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@nSIVEHESS of science?
\/_/ | f’- rde we know about Impacts?
2 q /.can we measure change?
== *Hew can we predict change?
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~ s What policies and management
- strategies will work? (Objectives?)



Percent of marine publications

Marine Climate Change Science

—l— Google Scholar (n= 256,352)
—8— Web of Science (h= 102.618)
—+— ASFA (n =628,823)




My

Government affiliation
with Marine Climate Change Science Literature
—=— DFO Canada (n=3388)

—— NOAS UISA (N=6726)
—— C3IRO Australia (n=2508)
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*W\Vhat other indicators could!| use?
= Changes in budgets?
"gency directives?
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=" *Presentatlons at PICES?

Suggestions: tokey@bms.bc.ca
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L Proposal toNCEAS
Clirriziie elple gé imprijic SMECosystems:

sopldinatedimarnine science and policy.development

> WEE — ¢ L ANMpacts, Indicators, vulnerabilities
> WEZ — Jf ovatlve analytical appreaches
J \/\/sz,_ Imaginative synthesis for solutions

,B_ il 1ﬁ_§f—on collaborations (PICES, CLIOTOP, BEST, etc)
J- s 'atlflc -wide synthesis
= = -Speual ISSue of peer-reviewed journal
“» Book for broader general public

* Positive reviews, but too big and need better
connection to the policy solutions part
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Spain, I\/Iay 19-235 2006

pproaches and linking Global Cllmate Model
: Gutput with ecosystem and population models
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PICES stiucture
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MSHNIS SUggested approach valuable?

-|.|-

2 Flewy Ijld thIs Interface with PICES?

s \/\/n;%t your view, is really needed?
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j j&;ﬁ% _urJrent knowledge of the ecological impacts of climate

hs 0)] r—racmc Ocean ecosystems, identify useful marine
Jcal ‘indicators of climate change, and assess vulnerability

'r'a-d-‘ﬁ‘SSESSI\/IENT



» Temperature (+)
e Sea ice cover (-)
- Sea level (+)
» Hydrological cycle (intensified)
 Turbidity (+ and -)
-« Light supply (+ and -)
e Salinity (+ and -)
e Stratification (+)
* Winds (+ and -)
» Storm event intensification

» Upwelling (+ and -)
» Currents (e.g., ocean conveyor belt)

*PH ()
 Aragonite saturation (-)
» Oxygen (-)

« Nutrients (+ and -)

« Changes in primary production

» Population range shifts

* Extirpations and extinctions

e Community composition
» Changes in species interactions

» Decreased community resilience

Today, biological examples
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Impacts of cimate change
on Australian marine life

Eitors:
ARstalr J. Hobday
Thomas A Okey
Ewra 5. Poloczanska
Themas J. Kunz

Pari A: Execufive Summary

Anmony J. Richardson .

Wealih from Ooeanc Flagehip recasrah - ¥
roport to the Auséralian Giresnhouss Offies

Seagrasses

Phenology | morphology

Example impact

Phytoplankton

Temperate phytoplankton
province will shrink
considerably

Agidification will dizsolve

planktonic melluscs

Increased dissolved CO,

may increase productivity

Mangroves

Coral reefs

Cold water
corals

Soft bottom

Sea level rise will destroy
mangrove habitat

Ranges will shift southwards

as 38T warms

Species ranges will shift

southwards as temperatures

Warin

Acidification and warming

will cause calcification
problems and coral
bleaching

Ocean acidification will
dissclve reefs

Modified plankton

tauna

Benthic and
demersal
fishes

Pelagic fishes

Seabirds

commuties or P[Ddllctﬂ'lfj"

will reduce bentluc
secondary preduction

Southward movement of
species along the east and
west coast of Australia

Pelagic tunas will move
south with warming

Warming will skew turtle
sex ratios

Shift in timing of peak
breeding season as
femperatures warm

High impacts are expected
for distribution, physiology,

and community processes




RESHmaunavulnerability guantitatively

Biological

Anthropogenic Regional characteristig

——Northern Domain
North Eastern Domain
——North Western Domain
—— Western Central Domain
——Eastern Central Domain
—— South Western Domain
—— South Eastern Domain

