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timber because trees are felled before reaching the age or 
size at which they naturally develop (Remm and Lõhmus 
2011; Andersson et al. 2018). In contrast, other types of tree 
management such as pollarding, in which upper branches 
are repeatedly pruned to produce firewood (traditional) or 
for public safety (modern), can accelerate rot hole forma-
tion in young trees (Grüebler et al. 2013; Sebek et al. 2013; 
Avilés 2019; Großmann et al., 2020). Large pruning wounds 
(> 15  cm diameter) can develop into cavities suitable for 
cavity-nesting birds (Grüebler et al. 2013; Avilés 2019) and 
those containing wood mould are important for saproxylic 
invertebrates (Sebek et al. 2013; Della Rocca et al. 2023). 
Similarly, old trees that have been coppiced (repeatedly 
pruned at ground level) often develop basal cavities con-
taining pools of rainwater (Maděra et al. 2017), which host 
the aquatic larvae of specialist flies and beetles (Schmidl et 
al. 2008).

Introduction

Non-excavated tree cavities originating from decay are 
ecologically important microhabitats that naturally develop 
over decades. Those usable by large vertebrates rarely 
occur in trees under 100 years old (Kõrkjas et al. 2021) and 
most pedunculate oak (Quercus robur) trees only start to 
develop cavities at 200–300 years old (Ranius et al. 2009). 
Cavities often occur at low densities in forests managed for 

Communicated by Gediminas Brazaitis.

	
 Oliver D. Visick
ov32@sussex.ac.uk

1	 Laboratory of Apiculture and Social Insects (LASI), 
Department of Ecology and Evolution, School of Life 
Sciences, University of Sussex, Brighton BN1 9QG, UK

Abstract
Tree microhabitats associated with decay are rare in forests managed for timber because trees are often felled before reach-
ing the age at which they naturally develop. Non-lethal tree management, such as harvesting non-timber forest products 
(NTFPs), can accelerate microhabitat formation in young trees. Cork bark is an important NTFP in Iberia that is harvested 
from cork oak trees (Quercus suber) every 9–14 years. Here we investigate the effect of bark harvesting coefficient (HC, 
harvest height/stem circumference) on the formation of cavities and other microhabitats in cork oaks in Los Alcornocales 
Natural Park, Spain. We surveyed 301 cork oaks and detected 1033 microhabitats (3.4 per tree), including 46 cavities. 
The number of unique microhabitats per tree significantly increased from 2.5 (± 0.25) at low intensity (0 < HC ≤ 1) to 
3.7 (± 0.15) at moderate intensity (1 < HC ≤ 2, p = 0.003), but further increase to high intensity (2 < HC ≤ 3), yielded no 
additional microhabitats. The probability of a tree having cavities exhibited a significant non-linear increase with harvest 
intensity. Cavities were low (< 5 m) and large (median entrance area 267cm2) and probably originated from wounds sus-
tained during cork harvesting. A total of 57 cavities were identified in the study area, including an additional 3 in dead or 
unharvested cork oak and 8 in co-occurring gall oaks (Q. faginea). 11% (n = 6, 0.18 cavities ha− 1) had a suitable volume 
and entrance size for honey bee (Apis mellifera) colonies and other cavity-nesters with similar requirements. Our results 
indicate that bark harvesting, at moderate intensity, can be beneficial to wildlife in cork oak woodlands by increasing the 
supply of cavities and other microhabitats. However, even at moderate intensity, temporary benefits to wildlife might be 
offset by reduction in tree vigour and increased mortality.
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Non-timber forest products (NTFPs), including fruit, 
nuts, leaves, bark, resins and honey, are important for trade 
and subsistence in rural communities, especially in devel-
oping countries (Shackleton & Shackleton 2004). NTFP 
commercialisation can encourage forest conservation by 
providing an economically viable alternative to timber pro-
duction or forest conversion (Peters et al. 1989). The effects 
of NTFP harvest on tree survival, growth rates and repro-
duction are well-studied (reviewed by Ticktin 2004). NTFP 
harvest can also be an important source of decay-related 
microhabitats in young trees. In southern Africa, where the 
bark of many tree species is harvested for medicinal uses 
(Grace et al. 2002), debarking wounds are frequently col-
onised by saproxylic fungi and invertebrates (Roux et al. 
2005). Debarking does not usually increase tree mortality, 
unless it is done during the dry season or when trees are 
too young (Gaoue et al. 2013; Ngubeni 2015). In northern 
Europe, debarking has been used to increase the conserva-
tion value of oak trees by deliberately inducing decay and 
associated microhabitats in young trees without killing 
them (Bengtsson et al. 2012; Bengtsson and Wheater 2021). 
Bengtsson et al. (2012) debarked over 100 oak trees in Swe-
den and England, most of which (98.4%) were still alive 8 
years later and showing early signs of decay (Bengtsson and 
Wheater 2021).

Cork oak (Q. suber) trees are evergreen trees native to 
southern Europe and northern Africa (Pausas et al. 2009). 
Cork oaks have a thick and spongey outer bark which has 
been harvested commercially since the mid-1800s to make 
wine bottle stoppers and building materials (Mendes and 
Graça 2009). Given its ability to regenerate, cork bark can 
be sustainably harvested at intervals of 9–14 years once a 
tree reaches 18–25 years old or a diameter at breast height 
(DBH) of c. 20 cm (Oliveira and Costa 2012). Cork oaks typ-
ically grow in forests and diverse savanna-type ecosystems 
called montado in Portugal, dehesa in Spain and azaghar in 
Morocco (Bugalho et al. 2009). However, due to increased 
drought and wildfires, and land abandonment following 
global cork devaluation in the late 2000s, many of these 
habitats have been replaced by persistent shrubland (Acácio 
et al., 2009; Bugalho et al. 2011). Therefore, shrub clearing 
and grazing are required to maintain habitat heterogeneity 
in cork oak ecosystems (Bugalho et al. 2011). Bark harvest-
ing might also be important for maintaining biodiversity at 
the tree-level, by accelerating the formation of cavities and 
other important microhabitats for wildlife. Cavities in cork 
oaks are used by several mammals (Carvalho et al. 2014), 
birds (Segura 2017) and insects (Della Rocca et al. 2023), 
including threatened species such as the Iberian lynx (Lynx 
pardinus, Fernândez and Palomares 2000) and hermit beetle 
(Osmoderma eremita, Chiari et al. 2012).

