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Abstract 

Key message  The Index of Biodiversity Potential (IBP) can differentiate between management regimes in a context 
of semi-natural, mature, close-to-nature managed and set-aside temperate lowland forests. Under optimal tree-grow-
ing conditions, thresholds within the capped IBP are frequently and largely exceeded. Application of an uncapped IBP 
or adjustment of the scoring systems can increase the discriminating power of the index for maturity-related factors.

Context  The Index of Biodiversity Potential (IBP) is a tool used by forest managers for fast and cost-efficient assess-
ment of the biodiversity potential in forest stands. The index is based on a set of easy-to-assess structural attributes 
linked to forest biodiversity.

Aims  In this study, we want to assess whether the IBP can discriminate between close-to-nature managed 
and recently set-aside mature lowland temperate forests.

Methods  We use the Benelux version of the IBP to assess differences between 42 managed and unmanaged forest 
patches in Belgium. The IBP was measured in at least one circular plot of 1 ha per 10 ha for each forest patch.

Results  We find that the IBP increases with time since set-aside in most forests. This can be mainly attributed 
to increases in deadwood, very large trees and tree-related microhabitats. Overshoot of the threshold leading to maxi-
mum scores for IBP factors occurred in both managed and unmanaged forests, but is larger in unmanaged forests, 
implying that the capped IBP underestimates the actual difference between management types.

Conclusion  The IBP can be used in mature lowland temperate forest. However, depending on the required level 
of detail or stand maturity, an uncapped IBP or adjustment of the scoring system is advised.
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1  Introduction
Forests are of utmost importance for Earth’s terrestrial 
biodiversity, yet forest biodiversity is decreasing glob-
ally (Leuschner and Homeier 2022). As such, biodiver-
sity conservation has become an increasingly important 
forest management goal across Europe (Sotirov et  al. 
2021). This surge in importance warranted the need for 
an assessment tool for forest managers to efficiently cap-
ture the biodiversity hosting potential of their forest. The 
Index of Biodiversity Potential (IBP), originally developed 
in France, is such a quick and easy tool for forest man-
agers to assess the capacity of forest stands to support 
biodiversity. This tool creates awareness amongst forest 
managers on important forest stand structures and fea-
tures supporting biodiversity, and allows to include these 
more easily into their daily activities, without the neces-
sity to directly measure any complex biodiversity metrics 
(Larrieu and Gonin 2008). The IBP is not designed to 
predict species richness or species presence, but gives an 
indication of the hosting potential of a forest stand for a 
variety of animal, plant and fungal species, i.e. the forest’s 
biodiversity potential (Larrieu et  al. 2019). Ten science-
based criteria have been identified, contributing to the 
biodiversity carrying capacity of a forest. These criteria 
include native tree species richness, vertical stand struc-
ture, standing deadwood, lying deadwood, very large 
trees, habitat trees, canopy openness, forest temporal 
continuity, wet macrohabitats and rocky macrohabitats. 
They are chosen based on the assumption that forest con-
tinuity, maturity and structural complexity increase the 
potential for forests to support forest-dwelling species 
(Larrieu and Gonin 2008; Muys et al. 2022; Brockerhoff 
et  al. 2017). The IBP favours efficiency over the level of 
detail. For each IBP criterion, attribute counts (e.g. num-
ber of very large trees) are converted to a score ranging 
from 0 to 5 based on a preset upper threshold. When this 
threshold is reached, the maximum score is reached and 
the counting is stopped for that criterion (Gonin et  al. 
2025). As an alternative, an uncapped IBP continues 
counting beyond the maximum threshold. In this case, 
no total IBP score can be determined, but criteria are 
assessed individually (Gonin and Larrieu 2025). Whether 
capped or not, the index remains promising for cost-effi-
cient large-scale assessments (Zeller et al. 2022).

As a tool used by forest managers, the IBP should be 
sensitive to changes in forest management. The IBP score 
is intended to increase with forest continuity, maturity 
and structural complexity; therefore, it is expected that 
scores of multiple IBP criteria change between man-
agement systems but also along the management cycle 
(Larrieu and Gonin 2008; Larrieu et al. 2026; Muys et al. 
2022). Likewise, it can be expected that set-aside, unman-
aged forests score higher than managed forests, and 

that this difference increases over time since set-aside. 
Unmanaged forests are generally expected to develop 
higher amounts of deadwood (Vandekerkhove et  al. 
2009), have a more complex vertical profile (Franklin 
and Van Pelt 2004) and contain more large and old trees 
(Vandekerkhove et al. 2018), which foster microhabitats 
(Larrieu et al. 2021), which contribute greatly to biodiver-
sity conservation (Löfroth et al. 2023, Winter and Müller 
2008). Studies in France show that the IBP distinguishes 
between managed and old-growth forests (Larrieu et al. 
2026), nevertheless, the question remains whether the 
IBP is sensitive enough to capture more subtle changes 
as can be expected over a gradient of time since set-aside.

