
1 of 21Global Change Biology, 2025; 31:e70279
https://doi.org/10.1111/gcb.70279

Global Change Biology

RESEARCH ARTICLE OPEN ACCESS

A Global Assessment of Plant and Animal Community 
Responses to Forest Management Over Time
Hanneke van 't Veen1   |  Koen Kuipers2   |  Aafke Schipper1,2  |  Alexandra Marques1  |  Mart-Jan Schelhaas3  |  
Rob Alkemade1,4 

1Netherlands Environmental Assessment Agency, Global Sustainability, Den Haag, the Netherlands  |  2Radboud University, Radboud Institute for 
Biological and Environmental Sciences, Department of Environmental Science, Nijmegen, the Netherlands  |  3Sustainable Forest Ecosystems, Wageningen 
University, Wageningen, the Netherlands  |  4Earth System and Global Change Group, Wageningen University, Wageningen, the Netherlands

Correspondence: Hanneke van 't Veen (hanneke.vantveen@pbl.nl)

Received: 29 August 2024  |  Revised: 9 April 2025  |  Accepted: 7 May 2025

Funding: This work was supported by European Union’s Horizon Europe Research and Innovation Programme (101036849) and United Kingdom Research 
and Innovation Council (UKRI) (101056755).

Keywords: abundance | forestry | intactness | mean species abundance (MSA) | restoration | richness | threatened species

ABSTRACT
Transitions to forest management that mitigate negative effects of forest use on biodiversity are required to bend the curve of 
biodiversity loss. To facilitate such transitions, it is vital to understand the effects of different forest management practices on 
biodiversity. In this study, we analyzed observation data of 182 studies (312,453 abundance values) from three global biodiversity 
databases to estimate the effects of seven types of forest management on plant and animal (i.e., insects and vertebrates) biodi-
versity over time, and on threatened animals. We captured biodiversity in four distinct metrics (i.e., quantifiable measures of 
community composition): (i) intactness, (ii) relative species richness, (iii) compositional similarity, and (iv) relative total abun-
dance, all calculated as the difference in biodiversity between managed and undisturbed forests. Overall, we find larger effects 
of forest management on intactness and similarity compared to richness and abundance. This suggests that forest management 
leads to a loss of species that specifically occur in undisturbed forests but that this decline is partially offset by an influx of species 
from other areas. We find that extensive forest management, such as selective cutting and agroforestry, supports higher levels of 
overall and threatened biodiversity than intensive management, such as forest and perennial tree crop plantations. We also find 
significant increases in animal community intactness and similarity in agroforests and forest plantations over 40 and 80 years 
since establishment, respectively, but do not find this for relative species richness and total abundance. This indicates that ani-
mal communities in these management systems become increasingly similar to those of undisturbed forests. Overall, our results 
highlight the potential of selective cutting and agroforests to mitigate biodiversity loss compared to more intensive systems, as 
well as the potential of longer rotation periods in forest plantations to increase habitat availability for species specifically adapted 
to undisturbed forests.

1   |   Introduction

Global extraction of roundwood and wood fuel, as well as the 
conversion of forests into agriculture, results in deforestation 
(FAO  2020a) and extensive forest degradation (Matricardi 
et  al.  2020), with grave consequences for biodiversity 

(IPBES 2019). To bend the curve of biodiversity loss, it is insuffi-
cient to protect biodiversity in conservation areas alone (Leclère 
et al. 2020). There is also a need for more sustainable produc-
tion and consumption of natural resources outside of protected 
areas (Laurance et  al.  2012). That is why the Convention of 
Biological Diversity set target 1 of the Kunming-Montreal 
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Global Biodiversity Framework to facilitate management transi-
tions that mitigate biodiversity loss on all working land by 2030 
(Convention on Biological Diversity (CBD)  2022). In response, 
multiple countries and regions initiated transitions to forest 
management that mitigate the effects of forest use on biodiver-
sity (MacDicken et  al.  2015). For instance, the new EU forest 
strategy for 2030 of the European Union (EU) promotes a transi-
tion to more sustainable forest management that benefits biodi-
versity (European Commission 2021). Yet, to effectively enable 
such transitions, there is a need to identify management that can 
help mitigate forest use-related biodiversity loss.

Previous global studies on the effects of forest management on bio-
diversity revealed that some forest management systems (i.e., sets 
of actions to achieve objectives of wood or food production from 
forests) are less harmful to biodiversity than others (Chaudhary 
et al. 2016). In forests managed for wood production, biodiversity 
is often higher in extensively managed areas, where natural for-
ests are selectively cut and allowed to regenerate naturally, than in 
intensively managed areas, where forests are clear cut and planted 
(Chaudhary et al. 2016; Crouzeilles et al. 2017), in particular when 
non-native species are planted (Vu Ho et al. 2023). In forests man-
aged for food production, extensive production in agroforests 
(e.g., cocoa agroforests) usually has smaller effects on biodiver-
sity than intensive production in perennial tree crop plantations 
(e.g., oil palm plantations) (Bohada-Murillo et al. 2020; Deheuvels 
et al. 2012; Yahya et al. 2022). Smaller impacts of extensive than 
intensive forest management on biodiversity are related to the 
generally higher heterogeneity of vegetation structure (i.e., the 
three-dimensional distribution of plants in the forest ecosystem) 
and composition under extensive than intensive management 
(Atlegrim and Sjöberg 2004). As a result, more food and shelter is 
available for species under extensive than intensive forest manage-
ment (Atlegrim and Sjöberg 2004).

Even though extensive forest management generally has smaller 
effects on biodiversity than intensive management, the effects 
tend to vary between different aspects of biodiversity (e.g., species 
richness, abundance, and community composition) (Chaudhary 
et al. 2016; Lelli et al. 2019; Paillet et al. 2010). This is related 
to the varying effects of forest management on food and shelter 
resources that are preferred by different species groups (Paillet 
et al. 2010). For instance, species richness is often affected less 
than species composition in both clear-cut and selectively cut 
forests (Crouzeilles et al. 2016; Dunn 2004; Xu et al. 2015), birds 
often respond more negatively to clear cutting than mammals 
(Chaudhary et al. 2016), and threatened species are often more 
vulnerable to human disturbances than non-threatened species 
(Monks and Burrows 2014) and disproportionately affected by 
natural forest loss (Betts et al. 2017).

The effects of forest management on biodiversity can also be 
time-dependent (Tudge et  al.  2023). Some studies show that 
small management-related disturbances can continue to affect 
biodiversity for decades (Gatti et al. 2015; Langridge et al. 2023), 
while other studies show that biodiversity in managed forests 
can recover rapidly upon forest regrowth (Tudge et al. 2023). For 
instance, while the effect of selective cutting on biodiversity is 
often relatively small compared to that of plantations, the recov-
ery of biodiversity is slow under selective cutting due to long-
lasting effects on vegetation structure and composition (Gatti 

et al. 2015; Langridge et al. 2023). In contrast, despite the large 
initial impact of clear cutting and tree planting, biodiversity can 
recover rapidly over time in forest plantations (Hua et al. 2022; 
Tudge et al. 2023). This may be related to increases in vegetation 
structural complexity and tree diversity over time upon forest 
growth in plantations (Tudge et al. 2023).

