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Silviculture

Silviculture is the management and study of forests 
to produce desired attributes and products. 
Silviculture has strong traditions that have been 
developed, articulated, and refined over several 
centuries – this can be a strength and a limitation

An integrative field that synthesizes information from 
other scientific disciplines. Strongly influenced by 
advancements in knowledge in other disciplines

Silvicultural practices, regardless of management 
objective, aim to control the establishment, 
composition, structure, growth and role of trees 
within managed forests
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History of Silviculture

North America has adopted many practices first 
developed in central Europe in the late 1700s and 
early 1800s

Rate of change in practices has been variable, often 
following trends in societal development

It is important to understand how:
– silviculturists arrived at their current set of practices

– the development of silviculture has affected cultural attitudes 
of silviculturists and the way they think and address 
problems
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Normal  Forest Concept

Idealized forest composed of even-aged, fully 
stocked stands with balanced age-class 
distribution

The number of stands is a function of rotation 
length

Has a constant increment and volume

Provides for a continuous supply of wood
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Consequences

The stand concept
– More that any other concept, the stand concept has been 

widely accepted as a basis for silvicultural decision making

Strong focus of silvicultural approaches and practices 
on:
– Tight boundaries for target structures and compositions

– Emphasis on control to achieve optimal productivity

– Stability and continuity of forest conditions

– Success determined on mean response of tree attributes

– The use of site index to predict productivity

– Expectation of predictable productivity; one number

– A tendency to ignore unusual events



Developments in the Past 30 yrs 

Canada and USA

Ecosystem Management

Emulating Natural Disturbance

New Forestry

Variable Retention/Retention Forestry



Old School



Patch Clearcuts
All about plantation management







Retention Forestry



Lessons From Retention 

Some stands more amenable than others.

Site-specific professional judgement, not rigid rules of 
application early in development.

Emphasis given to rare features, retention of snags.

Silviculturists think more about stand structure, primarily for 
habitat reasons.

Monitoring indicated strong evidence for benefits of small levels 
of retention.

Recovery of many ecosystem processes/functions faster.



Silviculture 

Must Continue to Evolve

Management based on an expectation of order, 

predictability and the replication of earlier successes is 

fraught with risk

Peter Reich – Given that forests cover 1/3 of the 

terrestrial globe and play critical roles in the earth 

system, terrestrial biomes and human economy, it is 

imperative we constantly improve our approach to the 

science and practice of forest management 





New Realities

An era of new climates

Changing biotic and abiotic conditions

Unexpected disturbances

Multiple drivers of productivity

Economic and social change

The notions of homogeneity and stability as a basis for 
management presents many risks that should no longer 
be ignored

Forests can and will self-organize. Dynamic change and 
not stable equilibria are the rule. 

Changes will be neither completely random nor entirely 
deterministic.
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The Culture of Silviculture 
A Shift is Needed

More is required than simply modifying traditional tools. 

Will require new:

– Viewpoints (need to think differently)

– Decision criteria (different temporal and spatial scales)

– Practices (designed to influence adaptive capacity over the long-

term, e.g., functional traits, diversity, interactions)

– Models (uncertainty, non-linear responses, predict interactions)
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We are in a Period of Change

Silviculture has always responded to periods of 
major change
– societal view of the role and importance of forests

– concerns for biodiversity and disappearance of primary 
forest

– increased understanding of ecosystem functions and 
processes 

– climate change/global change

New conceptual approaches on which to base our 
scientific understanding of silvicultural practices are 
evolving

Silviculturists need to think carefully about the 
interactive processes that occur within forests and 
how they enable forests to resist stress and to self-
organize in response to changing conditions 
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The New Mindset

Silvicultural practices need to be considered in terms of trade-
offs to meet diverse values 

Expect increased variability and uncertainty around outcomes of 
established and new practices

Silviculturists need to develop practices that are resilient to 
future conditions

To prescribe and test novel ecosystems

To increase ecosystem resilience and 
adaptability, and promote desirable outcomes



