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Increased nutrient loading into estuaries causes the accumulation of algal biomass and microbial degradation 
of this organic matter decreases oxygen levels and contributes towards hypoxia.  A second, often overlooked 
consequence of microbial degradation of organic matter is the production of carbon dioxide (CO2) and a 
lowering of seawater pH.  To assess the potential for acidification in eutrophic estuaries, my group has been 
assessing levels of dissolved oxygen (DO), pH, the partial pressure of carbon dioxide (pCO2), and the 
saturation state for aragonite (Ωaragonite) during the onset, peak, and demise of low oxygen conditions in 
systems across the northeast US. Low pH conditions (< 7.4) were detected in all systems during summer and 
fall months concurrent with the decline in DO concentrations.  While hypoxic waters and/or regions in close 
proximity to sewage discharge had extremely high levels of pCO2, (>3,000 µatm), acidic pH (<7.0), and were 
undersaturated with regard to aragonite (Ωaragonite <1), even near-normoxic but eutrophic regions of these 
estuaries were often relatively acidified (pH<7.7) during late summer and/or early fall.  The close spatial and 
temporal correspondence between DO and pH and the occurrence of extremes in these conditions in regions 
with the most intense nutrient loading indicated that they were primarily driven by microbial respiration.  

A second effort by my group has undertaken has been to exploring the individual and combined effects of low 
pH and low dissolved oxygen and low pH and harmful algal blooms (HABs) on early life stage (larval, juvenile) 
bivalves and early life stage fish. We have further contrasted the effects of chronic and diurnal exposure to 
these conditions. All marine animals studied have negatively affected by hypoxia whereas some were resistant 
to acidification. Resistance to acidification did not separate between broad taxonomic classifications, as 
individual fish and bivalves species were both negatively impacted. The combination of hypoxia and 
acidification or acidification and HABs had additive or synergistic, negative effects on different species of fish 
and bivalve. Diurnal rather than chronic exposure to acidification provided a refuge for some bivalves but not all 
meaning that nearshore animals are vulnerable to these conditions. The broad sensitivity of fish and bivalves to 
low pH and dissolved oxygen suggests that current and future ocean hypoxia and acidification will alter the 
productivity of marine food webs.

Collectively, this body of work demonstrates that acidification is an additional symptom of eutrophication that 
must be considered in tandem with co-stressors such as hypoxia and HABs.  Because these co-stressors have 
very rarely been consider in tandem by scientists, more work is needed to document their co-occurrence in an 
ecosystem setting and the co-effects on coastal marine life.  On the policy front, given that coastal acidification, 
HABs, and hypoxia are promoted by excessive nutrient loading and reach levels that negatively impact key 
species that comprise or support coastal marine fisheries, they must be considered as co-symptoms of 
eutrophication and warrant focused and accelerated managerial attention. 
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