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Energy Flow & Ecosystem Functions

Marine ecosystems are maintained by the flow of energy

Sunlight

Energy pathway P  Mass transfer ol
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Rising Sea Level

Trends in Global Average Absolute Sea Level, 1870-2008 Trends in Relative Sea Level Along U.S. Coasts, 1958-2008
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Rising Upper Ocean Temperature

nﬁtufe h LETTERS
C mate C ange PUBLISHED ONLINE: 10 JUNE 2012 | DOI:10.1038/NCLIMATE1553

Human-induced global ocean warming
on m u Itldecada I tl m esca I es Figure 1| Global mean AT (0-700 m) with respect to a 1957-1990
climatology. a, Estimates of Domingues et al.” (DOM), Ishii et al.8 (ISH)

P. J. Gleckler'*, B. D. Santer', C. M. Domingue52'3, D. W. Pierce*, T. P. Barnett' and Levitus et al® (LEV), all of which have been corrected for XBT biases.

K. E. Taylor', K. M. AchutaRao®, T. P. Boyer®, M. Ishii’ and P. M. Caldwell' Earlier (uncorrected) estimates of Ishii et al."® (ISH-UNCOR) and
Levitus et al.™" (LEV-UNCOR) are also shown. b, ISH and LEV ATj¢ (solid
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Rising Upper Ocean Temperature

Levitus obs Pacific
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Changes in Upper Ocean Salinity
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Fingerprinting Human Induced Changes

Salinity Temperature Joint T/S
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Human Induced Changes in Ocean pH

A sea—surface pH [—] Yool et al. 2007
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\‘.’EPA United States Environmental Protection Agency Ocean Carbon Dioxide Levels and Addity’ 1983-2005
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Data source: Bindoff, N.L., J. Willebrand, V. Artale, A. Cazenave, J. Gregory, S. Guley, K. Hanawa, C. Le Quéré, S. Levitus, Y.
Nojiri, C.K. Shum, L.D. Talley, and A. Unnikrishnan. 2007. Observations: Oceanic climate change and sea level. In: Climate
change 2007: The physical science basis (Fourth Assessment Report). Cambridge, United Kingdom: Cambridge
University Press.

For more information, visit U.S. EPA's “Climate Change Indicators in the United States” at
www.epa.gov/climatechange/science/indicators.




Climate Changes impacts on Oxygen

source: Stramma et al. GEOMAR




Climate Changes impacts on Oxygen

Keeling et al., 2010

Long-term Observations in the Pacific
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Expanding Oxygen Minimum Zones (OMZ2)

Warming, reduced ventilation from stratification and circulation
changes may contribute to an expansion of the OMZs
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Sensitivity of Ocean Taxa to Oxygen

Crustacea

Fishes

Bivalva

Gastropoda
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Median lethal oxygen concentration (umol L)

Keeling et al., 2010




Coastal Hypoxia: The Dead Zones
HOW THE DEAD ZONE FORMS e

fish float to




Climate Changes impacts on Oxygen

Costal

————

Fig. 1. Global distribution of 400-plus systems that have scientifically  influence % expressed as a percent (41)] in the Northern Hemisphere, For
reported accounts of being eutrophication-assodated dead zones. Their  the Southern Hemisphere, the occurence of dead zones is only recently
distribution matches the global human footprint [the normalized human  being reported. Detadls on each system are in tables 51 and S2.

Causes
ofe Increase the amount of bioavailable nitrogen runoff

o Expansion of OMZs




Ecosystem Response to Climate

Physical and chemical changes have strong direct and indirect
effects on the physiology and behavior of marine organisms.

Tvpes of Response:

4 Physiological responses
4 Population and Community Responses

4 Ecosystem Structure and Function




Physiological Responses

Environmental Change / Types of Response:

4 Temperature & Oxygen --> Metabolic Rates Constraint

adaptation, migration or extinction

4 Ocean Acidification --> Calcification
lost of biogenic habitats (e.qg. corals reefs and oyster beds)

alteration of food webs (e.qg. pteropods and mollusks)

changes in global bio-geochemical cycles (e.g. coccolithophore algae)




Physiological Responses

Environmental Change / Types of Response:

4 Temperature & Oxygen --> Metabolic Rates Constraint

adaptation, migration or extinction

Define: Oxygen Supply

Metabolic Index =
Oxygen Demand

(depends also on Temperature)




F = Metabolic Index (contour maps)
Distribution data: Cod

63°N

54°N f
Cod Characteristics:

0
Depth of habitat 45°N
0-400m
Mass at maturity 36°N |

500-1500g h :
Range of F 27°N B F :
1.3-2.6 80°W 60°W 40°W 20°W 0° 20°E

0 0.5 1 1.5 2 2.5 3

courtesy of C. Deutsch (UCLA) Distribution data from Fishbase.org




Metabolic Index (contour maps)
Seasonal Migration

courtesy of C. Deutsch (UCLA)

Western Population A RV Eastern Population
Migrates - \: Ak Migrates

From ~37°N in winter e Surface in spring/winter
To ~41°N in summer £ . \Y To ~250 m in summer/fall
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Metabolic Index (contour maps)

Species Distribution: Seabream

Seabream Characteristics:

Depth of habitat
0-60m

Mass at maturity
300-900g

Range of F;
1.6-4.0

courtesy of C. Deutsch (UCLA)

