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Tropical forests have a great potential for the exploitation of natural resources. Among the economic activities that depend on forest resources, timber production is the most important one. Nevertheless, these activities may
negatively affect wildlife, the availability of natural resources, and ecosystem
process. Here we analysed the effects of low-impact logging on understory
bird species richness, number of individuals captured, species composition,
and assemblage structure in central Brazilian Amazon. We compared logged
and unlogged areas over a period of three years (from August 2014 to May
2017). We captured a total of 180 birds and 42 species (20 families) in the
logged area and 226 birds and 49 species (20 families) in the unlogged area.
Bird assemblage structure in the logged area changed more intensely over the
three years of study and became more similar to the assemblage found in the
unlogged area. The degree of similarity (Jaccard’s index) in species composition between logged and unlogged areas increased from 18% in the third year
to 39% in the fifth year after logging. The results suggest that the minor effects of low-impact logging were reduced a few years after the disturbance,
probably due to ecological succession. The proximity of logged and unlogged
areas and the reduced impact in the study site may facilitate the recovery of
the bird assemblage after the disturbance.
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Introduction

Tropical forests are the most diverse
biomes on Earth, which makes them valuable for human society and fundamental to
biodiversity conservation (Lewis 2009).
However, human activities are promoting
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biodiversity loss by the destruction of
these forests (Thinh et al. 2012, Hansen et
al. 2013). Agricultural expansion, fires, logging, and unplanned exploitation of forest
resources are among the major threats to
tropical forests (Edwards et al. 2014, Jamhuri et al. 2018). In this sense, sustainable
forest management (SFM) is proposed as a
way of using forest resources without compromising their availability for future generations (MacDicken et al. 2015).
Low-impact logging is one of the mostly
approached techniques of SFM and consists in planning the construction of roads,
drag lines, stockyards, and trails, as well as
managing the direction of treefall (Putz et
al. 2008, Jonkers & Hendrison 2011). This
planned and carefully controlled system of
timber harvesting aims to minimize the negative impacts of logging by allowing the
recovery of forests after logging (Putz et
al. 2008). However, the sustainability of
this type of activity may be questioned as
the productivity may intensely drop after
the first cutting cycle to less than 70% of
the initial yield (Dauber et al. 2005, Sist &
Ferreira 2007). The association with other
silvicultural techniques, such as control of
lianas and non-commercial competing species, can contribute to keep the forests
healthy and productive after the first logging (Putz et al. 2008). Nevertheless, the
consequences of low-impact logging in
tropical forests may still be devastating
(Shearman et al. 2012).
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After logging, changes in the forest structure consequently affect animal species.
The intensity of the impacts on wildlife is
related to the extension of the logged
area, the number and volume of trees removed from the natural ecosystems, and
the elapsed time after logging (Henriques
et al. 2008). The main effects are the reduction in the number of species and individuals, and changes in species composition
(Chaves et al. 2017, Jamhuri et al. 2018, Lindenmayer et al. 2019). These effects can
also alter the structure of animal assemblages (Costantini et al. 2016, Jati et al.
2018).
Bird species play an important role in ecological processes, such as in pollination,
seed dispersion, and seed predation (Whelan et al. 2008, Michel et al. 2020). The effects of low-impact logging on birds are often less intense than those of other types
of disturbances (Barlow et al. 2002). Nevertheless, this type of activity may affect bird
species, especially cavity-nesters and understory birds (Aleixo 1999, Henriques et
al. 2008, Costantini et al. 2016, Ibarra et al.
2017). In tropical forests, low-impact logging may affect bird species composition
(Wunderle et al. 2006, Cleary et al. 2007),
population density and habitat use (Chaves
et al. 2017), inter-species interactions in
mixed flocks (Borah et al. 2018), and phylogenetic diversity (Mestre et al. 2020).
These negative impacts call into question
the adequacy of SFM practices for ecoiForest 14: 122-126
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nomic and social development in the Tropics.
Logging is one of the main threats to biodiversity and also one of the most important economic activities in tropical forests
(MacDicken et al. 2015). Thus, understanding the impacts of low-impact logging on
biodiversity allows an evaluation of this
type of activity as an alternative for sustainable development. To detect the effects of SFM on metrics of biodiversity, we
captured and identified birds in logged and
unlogged forests in Central Brazilian Amazon. We searched for evidence of the recovery of the bird assemblage in the
logged area after the disturbance due to
ecological succession. For that purpose,
we tested whether species richness, number of individuals captured, bird diversity,
species composition, and assemblage
structure changed over the three years of
study similarly in low-impact logged and
unlogged areas.

