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Abstract. A key driver of rain forest degradation is rampant commercial logging.
Reduced-impact logging (RIL) techniques dramatically reduce residual damage to vegetation
and soils, and they enhance the long-term economic viability of timber operations when
compared to conventionally managed logging enterprises. Consequently, the application of
RIL is increasing across the tropics, yet our knowledge of the potential for RIL also to reduce
the negative impacts of logging on biodiversity is minimal. We compare the impacts of RIL on
birds, leaf-litter ants, and dung beetles during a second logging rotation in Sabah, Borneo,
with the impacts of conventional logging (CL) as well as with primary (unlogged) forest. Our
study took place 1-8 years after the cessation of logging. The species richness and composition
of RIL vs. CL forests were very similar for each taxonomic group. Both RIL and CL differed
significantly from unlogged forests in terms of bird and ant species composition (although
both retained a large number of the species found in unlogged forests), whereas the
composition of dung beetle communities did not differ significantly among forest types. Our
results show little difference in biodiversity between RIL and CL over the short term.
However, biodiversity benefits from RIL may accrue over longer time periods after the
cessation of logging. We highlight a severe lack of studies investigating this possibility.
Moreover, if RIL increases the economic value of selectively logged forests (e.g., via REDD+,
a United Nations program: Reducing Emissions from Deforestation and Forest Degradation
in Developing Countries), it could help prevent them from being converted to agricultural

plantations, which results in a tremendous loss of biodiversity.
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INTRODUCTION

A key driver of rain forest degradation is rampant
commercial logging (Nepstad et al. 1999, Laporte et al.
2007, Asner et al. 2009). Destructive felling and log
extraction techniques, liberal harvesting limits, and
rapid rotations are causing massive disruption to the
structure, carbon stores, and long-term timber yields of
natural forests across huge areas of the tropics. Some
403 million hectares of tropical forest are officially
designated for timber production (Blaser et al. 2011),
while the rate of logging is about 20 times the rate of
forest clearance (Asner et al. 2009). Consequently,
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timber companies are under increasing pressure to adopt
logging practices that are less detrimental to forest
structure and carbon storage, and that provide econom-
ically viable timber harvests over longer time frames
(e.g., Putz et al. 2008, Blaser et al. 2011).

Such practices fall under the rubric of “reduced-
impact logging” (RIL), which proponents argue can
improve management of timber concessions to produce
a win—-win situation for timber companies and forest
conservation. A variety of activities are grouped under
the umbrella of RIL, including: (1) pre-felling invento-
ries (Comprehensive Harvesting Plan) and vine cutting;
(2) the use of crews trained in directional felling; (3)
limits on the number and size of skid trails, logging
roads, and stumping grounds (see Plate 1); (4) restric-
tions on the number, size, or types of trees that can be
felled; and (5) post-felling closure operations to remove
blockages in streams, and so forth (Pinard et al. 1995,
Dykstra and Elias 2003). Although RIL techniques do
not directly equate with the long-term economic viability
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of timber operations, their application does makes
significant strides toward that goal.

RIL results in a sharp reduction of residual damage to
the forest (Johns et al. 1996, Pinard and Putz 1996,
Bertault and Sist 1997, Pereira et al. 2002). For instance,
in Borneo, 41% of non-harvest trees were crushed by
falling lumber and tractors under conventional logging
(CL) regimes, but this residual damage was reduced to
17% with the application of RIL (Pinard and Putz
1996). Lower residual damage, often combined with
lower initial harvests (e.g., Pinard and Putz 1996,
Bertault and Sist 1997), in turn offers longer-term
economic benefits via higher future timber yields (Boltz
et al. 2001, Valle et al. 2007) and via the sale of spared
carbon under REDD+, the United Nations program:
Reducing Emissions from Deforestation and Forest
Degradation in Developing Countries (Putz et al. 2008).
Take-up of RIL is now increasing: it is a prerequisite for
timber certification under the Forest Stewardship
Council (FSC), which permits sale of timber at a price
premium and which currently accounts for 5% of timber
produced globally (FSC 2011). Some regions now
permit only RIL (e.g., Sabah, Borneo since 1 April
2010).

The application of RIL could also have important
implications for the long-term conservation of biodiver-
sity within tropical rain forests. By improving long-term
timber yields, RIL could protect logged rain forests from
conversion to agriculture; conversion results in a
tremendous loss of biodiversity (Cannon et al. 1998,
Meijaard and Sheil 2007, Fitzherbert et al. 2008,
Edwards et al. 2010) and is also a major contributor
to anthropogenic carbon emissions (Danielsen et al.
2008). Furthermore, conventional logging shifts the
composition of animal and insect species (Owiunji and
Plumptre 1998, Hamer et al. 2003, Peters et al. 2006,
Edwards et al. 2011) away from those found in primary
forests, as populations of forest interior species decline
(e.g., Sekercioglu 2002) while non-forest and edge-
dwelling species increase (e.g., Hamer et al. 2003). The
reduction in harvest volumes and residual tree mortality
with RIL could alleviate these negative impacts of
logging on biodiversity, which would be extremely
valuable to conservation.

Despite the increasing interest in RIL operations, and
the potential knock-on benefits for biodiversity conser-
vation, the impacts of RIL are surprisingly poorly
understood; our current knowledge base is insufficient to
predict whether RIL has a critical role to play in global
conservation efforts. A comprehensive review of the
literature identified only 11 previous studies that
examined the value of RIL for tropical forest biodiver-
sity (Table 1). All of these studies compared the
biodiversity of RIL with that of unlogged, primary
forest. To date, however, only two studies have
compared the biodiversity of RIL with that of both
primary forest and of conventionally logged forest
(Davis 2000, Foody and Cutler 2003; see Table 1). In
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a study of dung beetles in Sabah, Borneo, Davis (2000)
suggested that RIL compared favorably with CL,
because RIL had a higher species richness and contained
more primary forest specialist species than CL. RIL,
however, compared unfavorably with unlogged forest
because the beetle community in RIL was more similar
to that of the primary forest edge than the primary
forest interior. In contrast, both RIL and CL did not
appear to reduce the species richness of trees in Sabah
compared to unlogged forests (Foody and Cutler 2003).

