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Domestic wood collection affects plant communities through constant biomass removal. We assessed the effects
of wood collection for firewood and fence construction on tree community structure in a seasonally dry tropical
forest in Brazil. We described the harvest patterns of wood products. Further, we evaluated the effects of rainfall
levels and wood collection on tree community structure. Most wood collection for firewood was concentrated
within a small subset of dominant species. Wood collection for building fences was less influenced by species
abundance. Species richness was positively associated with rainfall. Wood collection increased community
evenness and negatively affected total density. The dominant species were not affected by wood collection.
Domestic use of wood has a low impact on tree diversity in human-dominated dry forests. Nevertheless, some of
the most used species for building fences are potentially threatened. The effects of firewood collection can be
mitigated through (1) offering subsidies aimed at fuel transition to liquefied petroleum gas or (2) developing and
distributing more efficient cookstoves. The effects of wood collection for building fences can be mitigated
through promoting the use of (1) living fences or (2) fewer stakes. In addition, the populations of the most
commonly used species should be recovered.

1. Introduction
Wood collection from forests is a fundamental livelihood activity
among many rural populations, particularly those in developing coun
tries. Approximately 50% of wood extracted from forests is used for
energy, as approximately 1/3rd of the world’s population depends on
forest biomass (firewood or charcoal) for cooking and heating (FAO,
2014). In addition, approximately 1.3 billion people depend on forest
products for house construction, particularly in Asia, Oceania, and Af
rica (FAO, 2014). Accordingly, logging and wood collection for fuel
wood are the major drivers of forest degradation in African, Latin
American, and subtropical Asian countries (FAO, 2020). As low-scale
wood collection from forests is likely to remain an important source of

energy and wood for house construction in the midterm future, it is
important to ensure that wood is harvested sustainably and used effi
ciently (FAO, 2020).
Even small-scale wood collection may affect forest biodiversity
because of constant biomass removal and selective harvest of certain
species. Typically, local people collect wood from the most abundant
species for use as fuelwood (Hora et al., 2021; Gonçalves et al., 2016;
Timko and Kozak, 2016) because of the daily demand for these resources
(Medeiros et al., 2011). However, the intrinsic characteristics of wood
influence people’s choices. For instance, as firewood, people may prefer
to use species with high calorific potential, with long-lasting flames and
easily ignited (Marquez-Reynoso et al., 2017; Martínez, 2015; Ramos
et al., 2008; Tabuti et al., 2003). In the long-term, however, this mixed

* Corresponding author. Laboratório de Ecologia e Evolução de Sistemas Socioecológicos (LEA), Departamento de Botânica, Universidade Federal de Pernambuco
(UFPE), Av. Prof. Moraes Rego, 1235, Cidade Universitária, 50670-901, Recife, Pernambuco, Brazil.
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people tend to be more selective for this purpose. They prefer collecting
hardwood trees, which are more tolerant of heavy rains and more
resistant to termite attack (Dahdouh-Guebas et al., 2000; Gaugris and
van Rooyen, 2009; Kakudidi, 2007). For building purposes, people must
collect whole trunks rather than dead wood or debris, which can often
be used as firewood (Medeiros et al., 2011; Nascimento et al., 2009).

collection pattern may reduce the diversity of woody species, if some
preferred species are overharvested, and increase community evenness,
if the most abundant species are the most harvested (Rasquinha and
Mishra, 2021).
Furthermore, harvesting patterns for house and fence construction
may be even more threatening to forest biodiversity because local

Fig. 1. Location of the study area in Northeast Brazil (a) and the study landscape (black inner area) in the Pernambuco state (b). The red point in (a) and (b) indicates
the capital of the Pernambuco state. Map of the Catimbau National Park showing locations of study plots from Rito et al. (2017) (black dots, plots distributed along all
disturbance and rainfall levels) and plots from INCT (grey dots, areas from where local people usually collect forest products) and the local communities studies (c).
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Therefore, the impact of wood harvesting for construction on selected
species is expected to be higher than that of wood harvesting for fire
wood (Walters, 2005; Nascimento et al., 2009). Moreover, although
wood collection for construction is not continuous, after a fence or house
is constructed, people will occasionally need to replace some of them.
Ecological modeling and empirical studies have demonstrated that
the effects of anthropogenic disturbance on biodiversity are mediated by
productivity (Huston, 2014). In low-productivity environments, di
versity is expected to be low because most of the species fail to survive
under the conditions of low growth rates, particularly in the presence of
additional effects of disturbances (Huston, 2014). Likewise, even in
high-productivity environments with low disturbance, where plant
populations are growing plentifully, diversity is expected to be low
because of the high rate of competitive exclusion (Huston, 2014).
Nevertheless, in such high-productivity environments, increasing
disturbance may increase biodiversity by decreasing the competitive
exclusion of species (Huston, 2014).
Such synergistic interactions of disturbance and productivity (typi
cally assessed based on rainfall levels or actual evapotranspiration in
forests) affect tree biodiversity in seasonally dry tropical forests (Rito
et al., 2017; Sfair et al., 2018; Zorger et al., 2019). Moderate disturbance
in wetter areas hampers the proliferation of strong competitor trees,
favoring the persistence of a large number of inferior competitors, such
as disturbance-tolerant species (Rito et al., 2017). However, drier areas
host lower biodiversity, particularly if there is high disturbance, because
of the colimitations of productivity (decreased population growth rate)
and disturbance (increased population mortality rate) (Rito et al., 2017).
Through direct assessment of wood collection for domestic use at the
local scale (for firewood and for fence construction) in rural commu
nities in a seasonally dry tropical forest, we sought to (1) understand the
selection of tree species for firewood and fence construction (selective or
indiscriminate collection) by these communities; (2) assess the effects of
environmental productivity (estimated as rainfall levels) and distur
bance (estimated as wood collection) on plant community structure; and
(3) evaluate the impact of wood collection on the abundance of the most
dominant tree species in the landscape.