At present, three important knowledge gaps remain to identify 
forest management systems that can help mitigate biodiversity 
loss related to forest use. First, no global study has yet compared 
the time-dependent responses of biodiversity across different 
forest management systems. For instance, changes in biodiver-
sity over time have not yet been compared between extensive 
and intensive forest management, nor have they been com-
pared between forest management for food and wood produc-
tion. Time-dependent responses of biodiversity are relevant to 
consider when assessing the potential of forest management to 
mitigate biodiversity loss, as disregarding these responses may 
result in over- or underestimations of the effect of forest man-
agement on biodiversity. For instance, disregarding the potential 
of biodiversity recovery in forest plantations could result in an 
overestimation of biodiversity loss. Second, global studies often 
focus on only a single biodiversity metric (usually species rich-
ness) (Chaudhary et al. 2016; Lelli et al. 2019; Paillet et al. 2010), 
while different aspects of biodiversity may respond in varying 
ways to forest management. For example, if only the effects of 
forest management on species richness are assessed, changes in 
the types of species and their abundance over time remain un-
noticed. Third, and finally, no global study has yet shown the 
effects of forest management on threatened species composition. 
Hence, it remains unclear if transitions in forest management 
could mitigate threatened species loss in response to forest use.

In this study, we aimed to determine the effects of different 
forest management systems on alpha biodiversity (i.e., insects, 
vertebrates, and plants) across the globe. We aimed to capture 
biodiversity responses to forest management in different met-
rics, namely biodiversity intactness, relative species richness, 
compositional similarity, and relative total abundance. To do 
this, we combined three existing datasets on biodiversity re-
sponses to land use and expanded them with information on 
forest management. We then estimated the overall and time-
dependent effects of forest management systems on biodiversity 
using linear mixed-effect models. The results of this study can 
be used to identify forest management systems that are least 
harmful to biodiversity, while considering different metrics and 
taxonomic groups, as well as the potential for biodiversity re-
covery over time. Further, the results of this study may be used 
to parameterize global biodiversity models to run scenarios that 
may reveal how forest management systems may be best intro-
duced and combined over space and time to mitigate biodiver-
sity loss (Kok et al. 2018, 2023).

2   |   Methodology

2.1   |   Databases

We obtained data from three existing global biodiversity da-
tabases (i.e., PREDICTS (Hudson et  al.  2014, 2017; Lawrence 
et  al.  2016), GLOBIO (Alkemade et  al.  2009), and a database 
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compiled by Kuipers et al. (2023)) that contain data on animal 
(i.e., insects, amphibians, reptiles, birds, and mammals) and 
plant species populations or assemblages in sites subject to dif-
ferent land use and management types. We chose these three 
databases because they are, to our knowledge, the only global 
databases that contain paired observations of communities in 
disturbed sites or sites subject to land use as compared to ref-
erence sites (e.g., undisturbed natural vegetation) (Alkemade 
et al. 2009; Hudson et al. 2014; Kuipers et al. 2023). All databases 
were compiled through literature review and subsequent data 
extraction (Alkemade et al. 2009; Hudson et al. 2014; Kuipers 
et al. 2023).

Each of the three databases includes taxonomic, methodolog-
ical (e.g., describing the data collection approach), and land 
use data. Additionally, each database includes species- to 
genus-level abundance data from individual empirical scien-
tific field studies across the globe. Each primary study (i.e., 
paper or report) in the databases is a single source. Each 
source may contain one or more studies, distinguished from 
each other based on their location and/or the year in which 
data were gathered. Within each study, data were collected 
from at least two sites within a given study area (e.g., in blocks 
or across transect lines), including at least one site subject to 
land use and one reference site. We defined reference sites as 
forests with no clearly visible indications of human activities 
for at least 80 years. Our definition of reference sites is in line 
with the FAO definition of primary forests, that is, “naturally 
regenerating forest of native tree species, where there are no 
clearly visible indications of human activities, and the ecolog-
ical processes are not significantly disturbed” (FAO  2020b). 
We used a threshold of 80 years because it corresponds to the 
threshold conventionally used to distinguish young from ma-
ture forests (Keith et  al.  2009; Liu et  al.  2014; Odum  1969). 
Combined, the databases include 860 studies with per-species 
abundance data of which 602 were from PREDICTS, 146 were 
from GLOBIO, and 171 were from Kuipers et al. (2023).

2.1.1   |   Database Expansion and Forest Management 
Classification

We expanded the three databases with data on forest man-
agement for wood and food production. More specifically, we 
returned to the original sources to complement the databases 
by adding data for different aspects of management, including 
regeneration and tree harvesting strategies. We distinguished 
seven forest management systems: reduced-impact logging, 
selective cutting, clear cutting and unassisted regrowth, forest 
plantations, agroforests, silvopasture plantations, and peren-
nial tree crop plantations (see Table 1 for structured descrip-
tions of all systems). These systems included the most common 
forest management systems found globally (Chaudhary 
et  al.  2016; Crouzeilles et  al.  2016). We used the conceptual 
framework of Trentanovi et al. (2023), which was developed 
to consistently study the effects of forest management on 
biodiversity, to define our management systems (Table  1). 
We adopted this framework because it standardizes forestry 
and forest structure terms and definitions to allow for an im-
proved understanding of research outputs and a better com-
parison across biodiversity studies (Trentanovi et  al. 2023). 

We distinguished between systems predominantly focusing 
on wood production and systems predominantly focusing 
on food production. In case both wood and food production 
may occur in a given forest management system (e.g., in silvo-
pastures), we categorized the system under food production 
systems. Our definition of agroforests applies to the types of 
agroforestry that occur in the tropics (e.g., coffee plantations 
or subsistence agroforests). Hence, our biodiversity estimates 
for this system did not reflect the effect of agricultural systems 
that are often considered agroforests in temperate regions, 
such as orchards and trees planted in rows between crops.

From the original sources, we also obtained information on 
the time since harvesting of trees (in years) for reduced-impact 
logging, selective cutting, and clear-cutting systems (previous 
rounds of cutting could have occurred), and time since the es-
tablishment (in years) of forest plantation, agroforest, silvopas-
ture, and perennial tree crop plantation systems. In the case of 
forest plantations, time since establishment indicated the time 
that passed since trees were planted (prior rounds of planting 
could have occurred). Data on time since harvesting or estab-
lishment were available for approximately half of the studies on 
animal biodiversity.

We completed the species-level entries in the database with the 
threat status of species. For this purpose, we downloaded the 
IUCN Red List for plants, insects, amphibians, reptiles, birds, 
and mammals (https://​www.​iucnr​edlist.​org/​, last accessed 
19 July 2024). The IUCN Red List includes, among others, the 
binominal scientific names of threatened species and their 
risk of global extinction, ranging from least concern to extinct 
(IUCN 2024). We merged the IUCN Red List with our combined 
biodiversity database by matching the binominal names of the 
species in our database with those of threatened species in the 
IUCN Red List.