While the IBP was conceived for use in French forests, 
the index offers strong potential for applications beyond 
its original application range (Larrieu et al. 2026). Since 
its introduction in 2008, the IBP has been tested and 
adapted to include new findings and cope with varying 
conditions both in France and abroad. IBP scores were 
calibrated with multi-taxon data (Larrieu et  al. 2019; 
Rota et al. 2025; Zeller et al. 2022) and the methodology 
has been tested for its statistical reliability (Gosselin and 
Larrieu 2020). IBP definitions and field documents have 
been adapted for specific forest climatic and species con-
texts, e.g. in Spain, Switzerland, Bosnia and Herzegovina, 
and the Benelux region (Belgium, Luxembourg and the 
Netherlands) (Larrieu et al. 2026). Although the IBP has 
strong potential for application in the latter region, the 
Benelux version was only recently finalised, with adapta-
tions to the list of native tree species and description of 
sources used to determine ancientness of a forest (Gonin 
et  al. 2025). Here, we present its first application in a 
context of forest management and set-aside in mature 
ancient forests in central Belgium.

In this study we evaluate the IBP, in a context of mixed 
lowland forest stands, and tackle two research questions:

1)	 Does the IBP capture expected differences in biodi-
versity potential between managed and unmanaged 
forests, along a gradient of time since management 
cessation?

2)	 How do differences in the individual uncapped cri-
teria relate to differences in the capped IBP scores 
between managed and unmanaged forests?

2 � Material and methods
2.1 � Study area
The application of the IBP was tested in the National 
Park Brabantse Wouden, a set of connected forest areas 
at the heart of Belgium (50.69–50.89°N, 4.26–4.79°E). 
Mean annual temperature in the region is 11 °C, mean 
annual precipitation amounts to 837 mm (1991–2020) 
(Fick and Hijmans 2017). The loamy soils are amongst 
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the most fertile forest soils in northern Belgium. They 
consist mainly of quaternary loess deposits on top of 
tertiary marine sand and clay layers and are generally 
classified as retisols (Vandekerkhove et  al. 2018). The 
study region is a hilly lowland area with altitudes rang-
ing from 50 to 150  m ASL, without significant slopes. 
The forests in the region mainly consist of ancient 
woodland, with most of the area continuously forested 
for at least 250 years (De Keersmaeker and Esprit 2022; 
De Keersmaeker et  al. 2026). The forest stands consist 
of mature mixed oak-hornbeam (Quercus robur L. with 
Carpinus betulus L.) and beech (Fagus sylvatica L.) 
stands (100–200  years old), and ca.  100-year-old pine 
stands (Pinus sylvestris L.) on the sandy outcrops. Most 
of the forests are subject to close-to-nature forestry, 
with regular thinnings and group fellings (Vandekerk-
hove and De  Keersmaeker 2005; Vandekerkhove et  al. 
2016). Strict reserves, set-aside between 1984 and 2010, 
occur in all forest types.

2.2 � Sampling design and data collection
The sampling was based on research plots from the 
INFORMA Forest Management Platform (IFMP; 
INFORMA 2022). This database contains paired man-
aged and unmanaged forest patches, which have been 
linked specifically to minimise moderator effects such 
as soil type, topography, climate, forest type and land 
use legacies. A subset of 42 patches was selected, cover-
ing both broadleaved and coniferous forest (Appendix 
Table 2). To ensure ecological representativity, 1-hectare 
circular plots were randomly laid out across the patches, 
at a density of one plot per ten hectares for each patch, 
totalling 86 research plots (Fig. 1). Plots were measured 
systematically in concentric circles, going outwards.

In this study we used the guidelines described by the 
Benelux version of the IBP to collect field data during 
the summer of 2024 (Gonin et  al. 2025). Changes com-
pared to the original French and European-wide versions 
for the Atlantic region mainly relate to the assessment 

Fig. 1  Map with 1 ha circular study plots (yellow dots are managed and purple ones are unmanaged) at National Park Brabantse Wouden. Each 
cluster of the INFORMA Forest Management Platform has homogenous site conditions and is given a separate colour. Clusters are divided in forest 
patches depending on the current management regime. From left to right the Sonian forest, Bertem forest, Haller forest and Meerdaal and Heverlee 
forest are shown
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of native tree species and forest continuity. The plots 
were scored for each of the 10 factors of the IBP, using 
the IBP thresholds (Appendix Table 3). However, during 
the survey itself the ‘uncapped’ approach was applied, 
in which counting certain elements is continued beyond 
the required number for the maximum score, allow-
ing the comparison between raw field data and capped 
IBP scores. This raw field data is deposited in a Zenodo 
repository (De  Win & Simons  et al. 2026). Since the 
uncapped IBP has no thresholds and thus no scoring sys-
tem, an aggregate index value cannot be calculated, but 
criteria are assessed individually.

