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A dynamic coastal transition zone
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Sea surface temperature (SST) images of observations by AVHRR sensor on NOAA satellites

Perry, R. I., B. Crawford, and A. Sinclair. 2007. Chapter 1: Ecosystem Description. Pages 3-45 in B. G. Lucas, S. Verrin, and
R. Brown, editors. Ecosystem overview: Pacific North Coast Integrated Management Area (PNCIMA). Can. Tech. Rep. Fish.
Aquat. Sci. 2667: xiii + 104 p.



Marine Ecosections of BC
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Unique features and dynamics




Expected physical changes

o Temperature (+)

* Dissolved oxygen (-)
* pH()

* Precipitation (+)

» Salinity (-)

e Snowpack (-)

e Stratification (+)

e Sealevel (+)

- C - - - -
INEECOSYSLENIS:
Thomas A. Okey | Hussein M. Alidina | Veronica Lo | Alvaro Mantenegro | Sahine Jessen

e Storminess (+)

e North Pacific current (+)
 Upwelling (+)




Types of biological effects

Shifts in species distributions and community structure
- Poleward shift of species ranges

{ - Changes in phenology
- Mis-matches and re-assembly of communities

Increased occurrence and establishment of new species
- Anomalous occurrences, southern species range expansion
- Invasive species and disease

Loss of biodiversity and changes in favourable conditions
Physiological stress (Tfemperature, pH, O,)

Increased extinction risk
Effects of exposure to toxins

and algal bIooM
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Ity ratings

HABITAT TYPE | BOTTOM TYPE
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Marine Ecosections of British Columbia
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38% of beaches,
" 35% of mudflats

59% of seagrass,
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'g( Legend

o

North Coasty
Fjords ~

52°00"N

Charlotte
Strait

Marine Ecosections

I continental Slope
- Dixon Entrance
- Hecate Strait
- Johnstone Strait
- Juan de Fuca Strait

- North Coast Fjords
:I Queen Charlotte Sound
|:| Queen Charlotte Strait

- Strait of Georgia
|:] Subarctic Pacific

l:l Transitional Pacific
- Vancouver Island Shelf

Johnstone

50°0'0"N

Strait of

Transitional Pacific

48°00'N

0 50 100 200
e Km

Data Sources:
Province of BC, ETOPO1

137°00'W 138°0'0'W 135°0°0'W 134°0°0"'W 133°0'0'W 132°0°'C"W 131°0°0'W 130°0'0'W 129°0°0'W 128°0°'0"'W 127°0'0'W 126°00'W  125°0°0'W 124°0'0'W 123°00'W



Vulnerability

Adaptive
capacity (AC)

l -
Vulnerability




Exposure

(Acidification)
Predicted change in Aragonite
Saturation State

Sensitivity
of Habitat to
Acidification

After Teck et al. 2010
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HABITAT SENSITIMITY

Potential Impact maps of acdification showing potential impacts values summeaross Tor each 2 Em oy 2 km planning unit.



Mean potential impact on habitats

HABITAT/BOTTOM TEMPERATURE | ACIDIFICATION uv SUM
DEPTH TYPE CHANGE CHANGE
RANGE Surface Waters 0.37 0.55 0.45 1.37
Beach (Intertidal) 0.26 0.55 0.52 1.33
g Mudflats (Intertidal) 0.11 0.51 0.32 0.94
g Rocky Intertidal 0.32 0.92 0.60 1.84
= Soft Intertidal 0.19 0.70 0.46 1.35
B Undefined Intertidal 0.28 1.02 0.65 1.95
Kelp 0.36 0.33 0.30 0.99
o Seagrass 0.23 0.38 0.30 0.91
w Hard Shallow 0.23 0.45 0.35 1.03
i Soft Shallow 0.00 0.22 0.00 0.22
Undefined Shallow 0.14 0.50 0.24 0.88
Rocky Reef (Shallow) 0.27 0.38 0.33 0.98
Rocky Reef (Non- 0.29 0.37 N/A 0.66
PN Shallow)
w Hard Shelf 0.26 0.47 N/A 0.73
§ Soft Shelf 0.22 0.46 N/A 0.68
s i Undefined Shelf N/A