forage, fuelwood, and wood for fences construction (Specht et al., 2015).
2.2. Ethnobotanical data collection
2.2.1. Ethical and legal aspects
The present study was approved by the Research Ethics Committee of
the Federal University of Alagoas (Presentation Certificate for Ethical
Appreciation: 83182217.6.0000.5013). Before data collection, we
informed all the participants of the objectives of the study and requested
them to sign an informed consent form, according to the legal recom
mendations: Resolução 510, de 7 de abril de 2016 do Conselho Nacional
de Saúde (Brasil, 2016). However, most of the local residents feared that
research conducted by biologists is related to environmental agencies
and that our findings may contribute to expropriating their land.
Consequently, only one-third of the participants signed the free and
informed consent term, but the remainder declared their consent
through oral expression, which is also acceptable according to Article 5
of this resolution. We also collected botanical material from the park
using the Biodiversity Authorization and Information System (SISBIO;
registration number 69750-1).
2.2.2. Selection of the studied communities
For the collection of ethnobotanical data, we selected six villages
located in different regions of the Catimbau National Park (Fig. 1,
Table 1). This study focused only on non-indigenous villages.
2.2.3. Selection of the key informant
Before data collection, we selected a key informant whose function
was to identify the plants used for wood in each residence and to
accompany the researchers during data collection. Being accompanied
by a local informant increased local people’s trust, since some in
habitants feared that the researchers were from environmental agencies.
Members of one of the communities studied indicated the key informant
as an individual with great knowledge of plants used for wood in the
respective region. During data collection, we found that, in most cases,
the households corroborated the plant identification by the key infor
mant. However, on occasions when there was a disagreement, we fol
lowed the identification indicated by the head of the household.

2. Material and methods
2.1. Study area

2.2.4. Firewood use
To access the use of firewood, we used the weight survey technique
(Ramos et al., 2014), whereby each informant was requested to set aside
a firewood stack deemed fit to meet the family demands for a 24-h
period. Within the selected subsample, we separated the wood by spe
cies and weighed each one using a digital hand scale. We decided not to
measure the biomass of the entire firewood pile in each residence
because of time constraints. During data collection, we sensed that many

The present study was conducted in the Catimbau National Park
(8◦ 24′ 00′′ and 8◦ 36′ 35′′ S to 37◦ 0′ 30′′ and 37◦ 1′ 40′′ W), located in the
state of Pernambuco, Brazil (Fig. 1). The park is a protected area
covering approximately 60,000 ha and presents varying rainfall regimes
(from 480 to 1100 mm per year) (Rito et al., 2017). This park is located
in a region exposed to two climatic types according to the Köppen
classification, namely the predominant Bsh semiarid climate and the
tropical rainy As climate in some areas (Alvares et al., 2013). The local
ecosystem represents the Caatinga—a seasonally dry tropical forest. The
prevalent vegetation is a small-statured forest dominated by fabaceous
and euphorbiaceous trees and shrubs throughout the rainfall and
disturbance levels (Rito et al., 2017).
At present, some villages are inhabited by people from the Kapinawá
ethnic group (Andrade, 2014; Sampaio, 2011). In the late 1990s, the
Fundação Nacional do Índio (FUNAI; the Brazilian governmental
indigenous institution) ratified a territory of approximately 12,400 ha
south of the park as the Kapinawá indigenous territory. However, some
of the communities living in the park recognized themselves as
belonging to this ethnic group and claimed their permanence in the
region, resulting in conflicts with the Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renováveis (IBAMA) (Andrade, 2014;
Sampaio, 2011). Currently, in the interior of the park, nearly 300 fam
ilies distributed in 17 communities are living, which largely subsist of
extensive livestock, agriculture, and government welfare benefits. Many
of these families extract different forest products for medicine, food,

