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Ocean acidification update

"After much research effort, we now know a
lot more than when we started — although it
is mostly knowing how little we now know"

Science Coordlnator (NERC/UEA)
UK Ocean Acidification research programme

Department : ENERGY

for Environment
Food & Rural Affairs
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Scientific interest in |
ocean acidification s 240 papers
began to 'take off’
around 5 years ago
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The driver for ocean acidification:
increasing CO, emissions due to human activities

Global CO, emissions (Gt C pa)



hence increased CO, in the atmosphere...
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CO, in upper ocean (uatm)

... and increased CO, in the upper ocean
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CO, in upper ocean (uatmk)

. and decreased upper ocean pH (increased H*)
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0.3 decrease in pH = doubling of H* concentration
(decrease is considered to be "acidification”,
wherever on the scale it occurs)
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Increased H+ is not the only change
mvolved in ocean acidification
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Organisms (and ecosystem processes) may respond
to any one - or all - of these interacting variables



Animals, plants & microbes

Overview of ocean acidification impacts #1

Direct effects of Indirect effects on:
CO, and pH Ecosystems Ecosystem services

Community Food web &

Impacts on processes

organisms

(positive &

negative)

chemical
processes

Climate
processes

Impacts on
chemistry
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Animals, plants & microbes

Overview of ocean acidification impacts #2

Direct effects of
CO, and pH

Impacts on organisms

Reproduction, O
behaviour and survival

Photosynthesis ~ C

Respiration, energeticso
and growth

Calcification C

C:N and C:P ratios O

N, fixation and
nitrification

Sulphur metabolism C
(affecting DMSP & DMS)

Impacts on chemistry

Reduced Q, shoaling C
of saturation horizon

DMS, dimethylsulphide; DMSP, dimethylsulphoniopropionate; Q, CaCO, saturation state.

Indirect effects on:

Ecosystems

Community

Changes in assemblage
or abundance of:

* primary producers
» secondary producers C

« decomposers \
* habitat-structuring
organisms

Decrease in food quality C)

Biogeochemical
processes

Reduced biogenic Ca003C
production

Changes in dissolved O
NOx and NH,

Change in dissolved V.‘

DMS

Increased CaCO, CJ
dissolution

Williamson & Turley (2011), after Tyrrell

Ecosystem services

Food web and

biodiversity changes

Decrease in abundance
of commercially-exploited
fish and shellfish

Reduced resilience to
other environmentalpressures

Biodiversity loss due to
reductions in reef habitat

Coastal protection

Increased erosion due to
reductions in reef habitat

Climate processes

Reduced strength of
biological carbon pump

Change in N,O and
DMS release affecting
climate forcing

(sanfen ® S1s09) a|doad



Overview of ocean acidification impacts #3

Primary Effects (Hypothesized) Tertiary Effects

H: 0A— coccolthophore
morphology { H: OA— phytoplankton

T: examine cocoospheresunder assemblage & abundance

SEM, morphometrics

\ H: 04— reduced DMS
T: enumerate phytoplankton > = levels

(to group level) % ;

H: 04— pteropodmorphology \ / T:measnLtag_DMS

N concentrations

T: examine pteropod shells under IR H: OA— zooplankton
SEM, measure SNW BN assemblage & abundance

T: enumerate zooplankton {o
group level)

H: 0A— decreased POC

H:OA— foraminiferamorphology export (via ballagt effect)

T: examine foram shells under
SEM, measure SNW

CaCo03 Shells

T:measurePIC and POC in

H: OA-> bacterial surface water and export flux

assemblage & abundance

Aunwwo?

\ T: enumerate bacteria (to
. grouplevel)

H: OA— increased photosynthetic
rate (some groups)

T: measurerate 0f14C uptakeinto

H: OA - reduced amounts
ofCaCO3hiomineral

H: O A— increased respiration rate T
T: measure hiominerals

T: measure O2declinein dark
hottles

H: OA— N20 levels

H: O & — nitrification rate T: measure N20 levels

T:15NH4 & 15NO2 oxidationrates

H: O&— ratio DMS:DMSP

T: measure DMSP to DMS
yield, and DMS consumption

H: OA = reduced calcification rate

T: measurerate 0f14C uptakeinto
PIC

H: 04— phytoplankton
outcompeted for nutrients

T: measure phytoplankton
growthrates and
physiological health

H: O A — bacterial growth
lesslimited

| 4
4\ Climate — [ ——/_

H: O&— increasedDOC
production, elevated C:N & C:P

T:measure DOC POC ,PON,POP

T: measure hacterial
production

Biogeochemical Rates

H: 04— reduced food J H: OA— zooplankton
guality ofphyto for zoo g growthinhibited
T: measure zooplankton . calculate Zooplanktonio

respiratorystress phytoplankton ratios

H: 04— altered DMSP cycling

T: measurein-vivo DMSP
synthesis, DMSP consumption

food Webh

(original version of this diagram




Evolving framework for OA research
Short Long EXPERIMENTS

term term

Single species
Multi-species

Single
stressor
(OA) Ecosystem

MODELS

for scenario

rojections
Multi- pro)

stressor

Years PALAEO

OBSERVATIONS

Global



Evolving framework for OA research

Short Long EXPERIMENTS
term term Sinal _
Single Ingle species
stressor ‘ ‘

(OA) Days - Months

weeks




Evolving framework for OA research

S Long EXPERIMENTS
term term - _
Single Ingle species
stressor ‘ ‘

(OA)

