Developing ecosystem-based
management in a human-
dominated marine system:the
Strait of Georgia, Canada

R. lan Perryl, Diane Masson?, Dave Mackas?,
and Gisele Magnusson?

Fisheries and Oceans Canada,
! Pacific Biological Station, Nanaimo, BC, V9T 6N7, Canada
2 Institute of Ocean Sciences, Sidney, BC V8L 4B2, Canada
3401 Burrard Street, Vancouver, BC, V6C 354, Canada

lan.Perry@dfo-mpo.gc.ca

I*I Fisherles and Oceans  PAches et Océans Perry et aI.,.DeveIopin_g ecosystem-based management in a human-dominated marine system: the
' Canada Canada Strait of Georgia, Canada. PICES Annual Meeting, Portland, USA, 26 October 2010



A human-
dominated
system

Area =
6,800 km?

Human
population
about 3
million

Killer whale
population
about 100




The Strait of Georgia Is changing

e Large increases in human population (10 to >70% over past 20 years)
e Strait has warmed by 1°C in past 100 years; by 0.3 °C in past 25

« Salmon abundances are changing:
 pink and chum are at high abundances;
« coho and Chinook abundances low — poor marine survivals;
» sockeye abundances declining with large variability

 Herring at relatively high abundances, with some recent declines
o Pacific hake are largest biomass of resident fish in the strait

e Pacific cod, lingcod, several rockfish species almost absent

« Seals are at high abundances
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Status and Trends — Physical conditions

— @

Temperature anomalies Salinity anomalies

T T T T T T T
2 120{4 :
e 2z
2 £ ..
E 110 @ g
£ : ! : : : i : : !
= 400 HI ............. Departure Bay mean temperature = 11,30 0 =~ e e e — 4 24 1 DePﬂmf.re Bay mean Jsalinity = 25_55L . L P

T T T T T T T
: Entrance |sland mean salinity = 26.83 i : 5

Temperature [ “C]

Temperature [ “C)

10.0}

1940 1930 1980 1970 1980 1990 2000 2010 1950 1960 1970
The mean temperature calculated from the 1871 - 2000 data The mean salinity calculated from the 1971 - 2000 data

I *I Fisherles and Oceans  Péches et Océans~ —C/TY €t aI.,_DeveIoping ecosystem-based managemeqt in a human-dominated marine system: the
Canada Canada Strait of Georgia, Canada. PICES Annual Meeting, Portland, USA, 26 October 2010



Status and Trends - Historical fishery landings

Strait of Georgia - reported landings 1920-2004
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Total Fraser River sockeye productivity
(Returns/Spawner), 4-yr avg.
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The Strait of Georgia Ecosystem Research
Initiative__ (2008 - 2011)

Main themes: Ecosystem studies and management of
human interactions in an integrative framework:

1) Understanding how this system works (What controls the
productivity?)

2) ldentifying the drivers of change acting on the Strait and
how these drivers might change in the future (What controls
the resilience?)

3) Developing science-based management and decision-
making tools to support healthy and sustainable marine
resources
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STRAIT OF GEORGIA ECOSYSTEM RESEARCH INITIATIVE:
AN OVERVIEW

DATA ANALYSIS

«Bottom type
«Zooplankton data
«Satellite imagery

«Bibliography

«Cetacean diets
-Forage species distribution
«Radar winds
sContaminants in seals
«Salmon: abundance,
distribution, timing

4

NUMERICAL MODELS &

ECOSYSTEM INDICATORS
«ROMS/physical
‘ROMS/NPZD
+0OSMOSE
+ECOPATH
«Ecosystem indicators

i
FIELD WORK

«Seal tagging/survey
«Salmon/acoustic tags
«Salmon prey quality
«Herring+hake/acoustic survey
«Moorings/short-term events
«Sediment/water exchanges




Outline of reporting

o Strait of Georgia — current status and trends

e Ecosystem structure and function
* benthic habitat — resuspension of materials; contaminants;
nearshore habitat types
 pelagic habitat hotspots — central SofG; Gulf Islands
» food webs — drivers of productive capacity and species
linkages

 Putting it all together — modelling and synthesis
e Into the future — climate change and other stressors
 Management — decision-making tools; ecosystem approaches
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Ecosystem structure and function - Foodwebs

Spring Phyto bloom timing

Timing of start of spring phytoplankton
bloom is variable and has been getting
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Ecosystem structure and function - Foodwebs
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Ecosystem structure and function - Foodwebs

Factors influencing survival rates of
hatchery-released coho salmon
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T 20%

