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How will OA affect the Surface Ocean?

�������	
�	����
����	����
� ���	�

������
�

�������	
�	��
�
���	��
�

��
������	���	������




Sea Surface 
Consortium

UKOARP



Lab experiments have major advantages, e.g. :

(1)control over conditions
(2)everything the same between expts except variable 

of interest…

But also major disadvantages, e.g. :

(1) insufficient time for adaptation to occur
(2) conditions often not very realistic (high nutrients)
(3) monocultures not very realistic (no competitors, 
symbionts, prey or predators)

(4) only one species at a time, out of thousands

Other approaches are also needed

Alternative Approaches
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We will adopt a complementary approach, primarily cruise-
based:

(1) observations across natural carbonate chemistry 
gradients

(2) bioassay experiments on complete in situ community

(3) study of mechanistic basis of impacts

Alternative Approaches
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- Results directly applicable to real world

- When making observations across carbonate chemistry 
gradients, organisms will be adapted to the prevailing 
environment, so evolutionary adaptation is taken into 
account

- Knowledge of underlying mechanisms will allow improved 
predictions of impacts

- However, can also be problematic to gain understanding from 
observations  (correlation ≠ causation)

Benefits of Our Approach
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International Context
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Focus on laboratory and 
mesocosm experiments and 
modelling.  Small 
observational/monitoring 
component (no dedicated 
cruises)

Focus on lab expts again.  Small 
amount of work at sea (Baltic 
only)

Announced Sept 2010 – mixture of 
observational, lab and modelling 
work



WP 1: Cruises
WP 2: Bioassay Experiments
WP 3: Core Measurements including carbonate 

chemistry

impacts of OA on:
WP 4: Plankton Community Structure
WP 5: Biogeochemical Rates
WP 6: Biocalcification
WP 7: Food Web Effects
WP 8: Climate

WP 9: Synthesis

Work Package List
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Timeline

project 
start
(now)

most 
posts
end

synthesis
ends
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NOCS-Univ. Soton
NOC Southampton
PML
Univ. East Anglia 
NHM
BAS
NOC Liverpool
SAHFOS
SAMS
Univ. Essex
MBA
Univ. Oxford

Participating Institutes
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� Laura Bretherton – Uni. Essex

� Helen Smith – NOC Southampton  (at sea)

� Tingting Shi – Uni. Southampton

� MBA/Oxford – to be appointed

Consortium PhD Students
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End Products

� Observational datasets
� Bioassay datasets
� Advanced understanding of mechanisms
� Analyses of OA impacts
� Manuscripts (both absence of impacts and 

negative impacts should be published)
� Improved understanding of OA impacts on the 

surface ocean
� Any other exciting science we can fit in
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Consortium Cruises
Eric Achterberg

School of Ocean & Earth Sciences,  Univ of Southampton
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Cruises
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Cruises
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Cruises
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European Shelf Cruise Track; summer 2011



European Shelf Cruise
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Arctic Cruise Track summer 2012



Arctic Cruise

���� ��$ � ! �!/�0� ; ��#��"

! ����
� 
� '�	� ���� ���	���� ��
��������' 	�� ������� ��� �
���
*=��'�!�� )+8),

(����� ��	�
 ���� �
��� ��� ��� ���� ����
� ����� ���
�� ��	���� �� ���
�	��
�	�� �'���� 
����

-�� ������ ���� �	���� 	���	��' 
�������� �
��
����
��
�� ��

�� �� ���
@	����� "�	 	�� ?(	(#2 ��	������ 	�
�� �&" 	�� �&� ��	������ *�
���
?(	(#2 �� !�����&�
����� �	���� ��	��� �
 >�����	��,/

-�� ������ ���� ��&����� �
�	��
�� �����
���' �	����� �� )++A�)+8+ 	� �	��

� ��� "!5" !����� ������ ��
��	��� 	�� �� )++B �' ��� �
�����	�
5�;(<35 ������/



Antarctic Cruise Track; Jan-Feb 2013



Antarctic Cruise
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Ocean Acidification Impacts on Sea-Surface Biology, 

Biogeochemistry and Climate
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Assessing Impacts of OA on 
Calcification

Jeremy Young & Alex Poulton:   coccolithophores

Geraint Tarling & Vicky Peck:  zooplankton

Declan Schroeder, Colin Brownlee & Ros Rickaby: 

mechanistic studies
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Pteropods

advantages
� aragonite shells so especially vulnerable
� abundant in high latitudes
� few field studies of effect of OA

methods
� cruises 2 & 3
� plankton tow sampling + bioassays
� size/weight + SEM study of shell surface and 

margin



Planktonic foraminifera

advantages
� Much evidence of sensitivity to OA
� Size-normalised shell-weight is well-established methodology
� shells accessible for electron microprobe and other refined 

techniques

challenges
� sampling/low abundances



Pelagic ostracods

Opportunities
� abundant and widespread
� vary greatly in degree of calcification
� little previous research on effect of OA

Challenges
� no established methodologies
� few ubiquitous species?
� low perceived importance
� weakly calcified



Coccolithophores
advantages
� high abundance/predictable occurrence
� easy to grow in culture
� SYRACO system for rapid size/weight estimation
� molecular tools for strain monitoring

challenges
� limited evidence of strong response
� composite skeleton -> what is key parameter?
� ecotype selection or physiological response?