Multi- ’

stressor

Other relevant variables
include temperature,
oxygen & food/nutrients
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" In-coastal waters.and shelf seas, pH - \}\
(and-other carbon chemistry paramet ers . A
. can vary greatly on daily and s_easonal basis - ol Thiaa

Diurnal and seasonal pH variability
at Tatoosh Island WA, 2000-2007.
Wootton et al (2008)

Photo: Jason Hall-Spencer



" In-coastal waters.and shelf seas, pH & /it
(and other carbon chemlstry paramete w}\ |

Diurnal and seasonal pH variability UKO AT are e ie R ot O L1

at Tatoosh Island WA, 2000-2007.
: underway near-surface pH (Rerolle et al
Wootton et al (2008) Y PH ( )
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Physico-chemical var'ia'bility

" In-coastal waters.and shelf seas, pH ﬁ\m ‘
(and-other carbon chemistry paramete? |
. can vary greatly on daily and seasonal basis — also spatlally _'

’

This varlablllty can now be simulated in high resglutlon models
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- Present day : sea surface"'.
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0.16

Blackford et al; Artioli et al (2012)

Photo: Jason Hall-Spencer
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Physico-chemical varlablllty

“In .coastal waters.and shelf seas, pH F\“
(and other carbon chemistry paramgt‘% |
. can vary greatly on daily and seasonal basis — also spatlally > bt

’

This variability can now be simulated in high resglutlon models,
that can be used in"climate change scenarios .- - - e

Change in pH by 2100 (IPCC AlB o

Aragonite
saturation at sea
floor by 2100
(IPCC A1B
scenario)

Artioli et al
(2013)

Photo: Jason Hall-Spencer

Artioli et al (2012)
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eo- studies: global OA has happened before

" Note: 1) rate of OA change was

. 1i) recovery time was ~10,000 yr
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At PETM onset, ~35% of benthic '
foraminifera became extinct

then 10 times slower than now;
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Reproduction

i
=l Photosynthesis

Growth

(B3]
Calcification

[4 Survival

Effect of 0.4 pH decrease; all taxa combined

’K‘r'o“eker et al. 2010
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Metadata analysis based on single-species studies
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Response Mean Effect A Reduced >25%
Survival Survival
Calcification ﬁ @ Calcification
Growth A2 1Growth
Photosynthesis Development
Calcifying algae Abundance Crustaceans Abundance
Survival Survival
Calcification Calcification
Growth Growth
Photosynthesis Development
Abundance _ Abundance
Survival >
Calcification -23% , Calcification
3 Growth ' Growth
N\ Photosynthesis Photosynthesis
Coccolithophores  |Abundance : Fleshy algae Abundance
Survival Survival
' Calcification Calcification
-5 Growth -17% Growth
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Metadata analysis based on smgle -species studies
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| Echinoderm studies
(sea urchins, brittle

16 species

| stars and starfish) 32 articles
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Multi-stressor studies show that interactions can be “';
additive/synergistic or antagonistic

Addltlvelmacts of temperature and hlgh B
CO, for cold-water coral Lophelia pertusa

1 stressor
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750 1000
% Preliminary data: ‘Hennige & Murray

Photo: Jason Hall-Spencer




Multi-stressor studies show that interactions can be
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Mmol O, g tissue dry weight h-1

additive/synergistic or antagonistic

e
But multl _factor exper/ments are complex q.u“

N

(andfp od qé-” ‘?thy/ qu g?ty rnay be cr/t/caI)

Addltlvelmpacts of temperature and high B
CO, for cold-water coral Lophelia pertusa

1 stressor

2 stressors

9°C
1000

% Preliminary data; “Hefinige & Murray

Photo: Jason Hall-Spencer
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- Mesocosms and Free
Ocean CO, Enrichment
(FOCE) studies: ecologically
more realistic, but high cost
for multi-factor replicates
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Ecosystem services and _
socio-economics:

Loss of tropical coral reefs is likely
to be the greatest societal impact
of ocean acidification, with costs

estimated at ~ US $1,000 b||||on :
per year (Brander 2012) :
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Ecosystem services and
SOCio-economics:

Loss of tropical coral reefsis likely
to be the greatest societal impact
of ocean acidification, with costs
estimated at ~ US $1,000 billion
per year (Brander 2012)‘ & T

Costs of other.OA |mpacts -on- -5
fisheries, aquaculture, food wejn,wg.‘_ Ryas
structure and climate regula,t;w g
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Urgent need to develop global observing network for OA and-_.
ecosystem response, linked to existing observing systems =.

UK work by Cefas;
Marihe Scotland,
NOC, PML and
university research
groups
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Maln recent achlevements
Importance of multiple stressors

Improved techniques

Awareness of biological variability
Awareness of chemical variability
Importance of scope for adaptation
Insights from palaeo- studies
Development of ecosystem-level studies

Phil Williamson

p.williamson@uea.ac.uk

with acknowledgements to UKOA researchers, funders & others



