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Logging is one of the most important forms of native-forest exploitation and can have substantial impacts
on biodiversity and key ecosystem services. Here we briefly contrast logging operations in temperate and
tropical forests and then highlight several challenges for understanding the ecological impacts of logging.
We argue that many logging studies are conducted at small spatial scales or over inadequate time peri-
ods, and are biased against finding significant negative impacts. This is because of confounding environ-
mental differences between logged and unlogged forests as well as the prolonged nature of forest stand
development. Human perceptions of logging also can be biased by the ‘shifting baseline’ phenomenon,
and by an incorrect perception that logging operations approximate natural disturbance regimes. We
argue that the ecological impacts of logging can be more challenging to detect than is often appreciated,
and that forest managers and decision-makers should be cautious when weighing the arguments of pro-
logging lobbies.

� 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Around the world, forest management for timber production
has long been one of the most controversial, and sometimes divi-
sive, natural resource issues (e.g. Yaffee, 1994; Puettmann et al.,
2008). Many debates have arisen over the impacts of timber
ll rights reserved.
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u (D.B. Lindenmayer), bill.
harvesting on other forest values, particularly the conservation of
biodiversity (Lindenmayer and Franklin, 2002; Gibson et al.,
2011) (for instance, see the contrasting views of Paillet et al.
(2009) vs. Halme et al. (2010)).

Here we briefly examine several aspects of the debate over log-
ging impacts on biodiversity, based on our combined 60 years of
experience in working in temperate forests (e.g. Lindenmayer
et al., 1999, 2009; Lindenmayer, 2009) and tropical forests (e.g.
Laurance, 1991; Laurance et al., 1997, 2000, 2007). This exercise
is important, we believe, because aspects of these recurring argu-
ments are either flawed or often misunderstood, meaning that
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Fig. 1. Reduced-impact logging methods can markedly reduce forest damage.
Shown are data from different logging studies in Southeast Asia (unregulated
logging) and north Queensland (regulated logging). Collateral damage is the
percentage of non-harvested trees (P10 cm diameter) that were killed during
logging operations (data from Crome et al., 1992).
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forest managers and decision-makers should be cautious when
weighing the arguments of pro-logging lobbies or interpreting log-
ging-impact research.

2. Temperate vs. tropical logging

At the outset, it is important to emphasize that logging typically
differs between temperate and tropical regions. Forest stands in
temperate regions are often dominated by a small number of tree
species, and in many cases stands are clearcut in a mosaic pattern
(Puettmann et al., 2008). In some harvesting operations, living and
dead trees that provide hollows for wildlife as well as strips of veg-
etation along watercourses are retained (e.g. Carey, 2007; Bunnell
and Dunsworth, 2009). Logging of temperate and boreal moist for-
ests can make them more fire prone (Odion et al., 2004; Thompson
et al., 2007; Lindenmayer et al., 2009) and this may even result in
regime shifts as a result of significant alterations in fire frequency
and/or severity (Lindenmayer et al., 2011a).

In the tropics, tree species richness is far higher than in temper-
ate forests and only a limited number of larger trees are harvested
– typically from 1–20 trees per hectare (Crome et al., 1992; Felton
et al., 2008). Unharvested species are generally those that have
undesirable wood properties, are too small, or are too rare or
poorly known to be exploited by wood-products industries.
Although cutting is selective, logging operations in the tropics
can cause a substantial (10–80%) loss of forest canopy-cover and
Fig. 2. Logging operations often create large amounts of dry, fine fuels that can
promote forest fires, as shown here in the Congo Basin (photo by W.F. Laurance).
heavy collateral mortality of non-harvested trees (Fimbel et al.,
2001). As we discuss further below, such damage can be consider-
ably diminished via reduced-impact logging methods (Putz et al.,
2008) (Fig. 1).