Moreover, no study has investigated the impacts of
RIL during a second rotation of logging (Table 1), yet
this is now a frequent application of RIL. In Southeast
Asia (e.g., Malaysia and Indonesia), most of the
remaining forest has already been logged once using
conventional techniques and is slated to be logged again
(e.g., Edwards et al. 2011), increasingly via RIL. In
South America and Africa, widespread commercial
logging of high-value timber (e.g., mahogany) has again
relied mainly upon conventional techniques (Blaser et al.
2011). Because logging typically began later in these
regions than in Southeast Asia, some areas of primary
forests remain where a first logging rotation using RIL
could now be applied. Nevertheless, a second rotation is
likely to commence across large areas of conventionally
once-logged forest as concessionaires “fish-down-the-
value-chain” of timber (e.g., Ahrends et al. 2010). Thus,
we believe the most important comparison is between
the application of RIL and CL during a second logging
rotation in forests that were conventionally logged
during the first rotation. Here, we investigate the
impacts of a second-logging rotation via RIL and CL,
on birds, ants, and dung beetles in Sabah, Malaysian
Borneo.

METHODS

Our study is based in the Yayasan Sabah (YS) logging
concession in eastern Sabah, Malaysian Borneo. Within
the YS concession is a 45200-ha block of unlogged
(primary) lowland dry dipterocarp rain forest in the
Danum Valley Conservation Area and Palum Tambun
Watershed Reserve; this area is dominated by valuable
timber species of the Dipterocarpaceae (Fisher et al.
2011a). Contiguous with this primary forest is the
238 000-ha Ulu Segama-Malua Forest Reserve (US-
MFR; again part of the YS concession), which was first
logged between 1987 and 1991 using a modified uniform
system in which all commercial stems >0.6 m diameter
were removed (yielding an average of 113 m? of timber
per hectare; Fisher et al. 20115).

Most of the US-MFR was logged again between 2001
and 2007 using the modified uniform system, but with
the minimum tree diameter reduced to >0.4 m (Fisher et
al. 2011a). Re-logging resulted in a highly degraded
forest devoid of emergent trees but abundant in pioneer
trees, shrubs and vines, openings in the canopy, and
logging roads and dumps (Ancrenaz et al. 2010). The
majority of the second rotation was via conventional
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TasLE 1. Studies examining the effect of reduced-impact logging (RIL) on tropical biodiversity.
Logging
rotation Timber Years since Distance to
Study Location  studied  cut (m’/ha) logging  No. sites control (km) Taxa
a) With primary forest controls
Azevedo-Ramos et al. (2006) Amazon first 19 0.5 3 NA ants, arachnids,
birds, mammals
Bicknell and Peres (2010) Guyana first 4 0.2-1.5 RIL = 3, 4-8 vertebratesT
UL=3
Castro-Arellano et al. (2009) Amazon first 18 2-3 RIL = 2, 12 bats
UL =2
Dias et al. (2010) Amazon first 15 1-8 RIL = 11, <2.5 fish
UL =11
Felton et al. (2008) Bolivia first 20 1-4 RIL = 12, 0-5 birds (PC)
UL =12
Gerwing and Vidal (2002) Amazon first 37% 6 1 NA lianas
Presley et al. (2008) Amazon first 19 2 RIL = 2, 1-2.3 bats
UL =2
Webb and Peralta (1998) Costa Rica first 49 0-4 RIL = <1 trees
UL =
Wunderle et al. (2006) Amazon first 19 2-4 RIL = 2, 0 birds (MN)
UL =2
b) With primary (UL) and conventionally logged (CL) forest controls
Davis (2000) Borneo first RIL = 104, 3-4 RIL =1, >1 dung beetles
CL = 154§ UL =2,
CL =
Foody and Cutler (2003) Borneo first RIL = 104, 3-4 RIL = 2-4 trees
CL = 154§ UL =2,
CL=1
This study Borneo second RIL = 16, 1-8 RIL = 3, 6-49 ants, birds
CL =47 UL =3, (PC+MN),
CL=3 dung beetles

Note: NA indicates that the study used before- and after-treatment censuses within a single location.
T Vertebrates were four mammal, one reptile, and 10 bird species (or groups of species).

1 Extracted from Johns et al. (1996).
§ Extracted from Pinard and Putz (1996).

logging (see Plate 1), but in some areas reduced-impact
logging (RIL) was applied. RIL included a Comprehen-
sive Harvesting Plan (in which all trees were inventoried,
geo-referenced, and graded as harvestable or not), a
limit on the number of tractor extraction trails,
directional felling by trained crews, and post-logging
surveys before coupes were closed. As a result, the 25
076 ha under RIL had less timber removed (16.0 = 2.6
m’/ha, from 3.9 + 0.6 logs/ha) than the 153 292 ha that
was conventionally logged (CL; 46.6 = 9.2 m*/ha, from
12.9 = 2.1 logs/ha) (extracted from data used in Fisher
et al. [2011a]). Furthermore, of the 4217 skid trails
permitted within the RIL area, only 3525 were opened
(no records exist for the CL forest). Thus, the US-MFR
offers an ideal opportunity to compare RIL with CL as
part of the second logging rotation.

Sampling

Fieldwork was conducted from July to October 2007,
May to August 2008, May to October 2009, and March
to April 2011. We created three widely spaced sampling
sites in each of the three forest types (unlogged, RIL,
and CL), using a space-for-time substitution as an
alternative to following land-use change over decades
(Pickett 1989). Within a habitat, sites were located >3.8

km apart, and between habitats, sites were separated by
11.2-48.5 km. Distances ranged from 15.0 to 21.3 km
between CL sites and the nearest primary forest edge,
and from 5.7 to 12.7 km between RIL sites and primary
forest. However, previous work has revealed no impact
of distance from primary forest edge on metrics of
biodiversity in these logged forests (Fisher et al. 20115).