Table 1
Sampling aspects of wood collection by rural communities in the Catimbau
National Park, Northeast Brazil.
Community

Total number
of households

Firewood
piles
sampled

Households whose
fences were
sampled

Fences
sampled

Túnel
Açude
Velho
Muquém
Dor de
Dente
Igrejinha
Breus

3
9

2
4

5a
6

8
9

16
7

16
4

21a
6

31
7

51
8

27
4

35
5

39
5

a

In the Túnel community, the number of families whose fences were sampled
was higher than the number of families residing at this site because one of the
families residing in the Açude Velho community has built a fence in the Túnel
community. In addition, we sampled some abandoned fences.
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except for the unidentified stakes. Individuals whom we identified as
being knowledgeable of the species used to build fences and who were
receptive to interviews were selected as the respondents.

informants felt uncomfortable or somewhat fearful and kept asking if we
were from the environmental agencies.
2.2.5. Wood use for fence construction
To access the use of wood for fence construction, we adapted the in
situ inventory technique (Gaugris and van Rooyen, 2006), as described
below. After conducting few pilot measurements, we realized that there
were different architectural fence types in the region (Fig. 2). Therefore,
we classified the fences based on their architecture (a classification from
the researchers’ perspective): (1) closed fences with juxtaposed stakes of
small diameters; (2) semi-open fences with loosely juxtaposed stakes of
small diameters; (3) open fences with spaced apart stakes of interme
diate diameter and some stakes (called posts) of large diameters used to
hold the wires; (4) wide open fences similar to open fences but with
more spaced apart stakes; and (5) fences made only of quite spaced apart
posts. We sampled stakes of different lengths to ensure uniform data
collection among the different fences types: 2 m for closed fences, 4 m
for semi-open fences, 50 m for open fences, 70 m for wide open fences,
100 m for fences with posts. If the same fence included sections of
different structural constitutions, we sampled each section.
The selection of the measured section was intentional. Typically, we
measured the section in front of the residence such that the head of the
residence could observe the activity. The key informant identified the
plant species for each stake in the measured section. We then measured
stake height and circumference. Subsequently, we covered the entire
perimeter of the fence using the odometer function of GPSMap 60CSx,
with an accuracy of 5 m, to record its length. In the study region, resi
dences commonly share an adjacent stretch of the fence. In such cases,
provided that the heads of both households participated in the study, we
divided the adjacent length between the two residences. However, when
the head of only one household participated, the shared section was
considered to belong solely to them.
Through informal interviews (Albuquerque et al., 2014) concerning
the replacement of stakes, we learned that such substitution is not uni
form because the species differ in their durability. Therefore, we also
conducted structured interviews (Albuquerque et al., 2014) with 11
individuals (Albuquerque et al., 2014) on the durability of the 15 most
used species for fence construction (Supplementary File S1). Together,
these 15 species accounted for 93.87% of the total wood volume used,

2.3. Vegetation sampling and botanical material collection
We used two datasets for plant communities. The first set included
data from Rito et al. (2017), who sampled 19 plots measuring 20 × 50 m
along the gradient of anthropogenic disturbances and rainfall in the
park. The second set included data of sampling conducted by the re
searchers from the National Institute of Science and Technology: Eth
nobiology, Bioprospecting and Nature Conservation (INCT) in six areas
indicated by the key informants as the regions from where the local
people collect forest products. The point-centered quarter method was
used for sampling. In each area, five 100-m-long lines placed 20 m apart
were established. Along each line, 10 quadrants were established, and in
each quadrant, the four closest stems were sampled. All stems with a
diameter at ground level of ≥5 cm were sampled; cacti species were
excluded.
All inventoried species were collected and sent for identification to
the Agronomic Institute of Pernambuco (IPA). However, some plants
recorded during ethnobotanical data collection were not found during
vegetation sampling. To collect samples of these species, we employed
the guided tour technique (Albuquerque et al., 2014), with the same key
informant who participated in the collection of ethnobotanical data. All
botanical materials collected were identified at IPA.
2.4. Formulation of use indices
Because the use of wood for firewood and fence construction has
different replacement rates, we transformed the sampled data into
annual usage rates. Regarding the data on firewood use, for each com
munity, we averaged the annual use of firewood (in kg) among the
families we sampled and multiplied it by the number of families using
firewood in each community to consider the use of resources by
households that we did not sample.
To estimate the annual usage rate of wood for fence construction, we
focused only on the most used species, for which we obtained infor
mation on the durability of their stakes. Initially, we calculated the

