Ocean Acidification Adaptability in Phytoplankton Communities of the Amazon River Plume
Marisol Diaz Turkowsky1, Kali McKee2, Therese Chen2, Tegan Gallina3, Helga do Rosario Gomes4, and Joaquim Goes4
1

Columbia University, 2 Barnard College, 3 The Bronx High School Science, 4 Lamont-Doherty Earth Observatory

INTRODUCTION

DATA RESULTS

Key Players: Phytoplankton, Amazon River Plume & Ocean Acidification

CONCLUSIONS

CO2 Manipulation Experiments based on 2010 Cruise
Data Observations

Ocean Acidification: A chemical reaction when CO2 is absorbed by the ocean
leading to increased acidity (lower pH) and depriving calcium carbonate
important for marine organisms.
The Amazon River Plume: Thousands of kilometers wide, pumping massive
amounts of nutrient-rich freshwater from river discharge into the Atlantic Ocean.
A unique environment with a natural pCO2 gradient in surface waters from
150-950 ppm supporting a diverse community of marine microorganisms.

Trichodesmium erythraeum
(Diazotroph-cyanobacteria)

Thalassiosira weissflogii
(Diatom)

Why study phytoplankton?
Ø Primary producer of organic
	
  
elements and the base of marine
food web.
Ø Relieves and sequestrates large
amounts of atmospheric CO2
worldwide.
Ø Expected to be sensitive to
changes in ocean acidification,
due to its dependence on CO2 for
photosynthesis and growth.
Why care? The response and adaptation of these coastal microalgae to
increased human-induced CO2 emissions are still unknown. The Amazon
River Plume’s varied CO2 gradient makes it a natural laboratory to
question if seawater pH controls phytoplankton community composition;
that may affect higher trophic organisms depending on them, and predict
toxic algal bloom dead zones.

Hemiaulus hauckii
(Diatom-Diazotroph Associations/DDAs)

Variable seawater pH allows different physiological
adaptabilities and dominance between the 3 main
phytoplankton groups in the Amazon River Plume.

	
  

Form Fits Function: Different Role-Players are Influenced in
Habitat Selection by Rising CO2
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Figure 2. a-c: Relative Fluorescence Units (RFUs) plotted against a total of 3 sets of
duplicated pCO2 conditions in ambient light conditions. d-f: 2010 cruise data of taxon
distribution.	
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“Sea Saw Dust”
Nitrogen Producers

Coastal CO2
Sequestrators

Diatom-Bacterium
Communicators

Questions for Future Experiments

q How would duplicated experiments with DDAs and
Diazotrophs match our results?

q How have DDAs symbiotically evolved, and can these diatoms

Results: CO2 Consumption Shifts Species Abundance

HYPOTHESIS AND METHODS
Hypotheses:
Ø Diazotrophs prefer elevated pCO2, and nutrient poor conditions than
Diatoms suggested by cruise data observations.
Ø The difference in pCO2 may be the main influence in distribution
patterns of the 3 phytoplankton-taxon groups in the Amazon River
Plume.
Ø Different light-harvesting pigments from each species allows habitat
flexibility from changing pCO2 conditions.

Laboratory tests on
cruise data sample
observations.

CO2 Manipulation Experiment

Three different CO2 condition in
semi-continuos cultures.
150 ppm (pre-industrial concentrations)
400 ppm (present day)
800 ppm (end of the century prediction)

Figure 1: Duplicate bottles for low-light
(91.33 µE sec-1 m-2) and ambient light
conditions (157.75 µE sec-1 m-2)

Laboratory Techniques

a) Phytoplankton biomass and growth
rates
In vivo chlorophyll a, cell counts and
FlowCAM®
b) Absorption spectra of pigments
Spectrophotometer
c) Photosynthetic capacity of the
cells
Fast Repetition Rate Fluorometer (FRRF)

Elevated pCO2 Effects for
DIAZOTROPH
Trichodesmium
Nutrient-Poor Waters
(Oligotrophic)
CCMs Down Regulation for
carbon fixation may provide
alternative energy for
Nitrogen-fixation
preference.
Very Slow Growth

Elevated pCO2 Effects for
DIATOM
Thalassiosira
Nutrient- Rich Waters
(Eutrophic)
CCMs Up Regulation for
carbon fixation results
increase atmospheric CO2
uptake from initial
concentration.
Rapid Growth and Death
due to Self-Shading
Presence only in CO2
Dominant presence in CO2
concentration 400-800ppm concentration 150-400ppm.
(pH8.15-8.2). Lasting
Accelerated presence at
presence best at 800ppm. 800ppm (pH 8.7-9.14).
Photosynthesis: Chlorophyll Photosynthesis: Chlorophyll
a and unique lighta pigment, no blue
harvesting
pigments. Limited lightPhycobiliproteins (blue
absorption.
pigments) capture sunlight
at varied depths.
Smaller Cell, Prokaryotic
Larger Cell, Eukaryotic Cell
Cell Structure
Structure
Increased Salinity preferred Fresh-Estuarine Waters
preferred
!

Carbon Concentrating Mechanisms (CCMs)
Inorganic Carbon Acquisition by Prokaryotic Cell:
Cyanobacteria (Diazotrophs)

accept more than one species of bacteria or are their
interactions species-specific?

q Has there been potential changes in the nutritive value for
higher trophic organisms with increased ocean acidification?

q How to supplement scientific data into marine policy and other
social principles (farming) regarding algal distributions?

Endosymbiotic cyanobacteria
Richelia in single-celled diatom
Hemiaulus hauckii

Inorganic Carbon Acquisition by Eukaryotic Cell:
Diatoms
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