Andalusia is the southernmost region of Spain and the 
country’s largest producer of cork (Sierra-Pérez et al. 2015). 
This region is also famous for its honey production and has 
a high density of managed honey bee (Apis mellifera) col-
onies, at over 0.06 colonies ha− 1 on average (Kukielka et 
al. 2008). Honey bees are traditionally managed alongside 
cork production and kept in cylindrical hives made of cork 
bark, although modern moveable-frame hives are now more 
common (Crane 1999). Wild colonies also occur in Spain, 
but at much lower densities than those of managed colonies 
(< 0.01 colonies ha− 1, Rutschmann et al. 2022). Honey bee 
colonies require large cavities (> 15 L) with small entrances 
(< 10 cm diameter). In rural Spain, suitable nest sites can be 
found in man-made structures such as concrete power poles 
(Rutschmann et al. 2022), but no studies have investigated 
the availability of natural honey bee nest sites in trees or the 
processes that lead to their formation.

The aims of this study are to (i) assess the diversity of 
cavities and other microhabitats provided by cork oaks in 
Los Alcornocales Natural Park, Andalusia, Spain (ii) quan-
tify the density of cavities, in both cork oaks and co-occur-
ring gall oaks (Q. faginea), that are suitable for wild honey 
bee colonies and other cavity-nesters with similar require-
ments and (iii) analyse the effect of bark harvest intensity on 
microhabitat diversity, the probability of occurrence of dif-
ferent microhabitat groups and the height and size of cavities 
in harvested cork oaks. We predict that cork oaks subjected 
to higher harvest intensity will have more microhabitats, 
particularly those associated with debarking wounds such as 
bark structures and cavities. By extension, cork oak wood-
lands that are actively managed for cork production should 
have high conservation value for hollow-dependent fauna.

Methods

Study sites

Fieldwork was conducted in two cork oak woodlands of 
14.8  ha (A) and 18.1  ha (B) in Los Alcornocales Natural 
Park, the largest protected cork oak habitat in the world at 
approximately 174,000 ha. Study sites were located approx-
imately 250 m apart on the western (36.4327 N, 5.4640 W) 
and eastern (36.4303 N, 5.4576 W) side of the Hozgarganta 
river (Fig. 1). Study sites were chosen based on accessibility 
via public footpaths, lack of steep gradients and proximity 
to the town of Jimena de la Frontera where the authors were 
staying. We refer to sites as “woodland” because tree cover 
was between 40 and 45% at both sites and interspersed with 
shrubs, mainly rockrose (Cistus spp.) and heather (Calluna 
spp.). Cork oaks were the most common tree at both sites. 
Other tree species including semi-deciduous gall oaks, olive 
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(Olea europaea) and Eucalyptus spp. were present in site B, 
which was part of the Chinchilla Nature Reserve. Gall oaks 
were included in the study because they were the only other 
tree species large enough to contain cavities in the study 
area and needed to be accounted for to accurately quantify 
cavity density.

Tree survey

We initially assessed all oak trees in the study area with 
circumferences at breast height (CBH) ≥ 1.57  m, 95% of 
which were cork oaks and 5% were gall oaks. The whole 
sample is used for descriptions of cavities and calculations 
of cavity density. We then narrowed down the sample by 
excluding gall oaks and dead or unharvested cork oaks for 
descriptions of other microhabitats and analyses of bark 
harvesting coefficient (HC). Crown height and maximum 

debarking heights above 2  m were measured using a cli-
nometer. HC was calculated by dividing maximum harvest 
height by CBH, which is typically measured over cork bark 
prior to harvesting (Oliveira and Costa 2012). However, 
this was not possible in our study, so HC was overestimated 
slightly. The CBH of multi-stem trees was estimated from 
crown height using the slope and intercept produced by a 
linear regression analysis of CBH and crown height in sin-
gle-stem trees. CBH was converted to diameter at breast 
height (DBH) by dividing it by π. Trees with diameters of 
0.5 m ≤ DBH < 0.6 m were classed as “medium” and trees 
with diameters of 0.6  m ≤ DBH < 1.0  m were classed as 
“large”. The health of living trees was assessed on a scale of 
1 to 4 following Oleksa et al. 2013. Health scores (HS) of 1 
were assigned to trees with no cavities, deadwood or other 
signs of decay. Health scores from 2 to 4 were based on 
the amount of deadwood in the crown (HS = 2: 25%, HS = 3: 

Fig. 1  Study sites near Jimena de la Frontera in Los Alcornocales 
Natural Park, Andalusia, Spain. Points show all oak trees with circum-
ferences at breast height greater or equal to 1.57 m that were initially 
assessed, including gall oaks and dead or unharvested cork oaks. Blue 
points are trees with cavities and yellow points are trees with cavities 

that have a suitable volume and entrance size for honey bee colonies 
(HBCs). Map was created using QGIS (v3.32.1) with topography data 
and satellite imagery downloaded from the Spanish National Centre 
for Geographic Information (CNIG, 2024)
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horizontal ( HDe) diameters using the equation for an 
ellipse ( area = 1/4 · Π · V De · HDe). Cavity volume 
(litres) was approximated from internal height (Hi) width 
(Wi) and depth (Di) using the equation for an ellipsoid 
( volume = 1/6 · Π · Hi · Wi · Di). Internal dimen-
sions were measured by inserting wire into the cavity in 
different directions. A cavity was considered suitable for a 
honey bee colony if the volume was 15–80 L (Seeley and 
Morse 1976; McNally and Schneider 1996; Ratnieks et al. 
1991) and the entrance 10-60cm2 (Seeley and Morse 1976; 
Gambino et al. 1990; Ratnieks et al. 1991; Baum et al. 2005).

Statistical analysis

All statistical analyses were done in R (v4.3.1, R core team 
2023) and plots were made using ggplot2 (Wickham 2016). 
Generalised linear models (GLMs) were used to analyse 
the linear, non-linear and categorical effects of HC on three 
response variables with different error distributions: (i) 
the number of unique microhabitats per tree (microhabitat 
diversity, Poisson), (ii) the probability of occurrence of dif-
ferent microhabitat groups (binomial) and (iii) the height, 
entrance area and volume of cavities (gamma). For brevity, 
we only report the results of binomial models for microhabi-
tat groups that were significantly affected by HC. Variables 
included in global models were health score (ordinal), DBH 
(linear), HC (linear) and HC2 (quadratic). Variance inflation 
factors (VIF) were calculated for each variable in the global 
model to test for multicollinearity. HC (linear) was centred 

50%, HS = 4: 75%). Raw health scores are included in sta-
tistical models, whereas a binary variable (HS = 1: “healthy” 
or HS > 1: “unhealthy”) is used for figures and descriptive 
statistics.

