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Canadian forest ecosystems: carbon
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Soothe et al. 2022. Large soil carbon storage in terrestrial ecosystems of Canada. Global Biogeochemical Cycles, 36(2)

Live plants = 18.3 Pg C,  ~6% Soil Organic C (1 m) = 306 Pg C,  ~20% 



Canadian Forest Ecosystems: biodiversity
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Canadian Forest Ecosystems: biodiversity

4
Formenti, S., Peace, A., Eyles, C., Lee, R. and Waldron, J.W., 2022. Fractures in the Niagara Escarpment in Ontario, 
Canada: distribution, connectivity, and geohazard implications. Geological Magazine, 159(11-12), pp.1936-1951.

24% of world’s boreal forest
Habitat for ~ 80, 000 species 

https://www.canada.ca/en/environment-climate-change/services/biodiversity/national-
biodiversity-strategy/milestone-document.html



Canadian Forest Ecosystems: timber supply
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https://natural-
resources.canada.ca/sites/nrcan/files/forest/s
of2022/SoF_Annual2022_EN_access.pdf

One of the world’s largest exporter of wood products



Canadian Forest Ecosystems: disturbances & climate change
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Climate change in Canada’s boreal forest region 1

• 1961-1990: 0.6 ⁰C

• 2071-2100: 4.3-5.7 ⁰C

Climate change introduces enormous uncertainty in 

predicting vegetation changes

1 Price et al. 2013. Anticipating the consequences of climate change for Canada’s boreal 

forest ecosystem. Environ. Rev. 21:322-365.

https://natural-resources.canada.ca/sites/nrcan/files/forest/sof2022/SoF_Annual2022_EN_access.pdf



Boreal Forest Succession 7

❏ Forest succession

A dynamic process of progressive compositional development of ecological

communities of species following natural or anthropogenic disturbance.

Martin, M., Krause, C., Fenton, N.J. and Morin, H., 2020. Unveiling the diversity of tree growth patterns in boreal old-growth forests reveals the richness of their dynamics. Forests, 11(3), p.252.

Potential

Predict future vegetation structure and 
composition i.e. carbon, biodiversity, timber

Reality

Limited understanding and 
limited ability to predict 
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❏ Literature review (150+/200+ papers) (keywords + search engines)

● Theory and model development

● Ecological processes and influential factors

● Network analysis: factors and conceptual models

● Synthesized succession pathways

❑ Objective

Study forest succession dynamics in Boreal North America i.e. clarify advances

in knowledge and limitations in understanding

Boreal Forest Succession

❏ Findings

1) Theory and model development

2) Influential factors vs existing models

3) Disturbance interaction



Findings: 1) Theory and model development
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Early Work

Indigenous 
land 

management

1685

Bog formation     
– King

Advice to 
foresters      –

Buffon

1742

Formally 
recognized  –

Warming

1895

Succession on 
sand dunes          

– Cowles

1911
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Development of Theories

Relay 
floristics    –

Odum

1969

Ecosystem 
attributes  
– Odum

Holistic 
succession
– Clements

1916 1936

1917

Individualistic 
succession     
– Gleason

1926

Role of 
disturbance      –

Watt, Tansley

1947 1949

Gradient 
analysis     –
Whittaker

1948

Initial floristic 
composition 

– Egler

1954



12Modern Theories:

Connell and Slatyer 1977

Complex nature of disturbances 
may cause varied succession

Changing resource availability

Resources as driver of succession

Drury and Nisbet, 1973

Disturbances as driver of succession

Species and resource availability 
altered by disturbance

Tilman

Mechanisms of succession



Findings: 2) Influential factors & synthesized pathways
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Succession processes span multiple spatiotemporal scales

14
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Succession theories 
and the factors they 
consider

Many influential factors 

Vs. 

limited number of factors 

considered



Synthesized hypothesized succession pathways: northern boreal

17

Bf = Balsam fir;   Pj = Jack pine;   Pt = Trembling aspen;   Sb = Black spruce;   Sw = White spruce



Findings: 3) Disturbance interactions

20

Paine et al. 2008. Compounded perturbations yield ecological surprises. Ecosystems 1:535–545



Limited number of papers studied disturbance interaction (< 10%)

Disturbance types Interaction

Logging + defoliation Synergistic or buffering

Logging + windthrow Synergistic 

Logging + fire Synergistic 

Windthrow + logging + fire Buffering

Windthrow + logging Synergistic

Windthrow + fire Synergistic

Defoliation + fire Synergistic or no effects

Defoliation + windthrow Synergistic

Fire + logging No effects

Interactions among disturbances were largely synergistic



Disturbance interaction effects

Logging Fire
Increased fire size 

converting landscape to 
early seral type

Failed regeneration 
+

Expansion of 
unproductive land

James et al 2011

Boucher et al. 2017, 
Perrault-Herbet et al 2017

Post-logging fire reversed succession, drove regeneration failure 



Disturbance interaction effects

Fire Logging

Regeneration not 
influenced by harvesting 

Brehaut and Brown 2020

Post-fire harvesting had no detrimental effects on regeneration



Disturbance interactions
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Windthrow Salvage Logging

Reduced Balsam fir regeneration

Waldron et al 2014



Disturbance interactions
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Windthrow Salvage Logging Prescribed Burn

Improved forest management with better understanding of disturbance interaction



Key takeaways
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1) Successional dynamics

• An old concept, understanding has been progressively better, complex interactions
• A continuous dynamic process, i.e., no stable climax community
• Fire is influential but understanding its interaction with other disturbances is critical

2) Implications for future study

• Need to clarify disturbance interactions, threshold beyond which buffering 
interactions tip to become synergistic interactions
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Thank you!

And

Questions?


