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Abstract

Tropical forests are facing escalating deforestation, while forest degradation, driven by a complex
interplay of human-induced factors, emerges as an additional and compounding threat. In this context,
regulated selective logging persists as an alternative to conciliate forest protection and economic
development. This study synthesizes current knowledge on the impacts of logging, focusing on
research trends, geographic distribution, ecological topics, and key variables like logging intensity, time
since logging, and number of logging cycles. Since the 1970s, 641 papers listed on the Scopus platform
have demonstrated a sharp increase in publication activity over the past five years, followed by a
tendency toward stabilization. Papers were concentrated in Brazil and Malaysia, with few papers
coming from other countries, particularly from Africa. Notably, 47% of the studies did not report
logging intensity, and one-third focused almost exclusively on its impacts on forest physical structure,
damage, or biomass—leaving a wide range of other topics largely unexplored until 2022. We refer to 13
topics with less than 20 studies in total, such as nutrient cycling, non-timber forest products, biological
invasion, and key biological taxa. Herbs, epiphytes, fish and amphibians were among the least
investigated taxa across the regions. Furthermore, when controlling variables like region and logging
intensity, most ecological topics had fewer than five dedicated studies. Research remains largely
restricted to similar scenarios: first-cycle logging in old-growth forests, leaving substantial knowledge
gaps. As logging operations are expected to increase, we argue for a (1) mandatory long-term
monitoring in logging regulations; (2) public access to monitoring data, reports and information related
to regulated logging; (3) a global platform to exchange experience as long-term monitoring, better
practices, silvicultural approaches and sustainability assessment; (4) alignment among regulatory and
certification agencies on sustainability standards; (5) capacity building initiatives; and (6) long-term
experiments devoted to logging sustainability and better practices.

Keywords: biodiversity; forest degradation; sustainability; systematic review; tropical forests

1. Introduction

Tropical forests persist as a central concern in multilateral global agendas focused on
socioenvironmental issues, including the Sustainable Development Goals (SDG; Swamy et al., 2018.
This reflects the tropical forest protagonism relative to biodiversity conservation, climate regulation,
food security, social reproduction of traditional communities and indigenous people just to mention a
few contributions (Muthee et al., 2022; Swamy et al., 2018). Such an immense concern results from
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contributions or key roles played for global sustainability, but also due to the fact that this irreplaceable
ecosystem continues to be converted into other forms of land use (e.g., crop/cattle production) or
experience degradation via a combination of human drivers such as intensive/illegal logging, mining
and wildfires among the more pervasive forces (Lewis et al., 2015). In the last three decades both
deforestation and forest degradation covered 218.7 and 106.5 million ha respectively (Vancutsem et al.,
2021) resulting in a significant reduction in carbon storage capacity (Mitchard, 2018).

Over the past decades, numerous strategies have been proposed to enhance the socioeconomic
incentives for keeping forests standing and promoting their sustainable use, benefiting a wide array
of local and global stakeholders. These strategies aim to reconcile forest integrity and the provision
of ecosystem services with economic activities and social development. Within this framework,
selective “low-impact” logging (hereafter referred to as regulated logging) has emerged as a
promising approach to achieve these objectives (Putz et al., 2008; Karsenty, 2017). The foundation of
regulated logging lies in limiting harvest intensity, both in terms of the number of trees removed and
the volume of timber extracted, combined with predefined intervals between logging cycles (e.g., 25—
30 years), as established by legislative frameworks (Sist, 2000). Accordingly, selective logging
practices that regulate extraction intensity and incorporate forest damage mitigation measures have
been promoted as long-term ventures, wherein ecological sustainability is not only a legal
requirement but also a moral obligation aligned with global sustainability goals (Lindenmayer et al.,
2012). However, the extent to which these goals have been effectively realized remains contested (see
Sist et al., 2021; Tritsch et al., 2020).

Since the 70’s there has been a boon of commercial and industrial operations particularly those
in public or communal lands via forestry concessions implemented by governments and
organizations (Schwab et al., 2001; Poudyal et al., 2018). Starting in Asia/Africa, forestry concessions
spread across all continents and continues to grow (Gustafsson et al., 2007; Tegegne et al., 2019).
While selective logging is also adopted in private lands, industrial-scale operations across public
lands respond to most of the forest submitted to this source of disturbance (Hensbergen, 2016). It is
not uncommon concessions exceeding 100.000 hectares of forest for logging (see Chan, 2017) with
public concessions achieving millions of hectares globally (Hensbergen, 2016). In Brazil, regulated
logging via public concessions started in 2007 following the regulation approval by federal agencies
(the Law on Public Forest Management; Law 11,284/2006) and the number of federal concessions is
expected to increase rapidly in the near future (see also Azevedo-Ramos et al., 2015).