Fig. 2. Common architectural types of fences in the Catimbau National Park, Northeast Brazil: A closed fence (a), a wide open fence (b), a fence with posts alone (c),
a semi-open fence (d), and an open fence (e).
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volume of each stake present in the sampled section, considering them
as being nearly cylindrical. Then, the volume data for each species in the
sampled section were extrapolated, considering the entire perimeter of
the fence. For instance, in the case of closed-type fences (for which we
sampled the stakes present within a 2 m section), if the perimeter of the
fence was 100 m, we multiplied the volume data obtained for each
species by 50.
Subsequently, we excluded outliers in the data on the perceived
durability of the species and then calculated the average perceived
durability of each species. Of the 11 species for which we found outliers
in the values of perceived durability, 10 were based on information
obtained from the same key informant. Therefore, overall, only their
response deviated from that of the others. The extrapolated volume of
each species was then divided by the average of its perceived durability.
Similar to that for firewood, we calculated the annual usage rate of wood
for fence construction for each family. Then, we averaged the usage
among the sampled families and multiplied it by the number of families
residing in each community.
After estimating the annual usage rate of wood for firewood and
fence construction, we formulated an index to predict the effects of
wood collection in the sampled forest plots. Specifically, the firewood
use index of a rural community x for a vegetation plot y indicates the
ratio of the annual use of firewood by community x and the square of the
distance (in kilometers) of that community to plot y. Then, the total
firewood use index affecting plot y is the sum of these indices for the six
villages studied. We used the same procedure to estimate the fence
construction use index. We considered that wood collection intensity
was greater in forest areas near the villages. The distances between the
communities and plots were estimated using the geodist function of the
gmt package (Magnusson, 2017) in the R environment.

outliers that was common to both datasets. Subsequently, we found a
strong correlation between these indices (rs = 0.83, p = 2.06e-06) as
well as between the firewood use index and rainfall level (rs = 0.51, p =
0.01). Consequently, we decided to combine the two indices into a single
measure, hereafter referred to as the Wood Collection Index, using
principal component analysis (PCA). The first axis of PCA explained
75.37% of the total variation in data. We used this index to estimate the
effects of wood collection in forest areas. This index presented no out
liers and no correlation with rainfall data (rs = 0.28, p = 0.17). Subse
quently, we standardized the annual rainfall data using the scale
function in the R environment to ensure that both predictors had the
same numerical scales.
To assess the effects of wood collection (based on the Wood Collec
tion Index) and rainfall on community structure, we used generalized
linear models with a Gaussian distribution. Although two of our vari
ables were count data (Q0 and total density), both presented a Gaussian
distribution, which justified the selection of this distribution. We per
formed model selection using a stepwise approach. In some cases, the
data were transformed to better fit the models (Table 2). To test the
association of the Wood Collection Index with the density of species
widely distributed in the region (frequent in at least 50% of the sample
units), we performed Spearman correlation tests. We selected this
approach because the data did not fit linear regression models.
3. Results
3.1. Wood collection patterns in the Catimbau National Park
We identified 62 species used for wood collection in the six rural
communities studied. Of these, 31 species were used as firewood and 59
for fence construction (Supplementary Files S1 and S2). Overall, local
people were found relying on the most abundant species for use as
firewood. Approximately 60% of the total firewood biomass sampled
was derived from four species dominant in the landscape (Supplemen
tary Files S2 and S3), including Poincianella microphylla (Mart. Ex G.
Don) L.P. Queiroz, Senegalia piauhiensis (Benth.) Seigler & Ebinger,
Pityrocarpa moniliformis (Benth.) Luckow & R.W. Jobson, and Piptadenia
stipulacea (Benth.) Ducke. Moreover, the collection patterns were likely
influenced by the abundance of species in the nearby ecosystems. For
instance, we did not find Poincianella microphylla in the firewood piles in
the Igrejinha community, and this species is absent or rare (≤40 in
dividuals per hectare) in the nearby plots (≤3 km apart) in this village
(Supplementary File S4). In addition, Senegalia piauhiensis was found to
be one of the most commonly used species in this community, being