Our study taxa were sampled in each of these sites
(total n =9), with the exception of dung beetles, which
were sampled in two sites per habitat (» = 6). Sampling
took place 1-8 years after logging, during the relatively
dry period of the year. Within each taxon, sampling was
rotated between forest types to minimize any temporal
effects. Birds, ants, and dung beetles are reliable
indicators of patterns of biodiversity in other taxonomic
groups (Howard et al. 1998, Schulze et al. 2004, Barlow
et al. 2007), are the most cost-effective taxa to sample
(Gardner et al. 2008), and provide key ecosystem
functions such as predation, seed dispersal, and nutrient
recycling (e.g., Nichols et al. 2008).

Avifauna—We used two sampling techniques: point
counts (2008, 2009, 2011) and mist nets (2007, 2008, and
2009). Studies in tropical forests have indicated that bird
census points separated by >200 m can be considered to
be statistically independent (see Hill and Hamer 2004).
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Birds were sampled using unlimited-radius point
counts (see Lees and Peres 2006, Edwards et al. 2010,
2011). At each site, 12 count stations were established at
250-m intervals (108 stations in total) along a line
transect, and each station was visited for 15 min on three
consecutive days between 05:45 and 10:30 hours. A
single experienced observer (D. P. Edwards) noted all
birds seen and heard during each sampling period
(except Apodidae and Hirundinidae, which are difficult
to detect and identify within a closed canopy). Unknown
vocalizations were recorded using Edirol R-09HR
(Roland Edirol, Hamamatsu, Shizuoka, Japan) and
Sennheiser ME66 (Sennheiser, Wennebostel, Nieder-
sachsen, Germany) equipment and subsequently were
checked against known calls (from xeno-canto; available
online).” Given that many tropical birds show high site
fidelity, the final count for a particular species at a
station was taken as the highest number of individuals
recorded on any of the three visits (following Edwards et
al. 2010, 2011). Because we used index counts, it is
plausible that the detectability of some species differed
between forest types, biasing our results by under- or
overestimating the relative abundance of that species.
However, in our densely forested and steep environ-
ment, meeting the three key assumptions of distance
sampling, that (1) all individuals are detected at distance
0 m (our forest is ~75 m tall in places), (2) all individuals
are detected before evasive movements are made, and (3)
distances are measured accurately, is unlikely (Buckland
2006).

We used mist netting to survey the cryptic understory
birds that can be under-sampled by point counts (Blake
and Loiselle 2001). At each site, we erected 15 mist nets
along two transects positioned 500-800 m apart; nets
were opened from 06:00 to 12:00 hours on three
consecutive days (4860 mist-net hours in total; for
details, see Edwards et al. [2009]). Because the canopy of
repeatedly logged forests is lower than in unlogged
forests, canopy species are likely to forage lower and be
more susceptible to capture in mist nets (Remsen and
Good 1996). We therefore restricted our analysis to
species that are not considered to be canopy specialists
(Edwards et al. 2011).

Leaf-litter ants.—Ants were sampled from seven
census points spaced at 25-m intervals on alternate sides
of each mist net transect in 2007-2009 (126 points in
total; for details, see Woodcock et al. 2011). Each
sampling point was considered independent, because the
foraging range of most leaf-litter ant species is <5 m
(Briihl et al. 2003), and all conspecific ants from a
sampling point were considered to be from the same
colony. Leaf litter and loose topsoil were collected from
four 0.25-m? quadrats positioned 0.5 m from each
census point. Material was sieved (1-cm”® mesh) to
remove larger debris and was combined into one sample

7 http://www.xeno-canto.org/asia
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per point. Samples were hung inside mini-Winkler
extractors for four days, after which minor workers
were extracted and identified to species or morphospe-
cies based on personal reference collections of P.
Woodcock, T. M. Fayle, and N. B. Tawatao. Voucher
specimens of each species and morphospecies will be
housed at the Forest Research Centre (FRC), Sanda-
kan, Malaysia.

Dung beetles—We used standardized pitfall traps
baited with human dung (Larsen and Forsyth 2005) to
sample dung beetles (Coleoptera: Scarabaeidae: Scar-
abaeinae) in 2009 and 2011. At two sites within each
forest category, we set five traps spaced at 100-m
intervals centered on each mist net transect (60 traps in
total; for details, see Edwards et al. 2011). Trap spacing
should be sufficient for independence among traps
(Larsen and Forsyth 2005). Traps were collected every
24 h for four days and were rebaited after two days.
Species determinations were made using a reference
collection (prepared by T. Larsen) deposited at the
FRC.

Data analyses

Species richness and diversity partitioning.—Patterns
of overall species richness were compared among forest
types using sample-based rarefaction curves with 95% ClI,
constructed in EstimateS v. 8.2.0 (R. K. Colwell 2009).
Species richness is highly sensitive to sample size, so
accumulation curves were standardized by the total
number of individuals (or ant colonies) sampled in each
forest type (Gotelli and Colwell 2001). To estimate the
probable species pool in each forest type and assess the
completeness of our faunal surveys, we calculated the
mean of five commonly used incidence-based species
richness estimators (ICE, CHAO2, JACK1, JACK?2, and
BOOTSTRAP) using EstimateS v. 8.2. To control for any
confounding effects of the spatial scale at which data were
analyzed (Hill and Hamer 2004), we also compared
species richness between forest types at the level of
individual sample points (a-diversity), with a random
factor of “site,” using the Ilme function in the nlme
package in R 2.11.1 (R Development Core Team 2010).

We also used diversity partitioning to assess the
contributions of species richness within sampling units
(a-diversity) and of differentiation in species composi-
tion between sampling units (B-diversity) to the overall
species richness within each forest (y-diversity). Our
spatial arrangement of sites is similar across forest types,
thus controlling for issues of greater spatial autocorre-
lation if some sites are more closely arranged. We
partitioned species richness using a multiplicative
framework in which vy = o X B (Jost et al. 2010q, b).
We assessed B-diversity at two spatial scales, such that
overall y-diversity within each forest was expressed as

Y=oy X By X B,

where o is species richness within sample points, 3 is -
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PraTE 1.

