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Placing Ocean Acidification into a wider fisheries Context

This research will provide evidence of the effects of OA on commercial species and UK
fisheries.
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Distribution of commercial species

Greenwood et al.

Maps provided by Cefas Shellfish Team © (courtesy of Karen Vanstaen)

England & Welsh Fisheries (MMO, 2012):

*Crab, Landings 14,200 tonnes, Value
£18.3 million.

eLobster, Landings 5,500 tonnes, Value
£17.8 million.

*Whelk, Landings 15,500 tonnes, Value
£10.5 million.

*Cockles, Landings 2,200 tonnes, Value
£1.5 million.




Literature review: commercial species

Species
Molluscs

Scallops (King)

Mussels

Oysters

Clam
Clam
Cockles

Abalone
Crustaceans

Nephrops

Crabs

Shrimps
Prawns

Scientific name

Pecten Maximus

Mytilus edulis

Mytilus edulis
Perumytilus purpuratus
Crassostrea gigas
Crassostrea gigas

Crassostrea virginica

Ruditapes decussatus

pH tested/methods

[8.18, 8.10, 7.81, 7.82] pH meter

and tank

[8.1,7.6,7.4,7.1,6.7]

[8.07,7.55]

[8.16,8.06,7.91, 7,76]

[8.25,7.85, 7.67]

Macoma balthica (eggs, larvae and embrios) [8.1,7.8, 8.5]

Ceratodesma edule
Concholepas concholepas

Nephrops norvergicus (eggs)

Hyas araneus (larvae)

Necora puber

Cancer magister

Palaemon pacificus (egg, juvenile)
Palamon elegans

Palamon serratus

Lobster (European) Hommarus gammarus (larvae)

Hommarus gammarus (juvenile)

[83,6.7]

[control and -0.4 units]

[8.01,7.71]

Duration

11 weeks ( 77 days)

44 days

2hours

28 days

75 days

55 days

4 months

[8.05,7.8.7.6, 7.4, 7.2, 6.8 and 6.0] 30 days

[7.9,7.6]

[8.10, 7.84] pH meter

[7.95, 7.96] pH meter

30, 15wk
30days
30days

5months (140 days)

5months (140 days)

Observations for pH decrease up to 0.4 units (effect size) Other co-stressors
*Clearance rates, respiration rates, condition index and cellular turn over
(DNA:RNA)

**Shell growth was significantly affected between pHu 7.1. and 8.1 but was
significantly reduced at 7.1and 6.67pHu. From day 23 mortlaity was observed in

Temperature=150C

References

Sanders et al., (2013)

this tre 006)

Molluscs: oo
=l Changes in shape, shell
-sa| Morphology, growth .
thickness. 54-EPOCA ref. list

*No changes observed in net calcification size or weight of the clams. Mortality
reduced in the acidified treatments.

Effects observed in fertilization, embryogenesis and reduction of larval
development

Direct effects: Reductions on shell length, shell weight and cockle flesh over high
CO2increased. Indirect effects: DEB but difficult to differnciate between
assimilation, maintenance and growth

larvae-changes

Embry

%1 Crustaceans:

comsu

2 Decrease in growth,

affecte

Range et al.(2011)

van Colen et al. (2012)

Klok et al (2014)
Vargas et al., 2012

reproduction some deformities

**Decreased survival, growth, egg production

**Growth was slow at 100C and after 5 weeks none of the larvae moulted into
Stage 4.Deformities were observed in the larvae (curled carapace, damaged in the

tail and bend rostrum) 10- and 180C
**Deformities were observed in juveniles ~40in total (mainly claws, twisted legs
and puffy carapace) 140C

Kurihara et al. (2008)
Kurihara (2008)

Agnaltetal. (2013)

Agnaltetal. (2013)
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Our stars species!

Year 1: 2013-14 Year 2:2014 Year 3

Tips:
Understand the biology and ecology of the species (feeding regimes, habits, other)
Acclimation in the laboratory

Co-stressors (understand the natural variability in the systems: What are they used to already?)
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Lobster: pH changes, temperature and disease

Effect of ocean acidification

on white spot syndrome virus (WSSV)
replication in juvenile European lobster
(Homarus gammarus)

« Elevated pCO, influenced WSSV viral
loading without a concomitant significant
iIncrease in mortality;

 Temperature remained the greatest driver
influencing lobster growth & survival,

e At 20°C the elevated1300 patm pCO,
treatment resulted in a small non-significant
decrease in mass.
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Scallop: Pecten Maximum

Condition index
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Shell height difference
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Feeding

C 290 290 380 380 750 750 1140 1140
(A) (B) (A) (B) (A) (B) (A) (B)
Preset PCO; ppomy)
(Replicate)

2 months

Growth exposure to:
pH 8.2, 8.1,

8.0, 7.8

290 290 390 390 750 750 11401
(A) (B) (A) (B) (A (B) (A) (B)
Preset pCO; ppmvy)

(Replicate)

Sanders, M.B., et al. 2013. Juvenile king scallop, Pecten maximus, is potentially tolerant to low levels of ocean acidification when food is unrestricted.

