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4 CO, + H,0 =>HCO," + H*

3 K—/ -.

H*+ CO,* => HCO,

ST

CaCO, => Ca?*+ CO, 5
/‘J’ (Goral}

(Hoegh-Guldberg et al. 2007) 5
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1.

Obijectives

Characterize present-day pH and P, by depth in
local waters

Assess direct and indirect effects of OA on both
wild and cultured species in the region based on a
systematic literature review (to 2014), and
comparing anticipated changes in Ps5, with
current conditions

|dentify predominant risks to the marine
ecosystem, and critical gaps in knowledge



West coast of Vancouver Island (offshore) Summer 2010

lanson, unpublished data
after Fig. 2 Haigh et al. (2015)

pCO; , uatm pH
papth 400 800 1200 1600 74 76 7.8 80 82 84 pleal spacies
range, m [ L1 | [ | | | |
0-20 — —— — Phytoplankton, Zooplankton
Salmon, Herring, Sardines
0-50 — — Zooplankton, Crabs, Hake
50-125 — — Cod, Halibut
125-200 — — Yellowtail Rockfish
200-330 — — — Pacific Ocean Perch, Albacore
Tuna, Prawns
330-500 — S— " — Rougheye Rockfish
500-800 — — -— — Dover Sole
800-1200 - — w— — Thornyheads
1200-1600 - — — — Longspine Thornyhead
Present-day Present-day global
atmospheric P¢q, average surface pH



West coast of Vancouver Island (offshore)
and Straight of Georgia (inshore)

Depth
range, m
0-20
0-50
50-125
125-200
200-330
330-500
500-800

800-1200

1200-1600

pCO,, natm

400 800 1200 1600 74 76
l | | [

Summer 2010
lanson, unpublished data
after Fig. 2 Haigh et al. (2015)

80 82 84 Typical species
| | |

Summer 2010-2012
lanson et al. (2016) GRL

— Phytoplankton, Zooplankton

Salmon, Herring, Sardines

— Zooplankton, Crabs, Hake

— Cod, Halibut

— Yellowtail Rockfish

— Pacific Ocean Perch, Albacore
Tuna, Prawns

— Rougheye Rockfish

— Dover Sole

— Thornyheads

— Longspine Thornyhead

Present-day
atmospheric Pq,

Present-'tzjay global
average surface pH



Wild species groups
5] [ ] Sharks [ ] Toothed Whales

Seals
L D Sea Lions

O Lingcod Tuna [ ]Birds

O Chinook O COhOO Sockeye
4— Halibut , e
o Dogfish @ Arrowtooth ~ © Squid & Octopus @ Pink OChum

Sablefish Pacific Cod
OSoIe OHg( zollock O Rockfish D Baleen Whales

% [ ] Lanternfish (Herring () Sardines
E 3— [l Naked Pteropods* © Shrimp OPFGWHS
-§_ . Sea Cucumbe.rs. &h sresc:irrfsgnesr L Crabs [ ] Glass Sponges
= [ 3] Corals
.Geoduck @ Clams o Scallops [ Abalone o Euphausiids
2 [ ] Microzooplankton  [Ti] Mesozooplankton || Shelled Pteropods

1 [l Phytoplankton Il Macroalgae [ ] Seagrasses

. : Acidification effect Landed value
Basgd o ! ety OT 141 OA Impact . mmm Likely positive $10 million
studies & expert advice on species from this Likely neutral 5~ $1 million

: T : ; ; mmm Likely negative
region, or similar species in other regions —+ Possibly negative (low certainty)
Unknown 10
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Phytoplankton

Trophic level

BC coast dominated by
diatoms and dinoflagellates

Many diatoms are carbon I i ] i
limited

OA will T production because of 1 Pqg,

Mesocosm experiments of species assemblages suggest
this increase will not be large (at most 10-30% T primary
production)

Increase in harmful algal blooms
Heterosigma akashiwo
Pseudo-nitzschia

— 11
(Bellerby et al. 2008; Egge et al. 2009; Hein and Sand-Jenson 1997; Riebesell et al. 2007)




