
Dry forest management and approaches to ecosystem restoration using prescribed 

fire: restoring ecosystems or resources? 

 

 

Introduction  

 

There is little debate that human beings have had effects on the ecosystems of the world. 

We now realise that many of these effects are detrimental to the function of ecosystems 

worldwide (REF).  Obviously we should seek to avoid degrading ecosystems in our 

future endeavours, but we are also charged with managing the ecosystems we have 

already impacted.  Some of these areas, such converted agricultural land, will probably 

remain heavily impacted because we are dependent on the resources we extract form 

them.  In areas where a continued human impact may not be required we attempt to repair 

the damage we have caused through ecosystem restoration.   Ecosystem restoration seeks 

to transform degraded ecosystems in ways that causes them to return to a functioning 

non-degraded state (Hobbs and Cramer 2008).  Despite best intentions to restore 

ecosystems after they have been degraded, restoration projects should be undertaken with 

caution to ensure that they are not doing more damage than good. 

 

Ecosystem restoration represents an interesting point of contact between ecological 

science and management.  Undertaking an ecosystem restoration projects presents an 

opportunity to test theories of ecosystem function and succession (Young et al. 2005).  In 

an ecosystem restoration project we are seeking to exert a controlled influence on an 

ecosystem with the expectation that it will respond in a predictable manner. When we do 

this we are testing whether our theories on ecosystems function and structure are 

validated when we apply them on the ground.  Based on his experiences in managing 

impacted ecosystems in Hawaii Cabin proposed that many restoration projects succeed as 

the result of trial and error rather than scientific than previous research (Cabin 2007a).   

After some backlash to his views (Giardina et al. 2007), Cabin clarified that he did not 

propose that science had no place in shaping restoration, rather that even the most highly 

tested theories may fall apart in the dynamics of ecosystems at large spatial extents in 

non-controlled environments (Cabin 2007b).   Considering these factors we should 

proceed tentatively with ecosystem restoration projects and be prepared to adapt should it 

become apparent that our previous theories are not being validated.  

 

 

With recent paradigm shifts on the way that wildfire is perceived it has been proposed 

that fire suppression in dry forest ecosystems qualifies as a degradation of these 

ecosystems (Friederici 2003).  In fire suppressed ecosystems the proposed method of 

restoration is to apply fire in the form of controlled low intensity ground fires (Allen et al. 

2002).  The dry forests of British Columbia have been proposed as ecosystems that would 

benefit from ecosystem restoration in the form of re-introduction of fire (Refs).  By 

examining the underlying principles and goals of restoration ecology and the 

characteristics of British Columbia’s dry forests I will determine whether there is 

evidence that application of a low severity fire regime will have restorative ecological 

effects. 



 

 

Ecosystem Restoration  

 

Ecosystem restoration is an established and growing field in the realm of biological 

sciences.  In 2003 it was found that 8-12% of published articles in the Journal of Applied 

Ecology involved some type of a restoration theme (Ormerod 2003).  Presently, a quick 

search using the ISI Web of Knowledge with the keywords “ecosystem” and 

“restoration” returns over 2,000 articles.  Since 1993 there has been a peer reviewed 

journal devoted solely to concepts of ecological restoration titled Restoration Ecology, 

published by the Society for Ecological Restoration (SER).  The impact rating of this 

journal has been consistently growing since it’s inception and its 2007 value of 1.612 

places the journal near the median of impact values of ecology related journals (Hobbs 

2007). The SER has also published numerous books on the subject. All of this indicates 

that ecosystem restoration has made the transition from a novel concept to an accepted 

discipline of ecology. 

 

Ecosystem restoration is closely related to, and sometimes confused with, the related 

concepts of ecosystem reclamation and rehabilitation.  For the purpose of this paper the 

definitions presented in The SER International Primer on Restoration Ecology (SER 

2004) will be used.  This publication supplies the following definition of ecological 

restoration, “Ecological restoration is the process of assisting the recovery of an 

ecosystem that has been degraded, damaged, or destroyed.”(SER 2004).  Ecosystem 

restoration is delineated from rehabilitation and reclamation in the same volume.  

