
 
Ministry of Forests 
and Range Research Branch MEMORANDUM

 

 

 
 
 
File: 312-20/TR055 

November 24/2009 

 

To: Whom it may concern 

From: Forest Science Program Publications 

Re: Errata – author missed 

Errata for Technical Report 055 - Ecological resilience and complexity: a theoretical 
framework for understanding and managing British Columbia’s forest ecosystems in  
a changing climate. 
 
The title page author listing should say: 
 
Elizabeth Campbell, Sari C. Saunders, Dave Coates, Del Meidinger, Andy MacKinnon,  
Greg O’Neill, Deb MacKillop, Craig DeLong, and Don Morgan 
 
The Citation on the CIP page should say: 
 
Citation 
Campbell, E.M., S.C. Saunders, K.D. Coates, D.V. Meidinger, A. MacKinnon, G.A. O'Neill, 
D.J. MacKillop, S.C. DeLong, and D.G. Morgan.  2009.  Ecological resilience and 
complexity: a theoretical framework for understanding and managing British Columbia’s 
forest ecosystems in a changing climate.  B.C. Min. For. Range, For. Sci. Prog., Victoria, B.C. 
Tech. Rep. 055. www.for.gov.bc.ca/hfd/pubs/Docs/Tr/Tr055.htm 

 
To view other Forest Science Program Publications: 
http://www.for.gov.bc.ca/scripts/hfd/pubs/hfdcatalog/index.asp 
 
 
 
Ministry of Forests and Range 
Research Branch 
851 Yates Street 
Victoria BC V8W 9C2 



T E C H N I C A L  R E P O R T  0 5 5

2 0 0 9

Ministry of Forests and Range 
Forest Science Program

Ecological Resilience and Complexity:  
A Theoretical Framework for Understanding  
and Managing British Columbia’s Forest  
Ecosystems in a Changing Climate

The Best Place on Earth

055

ADAPTING TO
CLIMATE CHANGE



Ministry of Forests and Range
Forest Science Program

Ecological Resilience and Complexity:  
A Theoretical Framework for Understanding  
and Managing British Columbia’s Forest  
Ecosystems in a Changing Climate

Elizabeth Campbell, Sari  C. Saunders, Dave Coates,  
Del Meidinger, Andy MacKinnon, Greg O’Neill,  
Deb MacKillop, and Craig DeLong

The Best Place on Earth



The use of trade, firm, or corporation names in this publication is for the information and convenience of the reader. 
Such use does not constitute an official endorsement or approval by the Government of British Columbia of any product 
or service to the exclusion of any others that may also be suitable. Contents of this report are presented for discussion 
purposes only. Funding assistance does not imply endorsement of any statements or information contained herein by the 
Government of British Columbia. Uniform Resource Locators (urls), addresses, and contact information contained in  
this document are current at the time of printing unless otherwise noted.

Citation
Campbell, E.M., S.C. Saunders, K.D. Coates, D.V. Meidinger, A.J. MacKinnon, G.A. O’Neill, D.J. MacKillop, and S.C. 
DeLong. 2009. Ecological resilience and complexity: a theoretical framework for understanding and managing British 
Columbia’s forest ecosystems in a changing climate. B.C. Min. For. Range, For. Sci. Prog., Victoria, B.C. Tech. Rep. 055.
www.for.gov.bc.ca/hfd/pubs/Docs/Tr/Tr055.htm

Prepared by

Library and Archives Canada Cataloguing in Publication Data
 Ecological resilience and complexity : a theoretical framework for understanding and managing British  
Columbia’s forest ecosystems in a changing climate / Elizabeth Campbell ... [et al.].

(Technical report; 055)
Includes bibliographical references.
ISBN 978-0-7726-688-3

. Forest management--Environmental aspects--British Columbia. 2. Climatic changes--British Columbia.   
3. Climatic changes--British Columbia--Forecasting.  4. Forest policy--British Columbia.  I. Campbell, Elizabeth, 
966-  II. British Columbia. Ministry of Forests and Range  III. British Columbia. Forest Science Program  IV. 
Title: Theoretical framework for understanding and managing British Columbia’s forest ecosystems in a changing 
climate.  V. Series: Technical report (British Columbia. Forest Science Program) ; 055.