2.1.2   |   Data Availability and Distribution

Of the 860 studies in the three databases, 182 studies, derived 
from 123 publications, included data gathered in sites under 
one of the forest management systems we distinguished in 
this study and corresponding reference sites. From these 182 
studies, 157 analyzed animal diversity and 25 analyzed plant 
diversity.

In total, the database contained 159,148 abundance values 
of 9240 animal species or genera and 153,305 abundance 
values of 4917 plant species or genera obtained in sites sub-
ject to one of the management systems and corresponding 
reference sites. Most studies originated from South America 
(Nanimals = 53, Nplants = 6), followed by Asia (Nanimals = 33, 
Nplants = 9), Africa (Nanimals = 34, Nplants = 3), North America 
(Nanimals = 25, Nplants = 1) (primarily Central America), Europe 
(Nanimals = 6, Nplants = 5), and Oceania (Nanimals = 6, Nplants = 1) 
(Figure 1a–e). Studies for all seven management systems were 
available for South America. For North America, Asia, and 
Africa, studies of six management systems were included, 
and for Oceania and Europe, only studies of three and two 
systems were available, respectively (Figure  1b,d). In South 
America, Asia, Oceania, and Europe, plantation systems were 
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best represented in the databases, followed by selective cut-
ting systems in South America and Asia. In North America, 
agroforests were best represented, while in Africa, most stud-
ies focused on selective cutting.

Data availability differed among animal taxonomic classes. The 
databases included the highest number of studies for insects 
(63), followed by mammals (56), birds (38), amphibians (16), and 

reptiles (15) (Figure 1). For animals, data were available on at 
least five management systems for all taxonomic classes. Less 
data were available for plants (30 studies); the databases only 
contained plant data gathered in five management systems: 
agroforests, clear cutting and regrowth, perennial tree crop 
plantations, forest plantations, and selective cutting. The most 
abundant plant classes were Liliopsida, Magnoliopsida, and 
Polypodiopsida.

FIGURE 1    |    Spatial distribution and numbers of included studies. (a) The global distribution of empirical biodiversity studies categorized by forest 
management system. The wood production systems are colored in greens and the food production systems in browns. The sizes of the pie charts in-
dicate the number of studies per country included in the databases. (b) Animal biodiversity studies per continent categorized by forest management 
system. (c) Animal biodiversity studies per taxonomic class categorized by forest management system. (d) Plant biodiversity studies per continent 
categorized by forest management system. (e) Plant biodiversity studies per taxonomic class categorized by forest management system. Each study 
can contain multiple management systems and cover multiple taxonomic classes. Map lines delineate study areas and do not necessarily depict ac-
cepted national boundaries.
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2.2   |   Biodiversity Metrics and Correlation Analysis

We measured the effects of forest management on alpha animal 
and plant biodiversity using four biodiversity metrics: intactness 
(IN), relative species richness (SR), compositional similarity (SI), 
and relative total abundance (TA). Prior to calculating these met-
rics, we averaged the abundances of each species or genus across 
the sites (e.g., plots or transects) of each study per forest manage-
ment system and for corresponding reference sites, respectively. 
We note that while the abundance values in our databases include 
both species and genus-level measurements, we refer to species 
from here on for the ease of reading.

We calculated biodiversity intactness per study and per forest 
management type as mean species abundance (MSA), a mea-
sure of local biodiversity intactness based on species-specific 
differences in abundances between managed and reference sites 
(Alkemade et al. 2009; Kuipers et al. 2023; Schipper et al. 2020). 
MSA reflects how similar the species composition of managed 
sites is to that of reference sites. We first divided the abundances 
of species found under a certain management system by those 
of corresponding reference sites, providing us with abundance 
ratios (i.e., response ratios) per management system per species. 
If a species occurred in the managed sites but not in the reference 
sites, we removed this species. If the abundance of a species in 
managed sites was higher than that of corresponding reference 
sites, the value was set at 1 (maximum intactness). Finally, we 
averaged the resulting ratios across each study and divided the 
average by the number of species found in reference sites. Thus, 
we calculated intactness (IN) for each study and management 
system as follows:

where, A represents the abundance of species (s) in sites subject to 
a certain management system (m) or in corresponding reference 
sites (r) for study (i), and N is the number of species in the reference 
sites. Truncating relative species abundance at 1 (in the numera-
tor of Equation 1) ensured that possible increases in abundance in 
response to management did not mask abundance losses of other 
species (Alkemade et al. 2009; Schipper et al. 2020).

We assessed compositional similarity between managed and refer-
ence sites using the Sørensen Similarity Index (Sørensen 1948). Per 
study and management system, we determined the number of spe-
cies that occurred in both managed and corresponding reference 
sites, as well as the number of species that differed, respectively. 
Hereafter, we divided the number of overlapping species times two 
by the total number of species that overlapped and differed times 
two. Thus, we calculated the Sørensen Similarity Index (SI) for 
each study and management system as follows:

where, T represents the number of species common to sites sub-
ject to a certain management system (m) and corresponding ref-
erence sites (r), and F is the count of species that differ between 

sites subject to a certain management system and corresponding 
reference sites in study (i).

We evaluated the effects of forest management on relative spe-
cies richness by computing the log-response ratio between the 
species richness observed in management sites and that of refer-
ence sites. To derive relative species richness, we determined the 
total number of species found in managed sites for each study, as 
well as the total number of species found in corresponding ref-
erence sites, respectively. We then divided the number of species 
found for specific forest management sites per study by that of 
corresponding reference sites and took the natural log to adjust 
for the right-skewed distribution of the response ratios (Hedges 
et al. 1999). Thus, we calculated relative species richness (SR) for 
each management system in each study as follows:

where, S denotes the number of species in sites subject to a cer-
tain management system (m) or in the corresponding reference 
sites (r) for each study (i).

Finally, we evaluated the effect of forest management on relative 
total abundance. Per study, we first summed the abundances of 
all species in sites subject to a certain management system and 
the abundances of all species in the corresponding reference sites. 
Then, we divided the summed abundance of managed sites by that 
of the corresponding reference sites per study and took the natural 
log to adjust for the right-skewed distribution of the response ratios 
(Hedges et al. 1999). Thus, we calculated relative total abundance 
(TA) for each management system per study as follows:

where, A is the abundance of species (s) in sites subjected to a 
certain management system (m) or the corresponding reference 
sites (r) in each study (i), and M and N represent the total number 
of species in the managed and reference sites, respectively.

We chose the four metrics because previous studies show that 
a combination of species richness, abundance and intactness-
related biodiversity metrics is needed to capture biodiversity 
changes in response to anthropogenic pressures (Kuipers 
et al. 2023; Santini et al. 2017; Vačkář et al. 2012). Intactness in-
dicates how closely managed sites compare to those of reference 
sites in terms of the abundance of species present in reference 
sites, while similarity reflects the overlap in species composition 
between managed sites and reference sites. Therefore, a com-
parison between intactness and similarity reveals whether a 
loss of intactness is mainly due to a loss of species specifically 
adapted to undisturbed forests or rather a reduced abundance 
of those species. Comparing intactness and similarity with rela-
tive species richness provides an indication of whether a transi-
tion from undisturbed to managed forests results in a shift from 
species specifically adapted to undisturbed forests to species 
that occur in other areas, or whether an overall loss of species 
occurs. Finally, a comparison between intactness and relative 
total abundance reveals whether the abundances of species 

(1)
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∑
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�
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specifically adapted to undisturbed forests decline or whether 
forest management causes a significant loss in species abun-
dances overall.

