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Ocean Acidification

Atmospheric CO2 (Mauna Loa)
pH 25ºC (ALOHA Station)

Atmospheric CO2 (Mauna Loa)
pH 25ºC (ALOHA Station)

↑CO2 + H2O + ↓CO3
2- → ↑2HCO3

-

https://indiansnews.com/environment/ocean-
acidification-save-marine-ecosystem/
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Coccolithophores Coral reefs

The Effect of Elevated CO2 on
Coccolithophore species

Marine Calcifiers: Ca2+ + ↓CO3
2- → ↓CaCO3

3Riebesell et al. [2000]

Emiliania huxleyi Gephryocapsa oceanica

Control:
300 ppm 

CO2

Treatment:
800 ppm 

CO2

Negative Effect
on Calcification

800 ppm 800 ppm
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2015 Annual CHL-a (MODIS 4 km) HighLow

BATS

1.Introduction Future Study & SummaryPurpose Data & Methods Results & Discussion

Recent Studies in North Atlantic Subtropical Gyre
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ALOHA

Coccolithophores

Krumhardt et al. [2016]

Rivero et al. [2015]

Coccolithophores

Krumhardt et al. [2016]

Rivero et al. [2015]

pH <7.7,  “Reduction in calcification rates”
BATS: pH is ~8.1, CO2↑→“Photosynthesis”↑

Bach et al. [2013]

2015 Annual CHL-a (MODIS 4 km) HighLow

BATS
ALOHA

Increasing??
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Future Study & Summary2. Purpose Data & Methods Results & Discussion

In the North Pacific Subtropical Gyre 
(NPSG)
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Introduction

ALOHA Station 
(22°45’N, 158°00’W)

★ To investigate 
Long-Term Trends in Coccolithophores Abundance

★ To determine 
the Relative Importance of Various Environmental    

Factors on Trends in Coccolithophores Abundance
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ALOHA Station (22°45’N, 158°00’W) from 1988 to 2015

Abundances- CHL-a Concentrations by group (Mackey et al., [1996])

Pigment data extracted by HPLC entered into CHEMTAX

Input ratios CHL-b Zeax 19But Fuco 19Hex Perid CHL-a
Prochlorococcu 1.099 0.077 0.000 0.000 0.000 0.000 1.000 

Synecoccus 0.000 0.476 0.000 0.000 0.000 0.000 1.000
Chrysophytes 0.000 0.000 1.111 0.156 0.156 0.000 1.000
Haptophytes 0.000 0.000 0.014 0.015 0.769 0.000 1.000 

Diatom 0.000 0.000 0.000 1.250 0.000 0.000 1.000 
Dinoflagellates 0.000 0.000 0.000 0.000 0.000 0.667 1.000 

Prochlorococcus
Cyanobacteria

Haptophytes
Chrysophytes

Diatoms 
Dinoflagellates

Input marker Pigment:CHL-a ratio

Letelier et al. [1993]

Haptophytes: Source Coccolithophores (‘Emiliania Huxleyi’)

Future Study & Summary3. Data & Methods Results & DiscussionIntroduction Purpose
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Future Study & Summary3. Data & Methods Results & Discussion
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Introduction

ALOHA Station (22°45’N, 158°00’W) from 1988 to 2015

Purpose

Environmental Parameters
★Carbon Chemistry Parameters
- Dissolved Inorganic Carbon, Total Alkalinity data
- pCO2, HCO3

-, CO3
2-, pH, Ωaragonite, Ωcalcite	

(in situ temperature)
- CO2 system calculations with CO2SYS software (Mehrbach et al. [1973])

★ Physical Parameters
- Temperature, Salinity, Euphotic Depth (Zeu)
- Mixed Layer Depth (potential density- 0.125 kg m-3 from surface waters)

