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Does Clearcut Logging Emulate Fire?

1 Introduction

The idea that logging, particularly clearcut logging (where most, or all, of the trees in a specified area of
older forests are cut down) replicates or replaces fire is a commonly heard justification for forest
harvesting. However, this simplification does not reflect the real differences between natural fire and
timber-driven logging. While forest management would do well to imitate natural patterns as closely as
possible, logging alone does not replace natural disturbances such as wildfire. Forest management may
include timber removal to meet certain objectives, such as to reduce the risk of wildfire to human
structures, in key drinking source water areas, or important habitats. In such cases, the prescriptions for
forest state should be clearly based on risk-management outcomes, rather than being timber-driven.

The forests of Alberta’s Southern Eastern Slopes are an important area for source water for all of
southern Alberta. As such, they need to be properly managed to maintain the integrity of these
ecosystems for generations to come. The Eastern Slopes are also iconic landscapes, rich with
biodiversity. Forest management must be done in such a way as to maintain natural levels of
biodiversity and natural ecosystem processes on the landscape. The purpose of this paper is to discuss
the key differences between natural disturbance by fire and clearcut logging on the landscape and to
argue that the common justification behind large scale logging operations, that they emulate natural

disturbance patterns, is not true.

2 Key Differences Between Fire and Logging

Logging and wildfire differ greatly on both a local and a larger landscape scale. The differences can be
largely attributed to the removal of trees and the location of disturbances. Logging tends to target older,
more accessible tree stands, while wildfire is relatively indiscriminate in location and occurs randomly
on the landscape (Cumming, 2001). This section will discuss key differences between these disturbances
in more detail. Figure 1 illustrates this discussion, along with some main landscape-level differences.
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There are four key differences between wildland fire and clearcut logging that will be discussed in this
paper:

Vegetation structure (both at a local and landscape scale), diversity, and age.
Diversity and composition of wildlife and insects.

The hydrological system (water temperature, chemistry, streamflow, and sediment).
Soil characteristics such as composition, soil organisms, and nutrients.

PwnNe

2.1 Vegetation: Structure, Diversity, and Age

Natural forest stands have a diverse structure and composition that is derived from multiple disturbance
sources such as small or low intensity fires, windfall, or insects (Boucher et al., 2017; @kland et al.,
2003). This results in a complex forest structure with more diverse tree and understory species, ages,
and physical structure, including dead, standing, and fallen trees (Carleton & Maclellan, 1994). Logging,
however, simplifies the structure and composition of the stand by targeting only specific species and age
classes that are easily accessible by machinery. Stands are selected based on these features of the trees,
and almost all are removed. Additionally, there is a focus on regeneration of commercial species
following the disturbance. Consequently, the forest composition following logging is relatively
homogeneous in spacing, density, species, and age, with low retention of coarse woody debris
(Bergeron & Harvey, 1997; Brassard & Chen, 2008; Long, 2009; Weyenberg et al., 2004).

In addition to vegetation structure, the forest floor structure also differs drastically between logging and
fire (Pedlar et al., 2002). Following natural disturbance by wildfire, the forest floor is covered in both
coarse and fine woody debris of different sizes and species, creating a very diverse structure of microsite
conditions, while logging has been found to show lower levels of coarse woody debris following
disturbance (Brassard & Chen, 2008). While there are regulations for forestry companies to leave coarse
woody debris on site (Government of Alberta, 2016), typically only deciduous species of low economic
value or coniferous trees that are too small for commercial use are left. Because these broadleaf
deciduous species decay more rapidly than conifers, much of the coarse woody debris left on site decays
within approximately seven years, leaving little structure on the ground (Brassard & Chen, 2008). The
effects of these differences in forest floor debris are evident for approximately 30 years post-harvest
(Brassard & Chen, 2008), and can have important impacts on wildlife, microclimate, and water filtration
capabilities, among others.

Additionally, vegetation differs greatly between post-harvest and post-fire sites. Diversity in both
species type and stand age is greatly affected. Because fire is largely driven by weather, it can occur
anywhere on the landscape, regardless of forest age or stand type (Bessie & Johnson, 1995; Johnson et
al., 2001). This results in a large diversity in stand ages, as fire can re-burn areas of young forest, or burn
older forests (Bessie & Johnson, 1995; Boucher et al., 2017). Logging, on the other hand, regardless of
silvicultural method, specifically targets older stands as these trees are more marketable (Cyr et al.,
2009). This, coupled with a harvest-return interval that is shorter and much less variable than the
natural fire-return interval, leads to an overall homogeneity in age and species type (Carleton &
Maclellan, 1994; Cyr et al., 2009). These differences in post-disturbance vegetation result in landscape-
level changes to forest structure. Research has shown that post-clearcut sites generally have smaller
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patches of vegetation with less spatial variation than post-wildfire disturbance sites (Boucher et al.,
2017; Mcrae et al., 2001; Schroeder & Perera, 2002).