Potential impacts by Ecosection

Bottom habitats Water column Surface
Mean Potential Impact of Acidification Mean Potential Impact of Acidification,/ | Mean Potential Impact of Acidification/
{ km*® on Bottom Habitats km?® on Pelagic Waters (> 200m) | km® on Surface Waters
Ecosection Impact/km* Ecosection Impact/km®
Continental Slope 0.56 | Continental Slope 045 Continental Slope 0.58
E Queen Charlotte Sound 0.46 | Queen Charlotte Sound 044 Queen Charotte Sound 052
% Subarctic Pacific 0.44 | Subarctic Pacific 045 Subarctic Pacific 0.54
= Transitional Pacific 0.47 | Transitional Pacific 048 Transitional Pacific 0.57
= | Vancouver Island Shelf 0.50 | Vancouver Island Shelf 0.45 Vancouver Island Shelf 0.57
YY | Dixon Entrance .49 | Dixon Entrance 0.43 Dixon Entrance 052
E Hecate Strait 0.38 | Hecate Strait 044 Hecate Strait 0.53
= | Johnstone Strait 0.54 | Johnstone 3trait 0.37 Johnstone Strait 0.44
"d Juan de Fuca Strait 0.53 | Juan de Fuca 5train 0.47 Juan de Fuca Strait 0.5%9
E Morth Coast Fjords 0.49 | North Coast Fjords 0.31 Morth Coast Fjords 043
i.d Queen Charlotte Strait 0.51 | Queen Charlotte Strait 0.37 Jueen Charlotte Strait 0.45
strait of Genrgia 0.49 | Strait of Geurgia 0.45 Strait of Geurgia 0.50
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Incorporating non-climate stressors
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Estimation of vulnerability of
habitats to climate change

Standardized scores for mean potential Sum of Standardized Habitat
climate impact/km® by habitat/bottom type standardized | anthropogenic | vulnerability
Acidificat- | Temperature UV Change potential impact score to climate
ion Change climate score (C1) s+ (1/a)
(S)

Kelp 0.32 0.35 0.29 0.96 0.86 0.82
Seagrass 0.37 0.23 0.29 0.89 1.00 0.88
Rocky Reef (Shallow) 0.38 0.27 0.33 0.97 1.00 0.97
Rocky Reef (Non- 0.36 0.28 n/a 1.00
Shallow) 0.65 0.65
Hard Shelf 0.46 0.25 n/a 0.71 0.33 0.23
Soft Shelf 0.45 0.22 n/a 0.67 0.54 0.36
Undefined Shelf 0.55 0.23 n/a 0.78 0.64 0.50
Soft Slope 0.55 n/c n/a 0.55 0.49 0.27
Hard Slope 0.56 nfc n/a 0.56 0.47 027
Undefined Slope 0.60 nfc n/a 0.60 0.35 0.21
Undefined Deep 0.44 n/c n/a 0.44 0.00 0.00
Hard Deep 0.44 n/c n/a 0.44 0.00 0.00
Seamount 0.44 n/c n/a 0.44 0.01 0.01
Canyon 0.46 n/fc n/a 0.46 0.39 0.18




Estimated relative vulnerabilities of
Habitats to climate change
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Estimation of vulnerability of

Ecosections to climate change

Standardized scores for mean potential Sum of Standardized Ecosection
climate impactfkml by ecosection standardized | anthropogenic | vulnerability

Acidificat | Temperature UV change potential impact score to climate

_ion change* climate (C1) S+ (1/a)

score (5)

Continental Slope 0.98 0.66 0.85 2.50 0.04 0.11
CQueen Charlotte Sound 0.89 0.62 0.79 2.30 0.13 0.320
Subarctic Pacific 0.93 0.66 0.74 2.33 0.01 0.02
w | Transitional Pacific 0.98 0.64 0.76 2.39 0.00 0.01
E Vancouver Island Shelf 0.98 0.56 0.84 2.37 0.21 0.50
E Dixon Entrance 0.88 0.66 0.280 2.35 0.18 0.42
E Hecate Strait 0.91 0.61 0.83 235 0.17 0.40
& | Johnstone Strait 0.74 0.35 0.58 1.67 0.25 0.42
a Juan de Fuca Strait 1.00 0.40 0.82 2.22 0.04 0.08
North Coast Fjords 0.74 0.43 0.68 1.85 0.22 0.41
Queen Charlotte Strait 0.84 0.42 0.62 1.88 0.29 0.55
Strait of Georgia 0.85 0.46 0.73 2.05 0.46 0.94




Estimated relative vulnerabilities of
Ecosections to climate change
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Refining the analysis

e Additional climate variables (downscaled
regional projections)

 Regional habitat types
e Regional stressors / pressures / sensitivities

 Improved understanding of Indirect and
interactive effects through ecosystem models