After having calculated the metric values per management 
system and study, we conducted principal component analyses 
(PCA) and produced Spearman correlation matrices to assess 
correlations between biodiversity intactness, compositional sim-
ilarity, relative species richness, and relative total abundance for 
animals and plants overall, respectively, as well as for insect, 
bird, herpetofauna, and mammals separately. The outcome of 
these analyses provided an indication of the complementarity 
and redundancy of our biodiversity metrics.

2.3   |   Hypothesized Effects of Forest Management 
on Biodiversity

We hypothesized that biodiversity mainly responds to 
management-induced changes in vegetation composition and 
structural complexity (i.e., three-dimensional distribution of 
plants in the forest ecosystem), because we expected these 
changes to affect food and shelter provisioning for species 
(Coverdale and Davies 2023) (Table 2). Prior studies show posi-
tive relationships between biodiversity and indices of vegetation 
structural complexity, such as the vertical diversity index and 
relative height (Coverdale and Davies 2023; Heidrich et al. 2023; 
Tews et al. 2004). Additionally, high tree diversity can positively 
influence biodiversity (Ampoorter et al. 2020), while the plant-
ing of non-native tree species can negatively affect biodiversity 
(Vu Ho et al. 2023). Therefore, we hypothesized smaller effects 
of forest management on biodiversity when the vegetation struc-
ture and composition of managed forests are heterogeneous and 
more closely resemble that of undisturbed forests. Accordingly, 
we expected that biodiversity is less affected by selective cutting 
and clear-cutting followed by natural regrowth of native tree 
species than by the planting of non-native trees to create tim-
ber or perennial tree crop plantations. Hereby, it is important to 
note that there are gradients in vegetation structural heteroge-
neity and composition within managed and undisturbed forests. 
For instance, undisturbed forests can range from homogeneous 
stands composed of only one or two tree species, such as beech 
dominated primary forests (Kozák et al. 2018), to highly hetero-
geneous stands with high numbers of tree species and a natu-
rally full-storied canopy, such as tropical rain forests (Lowman 
and Moffett 1993). Selective cutting may have smaller effects on 
the vegetation structural heterogeneity and tree composition in 
more homogeneous undisturbed forests than in undisturbed 
forests with high numbers of tree species and a naturally full-
storied canopy.

We also expected differences in the effect of forest management 
on biodiversity across metrics, species groups, and over time 
since harvesting or establishment (Table 2).

•	 Biodiversity metrics: We expected a smaller effect of man-
agement on species richness and total abundance than on 
community intactness and similarity, as influxes of species 
that do not inhabit reference sites can occur in response to 
forest management (Paillet et al. 2010). Additionally, forest 
management has been shown to increase the abundance 

of some species, while decreasing the abundance of others 
(Økland et al. 2003).

•	 Species groups: We hypothesized that we would find larger 
effects of forest management on threatened species than on 
overall biodiversity, because we expected threatened spe-
cies to be more dependent on the vegetation structure and 
composition that is specific to undisturbed forests (Betts 
et al. 2017).

•	 Changes over time: We hypothesized to find limited changes 
in biodiversity over time in planted forests, such as timber 
and perennial tree crop plantations, because we expected 
the vegetation structure of these forests to remain homoge-
neous over time. Besides this, we hypothesized a slow bio-
diversity recovery in forests that regenerate naturally after 
wood harvesting because prior local studies showed that 
the effects of management on vegetation structure can per-
sist for decades (Gatti et al. 2015). Additionally, we expected 
limited recovery of biodiversity over time under forest man-
agement that predominantly focuses on food production be-
cause of the frequent recurring disturbances related to the 
planting and harvesting of crops.

2.4   |   Effects of Forest Management on Biodiversity

2.4.1   |   Model Types and Response Variables

We analyzed all data in R4.3.1 (R Core Team 2023). We visual-
ized spatial data in QGIS (QGIS Development Team 2023). We 
estimated the effects of forest management on biodiversity and 
assessed how these effects change over time and across taxo-
nomic groups and geographical regions through generalized 
linear mixed-effect modelling, tailored to the conditional data 
distributions of the metrics. We built two types of generalized 
linear mixed-effect models: (i) beta-regression models with a 
logit-link function for intactness and compositional similar-
ity, using the Temperate Model Builder R-function glmmTMB 
(Brooks et al. 2023), and (ii) Gaussian linear mixed-effect mod-
els for relative species richness and total abundance, using the 
lmer function of the R-package lme4 (Bates et al. 2015). We used 
beta-regression models to estimate intactness and composi-
tional similarity because these metrics cannot be lower than 0 or 
higher than 1. Beta-regression does not allow for values of 0 and 
1 (intactness and compositional similarity can be 0 or 1); there-
fore, we transformed intactness and compositional similarity 
to values between 0 and 1 using the Smithson–Verkuilen trans-
formation (Smithson and Verkuilen  2006). We used Gaussian 
linear mixed-effect models to estimate relative species richness 
and total abundance because log-response ratios are normally 
distributed (Hedges et al. 1999). We built models for all animal 
taxa together and models for all plant taxa together, as well as 
separate models for insects, birds, herpetofauna, and mammals. 
We grouped amphibians and reptiles together as herpetofauna 
because of their small sample sizes. Further, we built separate 
models for the relative species richness, compositional similar-
ity and relative total abundance of threatened animals of the cat-
egories “vulnerable” to “critically endangered”.

We weighted the response variables by the square root of the 
total number of species per study that occurred in reference 
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sites, reasoning that studies based on a larger sample of species 
produce more representative estimates of the effects of forest 
management on biodiversity than studies based on a smaller 
sample. This increased the influence of studies with abundance 
data on a large number of species on the biodiversity estimates 
and reduced the influence of those studies with abundance data 
on a limited number of species. We square root transformed the 
number of species to mitigate skewness in the data.

2.4.2   |   Fixed Effects

We considered the following fixed effects in our models: (i) for-
est management system, (ii) time since tree harvesting or the 
establishment of the management system, (iii) continent, and 
(iv) taxonomic group.

2.4.2.1   |   Forest Management.  We built models with 
the forest management systems as fixed effects to estimate over-
all effects of each of the forest management systems on biodi-
versity. For each management system, the database includes 
biodiversity observations gathered at different forest develop-
ment stages (e.g., 5, 10, or 20 years after wood harvest or estab-
lishment). Hence, the overall biodiversity estimates included 
the effects of temporal changes in biodiversity that may occur 
upon forest growth and/or continuous management.