In sum, because logging and fire differ in the nature of affected stands pre-disturbance, and the
vegetation and structure post-disturbance, clearcut logging cannot emulate fire. Important
consequences of these differences for wildlife and insects is discussed in the next section.

2.2 Wildlife and Insects: Composition and Diversity

The structure, composition, and diversity of animal communities also differ between sites that have
been logged vs. burned. Some differences can largely be attributed to disturbance-specific differences in
material left on site, such as standing live and dead trees, snags, and woody debris on the ground (Cyr et
al., 2009; Drapeau et al., 2009; Haeussler & Bergeron, 2004; Nguyen-Xuan et al., 2000; Payer & Harrison,
2003; Pedlar et al., 2002).

The different post-disturbance sites from fire and logging create vastly different habitat types that
favour different types of species. Wildlife communities such as birds, arthropods, and mammals in early-
successional habitats originating from human disturbances such as clearcuts are different from those in
forest openings that result from natural disturbances such as fire (Bond et al., 2012; Drapeau et al.,
2000; Hutto, 1995; Imbeau et al., 1999; Linder & Ostlund, 1998; Moses & Boutin, 2001). For example, in
post-fire sites, large diameter trees and snags (a standing, dead or dying tree, often missing a top or
most of the smaller branches) provide habitat for cavity-nesting birds, mammals, and large raptors;
fallen trees and debris provide habitat for small mammals. Neither is commonly available in post-
harvest clearcut sites (Bond et al., 2012; Hobson & Schieck, 1999; Moses & Boutin, 2001; Raphael et al.,
1987; Raphael & White, 1984). In fact, two thirds of all wildlife species use snags or other woody debris
that is present at post-fire sites at some point in their life cycles (Bond et al., 2012). Additionally, litter-
dwelling arthropod assemblages from young clearcut stands differ from those in post-fire sites, and
these effects have been found to stay for up to 30 years following the disturbance (Buddle et al., 2006;
Hammond et al., 2017).

Some forest species are specifically adapted for post-fire sites. For example, species whose habitat
needs only exist after severe fire include fire morel mushrooms, Bicknell’s geraniums, jewel beetles, and
black-backed woodpeckers (Bond et al., 2012; Hoyt & Hannon, 2002; Rees & Juday, 2002; Schieck &
Song, 2006; Schoennagel et al., 2016; Song, 2002). For species like these, logging cannot substitute fire
in the creation of their habitat. The black-backed woodpecker, for example, is a species that has been
widely studied. Numerous studies have documented adverse effects on the black-backed woodpecker as
a result of modern forestry practices, as this species is almost entirely dependent on fire (Hanson &
North, 2007; Hoyt & Hannon, 2002; Hutto, 1995; Imbeau et al., 1999).

Mammals may be a different story, however. Depending on the severity of the fire, there may be no
difference in mammalian species over the short- or long-term (Fisher & Wilkinson, 2005). Additionally,
the presence of roads following logging activities dissects the remaining wildlife habitat into smaller
patches. The habitat fragmentation associated with linear disturbances such as logging roads can have
significant impacts on mammal species on a post-fire landscape, such as increased mortalities, reduced
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habitat quality and availability, and segregation of the population (Edenius & Elmberg, 1996; Lamb et al.,
2018; Mcgarigal et al., 2001).

Following a disturbance, wildlife species occurrences are complex and affected by many variables, such
as habitat availability, food, competitors, microclimate, and others. As such, it is difficult to generalize
across all species. However, some are well-documented, and do vary greatly between disturbance-
types, especially those species who directly rely on forest fires to create desirable habitats.