2.3 � Data analysis
Generalised linear mixed models (GLMMs) were used to 
assess differences between managed and unmanaged for-
ests for all uncapped IBP criteria, as well as the capped IBP 
itself, using the glmmTMB package (Brooks et al. 2017). In 
this model, the hierarchical structure of the data is added 
as random effects. All variables are count variables, follow-
ing the Poisson distribution.

where Time_Unm is the time since set-aside, Species is 
a categorical variable being either ‘Beech’ (beech-domi-
nated), ‘Oak’ (oak-dominated’), ‘Pine’ (pine-dominated) 
or ‘Mixed’ (mixed beech-oak forests). The forest area 
refers to one of the five different forest areas that were 
sampled (Sonian forest, Meerdaal forest, Heverlee forest, 
Bertem forest and Haller forest). The Cluster and Patch 
refer to the hierarchical structure of the IFMP, limiting 
the effects of soil type, topographic and climatic differ-
ences between measurements within the same cluster. 
Model assumptions were tested using the DHARMa 
package (Hartig 2022). In case underdispersion was 
detected, the model was adjusted to a Conway-Maxwell-
Poisson model, and dispersion was modelled over Time_
Unm if necessary.

The thresholds of the IBP inherently limit its sensitivity 
to structure-related changes. The proportion of plots in 
which the threshold for a specific criterion was exceeded, 
as well as the magnitude of this exceedance (< 20%, 
20–50%, 50–100% or > 100%), was calculated. IBP thresh-
olds are generally relatively low: three pieces of large 
lying and standing deadwood per hectare, five native tree 
species and very large trees per hectare, and two micro-
habitats per hectare, per type (Appendix Table 3).

3 � Results
3.1 � Range of IBP scores
Capped IBP scores covered a wide range of values 
between 9 and 32, out of a theoretical maximum of 50 

(1)
IBPcriterion ∼ Time_Unm +

Species + (1|ForestArea/Cluster/Patch)

points. Rocky and flower-rich areas were not found in the 
study area, aquatic habitats only presented themselves 
twice, both in forest reserves. Most plots fulfilled the 
ancient forest criteria. Lowest values were found in pine 
stands, highest values came from broadleaved stands.

Beech-dominated stands did not significantly dif-
fer from the oak-dominated stands, though the latter 
did score marginally higher on all criteria besides sev-
eral microhabitats (Table 1). Significant differences were 
found in the number of native tree species and occur-
rence of microsoils (for definition of microhabitats, see 
Bütler et al. 2020). Pine-dominated stands systematically 
scored lower compared to their beech and oak counter-
parts. The only exception was the density of large trees 
(DBH 47.5–67.5  cm), given that mature trees in broad-
leaved stands had mainly outgrown this diameter range 
(Fig. 2). Mixed forests showed no significant difference in 
IBP scores compared to beech- or oak-dominated forests.

3.2 � Forest management effects on biodiversity potential
Unmanaged forests had higher mean metrics for almost 
all criteria of the IBP: they contained more large pieces 
of lying deadwood (3.5 vs. 1.2 pieces/ha), medium-sized 
pieces of lying deadwood (6.6 vs. 3.3 pieces/ha), large 
standing dead trees (6.8 vs. 4.3 trees/ha), medium-sized 
standing dead trees (16.6 vs. 15.8 trees/ha), very large 
living trees (6.9 vs. 4.3 trees/ha), native tree species (3.6 
vs. 3.2 tree species/ha) and ultimately the IBP itself (24.0 
vs. 19.6). Only for large living trees (DBH 47.5–67.5 cm) 
there was a higher density in managed stands (58.4 vs. 
53.3 trees/ha).

Modelling results (i.e. marginal effect plots, made 
using the ggeffects package; Lüdecke 2018) relating the 
IBP and its criteria to time since set-aside, for criteria 
with significant effects, are shown in Fig.  3. Models 
for all criteria regardless of significance are added in 
Table 1. The IBP is increasing with time since set-aside, 
with an effect size of 0.007, relating to a 0.7% change 
per year of non-intervention. This trend is mainly 
driven by an increase in large lying deadwood, very 
large living trees, and large standing deadwood. Those 
criteria also most frequently surpass the maximum 
thresholds of the capped IBP, especially in unmanaged 
forests (Fig.  4). True differences between managed 
and unmanaged forests are thus more profound than 
shown by the capped IBP. Several microhabitats also 
showed significant increasing trends with time since 
set-aside: rot-holes (effect size of 0.027), perennial fun-
gal fruiting bodies (effect size of 0.020) and epiphytic 
or parasitic crypto- and phanerogams (effect size 
0.032). These differences, however, were less impact-
ful for the total IBP score given the low thresholds for 
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each microhabitat, and the aggregation of microhabi-
tats in one score. Though it was not statistically sig-
nificant, likely due to a lack of observations and thus 
statistical power, the effect of non-intervention tended 
to be stronger in the broadleaved than in the conifer-
ous stands (Appendix Table 4).

3.3 � Uncapping the index in the context of mature, 
close‑to‑nature managed and set‑aside temperate 
lowland forests.

