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The Ocean has absorbed
approximately 30% of
atmospheric CO, from human
activities resulting in
decreased pH

Surface ocean pH has
declined by approximately 0.1
pH units since the beginning
of the Industrial Revolution

A sea—surface pH [-] Further increases in
B 2N ' atmospheric CO, are
~0.12 0.1 —0.08 ~0.06 —0.04 ~0.02 o  certain to further acidify the

Ocean and change its

carbonate chemistr
Estimated change in sea water pH caused by human created CO, y

between the 1700s and the 1990s, from the Global Ocean Data
Analysis Project (GLODAP) and the World Ocean Atlas
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Earth System Models project a global
increase in ocean acidification for all
RCP scenarios by the end of the 21st
century, with a slow recovery after
mid-century under RCP2.6.

Models project that cold

waters (particularly in the Arctic)
soon become corrosive to
aragonite, a (CaCO;) mineral

in some marine shells

& skeletons
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Ocean Acidification — the future...
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Ocean acidification — sensitivity of species...
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There have now been several useful meta-
analyses and these have yielded useful insights:

Mean effect size (LnRR)
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Commercial Species Specifically:

Species Scientific name pH tested/methods Duration Observations for pH decrease up to 0.4 units (effect size) Other co-stressors
[8.18, 8.10, 7.81, 7.82] pH *Clearance rates, respiration rates, condition index and cellular turn over
Scallops (King)  Pecten Maximus meter and tank 11 weeks ( 77 days) (DNA:RNA) Temperature= 150C
**Shell growth was significantly affected between pHu 7.1. and 8.1 but was
significantly reduced at 7.1 and 6.67pHu. From day 23 mortlaity was
Mussels Mytilus edulis [8.1,7.6,7.4,7.1,6.7] 44 days observed in this treatment
Mytilus edulis
Perumytilus purpuratus
**Significant decreased calcification as a function of increasing CO2 and
Oysters Crassostrea gigas [8.07,7.55] 2hours decreasing pH.
Crassostrea gigas
**Shell area decreased by 16% and calcium content 42%in the highest CO2
treatment relative to the lowest. Nosignificant difference observe in shell
Crassostrea virginica [8.16,8.06,7.91, 7,76] 28 days thickness.
*No changes observed in net calcification size or weight of the clams.
IClam Ruditapes decussatus [8.25,7.85, 7.67] 75 days Mortality reduced in the acidified treatments.
Macoma balthica (eggs, larvae and Effects observed in fertilization, embryogenesis and reduction of larval
Clam embrios) [8.1,7.8,8.5] development
Direct effects: Reductions on shell length, shell weight and cockle flesh over
high CO2 increased. Indirect effects: DEB but difficult to differnciate
ICockles Ceratodesma edule [8.3,6.7] 55 days between assimilation, maintenance and growth
combined results demostrated that elevated PCO2conditions increase the
lAbalone Cocholepas concholepas [8.1,7.8] ? standard metabolic rates and it is likely to have higher cost of energy
Mussels highly sensitive to waring, high mortalities under elevanted
temepratures/Oa may have the potentential to reduce growth rate ,
Mussels Mytilus galloprovincialis [7.8; 8.0] 10 months especially in summer, there results are not conclusive Temperature (+30C, 17-20)
[Crustaceans
Embryonic responses were investigated by quantifying proxies for
development rate and fitness including: % yolk consumption, mean heart
Nephrops Nephrops norvergicus (eggs) [control and -0.4 units] 4 months rate, oxygen comsumption and oxidative stress Temperature= 5-18°C
Zoea | larvae is able to compesante for higher metabolic costs and survival
Hyas araneus (larvae) [8.01, 7.71] was not affected by elevanted PCO2 levels Temperature=6.20c
[8.05,7.8.7.6,7.4,7.2,6.8
ICrabs Necora puber and 6.0] 30 days
Cancer magister
[Shrimps Palaemon pacificus (egg, juvenile) [7.9,7.6] 30, 15 wk **Decreased survival, growth, egg production
Prawns Palamon elegans 30 days
Palamon serratus 30 days
**Growth was slow at 100C and after 5 weeks none of the larvae moulted
Lobster into Stage 4.Deformities were observed in the larvae (curled carapace,
(European) Hommarus gammarus (larvae) [8.10, 7.84] pH meter 5 months (140 days) damaged in the tail and bend rostrum) 10- and 180C
**Deformities were observed in juveniles ~40 in total (mainly claws,
Hommarus gammarus (juvenile) [7.95, 7.96] pH meter 5 months (140 days) twisted legs and puffy carapace) 140C
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Vulnerability of national economies to the impacts of climate
change on fisheries
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Assumes: V =|(E, S, AC)