The whole tree was assessed for potential microhabi-
tats, although upper branches may have been under rep-
resented due to their greater distance from observers (see 
discussion). Microhabitats were recorded by a single pair 
of observers using a field guide by Kraus et al. (2016) con-
taining 64 microhabitats which we grouped into 16 catego-
ries (Table 1) following Larrieu et al. (2018). Bark-related 
microhabitats, including bark loss (IN11-14), bark shelters 
(BA11), bark pockets (BA12) and coarse bark (BA21), were 
only recorded for the inner layer of bark (not the outer cork 
bark). An additional microhabitat category was created for 
pennywort epiphytes (Umbilicus spp.). Descriptions of all 
microhabitat groups are included in Table  1 and photos 
of common microhabitats in bark-harvested cork oaks are 
shown in Fig. 2.

Cavity survey

We defined cavities as dry holes with internal dimensions 
that greatly exceeded the entrance. This excludes wood-
pecker (Picidae) feeding holes (CV14), insect exit holes 
(CV5) and water-filled holes (CV4). The height and ori-
entation of the cavity entrance were measured using a 
tape measure and compass, respectively. Cavity entrance 
area (cm2) was approximated from vertical ( V De) and 

Table 1  Microhabitats recorded in two cork oak woodlands in Los Alcornocales Natural Park, Andalusia, Spain. Microhabitats were recorded on 
living bark-harvested cork oaks (Quercus suber) using a field guide by Kraus et al. (2016). Cavities include woodpecker breeding holes (CV1, 
*excluding CV14), trunk and mould cavities (CV2) and branch holes (CV3). Injuries and wounds include trunk and crown breakage (IN2) and 
cracks and scars (IN3). “Other” microhabitats recorded include bird nests (NE1), water-filled holes (CV4) and Ivy (EP33)
Microhabitat Description Code Site A Site B Total
Bark loss Loss of inner bark exposing area of sapwood > 25cm2 IN1 139 53 192
Bark pockets Inner bark (> 100cm2) detached from sapwood by > 1 cm (top open) BA12 137 54 191
Bark shelters Inner bark (> 100cm2) detached from sapwood by > 1 cm (bottom open) BA11 130 41 171
Coarse bark Fissures of > 2 cm in the bark surface BA21 83 23 106
Moss Non-vascular epiphytes (> 10% coverage) EP31 79 14 93
Insect holes Small (⌀<2 cm) tubular entrance or exit holes created by xylophagous 

insects
CV5 52 28 80

Cavities Large (⌀>2 cm) dry holes with an interior larger than the entrance hole CV1-3* 37 9 46
Sap flow Sap flowing from inner bark (> 10 cm length) OT1 20 18 38
Breakages and scars Broken stem/branches (⌀>20 cm). Scars on the stem > 30 cm long, > 10 cm 

deep, >1 cm wide
IN2-3 13 8 21

Woodpecker feeding 
holes

Conical excavation in deadwood with entrance ⌀>10 cm CV14 16 2 18

Pennyworts Flowering epiphyte in genus Umbilicus EP36 9 9 18
Deadwood Dead branches (⌀>10 cm) usually in shaded parts of the crown DE1 14 2 16
Ferns Vascular non-flowering epiphyte (> 5 fronds) EP34 17 0 17
Cankers Cancerous growth (⌀>20 cm) with rough surface GR3 13 0 13
Fungi Fruiting bodies of both annual and perennial fungi (⌀>5 cm) EP1 5 1 6
Other - - 4 3 7
Total 768 265 1033
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explain variation in the response (model quality). Summa-
ries for each GLM, including model coefficients, statistical 
significance and VIF, are shown in the supplementary mate-
rial (Table S1). GLMs were run again with HC included as a 

around zero to reduce collinearity with HC2 (quadratic) to 
within an acceptable range of 1 to 5. Likelihood ratio tests 
were used to determine whether the removal of a variable 
resulted in a significant change in the model’s ability to 

Fig. 2  Common microhabitats recorded on bark-harvested cork oaks 
(Quercus suber). (A) Loss of inner bark exposing large area (> 600cm2) 
of sapwood (IN12) at the base of a tree. (B) Breeding hole excavated 
by a woodpecker (CV13). (C) Pennywort (Umbilicus spp.) epiphytes 
(EP36) growing on virgin (unharvested) cork bark. (D) Wound wood 

around an injury causing inner bark to lift and starting to create bark 
pockets (BA12). (E) Dead tree with several woodpecker feeding holes 
(CV14). (F) Large trunk cavity (CV24). (G) Fire bugs (Pyrrhocoris 
apterus) sheltering in a deep fissure in bark (BA21)
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multi-stem cork oaks (n = 62), ranged from 0.50 to 0.99 m 
(mean 0.61 m) with 178 trees being classed as medium and 
123 large. HC ranged from 0.44 to 3.02 (mean 1.6), exclud-
ing two outliers at 3.99 and 4.80, with 52 trees harvested 
at low intensity, 162 moderate and 87 high. There was no 
significant collinearity between health score, DBH, HC and 
study site in any of the global models (VIF < 2, Table S1, 
supplementary material).

Increased HC corresponded with a non-linear increase in 
the number of unique microhabitat groups per tree (micro-
habitat diversity, Fig. 4). Poisson GLMs (Table S1, Model 
1) were significantly worse at explaining variation in micro-
habitat diversity after removing the quadratic component of 
HC (Model 1b, χ2 = 12.7, p < 0.001) but not after removing 
the linear component (Model 1c, χ2 = 0.5, p = 0.491). When 
considering HC categories, microhabitat diversity signifi-
cantly increased from low (2.5 ± 0.25) to moderate inten-
sity (3.8 ± 0.15, p = 0.003) but not from moderate to high 
(3.4 ± 0.19, p = 0.746).