Rehabilitation is most similar to ecosystem restoration but differs in that “Rehabilitation 

emphasizes the reparation of ecosystem processes, productivity and services, whereas the 

goals of restoration also include the re-establishment of the pre-existing biotic integrity in 

terms of species composition and community structure.” (SER 2004).  Reclamation is a 

more specific activity related to heavily degraded sites such as mines where “The main 

objectives of reclamation include the stabilization of the terrain, assurance of public 

safety, aesthetic improvement, and usually a return of the land to what, within the 

regional context, is considered to be a useful purpose.”(SER 2004).  The concept of 

ecosystem restoration is narrowed further in a more recent SER publication to  include 

holistic ecological restoration; holistic ecological restoration satisfies all of the criteria for 

restoration but also “…attempts to recover an impaired ecosystem to a condition of 

wholeness (intactness) rather than simply to make a partial improvement.”(Clewell and 

Aronson 2007).  The authors do not feel that management activities that address only 

limited aspects of ecosystem function should be labelled as ecosystem restoration; they 

designate these activities as ecological enhancement or species restoration.  We can also 

manipulate ecosystems to provide specific resources, this is referred to as resource 

management (SER 2004).  It is important to recognize the differences in definitions to 

avoid mis-labelling ecosystem management as restoration when its goals are focused on 

extrinsic values.  These goals might be cultural, safety, or commodity values; all valid 

values in their own right but not necessarily synonymous with the way that an ecosystem 

would self organize in the absence of human impacts or management.    

 



Goal Setting 

 

The setting of goals is one the most important steps of any ecosystem restoration project.  

Goals must be set utilizing a clear rationale that recognizes the dynamic nature of the 

system to be restored, the reasons for the degradation of the system, and the types of 

action that can result in desired restoration outcomes (Hobbs and Harris 2001).  This does 

not necessarily occur in all restoration projects though.  Goals of restoration projects are 

often based on a mixture of ecological, societal, and historical values, which do not 

necessarily reflect the needs of species within that ecosystem (Miller and Hobbs 2007).  

When projects occur with improperly determined goals then a restoration project may be 

viewed as successful when they have only achieved resource management goals.  If the 

only outcome of an ecosystem restoration project is an increase of anthropocentric values 

it may not be ecosystem restoration by definition or in principle, it is simply another 

resource management strategy.  It is important that project goals are scrutinized before 

attaching the label of ecosystem restoration because inaccurate labelling can affect the 

perception of the project in the eyes of the public and policy makers (REF).      

 

Technical and ecological goals are two important types of goals that need to be 

considered when implementing a restoration project (Cairns 2000).   Technical goals 

relate to the success of the application of the restoration mechanism.  An example in the 

case of inducing a low severity fire regime would be the goal of achieving a low severity 

burn that carried over “X” percent of the area in question.  These types of goals are easily 

quantified and determination of success is fairly straightforward.   Ecological goals refer 

to the effects of the restoration project.  These are the broader goals of how we wish to 

change an ecosystem.  In keeping with the previous restoration example a functional goal 

might be re-establish historical fire regimes.  It is more difficult to determine objective 

measure of success for these types of goals (McCoy and Mushinsky 2002).  Ecosystem 

goals are measured within a system that is constantly in flux.  Each ecosystem is a unique 

assemblage and establishing benchmarks to test against is difficult.  Care should be taken 

to distinguish between these goals, and more importantly that they are independent 

measures.  If the two are not independent than ecological goals may be considered 

achieved as a result of circular logic in the assessment process.  In the absence of 

representative ecosystems for comparison historic or natural range of variability is used 

as the measure against which success of ecological goals are measured (Landres et al. 

1999). 

 

 

Historic Range of Variability 

 

Since the goal of ecosystem restoration projects is typically to return an ecosystem to its 

natural state, a method of determining what that state should be is required.  While this 

may seem like a simple task in principle, the dynamic nature of ecosystems complicate 

this task (Ref).  Ecosystems are not static systems, rather than a condition of homeostasis 

they exhibit patterns of homeorhesis (Cairns 2000).  Homeostasis refers to situations 

where a system has feedback mechanism result in maintain a fairly narrow range of 

conditions.  Homorhesis is also as description of self-regulating systems, but refers to 



systems that have some stability within a larger range of conditions.  This result of this is 

that there is no one specific state that is “natural” for a given ecosystem.  Depending on 

the time of examination a single forest stand could be determined to have historically 

existed in an early, mid or late seral condition.  To account for this variability a range of 

states must be considered.  This is often referred to as the historical or natural range of 

variability of an ecosystem.   

 

The terms historical and natural range of variability are often used to refer to the same 

concept.  The primary difference between the two terms is that the latter implies a 

subjective assessment of the “naturalness” of observed conditions without explicitly 

delineating the criteria for the assessment of naturalness.  Historic range of variability 

implies a more objective method of examining the range of states for any given 

ecosystem.  The advantage of examining the historical range of variability over the 

natural range of variability is that it immediately begets the question “For which period of 

history?” an extremely pertinent question.  By changing this time frame to a period 

determined to be “natural” (typically pre-European settlement and development in North 

America) a natural range of variability is determined, and has the added strength of 

defining the criteria of naturalness explicitly in its calculation.   

