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Abstract 

Background The interplay between different uses of woody plants remains underexplored, obscuring our under-
standing of how a plant’s value for one purpose might shield it from other, more harmful uses. This study examines 
the protection hypothesis by determining if food uses can protect woody plants (trees and shrubs) from wood uses. 
We approached the hypothesis from two distinct possibilities: (1) the protective effect is proportional to the intensity 
of a species’ use for food purposes, and (2) the protective effect only targets key species for food purposes.

Methods The research was conducted in a rural community within “Restinga” vegetation in Northeast Brazil. To 
identify important food species for both consumption and income (key species) and the collection areas where they 
naturally occur, we conducted participatory workshops. We then carried out a floristic survey in these areas to iden-
tify woody species that coexist with the key species. Voucher specimens were used to create a field herbarium, 
which, along with photographs served as visual stimuli during the checklist interviews. The interviewees used 
a five-point Likert scale to evaluate the species in terms of perceived wood quality, perceived availability, and use 
for food and wood purposes. To test our hypothesis, we used Cumulative Link Mixed Models (CLMMs), with the wood 
use as the response variable, food use, perceived availability and perceived quality as the explanatory variables 
and the interviewee as a random effect. We performed the same model replacing food use for key species food use 
(a binary variable that had value 1 when the information concerned a key species with actual food use, and value 0 
when the information did not concern a key species or concerned a key species that was not used for food purposes).

Results Consistent with our hypothesis, we identified a protective effect of food use on wood use. However, this 
effect is not directly proportional to the species’ food use, but is confined to plants with considerable domestic food 
importance. Perceived availability and quality emerged as notable predictors for wood uses.

Conclusion We advocate for biocultural conservation strategies that enhance the food value of plants for their safe-
guarding, coupled with measures for non-edible woody species under higher use-pressure.
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Background
A growing body of research points to the potential effects 
of chronic anthropogenic disturbances leading to the 
gradual extinction of local species and alterations in veg-
etation structure [1, 2]. Among these disturbances, the 
impact of forest product utilization has been highlighted, 
demonstrating that while wood use is crucial for local 
communities, especially in developing countries, it often 
results in more pronounced impacts on plant popula-
tions [3, 4].

While wood uses exerts considerable pressure on plant 
resources, in some socio-ecological contexts, the extrac-
tion of non-timber forest products (NTFP) can also be 
harmful to plant populations [5, 6]. For example, the 
intensive harvesting of foliage and bark from tree species 
[6]. Nevertheless, the extraction of NTFPs, particularly 
the harvesting of wild fruits, generally has a lesser impact 
on forest structure and ecosystem functions than other 
uses [7]. Moreover, the consumption of NTFPs fulfills 
multiple roles, frequently underpinning rural livelihoods 
and local economies, aiding food security, fostering 
trade, and preserving cultural traditions and knowledge 
[8]. These species are also excellent sources of micro and 
macronutrients [9, 10].

Hence, some researchers argue that discouraging the 
commercialization of wild food plants may adversely 
affect the subsistence and income of local populations, 
potentially leading to greater reliance on other forest 
resources with more harmful consequences than food 
collection itself [11]. One of these harmful consequences 
is deforestation, caused using wood for firewood and the 
construction of fences and houses, which require sub-
stantial amounts of green wood. Conversely, the com-
mercial value of NTFPs, coupled with the opportunity for 
income generation, may incentivize conservation efforts 
among local communities for the forests that supply 
these resources [12].

Since the 1990s, investigations into the sustainability 
of food plant use have sought to determine the impact 
on species populations without conclusively addressing 
whether such use confers protective benefits. In contrast, 
research on plant domestication supports the notion that 
significant food value may lead to conservation prac-
tices, such as tolerance, protection, and promotion [13]. 
Plants with desirable traits may be maintained during 
deforestation or other disturbances, promoted through 

distribution and dispersal, and specifically safeguarded 
against competitors and herbivory [13].