Fishing Climate change



Vilneranility & 1ts'compeRents

Dimension Indicator Vulnerabili
— Componen

Biological Threatened, endangered and protected (TEP) species S

P Number of endemic demersal slope fish S

Exposu re (E) SenSItIVIty (S) % introduced species per port S

TEP uniqueness S

Regional Area (square degrees) S

Foundational area (% < 50 m depth) S

Poleward boundedness S

Climate % change in sea surface temperature E

Change % change in temperature at 500 m depth E

» % change in mixed layer depth E

Ad aptlve % change in incident solar radiation E

. % change in surface currents E

Cap ac Ity % change in surface winds E
(AC) Fishing Fisheries gear impact — habitat AC
Fisheries gear impact — bycatch AC
— : Overexploited fisheries AC
?;_.:.-;':_—:-_ — Number of fisheries hours AC
— Number of AFMA fisheries AC
= Recreational fishing index (1000 days per degree) AC
=, Other Population within 200km of coast (1996) AC
r - Vu | n erab | | |ty Anthropogenic  Organic compounds AC

>
@]

Chemical compounds
(Allen Report 2005) Heavy metals
Chemical dumps
Ship visits
Oil and gas wells
Seismic surveys

-
Vulnerability: Potential to be damaged or altered
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ale’ Change Dimensien: ..

Yilnerability - Climate change dimension

% change in sea surface temperature
% change in temperature at 500 m depth
% change in mixed layer depth

% change in incident solar radiation

% change in surface currents

% change in surface winds




SEer dimensions
. — —

Biological

Fishing




oyeraliVulnerability — manipedlife

East-central most vulnerable with respect to climate change indicators (SST, temp 500m & surface winds)
and biological indicators (TEP & TEP unigueness) as well as overall exposure.

South-east most vulnerable with respect to fishing indicators (overexploited fisheries, number of fisheries
hours & number of AFMA fisheries) and other anthropogenic indicators (heavy metals & chemical dumps)

South-west least vulnerable with respect to overall exposure and to climate change indicators
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HBESING Case Studies in N Pacifics

Forl Alggeni o

Component Duration (vears) Contact Instifution
Temp., Sal., Weather 70 Amphimite Lighthouse DFO
Weather 40 Peter Tanitis (decaased)
Camaticn Creek watarshed 37 see Hogan ef al. 1993 BMSC ' BC Forests
Alzze and jovert species list 37 William Anstin BMSC
Temp., Sal., Weather 28 Cape Beals Lighthouse DFO
Mannpe alzae 28 Louis Diraehl SFU
Zoops; SW Van Is] Shelf 22 Dave Mackas DFO-I05
Intertidal commmnity & waves 20 Carlos Fobles C5ULA
Plants on 1slands 20 Martin Cody UCLA
Purple sea urchin 20 Michze] Fnssell Villanova Univ.
Sesbirds 20 Ed Paleczoy Parks Canads

s Christmas bird count 20 Apne Stewart BMSC
Primary prod. (Line F) 20 Frank Whimey DFO-I05
LaPerouse Buoy data 12 Richard Thompson DFQ
Eelp forests and sea otters 12 Jane Watson Malaspina Collage
Zooplankton 18 F.on Tanasichuk DFO
Manne invertehratas 18 Don Levitan Flonida State Univ.
Filler whales 17 Faod Palm Smawherry Isl. Ras,
Sesbirds 14 Alan Burger Uvic
Littorina spp. 14 Liz Boulding U of Guelph
Benthic cores 12 Fod Falm Stawherny sl Fes.
Sealions 11 Faod Palm Smawherry Isl. Ras,
Forest 10 Tom Hermman Acadiz
Whistle Buoy BMSC CTD 10 Bruce Cameron BMSC
Phvsical oceanography 5 Rich Pawlowicz UBC
Ezlgrass 5 Paamona de Graaf Hum a2y aht / BMSC
Local wave force 5 Falmer snd DeWreede TA&TUBC
Seswater intake CTD ] Tom Bird BMSC
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Salmon sharks:
perceived peaks and decline

e 13 fishermen
» 344 combined years

: e maximum 44 years

A « mean and median 26 years
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oula suck | approaches be applied in
JJfE ‘Paclfic?

they be part of integrated
tem assessments?
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ornwest Hawaiian Islands

‘*-— High Productivity — | +— Low Productivity — | +— High Productivity —I'-I
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Change in Biomass

1% 41 458 L1l 5 2

Years

Polovina 2005
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BNRECOSIruCUNg past ecosystem CHER0ES

Sea lian pups
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= Data

Heymans et al. 2007

Sharks and scates
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Southeast Alaska
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2 urhm 'IC envelope models

r\oorf ches discussed In PICES task
Eeams CFAI\/IE and MODEL
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£I sments of the new FUTURE initiative?

"~ PewTURE?
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L,mur ﬂobje"tlves and available approaches to assessment & prediction

alﬂﬁGlNATIVE SYNTHESIS FOR POLICY
-~ SOLUTIONS
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> /el L) the best Way/?
S| 7ZE ?unr; somposmon’P
e with the science groups?
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