As expected, industrial-scaled regulated logging continues to attract the attention of the research
community and other stakeholders, which has investigated forest responses or the impacts imposed
by this alternative of tropical forest exploitation relative to biodiversity persistence and provision of
ecosystem services associated with forest integrity (Bicknell et al., 2015; Edwards et al., 2012; Gatti et
al., 2014). Accordingly, a small set of reviews on logging impacts (e.g., soil, carbon, tree species
richness) is already available (Chiti et al., 2016; Romero et al., 2021; Han et al., 2021). However, the
contracts/legislation supporting regulated logging have not been fully scrutinized, while it has been
claimed, alleged or assumed to be sustainable (e.g., “sustainable forest management”) by those in
charge of it from governmental agencies to companies (Siry et al., 2005; Torres-Rojo et al., 2016; SFB,
2019; Capanema et al., 2022). Apparently, there has been a “green signal” for regulated logging
initiatives with or without the support from literature. As a support, we refer to reports declaring (1)
both negligible impacts or a positive response from particular taxonomy groups, particularly
community-level attributes such as species richness and relative abundances (see Bicknell et al., 2015),
and (2) the perspective that forest biomass and exploited populations are able to recovery after the
next cycle of logging (Poudyal et al., 2018; Sist et al., 2021).

We already know that the outstanding biodiversity of tropical forests is locally and regionally
arranged into complex food webs connecting a myriad of interdependent ecological groups with
contrasting levels of sensitivity to human disturbances and potential disruptions in species
interactions (Barlow et al., 2007; Schulze et al., 2004). Briefly, biodiversity response from population
to community level is highly influenced by (1) biota evolutionary history (Tilman, 2015), (2) both the
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historical and contemporary disturbance regime (Alroy, 2017), (3) forest type (i.e., evergreen vs
seasonal; Orihuela et al., 2015), and (4) landscape spatial configuration, particularly forest cover (i.e.,
the 30-40%-threshold), structural connectivity and the old-growth/edge-affected habitat ratio
(Carrara et al., 2015). Finally, taxonomic/ecological groups exhibit different time-lag responses
(Metzger et al., 2009). Logging concessions are spatially inserted into dynamic landscapes relative to
both land use and climate conditions, while they cover forest with distinct evolutionary and
ecological conditions from Asia to the Neotropical region.

It is reasonable to expect that accumulated knowledge so far exhibits immense bias and gaps. In
fact, most recent reviews and meta-analyses cover a limited set of logging impacts (some biological
groups and ecological processes have been little or never investigated) and apparently do not
consider the key explanatory variables (e.g., logging intensity and cycles) for logging impacts as
mentioned earlier (see Putz et al., 2008; Han et al., 2021; Sist et al., 2021). In this paper we examine the
coverage by the available literature via papers between the years 1970 to 2021 on regulated logging
impacts across topics from biodiversity conservation to provision of ecosystem services. Topics are
arranged through regions, time and logging-related variables affecting forest response such as the
number of logging operations/cycles, time elapsed since the last logging operation and logging
intensity. By assigning papers across multiple categories, we intend (1) to document temporal and
spatial asymmetries but also potential knowledge “gaps” across an immense variety of topics
dialoguing with forest integrity, sustainability and certification, (2) question the empirical support
for the alleged sustainability claimed by the stakeholders in charge of logging regulations but also by
loggers, and (3) recommend a set of instruments in order to reduce gaps and enhance logging
accountability relative to long-term ecological sustainability.