Re-logging of rain forest is prevalent in Southeast Asia. There is pressure for re-logging to be conducted using

“reduced-impact logging” (RIL) techniques, which aim to reduce the amount of residual damage incurred by the forest. One key
RIL method is decreasing the number of skid trails, logging roads, and stumping grounds that are cut into the forest. This image is
of forest regeneration within a small stumping ground and logging road created during conventional re-logging of the Yayasan

Sabah concession, Borneo, in 2001. Photo credit: D. P. Edwards.

diversity between sample points within sites, and B, is p-
diversity between sites within each type of forest. We
then assessed whether RIL influenced the turnover in
species composition between sampling units, by com-
paring B-diversity at each spatial scale between un-
logged, CL, and RIL forest.

Species composition—In order to determine how
patterns of species makeup differed among unlogged,
RIL, and CL forests, we examined species abundance
matrices using the R packages MASS (available online)®
and Vegan (available online).” Occurrence data for each
species were first converted into a proportion of the total
number of occurrences (of all species) per site, thereby
accounting for differences among sites in the total
number of occurrences. Ordination of sites according to
species similarity (Bray-Curtis index; Magurran 2004)
was then achieved using nonmetric multidimensional
scaling (MDS; Clarke and Warwick 2001) in MASS, and

8 http://cran.r-project.org/web/packages/MASS/index.html
9 http://CRAN.R-project.org/package=vegan

we tested for differences among forest types using a
permutational multivariate analysis of variance with
distance matrices (ADONIS) in Vegan.

The number of species from the unlogged forest
species pool that were found in CL and RIL forests gives
an indication of the conservation value of each type of
forest. These measures are particularly valuable when
sampling taxa in which the threat status of individual
species is unknown (Barlow et al. 2010), as is the case for
Bornean ants and dung beetles. However, rare species
may, by chance, have been sampled only in one or
another type of forest: Species rarely recorded in
unlogged forest might not be reliant on primary habitat,
whereas rarely recorded species in logged forest might
not represent viable populations. Thus, we also sequen-
tially removed species from the data set of each habitat
with abundances of one individual (1), then two
individuals (142), and then three individuals (142+3)
to investigate how rarely sampled species affected
assessments of the conservation value of our forest

types.
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REsuLTS
Species richness and diversity partitioning

We recorded 4414 individuals of 187 bird species with
point counts (herein termed “all birds”), 1453 individ-
uals of 82 bird species with mist netting (herein termed
“understory birds”), 2455 colonies of 216 leaf-litter ant
species, and 14 307 individuals of 48 dung beetle species.
There was no difference in total species richness between
unlogged, conventionally logged, and reduced-impact
logged forests (Fig. 1, Table 2), with the exception of
leaf-litter ants, which showed a decline in richness in
RIL forest. Resampling the data with five estimators of

TABLE 2.
reduced-impact logged forest (RIL).

species richness suggests that our observed patterns of
species richness are reliable, indicating that each of our
censuses exhibited >75% completeness (Table 2).

At the scale of individual sampling points, species
richness differed between habitats for dung beetles (Ime:
F>5, = 6.0, P = 0.005), with RIL (P = 0.017) and
marginally CL (P =0.06), having lower richness than in
unlogged forest, but with no significant difference
between RIL and CL (P = 0.45) (Table 2). All other
sample-level measures of richness did not differ between
forest types for each taxonomic group (all P > 0.1).

Impacts of logging on select taxa in Sabah, Borneo, for unlogged forest (UL), conventionally logged forest (CL), and

All birds Understory birds Leaf-litter ants Dung beetles
Measurement UL CL RIL UL CL RIL UL CL RIL UL CL RIL
N 1569 1405 1440 407 522 524 960 782 713 5076 4362 4869
Sobs 139 146 140 57 59 61 157 159 142 44 39 39
Sest 172 171 167 67 72 72 204 202 189 51 45 47
Sobs/Sest 0.81 0.85 0.84 0.85 0.82 0.84 0.77 0.79 0.75 0.86 0.87 0.84
Sobs/sample 30 (1) 28 (1) 28 (1) 27°(3) 28*(3) 32%(2) 23* (1) 19%(1) 17°(1) 22°(1) 20" (1) 19°(1)

Notes: Measurements are: N, total abundance (number of individuals or number of ant colonies); Sy, observed species richness;

Sest, €stimated species richness; Sqops/Sest» proportion of species detected; and S,ps/sample, mean species richness per sample point
(with SE in parentheses). Within each taxon, for S,ns/sample (the only measurement tested), different superscript letters indicate
significant differences at the P < 0.05 level.
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Diversity partitioning for all birds, understory birds, leaf-litter ants, and dung beetles in unlogged (UL), conventionally

All birds Understory birds Leaf-litter ants Dung beetles
Measurement UL CL RIL UL CL RIL UL CL RIL UL CL RIL
o 30.4 27.6 28.0 26.5 27.5 31.8 22.9 18.6 17.0 22.1 19.7 19.0
By 33 3.6 3.5 1.4 1.3 1.3 44 4.9 5.0 1.7 1.8 1.7
B2 1.4 1.5 1.4 1.5 1.6 1.4 1.6 1.8 1.7 1.2 1.1 1.2
Y 139 146 140 57 59 61 157 159 142 44 39 39

Notes: Measurements are: o, average number of species per sample point; B, species turnover between sample points within
sites; [, species turnover between sites in each forest; v, total species richness within each forest. Note that y = oy X B; X Bs.

Numbers are rounded to one decimal place.

Diversity partitioning of species richness revealed that
the species turnover between sample points (f;) of all
birds and of leaf-litter ants was slightly higher in RIL
and CL than in unlogged forest (Table 3). In contrast, f3;
did not differ between habitats for understory birds and
dung beetles, while the species turnover between sites
(B>) did not differ between forests types for any
taxonomic group (Table 3)

Species composition

Patterns of species composition differed significantly
among the forest types for all birds (Fig. 2a; ADONIS:
r2=0.41, df =2, P=0.005), understory birds (Fig. 2b; r*
=0.35,df =2, P=0.02), and leaf-litter ants (Fig. 2c; 2=
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0.33,df=2, P=0.005), but not for dung beetles (Fig. 2d;
r? =03, df =2, P = 0.69). In the cases of all birds,
understory birds, and leaf-litter ants, pairwise compar-
isons revealed that RIL and CL forests were significantly
different from unlogged forests (all P < 0.001), whereas
RIL and CL only differed for ants (P < 0.001). In the
case of all birds and understory birds, the community
composition in RIL appeared to be marginally closer to
that in unlogged forest than was the case with CL
compared to unlogged forest (Fig. 2a, b).

