
Biological Impacts Graphics
How to Use these Graphics

Understanding the Graphic Elements
The red lines represent the conditions that are expected 
to cause high mortality rates or reduced growth for 
a given species. The blue and teal points or ranges 
show the experimental conditions that were proven to 
be harmful to organisms in laboratory studies. Some 
species have shown negative responses to low pH and/or 
aragonite saturation, such as reduced reproductive rates, 
reduced growth rates, and death. The range of conditions 
that caused biological impacts varies across species and did not always result in mortality. The red line 
indicates where adverse effects were lethal and caused mortality. There are also numerous studies that 
have found neutral or positive effects of acidification on certain species, although this graphic does not 
focus on them.

pH Levels for Natural Conditions
For reference, the average pH for estuaries and the open ocean are included to show “ideal” natural 
conditions. Estuarine pH is naturally lower than open ocean conditions and can vary greatly over space 
and time. Many estuarine species are normally exposed to, and tolerant of, lower pH conditions than 
those in the open ocean and may be more resistant to these lethal conditions. Many species only spend a 
small portion of their many life stages in estuarine habitats then move to the open ocean, and vice versa.

Interpreting Aragonite Saturation State
The aragonite saturation state reference line in the shellfish graphics represents a value of 1. At, or below 
this value, aragonite minerals in shells and skeletons may dissolve. Above this value is considered to be 
sufficient for most species to survive. Below a value of 3 is when stressful conditions for animals have 
been shown to begin to occur in some species.

Applying the Graphics to Species and Environmental Conditions
Use the graphics to locate a particular species. To determine where low pH or aragonite saturation state 
may impact a particular or multiple species, one needs to know what the environmental condition is in 
the habitat where the species is found. For example, American Lobster larval mortality may begin at a 
pH of 7.7, whereas juvenile mortality may begin at pH 7.8. Growth of the American Lobster can also be 
hindered by pH and/or aragonite saturation state.

These graphics can be paired with information on the environmental conditions at various locations to 
understand where growth and survival of species may be negatively affected by acidic conditions  (low pH).
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