2. Methods

2.1. Search Strategy and Selection Process

The literature review on tropical forest regulated logging was adapted from the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) as “a set of guidelines that were
released to provide more sophisticated and uniform standards for the reporting of integrated literature
or systematic reviews” (Page et al., 2021). The data were obtained in June 2022 through the Scopus
database, in which we applied a search query for the selected terms across title, abstract, and keywords
by all documents since 1970. Review started in the 70s as selective logging via public concession or
following environmental regulation start to gain relevance with literature emerging and becoming
accessible, particularly in Asia, along this decade (see Gustafsson et al., 2007). Terms were inserted in
the query as follows: (TITLE-ABS-KEY (logging AND "tropical forest*") OR TITLE-ABS-KEY ("selective
logging" AND "tropical forest*") OR TITLE-ABS-KEY ("logging impacts" AND "tropical forest*') OR
TITLE-ABS-KEY ("timber exploitation” AND "tropical forest*") AND PUBYEAR > 1969. The quotes
were used to ensure that the terms returned precisely as they were entered in the query, and the
asterisks (*) at the end of the word 'forest' to include the alternative plural forms. We downloaded the
resulting list of publications into a CSV file, containing the following general information: (1) authors,
(2) title, (3) abstract, (4) publication year; (5) source title, (6) document type; and (6) DOI (Table 1). Our
database is available on GitHub (github.com/miralaba/logging scientiometrics).

Further, abstracts were screened to extract key information (see next session). Through this step,
we also excluded documents that are unrelated to selective logging and/or only contributed to a
general debate (Table 1). Briefly, our query selected 1499 documents and resulted in a final dataset of
641 documents. Only 89 (~6%) documents were either books, book chapters, editorials or notes. Data
was mostly extracted by JC and were reviewed and discussed by at least two of the other authors
(LSM, MT and MFB) before completion.
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Table 1. Review approach: Query, exclusion and inclusion criteria.
(TITLE-ABS-KEY (logging AND "tropical forest*") OR
TITLE-ABS-KEY ("selective logging" AND "tropical forest*") OR
Identification
0 TITLE-ABS-KEY ("logging impacts" AND "tropical forest*") OR 1499
ue
R TITLE-ABS-KEY ("timber exploitation” AND "tropical forest*") AND
PUBYEAR > 1969
Unrelated to selective logging -638
Publications that involve a general debate -71
Screening &
Eligibility = Publications that do not represent original research (e.g., comments, letters, editorials) -9
Grey literature (e.g., book chapters, notes, technical papers, theses and conference 140
proceedings)
Inclusion Full scoping 641

Book chapters, notes, technical papers, theses and conference proceedings were not included
since (1) they are difficult to assess, and (2) it is impossible to guarantee they were submitted to a
peer-review process and have been exposed to the criticisms by the global community. Documents
that did not represent original research such as comments, letters and editorials were also excluded.
Exclusions were carried out based on document type general information (Table 1). Finally, like any
other review based on the literature available on web platforms, our procedures privileged English
language publications. We acknowledge that these exclusions might have eliminated some studies
based on original and interesting data. However, it was inevitable based on the reasons already
informed, and we do not believe that these restrictions supported a “false” scenario relative to
knowledge gaps.

2.2. Variables and Categories for Assessing Logging Impacts

Data extraction was performed manually by screening the documents at the abstract level and
methods to cover three basic aspects relative to the research focused on the impacts posed by
regulated logging and thus identify potential gaps but also the coverage by the accumulated
knowledge so far. Precisely each article was assigned into mutually excluding categories relative to
“explanatory” and response “variables”. As explanatory variables we refer to region and associated
countries, number of logging events/rounds, time elapsed since the last event and logging intensity
as detailed in Table 2. Categories largely reflect research coverage, frequency and terminology
presented by the articles. Thereby they can be considered arbitrary to some extent with ecological
meanings not necessarily exclusive of each category. However, these categories are useful to describe
research incidence across gradients of conditions or contexts through which logging impacts express
(e.g., time elapsed since the last logging round) and accumulate (number of logging round and
logging intensity); e.g., the long-term impacts posed by consecutive logging rounds (Ernst et al., 2006;
Picard et al., 2012). This is crucial to calibrate our current knowledge on logging impacts and probably
question the assumption or presumable sustainability by regulated logging initiatives, which have
been frequently asserted/alleged by stakeholders such as governmental agencies and logging
corporations (Bawa & Seidler, 1998; Eve, 2000; Torres-Rojo et al., 2016). “Presumable sustainability”
(rather than proved) is a potent argument to expand logging concessions via “Sustainable Forest
Management Plans” across the last tract of old-growth forests, including the Amazon region
(Capanema et al., 2022). Response variables covered a list of processes related to logging impacts
(including assessment), which were distributed into four major categories as follows: Species richness
and community organization, ecosystem level process, socioeconomic aspects and analytical tools
(see Table 3). Major topics and issues roughly represented what was available in the literature by
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published papers rather than being a previous selection intending to cover all relevant issues as this
perspective is still to be developed. However, they represent basic/key topics to account for logging
sustainability by covering biodiversity, forest integrity, ecosystem functioning and services.

