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Biogeography of salmon 1s partly determined by climate




Climate variability has a powerful influence on salmon

preduction -- just a 1 to 2°C swing in ocean temperatures Is
glated with a doubling of salmon biomass'between
fm* and “cool” eras of the Pacific Decadal Oscillation

Pacific Decadal Oscillation (PDO) —
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On top"a"reglonal climate variations, the
as been warming.. e -

Jan-Dec Global Mean Temperature over Land & Ocean
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The ten warmest years on record are in the period 1997-2008;

and 2008 stands as the 8th warmest in the historical record
(tied with 2001).
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There truly has been global warming in the past
century, with just a few exceptions (North Atlantic
and SE US).
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BELEAA° rOIOgy has Discharge to Arctic Ocear! (Eurasia)
Yo ol- d to recent Peterson et al. (2002); Science ---"""'

= Discharge anomaly

jate trends Susl |
easing streamflow for ;
Or Eurasian rivers in the [ Jie2
tic tracked the North

tlantic Oscillation (NAO)
— index and global average Runoff Timing Trends
it emperatures Stewart et al. (2005); Climatic Change
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' ‘fRunoff timing for western N.
America’'s snowmelt rivers
advanced by a few days to |
a few weeks from 1948- o 15200t

2000 -- partly explained by et
PDQO, but best explained by e

@ 15-20d later

regional warming trends
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Glacier/Muir Inlet,

cier Bay Alaska

Glaciers, globally, have been retreating, including most
glaciers in the western North America. For some, like
the Muir Glacier, the retreat has been dramatic: a 12

km retreat and 800 meters of thinning since 1941

http://nsidc.org/data/glacier_photo/special_high_res.html




The evolutionary history of salmon has been forged, in
pV.dramatic glacial/interglacial climate cycles..
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ew.much Carbon Dioxide will e
o€ released into the atmosphere?
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Estimates depend on population and economic projections, future choices

for energy, governance/policy options in development (e.g., regional vs.
global governance)




Recent emissions are outpacing even the most

n: A1FI) fossil fuel scenario established by the ..~
I€C’s 2000 special report on emissions scenarios
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We are in the early stages of an era of
rapid climate and environmental change
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By the end'of this century, average surface
Peraiures for most places may be e warmer than-
tlme in the past million ears or more

\
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Average of 21 climate models forced by Scenario A1B.
Multiply by ~1.5 for A1Fl and ~0.7 for B1




Climate'models predict a robust increase in.
ipitation over northern Iatituc_lg,(.s#S N), .
but drylng for the subtroplcs

N N Sccnario A1B
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Stippling 1s where the multimodel average change exceeds the standard deviation of the models




ansequences of a warmer
nate for salmon waterSheds
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more rain and less snow for “near-freezing” locations

tered streamflows
i= Higher in winter, lower in summer

]

= | onger, hotter, drier summers

=

llf’?f_i"i\_/lajor changes in disturbance regimes (fires,
floods, vegetation changes, etc.)

* |ncreased conflict over water

and many (?) positive impacts in
higher/colder latitudes (at least up to a point)
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; "sﬁtﬂe of Pacific salmon habitat

. Salmon feed and
mature In productive
cool-fresh-nutrient

| rich subarctic

waters from
northern Japan to
California -- coastal
upwelling extends
this habitat south to
S. Cal.

SeaWiFS images from NASA’s Goddard Space Flight Center
http://seawifs.gsfc.nasa.gov/SEAWIFS.html
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The future will not present itself in a simple,

WNR

able way, as natural variations will still be..

important for climate change in any location
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Because of the complexity of habitat, salmon life
— ies and local adaptations, there will be a_
erse suite of climate change impacts that varies
different stocks, watersheds, and sub-basins

Salmon Life é&/cle

= - Fry feed on aguatic and
- 4 riparian terrestrial
- , invertebrates

. Nutrients and energy A Most sockeye
. enrich freshwater food web

C
Coho and some masu,

B Pink, :I:-_ll'n.- steelhead, chinook,
some chinook and sockeye

Rainbow and
resident masu

Fry migrate to 4
freshwater migrants

Alevins emerge
lakes

from redds

Spawned-out carcasses

Resident subadults
remain in freshwater

Smolts
migrate
o ocean

migrate
to ocean

Fertilized eggs
in redd develop
into embryos

Steelhead repeat spawners
return 1o acean as kelts

Y o VT,

mature during 1-5 years
in the ocean

Coastal juveniles
reside on shelf for several months

Adults spawn in their Anadromous adults illustrations by Kate Spencer

natal freshwater habitat move upstream @ 2005 State of the Salmon, a joint program
of Wild Salmon Center and Ecotrust



Ocean Acidification: the other
CO, problem .
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Sources - Sinks
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Ocean sink
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Ocean pH has already dropped by 0.1 units (30% more acidic);
iIncreased CO, uptake is expected to reduce upper ocean pH by

~0.5 units by 2100, which would be the largest change in pH to
occur in the last 20-200 million years

CO, + H,0 —— HCO", + H*

House et al. (2002) GCB




ocean acidification?™

q : ed calcification rates

i‘r" '?I-;: ' or hard-shelled organisms
T e * increased physiological
' stress for many other
species causing reduced
tolerance to other
environmental fluctuations

e Shifts in phytoplankton
diversity and changes in
food webs

* High potential for changes
to fitness and survival, but
this is poorly understood

/ Vicki Fabry

Copepods (Slide provided by Dick Feely, NOAA)

Coccolithophores







«h
ponding to the Climate Change ...

llenge

feduce the risks of catastrophic climate change
d ocean acidification, greenhouse gas
entrations must be reduced

-' e can do this by reducing emissions and/or

== exiracting gases from the atmosphere
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-+ Salmon are facing rapid rates of environmental
~~ change and they will need to adapt

— As the primary drivers of change in salmon
ecosystems, our actions will shape their potential
for adaptation