Most microhabitats did not exceed the upper thresh-
olds set by the capped IBP. Only for ‘epiphytic or 
parasitic crypto- and phanerogams’ and ‘concavities’, 
several plots exceeded the maximum requirements. 

Table 1  Modelling results of generalised linear mixed models. Time unmanaged indicates a slope, species indicates changes in 
intercept, standard error is given between brackets. Reference is a beech forest at 0 years since cessation of management

Statistically significant results are highlighted in bold

IBP = Index of Biodiversity Potential, LDW = large deadwood, MDW = medium deadwood, VLT = very large trees, LT = large trees
a Models showed underdispersion. A Conway-Maxwell-Poisson model was used instead. Dispersion was modelled against Time_Unm
***  = p-value < 0.001, ** = p-value < 0.01, * = p-value < 0.05

Response variable Reference intercept Time unmanaged Quercus Mixed Pinus

IBPa 3.006 (0.086) 0.007 (0.002)** 0.142 (0.102) 0.0536 (0.103) −0.346 (0.098)****
LDW lying 0.086 (0.297) 0.039 (0.009)*** 0.260 (0.457) 0.115 (0.449) −0.635 (0.467)

MDW lying 1.141 (0.196) 0.015 (0.008) 0.456 (0.303) −0.142 (0.296) −0.267 (0.258)

LDW standing 1.414 (0.248) 0.020 (0.009)* 0.165 (0.364) −0.132 (0.336) −0.931 (0.332)**
MDW standing 2.698 (0.214) 0.003 (0.009) 0.034 (0.353) −0.207 (0.318) −0.450 (0.280)

VLT 1.402 (0.246) 0.018 (0.009)* 0.108 (0.348) 0.307 (0.303) −3.041 (0.536)***
LT 3.611 (0.195) 0.002 (0.006) 0.392 (0.329) 0.030 (0.294) 0.775 (0.281)**
Rot-holes −0.410 (0.457) 0.027 (0.010)** −0.386 (0.866) 0.091 (0.483) −1.420 (0.735)

Concavities −0.748 (0.666) 0.005 (0.007) 0.284 (0.732) −0.693 (0.495) −1.084 (0.934)

Exposed sapwood and heartwood −0.852 (0.313) 0.012 (0.013) −0.130 (0.464) −0.087 (0.446) −1.73 (0.746)*
Crown deadwood −1.541 (0.587) −0.002 (0.019) 0.007 (0.787) −0.093 (0.867) 0.816 (0.582)

Burrs and cankers 0.074 (0.264) 0.017 (0.010) −0.673 (0.466) 0.195 (0.374) −1.542 (0.478)**
Perennial fungal fruiting bodies −0.489 (0.480) 0.019 (0.008)* 0.343 (0.474) −0.471 (0.369) −0.939 (0.640)

Ephemeral fungal fruiting bodies −1.649 (0.577) 0.013 (0.017) −1.307 (1.211) −1.396 (1.197) −1.863 (1.201)

Epiphytic or parasitic crypto- and phanerogams 0.532 (0.491) 0.032 (0.016)* 0.934 (0.646) −0.315 (0.645) −2.013 (0.636)*
Microsoils −2.929 (0.868) 0.033 (0.024) 1.740 (0.852)* 1.108 (0.916) 0.351 (0.887)

Fresh exudates −4.393 (2.271) −0.013 (0.060) / 1.305 (1.680) −0.569 (1.801)

Native speciesa 0.998 (0.176) 0.002 (0.003) 0.553 (0.186)** 0.099 (0.205) 0.050 (0.190)

Fig. 2  Differences in intercepts of IBP factors between different forest types. Only significant differences are shown, for a full overview of models 
see Table 1. ‘Crypto- and phanerogams’ refer to epiphytic and parasitic vascular plants, mosses and ferns, “count” refers to the number of trees 
containing these microhabitats
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The exceedance of thresholds for microhabitats was 
slightly more frequent in unmanaged compared to 
managed forests, especially for rot-holes, twig tangles 
and burrs and cankers (Fig. 4). Other structural criteria 
more frequently exceeded maximum thresholds for the 
capped IBP: large standing deadwood in 83% of plots 
for unmanaged forests, and 52% of plots for managed 
forests, very large trees in 53% of plots for unmanaged 
forests and 35% of plots for managed forests, large 
lying deadwood in 43% of plots for unmanaged for-
ests and 11% of plots for managed forests, and number 
of native tree species in 15% of plots for unmanaged 

forests and 9% of managed forests. Thresholds were 
more frequently exceeded in unmanaged compared to 
managed plots. For 7 out of 19 criteria, the registered 
values exceeded the original threshold values by a fac-
tor 2 (Fig. 4).