In a separate paper in this issue, highlight many challenges in-
volved in the sustainable logging of native forests in the tropics.
For tropical wildlife, impacts on populations can arise not only
from the logging operation itself but also from important second-
ary effects. In particular, forest roads created by logging operations
tend to facilitate a sharp increase in hunting, slash-and-burn farm-
ing and human colonization of forests (Redford, 1992; Laurance,
2001; Asner et al., 2006), whereas the dry, fine debris created by
logging operations (Fig. 2) in concert with increased human igni-
tion sources can lead to a major increase in destructive wildfires
(Uhl and Kauffman, 1990; Malhi et al., 2009). Fires can be particu-
larly harmful to tropical rainforests because few plant species are
adapted to survive even low-intensity fires (Cochrane, 2003;
Cochrane and Laurance, 2008).
3. Key lessons

3.1. Many factors can confound studies of logging impacts

Numerous studies have sought to assess the effects of logging
on biodiversity by contrasting the biota of logged and unlogged
sites (see reviews by Lindenmayer and Franklin, 2002; Paillet
et al., 2009). Non-significant results are sometimes interpreted as
a lack of impact or only benign effects of logging on biodiversity
and ecosystem processes. However, robust logging-impact studies
are far from straightforward for a range of reasons, including the
three considered briefly below.

First, site productivity can confound comparisons of logged and
unlogged sites (Chazdon et al., 2009; Gardner et al., 2009) (see
Kavanagh and Bamkin (1995) for an example of this). Logging is of-
ten concentrated in flatter, lower-elevation areas that tend to occur
on richer alluvial or basaltic soils, whereas unlogged sites are often
in steep, rocky, higher-elevation sites that generally have lower
soil fertility and forest productivity. Such differences can substan-
tially influence the structure, floristic composition, and faunal
communities of sites independently of logging, and may reduce
the likelihood of finding significant logging impacts on distur-
bance-sensitive fauna because they are naturally more abundant
in the more productive, lower-elevation sites (Huggett and
Cheeseman, 2002; Lindenmayer and Franklin, 2002).

Second, detecting long-term impacts of logging on biodiversity
can be extremely difficult because forest trees can be very long-
lived (Chambers et al., 1998; Laurance et al., 2004) and forest-stand
development can span centuries (Johnson and Miyanishi, 2008).
Many investigations have substituted space for time in an attempt
to overcome this (Lindenmayer and Likens, 2010). However, such
retrospective studies can fail to account for the important influence
of site history on biodiversity (Gustavsson et al., 2007), sometimes
leading to erroneous conclusions (Pickett, 1989; Lindenmayer
et al., 2011b).

Finally, some of the most significant impacts of logging on bio-
diversity are cumulative over space (Lindenmayer et al., 2011a),
over time, or both. For example, logging – especially low-intensity
selective logging or shelterwood-silvicultural systems – can have
relatively limited effects after a single cutting cycle (Grieser Johns
and Grieser Johns, 1995; Greiser Johns, 1997). However, repeated
cutting events can substantially alter stand structure (Kellas and
Hateley, 1991; Linder and Östlund, 1998), leading to significant
negative effects on particular elements of the biota (Lindenmayer
and Franklin, 2002). Cumulative effects on forest biodiversity can
be extremely difficult to quantify (Cocklin et al., 1992) (but see
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Edwards et al., 2010) and may require the integration of a range of
data from studies of a range of taxa including ‘‘non-charismatic’’
groups such invertebrates (e.g. Barlow et al. 2007; Gardner et al.,
2009), coupled with the collective insights of observational studies,
landscape analyses, monitoring programs and simulation modeling
(Spies et al., 2007; Lindenmayer, 2009).

