
 

 

April 16, 2014 
 
Katharine Carter, North Coast Regional Water Quality Control Board 
5550 Skylane Blvd, Suite A 
Santa Rosa, CA 95403 
phone: 707-576-2290 
fax: 707-523-0135 
e-mail: Katharine.Carter@waterboards.ca.gov 
 
cc: Nick Martorano Nicholas.Martorano@waterboards.ca.gov  
 
Re: Comment Concerning Ocean Acidification on Public Review Draft Staff Report for the 
2012 Integrated Report for the Clean Water Act Section 305(b) Surface Water Quality 
Assessment and the 303(d) List of Impaired Waters 
 
In response to the draft 2012 integrated report, the North Coast has failed to identify waters 
impaired by ocean acidification.  
 
In previous comments, the Center has provided significant information about the impacts of 
ocean acidification on the California coast. As shown in the record for this draft integrated 
report, on February 27, 2007, the Center for Biological Diversity submitted scientific 
information supporting the inclusion of ocean waters on California’s 303(d) list to each of the 
coastal regional water boards. I was informed that the regional board deferred action on ocean 
acidification to the State Water Resources Control Board. Missing from the region’s record 
therefore, are letters dated June 11, 2008; February 4, 2009, May 28, 2010; and August 27, 2010 
in which the Center submitted additional information and comments on ocean acidification to the 
State Water Resources Control Board.  Those comments are incorporated here by reference and 
are available upon request.  
 
Since then, it has only become more apparent that ocean acidification poses a serious threat to 
seawater quality with adverse effects on marine life. There is a significant body of scientific 
information that has developed since the 2007 letter which is in the record. This letter will 
describe some of the most important new studies on ocean acidification in the region, yet the 
region must evaluate all readily available information on ocean acidification to inform its 303(d) 
list.  
 

1. California Must Evaluate its Own Data and Solicit it From Research Organizations 
 
California has an independent duty to evaluate ocean acidification during its water quality 
assessment (Environmental Protection Agency 2010). Specifically, EPA directed states to 
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evaluate ocean acidification data for their 2012 integrated reports (Environmental Protection 
Agency 2010).  The Clean Water Act provides that states must “evaluate all existing and readily 
available water quality-related data and information to develop the list.” 40 C.F.R. § 130.7(b)(5); 
see also Sierra Club v. Leavitt, 488 F.3d 904 (11th Cir. 2007).  Beyond reviewing the information 
submitted by the Center, California must also evaluate pH, biological information, and other 
monitoring data that is available to it and seek out ocean acidification data from state, federal, 
and academic research institutions.  EPA’s 2010 memo and Integrated Report Guidance 
discussed several sources, including the National Oceanic and Atmospheric Administration data 
(EPA 2010: 7-9; EPA Guidance 30-31). There are now several sources for high resolution ocean 
acidification data. California must obtain and evaluate data from research institutions, including 
but not limited to: 
 

 PMEL NOAA http://www.pmel.noaa.gov/  
 National Ocean Data Center http://www.nodc.noaa.gov/  
 Integrated Ocean Observing System http://www.ioos.noaa.gov/ 
 Central & Northern California Ocean Observing System http://www.cencoos.org/  
 Monterey Bay Aquarium Research Institute  
 Scripps Institution of Oceanography 
 West Coast Ocean Acidification and Hypoxia Science Panel http://westcoastoah.org  
 California Current Acidification Network http://c-can.msi.ucsb.edu/  

 
California has failed to meet these requirements. To correct its integrated report, the North Coast 
Region needs to obtain and evaluate all relevant parameters of ocean acidification data available 
from these sources that serve as clearinghouses for ocean acidification data, especially those that 
are specific to California’s waters.  
 

2. The North Coast Should List Ocean Waters as Impaired
 
This comment letter focuses on research since 2010 that is particularly relevant to California and 
the California Current ecosystem, but it is only a glimpse into the research that exists on ocean 
acidification. This information and data highlight that Northern California is particularly 
vulnerable to ocean acidification and its aquatic life impacts. California is already experiencing 
levels of CO2 that were not expected until the end of the century.  
 

a. Corrosive Waters Warrant Listing 
 
The oceans are becoming more acidic faster than they have in the past 300 million years, a 
period that includes four mass extinctions (Honisch et al. 2012). Researchers looked at the 
geologic record and found that that the Paleocene-Eocene Thermal Maximum was the closest 
event to what we’re experiencing now by adding carbon dioxide to the oceans. At that time, the 
climate warmed by about 5˚C, yet the rate of carbon dioxide increase was only about 10% of 
what the earth is experiencing now. This means that the ocean chemistry changes that are 
occurring due to ocean acidification are unprecedented and are cause for concern that the oceans 
may face mass extinctions of many species that we care about including California’s shellfish. 
Friedrich et al. concluded that anthropogenic ocean acidification already exceeds the natural 
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variability on regional scales and is detectable in many of the world’s oceans (Friedrich et al. 
2012).  
 