2.4.2.2   |   Time Since Harvesting or Establishment.  We 
built models with time since tree harvesting or establishment 
as a fixed effect for each forest management system separately, 
in order to reveal potential management-specific time depen-
dencies in animal biodiversity responses. We only studied 
changes in animal biodiversity over time due to data limita-
tions. We limited ourselves to management systems for which 
sufficient data were available (≥ 5 data points). We gathered 
sufficient data to assess biodiversity changes over time for selec-
tive cutting, clear cutting and regrowth, forest plantations, 
agroforests, and perennial tree crop plantations. For selec-
tive cutting and clear-cutting and regrowth, the time variable 
reflected the number of years since tree harvesting (previ-
ous rounds of cutting could have occurred). For the remain-
ing management systems, time reflected the number of years 
since establishment (see Section  2.1.1). We visually assessed 
the occurrence of non-linear relationships between the biodi-
versity metrics and time since harvesting and establishment. 
In case we observed clear signs of non-linearity, we assessed if 
a log transformation of time since harvesting or establishment 
significantly improved model performance based on the Bayes-
ian Information Criterion (BIC). We considered the models 
with the lowest BIC values the best performing ones. Finally, 
we tested if adding time since harvesting or establishment as a 
fixed effect explains the variation in the biodiversity data sig-
nificantly better than a model with only the intercept by com-
paring the BIC, as well as through ANOVA.

2.4.2.3   |   Taxonomic Class and Continent.  We built mod-
els with forest management systems and animal taxonomic 
classes together as additive fixed effects to test for potential 
differences in the responses of different taxonomic classes to 
forest management by comparing the BIC, as well as through 
ANOVA. We also built models with forest management systems 

and continents together as additive fixed effects to test for poten-
tial intercontinental differences in the response of biodiver-
sity to forest management by comparing the BIC, as well as 
through ANOVA.

2.4.3   |   Random Effects

For the overall animal diversity models, we added nested random 
effects of source-study combinations (1|Source/Study) to account 
for potential differences among datasets and non-independence of 
data. Hereby, the “Source” is the primary source (i.e., paper or re-
port) from which data were included in the database, and “Study” 
refers to the respective study that was conducted by the research-
ers for each Source (see Section 2.1). For plant, insect, bird, her-
petofauna, mammal, and threatened species diversity models, we 
only added the source (1|Source) as a random effect because for 
most sources only one study per source was conducted. We did the 
same for models that estimated changes in biodiversity over time 
since the establishment of perennial tree crops.

2.4.4   |   Model Evaluation and Visualization

We conducted Omnibus tests (i.e., a likelihood-ratio chi-square 
test that estimates the significance of adding a fixed effect com-
pared to a null model). We conducted Tukey post hoc tests with 
Bonferroni correction to estimate differences between forest 
management systems for wood production, as well as between 
management systems for food production for all animal taxa to-
gether and plants, using the function glht of the R package mult-
comp (Hothorn et al. 2024). We used post hoc tests to assess the 
difference between forest management systems in which wood 
was extracted from forests that were subsequently allowed to 
regenerate naturally (i.e., selective cutting, reduced-impact 
logging, and clear cutting and regrowth) and systems in which 
wood was extracted from plantations (i.e., forest plantations). 
We repeated this to assess the difference between forest man-
agement systems in which food was produced under the canopy 
(i.e., agroforests and silvopasture) and those in which food was 
produced in plantations (i.e., perennial tree crop plantations). 
We did not compare management systems for wood production 
with those for food production because these systems do not 
fulfill the same function and, hence, are not interchangeable. 
To present our results, we back-transformed the log-response 
ratios of species richness and total abundance. We also back-
transformed intactness and similarity estimates based on logit-
link distributions.

3   |   Results

3.1   |   Correlations Between Biodiversity Metrics

The Spearman correlation assessment revealed that all biodiver-
sity metrics were positively related to each other, with Spearman 
rank correlations (rho) between 0.1 and 0.7 for animals (all tax-
onomic groups combined) and between 0.2 and 0.9 for plants 
(Figures S1 and S2). The PCAs showed orthogonal orientations 
of the principal components for relative species richness and 
total abundance.
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3.2   |   Effects of Forest Management on Biodiversity

3.2.1   |   Intactness

Across all forest management systems, we found significantly re-
duced intactness of both animals (on average 23%–80% lower) and 
plants (34%–84% lower) (Figures 2a and 3a; Table S1). Intactness 
was lowest in perennial tree crops, with reductions of 80% (95% 
CI = 68%–88%) and 84% (70%–92%) in animal and plant intact-
ness, respectively. We also found intactness to be considerably 
reduced in forest plantations, with reductions of 58% (48%–68%) 
and 72% (55%–85%) in animal and plant intactness, respectively. 
Intactness was least impaired in reduced-impact logging systems, 
with reductions of 23% (7%–56%) in animal intactness. Of all an-
imal classes, we observed the lowest intactness for herpetofauna 
and insects, while intactness was generally highest for mammals 
(Figures S3–S6; Table S1). We found a significantly higher animal 
intactness in agroforests than in perennial tree crop plantation 
systems (p = 0.014) (Table S2).

3.2.2   |   Compositional Similarity

For the compositional similarity metric, we found similar re-
sponses for animal and plant biodiversity across most forest 
management systems, with significant reductions in relative com-
positional similarity for both animals (on average 3%–51% lower) 
and plants (13%–79% lower), respectively. We found the biggest 
reduction in compositional similarity in perennial tree crop plan-
tations, where compositional similarity of animals and plants 
was reduced by 51% (32%–69%) and 79% (58%–91%), respectively 
(Figures 2b and 3b; Table S1). We also observed this pattern for 
mammals and birds separately (Figures  S3–S6; Table  S1). We 
found a significantly reduced compositional similarity between 
managed and reference sites for threatened animals, ranging from 
27% (10%–55%) to 68% (39%–87%) for selective cutting and peren-
nial tree crop plantations, respectively (Figure 4a; Table S3). For 
wood production systems, we found a significantly lower animal 
compositional similarity in forest plantations than in selective cut-
ting systems (p = 0.009) (Table S2). For food production systems, 

FIGURE 2    |    Effects of forest management on animal communities, expressed as four metrics: intactness (IN) (a), similarity (SI) (b), relative spe-
cies richness (SR) (c), and relative total abundance (TA) (d). Each colored dot shows the back-transformed mean estimate we derived from our mixed 
models, and the bars indicate the corresponding 95% confidence interval. The dotted line indicates the reference level (i.e., the biodiversity of the 
reference sites). n = number of studies per management type, rr = number of response values used to compute intactness, o = number of overlapping 
species between managed and reference sites, s = number of species occurring across the managed and reference sites, and a = number of abundance 
values used to compute relative total abundance.

 13652486, 2025, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/gcb.70279 by C

ochraneB
ulgaria, W

iley O
nline L

ibrary on [25/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



13 of 21

we found significantly higher animal compositional similarity in 
agroforests than in perennial tree crop plantations (p = 0.002).