★Nutrients Parameters
- DIN (Nitrate + Nitrite), Phosphate, Silicate

★Climate indices
- Pacific Decadal Oscillation (PDO, Mantua et al. [1997]), 
- North Pacific Index (NPI, Trenberth and Hurrell [1994]), 
- North Pacific Gyre Oscillation (NPGO, Di Lorenzo et al. [2007])
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4. Results & DiscussionIntroduction Purpose Future Study & SummaryData & Methods
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Vertical and Temporal Patterns of CHL-a

Vertical Profile

DCM
(~110 m) D

ep
th

 (m
)

Year

0 0.050 0.100 0.150 0.200 0.250 0.300

(mg m-3)

Temporal Distribution

D
ep

th
 (m

)

CHL-a (mg m-3)

4. Results & DiscussionIntroduction Purpose Future Study & SummaryData & Methods
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Relative Abundances (%) 
of Coccolithophores

Prochlorococcus

Cyanobacteria

Haptophytes

Chrysophytes

25%

34%

30%

7%

10

4. Results & DiscussionIntroduction Purpose Future Study & SummaryData & Methods
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Cortes et al. [2001]

Hitachi 2300 
Scanning Electron Microscope

(SEM)

19’-Hexanoyloxyfucoxanthin
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Coccolithophores Abundance

Haptophytes

CHLHapto

4. Results & DiscussionIntroduction Purpose Future Study & SummaryData & Methods
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Linear Trends 
For a Range of Start and End Years

St
ar

t Y
ea

r

End Year (☆ : p<0.05)

Trend CHL-aHapto

(mg m-2 y-1)
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Trends in Coccolithophores Abundance

Time-Series

Deseasonalized line

0.2 mg m-2 yr-1 

(p< 0.05)

-0.1 mg m-2 yr-1

(p< 0.05)

Integrated for 0-160 m

North Atlantic Subtropical Gyre

Krumhardt et al. [2016]

Trend CHL-aHapto

4. Results & DiscussionIntroduction Purpose Future Study & SummaryData & Methods
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Correlation with Environmental Factors

(0-160 m)

*Integrated value for 0-160 m; **Mean value for 0-160 m;

DIN P Si TA DIC pH pCO2HCO3
- ܚ܉ࢹ CO3ܔ܉܋ࢹ

2-S ZeuMLD PDO NPINPGO**T * * * * * *** *** ** ****

2005-20151995-2004

Positive (+)Negative (-)
0 1-1 0.2-0.2-0.4 0.4 0.80.6-0.6-0.8 ☆ : p<0.05

r >0.5

4. Results & DiscussionIntroduction Purpose Future Study & SummaryData & Methods
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Relationship 
with HCO3

-

HCO3
-

CHLHapt

“Coupling” “Decoupling”

r= 0.67 (p<0.05) r= -0.15 (p<0.1)
Integrated for 0-160 m

CHLHapt & HCO3
-

Positive correlation: r >0.4

HCO3
-CHLHapto

Krumhardt et al. [2016]

NASG
ALOHA

4. Results & DiscussionIntroduction Purpose Future Study & SummaryData & Methods
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Positive  Correlation
r=0.24 (p<0.05)

Negative Correlation
r=-0.33 (p<0.05)

Trend CHL-aHapto
(mg m-2 y-1)

(☆ : p<0.05)

Integrated value for 0-160 m

Temperature
(°C y-1)

Phosphate
(mmol m-2 y-1)

Integrated value for 0-160 mMean value for 0-160 m

4. Results & Discussion
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Introduction Purpose Future Study & SummaryData & Methods

What Other Factors?
T P

2005-2015

1995-2004

ALOHA Station: Cortes et al. [2001]

Largest proportion of the variation 
in coccolithophore cell density

T P

T ↓ & P ↑  Haptophytes ↓ ????
Multiple correlation analyses are needed.
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5. Future Study & SummaryResults & Discussion
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Introduction Purpose Data & Methods

NASG NPSG

Krumhardt et al. [2016]

CHL-aHapto

Why are NPSG and NASG trends different?

CHL-aHapto

1. Influence of T and P?
2. Relationship with other phytoplankton groups?

3. Non-linear relationship?
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