The California Current ecosystem is already experiencing adverse impacts of ocean acidification. 
A survey of the Pacific off the coasts of Washington, Oregon, and California revealed that the 
effects of ocean acidification are occurring more rapidly there than predicted (See figure 3) 
(Feely 2008). Researchers found seawater undersaturated with respect to aragonite upwelling 
onto large portions of the continental shelf, reaching shallow depths of 40 to 120 meters (Id.). As 
a result, marine organisms in surface waters, in the water column, and on the sea floor along the 
West Coast of the United States are already being exposed to corrosive water during the 
upwelling season. According to the study, “the upwelled water off northern California (line 5) 
was last at the surface about 50 years ago, when atmospheric CO2 was about 65 ppm lower than 
it is today” (Feely et al. 2008: 1492).  

 

 
 

Figure 3. Distribution of the depths of the undersaturated water (aragonite saturation < 1.0; pH < 7.75) on the 
continental shelf of western North America from Queen Charlotte Sound, Canada, to San Gregorio Baja California 
Sur,Mexico. On transect line 5, the corrosive water reaches all the way to the surface in the inshore waters near the 
coast. The black dots represent station locations (Feely et al. 2008). 
 
 
Time series monitoring shows that the aragonite saturation state along the California coast is 
much lower than would be expected in the North Pacific (Harris, DeGrandpre et al. 2013).  
Surface ΩAr values ranged between 0.66 and 3.9 compared to an estimated pre-industrial range 
of 1.0 to 4.7. While some areas are already exhibiting undersaturated conditions (Feely et al. 
2012; Reum et al. 2014),  scientists predict that most shallow shelf areas along the West Coast 
will become undersaturated with respect to aragonite within the next 20-30 years (Capone and 
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Hutchins 2013; Gruber et al. 2012).  Modeling of the California Current System demonstrates 
that the area is rapidly approaching  near-permanent undersaturation with respect to aragonite 
and it is departing significantly from natural variability (Hauri et al. 2013).  
 
Moreover, California must consider that waters off the California Coast are already experiencing 
CO2 levels not expected until the end of the century.  Off the West Coast in upwelling waters 
during August 2011, pCO2  measured 850 to 950 μatm near the continental shelf break with 
higher values inshore (Feely 2012). Accordingly, many of the studies consider this CO2 range to 
predict end of the century levels, but here off the California coast these levels are already 
occurring in surface waters.   
 
 

b. Ocean Acidification Impairs Shellfish and Aquatic Life Uses 
 
California’s shellfish are adversely impacted by ocean acidification, or will be in the near future. 
Oregon and Washington have already experienced massive oyster mortality as a result of ocean 
acidification. Since 2005, oysters have failed to reproduce in Willapa Bay, Washington (Feely 
2012, Panel 2012). A few years later, shellfish hatcheries in Washington and Oregon witnessed 
massive die-offs of oyster larvae—nearly causing the industry to collapse and causing panic in 
the nation’s top oyster producing region (Id.).  Barton et al. have now definitively linked the 
devastating oyster mortalities in the Pacific Northwest to ocean acidification.  The study found 
that oyster larvae had difficulty with growth and production in waters with elevated CO2 . The 
researchers observed oyster response to ocean acidification from the Whiskey Creek Hatchery on 
Netarts Bay, Oregon in the summer of 2009 (Barton et al. 2012).  Notably, this study analyzed 
calcifying organism responses to ambient water in the coastal upwelling system, a study reaching 
beyond the laboratory to actual observation.  Subsequent studies confirm the link between ocean 
acidification and impaired growth and survival of Pacific oysters (Waldbusser, Brunner et al. 
2013). Studies of Pacific oysters  from the wild also demonstrated developmental problems 
(Timmins-Schiffman et al. 2012).  
 
Similarly, research on the Olympia oyster showed that with reduced pH levels the juvenile 
oysters exhibited a 41% decrease in shell growth rate (Hettinger et al. 2013; Hettinger et al. 
2012).   Notably the negative impacts of exposure to low pH early in the life history of the 
oysters persisted even when juveniles were returned to higher pH levels.  Olympia oysters also 
demonstrated 20% increase of predation by invasive snails due to ocean acidification  in studies 
(Sanford et al. 2014). And ocean acidification can impair the ability of mollusks to escape 
predators (Watson et al. 2014).  
 
 
A study on northern abalone, which is endemic to the West Coast, found it was sensitive to 
ocean acidification (Crim, Sunday et al. 2011). Northern abalone (Haliotis kamtschatkana), or 
pinto abalone, has declined throughout its range and is considered endangered by the IUCN. The 
study on the impacts of ocean acidification on northern abalone found that a doubling of CO2 
levels reduced larval survival by 40% and increased shell abnormalities by 40% (Id.).  Because 
of the upwelling system along the California coast, the levels of CO2 that were used in this 
experiment may be reached much sooner than earlier predictions and northern abalone spawns at 
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the peak of the upwelling season. The study indicates that it does not tolerate ocean acidification, 
which may contribute to population level impacts (Id.).   
 