S - V= Vulnerability, E = Exposure,

S = Sensitivity, AC = Adaptive Capacity




Fisheries Sensitivity

(production, and the contributions of fisheries to
employment, export income and dietary protein)

Very low ]
Low ¢
= Moderate 1
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No data N

. . Vulnerability of national economies of potential climate change impacts on
Adaptlve CapaC|ty fisheries under IPCC scenario B2 (lower emissions).

(life expectancy, education, governance and GDP)

s - =

The top 10 most vulnerable (out of 132) were: Angola, DR Congo, Russia,
Mauritania, Senegal, Mali, Sierra Leone, Mozambique, Niger, Peru
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Hypotheses & questions...

1. Countries that are most reliant on shellfish as a
source of income or protein, will be most vulnerable
to the effects of ocean acidification.

2. The largest projected decrease in surface pH will
occur in warmer, low and mid-latitudes, however it is
high latitudes (particularly the Arctic) and upwelling
regions that will become under-saturated first with
respect to aragonite.

3. The countries highlighted as most vulnerable in this
analysis will be very different to those highlighted in
previous assessments based on changes in seawater
temperature.
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Shellfish production, who, what and where?

2010 Wild-capture fisheries (total shellfish)
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Shellfish production, who, what and where?

2010 Wild-capture fisheries (molluscs only)
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Mollusc aquaculture, who, what and where?
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2010 Aquaculture Production (molluscs only)

12000000
10000000 Number 1 = China, 11 million tonnes
T 000000 Number 2 = Japan, 0.4 million tonnes
- - -
5 Total = 13.9 million tonnes
" G0D000O0
£
E 4000000
- (mostly cupped oysters and Japanese carpet shell)
FLLLLLLT]
0 | T T T
m:h—'\:lg.Eﬂ-'.TEE"\:lm_En._HE!ﬂmE-uE_E =:—oﬁ_gﬁ-2_ﬂm_gcﬂ:_Efm_E}BEmE_EmL
SN R R R E s R A R S LR RN R R R R R
== = E g L L T g-.,_.E_g [ ] EE-\:UE:E qgmw:E:mkomﬂ-‘ml_:
o 'U:S Mo =45 = = T el o = ® - E.EE‘E
g 5 % ] E L C = e c L g
. = a = a u E = & =
4 g =3 : E 2 ® =]
c .F"i. = E 5 [ =
. 3 - L
2 E g z
5 =5

Brazil is #24, 15636 tonnes

Chile is #5, 233906 tonnes UK is #19, 31519 tonnes

FAO FishStat



PLACID®:

CPEI]
1 BlQIag
| puejaE|
19 SIIED PUE Sin]
1| pueE[Dg
| Endeledp
|« BIUENYIN
1 |eEauag
1 4oongnday iy
| uapams
| Aendnapn
1 BLUESING
1 day sajdoay ‘wag ‘ealo;
| AEsuop
1| BAUING map ended
1 surddyngg
1 [EBnpog
w AEqdn]
» BUILD J0@0UJADL4 UEM]E
u B|SUOpU|
B B nog
= AUELLIEG
B EISIE[E
= 2Jodedusg
m =daaln
m Bupuadey
= wndag
m oy
m UD[JEJApa4 UBISTY
R FEITIET,|
= pUEjAL
== ElpU|
m hEY
— N2
— LLER 130
— PUEJIEL]
—— Ueds
—— SOUEL
— PUE[EST i3
40 21|qnday ‘Bainy
— E[E1 5N
e LUOPEUY paLUN
—— P UEPEL I
messssms EPEUED
2D
e B33 WY 0 59 E1S paliun
——— LEd B[

