
PICES 2016 Annual Meeting @ San Diego

Effects of high-CO2 and temperature 
on the dynamics of plankton 
communities in the subarctic Pacific

Koji Sugie1; Sohiko Kameyama2; Takeshi 
Yoshimura3; Hiroshi Uchida1; Jun Nishioka4; Naomi 
Harada1 and; Akihiko Murata1

1: RCGC, Japan Agency for Marine-Earth Science and Technology;
2: Hokkaido University;
3: Central Research Institute of Electric Power Industry;
4: Institute of Low Temperature Science, Hokkaido University



INTRODUCTION
S9: Resilience, Transitions and Adaptation in Marine 
Ecosystems under a Changing Climate

Why phytoplankton community structure?
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INTRODUCTION

Change in pH as a result of increasing pCO2

pCO2 in seawater (µatm)
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INTRODUCTION

Doney et al. 2009

IPCC AR5

• xCO2atm & pCO2SW are
increasing simultaneously

• pH is decreasing with
an increase in pCO2SW

• Global mean temperature
could rise up to 2–4°C

• High latitude ocean might
severer compared to the
global mean
（e.g., Johannessen et al. 2004）

High CO2 & temp. can disturb lower trophic levels



INTRODUCTION
Previous manipulation experiment examined the individual effect 
of CO2 or temperature on marine phytoplankton

● High CO2 tests
Chain-forming diatoms increased（Tortell et al. 2008）

Change in elemental composition of dissolved and particulate
matters（Sugie et al. 2013; Yoshimura et al. 2014）

Decreasing CO2 fixing capacity of diatoms（Endo et al. 2016）

● High temperature tests
Increased respiration/photosynthesis ratio（Holding et al., 2013)
Increased smaller pennate diatoms（Noiri et al. 2005）

However, very limited information available concerning the 
effects of high CO2 and temperature on marine phytoplankton

Tortell et al., 2008

380 ppm CO2

800 ppm CO2



METHODS

Exp.1

Exp.2Exp.3

High-Temp.
tank

Low-Temp.
tank

Thermostatic circulators
for low-temp. & high-temp.

Sampling locations
Exp. 1: 47°N, 160°E

(July 27, 2014)

Exp. 2: 47°N, 148°W
(August 15, 2014)

Exp. 3: 41.9°N, 146°E
(March 9, 2015)



METHODS
Temperature
Exp. 1: 11 & 15°C
Exp. 2: 14 & 18°C
Exp. 3: 2 & 6°C

Treatment
LT-control HT-control
LT-CO2-1 HT-CO2-1
LT-CO2-2 HT-CO2-2

Measurement items
Temperature, PAR, DIC, TA, Nutrients, Chl-a,
Pico-, nano- and micro-sized phytoplankton

On-board laboratory

Added Fe in all exp. to mask any 
uncertainty concerning Fe bioavailability 
(Shi et al. 2010; Sugie et al. 2013)



RESULTS
Exp. 1 (WPac) Exp. 2 (EPac) Exp. 3 (Oyashio)
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• NO3+NO2 often depleted and pCO2 decreased
• Data analyzed were before collapsing pCO2 gradients
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• Higher temperature enhanced specific growth rate
• pCO2 did not affect or decreased in higher levels

Exp. 1 (WPac) Exp. 2 (EPac) Exp. 3 (Oyashio)



RESULTS & DISCUSSION
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Temperature sensitivity
(μHTx − μLTx)/δT

（Montagnes et al. 2003）

Temperature sensitivity 
increased with pCO2

pCO2 sensitivity
μLTx/μLT or μHTx/μHT

High temperature could 
ameliorate the negative 
impact of high pCO2.

δpCO2



RESULTS
Exp. 1 (WPac) Exp. 2 (EPac) Exp. 3 (Oyashio)
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Synechococcus & pico-eukaryotes responded 
positively to high temperature and pCO2

Thalassiosira sp.

Synechococcus

Pico-E



RESULTS
Exp. 1 (WPac) Exp. 2 (EPac) Exp. 3 (Oyashio)
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Diatom
WPac: Pseudo-nitzschia
EPac: Si-depleted (very low biomass)
Oyashio: Chaetoceros, Thalassiosira, Neodenticula

Temperature: positive
High CO2: negative or little positive



DISCUSSION
Effects of higher pCO2 levels

• Enhanced the growth of Synechococcus （Fu et al. 2007）, 
Pico-eukaryotes (Micoromonas-like, Ostoreocuccus)
(Meakin & Wyman, 2011; Schaum et al., 2012）

→ Pico-phytoplankton growth is co-limited by CO2 and
temperature especially for the winter Oyashio community.
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CONCLUSION

• Extremely high pCO2 levels (>1400 μatm) could
depress diatom growth

• Higher temperature and pCO2 could synergistically
enhance the growth of pico-sized phytoplankton

• The negative impact of high pCO2 levels
could ameliorate under higher temperature.

Synergistic negative impacts on the trophic
transfer efficiency and on atmospheric CO2


