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Background
Thelargestsinkfor anthropogenicCO2 emissionsis the
atmosphere; however,a substantialfraction hasbeen
absorbed into the global ocean. Once absorbed in
seawater, CO2 undergoesa seriesof chemicalreactions
that result in the releaseof H+ ions,makingthe water
more acidic. Loweringthe pH of seawatermay have
important implications for the population health of
marineorganisms,asshifts in pHmovecertainspecies
out of their optimal pH range. The excessH+ ions
consume carbonate ions in seawater to form
bicarbonate,thus reducingthe concentrationof bio-
availablecarbonate (Fig. 1). Reductionof carbonate
ion may have negative impacts on marine calcifying
organisms,which utilize carbonate to form calcium
carbonateshells.

Figure 1. Carbonate consumption impedes 
calcification.

Objectives
The purposeof this experiment is to investigatethe
effects of increasedseawater acidity on calcareous
and siliceousphytoplankton population growth and
shellformation.

Methods
1. A coccolithophore (E. huxleyi) and a diatom (T.

weissflogii) were cultured in triplicate in seawater
mediaat normalpH(initial pH8.1) and in acidified
media(initial pH7.5).

2. Cultureswere incubated for eight daysunder 24
hours light at 20ɕ/. Cell counts were measured
quasidailythroughout the incubationperiod.

3. Culture pH was measuredat inoculation, and on
the final dayof sampling.

4. Grown cultures were preserved with formalin
(borate-buffered for E. huxleyi, and unbufferd for
T. weissflogii), collectedon a 3 µm pore-sizefilter,
air dried, and visualizedon a bench-top electron
microscopeto assessthe integrity of mineraltests.
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Further information
More informationon oceanacidificationandits effectson marineorganismscanbe foundat the followingwebsites.

http://www .pmel.noaa.gov/co2/story/What+is+Ocean+Acidification%3Fhttp://ocean.si.edu/ocean-acidification
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Conclusions
ÅCoccolithophoregrowth rates were lower in the acidic

culture than control culture. We speculatethat under
low pH conditions,coccolithophoresmust allocatemore
energy to shell formation - given higher propensity for
dissolution- and/or to cellularregulation,thus lowering
growth rates. Diatomgrowth rateswere not affectedby
lower pH conditions,suggestingT. weissflogiiis tolerant
to a pH rangeof 7.5-8.2. Importantly, siliceoustests do
not dissolveat reducedpH.

ÅThepHreductionin the control coccolithophorecultures
is likely the result of shell formation, countering pH
increasesfrom CO2 andnitrate consumption. Thecontrol
culture formed healthy shells(Figure3A), thus reducing
[CO3

2-] and pH. In the acidifiedculture, shellsappearto
have undergonedissolution(Figure3B), which has the
opposite effect on [CO3

2-] and pH. Thus,pH increased
dueto photosynthesisandnitrate consumption.

ÅIn the diatom cultures,pH changesare likely dominated
by photosynthesis and nitrate consumption, as
photosynthesisremovesCO2 from the water, which in
turn reduces H+ concentration, increasingpH. Nitrate
consumption increases alkalinity (buffering), thus
increasingpH.

BroaderImplications
ω AverageoceanpH hasalreadydeclinedfrom 8.2 to 8.1

since pre-industrial times, corresponding to a 30%
increasein H+ ionsin oceansurfacewaters.

ω Current IPCC (Intergovernmental Panel on Climate
Change) projectionspredict further decreasesof 0.2 -
0.5 by 2090 (Figure 5.). Our results suggest that
calcifying organismslike E. huxleyi will be negatively
impacted by an acidifying ocean; however, further
researchis necessaryto determinespeciespHtolerance
andadaptabilityin naturalsystems.

Growth Rates(Figure2)
Å Coccolithophoreshad reducedgrowth rates under acidic

conditions0.49°0.07 day-1 (control)vs. 0.37°0.07 day-

1 (acid)
Å Diatom growth rates were similar in control and acidic

conditions
Å 0.81°0.01day-1 (control)vs. 0.79°0.01 day-1 (acid)

pHChanges(Figure3)
Å pH decreasedby 0.39 in the control coccolithophore

culturesandincreasedby 1.06 in the acidic cultures.
Å pH increased in both the control and acidic diatom

cultureby 0.81vs. 1.61, respectively.

Structureof mineral tests (Figure4)
Å Electronmicroscopepicturesrevealthat coccolithophore

tests underwent apparent dissolution in the acidified
medium,while diatomfrustuleswerenot visiblyaffected

Figure2. E. huxleyi(top) andT. weisflogii(bottom) cellnumbers
vs. time in control (blue) vs. acidified (orange)culture media.
Triplicateaverages± standarddeviation.

Figure3. Initial (graybars)and final media pH (greenbars) for
experimentalcultures(averageof triplicate culture). Note: A one
unit changein pHequalsa ten-fold changein H+ concentration.Figure 4. A) Electron microscopepicture of E. huxleyi tests in control and B)

acidified media. C) Picture of T. weissflogii frustules in control vs. D) acidified
media.

Figure 5.:IPCC predictions for surface pH change by 2090. Cited from IPCC, 2013, 
Chapter 6.
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