 

This approach is preferable as the question of what is natural is a highly debated issue in 

the field of restoration ecology.  By examining previous states in a historical context and 

not in a natural context these issues can be sidestepped to allow for a more objective 

approach.  This is not to say that the issue of naturalness is not considered, it is merely 

transferred to the goal setting stage of a restoration project.  If the natural or desired state, 

and the assumptions regarding its definition as natural, are identified early in the planning 

process this will allow baselines to be set and measurements of success to be determined 

in a purely objective fashion.   

 

While there is exists debate on the mechanics and specific ways in which ecosystems 

change over time, there is little debate that they do.  This is especially true in disturbance 

regulated forest ecosystems.  According to classical succession theory after a disturbance 

forests will re-establish and grow until a new mature forest is produced (Ref).  This 

highlights the need for using a temporal and spatial scale that is relevant to the ecosystem 

of concern when determining a historic range of variability (Mayer and Rietkerk 2004).  

By increasing the spatial and temporal scale of analysis results are more likely to 

encompass the entire range of previous ecosystem states.  

 

Since there are rarely detailed records of ecosystem states over the time frames required 

to determine the true range of variability indirect methods must be applied to make 

reasonable estimates of the range of variability.  In forest ecosystem several strategies 

have been employed to make these estimates.  Simulation models can be used to 

determine historic conditions based on information that is available form that time period 

(Nonaka and Spies 2005, Doyon et al. 2008).  Dendrochoronolgical methods can be 

employed to determine age of establishment and disturbances experienced by various 

stands (Sibold et al. 2006).  Geographic information systems can also be used to infer 

probable historic states based on the topography and environmental conditions of the area 



(Sibold et al. 2006).  Ideally several methods will be employed in concert to further refine 

estimates of the historic range of variability 

 

 

Forests and Fire 

 

There has recently been a shift in the way that we view wildfire, and its’ effects on 

ecosystems.  In the past century wildfires were viewed as a destructive scourge of forests 

and all efforts were taken to minimize the potential for fire and to combat and extinguish 

any fires that did occur (Ref).  There has since been a realisation that fire plays an 

integral role in ecosystems where it naturally occurs (ref).    With this shift in the 

perception of fire on the landscape our previous suppression activities, once viewed as a 

measure to protect ecosystems,  are now viewed as a degrading force on forest 

ecosystems which needs to be mitigated by implementing restoration projects.   

 

The suppression of fire in forest ecosystem has been determined to have several effects 

that are viewed as decreasing the health of a forest ecosystem.  It has been demonstrated 

that the activities associated with fire suppression (establishment of fire breaks, 

disturbance by heavy machinery, etc…) inflict damage to ecosystems that they are 

attempting to protect (Backer et al. 2004).  Fire suppression can alter vegetation 

communities, fuel loading, and landscape patterns of forests (Keane et al. 2008a).  

Without periodic fires woody shrubs and understory regeneration of tree species are 

believed to gain a competitive advantage over grasses and forbs.  This results in denser 

understory vegetation, a state believed to provide sub-par habitat. The suppression of fire 

is also believed to result in fires with a greater intensity when they do occur.  The 

argument is that the suppression of periodic low intensity fires allows fuels to accumulate 

to the point that when a fire does occur there are greater levels of fuel on the forest floor, 

and “ladder fuels” are present that facilitate a ground fire moving into the forest canopy 

where it can spread at a greater rate and is more likely to result in a stand replacing fire 

(Friederici 2003)).  The mosaic of different age classes of forest stands across the 

landscape is owed to periodic disturbances.  The spatial and temporal characteristics of 

these disturbances result in different patterns of habitat heterogeneity across a landscape; 

this heterogeneity of habitat has been identified as contributing to the overall diversity 

and resiliency of forest ecosystems (Keane et al. 2008b).   

