Fisheries Impacts of Ocean Acidification —
Focus on Alaskan Waters




Sentinel Region

North Pacific Ocean, where carbonate saturation depth is
relatively shallow.
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Highly productive shallow shelves, productive offshore regions
(rearing and growth area for salmon)




Millions of metric tons

Components of
Alaskan fisheries
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2006 Alaska Commercial Salmon Harvest Ex-vessel Values

Species Avg. wt (Ibs.) Avg. Price/lb. No. of Fish Lbs. of Fish  Estimated Value
(thousands) (thousands) USD (thousands)

Chinook 15.71 3.03 645 10,126 30,721
Sockeye 5.71 0.76 41,649 237,716 180,610
Coho 7.24 1.04 4,428 32,065 33,447
Pink 3.70 0.16 72,808 269,613 43,372
Chum 8.44 0.32 21,532 181,836 58,299
Totals 141,062 731,355 346,449

From http://www.cf.adfg.state.ak.us/geninfo/finfish/salmon/salmoncatch.php accessed 9/28/07

Does not include recreational value, or data from Japan, Russia, Canada, or Wa-Or-Ca



http://www.cf.adfg.state.ak.us/geninfo/finfish/salmon/salmoncatch.php

Rich biological relationship




Temperature and ice versus acidity?

Change in the nation’s “fish basket”

Rising temperatures are transforming Alaska’s Bering Sea, the source of half of America’s seafood and the
mainstay of Seattle’s fishing industry. Crab, flatfish, walrus and seal populations are suffering while pollock and
cod are on the rise.
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Acidity

e Direct stress
— Crabs
— Physiological effects on fish

e Habitat stress
— Corals, effects on sheltering fish

* Trophic stress
— Salmon dependent on pteropods
— Shifting pathways in food web




Ocean Acidification - Shellfish

o Larval blue king crab,
Kodiak Alaska, pilot
experiment, 2006.

o Tested range of
projected global ocean
pPH change over the
current century.

e Reduced growth and
survival.

Photo: B. Stevens, NOAA Alaska Fisheries Science Center

e Contact. Bob Foy,
AFSC Kodiak



Finfish in a Low Carbonate
Environment — many do live.
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P. Malecha, NOAA Alaska Fisheries
Science Center

Alaska Sablefish

Experimental effects
— Tissue acidosis
— Reproduction

Experimental concentrations generally
higher than considered reasonable
given projected CO, concentrations

Considerable planning on further
experiments — Mike Sigler



Ocean Acidification - Corals

Depth distribution of

Deep-sea bioherm forming corals :
P g Aleutian corals.

B Gorgonacea
O Stylasteridae
B Pennatulacea
O Stolonifera

W Scleractinia
OAlcyonacea

0 0.5 1.0 1.5 2.0
Density (corals m-2)

Guinotte, JM, J. Orr, S. Cairns, A. Freiwald, L. Morgan, and R.
George. 2006. Will human-induced changes in seawater
chemistry alter the distribution of deep-sea scleractinian submersible *Delta’
corals? Front. Ecol. Environm. 4:141-146. Green triangles are

locations of deep-sea bioherm forming corals.

Fig. 3 Density of corals observed in 50-m depth zones with the

Stone, R. P. 2006. Coral habitat in the Aleutian Islands
off Alaska: Depth distribution, fine-scale species

associations, and fisheries interactions. Coral Reefs
25:229-238.



Coral gardens

e Shelter for
juvenile
rockfish
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Ocean Acidification - Calcareous plankton,
the base of the food web. Pteropods (snail)

Coccolithophores (phytoplankton)
_ . -

Foraminifera
(protist)

Photo: J. Olori, Digita}tfl)/lorphology



el Pacific Salmon Carrying Capacity

¢ British Columbia Sockeye

e Stock competition

e Salmon may be forage
limited

e Habitat linked to water
temperature

o Central Alaskan Pink

O Japanese Chum
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An example of model linkages

Aydin et al. (Ecosim, food web)
Megrey et al. (NEMURO, NPZD)
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NEMURO contans 1-D vertical migration, Ecosim is “entire pelagic mixed layer.”



Pink salmon bioenergetics model,
predicts daily pink salmon growth and
numerical mortality based on input
ration.