Increased moni
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ECO- POTENTIAL MAJOR SOME SENSITIVE
SECTION CLIMATE CHANGES ELEMENTS
Increase in runoff and
stratification. Reduction in
Dixon salinity and associated Larval Gyre (Du.ngeness ;rab),
changes to the buoyancy pattern of nutrient entrainment
Entrance : ) from oceanic water, productivity
driven flow. Ocean warming.
Sea level rise.
Ocean warming, Sea level rise, Prijuctlwty; spawrnng areas,
. . sedimented shorelines and
Hecate changes in runoff and salinity. ) )
Strai Mav be sheltered f shoreline dependent species
trait dy bes .e. ere rqm (shorebirds, forage fishes e.g.
deeper acidic & anoxic waters
sandlance, smelt)
Queen Oceanic warming. Intrusion of |Slope communities including
Charlotte [low anoxic and acidic waters [invertebrates and fishes, biogenic
Sound into canyons habitat (coral and sponges)
Oceanic warming. Changes to | Productivity, neritic and benthic
Vancouver | the nearshore buoyancy community - northern limit for
Island Shelf | driven flow and offshore many southern species

ocean circulation.

a_,._..'a-_}-;:__ r— Continental

g ey

Slope

Acidification and anoxia in the
deep layers. Ocean warming.
Changes to ocean currents.

Primary productivity, Slope
Communities including
invertebrates, fishes, structure
forming biogenic habitats (corals

and sponges). Commercial
species including Sablefish




HABITAT SOME SENSITIVITIES
Intertidal Sensitive to increasing temperature, freshwater, increased
habitats wave heights/surge, sea-level rise

Kelp Forests

Sensitive to Increased temperatures, UV levels, stratification
and reduced upwelling, potentially storminess. May be
avoured by increased upwelling

Seagrasses Sensitive to increased turbidity, sediment deposition,
changes in flow. May be favoured by increased CO2
Estuaries Sensitive to changes in mixing and estuarine regimes (flow

and timing), freshet timing effects on other species and
habitats. Bioavailability of trace metals under acidic
conditions

Salt Marshes

Sensitive to salt water intrusion, inundation, sea-level rise,
erosion or excessive deposition.

Corals and
Sponge Reefs

Sensitive to increased acidification, dexoxygenation,
increased sediment transport in nearshore areas. May
benefit from nutrient upwelling

Seamounts

Exposed to wide variety of conditions. May be sensitive to a
variety of changes, pH, anoxic waters, turbidity

Soft Shelves
and Slope

Sensitive to acidification, freshwater input, changes in water
chemistry, current dynamics (soft sediment systems)

Submarine
Canyons

Acidified and anoxic water and conditions for benthic
communities




Qualitative assessed vulnerabilities

Oceanographic processes in areas critical for larval retention and transport that are sensitive to
intensification of estuarine conditions (Dixon Entrance, Queen Charlotte Sound Ecosections, Juan de Fuca
Strait);

e Sediment shorelines and other nearshore habitats that serve as important spawning habitats for forage
fishes and are sensitive to erosion and sea-level rise (Hecate Strait, Strait of Georgia, other Ecosections);

e  Biogenic coral habitats in canyons and channels between slope and shelf areas, which are prime points
for exposure to acidic water (Queen Charlotte Sound, Continental Slope Ecosections);

e  Areas where topographically induced upwelling of deeper water supports productivity and diversity; for
example, the shelf break and seamounts where species and habitats would be sensitive to increases of
oxygen-depleted and acidic water (Continental Slope Ecosection);

e Commercially harvested groundfish species, other non-commercial species and their habitats between
250-400m depth, where increasing levels of oxygen-depleted water are already reducing suitable habitat
for these species and will continue to do so;

e Areas considered important as nursery and juvenile rearing habitats (estuaries, seagrass, and other
nearshore habitats) that would be sensitive to changing physical conditions, particularly temperature,
salinity, turbidity, and stratification;

e Areas through which migrating specnes transit in large numbers for part of their life.cycle, which will be
sensitive to changing physical condi new predators that

(Queen Charlotte



cos STRESSORS UNPACKED

Mquatic

Agriculture

land-hased effects
pollution from fertilizer, animal waste

Aquaculture
Mutrient enrichment
Toxic pollutants
hahitat effects
Rarasites

genetic mixing

Boats and ships
antifouling paint
catastronhic oil spills
fueland oil leakage
EWEEL

Watershed modification

gther watershed modification

Coastal development &amp; bulkheading
Commercial Buildings

Residential buildings

Roads, High voltage transmission lines,
natural gas_ pipelines, seismic lines
Urban Sprawl

Water body alteration: damming, diking.

channelizing, or gulverting lakes, rivers,
streams, etc.