2.5. Plant community descriptors
Since Rito et al. (2017) sampled 0.1 ha plots, we multiplied the
species abundance data by 10 to obtain the respective densities per
hectare. We estimated the species densities for the areas sampled by
INCT using a previously presented script (Mitchell, 2010) in the R
environment.
To estimate the descriptors of plant community structure, we esti
mated the alpha diversity indices, including Q0 (species richness), Q1
(exponential Shannon entropy), and Q2 (inverse Simpson concentra
tion), with the entropart package (Marcon and Herault, 2015) in the R
environment. As Q0 is the species richness, it assigns a disproportionate
weight to rare species. The Q1 index assigns proportional weight ac
cording to species density and is interpreted as the number of “common”
or “typical” species in the community. The Q2 index assigns a higher
weight to the most abundant species and is interpreted as the number of
“very abundant” or “dominant” species in the community. We also
estimated the evenness factor, which is the ratio of Q2/Q0. The evenness
factor represents the proportion of dominant species in the community
and varies between 1 (a community in which all species have a similar
density) and 1/Q0 (a community in which only one species is domi
nates). The total density of individuals was calculated from the sum of
the densities of all species. Because we used two different datasets, we
included the data of only identified species in the analysis (except for
analysis referring to the total density variable).
For each sample of the plant community, we collected the mean
annual rainfall data from the WorldClim global climate data repository,
at a resolution of 30 arc seconds or spatial resolution of approximately 1
km at the equator, using the raster (Hijman 2019) and sp packages
(Pebesma and Bivand, 2005; Roger et al., 2013) in the R environment.

Table 2
Summary of the final linear models explaining the effects of annual rainfall and
wood collection (based on the Wood Collection Index) on plant communities.

2.6. Data analysis
Initially, we found one outlier in the firewood use index data and two
outliers in the fence construction use index data. We removed one of the
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Index

Estimate

Standard error

t-value

P-value

Q0
Intercept
Rainfall
Wood Collection Index

20.37
4.82
− 3.72

1.08
1.15
2.13

18.79
4.17
− 1.75

1.3e-14
0.0004
0.09

Log 10 (Q1)
Intercept
Rainfall

0.91
0.09

0.04
0.04

22.76
2.16

<2e-16
0.04

Log 10 (Q2)
Intercept
Rainfall

0.72
0.06

0.04
0.04

16.55
1.44

6.64e-14
0.16

Log 10 (evenness factor)
Intercept
Rainfall
Wood Collection Index

− 0.56
− 0.05
0.13

0.03
0.03
0.06

− 19.57
− 1.58
2.37

5.77e-17
0.13
0.03

Log 10 (total density)
Intercept
Wood Collection Index

3.35
− 0.13

0.03
0.06

96.20
− 1.94

<2e-16
0.06
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highly abundant in the nearby plots.
Wood collection for fence construction might be less influenced by
the actual species abundance than wood collection for firewood.
Approximately 65% of the total wood volume sampled in the fences was
derived from five species (Supplementary File S1). The most commonly
used species were Senegalia piauhiensis and Senegalia bahiensis, both
being highly abundant in many plots. Parapiptadenia zehntneri (Harms)
M. P. Lima & H. C. Lima and Poeppigia procera C. Presl were found in only
a single plot each. Prosopis juliflora (Sw.) DC. is an introduced species
cultivated for selected characteristics. Of the 15 species most used for
fence construction, only four had high frequency (at least 50% of the
plots) in the landscape (Supplementary Files S1 and S3).
There species used for fences construction differed among villages.
For instance, Senegalia piauhiensis was used in all villages studied,
whereas Senegalia bahiensis was almost absent from fences in villages in
the north of the park (Túnel and Açude Velho), and this species was not
found in the nearby plots (≤3 km apart) (Supplementary Files S1 and
S4). However, in some villages, species, such as Aspidosperma pyrifolium
Mart. & Zucc. (Túnel and Açude Velho) and Mimosa tenuiflora (Willd.)
Poir. (Túnel), were used in fences even though they were not found in
the nearby plots. These findings provide evidence that wood collection
for fence construction may be guided by preference and not just by
species abundance in the nearby ecosystems.

4. Discussion
4.1. Use of dominant tree species in the landscape as firewood
In the present study, we found that wood collection for firewood was
concentrated to the most abundant species, corroborating most previous
reports on the pattern of firewood use (see meta-analysis by Gonçalves
et al., 2016). This result indicates that local people show an indiscrim
inate behavior during the collection of these resources and do not select
species with the best intrinsic attributes (e.g. Jorge et al., 2014). Ac
cording to the Social-Ecological Theory of Maximization (Albuquerque
et al., 2019), the most used resources for a given purpose are those that
provide the maximum return considering a balance between all
explanatory variables (e.g., calorific potential, abundance, and distance
to the areas of species occurrence) in an n-dimensional space. In the
scenario of degraded forests, the best strategy to obtain the maximum
return would be to collect the most abundant species. Moreover, the
intrinsic characteristics affecting the selection of species for firewood
may be common across many species (Hora et al., 2021), and local
people can easily switch their selection according to the species abun
dance in the nearby forests.
Regarding the species rarely used as firewood (25 species accounting
for <5% of the total firewood biomass sampled; Supplementary File S2),
their harvest may be occasional (primarily collected for other uses or
during field clearings) or they may be insignificant as fuelwood. For
instance, some of such rarely collected species are well-known medicinal
or edible plants, such as Myracrodruon urundeuva Allemão and Algrizea
minor Sobral et al. In addition, some informants reported some species
are used solely to light up the fire, such as Pilosocereus pachycladus F.
Ritter. In the Caatinga, Ramos and Albuquerque (2012) observed vari
ations in the composition of firewood piles in rural residences during the
dry and rainy seasons. The authors suggested that sometimes, firewood
harvest may occur concomitantly during the harvest of other products,
such as fruits or leaves. This suggestion reinforces the notion that most
of the time, local people show an indiscriminate behavior in wood
collection.
Although the most commonly used species are the most abundant
ones in the landscape, the possible impacts of this collection should not
be ignored. There is ample evidence that subsistence firewood harvest
ing is an important driver of forest degradation (Kumar and Shaha
buddin, 2005; Walters, 2005; Specht et al., 2015). A regional analysis
demonstrated that firewood harvest in the Brazilian Atlantic Forest is
concentrated within a small subset of early successional native tree
species (Specht et al., 2015). Furthermore, the authors argued that this
harvest pattern is in fact a consequence of the previous degradation of
these ecosystems, driven by previous fuelwood harvest, hunting, and
slash-and-burn agriculture (Specht et al., 2015). Based on these, the
patterns observed in the present study may be a consequence of previous
forest degradation in this protected area.