In summary, it is almost impossible to conduct a ‘‘perfect’’ study
to fully quantify logging effects on forest biodiversity. Even true
experiments (e.g. Crome et al., 1992; Yabe et al., 1998) and natural
experiments can be problematic; for example, they are typically
conducted at a small spatial scale that necessarily limits inferences
about wide-ranging species. Therefore, we suggest that researchers
and resource managers need to be aware of the limitations of work
contrasting the biodiversity of logged and unlogged areas. There is
also a need to carefully design logging studies to minimize key
problems like the potential for confounding between environmen-
tal conditions and logging (Chazdon et al., 2009; Gardner et al.,
2009); for example, through the use of a randomized block design.
In addition, logging studies need to untangle the impacts of direct
effects that result from cutting down trees from the indirect effects
that can accompany logging, such as increased hunting pressure.
Finally, given these potential problems with logging studies, we
suggest that conservation biologists, forest ecologists and forest
managers should be circumspect in interpreting the results of such
investigations and therefore be very conservative in designing pre-
scriptions for biodiversity conservation within timber-production
landscapes.

3.2. Logging effects can multiply spatially and temporally

An argument frequently advanced to suggest logging has benign
effects on biodiversity and ecosystem processes is that only a small
fraction of a given forest region is logged in any given year. This
argument is often advanced by government agencies, pro-logging
politicians and lobby groups (e.g. World Growth, 2010; Depart-
ment of Primary Industries – New South Wales, 2011; Victorian
Association of Forest Industries, 2011). However, this argument
overlooks several key issues.

First, there can be a potential for cumulative spatial effects of
many cut-blocks across a landscape. The impact of a single cut-
block in a forest landscape might be limited, but substantial effects
may arise when many areas are harvested over a full rotation
(Franklin and Forman, 1987). For example, the loss of structural
complexity within stands can accumulate over many cutover sites
and result in a highly homogenized landscape.

Second, logging operations often occur in the most productive
parts of landscapes (Chazdon et al., 2009; Gardner et al., 2009),
which are important for many elements of the biota (see above).
Such landscape-scale changes can influence disturbance-sensitive
species that can be effectively conserved only within large ecolog-
ical reserves that are exempt from timber production (e.g. Linden-
mayer et al., 1999; Peres, 2005).

Third, logging may fundamentally alter key ecological processes
like fire regimes and make forests more fire-prone and subject to
more frequent, more severe and more spatially extensive wildfires
(Uhl and Kauffman, 1990; Thompson et al., 2007; Lindenmayer
et al., 2011a). Thus, the impacts of logging-related or logging-pro-
moted fires can extend far beyond the direct area subject to log-
ging, with subsequent affects on biodiversity, carbon storage and
ecosystem functions.

Finally, suggestions that logging is benign because it affects
only a small fraction of the forest in any given year are often made
in the absence of ecological context. That is, logging impacts need
to be considered in the context of prior disturbances, such as ear-
lier logging, fires or windstorms and should also consider which
parts of the forest are being targeted for harvesting (e.g. areas of
high conservation value or that are critical for particular species
or ecological processes). For example, even a limited amount of
logging in a given year can have significant negative ecological ef-
fects if much of the original natural cover of forest has already been
logged or extensively naturally disturbed.

In summary, while in some landscapes only a comparatively
small area of forest is logged in any given year, we argue that it
is essential for conservation biologists and forest managers to con-
sider the potential for (1) cumulative spatial effects of many logged
areas within wood-production landscapes (Franklin and Forman,
1987); (2) cumulative temporal effects from multiple harvesting
cycles within any given stand (Kellas and Hateley, 1991; Linder
and Östlund, 1998); (3) problems for biodiversity arising from log-
ging operations being concentrated in the most productive parts of
landscapes, and (4) the potential for large-scale changes in ecolog-
ical processes, such as fire regimes, that can occur throughout for-
ested landscapes as a result of logging operations (Uhl and
Kauffman, 1990; Lindenmayer et al., 2011a).