Diseases: Marine organisms

Fishing

Bycatch

Commercial

Habitat damage
Recreational
Sportfishing
Subsistence

llegal and unreported

Forestry

lgg booms
nuirientchanges
sediment runoff
water temp changes

Global change

Changes in upwelling Bamp; productivity
Lowered oxygen in ocean

Ocean acidification

Salinity changes

Seadlevel rise

Snowpack and precipitation changes
Storm activity changes

Water temperature changes

Pollution
Bio-concentrating trace pollutants
Dioxin contamination

excessive nutrients
Fromenergy use; drilling, hydroelectric,

Teawalk

the power of one

Mercury contamination
nutrientenrichment
Plastics

Point-source chemical
Pulp-mill effluent
Sewage effluent
shyrofoams

toxic binchemicals
Urban runoff

Moise

Recovery of sea otters
Recovery of seals / =ea lions

Mon-extractive recreation and tourism
Interference with animal behaviour

Scientific research and educational
Gowvernance: Dysfunctional
Harmful algal blooms

Invasive species

Military and strategic

Poaching

Management of natural resources: Poor
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«  Frequency of top 5 stressors

Auatic

the power of one

FORESTRY - OWERALL

COMPMERCIAL FISHING — OWVERALL

ACQUACULTURE — OWERALL

GLOBAL CHANGE (E.G. CLIMATE) - OVERALL
Commercial fishing - Owverfishing

COASTLINE DEVELOPRENT ({including float-hames)

Energy — Offshare oil, gas, methane exploration

Farestry- Erosion and sediment runoff
RECREATIOMNAL FISHING - OVERALL

OTHER WATER POLLUTION - OWVERALL
Aquaculture - Parasites / dise ase

Forestry- Forest biodiversity loss

SHIFFING f BOATING — OWVERALL

Recreational fishing - Overfishing

Forestry - Changes in water runoff

INVASIVE SPECIES [ DISEASE

Recreational fishing - llegal & unreported catch
Commercial fishing - Illegal & unreported catch
Global change - Lowered oxygen in ocean
EMNERGY — OVERALL

Forestry- Road construction

Aquaculture - Toxic pollutants

Watershed modification - Mining

WATERSHED MODIFICATION - OWERALL
FAININ G

Commercial fishing - Habitat damage
Commercial fishing - Bycatch

Watershed modification - Forestry
Agquaculture - Mutrient enrichment
Otherwater pollution - Industrial point sources
Shipping / Boating - Fuel and oil le akage

Global change - Water temperature changes
Global change - Ocean acidification
Farestry - Water temp changes

Faorestry- Log booms

Energy- Tankar traffic

Aquaculture - Senetic mixing

Aquaculture - Habitat effects

Otherwater pollution - Pulp and paper mills

Otherwater pollution - Municipal sewage
Otherwater pollution - Energy development
Otherwater pollution - Atmospheric fallout
Otherwater pollution - Aquaculture

Watershe d modification - Urban sprawvl
Watershed modification - Lake & river alterations
RECREATION / TOURISM (NON-EXTRACTIVE)
Global change - Associated biological changes
Global change - Storm activity changes

Forestry- Nutrient changes

Subsiste nce fishing - Owverfishing
SUBSISTEMCE FISHING - OWVERALL
Recreational fishing - Habitat damage

Recreational fishing - Bycatch
Energy- Wind energy development
Energy — Hydropower
AGRICULTURE
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Prioritizing management strategies

Implement sustainable forestry best practices
Improve sustainable fishing

Reduce all aquiculture effects

Protectclimate refugia & reduce stressors
Enforce commercial fishing quotas

Establish float home zones

Scrutinize energy projects

Reduce cutting on steep slopes

Educate recreational fishermen on best practices
Reduce all pollution sources

Reduce parasites from aquaculture

Develop shipping / boating guidelines

Educate and enforce recreational fishing limits
Preserve ramainingold growth forests
Educate and enforce recreational fishing rules
Invasive speciescontrol programs

Reduce cutting near streams

Increase commercial fishing obsarvers

Scrutinize mining projects West
Protectand restore functioning watersheds Coas!
Aquatic

the power of one

Scrutinize mining projects

Protectclimate refugia & reduce stressors
Reduce or de-comission roads

Promote renewable energy & modify plans
Shift / modify gear / exclusion zones
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