Both RIL and CL forests retained a large number of
species found in unlogged forest (range 67-86% with “0”
abundance classes removed; Fig. 3). In turn, the
sequential removal of rarely recorded species from the
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Richness of unlogged forest species (black circles) within reduced-impact logged (gray triangles) and conventionally

logged (white diamonds) forests, following the sequential removal from the data of increasing abundance classes. From the data set
of each habitat, species with abundances of one individual (1), then two individuals (142), and then three individuals (14243) were
removed. This reveals how rarely sampled species affected assessments of the conservation value of our forest types.

data set up to three individuals (or ant colonies)
indicated that both RIL and CL forests retained an
increasing percentage of unlogged forest species (range
80—97%; Fig. 3). There was, however, no consistent
pattern between RIL and CL, with RIL retaining a
higher number of bird species, but a lower number of
ant and dung beetle species than CL (Fig. 3).

DiscussioN

The application of reduced-impact logging (RIL)
techniques dramatically reduces the residual damage
incurred by forests during logging (e.g., Pinard and Putz
1996). Yet the potential for RIL to also reduce the
negative effects of logging on biodiversity is very poorly
understood (Table 1). Focusing on birds, dung beetles,
and leaf-litter ants, we found little evidence that a
second round of logging using RIL had a significantly
different impact on biodiversity in the near-term
compared with conventional logging (CL) techniques.
Both forms of logging shifted the composition of species
compared to unlogged forests (Fig. 2) and both forms
resulted in forests that retained high species richness
(Table 2, Figs. 1 and 3). Our results again show that all
forms of logging are harmful to some species, but that
logged forests nevertheless retain very high levels of
biodiversity (Table 1; see Cannon et al. 1998, Owiunji

and Plumptre 1998, Sekercioglu 2002, Peters et al. 2006,
Berry et al. 2010, Edwards et al. 2011).

The use of RIL during a second round of logging in
Southeast Asia does not appear to provide any major
benefits to biodiversity when compared with CL, at least
in the short term. This supports one of the two previous
comparisons of RIL vs. CL from a first logging rotation,
which showed that RIL retained a similar species
richness of trees to those of unlogged forest and CL
(Foody and Cutler 2003), but it contrasts with the other
previous comparison, which showed that a first cut using
RIL retained species richness and compositions of dung
beetles more similar to those of unlogged forest than did
CL (Davis 2000). One potential reason for the difference
between our study and that of Davis (2000) is that the
timber yields during the first logging rotation are so
much higher than during the second rotation (e.g., in
this study area, first rotation yields from CL are 113 m?/
ha, whereas second rotation yields from RIL are 16.0
m>/ha and from CL are 46.6 m>/ha [Fisher et al. 20115]).
It is therefore possible that the short-term benefits of
RIL to biodiversity may be limited to cases involving the
first round of logging of primary forests.

However, there could be as yet undetected benefits of
RIL during the second rotation. (1) We focused on
forests that were harvested using CL techniques during
the first rotation, which has been the globally dominant
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form of logging of primary forest (Blaser et al. 2011).
However, if the first rotation had also been conducted
with RIL (e.g., as now often happens in Brazil), then
there might have been clearer benefits in the second
rotation. (2) The benefits might be more apparent on
other continents, where the first rotation via CL
typically causes less damage because timber yields are
so much lower than in Southeast Asia (Putz et al. 2001).
(3) We focused on birds, ants, and dung beetles, but the
benefits of RIL could vary between taxonomic groups.
Although the groups we chose are considered reasonable
indicators of general patterns across taxa (Howard et al.
1998, Schulze et al. 2004, Barlow et al. 2007, Berry et al.
2010), they are not perfect surrogates; land managers
and researchers should bear this in mind and strive to
consider the impacts on an array of different taxa. In
particular, although our taxa are not hunted or
collected, groups that do suffer exploitation (e.g.,
mammals and orchids) could benefit from poorer access
in RIL forest with fewer logging tracks and the closure
of roads post-logging.

We also emphasize that we do not know how the
biodiversity in RIL will respond over longer periods of
time. The successional trajectory might be similar
between RIL and CL forest, and biodiversity will
recover in both forests with time (e.g., Dunn 2004). It
is also possible that RIL will accelerate the return of
closed-canopy forest, as it does when incorporated into
the first rotation (Boltz et al. 2001, Valle et al. 2007),
which would benefit species associated with mature
forests. Finally, if two rounds of CL result in a loss of
forest structure with time (e.g., tree death due to residual
damage, extensive growth of vines, or fire; Pinard and
Putz 1996, Laurance 2000, Cochrane and Laurance
2002), then there is likely to be an eventual crash in the
numbers of forest-dwelling species. If the use of RIL
prevents such further degradation of forest structure,
then it would be highly beneficial to biodiversity.
Understanding the potential for such longer-term
benefits remains a vital question, because over 20% of
the remaining tropical rain forests were being logged
between 2000 and 2005 (Asner et al. 2009), mostly via
CL, and because the application of a second logging
rotation is becoming more frequent as unlogged forests
designated for production are exhausted (Ahrends et al.
2010, Edwards et al. 2011).

Our work highlights an alarming lack of knowledge
about the biodiversity implications of RIL. There is an
urgent need for more studies spanning a greater range of
taxonomic groups and regions (e.g., Africa and Austral-
asia; Table 1), and spanning both the first and the
second logging rotations. These studies need two vital
components: appropriate controls and a long temporal
component. On the control side, there are only three
studies that compare the impacts of RIL on biodiversity
using both unlogged and CL forest controls (this study,
Davis 2000, Foody and Cutler 2003). All other studies
solely relied upon unlogged forest controls, which could
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result in a number of misleading conclusions about the
potential value of RIL for biodiversity (Table 1).