SD387.E58E36 2009                     634.9’2097                        C2009-90504-2 

© 2009 Province of British Columbia

Copies of this report may be obtained, depending upon supply, from:
Crown Publications, Queen’s Printer
PO Box 9452 Stn Prov Govt
Victoria, BC v8w 9v7
-800-663-605
www.publications.gov.bc.ca

For more information on Forest Science Program publications, visit:  
www.for.gov.bc.ca/scripts/hfd/pubs/hfdcatalog/index.asp

Elizabeth Campbell
Research Branch
Ministry of Forests and Range
727 Fisgard Street
Victoria BC V8W 9C2

Sari C. Saunders
Coast Forest Region
Ministry of Forests and Range
200 Labieux Road
Nanaimo, BC V9T 6E9

Dave Coates
Northern Interior Forest Region
Ministry of Forests and Range
Bag 6000, 3333 Tatlow Road
Smithers, BC V0J 2N0

Del Meidinger
Research Branch
Ministry of Forests and Range
727 Fisgard Street
Victoria BC V8W 9C2

Andy MacKinnon
Coast Forest Region
Ministry of Forests and Range
200 Labieux Road
Nanaimo, BC V9T 6E9

Greg O’Neill
Research Branch
Ministry of Forests and Range
340 Reservoir Road
Vernon, BC  vb 2c7

Deb MacKillop
Southern Interior Forest Region
Ministry of Forests and Range
55 Columbia Street
Kamloops, BC V2C 2T7

Craig DeLong
Northern Interior Forest Region
Ministry of Forests and Range
0 4th Avenue
Prince George, BC V2L 3H9

www.for.gov.bc.ca/scripts/hfd/pubs/hfdcatalog/index.asp
www.for.gov.bc.ca/scripts/hfd/pubs/hfdcatalog/index.asp
www.for.gov.bc.ca/scripts/hfd/pubs/hfdcatalog/index.asp


iii

EXECUTIVE SUMMARY 

At global, regional, and local scales, forest managers are faced with unprece-
dented pressures to supply forest resources for human consumption while 
still maintaining a diverse array of other ecosystem services essential to 
human well-being. While this alone has posed major challenges to forest 
management, global climate change presents a new range of daunting chal-
lenges. The potential for major ecosystem changes as well as uncertainties 
about the degree and rate of climate change necessitates a major shift in 
thinking about forest management. 

Recent scientific literature proposes new approaches to forest manage-
ment that focus on “managing for ecological resilience,” with the idea that it 
provides a tenable framework for achieving sustainability goals when envi-
ronments are changing and the future is uncertain. The concept of ecological 
resilience has been used to guide the management of ecosystems degraded by 
human land use activities, and managing for resilience is a commonly dis-
cussed approach for countering the negative impacts of climate change. This 
document summarizes the theoretical literature on ecological resilience and 
complexity, and describes how this evolving body of science can begin to 
guide the management of forest ecosystems in a changing climate. 

Ecological resilience describes the capacity of ecosystems to absorb distur-
bance without collapsing into a qualitatively different state. While research is 
still under way to develop a structured understanding of the mechanisms 
regulating ecological resilience, scientists propose that key ecological pro-
cesses, operating across varying scales of time and space (e.g., seedling 
survivorship, forest succession, periodic natural disturbances, propagule dis-
persal that facilitates species range shifts), generate the complexity needed to 
maintain ecosystem resilience to environmental change. Maintaining and en-
hancing biological diversity across multiple scales may play an important role 
in preserving ecosystem services if it generates redundancy in the ecological 
processes that confer ecological resilience (i.e., conserves key ecosystem 
functions). 