 

Controlled burning has been proposed as a mechanism to mitigate the effects recent fire 

suppression.  The theory behind the practice is that when low severity surface fires are 

introduced in the form of controlled burns it will result in an improvement in ecosystem 

health and resilience (Friederici 2003).  Low severity fires are assumed to favour 

understorys of grasses and forbs over woody shrubs and decrease fuel loading (Allen et 

al. 2002).  Conducting controlled burns are not without their risks.  There is the 

possibility that a fire could “over-achieve” and result in a higher severity fire than is 

intended (Varner et al. 2005).  This could manifest in two ways, as canopy fires or by 

attaining ground temperatures high enough to kill the bases of grass species, a result 

contrary to the goal of re-establishing dominance of grass species (Clewell and Aronson 

2007).  The disturbance associated with fire (both the fire itself and the associated 



machinery and personnel) can present an opportunity for un-wanted invasive species to 

establish on the burned area  (Keeley 2006, Zouhar et al. 2008), again contrary to the 

goals of restoration.   It is also important to note that the restoration imperative is to 

restore a high frequency fire regime and as such would require that burns are executed 

with a high frequency to maintain the ecosystem in the restored state.  This begets the 

question of whether we are using fire to shift the ecosystem past a threshold from a 

degraded state to a more “natural” state, or are we simply creating a novel ecosystem 

(Hobbs et al. 2006) maintained by periodic management actions in the form of fire.    

 

Birtish Columbia’s Dry Forests 

 

The dry forests of southern British Columbia’s Ponderosa pine (Pinus ponderosa) (PP), 

and interior Douglas-fir (Psuedotsuga menziesii) (Idf) biogeoclimatic zones (Lloyd 1990) 

are an areas that have been proposed to be historically maintained by frequent low 

intensity fires (Klenner et al. 2008).  These forests typically occur at low elevations 

(<1200 m a.s.l) and are bordered on their lower limits by the grasslands of the 

Bunchgrass (BG) zone.  Since the majority of anthropogenic development occurs in 

valley bottoms, these forests are often the closest forest to towns and cities in the region.  

This proximity has led to widespread harvesting in the last century and at least partial 

harvesting has occurred over most of their extent (Klenner and Arsenault 2006).  Their 

proximity to developments also means that they are one of the forests types where 

wildland urban interface (WUI) fires are likely to occur.  Wildfire activity in recent years 

has lead to calls to restore these forests to “natural” states and decrease the potential for 

fires that present a risk to human life and property (Filmon ref?).   

 

Southern British Columbia’s dry forests represent the northern limits of similar dry forest 

ecosystems that extend as far south as Mexico.  The historical fire regimes of these types 

of forests have been examined in their southern range, primarily in south western United 

States to mixed results.  Some examinations have found that Pp forests historically were 

maintained by high frequency low severity surface fires (Allen et al. 2002, Friederici 

2003, Falk 2006).   There is also a growing body of literature to suggest that Pp zones are 

naturally subject to high frequency fire regimes only at lower elevations and latitudes,  if 

at all, and instead are more likely to exhibit mixed severity fire regimes (Schoennagel et 

al. 2004, Sibold et al. 2006, Sherriff and Veblen 2007).  This pattern becomes more 

evident when areas of examination are more northern or larger and include components 

of Idf forest.  This is consistent with findings that spatial scale of analysis can affect 

calculations of historic fire regimes (Falk et al. 2007).  Determining whether a forest was 

historically subject to low severity or mixed severity regime is important as the two have 

differing effects on landscape scale ecosystems dynamics (Keane et al. 2008a).  Mixed 

severity fire regimes were found to result in greater edge to patch ratios and a greater 

diversity of patch ages in the landscape.  If a landscape previously typified by a mixed 

severity regime were to have a low severity fire regime applied through restoration 

efforts it would not be restoring historical ecosystem functions as is the goal of ecosystem 

restoration.   

 



While the dry forests of southern British Columbia are similar to their counterparts south 

of the border, they are not identical, and as such we cannot assume that they will have the 

same historic fire regime.  Historic fire regimes can vary between geographical areas 

even if they share similar ecosystem types and whenever possible should be calculated 

specifically for the are in question (Veblen 2003).  In 2008 Klenner and Arsenault 

conducted analyses to calculate historic fire regimes in southern British Columbia.  These 

analyses included examinations of historic weather patterns, topography, other 

disturbances, historic forest structure, and when available records of historic fires 

(Klenner et al. 2008).  They concluded that southern British Columbia’s dry forests are 

more likely to have been subject to a mixed severity fire regimes than high frequency low 

severity fires. 

 

 

Discussion 

 

The use of fire to manage forest ecosystems is not a new or novel concept.  Fire had been 

used even before European settlement by First Nations cultures to manage forests for 

desired vegetation communities (Keeley 2002).  After the arrival of Europeans fire was 

frequently used to clear and convert forest to agricultural land (Ref).  In both cases fire 

was being used to transform an ecosystem to a more desirable or productive state from an 

anthropocentric perspective, a clear example of resource management.  It may be that the 

state we are creating when applying a high frequency low severity fire regime is not the 

natural state of the ecosystem, but the historic state of a novel ecosystem managed for 

anthropocentric values.   