3.3. Perceptions of logging change over time

Management practices deployed over substantial periods can
greatly modify environmental conditions (Linder and Östlund,
1998) that in turn strongly influence both biodiversity and human
perceptions of what is ‘natural’ in a region (Milly et al., 2008). This
is the concept of ‘shifting baselines’ (Papworth et al., 2009), com-
mon in studies of marine ecosystems (Pauly, 1995; Baum and
Myers, 2004) but also highly relevant in forest environments
(Angelstam et al., 1995). For example, the forests of Scandinavia
have been extensively modified over the past three centuries
(Linder and Östlund, 1998; Gustafsson et al., 2010) and, as a result,
many forest managers there find it difficult to believe that unman-
aged forests naturally have abundant deciduous trees and wood
debris (Angelstam et al., 1995). Similarly, in the wet forests of
south-eastern Australia, recurrent logging, frequent high-intensity
wildfires, and post-fire salvage logging have led to widespread
even-aged regrowth stands (Department of Sustainability and
Environment, VicForests, 2008). Forest managers failed to recog-
nize that multi-age stands were once widespread, in part because
evidence of them had largely vanished from wood-production
zones (Lindenmayer, 2009). The widespread extirpation of large
predators from many tropical and temperate forests (Corlett,
2007; Ritchie and Johnson, 2009) also can create pervasive ecolog-
ical distortions – such as hyper-abundant herbivores or generalist
omnivores – that eventually come to be considered ‘natural’.

Given the potential for significant shifts in forest condition as a
result of prolonged human disturbance, we suggest it is important
for resource managers to explicitly recognize the risks of shifting
baselines given the potentially potent influences of past manage-
ment practices on biodiversity. This is particularly important for
guiding attempts to create management practices that mimic nat-
ural disturbance regimes (Hunter, 2007; see below) and for restor-
ing sensitive wildlife to managed forests (e.g. Soulé and Noss,
1998; Roccaforte et al., 2010).

3.4. Human and natural disturbances often differ

Natural disturbances shape many aspects of forest composition
and structure at the tree, stand, ecosystem and landscape scales
(Frelich, 2005). Most natural disturbances leave traces and features
of the original stand in the form of biological legacies. Biological
legacies are organisms, organically-derived structures, and organi-
cally-produced patterns that persist from the pre-disturbance eco-
system (Franklin et al., 2000) and they include logs, intact thickets
of understory vegetation, large living trees, and snags (Lindenma-
yer and Franklin, 2002). Organisms are likely to be best adapted
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to the disturbance regimes under which they have evolved, and
many authors (reviewed by Hunter, 2007) have advocated forest
management strategies that attempt to mimic natural disturbance
to conserve biodiversity (Hunter, 1993; Korpilahti and Kuuluvai-
nen, 2002).

However, the concept of using natural disturbance regimes to
guide human disturbance regimes has sometimes been abused. It
has been invoked, for instance, to justify clearcutting in forests
subject to rare, high-severity wildfires, such as the wet eucalypt
forests of south-eastern Australia. This is because clearcutting
and wildfire were considered ‘‘ecologically equivalent’’ (National
Association of Forest Industries, 1989). Throughout the world,
however, many studies have revealed that clearcut forests and
those burned by wildfires differ markedly in post-disturbance bio-
logical legacies, vegetation structure, plant species composition,
landscape patchiness and successional trajectory (McRae et al.,
2001; Korpilahti and Kuuluvainen, 2002; Puettmann et al., 2008;
Lindenmayer, 2009; Swanson et al., 2011). Such differences can
be vital for sensitive biota (Hunter, 2007) and key ecosystem pro-
cesses such as carbon storage (Keith et al., 2009).

In the tropics, some have argued that selective logging approx-
imates the impacts of natural disturbances such as treefalls and
windstorms (Hartshorn, 1989; Chazdon, 1998). Others have dis-
puted this, arguing that logging only poorly mimics natural distur-
bance dynamics, facilitates exotic species invasions, and can
promote major declines of disturbance-sensitive species (Saxon,
1990; Bowles et al., 1998; Zang and Ding, 2009). In many tropical
landscapes, logging co-occurs with forest loss and fragmentation,
hunting, fires, and other human disturbances. Synergisms among
these disturbances can have severe impacts on some species
(Laurance and Useche, 2009).