2.3 Water: Temperature, Chemistry, Streamflow, and Sedimentation

Fire and logging generally have different impacts on freshwater aquatic systems, the first of which to be
discussed is stream temperature. In natural systems, extreme fires can cause higher stream
temperatures because they remove large parts of the canopy cover and increase sun exposure to the
stream (Nitschke, 2005). This in turn creates stream temperatures that are higher than natural. Clearcut
logging has a similar effect on stream temperatures, although to a lesser extent (Mellina et al., 2002).
While both of these disturbances increase stream temperatures, a study in a headwaters system found
no statistical difference in the response between wildfire and clearcuts on maximum temperature and
diurnal flux (Nitschke, 2005). Increased stream temperatures have important implications on the health
of the stream and the aquatic biota living in it (Minshall et al., 1997). These effects are especially
important for native trout species in Alberta that require fast-flowing, cold-water streams to survive
(Nelson & Paetz, 1992; Selong et al., 2001; Sloat & Shepard, 2005). Even slight changes in stream
temperatures can have important implications on egg incubation, susceptibility to disease, and
movement patterns and timing for these kinds of sensitive species (Macdonald et al., 2003). For
example, Alberta native westslope cutthroat trout (Oncorhynchus clarkii lewisi) have an upper lethal
temperature of only 19.6°C (Bear et al., 2007), which has the potential to be reached following any kind
of disturbance. Although both disturbance types can cause increased stream temperatures, the short-
and long-term effects may vary depending on a multitude of factors, such as the streambed
composition, stream depth, discharge, input, and amount of riparian shade that is removed (Mellina et
al., 2002). Stream temperature changes have important implications for the biota living within them; as
such, the differential effects of post-harvest and post-fire sites on nearby stream temperatures need
further understanding and research.

Streamflow is also differentially affected by clearcut logging and wildfire. Following fire on the
landscape, streams experience an increased flow in the early season due to an increased volume of
water, and a decreased flow volume in the later season over the long-term (Nitschke, 2005; Silins et al.,
2009). Similarly, logging has the potential to affect downstream flooding and streamflow changes
through increased peak flows and decreased summer low-flows to below base flow (Nitschke, 2005;
Swanson & Hillman, 1977). Hicks et al. (1991) found that clearcut logging increased summer stream
flows by 159% for eight years, which was then followed by a 25% decrease in low-flows, which after 18
years had still not returned to pre-harvest levels. Additionally, it has been found that even moderate
levels of harvest have the potential to influence the frequency, magnitude, and duration of streamflow
(Green & Alila, 2012). These changes in flow, both as a result of logging and fire, can have important
implications on flooding and drought, as well as water temperature, volume, dissolved oxygen, and
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available habitat (Green & Alila, 2012; Hicks et al., 1991; Nitschke, 2005); all of which have the potential
to influence sensitive aquatic species, such as native trout.

Both logging and fire increase sediment loads in streams following the disturbance (Nitschke, 2005).
However, the impacts of both differ. Post-fire sites can result in larger sediment loads for severe fires.
Severe fire often disturbs much larger land areas, consequently exposing more soil to the risk of erosion
(Nitschke, 2005; H. G. Smith et al., 2011). Clearcut logging also greatly increases sediment loading,
although to somewhat of a lesser extent than fire, and over a longer time period (Carignan et al., 2000;
Mcrae et al., 2001; Nitschke, 2005; Silins et al., 2009). The recovery times of sediment loading following
both disturbance types varies between the two. Following wildfire, the system experiences a large
increase in sediment that recovers quicker than that of clearcuts (Nitschke, 2005). Due to the presence
of logging roads, there is a continuous source of sediment created that takes a longer time to recover.
Although both disturbances increase sedimentation in the streams, these important differences suggest
that logging does not emulate natural disturbance by fire in this regard.

Logging and wildfire affect the water chemistry of headwater systems in different ways and this
divergence could have potentially substantial consequences on biodiversity in aquatic systems. Wildfire
can especially influence nutrients such as nitrogen and phosphorus in the water supply. This can have
impacts on potential contamination of surface water as well as impacts on stream biota (Martin et al.,
2000). While wildfire can cause increases in several nutrients such as phosphorous and nitrogen,
harvesting can increase other compounds such as dissolved organic carbon and different forms of
nitrogen (Nitschke, 2005). The ratio of nutrients is also different from wildfire, particularly related to an
increase in the phosphorous to nitrogen ratio, and in the residence time of phosphorus, which can
influence algal growth (Martin et al., 2000; Nitschke, 2005).

Differences in water temperature, stream flow, sedimentation, and chemistry between wildfire and
logging are complex and need to be managed carefully to meet ecosystem objectives. Although some
impacts on the water system are similar between the two disturbance types, logging does not emulate
natural disturbance by wildfire in terms of impacts on the aquatic system, both in the short- and long-
term. For additional information on the impacts of forest harvest on the hydrological system, see the
other paper in this series, The Effects of Forest Harvest on Hydrology.