Table 2. Variables, categories and description used to classify the articles involved in this review.

Variables Categories Description
. Brazil, French Guiana, Ecuador, Colombia,
Neotropical . ..
Suriname, Venezuela, Bolivian...
Ghana, Congo, Uganda
Africa
Kenya, Gabon, Nigeria...
Regions
. . India, Malasia, Vietna, Thailand, Camboja, Laos,
Continental Asia .
Myamar, China...

Indonésia, Borneo, Filipinas...

Insular Asia
More than one region

Pan-Tropical
First cycle

1
No. of logging events 2 Second cycle
>2 More than two cycles
<10 Less than 10 years
Time elapsed since the 10-30 Between 10 and 30 years
last logging event 30-50 Between 30 and 50 years
>50 More than 50 years
low <30 m3/<4ind. ha-1
Logging intensity medium 31-50 m?/ 5-10 ind. ha-1
high >50m3/>10ind. ha-1
Table 3. Major topics, main issue and suggested reading covered by the reviewed articles.
Major topics Main issue Suggested reading
Amphibians (Fredericksen & Fredericksen, 2004)
Birds (Cosset et al., 2021)
Bats (Castro et al., 2022)
Epiphytes (Benitez et al., 2012)
Exploited tree species (Dionisio, 2020)
Species richness and Fishes (Martin-Smith, 1998)
community Herbivory and pathogens (Duclos et al., 2013)
organization Herbs (Costa & Magnusson, 2002)
Invertebrates (Moura et al., 2021)
Liana/Vine (Addo-Fordjour et al., 2020)
Medium/large mammals (Granados et al., 2019)
Small mammals (Malcolm & Ray, 2000)
(Vonesh, 2001)

Reptiles
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Tree species (Adekunle et al., 2010)
Forest structure/damage/biomass (Romero et al., 2021)
Functional diversity (Han et al., 2021)

(Tchiofo Lontsi et al., 2020)

Pollination (Schleuning et al., 2011)
processes
Seed dispersal (Boissier et al., 2020)
Soil/water resources (Chiti et al., 2016)
Biological invasion (Veldman et al., 2009)
Logging and bushmeat (Brodie et al., 2015)
Ecosystem productivity (Piponiot et al., 2019)
Socioeconomic Impacts on non-timbers (Rist et al., 2012)
aspects
Economic viability (Krueger, 2004)
Socio-economic impacts (Schwartz et al., 2017)
Temporal dynamics/expansion (Lima et al., 2019)
Analytical tools

Detection techniques/remote sensing (Milodowski et al., 2021)

Some abstracts did not provide all the information, and, in this case, we searched across the
methods section. In the case the target information was absent, unclear and/or we have not access to
the methods section, the document was assigned as missing data (NA). Furthermore, a document
was represented by more than one row in the database in the case (1) the study area covered more
than one country [or region], and (2) more than one logging effect was examined. The information
extracted from each document and the metadata with the appropriate category description is
available on GitHub (github.com/miralaba/logging scientiometrics). We evaluated the temporal
trend by organizing the documents by year of publication, assessed the geographic distribution and
measured the frequency of the information extracted by region. All analyses were done in R (R Core
Team, 2022).

2.3. Potential Limitations and Caveats

Our review was based on a systematic and validated procedure, while our search was limited
to the Scopus platform. However, Scopus' extensive coverage of nearly 28,000 active titles, stands as
a widely recognized and comprehensive repository, minimizing the potential impact on the
robustness of our review's conclusions. By restricting search to papers available via public platforms,
we assumed that they provide a good proxy to the current accumulated knowledge on the impacts
by selective logging in tropical forests.

