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While the impacts of low-oxygen conditions have received considerable attention 
in temperate ecosystems (Diaz and Rosenberg 2008, Altieri and Gedan 2015), much 
less is known about the spatial and temporal occurrence of hypoxia on coral reefs 
(Altieri et al. 2017). In September 2017, shallow coral reefs in the coastal lagoon of 
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Bahía Almirante, off the Caribbean coast of Panama, experienced persistent low-
oxygen conditions (<1.5 mg L−1) that led to the mass mortality of benthic invertebrates 
and the formation of a dead zone below 3–4 m depth. Hypoxia affected invertebrates 
across multiple taxonomic groups, including multiple species of sponges, corals, 
echinoderms, and gastropods. Mobile invertebrates aggregated in piles at the highest 
point in the water column (e.g., the tops of mounding corals) (panel A), which is a 
typical avoidance behavior to escape low-oxygen conditions, until they succumbed 
to hypoxia (panel B) (Stachowitsch 1984). Likewise, fish, including grunts and 
damselfish, were displaced from the reef and congregated just above the dead zone. 
Corals below 4 m experienced bleaching, subsequent tissue loss, and ultimately 
mortality (panel C, black arrow), and sponges suffered a similar fate. Sediment and 
necrotic organisms were rapidly colonized by the mat-forming bacteria Beggiotoa sp. 
(panel C, red arrow). Development of Beggiotoa sp. mats, along with the observed 
animal avoidance behavior and widespread mortality, are diagnostic features of dead 
zones (Diaz and Rosenberg 1995). Conditions leading to the hypoxic event included 
inputs of nutrient and organic carbon associated with untreated sewage effluent and 
agricultural runoff, high seasonal temperatures, and reduced wind speed and water 
circulation. Environmental conditions that co-occur with hypoxia, such as lower pH 
(Burnett 1997), may have further exacerbated invertebrate responses and should be 
fully characterized in future studies.

This event comes exactly 7 yrs after the first documented mass mortality event in 
Bahía Almirante under similar conditions (Altieri et al. 2017). It remains to be seen 
if these events are increasing in frequency and triggered by climate regime. Hypoxia 
can have catastrophic impacts on coral reef communities. Future research efforts 
should elucidate mechanisms of resilience on coral reefs to confront hypoxia as an 
emerging stressor in an era of rapid environmental change.
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