Recruitment, Growth, Mortality

We need to understand how these 
fundamental drivers of forest productivity are 
altered by our practices interacting with prior 
history, climate, biotic and abiotic processes

Management, climate, biotic and abiotic 
drivers interact across time and space to 
affect productivity 

Our predictions should be probabilities not 
fixed numbers



Silviculture: Past and Future

Past: Based on the Normal Forest
– Emphasis on control to achieve optimal productivity

– Presumption of predictability 

– Assessed at stand scale

– Based on mean response of tree attributes 

Future: Shifting to a Complexity View
– Multi-scale perspective that considers site- stand- and landscape-

scale processes and their interactions over time

– Acknowledge variability and uncertainty in environmental, 
biological, economic and social conditions   

– Emphasis on self-organization and adaptability

– Assessed at various spatial and temporal scales

– Adjust based on response of various agents and drivers



Benefits of a Complexity View

Provides a conceptual framework to promote the long-term 

productivity, biodiversity and adaptability of forest 

ecosystems

An integrative multidisciplinary approach to studying and 

managing the structure and dynamics of forest ecosystems 

Will result in a shift from the pursuit of specific stand-scale 

objectives toward a more flexible multi-scale perspective 

that considers site- stand- and landscape-scale processes 

and their interactions

It acknowledges variability and uncertainty in environmental, 

biological, economic and social conditions  
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Silviculture Embracing Uncertainty
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Silviculture Moving Forward
Promote self-organization and adaptability. 

Manage for specific diversity and functional traits.

Work with interactions among species to promote productivity.

Incorporate variability at all scales.

Manage at multiple scales with explicit linkages among all levels. 

Measure success at appropriate temporal and spatial scale. 

Plan and develop long-term scenarios and work with envelopes of 
possibilities and alternate futures.

Use new analytical tools and models that specifically acknowledge the 
prevalence of highly uncertain social, economic, climatic, and ecological 
conditions.

Monitor to determine actual conditions. 

Increase involvement of local communities and other stakeholders to ensure 
that future forests are better aligned with the needs and preferences of local 
people.



24

The Conceptual Approach

Viewing forests as complex adaptive systems is the logical next 
step in our changing view of forest dynamics and the evolution of 
silvicultural practices. 

Adaptability and self-organization are good concepts for 

silviculturists managing forests

– we want our managed stands to adapt or self-organize after 

unexpected disturbances or changes and to continue to provide 

desired goods and services.

Adaptability and self-organization can be general criteria for 
evaluating the success of policy goals and practices 

See for details:
Messier, Puettmann, Chazon et al. 2014. From management to stewardship: viewing forests as 
complex adaptive systems in an uncertain world. Conservation Letters. DOI:10.1111/conl.12156

Messier, Puettmann, Coates 2013 Managing Forests as Complex Adaptive Systems: 
Building Resilience to the Challenge of Global Change. Routledge 

Puettmann, Coates & Messier 2009. A Critique of Silviculture: Managing
for Complexity. Island Press, Washington DC.



Photo Alex Woods

Recovery from MPB Disturbance

Mid-Rotation Plantation Performance
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Flathead Epidemic 1976-1981

Flathead 
Valley

Sampling 

▪ 22 stands, 5 plots per 
stand 
(total of 110 plots)

▪ Two nested plots
-species, diameter and 

increment core (adults),

-species and cross-section 

(saplings and seedlings)



Understory establishment over time
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Lessons from MPB Recovery

MPB-damaged forests are resilient and capable of self-organization

Recovery depended on memory (stand history pre-beetle), % of stand 
killed, species-specific release dynamics and ingress and growth of 
natural regeneration.

The role of shade tolerant species is very important in the successful 
recovery of the stands post-MPB

These factors, often in unique combinations, lead to near complete 
recovery of basal area 25-30 yrs post-beetle in nearly 30% of 
Flathead stands.

More structurally and compositionally diverse stands
– more options

Stand development more difficult to predict than clearcut and plant.

