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Current understanding of climate 
change impacts on wetlands and 

waters of Carolinian Canada

Linda Mortsch
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The Nature of Climate Change: Implications and Adaptation for Natural Heritage

London, ON    October 26, 2005

Outline of talk

• Climate projections
• “Big” picture – implications of climate change 

on ecosystems (and water)
– www.ipcc.ch – Working Group II, Chapt. 3 – Water;  

Chapt. 4 – Ecosystems; Chapt. 14 – North America

• Local case study – Long Point 
– wetland vegetation and bird community response to 

water level change 
– Adaptations

• Looking to the future

A changing climate…

Committed warming 
if GHG held at 2000 

levels ~0.1°C/decade

Need to adapt to 
warming of 

~0.4°C next 2 
decades

2030

Impact of 
mitigation felt 

in future

2050

Business 
as UsualWarming 0.74°C

1906-2005

Source: IPCC, 2007 
www.ipcc.ch

Warm & Wet

+4.07+4.44+3.57+3.09+3.99THadCM3 A1FI

+4.67+3.06+19.18+21.52+10.33P

+8.00+7.70+19.93+20.81+12.51PNot so Warm & Wet

+2.60+3.08+2.35+3.33+2.84THadCM3 B22

+1.28-1.60+4.39+4.38+1.40PWarm & Dry

+2.21+3.17+3.26+4.32+3.24TCGCM2 A21

+1.35+0.10+6.60+5.33+2.84PNot so Warm & Dry

+1.60+2.32+2.57+3.17+2.24TCGCM2 B23

SUMMER 
(JJA)

ANNUALGCM
FALL 
(SON)

SPRING 
(MAM)

WINTER 
(DJF)

Great Lakes Basin:
temperature (T- oC) & precipitation change (P-%)

for 2050s relative to 1961-1990

Source: Mortsch, Klaassen, Alden, 2005

Source: Croley, GLERL
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Projected changes ...

• warmer air temperature – greatest warming in 
winter & spring

• longer growing season
• more extreme events – droughts, floods, 

wildfires, intense precipitation
• changes in hydrology

– less snowcover, winter runoff, reduced spring freshet, 
more evaporation, lower summer flows, lower lake 
levels

• reduction in water quality 
– warmer water affect dissolved oxygen
– erosion & non-point source pollution

Factors affecting response of 
ecosystems….

• Amount of temperature and CO2 increase
– moderate change a benefit with sufficient water
– thresholds with irreversible effects

• Rate of climate change
– capacity to adapt

• Disturbance regime changes 
– fire, insects, diseases 

• Frequency, duration & severity of extreme events
– winds, droughts, floods, heat waves

• Location in northern or southern part of climatic range
• Other stresses/pressures acting upon ecosystem

– land-use change affect species through landscape fragmentation 
– pollution and over-exploitation 

Source: Fischlin et al., 2007; IPCC

Ecosystem vulnerability …

• Greatest negative effects on 
– endemic species - smaller range
– migratory species vs. resident (disconnect between food 

sources)

• Evergreen species decline (increase in deciduous)
• NE US forests sensitive to drought stress
• Mild winters reduce winter hardening & increase 

vulnerability to frost
• Depression wetlands with small catchments
• Extinction rates projected to increase

Source: Fischlin et al., 2007; IPCC

Adaptation…

• Local efforts key to maintain and enhance 
resilience 
– Ecosystem managers proactively alter context 

that ecosystems develop

• Reduce impact of other threats: habitat 
fragmentation, pollution, introduction of 
alien species

Source: Fischlin et al., 2007; IPCC

Long Point case study

• Focus on coastal 
wetlands and 
water level 
change due to 
climate change

• Modelling wetland 
vegetation, bird, 
fish community 
response

• Adaptations
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Lake Erie - Water Level Scenarios
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Lake Erie - Water Level Scenarios

David Fay & Yin Fan, Environment Canada
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Lake Erie – Climate Change Scenarios

LAKE OUTFLOW STATISTICS (m 3/s)