Of the 16 microhabitat groups recorded, 6 were signifi-
cantly affected by HC. Increased HC corresponded with a 
linear increase in the occurrence of bark pockets, a non-
linear increase in the occurrence of bark shelters and cavi-
ties, a non-linear decrease in the occurrence of coarse bark 
and insect holes, and a linear decrease in the occurrence 
of pennyworts (Fig. 5). Binomial GLMs (Table S1, Model 
2–7) were significantly worse at explaining variation in the 
occurrence of bark shelters (Model 3b, χ2 = 23.4, p < 0.001), 
cavities (Model 4b, χ2 = 10.1, p = 0.002), coarse bark (Model 
5b, χ2 = 7.6, p = 0.006) and insect holes (Model 6b, χ2 = 8.2, 
p = 0.004) after removing the quadratic component of HC, 
and bark pockets (Model 2d, χ2 = 9.1, p = 0.003), bark shel-
ters (Model 3d, χ2 = 5.0, p = 0.025) and pennyworts (Model 
7d, χ2 = 5.7, p = 0.016) after removing the linear compo-
nent. Differences in microhabitat probability between 
HC categories were only significant for bark pockets and 
bark shelters, both of which significantly increased from 
low (shelters: 0.27 ± 0.06, pockets: 0.44 ± 0.07) to mod-
erate intensity (shelters: 0.66 ± 0.04, p < 0.001; pockets: 
0.65 ± 0.04, p = 0.030) but not from moderate to high (shel-
ters: 0.57 ± 0.05, p = 0.651; pockets: 0.71 ± 0.05, p = 0.777).

Increased HC corresponded with a linear increase in cav-
ity entrance height (Fig. 3) and a linear decrease in cavity 
entrance area but had no effect on cavity volume. Gamma 
GLMs (Table S1, Model 8–10) were significantly worse at 
explaining variation in cavity entrance height (Model 8c, 
χ2 = 4.8, p = 0.003) and cavity entrance area (Model 9c, 
χ2 = 4.4, p = 0.043) after removing the linear component 
of HC, but not after removing the quadratic component 
(cavity entrance height: Model 8b, χ2 < 0.1, p = 0.943; cav-
ity entrance area: Model 9b, χ2 = 0.4, p = 0.540). HC had 
no effect on cavity volume (linear: Model 10c, χ2 = 0.4, 

categorical variable with 3 levels: low (0 < HC ≤ 1), moder-
ate (1 < HC ≤ 2) and high (2 < HC ≤ 3). HC categories were 
chosen based on the limits in different counties, which are 
HC ≤ 2 in Portugal, Spain and Italy, and HC ≤ 3 in France, 
Morocco, Tunisia (Oliveira and Costa 2012). Tukey tests 
were used to test for significant differences in the mean 
(± SE) of each response variable between HC categories. P 
values are adjusted for multiple comparisons using the Bon-
ferroni method.

Results

Microhabitat diversity

Of the total 349 oak trees assessed, 301 were living cork 
oaks with evidence of bark harvesting (211 in site A, 90 in 
site B). A total of 1033 microhabitats (3.4 per tree) were 
recorded on living bark-harvested cork oaks (768 in site A, 
265 in site B). Most (73%) tree microhabitats catalogued 
by Kraus et al. (2016) were identified in our study area. 
Absences include root buttress cavities (GR1), witches’ 
brooms (GR2) and microsoil (OT2). Most microhabitats 
occurred on harvested parts of the tree. However, non-fun-
gal epiphytes, deadwood and breakages almost exclusively 
occurred on virgin cork (never harvested).

A total 57 cavities were found in the study area, includ-
ing an additional 8 in gall oaks and 3 in dead or unharvested 
cork oaks. Seven cavities (12%) were located at the base of 
the tree with ground contact (CV21-22), 5 (9%) were cavi-
ties excavated by woodpeckers (CV1), 11 (19%) were open 
cavities with large entrances that did not prevent rain from 
reaching the interior (CV25-26) and 34 (60%) were decay 
cavities or branch holes in the trunk or major branches 
(CV23-24, CV31-32). Cavity entrances were not orientated 
at random (R = 0.3, p = 0.023) and had a mean bearing of 
32 degrees (northeast; Fig. S1, supplementary material). 
Entrance heights ranged from 0 to 4.8  m (median 0.9  m, 
Fig. 3). Entrance area varied greatly from 4.7 to 2350cm2 
(median 267cm2) with 27% suitable for honey bee colonies 
(Fig. 3). Volume was less variable, 7 to 673 L (median 66 L, 
41% suitable, Fig. 3). Overall, 11% of cavities (0.18 cavities 
ha− 1) met the nesting requirements of honey bee colonies, 
although none were occupied.

Effect of HC

A total of 172 bark-harvested cork oaks were classed as 
healthy (HS = 1) and 129 were classed as unhealthy (HS > 1). 
Crown height ranged from 4.7 to 26.5 m (mean 12.1) and 
was highly correlated with CBH in single-stem cork oaks 
(F = 13.2, p < 0.001). DBH, including estimated values for 
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However, microhabitat diversity did not increase from mod-
erate to high intensity and some microhabitat groups, such 
as epiphytes that only grow on virgin cork, decreased in 
occurrence at high intensity. Therefore, whilst bark harvest-
ing at moderate intensity can be beneficial to biodiversity in 
cork oak woodlands, high intensity harvests (HC > 2) should 
be avoided as they potentially jeopardize tree health without 
providing additional habitats for wildlife.

Despite active management being beneficial for wildlife 
in cork oak woodlands, over-exploitation can be detrimen-
tal (Bugalho et al. 2009). At the ecosystem-scale, excessive 
grazing and acorn collecting (for both human and animal 
consumption) can decrease natural regeneration (Bugalho 

p = 0.475, quadratic: Model 10b, χ2 = 0.1, p = 0.763) and 
there was no significant difference in any cavity dimensions 
between HC categories (p > 0.05).

Discussion

Our results show that cork oak woodlands provide many 
microhabitats for wildlife with an average of 3.4 unique 
microhabitat groups per tree. Microhabitat diversity sig-
nificantly increased from low to moderate bark harvest 
intensity, as did the occurrence of microhabitats associated 
with debarking wounds such as bark structures and cavities. 