3. Results

3.1. Temporal and Spatial Trends

We detected a clear trend of increasing knowledge production since the beginning of the 70's
with a relative stabilization or even decline in the last years (Figure 1A). Briefly, four periods
emerged: (1) before 1990, very few studies (less than one per year), which were conducted in Malaysia
and Indonesia; (2) between 1990 and 2000, a considerable increase in the number of publications,
reaching around 21 articles published in 2000; (3) between 2000 and 2015, an average of 20
publications per year was maintained; and (4) after 2015 another increase leading to an average of 40
publications per year, although 2020-2021 indicated an stabilization trend (Figure 1A). Publication or
knowledge production through our focal period was spatially concentrated in Neotropics (41%),
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followed by Asia (36%), but with a little contribution from Africa (16%). Brazil (n = 138), Malaysia (n
=120), Indonesia (n = 52), Bolivia (n = 32), Uganda (n = 31) being the top five countries (Figure 1B).
Controlling the original cover by tropical forests there were much more publications in the
Neotropics and Asia than in Africa. In fact, Dipterocarps forests in Malaysia and Indonesia and the
Amazon forests emerged as hotspots relative to publications, i.e., 48% of all publications.
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Figure 1. (A) The number of papers addressing selective logging impacts in tropical forests from 1970 to 2021.
(B) World map highlighting the countries supporting research on selective logging impacts. Colors inform the
number of documents/studies reported.

3.2. Logging Impacts

We were able to identify a major group of 29 effect-related topics or response variables among
the 641 documents screened, although classificatory arrangements or alternative categories might
have been used. One-third of the papers examined (almost exclusively) the impacts of logging on
forest physical structure/damage/ biomass (n=203, ~32%, Figure 2). Detection techniques (n = 61),
ecosystem productivity (55) and temporal dynamic/expansion of logging operations (52) were topics
addressed by more than 50 documents each. Altogether, 228 documents (~36%) assessed the impacts
of logging on biodiversity; most of them addressing community-level impacts across major taxa. In
this context, the main targets were birds (n = 48), some invertebrate groups (43), and tree species (33).
A long list of topics received negligible attention until 2022. We refer to 13 topics (almost half of the
topics) with less than 20 studies in total, such as nutrient cycling, non-timber forest products,
biological invasion and key biological taxa. Herbs, epiphytes, fishes and amphibians were among the
least investigated taxa across the regions (i.e., less than 5 documents each), regardless of the extreme
diversity of these taxa with the presence of groups very sensitive to changes in forest microclimate
and stream conditions. It is even worse by considering the geographic coverage: 12 topics with 1-5
studies in Africa, 11 in continental Asia, 12 in insular Asia and nine in the Neotropics (Figure 2).
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Forest structure/damage/biomass
Detection techniques/remote sensing
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Soil/water resources

Birds

Economic viability
Invertebrates

Exploited tree species
Medum/large mammals
Functional diversity

Tree species

Multiple topics

Seed dispersal

Small mammals

Liana/Vine

Nutrients cycling /stocks
Pollination

Socio-economic impacts
Impacts on non-timbers
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Figure 2. Number of papers per topic/impacts posed by selective logging on tropical forests across the four major
regions plus papers addressing more than one region (Pantropical). Papers from 1970 to 2021 available in the
Scopus platform and selected according to criteria in Table 1. Vertical dashed line represents a threshold to
highlight the topics with less than 20 publications.

Although studies examining logging impacts collectively covered a wide range of
topics/response variables, we were unable to extract critical information to properly evaluate logging
impacts from a substantial number of them. For instance, around 13% of accessed documents (n=81)
did not explicitly mention the time elapsed since logging operation occurred (Figure 3A). This
missing information is even worse relative to the number of logging events already carried out
in the research spot (22%, n = 140, Figure 3B) or about logging intensity (47%, 303, Figure 3C).
Considering the available information (1) almost a half of the studies were conducted in spots elapsed
10 years or less since the logging occurred (n = 280, Figure 3A), (2) in the context of the first logging
event; i.e. the exploitation of the old-growth forest and the forest premium (415, Figure 3B), and (3)
with forest stands being submitted to a logging operation of low-medium intensities (239, Figure 3C).
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Figure 3. Number of papers addressing the impacts by selective logging classified according to effect drivers
and the tropical major regions. For Intensity (C), low values correspond to 30 m? or less; medium, 31-50 m3; and
high intensity is more than 50 m?. Papers from 1970 to 2021 available in the Scopus platform and selected

according to criteria in Table 1.