Research has also shown negative impacts on bivalves (Talmage and Gobler 2011, White, 
McCorkle et al. 2013). Newer studies show that these early growth impacts in larval bivalves 
continue to impair the bivalves at later life stages (Gobler and Talmage 2013).  Researchers have 
also found that the combination of hypoxia and acidification act synergistically to elevate the 
negative impacts on metamorphosis of bivalves, bay scallops and hard clams (Gobler et al. 
2014).  
 
Echinoderms have also proven sensitive to ocean acidification. In a review of studies on sea 
urchins, 13 species demonstrated impaired growth for sea urchin larvae for levels of 800 μatm 
pCO2, whereas at future levels all species of urchins had growth problems (Byrne, Lamare et al. 
2013).  Notable here in California, ocean acidification delays purple sea urchin 
(Strongylocentrotus purpuratus) larvae growth (Stumpp, Dupont et al. 2011).  
 
A review of the sensitivity of five taxa to ocean acidification reveals the severity of the threat in 
species composition of the marine ecosystems (Wittmann and Pörtner 2013). Although different 
species had different responses, overall corals, echinoderms, molluscs, and fish showed 
sensitivity to ocean acidification at 936 ppm pCO2, with crustaceans less sensitive (Id.). Another 
meta-analysis of the biological responses to ocean acidification confirms these results with 
impacts seen on the survival, growth, reproduction, and other functions of species (Kroeker et al. 
2013). The chart below shows the sensitivity of each taxa to varying degrees of pCO2  
(Wittmann and Pörtner 2013). These studies predict severe changes in ecosystem composition 
and negative impacts on most marine animals. Seasonal conditions in California already reach 
extreme pCO2 levels not expected until the end of the century. 
 

 
Figure 1 Sensitivities of animal taxa to ocean acidification. Fractions (%) of coral, echinoderm, mollusc, crustacean 
and fish species exhibiting negative, no or positive effects on performance indicators reflecting individual fitness 
(see text) in response to the respective pCO2 ranges (_atm). Note that it was not possible to determine the response 
of each species for each CO2 range, such that variable species numbers (on top of columns) result, even though the 
following assumptions were used to compensate at least for some of the missing information: species that exhibit 
negative effects at low pCO2 will exhibit negative effects at the higher pCO2 levels as well; if a species exhibits a 
positive/negative/no effect at both, a low and a high pCO2 , it will exhibit the same effect at a medium pCO2 (see 
also Supplementary Table S2). Bars above columns denote count ratios significantly associated with pCO2 
(according to Fisher’s exact test, p<0:05, used to analyse species counts of pooled groups of negatively affected 
species versus not negatively affected species (sum of positively affected and unaffected species); see 
Supplementary Table S3 for exact p values). (Wittmann and Pörtner 2013). 
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A review of ocean acidification studies on fish and shellfish describes impacts in many 
commercially targeted species (Branch et al. 2012). Studies show impacts to many seafood 
species impairing their senses, function and survival (Id.). Predicted impacts to fisheries are 
expected to be substantial (Id.). Tanner crabs are sensitive to ocean acidification (Long et al. 
2013). They exhibited decreased survival  at lower pH, slower growth in pH 7.5 water, and 
impaired calcification in acidified water (Id.). The impacts on fisheries from ocean acidification 
will be substantial. Narita et al. suggest that the costs for the world could be over $100 billion 
USD in production losses of mollusks alone by 2100 if CO2 emissions are unabated (Narita et al. 
2011). 
 
Ocean Acidification Intensifies Toxicity 
 
The toxicity of harmful algal blooms increases with ocean acidification. Research suggests that 
ocean acidification conditions can increase toxins as much as five-fold in harmful algae that can 
poison shellfish, marine mammals, fish, and even cause paralytic shellfish poisoning in people 
(Fu et al. 2012; Tatters et al. 2013a; Tatters et al. 2013b; Tatters et al. 2012). The neurotoxin 
domoic acid in diatom Pseudo-nitzschia increased under these experiments with acidification  as 
did the toxicity of Alexandrium catenella (Id.).  The experiments done in these studies were at 
levels of CO2 that are already occurring in California, and the increase in the toxicity of harmful 
algal blooms in Southern California may be consistent with ocean acidification (Id.)  
 
Additionally, research shows that under conditions of ocean acidification sediments become 
more toxic (Roberts, Birchenough et al. 2013).  Ocean acidification makes sediment-bound 
metals more available and thus more toxic for aquatic life (Id.) 
 
California is vulnerable to having its fisheries and seafood industry severely impacted by 
increasing toxicity of ocean habitats. 

* * * 

In conclusion, California and the North Coast Region must thoroughly evaluate ocean 
acidification data and identify undersaturated waters and others that are not meeting water 
quality standards as threatened or impaired. It is imperative that the state take action now on 
ocean acidification to address this important water quality problem before it has devastating 
consequences on its fisheries and ecosystems.  

Sincerely, 

/s/ Miyoko Sakashita 
Miyoko Sakashita 
miyoko@biologicaldiversity.org 

enclosure 
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