On the temporal side, all studies looked at the impacts
of RIL within 10 years of timber extraction, and most
did so within four years of extraction. Because forest
regeneration, faunal recovery, and future timber rota-
tions occur on timescales measured in decades, this is a
critical gap in the knowledge. We advocate more studies
in areas logged >10 years ago, as well as repeat censuses
over longer time frames.

Although there is good evidence for both carbon and
timber-stand recovery benefits of RIL compared to
conventional logging operations, our results indicate
that, from a biodiversity perspective, there is little
difference between RIL and CL in the second rotation.
However, there might well be undetected future benefits
in terms of forest recovery or for different taxonomic
groups. Furthermore, there is at least one way in which
RIL can contribute substantially to biodiversity protec-
tion. If RIL increases the economic value of selectively
logged forests (e.g., through carbon payments, higher
long-term yields, and timber certification) and thereby
prevents such lands from being converted to agricultural
plantations, then it is performing an exceedingly
valuable service for biodiversity. This is because
numerous studies have demonstrated that large tracts
of logged forests retain far more forest-dependent
species than do agricultural plantations (Barlow et al.
2007, Steffan-Dewenter et al. 2007, Fitzherbert et al.
2008, Edwards et al. 2010). The defense of forests
(logged and unlogged) from conversion to croplands is
one of the most critical issues facing conservation
biologists; if RIL can assist in this task, then the
investment of conservation resources—both financial
and political—in promoting RIL is amply justified.

ACKNOWLEDGMENTS

We thank David Andrews, Teegan Docherty, Takahiro Ota,
Mia Derhé, Leah Williams, Simon Mitchell, and Tom Fayle for
assistance with fieldwork; Darren Mann and Eleanor Slade for
providing reference collections and support with determina-
tions; Glen Reynolds, the Royal Society’s SEARRP, and the
Borneo Rainforest Lodge for logistical support; Chey Vun
Khen, Arthur Chung, and Abdul Ahmad for collaborative
support; and two anonymous referees for comments. We also
thank Yayasan Sabah, Danum Valley Management Commit-
tee, the State Secretary, Sabah Chief Minister’s Departments,
and the Economic Planning Unit of the Prime Minister’s
Department for permission to conduct research. D. P. Edwards
was supported by a STEP fellowship at Princeton University.
Additional support was provided by a grant from the High
Meadows Foundation to D. S. Wilcove.

LiTERATURE CITED

Ahrends, A., N. D. Burgess, S. A. H. Milledge, M. T. Bulling,
B. Fisher, J. C. R. Smart, G. P. Clarke, B. E. Mhoro, and
S. L. Lewis. 2010. Predictable waves of sequential forest
degradation and biodiversity loss spreading from an African
city. Proceedings of the National Academy of Sciences USA
107:14556-14561.

Ancrenaz, M., L. Ambu, L. Sunjoto, E. Ahmad, K. Manokaran,
E. Meijaard, and I. Lackman. 2010. Recent surveys in the



570 DAVID P. EDWARDS ET AL.

forests of Ulu Segama Malua, Sabah, Malaysia, show that
orang-utans (P. p. morio) can be maintained in slightly logged
forests. PLoS ONE 5(7):e11510.

Asner, G. P., T. K. Rudel, T. M. Aide, R. S. DeFries, and R.
Emerson. 2009. A contemporary assessment of change in
humid tropical forests. Conservation Biology 23:1386-1395.

Azevedo-Ramos, C., O. de Carvalho, and B. D. do Amaral.
2006. Short-term effects of reduced-impact logging on eastern
Amazon fauna. Forest Ecology and Management 232:26-35.

Barlow, J., et al. 2007. Quantifying the biodiversity value of
tropical primary, secondary, and plantation forests. Proceed-
ings of the National Academy of Sciences USA 104:18555—
18560.

Barlow, J., T. A. Gardner, J. Louzada, and C. A. Peres. 2010.
Measuring the conservation value of tropical forests: the
effect of occasional species on estimates of biodiversity
uniqueness. PLoS ONE 5(3):¢9609.

Berry, N. J., O. L. Phillips, S. L. Lewis, J. K. Hill, D. P.
Edwards, N. B. Tawatao, N. Ahmad, D. Magintan, C. V.
Khen, M. Maryati, R. C. Ong, and K. C. Hamer. 2010. The
high value of logged tropical forests: lessons from northern
Borneo. Biodiversity and Conservation 19:985-997.

Bertault, J. G., and P. Sist. 1997. An experimental comparison
of different harvesting intensities with reduced-impact and
conventional logging in East Kalimantan, Indonesia. Forest
Ecology and Management 94:209-218.

Bicknell, J., and C. A. Peres. 2010. Vertebrate population
responses to reduced-impact logging in a neotropical forest.
Forest Ecology and Management 259:2267-2275.

Blake, J. G., and B. A. Loiselle. 2001. Bird assemblages in
second-growth and old-growth forests, Costa Rica: Perspec-
tives from mist nets and point counts. Auk 118:304-326.

Blaser, J., A. Sarre, D. Poore, and S. Johnson. 2011. Status of
tropical forest management. ITTO Technical Series 38.
International Tropical Timber Organization, Yokohama,
Japan.

Boltz, F., D. R. Carter, T. P. Holmes, and R. Pereira. 2001.
Financial returns under uncertainty for conventional and
reduced-impact logging in permanent production forests of
the Brazilian Amazon. Ecological Economics 39:387-398.

Briihl, C. A., T. Eltz, and K. E. Linsenmair. 2003. Size does
matter—effects of tropical rainforest fragmentation on the
leaf litter ant community in Sabah, Malaysia. Biodiversity
and Conservation 12:1371-1389.

Buckland, S. T. 2006. Point-transect surveys for songbirds:
robust methodologies. Auk 123:345-357.