Molluscs

Trophic level

Shelled molluscs are directly
vulnerable to OA from

Jcalcification, especially in 1 Moo Wecosse  CJsesons
larval stages

Shelled pteropods (pelagic snails)
especially vulnerable

Also, reduced oxygen consumption and

feeding rates of larval PaCIfIC oyster
(Ginger et al. 2013) = SIS

A. Semenov

Anticipated |survival rates,
change in community structure




Benthic habitat

Trophic level

* 1 growth of non-calcifying
macroalgae (e.g., kelp) due to 1

P 4 hvtoplankton 2. Macroalaae Seanrasses
1 ytoplankton %, | S8 Macrealgae | |Seagrasses

yszssEEEEERSR
LR -

* | growth and dissolution of protective shells in calcifying
macroalgae (e.g., coralline red algae), shift in community
assemblages

Glass sponge

 Effects on cold-water
corals and glass
sponges have not been
studied, though coral
skeletons are partly
calcified and may be
sensitive

N. McDaniel




MAT A mrmmmime srmemyreme

vviih Species giroups

Fish

* Fish may be tolerant due to
ability to control internal ion
concentrations, though possibly s s
vulnerable in larval stages

Trophic level

« Behavioural impacts of OA well documented in tropical
species resulting in reduced survival, and similar effects
may occur for temperate species (stickleback, pink salmon)

« Changes in habitat and prey




Fish:indirect effects

5_
Sharks Toothed Whales
|:| |:| Seals D
D Sea Lions
O Lingeod Tuna D Birds Chinook O Coho
AL IO} Sockeye
4— Halibut -

o Dogfish O Arrowtooth

@ Pink*@ ohum
Rockfish |:| Baleen Whales

(OHerring () Sardines
© Shrimp OPrawns
Crabs [ ] Glass Sponges
Corals

.Geoduck @ Clams . skisjids
2 |:I Microzooplankton |:|Z| Mesozooplarnree

Shelled Pteropods

Trophic level

1 [l Phytoplankton Bl Macroalgae [ ] Seagrasses

Acidification effect Landed value

mmm Likely positive $10 million
Likely neutral o $1 million

mm Likely negative

«« Possibly negative (low certainty)
Unknown
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Cultured species groups

Trophic level

. Oysters . Clams

Susceptible to toxic algal blooms,
e.g., Heterosigma akashiwo,
expected to increase with OA

. |Atlantic Salmon* @Pacific Salmon*

O Other: Sablefish
Sturgeon
Tilapia
Crayfish
Abalone
Sea Cucumbers

@ Scallops & Other Shellfish Marine Plants

Acidification effect Landed value

mmm Likely positive $10 million
Likely neutral o $1 million

B Likely negative

«« Possibly negative (low certainty)
Unknown

Haigh et al. (2015) PLOS ONE
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I Protopla

Washington State 2013

Wild and cultured

5_
[] sharks 0 [[] Toothed Whales
Seals
D Sea Lions
o Lingcod []Birds @)
Tuna
O Q Ghineck cone o Sockeye
4 () Haiibut _—
= Dogfish - Arrowtooth - Squid & Octopus L O Chum
Sablefish o Pacific Cod
— ablefis . )
[) Q© sole a . S OORO‘(:;?]S&T - [] Baleen Whales
5 ake [ ] Lanternfish o Herring+ Sardines
— AP A )
o 3 GeOdUCk At Sl O Shrimp .Naked Pteropods*
= SR S b
= Sea Cucumbers o\l/Sea Urchins == ==« = - <ra Glass Sponges
Q Other Echinoderms \ - = = - - - - CrabS D pong
o i [ corals
= yst eoducl Clams. Scallops . Mussels . Abalone D Euphausiids
2 |—. Microzooplankton Dj Mesozooplankton . Shelled Pteropods
/r Clams Acidification effect Landed value
Ovsters mmm Likely positive $10 million
y Likely neutral o $1 million
14 . Phytoplankton - Macroalgae D Seagrasses - leely negatlve
«va1 Possibly negative (low certainty)
Unknown

(data: noaa.gov)
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Risks
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Critical knowledge gaps

* Impacts on several taxonomic groups unknown, e.g.,
* lucrative geoduck clams B ="
» temperate marine fishes | =
« upper trophic level species

N it oanhservice.ﬁbga.QoVMZG_B.jpg

» Impacts of behavioural changes on population
dynamics and ecosystem structure and function

« Cumulative impact of multiple stressors (e.g.,
temperature, oxygen, pollution, UV)

 Likelihood of acclimatization & adaptation
19
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