3.2.3   |   Relative Species Richness

We did not find significant reductions in animal relative species 
richness in reduced-impact logging, selective cutting, clear cut-
ting, and regrowth, agroforests, and silvopasture systems. For 
plants, we did not find significant reductions in relative species 
richness for selective cutting, clear cutting, and regrowth, for-
est plantations, and agroforest systems. For perennial tree crop 
and forest plantation systems, we found a reduction in animal 
relative species richness of 46% (34%–55%) and 25% (15%–35%), 
respectively (Figure  2c, Table  S1). Additionally, we found an 
88% (66%–96%) reduction in plant relative species richness 
in perennial tree crop plantations (Figure  3c; Table  S1). We 
found a reduction in relative species richness in perennial tree 

crop plantations of 57% (42%–68%) for birds, 49% (1%–73%) for 
herpetofauna, and 41% (20%–57%) for insects (Figure  S3–S6; 
Table S1). For forest plantations, we found a reduction in relative 
species richness of 39% (23%–52%) for insects and 26% (6%–41%) 
for mammals (Figure  S3–S6; Table  S1). For wood production 
systems, we found a significantly lower relative animal species 
richness in forest plantations than in selective cutting systems 
(p < 0.001) (Table  S2). For food production systems, we found 
significantly higher relative animal species richness in agrofor-
ests than in perennial tree crop plantations (p = < 0.001).

3.2.4   |   Relative Total Abundance

We did not find significant reductions in animal relative total 
abundance for all management systems, except for forest plan-
tations, for which we observed a 35% (19%–47%) decline. For 
plants, we did not find any significant reductions in relative total 

FIGURE 3    |    Effects of forest management on plant communities, expressed as four metrics: intactness (IN) (a), similarity (SI) (b), relative species 
richness (SR) (c), and relative total abundance (TA) (d). Each colored dot shows the back-transformed mean estimate we derived from our mixed 
models, and the bars indicate the corresponding 95% confidence interval. The dotted line indicates the reference level (i.e., the biodiversity of the 
reference sites). n = number of studies per management type, rr = number of response values used to compute intactness, o = number of overlapping 
species between managed and reference sites, s = number of species occurring across the managed and reference sites, and a = number of abundance 
values used to compute relative total abundance.
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abundance. We found a reduction in relative total abundance of 
42% (16%–60%) for insects in forest plantations (Figures 2d and 
3d; Table S1). For birds, we found a 45% (12%–66%) reduction 
in relative total abundance in perennial tree crop plantations 
(Figures S3–S6; Table S1). We also found an 84% (68%–92%) and 
61% (44%–85%) reduction in relative total abundance of threat-
ened animals in perennial tree crops and forest plantations, re-
spectively (Figure 4c; Table S3).

3.3   |   Effects of Forest Management on Biodiversity 
Over Time

We found that models including time since harvesting or establish-
ment as fixed effects explained variation in intactness significantly 
better than models with only the intercept for all management sys-
tems (Table S5). For compositional similarity, we found the same, 
except for selective cutting, for which adding time since harvest-
ing as a fixed effect did not explain variations in similarity better 
than an intercept-only model. Models with time since harvesting 
or establishment as a fixed effect did not explain relative species 
richness better than models with only the intercept. The same ac-
counted for relative total abundance, except for perennial tree crop 
plantations, for which a model adding time since establishment 
explained variations in total abundance better than a model with 
only the intercept.

We found varying effects of forest management on animal bio-
diversity over time across forest management systems (Figure 5; 
Table S6). We found small changes in biodiversity over time in 
selective cutting systems; only intactness increased slightly but 
significantly over 50 years since tree harvesting (Figure 5a). In 

clear cutting systems, we observed a significant decline of ±50% 
in both intactness and compositional similarity over a period 
of 70 years (Figure 5b). In forest plantation systems, we found 
a logarithmic increase in intactness and compositional simi-
larity of ±70% and ±80%, respectively, over a period of 80 years 
after establishment (Figure 5c). We found a significant ±30% in-
crease in both intactness and compositional similarity in agro-
forestry systems over a period of 40 years after establishment 
(Figure  5d). For perennial tree crops, we found both positive 
and negative changes in biodiversity over time; we observed 
slight but significant increases of ±5% in intactness and ±10% 
in relative total abundance, and slight but significant declines of 
±10% in compositional similarity over a period of 40 years since 
establishment (Figure 5e).

3.4   |   Effects of Taxonomic Class and Continent

We found that models with taxonomic class as an additional 
fixed effect besides management systems outperformed those 
with only management systems for intactness and composi-
tional similarity but not for relative species richness and total 
abundance (Table S7). We observed no significant improvement 
in the predictive power of animal biodiversity models when add-
ing continent as an additional fixed effect besides the manage-
ment systems (Table S7).

4   |   Discussion

We conducted a global assessment of the effects of seven for-
est management systems on biodiversity over time, captured 

FIGURE 4    |    Effects of forest management on threatened animal biodiversity (i.e., insects and vertebrates), represented by species of the IUCN 
red list categories vulnerable to critically endangered, expressed as three metrics: similarity (SI) (a), relative species richness (SR) (b), and relative 
total abundance (TA) (c). Each colored dot shows the back-transformed mean estimate we derived from our mixed models, and the bars indicate the 
corresponding 95% confidence interval. The dotted line indicates the reference level (i.e., the biodiversity of the reference sites). n = number of studies 
per management type, o = number of overlapping species between managed and reference sites, s = number of species occurring across the managed 
and reference sites, and a = number of abundance values used to compute relative total abundance.
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in four distinct biodiversity metrics (see Table  2 and Table  S8 
for a summary of the results). We found overall larger effects of 
forest management on intactness and compositional similarity 
than on relative species richness and total abundance. For wood 
production systems, we found smaller negative effects of selec-
tive and clear cutting and natural regrowth than of forest plan-
tations on biodiversity, relative to undisturbed forest reference 
sites. For food production systems, we showed smaller negative 
effects of agroforests and silvopasture than of perennial tree 
crop plantations on biodiversity, relative to undisturbed forests. 
We observed substantial increases in intactness and similarity 
in agroforest and forest plantations over time since establish-
ment, but observed limited significant changes in richness and 
abundance.

4.1   |   Effects of Forest Management on Biodiversity

For both wood and food production systems, we showed 
that the magnitude of the effects of forest management on 

biodiversity depends on the metric in which biodiversity is 
captured. We found that the magnitude of effects was largest 
for intactness, followed by compositional similarity, species 
richness, and total abundance. Similar relative species rich-
ness and total abundance, in combination with a reduction of 
intactness and compositional similarity across management 
systems, indicates that a loss of species in the managed sites is 
often compensated for by an influx of species that do not occur 
in the reference sites. This finding highlights the need to use a 
combination of intactness, similarity, and richness metrics to 
identify the potential of managed forests to host species spe-
cifically adapted to undisturbed forests, as well as the poten-
tial of managed forests to host species from other areas. For 
instance, if only relative species richness is considered, the 
effects of management on specialist species or changes in the 
types and abundances of species may go unnoticed. In con-
trast, if only intactness is considered, an influx of species that 
do not occur in reference sites may remain unobserved. Using 
a combination of intactness, similarity, and richness metrics is 
particularly relevant when the effects of forest management on 

FIGURE 5    |    Relationships between time since tree harvesting or the establishment of a management system and animal biodiversity, expressed 
as intactness (IN), relative species richness (SR), proportional similarity (SI), and relative total abundance (TA) for those management systems 
for which enough data (≥ 5 data points) were available to build generalized linear mixed-effect models (see Table 1 for definitions of all systems). 
Management systems for which enough data were available included selective cutting (a), clear cutting and natural regrowth (b), forest plantations 
(c), agroforests (d), and perennial tree crop plantations (e). Time since harvesting or establishment only concerns managed forests, not the reference 
forests. N.sp. = the number of species that are included to calculate biodiversity metrics/response ratios per time since management.
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biodiversity are assessed for taxonomic groups that are overall 
least affected by management, such as mammals (Chaudhary 
et al. 2016). Using only relative species richness may suffice 
when specifically studying taxonomic groups that strongly re-
spond to forest management and for which strong declines in 
species richness in response to forest management have con-
sistently been observed in prior studies, such as for saproxylic 
beetles (Müller et al. 2008) and bryophytes (Király et al. 2013).