Fig. 3  Entrance height (A), entrance area (C) and volume (D) of 57 
cavities in oak trees (Quercus spp.) surveyed in two cork oak wood-
lands in Los Alcornocales Natural Park, Andalusia, Spain. Solid bars 
show cavities in cork oaks (Q. suber, n = 49), and dashed bars show 
cavities in gall oaks (Q. faginea, n = 8). Seven (12%) were basal cavi-
ties with ground contact (CV21-22), 5 (9%) were cavities excavated by 
woodpeckers (CV1), 11 (19%) were open cavities with large entrances 
(CV25-26) and 34 (60%) were decay cavities or branch holes in the 
trunk or co-dominant stems (CV23-24, CV31-32). Entrance height 
was recorded for all cavities, ranging from 0 to 4.8 m (median 0.9 m), 

and had a significant positive correlation with harvest intensity in liv-
ing bark-harvested cork oaks (B). Entrance area and volume were 
recorded for 56 cavities and are shown on a log scale with minor incre-
ments of 1, 10 and 100. Dashed lines show honey bee colony nesting 
requirements (entrance area: 10-60cm2, volume: 15–80 L). Entrance 
area ranged from 4.7 to 2350cm2 (median 267cm2, 27% suitable). 
Volume ranged from 7 to 673 L (median 66 L, 41% suitable). Over-
all, 6 cavities (10%, 0.18 cavities ha− 1) met honey bee colony nesting 
requirements, although none were occupied
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HC in Spain, unlike other cork producing countries such as 
Portugal and Italy, where HC must not exceed 3 (Oliveira 
and Costa 2012).

As predicted, cork oaks subjected to higher harvest inten-
sity were more likely to have microhabitats associated with 
debarking wounds (bark structures and cavities). Intense 
bark harvesting is more likely to produce wounds, espe-
cially when done by inexperienced workers (Oliveira and 
Costa 2012). Debarking wounds of 40 cm in diameter may 
take 20 years to heal (Natividade 1938), during which the 
tree is vulnerable to attack by insects and fungi (Sousa and 
Debouzie 1999; Martin et al. 2005). Therefore, high inten-
sity harvests might be more likely to increase tree mortality 
through wounding than physiological effects like water loss. 
In addition, debarking wounds can decrease cork produc-
tion and make cork planks more difficult to remove (Costa 
et al. 2004). Cork bark is traditionally harvested by skilled 

et al. 2011). At the tree-level, canopy pruning can decrease 
the abundance of foliage-gleaning birds (Leal et al. 2013) 
and trees that have been recently debarked are less likely to 
recover after a wildfire (Barberis et al. 2003; Moreira et al. 
2007; Catry et al. 2012). Los Alcornocales Natural Park has 
a fire return interval of 15–25 years (Marañón 2009) and 
cork oaks are harvested every 9–14 years in Spain (Oliveira 
and Costa 2012). Given the frequency of the two events, 
they are likely to coincide within typical cork oak rotation 
periods of 150–200 years (Pereira & Tome, 2004). Har-
vest intensity might also be an important factor determin-
ing post fire survival and resilience to drought, given that 
it correlates with increased water loss (Oliveira 1995) and 
decreased bark thickness (Pizzurro et al. 2010) in cork oaks. 
However, no studies have investigated the effect of harvest 
intensity (as opposed to harvest vs. no harvest) on cork oak 
mortality and there are currently no legal limits regarding 

Fig. 4  Effect of bark harvest coefficient (HC, harvest height/stem cir-
cumference) on the number of unique microhabitats per tree (micro-
habitat diversity) in living bark-harvested cork oaks (Quercus suber). 
Trees are categorised based on health score (HS), which ranged from 
1 (healthy trunk and crown) to 4 (75% crown deadwood), and stem 
diameter at breast height (DBH). Microhabitat diversity is shown as 
horizontal lines on the y axes (random noise included for visualisa-

tion), with the mean for each tree category in red. Mean microhabitat 
diversity (vertical bars, ± SE) significantly increased from 2.5 (± 0.25) 
per tree at low harvest intensity (0 < HC ≤ 1) to 3.7 (± 0.15) per tree at 
moderate harvest intensity (1 < HC ≤ 2, p = 0.003), but further increase 
to high intensity (2 < HC ≤ 3) yielded no additional microhabitats 
(p = 0.746)
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Fig. 5  Effect of bark harvest coefficient (HC, harvest height/stem cir-
cumference) on the probability of occurrence of 6 microhabitat groups 
in living bark-harvested cork oaks (Quercus suber). Grey bars show 
observed probabilities at low (0 < HC ≤ 1), moderate (1 < HC ≤ 2) and 
high (2 < HC ≤ 3) harvest intensity. Red lines show predicted probabili-
ties produced by binomial generalised linear models across the range 

of observed HCs. Increased HC corresponded with a linear increase in 
the occurrence of bark pockets, a non-linear increase in the occurrence 
of bark shelters and cavities, a non-linear decrease in the occurrence 
of coarse bark and insect holes, and a linear decrease in the occurrence 
of pennyworts
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is not surprising that they increased with harvest intensity. 
We found that the occurrence of pennyworts, which only 
grow on virgin cork, significantly decreased at higher inten-
sity and it is possible that less conspicuous microhabitats 
exhibited a similar trend but were undetected. Whilst a 
few trees had crown heights of over 25 m, the vast major-
ity (85%) were less than 15 m and their canopies could be 
adequately assessed from the ground with binoculars, so we 
don’t expect this bias to have a large effect on our results. In 
addition, microhabitats were recorded by a pair of observ-
ers, following recommendations by Paillet et al. (2014), to 
minimise detection errors.

We found 57 cavities in our 33  ha study area, which 
results in a density of 1.7 cavities ha− 1. This density is 
comparable to those recorded in European forests (median 
5.6 cavities ha− 1, Remm and Lõhmus 2011) and within the 
range of cavity densities (1.1 to 3.9 cavities ha− 1) reported 
in Iberian holm oak (Quercus rotundifolia) dehesa by Avilés 
(2019). Six (11%) cavities were determined to be suitable 
for honey bee colonies and other cavity-nesters with similar 
requirements (small entrance, large volume). This results in 
a honey bee nest site density of 0.18 nest sites ha− 1. Honey 
bee nest site densities reported in the literature range from 
0.014 to 0.1 nest sites ha− 1 in European forests (Requier et 
al. 2020; Kohl et al. 2022; Suppl.) and 0.17 to 0.23 nest sites 
ha− 1 in open oak woodland in southern United States (Baum 
et al. 2005; Rangel et al. 2016; Dickey et al. 2023). In addi-
tion to a high density of suitable nest sites, Iberian cork 
oak woodlands support a range of understory formations 
(pasture, shrubland, cropland etc.) and high floral diversity, 
making them ideal for pollinators.