Value of mollusc exports ($)

Total = $5.1 million

Tl

[==] [==] =] =] =] =] [==]

[=] [=] (=] (=] (=] (=]

[=] [=] (=] (=] (=] (=]

[=1 [=] (=] (=] (=] (=]

[=1 [=] (=) (=] (=] (=)

o [=] o (Y= =t od

™™ —

[5)anjen

C\-
)
| -
)

e
=

©
-
©

)
©

e
=
o
e
=
")
4
| -

o

o
X

)

O

7))
m
[

=

'
4
o
T

300000

Quantity of mollusc exports (tonnes)

Total = 1.1 million tonnes

FAO FishStat

FRET]
| EISIUN
IR LRE=]
| JELIUEAA]
| puE|E0)
I BIUpY Lnog
| uapams
1 oaygnday
| ELUEUE 4
1 ELEZING
| puejog
1 AEMUIDN
¢ aundefug
| [EBauag
1 s=uddijiy g
1 Aendnin
§ BUILD J0@a0UADdg UBNE |
1 |[efnpog
PELETLTN
u EIE1}SOY
s day sajdoay wag eaioy
= AUBLLIEG
= wnd=g
m Euuaiy
= SR el palup
= O3RN
m Bl SUOpU|
== UO|EISpA4 LEISSY
m EISAEEp
ST ENTIET |
[ BCEEED]
ElIEEN
LB 1ELS
— EOLEL
— AR}
m— EDLIAWY J0 S IELS pAUUL
m— UBde
mmm 00 |qnday Eainy
m— EIPU|
m— EpEUED
— WO PRI PAUUL
mm— PUEEST ME N
— PUE|EL|
—— PUEHAY AN
— B2
— N2
— _.__mn_m

BUID

250000

[==]

200000
150000
100000

50000

[SaUU0Y) AJUENT



Cefas

4

(
)

C\-
)
| -
)

e
=

©
-
©

)
©

e
=
o

e
=
")
4
| -
o
o
x
)
O
7))
m
[
=
'
4
o
T

9A3N pUE S JUES

mmm 3| qnday yaazg

New Caledonia #1 ($61.8/tonne)
Micronesia #2 ($59.5/tonnes)

China #77 ($3.9/tonne)

Price ($) per tonne

[ [o=] [ =] o T .
] L [Ty L= g [ T |

auuoy Jad [5) a4

10
0

EU[LD J0 @0UADl UBME |
E|LE LU0 Y

EIQELY IPNES
aoue.4

EUE N3

LUE [E S5MUE(] [2Unlg
Bl S0 o U=l
Jopes|ES |3

ElQ4a5

puEfuly

BlUaAD| S

wmd=g

EpELUED

SPUE|q UoWoog
snINE}s)

Tq SOOIET PUE S{4N]
eduD]

nequry

BOLE Wy 0 53 1E1S pajiuf]
engeleal
Fnogwaxm
ELLENY

SEINpUoH

1MEH

puE|UaaIn
uoueqa

ELELEH

EYUET S

uojEnbie) pue aaaly 15
Bl LI0ez

EUE JINES
faeduny

ueder

atodedu g
sa|jayadag
PUB[IAZHMS
EDELUE[

BEqn

By YInos
Eal)lg

B |1 S0

uE LI

NiENUES,

EaUINg map ende g
0 = ELS pag Bl S U0
B|UDOp 3|ED faEp

FAO FishStat



PLACID®:

Q-
O
—
O

L
=

O
C
©
)
©

L
=
)

L
=
n..
@)

—
o
=
>
N
c
o
&)

L
7p

m

[3

L

)