3.2. Effects of rainfall and wood collection on plant community structure
Considering the models with the best explanatory power, we found
that species richness (Q0) was positively and strongly affected by annual
rainfall but negatively and weakly affected by wood collection (based on
the Wood Collection Index) (multiple R2 = 0.46, p = 0.002, df = 21, AIC
= 153.06; Table 2). The number of common species (Q1) was positively
affected by annual rainfall (multiple R2 = 0.17, p = 0.04, df = 22, AIC =
− 6.16). The number of dominant species was not correlated with any of
the variables (multiple R2 = 0.09, p = 0.16, df = 22, AIC = − 2.11). The
evenness factor (Q2/Q0) was positively affected by wood collection but
negatively affected by rainfall (multiple R2 = 0.24, p = 0.06, df = 22,
AIC = − 21.14). The total density was negatively affected by wood
collection (multiple R2 = 0.15, p = 0.06, df = 22, AIC = − 12.79).
3.3. Densities of the most frequent species and effects of wood collection
In general, the density of frequent species in the landscape was not
correlated with wood collection (Table 3). The only exception was
Senegalia piauhiensis, whose density was weakly but positively correlated
with the Wood Collection Index.

4.2. Rural fences as a relic of the past environment
Table 3
Correlation between the Wood Collection Index and density of dominant species
in the landscape.
Species
Annona leptopetala
Cnidoscolus pubens
Commiphora leptophloeos
Jatropha mutabilis
Peltogyne pauciflora
Piptadenia stipulacea
Pityrocarpa moniliformis
Poincianella microphylla
Senegalia piauhiensis
Trischidium molle

In the studied region, most of the wood harvest for building fences
was concentrated within a small subset of species, including some spe
cies that are abundant or rare in the landscape. This pattern can be
explained by some hypotheses. First, local people show a specialized
collection behavior, selecting the best woody trees to build fences and,
coincidentally, some of these species are highly abundant. As such, the
mean durability of Senegalia bahiensis and Senegalia piauhiensis in fences
is approximately 5 years, being higher than that of the other abundant
species in the landscape (Supplementary File S1). Second, people follow
a mixed collection pattern, selecting some species having high durability
and others being abundant in the forests. Collection of common species
may be effortless, but in the long-term, stakes may require frequent
replacement. Meanwhile, although the collection of rare hardwood
species may be hard-working, fences built with these species may persist

Wood Collection Index
rs

P-value

0.32
0.03
− 0.28
0.12
− 0.13
− 0.06
0.24
− 0.25
0.55
0.10

0.13
0.90
0.18
0.59
0.54
0.79
0.26
0.23
0.005
0.65
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for many years. Finally, the oldest fences have been built using species
with high durability, but the most recent ones have been built using the
most abundant species. According to the Social-Ecological Theory of
Maximization (Albuquerque et al., 2019), there are many ways in which
the local people may get the maximum return from wood harvest for
building fences.
Since the local people in the studied region appear to show a more
specialist behavior in wood collection for building fences than for fire
wood, in the long-term, the population of the most preferred species may
decline. Some historical findings corroborate this hypothesis. In the
middle of the 19th century, during a scientific expedition in Caatinga
regions, the botanist Francisco Alemão observed that most of the houses
and fences were built using only two or three species (a highly
specialized collection pattern). In addition, their informants reported a
decrease in the populations of the most used species and changes in their
diameter structure.