Distribution data digitized from Andriashev 1986
and Van Neer 1997




Metabolic Index (contour maps)

Species Distribution: Eelpout

Eelpout Characteristics:

Depth of habitat
0-40m

Mass at maturity
100-300g

Range of F;
1.4-3.3

36°W 24°wW 12°w  0°

05 1 1.5 2

Distribution data digitized from Svetodvidov 1986
courtesy of C. Deutsch (UCLA)




Climate Change impacts on Metabolic Index

Climate Projections

Projected T, O, changes in 2071-2100, 0-400m
IPCC Earth System Model mean, RCP8.5 scenario
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Warming is global, deoxygenation is extra-tropical.
courtesy of C. Deutsch (UCLA)




Climate Change impacts on Metabolic Index

Declining Metabolic Index

Projected change in F in 2071-2100, 0-400m
IPCC Earth System Model mean, RCP8.5 scenario
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Decrease ~20%
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Latitudes ~40%

-50
courtesy of C. Deutsch (UCLA)




Climate Change impacts on Metabolic Index

courtesy of C. Deutsch (UCLA)

Temperature vs Oxygen

Oxygen contribution Temperature contribution
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Globally, warming and deoxygenation contribute ~15% and
5% reduction of metabolic index, respectively. The role of O,
is greater in the Pacific, where O2 is already lower.




Climate Change impacts on Metabolic Index
Metabolic Habitat Loss
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Physiological Responses

Environmental Change / Types of Response:

4 Temperature & Oxygen --> Metabolic Rates Constraint

adaptation, migration or extinction

4 Ocean Acidification --> Calcification
lost of biogenic habitats (e.qg. corals reefs and oyster beds)

alteration of food webs (e.qg. pteropods and mollusks)

changes in global bio-geochemical cycles (e.g. coccolithophore algae)




Ocean
Acidification
Forecasts

Acidification may
impact calcification
in Corals

normal seawater

Photos of scleractinian
coral Oculina patagonica
after being maintained
for 12 months in (a)
normal seawater (pH =
8.2) and (b) acidified
seawater (pH = 7.4).
From Fine & Tchernov
(2007). Reprinted with
permission from AAAS

acidified seawater




THREAT TO CORAL REEFS FROM OCEAN ACIDIFICATIUN IN THE PRESENT, 2030 AND 2050

=

Ocean
Acidification
Forecasts

Acidification may
impact calcification
in Corals

® Coral Reefs Aragonite Saturation State

EE EE BN N EE N
1 125 15 175 2 225 25 275 3 325 35 375 4and>
Extremely Marginal Marginal Adequate Optimal




Population and Community Responses

Environmental Change / Types of Response:

4 Phenology --> Growing Season
changes in primary productivity

and predator/prey interaction, changes in net biomass

4 Ocean Warming --> Species Range

shifts in species distributions

and niche boundaries (e.g. invasions)

changes in competition and local extinctions




Population and Community Responses

Environmental Change / Types of Response:

4 Phenology --> Growing Season

changes in primary productivity

and predator/prey interaction, changes in net biomass




Phenology: Timing of seasonal cycle

Trophic Synchrony Prey/FOOd
Predators

Trophic Asynchrony

Biomass

Jan Feb Mar Apr May Jun Jul Aug Sép D:::t Nl':w D:ec Jan Feb Mar Apr May Jun Jul Al.‘.lg Sép Olct Néw D:ac

Fig. 1. Schematic of how phenology (timing) and relative abundance (biomass) affect the degree of trophic match-mismatch (after

Durant et al. 2005). The key variable is the degree of trophic overlap of predator needs (continuous line) and prey availability

(dashed line) in time and space. Dashed curves reflect biomass of prey (height) and seasonality of prey abundance (position

of maximum). Reproductive success and other demographic traits will be high when there is great trophic overlap (grey
area under curves)




Population and Community Responses

Environmental Change / Types of Response:

4 Ocean Warming --> Species Range

shifts in species distributions
and niche boundaries (e.g. invasions)

changes in competition and local extinctions




Expansion of Habitats
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Shift in Speaes Distribution
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Population and Community Responses
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Ecosystem Structure and Function

Environmental Change / Types of Response:

4 Ocean Circulation --> Species Compositions
--> Nutrient Supply

--> Connectivity




Ocean Transport and Species Composition
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Ecosystem Structure and Function

Environmental Change / Types of Response:

4 Ocean Circulation --> Species Compositions
--> Nutrient Supply

--> Connectivity




Changes in Nutrient Supplies in Eastern
Boundary Upwelling Systems

Upwelling winds may intensify
in response to climate change
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Intensification of Upwelling winds?

NW Africa
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Ecosystem Response to Climate

Physical and chemical changes have strong direct and indirect
effects on the physiology and behavior of marine organisms.

Tvpes of Response:

4 Physiological responses
4 Population and Community Responses

4 Ecosystem Structure and Function

We have reviewed some examples of responses, however the
ecosystem response is more complex and integrated.




Additional Ecosystem Pressures

the need for an integrated approach to Ecosystem Structure and Function

World population
U.S. coastal population
—— Anthropogenic nitrogen fixation

North American marine
biological invasions

Global marine wild fish harvest
Cumulative seagrass loss

Cumulative Caribbean coral
cover loss

Cumulative mangrove loss
Cumulative global hypoxic zones
Global mariculture production

Relative change
o
abueypd anneRy

0.0
1800

Doney et al. 2012