However, the extent to which a plant’s significance for 
one use can shield it from more destructive applications,1 
namely the interaction effects among different utiliza-
tion types, remains underexamined. This gap hinders our 
comprehension of protective dynamics in socio-ecolog-
ical systems and their economic benefits for humans. 
Such insights are vital for shaping biocultural conserva-
tion frameworks that recognize the multifaceted advan-
tages of maintaining cultural practices intertwined with 
biodiversity.

It is conceivable that certain NTFP uses, including for 
food, may exert a protective effect against more damag-
ing activities such as wood uses. Although overharvest-
ing of fruits has been shown to affect the regeneration 
of wild fruit trees adversely [14, 15], food use is typically 
seen as specialized, with minimal impact on plant popu-
lations, whereas wood uses is often deemed generalist, 
posing broader threats [3].

The classification of plant uses as specialized or gener-
alist may vary depending on the social-ecological context. 
In the context of several South American communities, 
specialized uses are defined by a narrower range of suit-
able plants meeting specific requirements, with the spe-
cialization premise reinforced by observations that plant 
availability exerts little to no influence on such uses [16, 
17]. In contrast, generalist uses accommodate a broader 
spectrum of species, with the most utilized often being 
the most accessible, as with many wood uses practices 
[18]. For example, the use of wood for firewood (fuel cat-
egory) is often classified as generalist because, although 
factors like durability and high calorific leads to a spe-
cies’ preference, potentially all woody species would be 
useful for this purpose [19, 20]. As fuelwood use often 
requires large amounts of wood and/or frequent collec-
tion, it commonly targets the most abundant species [21]. 
Despite the fact that the uses in the construction (e.g., 
house and fence construction) and technology (e.g., tools, 
kitchen utensils) categories often require quality wood 
and are considered less generalist uses compared to the 
fuel category [3], they are still more generalist than the 
food use.

For woody species with edible fruits, some require-
ments such as nutritional value and flavor [22, 23] 
are needed, and a much smaller proportion of species 
meet these requirements. Thus, in general, regardless 

1 Here, we consider destructive applications, those that compromise the 
individual plant and its population in the short term. For example, a shal-
low cut or a substantial cut of the branches of a tree, which can hinder its 
growth. In contrast to the fruit, which is collected, and the individual plant 
remains intact, it can cause damage to the population in the long term.
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of how generalist the use of wood is, any tree can meet 
some wood application (fuel, construction, technol-
ogy), but not every tree has edible fruits. Although 
quality may also be an important predictor of plant 
importance for generalist uses [20], the generalist 
nature of wood use is supported by studies investi-
gating the apparency (availability) hypothesis, which 
posits a correlation between environmental availabil-
ity and species utilization [18, 24, 25]. Therefore, for 
generalist applications, alternatives may spare certain 
species for specialized uses, such as food, where fewer 
species can act as substitutes.

Silva et  al. [26] were the first to test the protec-
tion hypothesis. They analyzed woody plants from 
the Caatinga used domestically for medicinal and 
wood purposes to evaluate whether the importance of 
medicinal use (specialized use) had an impact on wood 
use (generalist use).  Their findings revealed a modest 
yet significant medicinal use effect on wood uses, pro-
viding supportive evidence for the hypothesis as plants 
of greater medicinal value saw less wood utilization. 
Moreover, Silva et  al    suggested that the protective 
effect could be more pronounced in species with high 
medicinal importance.

The use of plants for food is also considered a likely 
candidate for conferring protective effects against 
wood uses. Wild food plants are often crucial for pro-
viding essential nutrients or for supplementing diets, 
playing a vital role in ensuring food security and 
offering economic benefits through the trade of these 
resources. Given food use’s specialized nature, dietary 
importance, and economic potential, there is a pre-
sumption that communities may prefer to preserve 
these plants from irreversible harm, such as wood 
uses. For the latter, alternative species are available 
due to the generalist nature of wood use.

In this context, we investigate the protection hypoth-
esis from two distinct possibilities. We hypothesize 
that food uses (specialized) protect plants from wood 
uses (generalist). We examined: (1) whether the pro-
tective effect is proportional to the intensity of a spe-
cies’ use for food purposes, and (2) if a protective 
effect only targets key species for food purposes. Here, 
‘key species’ refer to wild food plants of high regional 
importance, which are well-established within the 
local community for both consumption and income 
generation.

