
Water Chemistry in Shellfish 

Hatcheries and Nurseries:

The Role of pH, Alkalinity,                              

and Calcium Carbonate



What are pH and alkalinity?
• pH – Measure of concentration of hydrogen (H+) in water

o Logarithmic scale from 0 to 14 with 7 a neutral value

o Scale inverse of hydrogen ion concentration, more H+ = higher acidity = lower pH

o Rapid changes causes stress to aquatic animals  

• Alkalinity – Measure of water to buffer pH and neutralize acids 

o Alkaline compounds (bicarbonates, carbonates) remove H+ by combining with them 

making new compounds, lowering acidity of water, and increasing pH

o Proper levels prevent stress in aquatic organisms due to rapid pH changes



What are calcium carbonate and hardness?

• Calcium carbonate (CaCO3) – Source of alkalinity present in rocks (limestone) 

o Most abundant mineral on Earth 

o Primary calcium carbonite minerals are calcite and aragonite

o Created in water when calcium ions react with carbonate ions

• Hardness (CaCO3) –  Amount of calcium along with other minerals                                        

like magnesium and iron dissolved in water 

o Calcium (Ca), an alkaline earth metal 

o Calcium ion (Ca2+) binds with negatively-charged alkalinity anions                                                   

-- bicarbonate (HCO3
2-) and carbonate (CO3

2-) – to form                                                                   

calcium carbonate (CaCO3)

o Expressed as CaCO3 instead of calcium 



Why do these parameters vary?

• Daily due to photosynthesis of phytoplankton

o Photosynthesis takes place during day, using CO2 which increases pH 

o At night, photosynthesis stops, respiration occurs, which creates CO2 and decreases pH 

• Seasonally due to temperature and rainfall

o Temperature influences dissolved CO2

o As T ↑, pH and alkalinity ↓ due to ↑ CO2 

o Rainwater is slightly acidic and contributes                                                                                 

to lowering (dissolution) of CaCO3

Dilution of salt water by rainfall, 

freshwater, anthropogenic inputs,                  

and other sources may cause pH, 

alkalinity, calcium carbonate to vary 



How are these parameters measured?

• Multiple ways to measure these parameters – aquarium or field test kits, sensors or 

probes, meters – inexpensive, readily available, and easy to use

• Monitor these parameters at same time during day due to normal pH changes

• Consider accuracy of test kits and meters  

Equipment used in Project (parameters measured weekly, biweekly)   

Oakton Handheld Meter 
for pH

Hannah Marine Kit                       
for Alkalinity

Hach Spectrophotometer                                 
for Calcium Hardness



Why are these parameters important for                       
shellfish seed production?

• CaCO3 used by mollusks to form and build their shells and necessary for proper shell 

development

• Inadequate pH and alkalinity levels cause larval shell deformities, poor growth and survival 

• Hatchery rearing water should resemble natural seawater chemistry  

Recommendations for Shellfish Hatcheries   

Parameter pH
Alkalinity 

mg/L

Hardness 
mg/L

Recommended level 8.2 150-180 200

Acceptable range 7.8-8.4 110-200 -



Water Chemistry at Florida Clam Hatchery, 2021-2022   

Salinity (ppt)

Alkalinity (mg/L CaCO3)pH



Water Chemistry at Florida Clam Nursery, 2020-2022   
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Alkalinity (mg/L CaCO3)pH



pH and Alkalinity Values at Florida Clam Seed 

Production Facilities, 2020-2022   

Legend: 

Facility: H-Hatchery N-Nursery 

Source Water: SW-Surface water TW-Tank Water WW-Well Water



• When atmospheric CO2 is absorbed by the ocean, 

chemistry of the seawater is changed

• Water and CO2 form H+ and bicarbonate ions 

(HCO3
-) lowering pH

• As CO2 dissolved levels increase, excess H+ 

results in fewer available carbonate ions (CO3
−2) 

Ocean Acidification and Shellfish Hatcheries

• Hatcheries in Pacific NW began experiencing 

oyster larvae mortalities in 2007

• Upwelling of CO2-rich oceanic waters resulted 

in lower pH and aragonite saturation levels

• Aragonite, most soluble form of CaCO3, 
necessary for molluscan larvae to build shell

• Adding buffering system to hatchery water 

supply to increase pH was the solution



• Hatcheries began experiencing larval 

production problems in 2009

• Decreased CaCO2 saturation states due to 

increased atmospheric CO2 and freshwater 

runoff from heavy rain events 

• Buffering incoming hatchery water to 

increase carbonate saturation state has 

resulted in better production

Coastal Acidification and Shellfish Hatcheries

What about the 

Southeastern US? 

• Coastal waters tend to be well buffered,             

with lower CO2 and higher alkalinity levels

• River water discharges due to rain events, 

tropical storms and hurricanes are driving 

factors in carbonate chemistry

• Impacts of climate change likely to affect 

coastal water chemistry 

In the Northeast US… 



Pacific oyster larvae from the same spawn, raised in 

waters exhibiting favorable (LEFT: pCO2=403 ppm, 

Ωarag=1.64, pH=8.00) and unfavorable (RIGHT: 

pCO2=1418 ppm, Ωarag=0.47, pH=7.5) carbonate 

chemistry during the spawning period. Scanning Electron 

Microscopy images show larval shells at 1, 2, and 4-days 

post-fertilization. Arrows show defects (creases) and 

features (light patches) suggestive of shell dissolution.

Shell Development of 
Larval Bivalves 

• Concentration of carbonite ions and                    

dissolved calcium are building blocks of shell

• Post-fertilization, larvae capture ions from 

seawater, combine with calcium to form aragonite 

• Energetically expensive as larvae accrete more 

shell mass than organic mass

• Post-metamorphosis, juvenile shell is comprised 

of calcite, aragonite or both minerals



What are saturation states?

• Measure of tendency of mineral to form or dissolve in water

• Calculated by ratio of mineral dissolved ions to solubility (equilibrium) product (Ksp) 

• Levels of CaCO3 minerals can be measured by saturation state (omega Ω)

o Calcite – most common CaCO3 mineral and most stable form

o Aragonite – second most common CaCO3 mineral and most soluble form

― Ca2+ and CO3
2- are concentrations of ions in solution 

― Ksp is solubility product at a given temperature, salinity, 

and pressure

➢ If Ω < 1, CaCO3 can readily dissolve, if Ω >1, then CaCO3 mineral formation is favored 

➢ Calcifying bivalves live in conditions where Ω >1, thrive in conditions Ω ≥1

➢ Corals need Ω levels >3 to form and grow



Saturation State Levels at Florida Clam Seed       

Production Facilities, 2020-2022   

Legend: 

Facility: H-Hatchery N-Nursery 

Source Water: SW-Surface water TW-Tank Water WW-Well Water

1Reference: CO2SYS Program developed for 
CO2 system calculations, Oak Ridge National 
Laboratory, US Department of Energy



Delivering a buffering solution into                       
a water storage tank using                                         
a pH controller and pump

• Buffering system using inexpensive meters and 

controllers to increase and maintain pH and 

alkalinity levels 

Buffering System for Shellfish Hatcheries 

Water storage tank used to fill larval 

rearing systems

pH meter/controller and pump with long                 

cords to reach other tanks

55-gal polypropylene tank with saturated 

solution of soda ash (98 lbs) 

• A meter measures pH of             

tank water, adds buffer              

(soda ash) to achieve           

optimal pH via an                       

injection pump

• A controller calculates                    

the required injection rate                    

and activates the system  



Additional Information 

Fact sheet and website page
https://shellfish.ifas.ufl.edu/clam-seed-project-2020-22/
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