We argue that although the use of natural disturbance regimes
to guide human-induced disturbances has considerable merit
(Hunter, 2007), it also has at least six key limitations that resource
managers must recognize. First, it can be difficult to quantify the
most appropriate disturbance regime(s) for a given species, forest
type or forest landscape because of the spatial and temporal vari-
ability in disturbance attributes, such as intensity, frequency and
timing (Gill, 1975) and their relationships with other issues such
as the ensembles of patch types and conditions that underpin the
development of landscape mosaics (sensu Bennett et al., 2006). Sec-
ond, the concept is both difficult to test and actually remains lar-
gely untested in most forest ecosystems. Third, some complex
forest-ecosystem processes are extremely difficult to emulate
(James and Norton, 2002). Fourth, natural disturbances sometimes
induce non-linear or threshold changes in ecological processes,
species interactions, and population sizes in which there is a sud-
den switch from one state to a markedly different one (Laurance
et al., 2011; Lindenmayer et al., 2011b). Fifth, the needs of partic-
ular taxa and the conservation requirements for particular areas
may not be met. Many landscapes have changed as a result of prior
human disturbances such as vegetation clearance, and ‘‘natural’’
disturbance regimes may no longer be appropriate or achievable.
Finally, human and natural disturbances may be spatially or tem-
porally associated. Salvage logging after natural disturbance is
one prominent example (Lindenmayer et al., 2008). The increased
flammability of tropical forests and some moist temperate and bor-
eal forest types following logging is another (e.g. Uhl and Kauff-
man, 1990; Lindenmayer et al., 2009, 2011a; Malhi et al., 2009).

3.5. Carbon storage and sequestration are often confused

Young forests typically grow faster than do old forests. This has
sometimes been used to argue for the cutting of old-growth forests
to create young, fast-growing stands or even-aged plantations.
According to this argument, the carbon from old forests is then
stored long-term in wood products like furniture, while carbon is
rapidly sequestered into the newly created young forests.

However, such arguments confuse rates of carbon sequestration
with carbon storage. Full carbon accounting is needed to quantify
the carbon stored in young regenerating stands or plantations
and in the old-growth forests they replace (Harmon et al., 1990;
Ryan et al., 2010; Pan et al., 2011). It is also needed to account
for carbon emissions from removal of the original forest cover, soil
disturbance, and energy demands of the forest-conversion process
(Hudiberg et al., 2009). For example, plantations of trees harvested
on short rotations may actually contribute to net carbon output,
adding to global carbon emissions rather than reducing them
(Harmon et al., 1990; Murray et al., 2004). This is due primarily
to the large carbon costs involved in establishing, felling, transport-
ing, and re-planting tree plantations, as well as carbon lost from
soil disturbance and post-harvesting fires (Schlesinger, 2000; Guo
and Gifford, 2002).

Accurate carbon accounting also requires an accurate carbon-
sequestration baseline for a project site, against which all subse-
quent carbon calculations are measured. If baselines are estab-
lished after native old-growth forest is cleared, plantations may
appear to have a much higher net sequestration rate than they
actually do. A classic example is clearing an old-growth forest to
establish a fast-growing plantation, where the accounting begins
when the plantation is established – such as was widely used with
the 1990 baseline in the Kyoto Protocol (Watson et al., 2000).