4 � Discussion
4.1 � The IBP increases with time since cessation of forest 

management
We performed uncapped IBP surveys at mature, close-
to-nature managed and set-aside temperate lowland for-
ests. After capping, IBP scores per plot ranged from 9 

Fig. 3  Marginal effects plot of the Index of Biodiversity Potential (IBP) and several of its factors related to time since set-aside, including the partial 
residuals. Only significant effects are shown, for a full overview of models see Table 1. In panel E, the y-axis was limited to 50 to ensure visibility, 
two datapoints are not shown at counts 120 and 150, at 25 years of time since cessation of management. Darker dots correspond to multiple 
overlapping data points
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to 32. This is comparable to ranges found in other stud-
ies in Western Europe (e.g. 17–31; Zeller et  al. 2022). 
The IBP can be sensitive to forest types as well (Larrieu 
et al. 2026). We found that pine-dominated stands have 
significantly lower IBP scores compared to other forest 
types with comparable management regimes (Fig. 2). Zel-
ler et  al. (2022) also observed lower average IBP scores 
for managed pine-dominated forests compared to beech, 
spruce and oak forests in Germany. In Belgium, pine for-
ests are often planted as a monoculture on the less fertile 
soils and are more intensively managed than broadleaved 
stands, resulting in lower structural diversity and tree 
species richness. Although these stands are now gradu-
ally converted to mixed forests, a simplified forest struc-
ture will still have a persistent legacy effect in the current 
structure, both in the managed and set-aside stands (Lust 
et al. 2001).

We also found that IBP scores for oak forests are higher 
than for beech (Fig.  2). Although this overall difference 
is not significant, oak forests have significantly more 
native tree species (factor A). Beech forests form the 
climax vegetation in lowland temperate forest on loamy 
soils. They can outcompete other species and due to 
their shade-tolerance are one of the few trees capable to 
regenerate under a closed canopy. This creates a natural 

homogenisation of tree species compared to the more 
open, light-rich structures of the oak forests, that also 
originate from more open coppice-with-standards for-
estry. In addition, oak forests form microsoils more often. 
Due to the rough bark of oaks, especially in old trees, 
mosses, lichens, or epiphytic algae colonise them more 
easily compared to beech (Ranius et  al. 2008). Mixed 
forests did not significantly differ from the beech-domi-
nated patches, likely since they too contain a large share 
of beech, as ‘mixture’ here mainly refers to oak-beech 
mixture.

In broadleaved stands, we found significant differ-
ences in IBP scores between managed and unman-
aged forests, increasing over time since set-aside (Fig. 3, 
Table 1). This difference was mainly driven by the num-
ber of large pieces of lying and standing deadwood, the 
number of very large trees and several microhabitats, 
e.g. rot-holes, which all show similar positive trends 
(Fig.  3). This corresponds well with expectations within 
recent set-aside beech or oak forests, where first signs of 
structural change include the appearance of deadwood, 
larger trees and several microhabitats, especially fungal 
bodies and rot-holes (Courbaud et  al. 2022; Vandekerk-
hove et al. 2009, 2018). The effect of time since manage-
ment abandonment on the IBP tended to be lower in the 

Fig. 4  Proportion of plots where the maximum threshold of each IBP indicator was crossed, compared for managed and unmanaged forests. The 
tree-related microhabitats correspond to one factor (F) in the IBP
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pine forests (Appendix, Table 4), as the historically more 
intensive management regime in pine stands results in 
persistent legacy effects.

Even though in general the forests in the National Park 
are already managed relatively extensively compared 
to other forests in Europe, there still seem to be further 
prospects to increase the biodiversity potential. The 
managed forests largely lacked in large pieces of lying 
deadwood and abundance of large habitat trees bear-
ing microhabitats (Fig.  3). The absence of deadwood in 
managed forests, especially in advanced decay stages, is 
not just a local but a European observation (Puletti et al. 
2017). Similarly, most large, old trees in managed forests 
are cut before developing the diameters and thus micro-
habitats necessary to support a wealth of taxa in need of 
such structures (Larrieu and Cabanettes 2012). Deliber-
ate conservation of overmature and TReM-bearing trees, 
also in managed stands, will strongly affect the biodiver-
sity potential. The development of the structural diver-
sity can be accelerated using specific forest management 
strategies, such as selection cutting, variable density thin-
ning and retention of deadwood, boosting the biodiver-
sity potential (Bauhus et al. 2009).

Not all taxonomic groups necessarily benefit from the 
cessation or extensification of forest management. Espe-
cially vascular plants and primary consumers, which in 
general may prefer light-rich environments and a cer-
tain degree of disturbance, may show a higher species 
richness in managed forests (Hilmers et al. 2018; Paillet 
et  al. 2010). The IBP accounts for this type of diversity 
through the incorporation of vertical structural complex-
ity and flower-rich open areas in its factors. In our study, 
no flower-rich areas were recorded, neither in the man-
aged nor the unmanaged stands. Therefore, this criterion 
did not affect the outcome of the capped IBP scores. The 
number of vertical layers in the studied forest plots was 
generally relatively low and did not differ greatly between 
managed and unmanaged forests either. Most plots had 
a relatively closed beech canopy, under which structural 
development is slow. As such, in the first few decades 
after setting aside a forest stand, it is especially species 
depending on continuity of forest conditions, e.g. for-
est microclimate and undisturbed soils, or continuity of 
structural features, e.g. overmature trees and quantity of 
deadwood, that benefit.