Predation Level

Percent Hake Biomass Consumed Annually

Ecosystem structure and function - Foodwebs

Seal predation on herring (%)
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Seal predation on Pacific hake (%) . seal populations ‘stabilised’ => equilibrium?
o - seals now appear to be making more

extensive movements and spending more

. time foraging than in 1990’s

. - seal predation on herring has increased as

seals have increased and herring has

declined — prefer larger older herring

I - seal predation on hake also increasing
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Ecosystem structure and function - Foodwebs
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Ecosystem Indicators

Drivers
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Population
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Sockeye Marine
Survival (ocean
entry year; yr i)

Herring Spawning
Biomass (yr i+6)

Coho Quinsam
Ck marine
survival (yr i)

Seal
Abundance (yr
i+6)

Transient Killer
Whales (yr i+6)

Impacts

Herring Catch
(yr i+6)

I* Fizheries and Oceans  Peches et Océans
' Canada Canada

Perry et al., Developing ecosystem-based management in a human-dominated marine system: the
Strait of Georgia, Canada. PICES Annual Meeting, Portland, USA, 26 October 2010



> NOI (JFM; yr i) ONI (JFM; yr i)

Drlvers High 100% High 100% SofG Human
Middle 0% Middle 0% Population
Low 0% Low 0% 5

¥

Wind Speed - GS south < Fraser River flow (FMA,; yr i)
Pressures ° i |
Y High 38% [ Coho Hatchery
Strong 100% .| Middle 46% releases (yri)
Weak 0% i Low 16% 0
- I

! ]

F |

© Intensity of Spring Chl Bloom (FMA; yr i)

< Spring Chl Bloom Start (yr i)

Early 12%[) High  57% T |

Middle 31% Middle31%
Late 5[] T——lLow 12% I

i

< Coho Quinsam Ck marife survival (yr i)

High 30% I |
Middlle 36%

Low 34%| I

© Herring Spawning Biomass (yr i+6)

States High —22% L]

= Chilko Lk Sockeye Marine Survival (ocean entry [year; yr i)

High 44%
“ Middle 29%
Low 27%| I
< Transient Killer Whales (yr i+6)
High 29% ]
Middle 35%
Low 35%
[
< Herring Catch (yr i+6) H
Impacts " Bayesian Network Model
g
Middle 33%
Low 40%




Drivers

Pressures

States

Impacts

=] NOI (JFM; yr i) o ONI (JFM; yr i)
High 14%|l High 30%[lR | SofG Human
Middle 41% Middle 31% Population
Low 44% I Low 39% 0
\
Y
Wind Speed - GS south < Fraser River flow (FMA; yr i)
o -

(JFM; yr i) High 32% [ | Coho Hatchery
Strong22% [l Middle 22% releases (yr i)
Weak 78% Low 46% I

\

Middle 0%
Late 0%

< Spring Chl Bloom Start (yr i)

Middle 17%

Low 22% L

\

< Coho Quinsam Ck marin

e survival (yr i)

High  19% )

Middle 56%

Low 26%|D

© Chilko Lk Sockeye Marine Survival (ocean entry

ear; yri)

High 13% |
Middle 55%

l

/ < Transient Killer Whales (yr i+6)

High  55% |

Middle 24%

Low 22% |0

Low 32% |

< Herring Catch (yr i+6)

High 47% [ |
Middle 35%
Low 18%|l

Bayesian Network Model




Management INn an ecosystem context

Given the forces driving Changes in the Strait of Georgia, it
has become:

Increasingly dominated by human impacts, although
environmental (climate-related) changes remain important

* climate likely dominates inter-annual variability

o climate and human impacts force decadal and longer variability

o different now than 30-50 years ago

e concern regarding possible reductions in the ability of the
Strait to adjust to, and recover from, changes
* |.e. reduction in the resilience of the Strait

e must maintain the natural abilities of this ecosystem to adjust

to natural and human-induced changes
» which processes and places are important: when, and how?
« what indicators to monitor, and what are the ‘threshold’ levels?
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Participants

SR The Strait of Georgia Ecosystem Research Initiative:

Understanding the changing Strait for better decisions today and
_ Toorrow

Is the Strait getfing
warmer, and what
will be the
conseguences?

B. de Lange Boom, J. Galloway,
P. Wills, N. Sutherland, E. Gregr,
G. Jamieson, J. Lessard, J.
Schweigert, C. Fu, A. Pena, J.
Holmes, T. Therriault, K. Cooke,
L. Nichol, J. Ford, G. Ellis, P.
Olesiuk, R. Sweeting, D. Mackas,
R. Beamish, K. Lange, C. Neuville,
P. Ross, S. Johannessen, R.
Macdonald, M. Galbraith, D.
Faust, J. Gower, S. King, M.
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Godbout Georgia?

www-sci.pac.dfo-mpo.gc.ca/sogeri/default_e.htm -8 Canadi

@ - \Why are seals so
abundante

_ Why are some
e salmon species
doing well, but
others are notg

What might the
future be like®
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