of all trees with diameter at breast height ≥
50 cm); planning the construction of roads,
stockyards, and dragging trails; and directing tree fall to minimize environmental impact (Wellhöfer 2002).
We had access to the results of the inventory of all trees with diameter at breast
height ≥ 40 cm performed by PWA in both
sampled areas before exploitation. One of
the areas (hereafter, logged area – 4535
ha) was logged during 2012 with intensity
of 20.36 m³ ha-1, approximately 30% of forest production capacity. The second area
(hereafter, unlogged area – 7164 ha) was
not used for low-impact logging activities
before or during the study. Similarity between the logged area (87,318 individuals,
80 species, Shannon Diversity Index H: 3.6)
and the unlogged area (95,177 individuals,
66 species, H: 3.51) in tree species composition (Jaccard’s index) was 78% and in tree
assemblage structure (1 – Bray-Curtis dissimilarity) was 73%. Both areas sum up
9751.78 ha and are part of a mosaic of arMaterial and methods
eas destined to low-impact logging exploited since 1995, in a total of more than
Study site
200,000 ha. The distance between samWe studied birds in two areas owned by pled areas is 3 km (Fig. 1).
Precious Woods Amazon (PWA) Ltd. in the
municipality of Silves (02° 43′ 12.3″ S, 58° 31′ Data collection
44.73″ W), state of Amazonas, Brazil. VegeAs the interval between the end of the
tation is typical of low-land rainforests (Flo- disturbance and the beginning of field samresta Pluvial Tropical de Terra Firme) with pling may affect the results (Bicknell &
large, emergent trees reaching 35 to 52 m Peres 2010), bird sampling in both areas
above the ground and with the presence of started two years after exploitation to
woody lianas (Oliveira et al. 2008). The for- avoid detecting effects not related to ecoest management system in the study site is logical succession. We sampled birds bepolycyclic and allows the regeneration of tween August 2014 and May 2017, in
the native forest after exploitation (i.e., CE- March, May, September, and November,
LOS Management System – De Graaf & totalling four samples per year in each
Poels 1990). Low-impact logging tech- area.
niques include: the selection and mapping
Each sample was conducted during two
of all trees to be harvested (only a subset consecutive days by using twelve mist-nets

(3 m height, 12 m length, mesh size 20 × 20
mm) concomitantly along 150 m long transects. Sampling started at sunrise and
stopped at sunset (11 hours per day), totalling 264 mist-nets per hours per sample
(12 mist-nets × 11 hours per day × 2 days)
and 6336 mist-nets per hours in the study
(264 mist-nets per hours per sample × 12
samples × 2 areas). Captured birds were
identified at the species level and banded
with metal rings from the Brazilian Bird
Banding Agency (Centro Nacional de Pesquisa para a Conservação das Aves Silvestres –
CEMAVE).

Statistical analysis

As our objective was to determine shortterm temporal changes in bird assemblage,
we calculated biodiversity metrics for each
sample. Species richness was determined
as the number of species and bird diversity
as the Shannon-Wiener index (H’). To determine assemblage structure, we performed a non-metric multidimensional scaling (NMDS) based on the Bray-Curtis dissimilarity and calculated from a Hellinger
transformed matrix with the number of individuals captured for each species. We
started reducing the variability into two
NMDS components and increased the number of components until a solution with
stress < 20% was reached. As different
groups of species may respond differently
to the environmental fluctuations, we considered each NMDS component as a representative of a part of the bird assemblage
structure.
We used Analysis of Covariance (ANCOVA) to test the effects of the time
elapsed after logging on bird biodiversity
metrics. We built covariance models with
the number of days after logging for each
sample and the identity of the area (logged
vs. unlogged) as explanatory variables, and
one of the biodiversity metrics (species
richness, number of individuals captured,
bird diversity, and bird assemblage structure) as the response variable. For bird assemblage structure, we tested each of the
NMDS components separately. Significant
results were based on F-tests with p < 0.05.
We also evaluated changes in bird species
composition by calculating Jaccard’s dissimilarity index between the logged and
the unlogged areas in different years of
sampling. Bird assemblages of the four
samples per year were gathered for this
analysis. Results are reported as percentage of similarity.

Results

Fig. 1 - Location of the logged and the unlogged areas in the study site in Central
Brazilian Amazon.
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During the three years of study, we captured 406 birds, 63 species, and 24 families
(Tab. 1, Tab. S1 in Supplementary material).
From all species, 35 (56%) were detected in
only one of the areas, 14 were only captured in the logged area, and 21 species
only in the unlogged area. In the logged
area, we captured 180 individuals and 42
species (20 families), while in the unlogged
area we captured 226 individuals and 49
iForest 14: 122-126

Tab. 1 - Spearman correlation between the number of individuals captured for each species and NMDS components of bird assem blage structure in logged and unlogged areas in central Brazilian Amazon. (*): indicate that the absolute value of correlation (rho) is
greater than or equal to 0.4.
Species