4.2 � Applicability of the IBP in mature, temperate lowland 
forests of the Benelux

IBP scores at our study region fall within expected 
ranges and show a capability of distinguishing different 

management intensities. This is a strong indication that 
the IBP is applicable to mature, temperate lowland for-
ests as they occur in the Benelux. However, the authors 
of the IBP highlight the possibility of factor thresholds 
being consistently exceeded in mature forests unhar-
vested for several decades (Gonin and Larrieu 2025). 
This is to be expected as these thresholds were set to 
ensure a minimum amount of resources in a frame-
work of biodiversity-friendly managed forests, and 
development of the index was focused on higher-inten-
sity management regimes (Larrieu and Gonin 2008). 
Here, in the context of close-to-nature managed and 
set-aside temperate lowland forests, some thresholds 
were therefore majorly exceeded (Fig.  4). The number 
of deadwood pieces, tree microhabitats and large trees 
generally exceed the number of native tree species in 
this context. Therefore, these factors are most suscepti-
ble to underestimation by the capped IBP, even though 
they are of vital importance for biodiversity conserva-
tion (Löfroth et al. 2023; Winter and Möller 2008). For 
example, in the first decades after set-aside, Vandekerk-
hove et  al. (2009) observed 10 to 75 m3 of deadwood 
per hectare, whereas the IBP threshold for a score of 
five is reached as soon as three large pieces of standing 
or lying deadwood are observed.

The actual variability in structure is thus larger than 
shown by the capped IBP. As forest management in the 
Benelux is moving towards even more close-to-nature 
management, thresholds of the IBP should be able to 
detect changes even when values are already high. As 
such, this omission of information is ecologically rel-
evant, especially given that biodiversity links positively 
with amounts of deadwood, and densities of large trees 
and microhabitats even beyond the current thresholds 
(Courbaud et al. 2022; Ranius and Fahrig 2006; Rota et al. 
2025; Vandekerkhove et al. 2018).

Therefore, in more productive regions, it may be inter-
esting to adjust the thresholds of the capped IBP to more 
appropriate reference levels, avoiding major overshoots. 
The disadvantage is that comparing IBP scores from sci-
entific studies becomes more difficult, as scoring sys-
tems turn case-specific. Alternatively, the uncapped IBP 
could be used to capture the full range of observed val-
ues (Gonin and Larrieu 2025). The disadvantage is that 
the survey becomes less time-efficient. A solution is 
needed that preserves time-efficiency and comparability 
of the capped IBP. This aim could be achieved by allowing 
stands with an extremely high occurrence of maturity-
related characteristics to be assessed with an additional 
rank (> 5) in the scoring system on a per-factor basis, as 
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discussed during the 2026 assembly of the IBP Interna-
tional Committee of Experts (Angeleri and Lachat 2025). 
Ideally, before introducing this rank, several surveys 
should confirm the system boundaries of the regional 
forests (e.g. maximum pieces of lying deadwood per 
hectare).

4.3 � The IBP for forest managers—what’s the use?
The IBP can be used in a multitude of ways, depending 
on the goal of the survey. The current form of the IBP 
is ideal for a quick scan of biodiversity potential within 
a forest management landscape, which is also its origi-
nal purpose (Larrieu et  al. 2019). When applied in this 
context, it will mainly highlight areas of improvement, 
where one or more aspects of the IBP are severely lacking 
(Larrieu and Gonin 2008). Outside of its original appli-
cation range, the (capped) IBP will much less discrimi-
nate between ‘moderately rich’ stands and forest stands 
of high conservation value, containing a plethora of old-
growth structures, undervaluing the latter. The use of an 
uncapped IBP, or an IBP with an adjusted scoring system, 
could help to map the areas of highest conservation value 
(Zeller et al. 2022).

The current main use of the index is to evaluate forests 
with a lower conservation status, or forests where the 
goal is to improve the biodiversity potential. One such 
use case could be the cessation of management, where 
a managed forest is consciously put under protection. 
The current IBP seems applicable to assess biodiversity 
potential recovery in the first decades (30 to 40  years) 
after cessation of management. From this point onwards, 
using an adjusted or uncapped IBP may be better suited 
to assess biodiversity potential.

The IBP is mostly a local, comparative tool, and is in its 
current form not a monitoring tool, as it does not result 
in detailed quantitative data that allow to detect sub-
tle changes. It can and should be combined with other 
monitoring approaches when a higher level of detail is 
needed (Zeller et  al. 2022). This is apparent in a multi-
tude of European regulations such as the Nature Restora-
tion Law, where trends in biodiversity-related indicators 
should be detectable over a time period of 6 years. In 
contrast, improvements in IBP scores occur rather gradu-
ally, as indicated by Fig. 3. Though the capped IBP is thus 
not useful for monitoring purposes in the short-term, 
especially in the absence of abrupt changes, it is a rel-
evant conceptual framework. The 10 factors largely mir-
ror the most important indicators of forest biodiversity 

used in international reporting (FOREST EUROPE 2026; 
Nature Restoration Regulation) but are not fully adopted 
in European legislation on biodiversity conservation.