Per capita shellfish (mollusc + crustacean) consumption

Hong Kong #1 (33.3 kg/person/yr)
Iceland #2 (24.1 kg/person/yr)
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Hong Kong #1 (19.6 kg/person/yr)
Macao #2 (15.2 kg/person/yr)
Antigua & Barbuda #3 (10.6 kg/person/yr)

Per capita mollusc consumption
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In terms of protein supply?
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In terms of protein supply?
Molluscs as a % of animal protein intake
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Hong Kong #1 (2.2%)

Korea #2 (1.8%)
China #3 (1.3%)
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Nutrition and income from molluscs today imply vulnerability
to ocean acidification tomorrow
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Looked at protein insufficiency (grams/day/capita), or the additional protein required
for citizens to receive the US DoA recommendation of 65 grams per day per capita

Calculated future mollusc production requirements by multiplying production per capita
by projected human population growth

Developed a scale to rank nations’ vulnerability to decreased mollusc harvests from
ocean acidification. Countries were grouped by net import/ export status and then
were given one point for each of the following conditions:

(a) if molluscs provide more than 0.001% of the GDP (sensitivity);

(b) if the country is protein insufficient (sensitivity);

(c) if molluscs provide more than 1% of citizens’ protein (sensitivity);

(d) if the required increase in production by 2050 is more than 100% (adaptive capacity).
(e) if the country currently does not have mollusc aquaculture (adaptive capacity).

(f) the rank of their average adaptabilities (adaptive capacity)

(g) the number of years until the Qar transition decade (exposure):
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Future Demand for Shellfish

Seafood and mollusc harvests are likely to be
affected by national development patterns,
changing preferences among consumers,
changing trade patterns and management

To forecast future mollusc requirements,
This study multiplied the current production
rate per capita by future projected human
population.

It assumed that nations will maintain
approximately the same protein and mollusc
consumption per capita patterns in the
future.

Cooley et al. (2012)
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Protein insufficiency

Looked at protein insufficiency (grams/day/capita), or the

additional protein required for citizens to receive the US DoA

recommendation of 65 grams per day per capita

The protein gap, was greatest in the Republic of Congo, Liberia,

Mozambique, Haiti and Angola

Pratein gap, g day" per capita

Some countries with high protein
insufficiency produced moderate
amounts of molluscs per capita (e.g.,
Mozambique, Haiti, Togo, Madagascar,
Eritrea, Tanzania, Dominican Republic,
Solomon Islands, Nigeria, Nicaragua,
Cape Verde, Vanuatu)

The quantities of molluscs exported from
India, Yemen, Mozambique, Togo, Eritrea,
Pakistan, Djibouti and Bangladesh
equalled the total amounts produced
nationally, yet more than 20% of these
populations were undernourished



Adaptive Capacity

National adaptability indices were calculated as the average
of four socioeconomic indicators (Allison et al. 2009):

e GDP adjusted for purchasing power parity
e governance

e literacy

* life expectancy

The exporting countries with the lowest adaptability were:
Mozambique, Somalia, Nigeria, Togo, Papua New Guinea

The importing countries with the lowest adaptability were:
Ivory Coast, Sudan, Laos, Solomon Islands

Cooley et al. (2012)



Conclusions

* Molluscs are never a major component of protein intake

e Countries’ relative susceptibilities varied greatly. The five exporting nations most
susceptible to mollusc harvest declines included: Senegal, Madagascar, Gambia,
Mozambique and Haiti.

e Excluding the net importing nations with zero mollusc production and %@Q&
approximately zero consumption, the five most susceptible importing nations ‘
included: Solomon Islands, Jamaica, Belize, Cook Islands and Sudan.

* Countries likely to suffer the least from ocean acidification-related mollusc s
harvest declines included: Austria, Hong Kong and United Kingdom (net @
exporters); and Slovenia, Switzerland, Sweden, Germany and Finland (net

importers).

Cooley et al. (2012)
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A word of warning...
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Many important shellfish species exist in shallow
coastal systems that are already subject to

considerable natural variability... U( o= | =
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