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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.

Keywords:
Ecosystem services
Forest management
Logging practices
Native forests
Sustainable harvests

Wildlife conservation © 2011 Elsevier Ltd. All rights reserved.

Contents
B R U o T L Tota o) 4 U PP 11
2. Temperate Vs. troPiCal Iog@ing . . . ..ottt ettt e e e e e e e e 12
I T () 28 (310 o T 12
3.1. Many factors can confound studies of 10g@INg IMPACLS . . ... ... .ttt e e et e e e 12
3.2. Logging effects can multiply spatially and temporally . . . ... ...ttt e e e 13
3.3.  Perceptions of 10ggINg ChaNge OVET LIME. . . . ...ttt ettt et ettt et et et e e et et et e ettt ettt et ie s 13
3.4. Human and natural disturbances often differ. ... ... ... .. .. e 13
3.5. Carbon storage and sequestration are often confused . .. ....... ... ..t e 14
4. Ecologically sustainable forest ManagemeNt . . . .. ...ttt ittt et ettt e e e e e e 14
ST @0 3 T 11 e oY= al0) 0 ' U=) 1 Y 15
ACKNOWIBAGMENIES . . . . ottt ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e 15
0 (21 4 Lo PP 15

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
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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 (>10cm diameter) that were killed during
logging operations (data from Crome et al., 1992).

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 Ostlund, 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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