This study is the inaugural inquiry into the protec-
tion hypothesis concerning the protective effect stem-
ming from food use. Moreover, unlike Silva et al. [26], 
our study incorporates the commercial relevance of 
woody plants (trees and shrubs), providing income 
for the local population. Methodologically, we refine 

hypothesis testing by employing the checklist-inter-
view technique [27] to boost respondent recall, ensur-
ing all associated uses (food and wood) are considered.

Materials and methods
Study area
The research was carried out in a rural community 
within the coastal “Restinga” vegetation of Piaçabuçu, 
situated on the southern coast of Alagoas state. 
Piaçabuçu spans an area of 243.686  km2, housing a pop-
ulation of 15,908 individuals [28]. It features a tropical 
‘As’ climate in the Köppen and Geiger classification, 
with an average annual temperature of 25.3  °C and an 
annual rainfall average of 1283  mm [29]. Notably, the 
municipality is designated with two sustainable use 
Conservation Units: the federally instituted Piaçabuçu 
Environmental Protection Area, established in 1983, 
and the state-sanctioned Marituba do Peixe Environ-
mental Protection Area, created in 1988.

The Marituba do Peixe Environmental Protection Area 
spans 18,556 hectares and extends over portions of the 
Alagoan municipalities of Piaçabuçu (45%), Feliz Deserto 
(43%), and Penedo (6%) [30]. This area boasts diverse veg-
etation, including native “Restinga”, “Várzea”, and other 
forest formations [30]. Within the Indirect Influence Area 
of Marituba do Peixe Environmental Protection Area lies 
the village of Retiro (depicted in Fig.  1), which was the 
focal point for the ethnobiological segment of this study.

The Retiro community is structured with a resi-
dents’ association and a family farmers’ association. It is 
equipped with a primary healthcare unit and a munici-
pal elementary school. The predominant faith among 
residents is Christianity, represented by two Catholic 
and two evangelical churches. Currently, the commu-
nity comprises approximately 288 families, a decrease 
of 81 families since before the COVID-19 pandemic, as 
reported by Gomes et  al. [31]. This discrepancy may be 
partly due to some families not being documented, a 
requirement for health unit registration.

Retiro was selected for this study due to the local reli-
ance on plant resources for both food and wood. The 
community’s economy is significantly driven by the 
extraction and commercialization of wild food plant 
fruits [31], along with shrimp and fish [32]. Wood 
resource extraction for personal use and commerce, par-
ticularly firewood, charcoal, and materials for fencing, 
is also prevalent. These resources are marketed through 
open markets or direct orders in Piaçabuçu and Penedo, 
whereas wood products are solely distributed by order.

Firewood is the primary cooking fuel in the commu-
nity, though some households use both cooking gas and 
firewood. Meals are typically prepared on traditional 
clay or makeshift brick stoves. Firewood also serves in 
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roasting shrimp and baking cakes from rice straw, a com-
mon bait for shrimp in local fishing gear known as “cóvu.”

Architecturally, many “taipa” houses (rammed earth) 
are present within the community, often serving as dwell-
ings for individuals from other regions staying temporar-
ily in the area.

Ethical and legal aspects of the research
This research project received approval from the 
Research Ethics Committee by Federal University of 
Alagoas (UFAL), No. 1998673, securing authorization for 
studies involving human participants as per the stipula-
tions of National Health Council Resolution 466/2012. 
Additionally, scientific activities involving the collection 
and transport of botanical specimens within the Mar-
ituba do Peixe Environmental Protection Area were duly 
registered with Chico Mendes Institute for Biodiversity 
Conservation/Biodiversity Authorization and Informa-
tion System (ICMBio/SISBIO), No. 87,112-1.

To ensure ethical compliance, all community members 
aged 18 or over—to whom the objectives of the research 

were explained—and who consented to participate, 
were asked to provide a signature or thumbprint on the 
Informed Consent Form (ICF), as well as on the image 
use authorization form.

Data collection
Data collection was carried out in three distinct phases: 
a participatory workshop, a forest inventory, and 
checklist-interviews.