2.4 Under the Forest Floor: Soil Composition, Organisms, and Nutrients

The influence of both fire and logging on soil factors varies between the two types of disturbances, but
also by fire severity. The impact that fire has on soil, for example, depends largely on the severity of the
fire (Certini, 2005; Neary et al., 1999). Depending on the fire severity, the soil is impacted in different
ways. For low-to-moderate severity fires, the impacts on soil properties are generally beneficial. In
general, following a lower severity fire, the soil sees an increase in pH as well as an increased influx of
nutrients. This is mainly due to the water-soluble components of ash creating more available forms of
soil nutrients that would otherwise take years to become available with natural decomposition rates
(Debano, 1990; Gonzalez-Pérez et al., 2004). However, when fire becomes higher intensity or more
severe, these beneficial soil processes mostly disappear. Intense fires have several negative effects on
soil; for example, the almost complete removal of organic matter has implications for both soil erosion
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as well as subsequent soil creation processes, or “pedogenesis”. Additionally, with the extremely high
temperatures associated with severe fires, the soil structure becomes deteriorated and experiences a
loss in nutrients, invertebrate, and bacterial communities (Certini, 2005; Debano, 1990; Gonzalez-Pérez
et al., 2004; N. R. Smith et al., 2008). Additionally, following all fire intensities, the bare soil left can seal
off due to the effect of raindrops. Raindrops can reduce the particle size and cause a crust to form on
top of the soil, consequently reducing the infiltration capabilities and increasing the amount of surface
runoff in the area (Certini, 2005; Neary et al., 1999).

The effects of logging on soil do not seem to be well-studied in the literature. However, it appears that
most impacts from logging on the soil are as a result of either the addition of organic matter or the
compaction caused by heavy machinery (Froehlich, 1979; Startsev & McNabb, 2000). Forest harvest
practices generally leave an abundance of undecomposed organic matter on the soil that has
implications for changes in soil nutrients, compared to unlogged sites (Bock & Van Rees, 2002); thus the
organic matter left on site following logging versus fire is very different. Additionally, the use of heavy
equipment and machinery can cause rutting and soil compaction, creating an increase in surface runoff
and gullying (Froehlich, 1979; N. R. Smith et al., 2008; Startsev & McNabb, 2000). Although the relative
impacts on soil composition, nutrients, and organisms are not well-defined nor compared between the
two disturbance types, it can be postulated that logging does not emulate fire in all regards relative to
soil properties.

Soil organisms such as mycelium (fungi) experience different changes with fire and clearcut logging.
There are two main factors that affect the mycelium community: a shift in the type or amount of
inoculum (the material used to start the fungi culture), or a change in the soil environment (Jones et al.,
2003). Following clearcut logging, these types of changes to the soil environment can cause changes in
soil fungal species diversity, which will inevitably affect both soil organisms, and above-ground plant
species (Jones et al., 2003). Additionally, there is always a concern following logging that new fungi will
be introduced on the roots of planted seedlings (Jones et al., 2003). Wildfire is an important process for
regenerating soil fungi organisms, as higher intensity fires will initiate new colonization and succession
in these species (Dahlberg et al., 2001). Additionally, some species, such as nitrogen-fixing bacteria, have
been known to increase following a fire (Gonzalez-Pérez et al., 2004). Logging, on the other hand, has
been found to reduce the activity of soil organisms approximately 2-3 years post-harvest (Hagerman et
al., 1999).

Clearcut logging does not emulate wildfire in terms of soil processes. Soil composition, compaction
rates, nutrients, and organisms following wildfire are not the same as those following forest harvest.

3 Conclusions

As discussed throughout this paper, clearcut logging does not emulate fire in any substantial manner.
There are key differences that exist between the two disturbances in terms of vegetation, wildlife, soil,
and water. Therefore, the commonly used rationale behind clearcut logging, especially in sensitive areas
such as Alberta’s southern eastern slopes, is untrue. We need better forest management that accounts
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for these differences in forest disturbance in such a way that the natural ecosystem is prioritized above
all else.

Forest management practices need to acknowledge that clearcut logging does not emulate fire on the
landscape, and that harvested landscapes are unnatural and not the same as those that have
experienced fire disturbances in the past. The southern eastern slopes of Alberta need to see a move
toward more holistic, ecosystem-based management of our forests. The sooner the timber industry
acknowledges that logging does not emulate wildfire, the sooner we can move forward with responsible
forest management practices that prioritize healthy, functioning landscapes and ecosystems.
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