Finally, by distributing the papers into relevant topics to examine forest response or logging
impacts (i.e. time elapsed since the last operation, logging intensity and the number of logging
rounds/cycles) a concerning scenario emerged (Figure 4). First, several studies did not control the
time elapsed since the last logging operation; i.e., it was not clearly informed in the paper. Second,
by controlling this key force, the number of studies per categories of logging intensity, ecological
process and region rarely exceed five papers (what does not permit any meta-analysis). Please note,
very little was produced relative to seed dispersal, a key process in the context of forest regeneration
and further logging cycles. Third, very little information was available on the impacts after the second
cycle of logging. Finally, Africa exhibited the worse scenario, but even Asia and the Neotropics
produced a chart with immense gaps for most of the response variables.
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Figure 4. Number of papers addressing the impacts by selective logging classified according to particular
impacts (left), time since logging (bottom) and the number of logging cycles (right), across the major tropical

regions. Papers from 1970 to 2021 available in the Scopus platform and selected according to criteria in Table 1.

4. Discussion

Our results suggest that selective logging continues to receive attention from researchers,
although the publication peak has already occurred in 2016 following a tangible increment in the
number of published articles starting in 2012. Although the absolute number of papers might be
considered expressive (i.e., 641 papers) the available information on the impacts posed by selective
logging on biodiversity persistence, ecosystem functioning and services is geographically biased as
research appears to be concentrated in Indonesia/Malaysia (Dipterocarp forests) and Brazil/Bolivia
(particularly Amazon forests) with much less information coming from Africa. Papers are also biased
relative to taxonomic groups (mammals, birds and trees rather than other groups) and processes
across all levels of ecological organization from population to ecosystem level. In fact, logging
impacts on above ground biomass and carbon stocks still dominate the literature as documented here.
Moreover, key taxonomic groups and ecosystem level processes remain poorly investigated,
particularly in the case the number of logging events, logging intensity and time elapsed since the
last event are considered. In other words, as few studies are properly comparable, there are little
opportunities for meta-analysis and synthesis by controlling the factors modulating logging impacts.
Finally, research appears to be concentrated into the same ecological context or scenario: first round
across old-growth forests in the aftermath of logging operations.

While logging operations are considered “harmful” (Lindenmayer et al., 2020), selective logging
has been acknowledged as ecologically sustainable or posing little impacts (Senior et al., 2018) since
ecosystem processes are resilient to logging (Ewers et al.,, 2015) and species richness is not altered
across several taxonomic groups (Kpan et al., 2021; Willott et al., 1999). Thereby, logged forests are
perceived as biodiversity repositories and a key source of ecosystem services of both local and global
relevance (Cerullo and Edwards, 2018). Here we do not intend to examine in which extension logging
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impacts (see Maiwald et al., 2020) are supported by empirical evidence in the case the key
modulating forces are considered: time since logging operation, logging intensity, and the number of
logging cycles (Burivalova et al., 2015; Leverkus et al. 2021). However, we can provide at least three
general statements based on our findings to qualify our current level of uncertainty. First, research
concentration on initial impacts/impacts by the first cycle in old-growth forests does not guarantee
the lack of significant impacts as time elapses and additional cycles are imposed on logged forests.
Note that selective logging, across both public forest concession (usually industrial logging) or
communal forests are planned to impose several cycles. See for instance lag impacts on tree mortality
due to logging (Amaral et al., 2019).

Second, there is an insufficient number of papers controlling for impact drivers to extract
generalizations relative to a larger number of ecological processes such as seed dispersal, particularly
seed dispersal by vertebrates (see Carvalho et al., 2022), biological invasion and pollination, just to
mention a few. Generalizations on logging impacts must be interpreted with caution and long-term
sustainability is still an open question. Third, assuming cross-forest differences relative to resilience
or sensitivity to human disturbances, selective logging in Africa, the leader region in industrial
logging (Laporte et al., 2007), is occurring into a completely blind context as we consider available
literature coming from this continent (see Figure 4). Although cross-forest differences relative to
reliance to logging have not been examined yet, we already know that tropical forests do not exhibit
the same level of resilience relative to human disturbances from habitat fragmentation to climate
changes (Ciemer et al., 2019; Cole et al., 2014; Huntingford et al., 2013). Briefly, historical disturbance
regime (both natural and anthropogenic), physical heterogeneity supporting plant functional
diversity and current climate conditions influence not only the impact intensity but also the speed
forests recovery towards pre-disturbance conditions, i.e., resilience (Ciemer et al., 2019; Hollunder et
al., 2022; Levine et al.,, 2016; Adolf et al., 2020). In some extension both historic and contemporary
conditions result in biotas (as an evolutionary unity) supporting distinct forest-
dependent/disturbance-adapted species ratio, a key attribute relative to resilience (Cole et al., 2014;
Filgueiras et al., 2021). In other words, forest resilience to long-term selective logging must be
examined at each biota submitted to.