To effectively manage and prescribe practices in MPB-damaged forests one 
needs to understand these complex dynamics



Warning signals of adverse 

interactions between climate change 

and native stressors in forests

Objectives:

Establish a baseline assessment of mid-rotation managed forests 

so that a future assessment could draw more conclusive 

conclusions about climate change/disturbance interactions

Report warning signals associated with the degree to which native 

stressors under the influence of a changing climate may have 

already affected forests so that, in the absence of conclusive 

evidence, forest managers make more proactive, informed 

decisions. 

Alex Woods, K. David Coates, Martin Watts, Vanessa Foord, Erin Holtzman



Assessed 176 randomly 

selected  managed 

stands age 15-40 across 

the northern most extent 

of commercial forest 

management in western 

North America.

High latitudes are where 

climate change impacts 

are first expected (Bunn 

et al. 2007).

Study area included 44 

long-term weather 

stations. Ft St James 

daily weather records 

since 1895.



Changes in climate  Annual Winter Spring Summer Fall

Precipitation (%) 7.8 -8.1 10.3 18.3 16.1

Mean Temperature (oC) 1.1 2.2 1.0 0.8 0.5

Max Temperature (oC) 0.7 0.4 0.1 0.6 -0.2

Min Temperature (oC) 3.6 3.5 3.3 1.4 1.9

Changes in climatic variables across northern BC over 

the period of 1895-2008, using weighted means based 

on the length of daily weather data. Orange values are 

statistically significant (p<0.05).



Assessed 32,881 trees

Lodgepole pine and interior spruce made up 67% of all stems and 87% 

of all stems > 7.5 cm dbh 
# trees

Diameter class (cm)

Tree Species < 7.5 7.5-12.4 12.5-17.4 > 17.5 Total

Lodgepole pine 8457 3881 1732 242 14312

Interior spruce 5664 1373 423 114 7574

Subalpine fir 4216 457 112 44 4829

Trembling aspen 3639 291 82 38 4050

Paper birch 1093 32 4 4 1133

Cottonwood 593 58 26 24 701

Western hemlock 129 11 2 1 143

Black spruce 58 8 1 67

Western redcedar 18 2 20

Douglas fir 28 4 1 2 35

Mountain hemlock 9 1 10

Amabilis fir 7 7

Total 23911 6118 2383 469 32881
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Top height trees are commonly used to estimate site productivity, 

guide model projections of future yield and are generally 

considered free of damage. 

We found the top height trees tended to have the greatest level 

of uncertainty associated with their condition in stands 

regardless of tree species

More uncertainty…



Lodgepole pine

% Basal area damaged by all disturbance agents in all trees > 7.5 cm dbh

Interior spruce All species
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Lessons From Mid-Rotation Plantations

Interactions among climate, tree species, tree size and disturbance 
agents are driving productivity. 

Lodgepole pine-leading stands are undergoing a gradual regime 
shift from productive high yielding systems to pest and damage 
prone low yield systems aided and abetted by a changing climate. 
The challenge of identifying such regime shifts in forests is difficult 
due to their slow development.

No single disturbance agent dominated. Increased damage in 
larger trees was clearest when the cumulative effect of all 
disturbance agents was examined.

Productivity that can be expected from individual stands had high 
levels of uncertainty

Timing of declaring success matters. At earlier assessments these 
stands were fine.



Consider These Thoughts
We need to reflect on the culture of silviculture and how we think about 

forests and their management.

Think in terms of gradients of response, interactions among drivers of 

productivity and trade-offs, not one practice for optimizing one value

our growth and yield models suffer this problem.

Context matters in forestry

small-scale local conditions are important

consider time and place when evaluating success of practices.

Try not to be defensive of past practices/regulations.

Remember, regulations often codify mediocrity, not reward excellence.

Stands/sites are different and react differently to treatments.

Broadcast application of any practice will simplify forests.

Our plantations probably need to be better designed to reduce risk.

Make thoughtful, ecologically sensitive, balanced, silvicultural 

prescription that enhance resilience, adaptability and productivity.



Thanks 