Setting the IBP thresholds is always a trade-off 
between cost-effectiveness and level of detail. In 
many cases, adjusting thresholds may not be neces-
sary, retaining the full cost-effectiveness of the index 
while appropriately mapping the variety in biodiver-
sity potential. In other cases, an adjustment of several 
thresholds may benefit the index sensitivity without 
greatly increasing measurement time or costs. When 
applying the IBP in a specific context or location, a 
first inventory of a self-designated ‘reference stand’ 
with an uncapped IBP could help to determine if a tai-
lored scoring system is useful for further evaluations of 
other stands with the capped IBP. The thresholds could 
then be set based on the conservation goals for specific 
stands, perhaps relative to a long unmanaged or ideally 
managed stand nearby. However, the prospect of hav-
ing a harmonised IBP methodology to deal with high-
scoring forest stands looks promising as well (Angeleri 
and Lachat 2025).

5 � Conclusion
The Index of Biodiversity Potential is a quick and use-
ful tool to assess forest biodiversity potential. In our 
study, we confirm the applicability of the index within 
the context of a temperate lowland forest: IBP scores 
fell within expected ranges and clearly distinguished 
between management intensities. Even with mature, 
extensively managed and recently set-aside forest 
stands on rich soils, differentiation was clear, with the 
set-aside forests showing higher IBP scores than their 
managed counterparts, increasing with time since 
set-aside. These differences were mainly driven by the 
accumulation of deadwood, the presence of very large 
trees and the development of microhabitats such as 
rot-holes.

However, the highest threshold for several IBP factors 
was frequently exceeded, leading to a relevant under-
estimation of variation among ecologically rich stands. 
Adjustment of thresholds within the capped IBP, addi-
tion of higher thresholds leading to an extra score, or 
the use of an uncapped IBP altogether, could be ben-
eficial in this context and would enhance the sensitivity 
of the index while retaining its practical value for forest 
management.
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Appendix

Table 2  Description of research patches and clusters. Species relate to the dominant tree species. The number of plots is related to the 
patch size, with a density of one plot per ten hectares. Time unmanaged is calculated at the time of data collection. In the final row, we 
included an overview of the total number of plots per management and forest type