Emiliania huxleyi 
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inter-strain (i.e. genetic) variability in degree of calcification - are they 
adapted to different carbonate saturation conditions? 



Coccolithophores - approaches

1. In situ populations across gradients
2. Bioassay experiments at different CO2 levels -

morphology obs + qPCR monitoring of strain 
composition

3. Culture isolates from bioassay inocula -> 
integration of: morphological, physiological and 
molecular studies 



Coccolithophores
methodology

� Coccolith size and weight by analysis of cross-
polarised light images (SYRACO)

� Automated SEM image capture -> 
enumeration of morphotypes, calcification 
state  and malformation

� qPCR analysis of population structure (Declan 
Schroeder)
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Sea-surface impacts of OA: biogeochemical rates
David Suggett,  University of Essex

UKOARP kick off meeting, Jan 6-7th 2011, Cambridge



Biogeochemistry objectives (hypotheses)
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Phytoplankton productivity
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Phytoplankton productivity
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Strain ID Location CO2 PP CALC Citation

88E
SMBA-279

G. Maine (1988)
n/a

acid/base n/a
n/a

�
�

�
�

Nimer & Merrett (1992)

PML92-11A N. Sea (1992) gas; 
acid/base

(�) �� (�) �� Riebesell et al., (2000); 
Zondervan et al. (2002); 
Rost et al. (2003) 

TW1 W. Med (2001) gas � � Sciandra et al. (2003)

n/a (meso.) N. Sea gas � � Delille et al. (2005); 
Engel et al. (2005)

PML-92A n/a gas (�) � (�) �� n/a Leonardos & Geider
(2005)

CCMP371 Sargasso (1987) gas (-) � (�) �� (�) �� Feng et al. (2008)

NZEH S. Pacific (1992) gas � � � Iglesias-Rodriguez et al. 
(2008)

NZEH S. Pacific (1992) acid/base � � � Shi et al. (2009)

PeECE isol. Norway (2005) gas � n/a � Müller et al. (2010)
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Elemental Stoichiometry
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Elemental Stoichiometry
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Bacterial productivity
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Temperate (UK) processes
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Polar processes
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WP4 Hypotheses (2009 proposal)
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OA (& climate change) impacts may be species-specific (i.e. dependent on individual 
physiological / ecological traits)
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Requires a multivariate approach to analyse community composition

Day 4

Day 9 Day 14

Time
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Challenge is to link changes in natural communities to environmental drivers (and 
partition their relative roles in causing change)
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Our plans – Combination of techniques
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People & tasks



4������
	����������
�	��
�	���������	���%

62
224#9 ��	689(#2 �20"&5�� �26&<��

@�
�	��

.
�

!


� $ "���$
! $�	 �	�

#��! *��$	"! /7

4(;�R�"�F�������

���/�/ 8H"��;�!�������

4�'�
��������	�����	��
� 
.��������������������
���

$3"6��
�����	��
��
�
�	�
���
���	��
�

!���
	����
�����'�����
��	�������	���
���
�����

��
���'�
��������
�����

5�	������	���
��
��	�������	
�

������������ � %/���� �

D����	�
����#��3  "������#�7�(�	����#�-��������#��E!F�3" <�3"G



$

�����������	���
��

����������	��	�����
��
��
��������	��
����
I

��	�
�
��	���
���
I

��	�
�
���
�
�
�������
��	�������(#)�
�	�����	������'�
��	�
�
�

>������
�������������	I����
�	��



8�
���	E ���	�/!����	� �0 !��/#
G�, 2��/�!+	B'&&

�00�00��"	�#7���0	 �	
�	 �	�$�#���
!��'�;��� ��45<

0H�F� +��4����������������
�
//���
�����/���
����������������������������
�������
���+2�����
���������������
��
���������
//���
����$*+��<*(��&#

0H�F� +��4�����
��
��
������/�����������
�������
��
��
��
��
���
��
���������/��)��/�
*3+�$,-.&#

0H�F� +��4�����
�������
���
���-��/��)�/������
���
���������
��������
�
�
$,-.&#



Ocean Acidification (OA) and efficiency of the Biological Carbon Pump (BCP)

� -����������������*)+8+&)+89,

� 6�����"����

� "�������
��%�!����4
���
� �;���	���<	����� �
;���	���"	�����

� (
������������X 4
��������������#!����	���
��
�����	��	�������
��@(4 ����������%

&?	��$$�0�	#���!��$	>��$�����	 7�$?

& 4�
�����
��������
����
�

B?	�""!�"��� �	7! ��00�0

& -�4 *D��������E,���
�����
���������	�	��
�

� 4��	�����
��
������X ���
�������
�	��	���
����������	���
��
�����

� ������
�	�
���	��	���
	���������	���������
�
�������
�	��	�������	����������������������
������



Ocean Acidification (OA) and efficiency of the Biological Carbon Pump (BCP)
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EPOCA : DMS Time Series
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EPOCA : DMSPt Time Series
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Environmental samples

� CPR silks with high coccolithophore count
� Assessed by visual interrogation by light microscopy

� Regular coccolithophore blooms in Ushant
� >50 years of samples preserved in formalin - DNA 

extraction
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