Pink salmon body weight and
numbers used to set Ecosim biomass
for predator and prey equations in

. ) next timestep.
Consumption and mortality
rates for Pink salmon based
on predator and prey biomass.
S e ... | Ecosim (ecosystem L

biomass dynamics model),
run on a daily timestep.

| e
e
ij

d
!

-D.NH3 2 Large phyto. Small phyto. | . No direct feedback to NEMURO:

v Ecosim parameters for predatory
zooplankton (euphausiids) tuned to
match NEMURO predictions for same

species.

Daily biomass density of phytoplankton,
microzooplankton, large zooplankton

NEMURO (nutrient-phytoploankton-zooplankton-
detritus): 1-dimensional water column model
integrated on an hourly timestep.
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Table 1. Prey animals and food irems of Pacihic salmon in

the Gulf of Alaska.

Food items

Species

Euphausiids (EL)

Copepods (CO)

Amphipods (AM)

Decapods (DE)
Squids (SQ)

Preropods (PT)

Fishes (FI)

Polychaetes (PO)
Chaetognaths (CH)

Gelatinous zooplankton (GE)

Orheranimals (OT)

Ul

Thusanoessa longipes
Thysanoessa inermis
Thysanoessa spp.
Euphausia spp.
Orther euphausiids

Neocalanus cristatus
Eucalanus bungi
Other copepods

Hyperia medusarum
Hxyperia spp.
Themisto pacifica
Themisto japonice
Themisto spp.
Prmne macropa
Phrenima sedentaria

Other amphipods
Decapods

Berrvteuthis anonychus

Gonatus middendowf
Other squids
Limacina spp.

Clio spp.

Clione spp.
Anoplopona fimbria
Myctophids

Other fish eges and larvae

Polychaetes
Chaetognaths

Coelenterates

Crenophores
Salps

Halocypridids
Cumacea
Octopoda
Ostracods
Barnacles

Diebris
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Pteropods are consumed by juvenile, immature, and maturing
chum, pink, z{nd sockeye salmon

Limacina helicina

|
!
!
?

Clione Iim_]acina
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Prey group weight species and range
Copepods 700 Neocalanus cristatus, 627-748
Euphausiids 1000 Thysanoessa spp., Euphausia spp., 840-1050
Pteropods 650 Limacina helicina; 624-940
Amphipods 800 Parathemisto pacifica; 852-1010
P rey q ual |ty Ctenophores 50 Beroe sp., 47
Salps 36 Salpa sp., 36
Chaetognath .
Mixed-layer dynamics Lo e e

pelagic .
forage fish 1200 Gasterosteus aculeatus; 1166-1533
mesopelagic Stenobrachius leucopsarus, Tarletonbeania crenula
forage fish 2000 Leuroglossus schmidti; 2041-2365 (Bering Sea)
Micron. Berryteuthis anonychus; 1307-1737 (increases with
squid 1500 increasing mantle length).




a
A Western Alaskan Sockeye
@ British Columbia Sockeye

o Central Alaskan Pink
O Japanese Chum

Pink salmon diet| ‘“ecreizor

Ctenophores
0%

Pteropods
45%

(Aydin et al. 2005)

Copepods Micronek. squid
2% 3%

Euphausiids
4%

Mesopel. fish
T%

Pelforage fish
7%

Amphipods
32%

Predicted effect of climate change
on pink salmon growth:

*10% increase in water temperature
leads to 3% drop in mature salmon
body weight (physiological effect).

*10% decrease in pteropod
production leads to 20% drop in
mature salmon body weight (prey
limitation).
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Prince William Sound and northern GOA (Seward Line)
sample sites for collection of juvenile pink salmon 1999-2004
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Diet as %Prey WT
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FOOD WEB EFFECTS




Rich biological relationship




Trophic Level
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A key to upper trophic levels is
THRESHOLD effects

Current data (summer-dominated) indicates that pteropods are a
relatively low percentage of fish diets.
HOWEVER (for example), during fall BASIS surveys, L. helicina

comprised up to 25% of prey wet weight for age-0 pollock in
oceanic influenced waters that move through the Aleutian passes

into the SE Bering Sea (L. Eisner pers. comm.).




Research Goals for Understanding Biological
Impacts — Alaska Fisheries Science Center

* Measure species-
specific physiological
responses

* Understand impacts on
fish, marine mammals
and seabirds

e Forecast fisheries and
subsistence impacts

e Contact:
Mike.Sigler@noaa.gov
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