PLOS ONE 8: e74118.
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Cockles Background

«Cerastoderma edule and C.
galucum

sFactors influencing survival
sConsiders parasites,
reproduction and other factors
*Climate change (including OA)

390 patm

750 patm

1140 patm

1511°C

—

i | d d i h I Vessels: 5L plastic buckets . . : )
are I n C u e I n t e g aps . Total at each temp =30 A!g:;. ISthrysm.:avlrolva.clhatlatocemus.
Density: 1 per ml =4000 per vessel ( ) High dose: 100 cells ui* {60:20:20)
Water exchan d In4L; 240 x 10% cells Isochrysis, 80x 10° Pavand 80 x 10° Chaetocerous
Water volumne h exch
al duration d Low: 60 cells pi* (30:10:10)

In4L; 120 x 10° cells Isochrysis, 40 x 10° Pav and 40 x 10° Chaetocerous

Sample dates:3, 7,10, 14, 17.
Measurements: 1) surface area, 2) CEA Shell composition, 3) survival, 4)
developmenttime, 5)settlement success. 6)Post settlement growth.
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Experiment design

Acclimation period (2 weeks)

End May, June: feeding, observing: behaviour, density, survival

10 &150C, pH: 380, 750, 1140 ppm 1l4days

Long-term experiment (larvae->settled in sediment)

150C, pH: 380, 750, 1140ppm . S — 55days

Sample, image and data analysis

January /February 2015

sParameter measured: water samples every 10 days for DIC/TA and nutrients,
pH using a probe measured also in vessels,
*Sub-samples of 25ml (~50 animals per treatment)
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Cockles: Cerastoderma edulis

—
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Spatial variability in pH (August)

Surface

Bottom
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Monitoring

Monthly mean (x standard deviation) values
for carbonate parameters at West Gabbard

Dissolved Total
inorganic Alkalinity
Carbonate

pCO, normalised
pCO, to the average

annual

temperature

pH Out-gassing
of CO,
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Spatial variability in the carbonate system

June 2013 October 2013 _
February 2013 (pCO,sw - pCO,air)

Strong draw down of CO,
in June due to a large
Phaeocystis bloom

The CO, flux to the
atmosphere in October
due to remineralisation of
organic matter

pCO,sw - pCO,air Surface DIC Bottom DIC
August 2013

The out-gassing of CO, to
the atmosphere observed
in the southern North Sea
during the late summer is
in contrast to that found in
the northern North Sea
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PLACID®

*PLACID will investigate the utility of various
econometric techniques (NPV, PEA and RAEV) with a view
to assessing the economic consequences resulting from OA
on fisheries and aquaculture in the UK, and globally.

Marine molluscs (oysters, scallops, mussels, whelks and
cockles) have a significant commercial value worldwide,
some of the existing OA physiological and ecological

evidence has already been used in economic assessments.

*Pinnegar et al. (CCRA, 2012) estimated the cost at £55-379
million of losses to shellfish fisheries depending on
emissions scenario, and £59.8-124.6 million of losses to
aquaculture by 2100.

*PLACID will build on this work and also employ a novel
‘risk adjusting economic valuation’ (RAEV) approach to
assess impacts on the wider UK economy.
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Take home messages

*Understanding the natural variability of which organisms
are living/coping is key to understand any single or multiple
stressors effects;

*Experiments, acclimation (feeding regimes, plasticity and
tolerance) period is important, rather than immediately placing
organisms into treatments. Consider also end-points that will
be measured.

*Differing stages, It is clear that different larval stages when
compared to adult stages will exhibit different responses to
pH changes

Marine species have a significant commercial value
worldwide, it is important to understand the effects of OA,
disease and other stressors have over physiological and
ecological responses to warrant food security.
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International Conferences

ICES/PICES

Ocean Acidification (OA): Understanding
chemical, biological and biochemical
responses in marine ecosystems.

Abstract : open until 301" April 2015

Conveners: Drs. Silvana Birchenough (UK), Pamela Walsham
(UK), Klaas Kaag (the Netherlands), Tsuneo Ono (PICES)

Ocean
Acidification
session
(S2):Wednesday
and Thursday
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