NMDS1

NMDS2

NMDS3

Attila spadiceus

-0.26

-0.21

0.23

Mionectes macconnelli

-0.12

0.28
0.2

Mionectes oleagineus
Momotus momota

-0.33
0.14

-0.32
0.2

-0.13
0.35

0.04
-0.17

-0.39
0.32

-0.02
-0.23

0.42*
0.44*

-0.3
-0.2

-0.06
0.35

Automolus cervicalis
Automolus ochrolaemus

0.15
0.60*

0.11
0.42*

Species

NMDS1

NMDS2
0.72*

NMDS3
0.27

Campylorhamphus procurvoides
Ceratopipra erythrocephala

-0.32
-0.71*

-0.23
0.18

-0.14
0.07

Myiobius barbatus
Myrmoderus ferrugineus

Certhiasomus stictolaemus
Clibanornis obscurus

-0.15
0.08

-0.1
-0.35

0.46*
-0.11

Myrmornis torquata
Myrmotherula axillaris

Corapipo gutturalis
Corythopis torquatus

-0.07
0.23

0.02
0.29

0.2
0.08

Myrmotherula longipennis
Percnostola subcristata

0.53*
-0.43*

0.21
-0.38

-0.3
-0.09

Cyanoloxia rothschildii
Cymbilaimus lineatus

-0.03
0.26

-0.32
-0.2

-0.04
0.26

Phaethornis bourcieri
Phaethornis superciliosus

0.35
-0.23

-0.08
-0.19

0.23
-0.42*

Deconychura longicauda
Dendrocincla fuliginosa

0.1
-0.13

0.02
0.21

0.02
0.18

Pheugopedius coraya
Philydor erythrocercum

0.08
0.54*

-0.35
-0.08

-0.11
0.25

Dendrocincla merula
Dendrocolaptes certhia

0.26
0.1

0.35
-0.34

0.3
0.07

Phoenicircus carnifex
Pithys albifrons

-0.02
0.59*

0.26
0.11

0.03
0.3

Dixiphia pipra
Epinecrophylla gutturalis

0.3
0.44*

-0.17
0.17

0.56*
-0.3

Platyrinchus saturatus
Ramphastos vitellinus

0.29
0.35

0.14
-0.08

-0.08
0.23

Schiffornis turdina
Sclerurus macconnelli

-0.35
0.29

-0.02
0.14

-0.2
-0.08

Formicarius colma
Frederickena viridis

0.09
-0.1

0.09
-0.12

0.19
0.38

Galbula albirostris
Geotrygon montana

0.33
-0.47*

-0.32
0.14

0.16
-0.21

Selenidera piperivora
Sittasomus griseicapillus

-0.46*
0.08

0.15
-0.35

-0.07
-0.11

Glyphorynchus spirurus
Gymnopithys rufigula

0.01
0

-0.01
0.06

-0.26
0.62*

Tangara varia
Terenotriccus erythrurus

0.17
0.14

-0.17
0.2

-0.26
0.35

Hemitriccus minor
Hylexetastes perrotii

0.32
0.31

0.11
0.02

-0.35
0.11

Thalurania furcata
Thamnomanes ardesiacus

0.2
0.49*

-0.26
0.40*

-0.05
0.17

Hypocnemis cantator
Lanio fulvus

-0.15
-0.08

-0.02
-0.1

-0.14
-0.1

Thamnomanes caesius
Thamnophilus murinus

0.32
-0.23

0.22
-0.09

-0.16
-0.11

Lanio surinamus
Laniocera hypopyrra

0.33
-0.02

0.19
-0.05

-0.06
-0.02

Trogon rufus
Turdus albicollis

-0.32
0.79*

-0.23
0.08

-0.14
-0.31

Lepidocolaptes albolineatus
Lipaugus vociferans

0.32
0.14

0.11
0.2

-0.35
0.35

Xenops minutus
Xiphorhynchus pardalotus

0.26
0.13

-0.2
-0.54*

0.26
-0.18

Micrastur ruficollis

0.14

0.2

0.35

-

-

-

species (20 families).
Low-impact logging did not affect species
richness (F[3, 20] = 0.54, p = 0.663), number
of individuals captured (F [3, 20] = 0.96, p =

-

0.429), and bird diversity (F[3, 20] = 0.51, p =
0.679). Variation in bird assemblage structure was reduced into three NMDS components (stress = 0.15 – see Tab. 1 for species

scores). ANCOVA indicated that the assemblage structure changed over time differently in logged and unlogged areas for two
NMDS components (NMDS1: F[3, 20] = 11.31, p