Cannon, C. H., D. R. Peart, and M. Leighton. 1998. Tree
species diversity in commercially logged Bornean rainforest.
Science 281:1366—1368.

Castro-Arellano, 1., S. J. Presley, M. R. Willig, J. M. Wunderle,
and L. N. Saldanha. 2009. Reduced-impact logging and
temporal activity of understorey bats in lowland Amazonia.
Biological Conservation 142:2131-2139.

Clarke, K. R., and R. M. Warwick. 2001. Change in marine
communities: an approach to statistical analysis and inter-
pretation. Second edition. Primer-E, Plymouth, UK.

Cochrane, M. A., and W. F. Laurance. 2002. Fire as a large-
scale edge effect in Amazonian forests. Journal of Tropical
Ecology 18:311-325.

Colwell, R. K. 2009. EstimateS v. 8.2.0. University of
Connecticut, Storrs, Connecticut, USA. http://viceroy.eeb.
uconn.edu/estimates

Danielsen, F., H. Beukema, N. D. Burgess, F. Parish, C. A.
Bruhl, P. F. Donald, D. Murdiyarso, B. Phalan, L. Reijnders,
M. Struebig, and E. B. Fitzherbert. 2008. Biofuel plantations
on forested lands: double jeopardy for biodiversity and
climate. Conservation Biology 23:348-358.

Davis, A. J. 2000. Does reduced-impact logging help preserve
biodiversity in tropical rainforests? A case study from Borneo
using dung beetles (Coleoptera: Scarabaeoidea) as indicators.
Environmental Entomology 29:467-475.

Ecological Applications
Vol. 22, No. 2

Dias, M. S., W. E. Magnusson, and J. Zuanon. 2010. Effects of
reduced-impact logging on fish assemblages in central
Amazonia. Conservation Biology 24:278-286.

Dunn, R. R. 2004. Recovery of faunal communities during
tropical forest regeneration. Conservation Biology 18:302—
309.

Dykstra, D. P., and 1. Elias. 2003. Synthesis report on ex-post
evaluations of reduced-impact logging projects. International
Tropical Timber Association, Yokohama, Japan.

Edwards, D. P., F. A. Ansell, A. H. Ahmad, R. Nilus, and
K. C. Hamer. 2009. The value of rehabilitating logged
rainforest for birds. Conservation Biology 23:1628-1633.

Edwards, D. P., J. A. Hodgson, K. C. Hamer, S. L. Mitchell,
A. H. Ahmad, S. J. Cornell, and D. S. Wilcove. 2010.
Wildlife-friendly oil palm plantations fail to protect biodi-
versity effectively. Conservation Letters 3:236-242.

Edwards, D. P., T. H. Larsen, T. D. S. Docherty, F. A. Ansell,
W. W. Hsu, M. Derhe, K. C. Hamer, and D. S. Wilcove.
2011. Degraded lands worth protecting: The biological
importance of Southeast Asia’s repeatedly logged forests.
Proceedings of the Royal Society B 278:82-90.

Felton, A., J. Wood, A. M. Felton, B. Hennessey, and D. B.
Lindenmayer. 2008. Bird community responses to reduced-
impact logging in a certified forestry concession in lowland
Bolivia. Biological Conservation 141:545-555.

Fisher, B., D. P. Edwards, X. Giam, and D. S. Wilcove. 2011a.
The high costs of conserving Southeast Asia’s lowland
rainforests. Frontiers in Ecology and the Environment
9:329-334.

Fisher, B., D. P. Edwards, T. H. Larsen, F. A. Ansell, W. W.
Hsu, C. Roberts, and D. S. Wilcove. 2011h. Cost-effective
conservation: calculating biodiversity and logging tradeoffs
in Southeast Asia. Conservation Letters 4:443-450.

Fitzherbert, E. B., M. J. Struebig, A. Morel, F. Danielsen, C. A.
Brulh, P. F. Donald, and B. Phalan. 2008. How will oil palm
expansion affect biodiversity? Trends in Ecology and
Evolution 23:538-545.

Foody, G. M., and M. E. J. Cutler. 2003. Tree biodiversity in
protected and logged Bornean tropical rain forests and its
measurement by satellite remote sensing. Journal of Bioge-
ography 30:1053-1066.

FSC (Forest Stewardship Council). 2011. Facts and figures.
http://www.fsc.org/facts-figures.html

Gardner, T. A., et al. 2008. The cost-effectiveness of
biodiversity surveys in tropical forests. Ecology Letters
11:139-150.

Gerwing, J. J., and E. Vidal. 2002. Changes in liana abundance
and species diversity eight years after liana cutting and
logging in an eastern Amazonian forest. Conservation
Biology 16:544-548.

Gotelli, N. J., and R. K. Colwell. 2001. Quantifying biodiver-
sity: procedures and pitfalls in the measurement and
comparison of species richness. Ecology Letters 4:379-391.

Hamer, K. C., J. K. Hill, S. Benedick, N. Mustaffa, T. N.
Sherratt, M. Maryati, and V. K. Chey. 2003. Ecology of
butterflies in natural and selectively logged forests of
northern Borneo: the importance of habitat heterogeneity.
Journal of Applied Ecology 40:150-162.

Hill, J. K., and K. C. Hamer. 2004. Determining impacts of
habitat modification on diversity of tropical forest fauna: the
importance of spatial scale. Journal of Applied Ecology
41:744-754.

Howard, P. C., P. Viskanic, T. R. B. Davenport, F. W. Kigenyi,
M. Baltzer, C. J. Dickinson, J. S. Lwanga, R. A. Matthews,
and A. Balmford. 1998. Complementarity and the use of
indicator groups for reserve selection in Uganda. Nature
394:472-475.

Johns, J. S., P. Barreto, and C. Uhl. 1996. Logging damage
during planned and unplanned logging operations in the
eastern Amazon. Forest Ecology and Management 89:59-77.



March 2012

Jost, L., A. Chao, and R. Chazdon. 2010a. Compositional
similarity and P (beta) diversity. Pages 66-84 in A. E.
Magurran and B. J. McGill, editors. Frontiers in measuring
biodiversity. Oxford University Press, New York, New York,
USA.