CHANGE OF LAKE LEVEL FROM BASE CASE (m)

-0.21-0.73-0.57-0.85Autumn (m)

-0.13-0.64-0.54-0.83Summer (m)

-0.15-0.67-0.55-0.81Annual (m)

-0.62

-0.69

5153 (-22%)

WARM     
& WET

6576

BASE CASE

Spring (m)

Winter (m)

Annual Mean 

NOT-AS WARM
& Wet

NOT-AS WARM
& Dry

WARM   
& DRY

-0.15-0.55-0.79

6263 (-5%)5410 (-18%)4867 (-26%)

-0.53 -0.10-0.79
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Great Lakes Coastal Wetlands

• Water level variability maintains vegetation and 
bird (and fish habitat ) – climate change?

• LAKE ERIE
– Dunnville (13 years)
– Long Point (9)
– Rondeau (8)
– Turkey Point (11)

• LAKE ONTARIO
– Hay Bay (6 years)
– Lynde Creek (6)
– Presqu’ile (8)
– South Bay (6)

Study Sites
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Lake Erie - Flow Scenarios

Modelling Wetland Community Response Rule-based Vegetation ModelsRule-based Vegetation Models

�������������*�&�+, �����- �+,�������#�������

DFO-GLLFAS
Submerged Aquatic 
Vegetation Model

CWS-Waterloo Emergent
Vegetation Model
(Depth, Duration of Flooding/Dewatering, Tolerance Range)

(Depth, Fetch, Substrate)
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Long Point – vegetation changes

(1978) (1964)

Modelling Bird Community Responses

Wetland Breeding Bird Habitat GuildsWetland Breeding Bird Habitat Guilds
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Bird Abundance Estimates in Emergent Marsh HabitatBird Abundance Estimates in Emergent Marsh Habitat

y = -1.9654x 2 + 3.5718x + 1.1686
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Emergent Marsh Nesting Obligates

Long Point – emergent nesting obligates

(1978) (1964)

Implications of Climate Change

• Warm & Dry scenario - most severe scenario
• Wetlands transition to drier vegetation 

communities with less open water and 
interspersion

• Not favourable for some wetland-dependent 
birds 
– Decrease in emergent breeding birds and 

increase in treed/shrub breeding birds
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Wetland Diking

Challenges:
• Fish access & loss of diversity
• Small scale & requires site specific design
• Financial & human resources for ongoing 
management
• Infrastructure must adapt to water level 
changes

Benefits:
• Vegetation - lower exotic species cover & 
higher native species richness (emergent)

• Birds - higher species richness & abundance

1 Land Use Policy and Planning

• Coastal Corridor concept 
– link natural areas along the Great Lakes 

shoreline & provide protection as boundaries 
change 

– new wetland area as migrate towards a new 
Great Lakes shoreline 

– development pressures on exposed shoreline

2 
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Final Report and Website Looking to the future …

• Mitigation:
– Growth in agricultural production (and irrigation 

demands?) for bio-fuels
• conservation incentives

• Monitoring:
– changes can be detected – plant, bird, mammal, 

insect distribution & and abundance
– any modifications needed in management plans

Looking to the future …
• Research

– Ecological modelling – understand link to climate variability & change
– Canada’s Carolinian zone at northern limit for many species

• Warming a benefit?
– Pests and diseases limited by colder temperatures - gain ground?
– Stress in trees – water availability & exposure to insects & pathogens
– Exotic species 
– Climate change interacting with other stresses 

• resilience and tipping points

• Adaptation
– No regrets adaptations – reduce impacts of other threats; expansion of 

reserves
– Planning guided by climate scenarios
– Review Framework for guiding habitat restoration in Great Lakes
– Coordinated, cross-sectoral, integrated policy framework with long-term 

focus

Responding to climate change

• Reserves, connectivity, genetic diversity, and 
population size important conservation goals become 
even more important with climate change

Source: 
Fischlin
et al., 
2007; 
IPCC