Besides differences in the magnitude of the effects of forest 
management on biodiversity across biodiversity metrics, our 
findings suggest that some taxonomic groups respond more 
strongly to forest management than others. For example, we 
showed a generally larger impact of management on intact-
ness for herpetofauna and insects than for bird and mammal 
classes, in line with previous studies (Chaudhary et al. 2016; 
López-Bedoya et al. 2022). This may be explained by stronger 
responses of herpetofauna and insect species than bird and 
mammal species to changes in forest structure and composi-
tion. The stronger response of herpetofauna to forest manage-
ment might also be explained by a loss of aquatic habitat when 
forests are harvested or plantations established (Warrington 
et al. 2017). Despite differences found in the effects of forest 
management on biodiversity across taxonomic groups, the 
impacts of management on species richness across taxonomic 
classes were generally smaller than those found in other stud-
ies (Chaudhary et  al.  2016; Paillet et  al.  2010). This may be 
explained by differences in the taxonomic groups studied by 
others and herein. Other studies often assess other types of 
taxonomic groups, such as fungi and lichens, that were not 
considered in this study. Additionally, effects of forest man-
agement on specific vulnerable species within taxonomic 
groups, such as saproxylic beetles and bryophytes, may have 
been overshadowed by grouping animal species into broader 
taxonomic groups in our study (Paillet et al. 2010).

Despite differences in responses to forest management between 
biodiversity metrics and taxonomic groups, we observed various 
generalities. We found mostly larger effects of intensive than of 
extensive management on biodiversity. Within wood production 
systems, we found that extensively managed forests (e.g., selec-
tive cutting systems) have a higher biodiversity than intensively 
managed forests (e.g., forest plantations). This difference is likely 
related to the more modest effect that selective harvesting of 
trees tends to have on forest vegetation structure and heteroge-
neity (Addo-fordjour et al. 2022; Robinson and Robinson 1999; 
Von Oheimb and Härdtle 2009), compared to forest plantations, 
in which the planting of a single or very few, often non-native, 
tree species results in a homogeneous vegetation structure 
(Chazdon and Guariguata 2016). The homogeneous vegetation 
structure and diversity of forest plantations may also explain the 
significantly lower total abundance of threatened animal spe-
cies found in forest plantations than in reference sites, indicat-
ing that forest plantation expansion on natural forest land could 
further endanger species.

Similarly, we found generally larger effects of intensive (e.g., 
perennial tree crops) than of extensive food production (e.g., 
agroforests) on biodiversity, relative to reference sites. Relatively 
small differences in biodiversity between reference sites and 
agroforests are likely related to the presence of multiple layers in 

the canopy and multiple tree and shrub/crop species that often 
characterize agroforests and which may provide habitat for 
a range of different species, including those adapted to undis-
turbed forests (Bohada-Murillo et al. 2020; Schroth et al. 2004; 
Torralba et al. 2016). In contrast, we found significantly lower 
biodiversity in perennial tree crop plantations than in reference 
sites across taxonomic groups and biodiversity metrics. We also 
found significantly lower intactness, compositional similar-
ity, and relative species richness in perennial tree crop plan-
tations than in agroforests, which corroborates prior findings 
(Savilaakso et al. 2014; Yahya et al. 2022). Finally, we showed 
a significantly lower species richness and total abundance of 
threatened animal species in perennial tree crop plantations 
than in reference sites. Altogether these findings reveal that the 
introduction of perennial tree crop plantations has a profoundly 
negative effect on many different aspects of biodiversity, which is 
likely related to the introduction of, often, non-native tree spe-
cies in monoculture, which results in a homogeneous vegeta-
tion structure, including a single-storied canopy (Fitzherbert 
et al. 2008).

4.2   |   Effects of Forest Management on Biodiversity 
Over Time

Our results suggest that the effects of forest management on 
biodiversity may change over time after tree harvesting or since 
the establishment of management. In forest plantations, we ob-
served substantial and rapid increases in intactness and similar-
ity over time since establishment, while we found no significant 
change in relative species richness and total abundance. This 
indicates that animal compositions of forest plantations become 
increasingly similar to those of undisturbed forests over time. 
Temporal increases in intactness and similarity may be related 
to an increasingly more similar vegetation structure and com-
position to that of undisturbed forests over time, which provides 
suitable habitats for an increasing number of species that occur 
in undisturbed forests (Hua et al. 2022; Tudge et al. 2023). The 
results suggest a benefit of introducing longer rotation periods 
in forest plantations, so as to increase habitats for species specif-
ically adapted to undisturbed forests. Additionally, our results 
suggest that changes in alpha diversity over time in forest planta-
tions could influence the heterogeneity of species compositions 
and assemblages across the landscape in areas with a heteroge-
neous mix of patches of plantation forests that are established at 
different moments in time.

In contrast to forest plantations, we showed only small in-
creases in intactness over 50 years after selective cutting. This 
indicates that, although selective cutting has a relatively small 
effect on biodiversity compared to other management systems, 
effects remain persistent for decades. This corroborates previ-
ous findings (Crouzeilles et al. 2016) and may relate to persistent 
changes in forest structure (Gatti et  al.  2015). The same may 
hold for clear cutting and natural regrowth systems, for which, 
in contrast to our expectations, we found a decline in intact-
ness and compositional similarity over a period of 70 years after 
tree harvesting. This contrasts with prior studies that show in-
creases in biodiversity over time after clear cutting as a result of 
increased heterogeneity in forest structure (Taki et al. 2013; Xu 
et al. 2015). Our results may be explained by studies that find 
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that the number of species across taxonomic groups is high in 
early successional stages, after which it first declines through-
out mid-successional stages and then rises again during late-
successional stages (Hilmers et al. 2018; Swanson et al. 2011). 
As the database included limited biodiversity data obtained 
longer than 20 years after clear-cut harvesting, our results may 
only reflect the expected decline in biodiversity upon a transi-
tion from early-successional to mid-successional stages and not 
the expected rise in biodiversity during late-successional stages. 
Additionally, we may have observed an extinction debt, under 
which species may still be present in the first years following 
clear cutting, after which they gradually disappear over time 
(Wearn et al. 2012).