Jost, L., P. DeVries, T. Walla, H. Greeney, A. Chao, and C.
Ricotta. 2010h. Partitioning diversity for conservation
analyses. Diversity and Distributions 16:65-76.

Laporte, N. T., J. A. Stabach, R. Grosch, T. S. Lin, and S. J.
Goetz. 2007. Expansion of industrial logging in Central
Africa. Science 316:1451.

Larsen, T. H., and A. Forsyth. 2005. Trap spacing and transect
design for dung beetle biodiversity studies. Biotropica
37:322-325.

Laurance, W. F. 2000. Do edge effects occur over large spatial
scales? Trends in Ecology and Evolution 15:134-135.

Lees, A. C., and C. A. Peres. 2006. Rapid avifaunal collapse
along the Amazonian deforestation frontier. Biological
Conservation 133:198-211.

Magurran, A. E. 2004. Measuring biological diversity. Black-
well Science, Oxford, UK.

Meijaard, E., and D. Sheil. 2007. A logged forest in Borneo is
better than none at all. Nature 446:974.

Nepstad, D. C., A. Verissimo, A. Alencar, C. Nobre, E. Lima,
P. Lefebvre, P. Schlesinger, C. Potter, P. Moutinho, E.
Mendoza, M. Cochrane, and V. Brooks. 1999. Large-scale
impoverishment of Amazonian forests by logging and fire.
Nature 398:505-508.

Nichols, E., S. Spector, J. Louzada, T. Larsen, S. Amequita,
and M. E. Favila. 2008. Ecological functions and ecosystem
services provided by Scarabaeinae dung beetles. Biological
Conservation 141:1461-1474.

Owiunji, I., and A. J. Plumptre. 1998. Bird communities in
logged and unlogged compartments in Budongo Forest,
Uganda. Forest Ecology and Management 108:115-126.

Pereira, R., J. Zweede, G. P. Asner, and M. Keller. 2002. Forest
canopy damage and recovery in reduced-impact and conven-
tional selective logging in eastern Para, Brazil. Forest
Ecology and Management 168:77-89.

Peters, S. L., J. R. Malcolm, and B. L. Zimmerman. 2006.
Effects of selective logging on bat communities in the
southeastern Amazon. Conservation Biology 20:1410—1421.

Pickett, S. T. A. 1989. Space-for-time substitution as an
alternative to long-term studies. Pages 110-135 in G. E.
Likens, editor. Long-term studies in ecology: approaches and
alternatives. Springer-Verlag, New York, New York, USA.

Pinard, M. A., and F. E. Putz. 1996. Retaining forest biomass
by reducing logging damage. Biotropica 28:278-295.

Pinard, M. A., F. E. Putz, J. Tay, and T. E. Sullivan. 1995.
Creating timber harvest guidelines for a reduced-impact
logging project in Malaysia. Journal of Forestry 93:41-45.

Presley, S. J., M. R. Willig, J. M. Wunderle, and L. N.
Saldanha. 2008. Effects of reduced-impact logging and forest

REDUCED-IMPACT LOGGING AND BIODIVERSITY 571

physiognomy on bat populations of lowland Amazonian
forest. Journal of Applied Ecology 45:14-25.

Putz, F. E., G. M. Blate, K. H. Redford, R. Fimbel, and J.
Robinson. 2001. Tropical forest management and conserva-
tion of biodiversity: an overview. Conservation Biology 15:7—
20.

Putz, F. E., P. A. Zuidema, M. A. Pinard, R. G. A. Boot, J. A.
Sayer, D. Sheil, P. Sist, I. Elias, and J. K. Vanclay. 2008.
Improved tropical forest management for carbon retention.
PLoS Biology 6(7):¢166.

R Development Core Team. 2010. R: A language and
environment for statistical computing. Version 2.11.1. R
Foundation for Statistical Computing, Vienna, Austria.
http://www.r-project.org

Remsen, J. V., and D. A. Good. 1996. Misuse of data from
mist-net captures to assess relative abundance in bird
populations. Auk 113:381-398.

Schulze, C. H., M. Waltert, P. J. A. Kessler, R. Pitopang,
Shahabuddin, D. Veddeler, M. Muhlenberg, S. R. Gradstein,
C. Leuschner, I. Steffan-Dewenter, and T. Tscharntke. 2004.
Biodiversity indicator groups of tropical land-use systems:
Comparing plants, birds, and insects. Ecological Applica-
tions 14:1321-1333.

Sekercioglu, C. H. 2002. Effects of forestry practices on
vegetation structure and bird community of Kibale National
Park, Uganda. Biological Conservation 107:229-240.

Steffan-Dewenter, 1., et al. 2007. Tradeoffs between income,
biodiversity, and ecosystem functioning during tropical
rainforest conversion and agroforestry intensification. Pro-
ceedings of the National Academy of Sciences USA
104:4973-4978.

Valle, D., P. Phillips, E. Vidal, M. Schulze, J. Grogan, M. Sales,
and P. van Gardingen. 2007. Adaptation of a spatially
explicit individual tree-based growth and yield model and
long-term comparison between reduced-impact and conven-
tional logging in eastern Amazonia, Brazil. Forest Ecology
and Management 243:187-198.

Webb, E. L., and R. Peralta. 1998. Tree community diversity of
lowland swamp forest in Northeast Costa Rica, and changes
associated with controlled selective logging. Biodiversity and
Conservation 7:565-583.

Woodcock, P., D. P. Edwards, T. M. Fayle, R. J. Newton,
V. K. Chey, S. H. Bottrell, and K. C. Hamer. 2011. The
conservation value of Southeast Asia’s highly degraded
forests: evidence from leaf-litter ants. Philosophical Trans-
actions of the Royal Society B 366:3256-3264.

Wunderle, J. M., L. M. P. Henriques, and M. R. Willig. 2006.
Short-term responses of birds to reduced-impact logging in a
lowland Amazon forest: Can reduced-impact methods help
to retain avian biodiversity in tropical timber production
forests? Journal of Ornithology 147:114—115.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