Regardless of current knowledge, uncertainty relative to the long-term ecological sustainability
of selective logging is also amplified by the ecological context logging operations are unlike to occur
in the near future. We refer to a transition from landscapes/regions covered by old-growth forests
(i.e. biodiversity-friendly landscapes Melo et al., 2013) towards human-modified landscapes/regions
dominated by process leading to forest degradation such as the synergetic combination of habitat
loss (i.e., deforestation), edge-impacts, defaunation, illegal logging and intense drought (Lapola et
al.,, 2023). In other words, logging operation spots will be soon or later embedded into landscapes
dominated by edge-affected habitats or degraded/desiccated forests (see Silva Jr. et al., 2020), while
exposed to climate changes such as more intense/frequents droughts (Lovejoy and Nobre, 2018). In
addition to higher vulnerability to wildfires produced by logging per se (Lindenmayer et al., 2020),
logging operations will occur into ecological contexts favoring disturbance-adapted species rather
than the old-growth assemblages consisting of forest-dependent species such as edge-affected
habitats; i.e., the bulk of tropical biodiversity (Filgueiras et al., 2021; Tabarelli et al., 2012). In fact,
logging favors the proliferation of disturbance-adapted species even in the landscapes still dominated
by old-growth forests (Jackson et al., 2002; Sist et al., 2000).

It implies that a substantial portion of the evidence in support of logging sustainability
provided so far has limited utility as the regional landscapes are changing rapidly toward ecological
contexts across which even forest persistence is now questionable as tipping points or intense forest
degradation approaches (Forzieri et al., 2022; Lapola et al., 2023; Staal et al., 2020; Verbesselt et al.,
2016). In synthesis, regulated logging via presumable sustainable approaches operates and continues
to expand under a high level of uncertainty, which emerges from the current knowledge gaps (see
Bawa & Seidler, 1998; do Prado Capanema et al., 2022; Eve, 2000; Sist & Ferreira, 2007; Torres-Rojo et
al.,, 2016) plus those posed by changes in the ecological context logging are expected to occur. We

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.2230.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 April 2026 d0i:10.20944/preprints202604.2230.v1

12 of 19

refer to the old-growth forest transition towards human-modified landscapes (i.e., reduce forest cover
and the predominance of edge-affected habitats at regional scale), which are now exposed to climate
changes and thus providing the perfect context for forest degradation (Lapola et al., 2023), including
transitions towards non-forest vegetation (Lovejoy and Nobre, 2018).

It is true that regulated selective logging (via public concessions or not) is a potential instrument
to (1) incorporate undesignated public lands to governance, (2) reduce illegal logging operations
while establish basic standards to be accomplished by the forestry sector, (3) create economic
opportunities for several stakeholders, including traditional communities, and (4) protect forests
against illegal activities or replacement by other land uses (Karsenty, 2017; Ribeiro et al., 2020). Brazil,
thanks to the Amazon region, still contains the largest old-growth tropical timber reserve (Richardson
and Peres, 2016), with public forest concessions (from federal to state level) perceived by decision-
makers as a key instrument to exploit such a “renewable” resource (SFB, 2020; Capanema et al., 2022).
To reduce uncertainty and honestly assign regulated logging as potentially sustainable (as self-
declared by regulating agencies) we recommend: (1) long-term monitoring programs as a mandatory
component of logging regulation to be followed by both public and private operations; (2) public
access to monitoring data, reports and information related to regulated logging via web platforms
supported by loggers; (3) a global platform to exchange experience, including criteria for long-term
monitoring, better practices, silvicultural approaches and sustainability assessment; (4) agreement
among regulation and certification agencies relative to sustainability assessment, including a basic
set of variables relative to biodiversity persistence, forest integrity, ecosystem functioning and
services and socioeconomic issues; (5) capacity building program to qualify stakeholders (including
the staff of logging corporations) relative to sustainability assessment; and (6) long-term experiments
devoted to logging sustainability and better practices by research institutions. We hope this review
stimulates logging research considering the new challenges imposed by rapid land-use and
accelerating climate changes, with the establishment of robust criteria and instruments to account for
sustainability.
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