In summary, while young forests generally grow and accumu-
late biomass faster than do old forests, this is not a scientifically va-
lid basis for replacing old stands with young stands or tree
plantations (Luyssaert et al., 2008; Ryan et al., 2010; Pan et al.,
2011). Conversely, arguments for forest conversion need to be
countered by calls for full carbon accounting to ensure forest man-
agers do not confuse short-term rates of carbon sequestration with
long-term carbon storage.
4. Ecologically sustainable forest management

Several studies have shown that unlogged ‘‘primary’’ forests
have higher biodiversity values than do logged or regenerating for-
ests (e.g. Gardner et al., 2009; Gibson et al., 2011) and that some
species can be eliminated or extremely rare in forests that are
logged (Laurance and Laurance, 1996; Lindenmayer et al., 1999;
Peres, 2005). However, this does not mean that logged forests are
without value for biodiversity (Chazdon et al., 2009; Gardner
et al., 2009; Edwards et al., 2010), as human-disturbed forests are
clearly superior environments for forest biodiversity than is no for-
est at all. Nevertheless, the way human-disturbed forests are man-
aged can have a significant influence on other values, making it vital
to develop management strategies that integrate timber production
with biodiversity conservation, long-term carbon storage, and
other key ecosystem processes as a fundamental part of ecologically
sustainable forest management (Lindenmayer and Franklin, 2002).
Indeed, ecologically sustainable forest management is critical for
the�85% of the global forest estate that is neither under plantations
nor large reserves (FAO, 2010). Balancing the environmental, eco-
nomic, and social values of these multi-use forests is essential to
generate economic benefits for governments, private landowners
and trust managers, thereby helping to prevent conversion of mil-
lions of hectares of forest annually (FAO, 2010) to other uses such
as tree plantations, agriculture and built environments, with corre-
sponding losses of biodiversity and ecosystem services (Putz et al.,
2008; Fayle et al., 2010; Smith et al., 2010).

Developing ecologically sustainable forest management prac-
tices is far from straight-forward because, as the issues briefly out-
lined above indicate, logging can affect key biodiversity, carbon
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and ecosystem-process values at a range of spatial and temporal
scales. Hence, there is far more to ecologically sustainable forest
management than, for example, simplistic statements of the per-
centage of a given natural forest area that is logged in any given
year. This, in turn, indicates that a range of conservation and other
forest-management strategies need to be implemented at a range
of spatial scales – from individual trees to entire regions (reviewed
by Lindenmayer and Franklin, 2002). These strategies include,
among many others: (1) The protection of large ecological reserves
(Peres, 2005). (2) The protection of key habitats within landscapes
broadly designated for logging, including aquatic ecosystems and
networks (such as rivers, streams, lakes and ponds), specialized
habitats and localized biological hotspots (e.g. cliffs, caves and
spawning areas), and rare habitats. (3) The establishment of land-
scape-level goals for retention, maintenance, or restoration of par-
ticular habitats or structures as well as limits to specific conditions
(e.g. the amount of temperate dry forest landscapes subject to pre-
scribed burning). (4) The selection of the spatial and temporal pat-
tern for harvest units or other forest management units. (5) The
careful design of roads to account for the potential impacts on
critical habitats, ecological processes, and species (e.g. through
indirect effects like increased human hunting pressure). (6) Struc-
tural retention of key components of the original stand at the time
of logging (e.g. large trees [and associated recruit trees] and under-
story thickets) through retention harvesting in boreal and temper-
ate forests (Puettmann et al., 2008) and Reduced Impact Logging in
the tropics (Eltz et al., 2003; Putz et al., 2008). (7) Management of
regenerating (secondary) stands to create specific structural condi-
tions. (8) Long rotations or cutting cycles.

These strategies will often be a critical part of attempts to de-
velop forest management plans and practices that are ecologically
sustainable. However, their specific application – both singularly
and in concert, will vary substantially between given areas of forest
depending on context, physical and biological conditions, species
assemblages, ecological processes, human developments (such as
roads), the objectives of the landowner(s), and regulatory and so-
cial directives (Lindenmayer and Franklin, 2002).
5. Concluding comments

Out of a constellation of relevant issues in temperate and trop-
ical forest management, we have highlighted five that have been
hotly debated at times and which have particular relevance for bio-
diversity conservation. An appreciation of these issues by conser-
vation biologists, forest managers and policy makers is important
to help guide thinking about forest management practices and to
guide them towards being truly ecologically sustainable.
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