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Tracking sublethal effects of hypoxia exposure on fishes with otolith chemistry: A trans-basin

comparison

Benjamin D. Walther, Karin E. Limburg, Zunli Lu, George Jackman, John Mohan, Yvonne
Walther, Anders Nissling, Peter Weber, Axel Schmitt, Melvin Samson

The effects of hypoxia exposure on fishes can be severe and varied, ranging from outright
mortality to sublethal effects including altered behavior, physiological stress, reduced growth
rates and impaired reproduction. Sublethal effects may have long lasting consequences, given
that hypoxia exposure during early life could alter growth and fecundity in subsequent life
history stages. In order to investigate such processes, life-long histories of hypoxia exposure are
required. The retrospective analysis of redox-sensitive elements such as manganese (Mn) and
iodine (I)across otolith growth increments offers a novel window into sublethal effects of hypoxia
by providing individual exposure histories that can be coupled with growth and performance
metrics of wild fishes. We compare otolith-based hypoxia histories of multiple species across
three of the largest hypoxic systems in the world, spanning the entire salinity gradient: northern
Gulf of Mexico, Baltic Sea, and Lake Erie in North America. The diversity of exposure histories
and growth performance for targeted demersal and flatfishes and show species-specific
susceptibility and the widespread prevalence of sublethal exposures ranging from moderate to
severe in intensity and duration. With further testing and understanding, fish and their otoliths
may be regarded as “mobile monitors” of hypoxia, potentially revealing the breadth and extent
of hypoxia beyond the capabilities of conventional technology.
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