best predictor of tree biodiversity. This finding may corroborate the
drought tolerance hypothesis proposed by Esquivel-Muelbert et al.
(2017). According to this hypothesis, drought tolerance of species af
fects their distribution along the rainfall gradient. Drought-tolerant
species are widespread along the rainfall gradient, whereas a broad set
of species is restricted to the most humid areas (Esquivel-Muelbert et al.,
2017). Consequently, areas receiving higher rainfall would have higher
species diversity, particularly in terms of species richness. Experimental
and biogeographical studies have demonstrated that drought tolerance
affects the occurrence of adult individuals to a greater extent than that of
seedlings (Engelbrecht et al., 2007). In the present study, the increase in
rainfall mainly affected the occurrence of rare species, suggesting that
despite the increased water availability in some areas, seasonal drought
affects the survival of juvenile and adult individuals.
4.4. Effect of domestic wood harvest on species evenness in seasonally dry
tropical forests

The tree most used for house construction is cedro [Cedrela brasiliensis A.
Juss.; identified by Freire Alemão], for all the parts, even in the floor, and
over the floor; for the joists they use arueira [sic.] [Myracrodruon
urundeuva; identified by Freire Alemão], and pau-branco; the door
frames are made of pau-branco. (Damasceno and Cunha, 1961, pag.
198; text translated by the first author Gonçalves, P.H.S).

Our findings demonstrated that areas subject to more intense wood
collection presented higher community evenness. A review study
showed that in general, there is no association between disturbance
degree and community evenness, and if there is, this relationship is
negative (Mackey and Currie, 2001). This commonly observed negative
association may be a consequence of the proliferation of early succes
sional disturbance-tolerant species and the decline of mature
disturbance-sensitive species (Tabarelli et al., 2012).
We believe that wood collection may increase community evenness
through two different processes. First, in some areas, where wood
collection may be guided by regional preferences (Ramos et al., 2008,
2015), the local people may overexploit selected species, which may
decrease species richness (Q0), as observed in the present study. Another
possibility is that the most abundant species are the most commonly
used for wood harvest (Gonçalves et al., 2016). In the studied region,
wood harvest decreased the total density of common species in the
communities (Table 2). A high collection pressure on some very abun
dant species may moderately decrease their densities, thus increasing
the abundance of the other species and ultimately the Q2 index of the
community. Finally, in certain cases, some families within the same area
may behave indiscriminately (collecting the most abundant species),
while others may collect selected species regardless of their abundance
(Medeiros et al., 2011; Top et al., 2004), which would cause both of the
above-described effects to occur. Therefore, in human-dominated dry
forests, domestic wood harvesting may affect plant community
structure.

There are just a few taipa houses [traditional houses made up of clay and
wood], but the old houses and the old factories used to be like that. The
best wood for taipa houses (said the Mr. Costa from Rio Formoso county)
is the coração-de-negro. The remainder wood used in these houses are
from pau-d’arco. (Damasceno and Cunha, 1961, pag. 198).
Most of the wood used in the superior parts of the houses are from paud’arco (ipê). The door frames are made up from pau-branco, the joists
from aroeira, the doors and the floors are from cedro. (Damasceno and
Cunha, 1961, pag. 221).
[…] In some old taipa houses, built when there was more forest nearby,
the wood used were coração-de-negro (the best one), aroeira, jucá, etc.
(Damasceno and Cunha, 1961, pag. 221).
[ …] In the hinterlands, the corrals are made up from moirões [large
diameter stakes] joined; some of the corrals are all made up from aroeira
[…]. (Damasceno and Cunha, 1961, pag. 241).
[ …] There are [in the forests] many pau-d’arco-roxo (that is, the one
with the purple flowers) and angico, but they do not have large diameter,
because all the large size trunks have been collected [ …]. (Damasceno
and Cunha, 1961, pag. 263).

4.5. Effect of domestic wood harvest on the species most frequent in the
landscape

There have been only a few studies on the ecological consequences of
domestic wood harvesting for construction. Previous studies that
directly assessed wood use for building fences in the Caatinga demon
strated that the most used species were the most abundant in the nearby
ecosystems (Nascimento et al., 2009; see ecological data in Alcofor
ado-Filho et al., 2003). However, the forest areas explored by Alcofor
ado-Filho et al. (2003) were more conserved, with few current signals of
wood collection. In contrast, a study comparing tree community struc
tures among areas with different use histories in the Caatinga demon
strated that in areas subject to selective logging, some hardwood tree
species (e.g., Schinopsis brasiliensis Engl. and Commiphora leptophloeos
(Mart.) J.B.Gillett) showed a lower abundance and basal area. Our
findings suggest that wood collection for fence construction may be a
threat to the populations of the most used species.