Patch ID Cluster Management Forest type Species N°
Plots

Time unmanaged

Heverlee_01 Be_16 Unmanaged Mixed Quercus rubra,
Fagus sylvatica

1 20

Heverlee_02 Be_16 Managed Mixed Quercus rubra,
Fagus sylvatica

1

Heverlee_03 Be_16 Managed Mixed Quercus rubra,
Fagus sylvatica

1

Heverlee_04 Be_16 Managed Mixed Quercus rubra,
Fagus sylvatica

1

Meerdaal_05 Be_6 Unmanaged Beech Fagus sylvatica 3 25

Meerdaal_06 Be_6 Managed Beech Fagus sylvatica 3

Meerdaal_07 Be_7 Unmanaged Oak Quercus robur 5 20

Meerdaal_09 Be_7 Managed Oak Quercus robur 3

Meerdaal_10 Be_8 Unmanaged Pine Pinus sylvestris 3 20

Meerdaal_11 Be_8 Managed Pine Pinus sylvestris 2

Meerdaal_12 Be_8 Managed Pine Pinus sylvestris 3

Meerdaal_13 Be_9 Unmanaged Beech Fagus sylvatica 2 20

Meerdaal_14 Be_9 Managed Beech Fagus sylvatica 2

Meerdaal_15 Be_10 Unmanaged Birch Betula pendula 1 20

Meerdaal_17 Be_11 Unmanaged Pine Pinus sylvestris 2 20

Meerdaal_19 Be_11 Managed Pine Pinus sylvestris 2

Meerdaal_20 Be_11 Managed Pine Pinus sylvestris 2

Sonian_01 Be_1 Unmanaged Mixed Quercus robur
Fagus sylvatica

3 30

Sonian_02 Be_1 Managed Mixed Quercus robur
Fagus sylvatica

5

Sonian_03 Be_2 Unmanaged Beech Fagus sylvatica 4 30

Sonian_04 Be_2 Managed Beech Fagus sylvatica 4

Sonian_05 Be_3 Unmanaged Beech Fagus sylvatica 3 40

Sonian_08 Be_3 Managed Beech Fagus sylvatica 4

Sonian_09 Be_4 Unmanaged Beech Fagus sylvatica 4 20

Sonian_10 Be_4 Managed Beech Fagus sylvatica 2

Bertem_01 Be_17 Unmanaged Beech Fagus sylvatica 2 20

Bertem_02 Be_17 Managed Mixed Fagus sylvatica
Quercus robur

1

Bertem_03 Be_18 Unmanaged Oak Quercus robur 2 20

Bertem_04 Be_18 Managed Mixed Quercus robur
Fagus sylvatica

2

Haller_01 Be_12 Unmanaged Pine Pinus sylvestris 1 25

Haller_02 Be_12 Managed Pine Pinus sylvestris 1

Haller_03 Be_13 Unmanaged Pine Pinus nigra subsp. salz-
mannii var. corsicana

1 25

Haller_04 Be_13 Managed Pine Pinus nigra subsp. salz-
mannii var. corsicana

1

Haller_06 Be_14 Unmanaged Beech Fagus sylvatica 1 25

Haller_07 Be_14 Managed Beech Fagus sylvatica 1

Haller_09 Be_15 Unmanaged Oak Quercus robur 1 25

Haller_11 Be_15 Managed Oak Quercus robur 1

Haller_12 Be_12 Unmanaged Pine Pinus sylvestris 1 25

Haller_13 Be_12 Managed Pine Pinus sylvestris 1

Haller_14 Be_12 Managed Pine Pinus sylvestris 1
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Patch ID Cluster Management Forest type Species N°
Plots

Time unmanaged

Haller_15 Be_12 Managed Pine Pinus sylvestris 1

Haller_18 Be_14 Managed Beech Fagus sylvatica 1

Total Managed
Unmanaged
Managed
Unmanaged
Managed
Unmanaged
Managed
Unmanaged

Beech
Beech
Oak
Oak
Pine
Pine
Mixed
Mixed

17
19
4
9
14
8
11
4

20–40
20–25
20–25
20–30

Table 3  Simplified description of the ten IBP factors and their 
scoring system. Table adapted from Table  1 by Gosselin and 
Larrieu (2020) and the IBP Benelux (Gonin et al. 2025)

Factor Succinct definition Scoring system

A: Tree richness Number of autochthonous tree 
genera (dead or living trees)

0: 0 or 1 genus
1: 2 genera
2: 3 or 4 genera
5: 5 genera or more

B: Vertical struc-
ture

Number of vegetation layers 0: 1 layer
1: 2 layers
2: 3 or 4 layers
5: 5 layers

C: Standing 
deadwood

Number of snags existing of LDW: 
DHB ≥ 37.5 cm
and MDW: 
37.5 cm > DBH > 17.5 cm

0: LDW/ha < 1 and MDW/
ha < 1
1: LDW/ha < 1 and MDW/
ha ≥ 1
2: 1 ≤ LDW/ha < 3
5: LDW/ha ≥ 3

D: Lying dead-
wood

Number of logs existing of
LDW: diameter ≥ 37.5 cm and
MDW: 37.5 cm > diam-
eter > 17.5 cm

0: LDW/ha < 1 and MDW/
ha < 1
1: LDW/ha < 1 and MDW/
ha ≥ 1
2: 1 ≤ LDW/ha < 3
5: LDW/ha ≥ 3

E: Very large trees Number of VLT: DBH ≥ 67.5 cm 
and LT: 67.5 > DBH > 47.5 cm

0: VLT/ha < 1 and LT/ha < 1
1: VLT/ha < 1 and LT/ha ≥ 1
2: 1 ≤ VLT/ha < 5
5: VLT/ha ≥ 5

F: Tree micro-
habitats

Number of live trees with at least 
one predefined tree-related 
microhabitat

0: trees/ha < 2
1: 2 ≤ trees/ha < 3
2: 3 ≤ trees/ha < 8
5: trees/ha ≥ 8

G: Open flower-
rich areas

% per ha of open areas (clearings, 
edges and other areas with a well-
developed herb layer composed 
of flowering plants)

0: 0%
2: < 1% or > 5%
5: 1 to 5%

H: Temporal 
continuity

Presence of the stand 
on an ancient map

0: recent forest stand
2: ancient forest 
but evidence of partly 
deforestation or major soil 
disturbance
5: ancient forest cover 
without major soil distur-
bance

I: Wet macrohabi-
tats

Number of wet-habitat types 0: none
2: only 1 type
5: 2 or more types

J: Rocky macro-
habitats

Number of rocky-habitat types 0: none
2: only 1 type
5: 2 or more types

DBH = diameter at breast height, LDW = large deadwood, MDW = medium 
deadwood, VLT = very large trees, LT = large trees

Table 4  Model results for the model on total IBP scores, including 
the dominant species and time since cessation of management 
as an interaction term

Effect size Standard error p-value

Intercept 3.039 0.091 < 0.001***

Time Unm 0.006 0.003 0.031*

Mixed −0.023 0.119 0.846

Oak −0.057 0.153 0.712

Pine −0.289 0.116 0.013*

Time Unm/Mixed 0.006 0.005 0.220

Time Unm/Oak 0.011 0.007 0.125

Time Unm/Pine −0.007 0.005 0.191

*** = p-value < 0.001, * = p-value < 0.05
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