Fig. 2 - Changes in bird assemblage composition as determined by Non-metric Multidimensional Scaling (NMDS) from three to five
years after logging in logged (filled circles, solid line) and unlogged (open triangles, hatched line) areas.
iForest 14: 122-126
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= 0.0001; NMDS2: F[3, 20] = 1.18, p = 0.342;
NMDS3: F[3, 20] = 4.53, p = 0.014). The first
component (NMDS1) represents a group of
species in the assemblage structure that
became more similar between the logged
and the unlogged areas over time (Fig. 2A).
The second component represents a group
of species that were not affected by lowimpact logging (Fig. 2B). The third component (NMDS3) represents a group of species that changed over time in the logged
area only (Fig. 2C).
Jaccard’s similarity index between the
logged and unlogged areas increased over
time, from 18% in the third year, to 25% in
the fourth year, and to 39% in the fifth year
after logging.

Discussion

Our results show an increase in similarity
in bird assemblage structure between the
logged and the unlogged areas over a
short period of time. However, responses
of the bird assemblage to the effects of
low-impact logging were complex, and
some species contributed to an increase in
dissimilarity between the areas (Fig. 2C).
The logged area was more intensely affected by changes in the bird assemblage
during the study, probably due to ecological succession after disturbance (MontejoKovacevich et al. 2018). Changes in forest
structure may result from the opening of
clearings, stockyards, roads, and drag lines
(Gatti et al. 2015).
Species richness, number of individuals
captured, and bird diversity were similar
between the logged and unlogged areas,
although observed total values were slightly lower in logged forests (14% less rich and
20% less abundant – see Tab. S1 in Supplementary material). After logging, bird species richness and abundance may decrease
(Guilherme & Cintra 2001, Henriques et al.
2008). Ecological succession increases the
complexity of forest structure, which in
turn may lead to a greater diversity of birds
(Batisteli et al. 2018). The slight observed
reduction in bird richness and number of
individuals captured may be a consequence of low-impact changes in microclimatic conditions (e.g., temperature, humidity, luminosity) and in vegetation structure
that happened only in the logged area.
Changes in species composition due to
low-impact logging may be a result of the
substitution of mature forest specialists by
disturbed forests opportunists (Costantini
et al. 2016). This may explain why assemblage structure (NMDS1) changed over
time both in the logged and in the unlogged forests and became more similar
during the fifth year after logging. Among
those sensitive species, we detected forest
specialists found in the understory and on
the ground level (e.g., Thamnomanes ardesiacus, Thamnomanes caesius, Epinecrophylla gutturalis, and Myrmotherula longipennis). The population of these species is usually reduced in disturbed environments
(Aleixo 1999, Henriques et al. 2008). Other
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species (e.g., Terenotriccus erythrurus,
Schiffornis turdina, Mionectes oleagineus,
and Pheugopedius coraya) are usually
found in disturbed forests and may benefit
from environmental changes (Cohn-Haft et
al. 1997, Borges 2007). These changes may
result in differences in the assemblage
structure in logged and unlogged forests.
The increasing similarity in assemblage
structure between logged and unlogged
areas suggests a decrease of environmental impacts in a relatively short time period
(five years after logging). Thus, the results
may indicate the positive effects of ecological succession on bird biodiversity by the
substitution of species by those typically
found in undisturbed forests (Matos et al.
2018). This may explain why in the fifth
year after logging forest specialist species
were captured in the logged area, and
those were absent in previous years (e.g.,
Pithys albifrons, Gymnopithys rufigula, and
Automolus ochrolaemus). These species
forage on the ground and in the understory, and are susceptible to environmental disturbances (Cohn-Haft et al. 1997, Laurance et al. 2004, Stouffer 2007). However,
low-impact logging areas may also function
as sink in a metapopulational system, in
such a way that species spill-over may be
the cause of the increased similarity between logged and unlogged areas (Tscharntke et al. 2012). In this case, the return of
species after disturbance may not necessarily indicate the recovery of the forest
ecosystem and environmental quality.
Variation in assemblage structure over
time was less intense in the unlogged area.
This may be a result of the conservation of
important ecological processes and factors
that help maintaining wildlife communities
at equilibrium (Berry et al. 2010, Edwards
et al. 2014). Thus, the increase in similarity
between logged and unlogged areas indicates that time after logging may be the
most important factor for recovering wildlife communities in areas under SFM (Costa
& Magnusson 2003).

Conclusions

Our results suggest that the effects of
low-impact logging altered bird assemblage structure and that the similarity between logged and unlogged areas gradually increased over a short period of time
after harvesting. Species richness and the
number of individuals captured were similar between logged and unlogged areas.
The observed impacts were not intense
and changes in the assemblage suggest an
ongoing process of recovery, probably facilitated by the proximity of logged and unlogged areas and by the reduced impact of
logging in the study area. Long-term effects of SFM on bird assemblages remain
to be tested.
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