In agroforests, we found strong increases in intactness and com-
positional similarity in the years following establishment. In 
combination with limited changes in relative species richness 
and total abundance over time, the increases in intactness and 
compositional similarity indicate that animal communities of 
agroforests become more similar to those of undisturbed for-
ests. This could indicate that the vegetation structure and com-
position of agroforests becomes more complex over time and 
more alike that of undisturbed forests as a result of tree and 
shrub growth and changes in their composition (De Leijster 
et  al.  2021), despite the continued production of crops under-
neath the canopy and potential occasional cutting and planting 
of trees. This finding highlights the potential of agroforests to 
mitigate biodiversity loss in agricultural areas and may explain 
why previous studies capture such variable effects of agrofor-
ests on biodiversity. Prior studies may have measured biodiver-
sity at different times since agroforest establishment (Torralba 
et al. 2016) or may have used different metrics to capture biodi-
versity changes over time, which, as we observed in this study, 
capture varying responses of different aspects of biodiversity to 
forest management. In contrast to agroforests, we showed lim-
ited and contrasting changes in biodiversity in perennial tree 
crop plantations over 40 years since establishment. This finding 
may reflect a lack of vegetation succession and frequent distur-
bances as a result of crop harvesting in perennial tree crop plan-
tations and corroborates studies that show limited recovery of 
biodiversity in perennial tree crop plantations (e.g., in oil palm 
plantations) (Ashton-Butt et al. 2019).

4.3   |   The Robustness of Our Findings

Although we compiled a large database, biases in the data and 
data limitations could have affected our biodiversity estimates 
and the biodiversity responses to forest management over time 
we observed. For instance, more data were available on animals 
than on plants, and less data were available on reduced-impact 
logging and silvopasture systems than on selective cutting and 
forest plantation systems. This makes the estimates of plants 
less robust than those of animals, and the estimates for reduced-
impact logging and silvopasture systems less robust than those 
for selective cutting and forest plantation systems. Additionally, 
data availability was skewed toward years close to harvesting 
or establishment. For instance, most studies on forest planta-
tions were conducted within the first two decades since plan-
tation establishment. This may have resulted in relatively low 
overall biodiversity estimates for plantations, indicating the 

importance of considering the potential for biodiversity recov-
ery in this system. Skewness in data availability toward years 
close to harvesting or establishment may explain unexpected 
responses of biodiversity over time across management systems, 
such as reductions of intactness and compositional similarity 
over time following clear cutting and regrowth. Additionally, 
we may have failed to capture the effects of important ecolog-
ical processes on biodiversity changes, such as the decline and 
subsequent recovery of biodiversity along successional stages 
(Hilmers et al. 2018). Extinction debt processes, during which 
species slowly disappear over time due to a lagged response 
to disturbances, may have further influenced the trajectory of 
change in biodiversity over time we observed after harvesting 
or establishment.

Our results were likely influenced by variations in management 
intensity and management approaches adopted within each indi-
vidual management system. There can be substantial variations 
in wood harvesting intensity (e.g., the number of trees cut per 
unit area) and food production intensity (e.g., use of pesticides 
and herbicides) within individual management systems around 
the world (Hari Poudyal et al. 2018). For example, high-intensity 
selective cutting may affect biodiversity more than low-intensity 
selective cutting (França et  al.  2024). Additionally, variations 
in management practices, such as the planting of native ver-
sus non-native tree species in forest plantations, could produce 
varying biodiversity responses. Biases in data availability to-
ward the tropics could have prevented us from capturing the 
complete range of wood and food production intensities across 
the world. For instance, caution should be taken when inter-
preting our results for agroforests, as most data in these systems 
were sampled in tropical regions, where agroforests are known 
to have a relatively heterogeneous vegetation structure and com-
position (Schroth et al. 2004). Additionally, fewer pesticides and 
herbicides may be used in agroforests in tropical regions than 
those common in temperate regions (Tang et al. 2021). Finally, 
the effects of other drivers of biodiversity loss that have not been 
considered in this study, such as pollution and climate change, 
may have added further variability in our data that we have not 
accounted for in this study.

Adding continents as additional fixed effects in models besides 
management and restoration systems did not improve our ani-
mal biodiversity models, indicating that our results are general-
izable across space for animal biodiversity. Yet, it is important 
to note that we did not assess the effects of forest management 
on all taxonomic classes (e.g., fungi and non-insect arthropods 
were omitted). These unaddressed taxonomic classes may 
respond differently to forest management than the classes in-
cluded in this study. Additionally, our data may have been biased 
toward species groups that are generally less affected by forest 
management, such as mammals, hereby omitting more sensitive 
species groups, such as saproxylic beetles and fungi (Chaudhary 
et al. 2016; Paillet et al. 2010). Such biases in the data potentially 
explain the proportionally smaller effects of forest management 
on relative species richness we found compared to prior studies 
(Chaudhary et al. 2016; Paillet et al. 2010). Besides this, the ef-
fects of forest management on biodiversity over time may vary 
across taxonomic classes (Romanelli et al. 2022). We were un-
able to test the interaction between time since harvesting or es-
tablishment and taxonomic class due to data limitations. Future 
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studies may explore such interactions to unravel differences 
across taxonomic groups in the effects of forest management on 
biodiversity over time. Finally, it is important to recognize that 
we assessed the effects of forest management on alpha diver-
sity without considering the configuration of the surrounding 
landscape (e.g., heterogeneity of land uses), even though this 
can have profound modulating effects on local biodiversity re-
sponses (Batáry et al. 2011; Uhl et al. 2024).

5   |   Conclusion

We provide a global assessment of the effects of forest manage-
ment on alpha animal and plant biodiversity, relative to the bio-
diversity of reference sites (i.e., undisturbed forests). We used 
mixed-effects modeling to estimate the impacts of seven forest 
management systems on four biodiversity metrics based on data 
from three global biodiversity databases. Overall, we found 
larger differences in intactness and compositional similarity 
than in species richness and total abundance between managed 
and undisturbed forests. This indicates that a decline in species 
specifically adapted to undisturbed forests occurs upon a tran-
sition to forest management, but that this loss is partially offset 
by an influx of species from elsewhere. This finding highlights 
the need to use a combination of intactness, compositional sim-
ilarity, and relative species richness metrics to identify the po-
tential of managed forests to host species specifically adapted to 
undisturbed forests, as well as the potential of managed forests 
to host species from elsewhere. When considering differences 
in biodiversity effects across systems, we found that extensive 
forest management (e.g., selective cutting and agroforests) gen-
erally has lower impacts on biodiversity than intensive forest 
management (e.g., forest and perennial tree crop plantations). 
Additionally, we found that both intactness and similarity in-
crease significantly over time in forest plantations and agrofor-
ests, while relative species richness and total abundance remain 
stable. This indicates that animal species compositions of forest 
plantations and agroforests can become increasingly similar to 
those of undisturbed forests over time. Therefore, our results 
highlight the potential of transitions from intensive to extensive 
forest management to mitigate biodiversity loss related to wood 
and food production. At the same time, our results highlight the 
benefit of introducing longer rotation periods in forest planta-
tions and fostering long-term transitions to agroforests on non-
forest land to increase habitats for species specifically adapted 
to undisturbed forests. In the future, our findings could be in-
tegrated in global biodiversity models to run scenarios aimed at 
better understanding how different forest management systems 
may be combined and applied over space and time to bend the 
curve of biodiversity loss.
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