachka’'s notion of scope for
survival. Finally we examined how the cardiovascular system contributes to shape the capacity
of fish to respond to reduced oxygen availability. All together this “return to the roots”
demonstrates that, contrary to what is suggested by existing threshold values, fish do not
respond to reduced oxygen availability in a binary way. On the contrary, as ambient oxygen
level drops away from full saturation, prioritization of physiological functions progressively
takes place via a reallocation of internal energy (blood) flow. This results in gradual limitations
in fish activities and performance. As ambient oxygen level reaches the critical oxygen
saturation i.e. the point of no excess activity, anaerobic metabolic pathways enter into actions,
sometimes combined with metabolic depression.
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