The most frequent species in a plant community may only be slightly
affected by wood collection. An experimental study on the effects of
different types of wood harvest (ground-level cutting, 2-m-high cuts, or
removal of 20%–30% of the branches from the crown) on populations of
different species common in the Caatinga found that the collection of
only a few branches (which may be the type followed for firewood
collection) resulted in low mortality rates, particularly among the in
dividuals of Poincianella pyramidalis (Tul.) L.P. Queiroz and Croton son
derianus Müll. Arg. (Milliken et al., 2018). Nevertheless, in reality, the
frequency of collection is higher than that in a controlled environment,
and tree populations may face high mortality rates.
Ground-level cutting of vegetation in the Caatinga (if not followed by
anthropogenic fires) may alter the plant community structure (Sampaio
et al., 1998). A previous experimental study demonstrated that, in the
midterm (approximately 6 years), vegetation cutting increased the
density of Poincianella pyramidalis and Croton sonderianus; these species
have a high ability to recolonize (through vegetative propagation or
seed germination) degraded areas with less competition (for water,

4.3. Rainfall level as an environmental filter in seasonally dry tropical
forests
In Caatinga areas subject to different disturbances (wood harvest),
environmental productivity (estimated based on rainfall levels) was the
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light, and soil nutrients) with larger trees (Sampaio et al., 1998). In
addition, during the early successional stages, Poincianella pyramidalis
may exhibit a low growth rate but high drought tolerance and
competitive ability (for light), thereby achieving a high density at sub
sequent successional stages (Sampaio et al., 1998). Therefore,
human-altered dry forests may be dominated by species with a high
resprouting ability.
Furthermore, there is evidence that chronic disturbance (including
wood extraction and goat grazing) is not an important factor deter
mining species composition of plant assemblages in the Caatinga (Barros
et al., 2021). Areas subjected to different historical land use patterns and
anthropogenic disturbances are dominated by species with a high
resprouting ability (e.g., Croton spp., Mimosa spp., and Senegalia spp.).
Ecological succession in the Caatinga may be controlled by stochastic
factors, given the establishment of species and individuals resilient to
slash-and-burn agriculture and chronic disturbance (Barros et al., 2021).

selection pressure, increasing the frequency of traits related to regrowth
and rapid growth. Finally, from a conservationist perspective, domestic
wood collection may affect some overexploited species and reduce the
future availability of timber resources due to decrease in total tree
density. Therefore, strategies to minimize the effects of domestic wood
harvesting should be devised. Regarding fuelwood use, political efforts
are warranted to prompt fuel transition from firewood to liquefied pe
troleum gas; alternatively, sustainable wood stoves with a greater en
ergy efficiency should be developed and distributed. Regarding wood
collection for fence construction, the use of hedges or fence construction
using fewer, more spaced apart stakes and wires should be encouraged.
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5. Study limitations
The present study has some limitations, putting our findings in
perspective:
1. We only sampled wood use in 6 of the 17 communities in the Cati
mbau National Park. At least one of these communities uses of sub
stantial amount of wood (Malhador). We began collecting data on
wood use in this community, but the local residents opted out of
participating in this study. Some forest plots, such as plot #28
(Supplementary File S4), would have achieved a greater Wood
Collection Index if we had data from Malhador.
2. Only few individuals could be interviewed regarding the durability
of the species used in fences. Interviews were conducted at the end of
the field research, and the residents felt uncomfortable because they
had already been interviewed at on other occasions by many other
researchers.
3. Sampling of firewood piles did not allow us to draw conclusions
regarding all species used as firewood. In future studies, in addition
to weighing firewood biomass, all species in the piles should be
identified and recorded.
4. Our experimental design may be difficult to replicate. For instance,
our decision to use the Wood Collection Index based on the ratio of
wood use and squared distance to forest areas may be complex.
However, selecting this formula is an artifact. In some communities,
the intensity of wood collection was outstanding. In such cases, we
assigned a higher weightage to the variable distance to avoid over
rating the effect of these communities (see Supplementary File S4 to
understand how some communities have a high wood collection
pressure).
5. Two datasets of forest plots were used. Thus, there may be some
differences in botanical identification. In addition, data were
collected from different sampling events approximately 4-year apart.
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Appendix A. Supplementary data

To the best of our knowledge, this is one of the early studies assessing
the effects of domestic wood collection at the landscape scale in a
seasonally dry tropical forest. We described differences in the patterns of
wood use for firewood and fence construction. In the studied region, the
local people appear to exhibit an indiscriminate behavior in firewood
collection but a more specialized behavior in wood collection for fence
construction. Wood collection for fence construction may affect the
population structure of the most commonly used species. In general,
however, domestic wood collection has little impact on tree community
structure in a human-altered dry forest.
From a theoretical perspective, specific physiological processes may
enable some common species to dominate communities even in the
presence of intense wood collection. As such, wood collection may act as
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