Our results indicate that the main process driving cav-
ity formation in cork oak woodlands is decay, presumably 
originating from wounds sustained during bark harvesting. 
All cavities were below 5 m, which corresponds with maxi-
mum cork harvest heights observed in the study area (< 6 m 
in 98% of trees). Indeed, cavity entrance height had a sig-
nificant positive correlation with harvest intensity. Although 
cavities in Q. faginea were also below 5  m, even though 
bark from this species is not harvested. Cavities had a 
median height of just 0.9 m and were orientated towards the 
northeast, away from prevailing south westerly winds. This 
suggests that some cavities originated from fire scars, which 
typically form at the base of the tree on the leeward side 
where turbulent hot air accumulates (Gutsell and Johnson 
1996). We did not see any other evidence of fire damage, but 
this may have been removed in previous bark harvests. The 
significant bias towards northeast could also be explained 
by decreased sun exposure and increased humidity, both of 
which favour decay in living trees (Zheng et al. 2016).

Many cavities had large entrances of up to 2,500cm2 
and 19% were not completely buffered from external 

workers using a hand axe, but the process can be mecha-
nised using a modified chainsaw which reduces the risk of 
wounding the tree (Beira et al. 2014).

90% of bark-harvested cork oaks had at least one micro-
habitat associated with debarking wounds, with bark struc-
tures being the most benign as the inner bark is still relatively 
intact. It is important to distinguish between bark pockets 
(top open) and shelters (bottom open) because wood mould 
can accumulate in the former (Kraus et al. 2016). Bark shel-
ters are used for roosting by forest-dwelling bats (Dietz et 
al. 2018), whereas bark pockets with mould are important 
larval sites for saproxylic beetles (Winter and Möller 2008). 
Both microhabitats are probably formed via the same pro-
cesses and over relatively short time periods. Bark structures 
may form immediately after a tree is wounded (Kõrkjas et 
al. 2021) or once the wound has started to heal and surround-
ing bark begins to lift (Bengtsson and Wheater 2021). The 
formation of bark structures does not necessarily depend on 
tree age as they occur in small trees (DBH < 20 cm; Michel 
and Winter 2009; Michel et al. 2011). Bark structures prob-
ably do not remain on a tree for very long (< 1 year) before 
falling off and our results suggest that intensive manage-
ment might accelerate this process. Unfortunately, no stud-
ies have investigated the long-term persistence of bark 
structures (Kõrkjas et al. 2021).

Cavities were less common, occurring in 13% of bark-
harvested cork oaks, and represent more advanced debark-
ing wounds where decay has progressed to the heartwood. 
Kõrkjas et al. (2021) reviewed cavity formation rates and 
found that medium (5  cm entrance diameter) and large 
(10 cm) cavities naturally develop at approximately 90 and 
170 years of age, respectively, in species with available data 
(mainly rosids). Zheng et al. 2016 estimated that tree cavi-
ties originating from wounds in Fagaceae require a mini-
mum of 56 years to develop a volume of 6 L. Given that the 
first bark harvest in cork oaks occurs at 18–25 years, one 
can expect to see relatively large cavities in trees as young 
as 75 years. Once a cavity has developed, it will typically be 
usable for 10 to 20 years until it is destroyed, for example by 
stem breakage, or degraded by excavators, advanced decay, 
or hole occlusion (Wesołowski 2012).

A limitation of our study, which applies to most 
ground-based microhabitat surveys, is that microhabitats 
groups occurring higher in the canopy are less likely to be 
detected. This is particularly true for cork oaks as bark is 
only removed from lower parts of the tree, leaving a bare 
region where microhabitats are more obvious. This region 
is larger at higher harvest intensities so microhabitats might 
be more likely to be noticed, which could be partly respon-
sible for the significant increase in microhabitat diversity 
from low to moderate intensity. Most of the microhabitats 
we detected were associated with debarking wounds, so it 
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environmental conditions. Axe wounds sustained during 
cork harvesting are typically larger (15–40 cm long) (Costa 
et al. 2004; Natividade 1938) than those originating from 
pruning cuts (Grüebler et al. 2013; Avilés 2019) and can 
take decades to heal completely (Natividade 1938). Indeed, 
most cavities were too large (both volume and entrance size) 
and low for honey bee colonies and other species that are 
susceptible to predation and require a stable microclimate 
(e.g., passerines), but probably usable as den sites by large 
mammals like the common genet (Carvalho et al. 2014) and 
the Eurasian lynx (Fernândez and Palomares 2000). Cavity-
users might temporarily avoid nest sites in cork oaks during 
cork removal due to increased disturbance (Godinho and 
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Conclusion

Cork oak woodlands are important agroforestry systems 
throughout the Mediterranean Basin that support rural live-
lihoods through commercial cork production. Active land 
management, such as grazing and shrub clearing, has been 
shown to be crucial in sustaining the high levels of biodi-
versity associated with cork oak habitats. Our results sug-
gest that moderate levels of bark harvesting can also benefit 
wildlife, particularly cavity-nesting species and those 
depending on dead and decaying wood habitats. In some 
cases, these habitats might be in oversupply, as shown by 
the many cavities suitable for wild honey bee colonies, none 
of which were occupied. If possible, high-intensity bark 
harvests (HC > 2) should be avoided as this can compromise 
tree vitality without producing many additional habitats for 
wildlife. Even at moderate intensity, temporary benefits to 
wildlife in cork oak woodlands might be offset by long-term 
reduction in tree vigour and increased mortality.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​3​4​2​-​0​
2​5​-​0​1​7​7​0​-​9.

Author contributions  ODV wrote the main manuscript, conceptual-
ised the project, collected data, did statistical analyses and prepared 
all figures and tables. IA helped conceptualised the project, collected 
data, did preliminary statistical analyses and wrote an early draft of the 
manuscript. FSM assisted in data collection. FLWR secured funding, 
reviewed drafts of the manuscript and provided supervision through-
out. All authors have reviewed the manuscript.

Funding  ODV’s PhD, of which this work is a part, was supported by 
the C.B. Dennis British Beekeepers’ Research Trust.

Data availability  The data that supports the findings will be uploaded 
to a repository upon acceptance.