Adapting forest management frameworks to climate change involves ac-
tions that minimize the risk of adverse climate-change impacts and capitalize 
on its benefits. Managing for resilience advocates diverse and novel actions 
that help cope with uncertainties about future forest conditions and reduce 
both societal and ecological vulnerabilities to climate change. While societal 
adaptations to climate change include the development of policies to encour-
age adaptation, modifying wood processing technologies, and revising 
expectations of resource use and conservation objectives, management to 
maintain ecological resilience involves deliberate, on-the-ground forest prac-
tices that maintain ecosystem complexity across multiple scales of time and 
space, and facilitate gradual ecosystem change in response to climate change. 
In this report, we present some examples of the kinds of on-the-ground ac-
tions that could be undertaken to begin the process of managing for 
ecological resilience to climate change. They include: facilitating tree species 
(and population) migration and range shifts; developing forest harvest, re-
generation, and stand-tending activities that maintain or enhance ecosystem 
complexity and response diversity to environmental change, such as the for-
est structures generated by past disturbance regimes; planting broader mixes 
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of trees across landscapes to help reset successional trajectories; promoting 
landscape connectivity; and retaining or restoring areas that may be buffered 
against climate change. Managing for ecological resilience is in its infancy 
and the technical details about how to implement this new approach to forest 
management will depend on ecosystem type and evolve as the science inte-
grating resilience, complexity, and biodiversity evolves and more information 
about the impacts of climate change on ecosystems becomes available 
through field monitoring programs and quantitative modelling research. 

Resilience-based ecosystem management, especially when it takes into ac-
count changing climate conditions, represents a profound shift in the way the 
Ministry of Forests and Range will approach how forest ecosystems are man-
aged, and poses challenges to many existing practices and policies in British 
Columbia. Involving a more diverse array of forest practices than traditional 
forest management approaches, it will require setting landscape-level man-
agement objectives for desired future forest conditions and making decisions 
regarding how to cope with unexpected and undesirable management  
outcomes. Transitioning to resilience-based ecosystem management also  
requires an understanding of complex ecological and social feedbacks, but an 
awareness of this, and an openness to work with complexity scientists, forest 
ecologists, climatologists, forest geneticists, and others can help to make this 
transition. 
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PREFACE

This Technical Report is one of a series of foundation papers for the British 
Columbia Ministry of Forests and Range’s Future Forest Ecosystems Initiative 
(FFEI). The series of foundation papers will increase awareness about the  
potential impact of climate change on forest range resources in British Co-
lumbia. It will also provide information to help assess the vulnerability of 
British Columbia’s forest and range resources to climate change and guide  
the development of adaptation strategies. 

This report summarizes the theory of ecological resilience and explores 
how this aspect of complex system science provides guidance for managing 
forests in a changing climate. 
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APPENDIX 3 Holling and Gunderson’s adaptive cycle of ecosystem change

Gunderson and Holling (2002) propose the notion of a four-phase adaptive 
cycle to help organize our ideas about the dynamics of complex systems and 
ecological resilience. The adaptive cycle describes how ecosystems change, 
not in a way that is completely predictable but not in way completely uncer-
tain either. Ecosystems develop from the growth phase (r) to the conservation 
phase (K) along relatively slow and predictable successional pathways where 
slower-growing and long-lived species of the conservation phase out-com-
pete species of the r-phase. 

A key feature of the adaptive cycle is the existence of brief periods during 
which significant ecosystem changes can occur: the release (Ω) and reorg-
anization (α) phases. A largely unpredictable disturbance rapidly moves 
ecosystems into a reorganization phase where species from on-site or distant 
population sources colonize newly available habitats, with those best able to 
adapt to the new environment taking hold. Transition from the reorgan-
ization phase to the growth phase can mark the beginning of another trip 
through the adaptive cycle, or the beginning of a new adaptive cycle, a 
change in ecological regime, and a qualitatively different ecosystem state. 
What emerges during the reorganization phase may be highly uncertain. 

Ecological resilience is lowest during the reorganization phase when the 
chances of novel species entering the system is high. Biota of the growth 
phase are well adapted to highly variable and uncertain environments and, 
therefore, resilience to subsequent disturbance remains high. As the system 
transitions toward the growth phase where species interrelationships, inter-
actions, and interdependencies become increasingly strong, resilience 
decreases, because even small disruptions to this complex system could  
generate major ecosystem changes.

Greater detail about adaptive cycles, and how nested adaptive cycles regu-
late ecological resilience, can be found in the book entitled Panarchy: 
Understanding Transformations in Human and Natural Systems (Gunderson 
and Holling 2002) and at the Resilience Alliance website (www.resalliance.
org).

 Adapted from Gunderson and Holling (2002).
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