 

If the application of fire to previously fire suppressed ecosystems achieved all of the 

goals it purports to than it would be an extremely valuable tool.  There are however 

examples where re-introduction of fire has had results contrary to our expectations of 

ecosystem response and restoration goals (Varner et al. 2005).  If this is combined with a 

recognition of the risks of other undesirable outcomes (ex: increased invasive plants post 

fire) than their use would seem unwarranted in most cases.  If the risk of undesirable 

effects is high and the likelihood of achieving desired effects is low, or requires repeated 

management interventions then application of low intensity burns may not bee a useful 

tool for managing large forested landscapes. 

 

 

While application of high frequency low intensity fires to a forest ecosystem may have 

desirable resource management effects, touting this action as ecosystem restoration may 

not be accurate.  There is little data to support the position that high frequency low 

severity fires are typical of historic disturbance regimes in anything but the savannah 

forest adjacent to lowland grasslands.  This position receivers even less support when one 

considers the dry forests of British Columbia which exist at the latitudinal and elevational 

limits of Pp and Idf forests.   These forests are more likely to have a mixed severity fire 

regime where some fires are low intensity, but these are combined with periodic high 

severity stand replacing fires of various spatial extents.  There have been several articles 

indicating that application of the theories based on the Arizona Ponderosa pine 



restoration projects to other geographical areas (Gutsell et al. 2001, Johnson et al. 2001, 

Keeley and Fotheringham 2001).  Based on estimates of historic fire regimes it appears 

that British Columbia’s dry forests despite their similarities to the Arizona forests would 

not benefit from similar restoration activities.  If we were to want to return British 

Columbia’s dry forests to their historic disturbance regime we would need to be prepared 

to periodically burn large areas of forest with stand replacing fires, a prospect unlikely in 

today’s society.  This may however be un-necessary if we consider other disturbance 

types in present day forests, harvesting, and insect disturbances. 

 

We currently convert large stands of mature forest into early seral stages through our 

harvesting activities.  Further more in recent years there has been an effort to employ 

patterns and methods of harvest that resemble natural disturbances (Hunter 1993, 

Bergeron et al. 1999).  If we accept that these tracts of land act in a manner similar to 

areas disturbed by fire, than re-introduction of large scale fire would not be required on 

the land base.  Re-introduction of such disturbances when combined with the disturbance 

or harvesting activities could push the current patterns of landscape structure further from 

historical states into landscapes composed almost entirely of recently disturbed forest.  

Current landscape structure in British Columbia is further complicated by the modern 

epidemic of the mountain pine beetle.   

 

Mountain pine beetle (Dendroctonus ponderosae) have affected millions of hectares of 

forest throughout British Columbia (Aukema et al. 2006).  When the beetles attack a 

stand they cause mortality in nearly all of the overstorey pine trees present in that stand.  

The result will be a much more open stand with only the non-pine components or 

regenerating pine remaining.  Mountain pine beetle attack ponderosa pine in addition to 

lodgepole pine (Pinus contorta) (Negron and Popp 2004).  Both of these species form a 

significant t component of the dry forests of British Columbia. This will result in large 

areas of open and regenerating forest across the province.  Given that we have two major 

disturbances occurring that result in open and reduced density stands it seems counter 

intuitive that we would need to engage in active management strategies to return forests 

to a more open state.  We have already had direct impacts on vast areas of the landscape 

through other management and harvesting activities, actively restoring large areas of land 

which have received little direct impacts other than fire suppression would be further 

decreasing the land base that is not subject to some sort of direct human management. 

 

Use of controlled burning to induce a high frequency low severity fire regime in southern 

British Columbia does not adhere to the principles of restoration ecology as defined by 

the Society for Ecological Restoration International.  These forests have been 

demonstrated to have been historically subject to a mixed severity fire regime and 

prescribed burns are attempting to impose a low severity fire regime.  While these areas  

may have been affected by fire suppression low severity burns will not return them to 

their “natural” state or restore community structure.  This is not to say that controlled 

burns should never be employed, they may have beneficial uses as a resource 

management strategy to achieve goals such as fuel reduction.  If fuel reduction is the goal 

than it should be clearly identified as the goal of the project and only employed in areas 

where fuel reduction is necessary to protect lives and properties, not applied uniformly 



across the landscape.  Labelling these activities as ecosystem restoration is mis-leading to 

policy makers and the public and implies an ecological imperative that may not be 

present.  The only ecosystems restored by such activities are the novel ecosystems 

maintained for their resources by First Nations cultures and early European settlers.  
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