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://centrodedescargas.cnig.es/CentroDescargas/
https://centrodedescargas.cnig.es/CentroDescargas/
https://doi.org/10.1007/s10342-025-01770-9
https://doi.org/10.1007/s10342-025-01770-9


European Journal of Forest Research

Leal A, Correia RA, Palmeirim JM, Granadeiro JP (2013) Does can-
opy pruning affect foliage-gleaning birds in managed Cork oak 
woodlands? Agroforest Syst 87:355–363

Maděra P, Slach T, Úradnícek L, Lacina J, Cernušáková L, Friedl M, 
Řepka R, Buček A (2017) Tree shape and form in ancient coppice 
woodlands. J Landsc Ecol 10:49–62

Marañón T (2009) Site profile 17.1: Los alcornocales natural park, 
Spain. In: Aronson J, Pereira JS, Pausas JG (eds) Cork oak wood-
lands on the edge. Society for Ecological Restoration Interna-
tional/Island, Washington, USA, pp 217–218

Martin J, Cabezas J, Buyolo T, Patón D (2005) The relationship 
between Cerambyx spp. Damage and subsequent Biscogniauxia 
mediterranum infection on Quercus suber forests. For Ecol 
Manag 216:166–174

McNally LC, Schneider SS (1996) Spatial distribution and nest-
ing biology of colonies of the African honey bee Apis mellifera 
scutellata (Hymenoptera: Apidae) in Botswana, Africa. Environ 
Entomol 25:643–652

Mendes AMSC, Graça JAR (2009) Cork bottle stoppers and other 
Cork products. In: Aronson J, Pereira JS, Pausas JG (eds) Cork 
oak woodlands on the edge. Society for Ecological Restoration 
International/Island, Washington, USA, pp 59–69

Michel AK, Winter S (2009) Tree microhabitat structures as indicators 
of biodiversity in Douglas-fir forests of different stand ages and 
management histories in the Pacific Northwest, U.S.A. For Ecol 
Manag 257:1453–1464

Michel AK, Winter S, Linde A (2011) The effect of tree dimension 
on the diversity of bark microhabitat structures and bark use in 
Douglas-fir (Pseudotsuga menziesii Var. menziesii). Can J for Res 
41:300–308

Moreira F, Duarte I, Catry F, Acácio V (2007) Cork extraction as a 
key factor determining post-fire Cork oak survival in a mountain 
region of Southern Portugal. For Ecol Manag 253:30–37

Natividade JV (1938) Técnica cultural Dos sobreirais II– Descortiça-
mento. Junta Nacional da Cortiça, Lisbon, Portugal

Ngubeni N (2015) Bark re-growth and wood decay in response to bark 
harvesting for medicinal use [Masters thesis]. University of Stel-
lenbosch, Stellenbosch, South Africa

Oleksa A, Gawroński R, Tofilski A (2013) Rural avenues as a refuge 
for feral honey bee population. J Insect Conserv 17:465–472

Oliveira G (1995) Autecology of cork oaks (Quercus suber L.) in Por-
tuguese montados [PhD Thesis]. Faculty of Sciences of the Uni-
versity of Lisbon, Portugal

Oliveira G, Costa A (2012) How resilient is Quercus suber L. to Cork 
harvesting? A review and identification of knowledge gaps. For 
Ecol Manag 270:257–272

Paillet Y, Coutadeur P, Vuidot A, Archaux F, Gosselin F (2014) Strong 
observer effect on tree microhabitats inventories: A case study in 
a French lowland forest. Ecol Ind 49:14–23

Pausas JG, Pereira JS, Aronson J (2009) The tree. In: Aronson J, 
Pereira JS, Pausas JG (eds) Cork oak woodlands on the edge. 
Society for Ecological Restoration International/Island, Washing-
ton, USA, pp 11–21

Pereira H, Tomé M (2004) Non-wood products: Cork oak. In: Burley 
J, Evans J, Youngquist JA (eds) Encyclopedia of forest sciences. 
Elsevier, Amsterdam, Netherlands, pp 613–620

Peters CM, Gentry AH, Mendelsohn RO (1989) Valuation of an Ama-
zonian rainforest. Nature 339:655–656

Pizzurro GM, Maetzke F, La Mela Veca DS (2010) Differences of Raw 
Cork quality in productive Cork oak woods in Sicily in relation to 
stand density. For Ecol Manag 260:923–929

R Core Team (2023) R: A Language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria

Rangel J, Giresi M, Pinto MA, Baum KA, Rubink WL, Coulson RN, 
Johnston JS (2016) Africanization of a feral honey bee (Apis 

Chiari S, Carpaneto GM, Zauli A, Marini L, Paolo A, Ranius T (2012) 
Habitat of an endangered saproxylic beetle, Osmoderma eremita, 
in mediterranean woodlands. Ecoscience 19:299–307

Costa A, Pereira H, Oliveira A (2004) The effect of cork-harvesting 
damage on diameter growth of Quercus suber L. Forestry 77:1–8

Crane E (1999) The world history of beekeeping and honey hunting. 
Routledge, New York, USA

Della Rocca FD, Jansson N, Chiari S, Zauli A, Carpaneto MG (2023) 
Micro-habitat drivers of saproxylic beetle assemblages in old 
woodlands of mediterranean Cork oak (Quercus suber). Agric for 
Entomol 25:77–90

Dickey M, Whilden M, Ellis JT, Rangel J (2023) A preliminary sur-
vey reveals that common viruses are found at low titers in a wild 
population of honey bees (Apis mellifera). J Insect Sci 26:1–11

Dietz M, Brombacher M, Erasmy M, Viktar F, Simon O (2018) Bat 
community and roost site selection of tree-dwelling bats in a 
well-preserved European lowland forest. Acta Chiropterologica 
20:117–127

Fernândez N, Palomares F (2000) The selection of breeding dens by 
the endangered Iberian lynx (Lynx pardinus): implications for its 
conservation. Biol Conserv 94:51–61

Gambino P, Hoelmer K, Daly HV (1990) Nest sites of feral honey bees 
in California. USA Apidologie 57:35–45

Gaoue O, Horvitz CC, Ticktin T, Steiner UK, Tuljapurkar S (2013) 
Defoliation and bark harvesting affect life-history traits of a tropi-
cal tree. J Ecol 101:1563–1571

Godinho C, Rabaça JE (2011) Birds like it Corky: the influence of 
habitat features and management of ‘montados’ in breeding bird 
communities. Agroforest Syst 82:183–195

Grace OM, Prendergast HDV, van Staden J, Jäger AK (2002) The sta-
tus of bark in South African traditional health care. South Afr J 
Bot 68:21–30

Großmann J, Pyttel P, Bauhus J, Lecigne B, Messier C (2020) The 
benefits of tree wounds: microhabitat development in urban trees 
as affected by intensive tree maintenance. Urban Forestry Urban 
Green 55:126817

Grüebler MU, Schaller S, Herbert K, Naef-Daenzer B (2013) The 
occurrence of cavities in fruit trees: effects of tree age and man-
agement on biodiversity in traditional European orchards. Bio-
divers Conserv 22:3233–3246

Gutsell SL, Johnson EA (1996) How fire scars are formed: coupling 
a disturbance process to its ecological effect. Can J for Res 
26:166–174

Junta de Andalucia (1989) Approving the inventory of protected natu-
ral areas of Andalusia and establishing additional measures for 
their protection. Official Bulletin number 60, Seville, Spain

Kohl PL, Rutschmann B, Steffan-Dewenter I (2022) Population 
demography of feral honeybee colonies in central European for-
ests. Royal Soc Open Sci 9:220565

Kõrkjas M, Remm L, Lohmus A (2021) Development rates and persis-
tence of the microhabitats initiated by disease and injuries in live 
trees: A review. For Ecol Manag 482:118833

Kraus D, Bütler R, Krumm F, Lachat T, Larrieu L, Mergner U, Pail-
let Y, Rydkvist T, Schuck A, Winter S (2016) Catalogue of tree 
microhabitats– Reference field list. Integrate + Technical Paper

Kukielka D, Perez AM, Higes M, Bulboa MC, Sánchez-Vizcaíno JM 
(2008) Analytical sensitivity and specificity of a RT-PCR for the 
diagnosis and characterization of the Spatial distribution of three 
Apis mellifera viral diseases in Spain. Apidologie 39:607–617

Larrieu L, Paillet Y, Winter S, Bütler R, Kraus D, Krumm F, Lachat 
T, Michel AK, Regnery B, Vandekerkhove K (2018) Tree related 
microhabitats in temperate and mediterranean European forests: 
A hierarchical typology for inventory standardization. Ecol Ind 
84:194–207

1 3



European Journal of Forest Research

Seeley TD, Morse RA (1976) The nest of the honey bee (Apis mellifera 
L). Insectes Sociaux 4:495–512

Segura A (2017) How does vegetation structure influence woodpeck-
ers and secondary cavity nesting birds in African Cork oak forest? 
Acta Oecol 83:22–28

Shackleton C, Shakleton S (2004) The importance of non-timber forest 
products in rural livelihood security and as safety Nets: a review 
of evidence from South Africa. South Afr J Sci 100:658–664

Sierra-Pérez J, Boschmonart-Rives J, Gabarrell X (2015) Production 
and trade analysis in the Iberian Cork sector: economic charac-
terization of a forest industry. Resour Conserv Recycl 98:55–66

Sousa EMR, Debouzie D (1999) Spatio-temporal distribution of Platy-
pus cylindrus F. (Coleoptera: Platypodidae) attacks in Cork oak 
stands in Portugal. IOBC Bull 22:47–58

Ticktin T (2004) The ecological implications of harvesting non-timber 
forest products. J Appl Ecol 41:11–21

Wesołowski T (2012) Lifespan of non-excavated holes in a primeval 
temperate forest: A 30 year study. Biol Conserv 153:118–126

Wickham H (2016) ggplot2: elegant graphics for data analysis. 
Springer Publishing, New York City, New York

Winter S, Möller GC (2008) Microhabitats in lowland Beech forests 
as monitoring tool for nature conservation. For Ecol Manag 
255:1251–1261

Zheng Z, Zhang S, Baskin C, Baskin J, Schaefer D, Yang X, Yang L 
(2016) Hollows in living trees develop slowly but considerably 
influence the estimate of forest biomass. Funct Ecol 30:830–838

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

mellifera) population in South Texas: does a decade make a dif-
ference? Ecol Evol 6:2158–2169

Ranius T, Niklasson M, Berg N (2009) Development of tree hollows in 
pedunculate oak (Quercus robur). For Ecol Manag 257:303–310

Ratnieks FLW, Piery MA, Cuadriello I (1991) The natural nest and 
nest density of the Africanized honey bee (Hymenoptera, Apidae) 
near Tapachula, Chiapas, Mexico. Can Entomol 123:353–359

Remm J, Lõhmus A (2011) Tree cavities in forests - The broad distri-
bution pattern of a keystone structure for biodiversity. For Ecol 
Manag 262:579–585

Requier F, Paillet Y, Laroche F, Rutschmann B, Zhang J, Lombardi F, 
Svoboda M, Steffan-Dewenter I (2020) Contribution of European 
forests to safeguard wild honeybee populations. Conserv Lett 
13:e12693

Roux J, Geldenhuys CJ, Meke G, Nguvulu C, Malambo F, Rau D, 
Kamgan NG, Heath RN (2005) Fungi infecting medicinal bark 
wounds in Southern Africa. In: Trees for Health– Forever: Imple-
menting Sustainable Medicinal Bark Use in Southern Africa, 
SADC Regional Workshop, 1–3 November 2005, Johannesburg. 
pp 21–31

Rutschmann B, Kohl PL, Machado A, Steffan-Dewenter I (2022) 
Semi-natural habitats promote winter survival of wild-living hon-
eybees in an agricultural landscape. Biol Conserv 266:109450

Schmidl J, Sulzer P, Kitching RL (2008) The insect assemblage in 
water filled tree-holes in a European temperate deciduous forest: 
community composition reflects structural, trophic and physico-
chemical factors. Hydrobiologia 598:285–303

Sebek P, Altman J, Platek M, Cizek L (2013) Is active management 
the key to the conservation of saproxylic biodiversity? Pollard-
ing promotes the formation of tree hollows. PLoS ONE 8:e60456

1 3


	﻿Effect of bark harvest intensity on the formation of cavities and other microhabitats in cork oaks (﻿Quercus suber﻿)
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study sites
	﻿Tree survey
	﻿Cavity survey
	﻿Statistical analysis

	﻿Results
	﻿Microhabitat diversity
	﻿Effect of HC

	﻿Discussion
	﻿Conclusion
	﻿References