1st data collection stage: participatory workshops
Participatory workshops with the residents of the Retiro 
community aimed to identify significant wild food plant 
species for consumption and commercial use, as well as 
their harvesting locations. These workshops were facili-
tated by local leaders and a researcher from the Labora-
tory of Biocultural Ecology, Conservation, and Evolution 
(LECEB), who had previously interviewed community 
members. The residents were recruited through door-
to-door invitations on the day before the workshop was 
held.

Fig. 1 Geographic Location of the Retiro Community in the Municipality of Piaçabuçu-Alagoas, Brazil
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In the inaugural participatory workshop, participants 
were asked to list the wild plants they harvested for sale 
or consumption. They recorded the common names on 
a piece of cardboard, selecting eleven for further discus-
sion. We then asked which of those species were most 
important for sale and consumption within the com-
munity, and they ranked the top five in order of impor-
tance. Additionally, the workshop served to note wood 
resources tied to food plants and their utilization for con-
sumption and commerce within the community.

Thirteen women and three men, ranging in age from 31 
to 82, contributed to this first workshop. While all were 
identified as gatherers, some also engaged in agriculture 
and fishing. A follow-up workshop sought to enrich this 
data with contributions from another set of gatherers 
(n = 17), including eight newcomers. This session, com-
prising thirteen women and four men from the same age 
bracket, validated the initial findings regarding species 
and harvesting sites.

Participants utilized a detailed satellite image from 
Google Earth to denote areas frequented for food and 
wood collection. An overlay of transparent acetate 
allowed them to make corrections directly on the map.

After pinpointing these areas, we selected those most 
frequented for the harvesting of both food plants and 
wood, prioritizing locations where the ranked key spe-
cies were prevalent. Among the listed key species—Myr-
ciaria floribunda (H. West ex Willd.) O. Berg (“cambuí”), 
Genipa americana L. (“jenipapo”), Psidium guineense 
Sw. (“araçá”), Spondias mombin L.(“cajá”), and Tama-
rindus indica L. (“tamarino”)—only the first three were 
represented in the forest surveys due to their presence 
in forests. Although S. mombin and T. indica are also key 
species in the region, the former occurred at the edges of 
roads or in backyards, while the last is found in fenced 
area with wire, with reports of increasing cultivation for 
pulp production by large landowners. Therefore, our 
study only included three out of the five key species, as 
well as the species that co-occur with them.

Three sites were thus chosen for the forest inventory: 
two with a natural predominance of key species and one 
characterized by a more generalized distribution of vari-
ous plant species, including those bearing edible fruits.

Gomes et al. [31], the research design we adopted gave 
precedence to examining species that occurred along-
side the key species; consequently, not all food and wood 
plants were included in our scope. Notably, Schinus ter-
ebinthifolia Raddi, while not a key species within Retiro, 
is a significant commercial species in the community and 
the most important commercial plant in neighboring 
areas, such as the Fazenda Paraíso settlement [31].

2nd data collection stage: forest inventory and field 
herbarium
The research included a forest inventory as part of a 
larger investigation of our research group into plant 
resource utilization within the region, although ecologi-
cal data is not part of this study. For the purposes of this 
study, the forest inventory was only used to identify and 
collect species that co-occur with the key species. With-
out the forest inventory, we would have no baseline for 
the field herbarium (notebook with exsiccates of the spe-
cies used as a visual stimulus during the application of 
the checklist-interview technique), since we would not 
know which woody plants co-occur with our key spe-
cies. Therefore, although it is not our purpose to present 
results on forest structure and composition, the inven-
tory was fundamental for the research. Exsiccates of 
these species were included in the field herbarium based 
on their abundance, as detailed below.

The sites selected for the inventory were privately 
owned yet accessible to local gatherers. Two of these sites 
fell within the Marituba do Peixe Environmental Protec-
tion Area boundaries in Piaçabuçu, while the third was in 
the municipality of Penedo, not included in this protec-
tion area but still proximal to the community.

We established five permanent plots, each measuring 
50 × 20 m, and further divided these into 50 smaller sub-
plots of 10 × 10 m situated within the primary native veg-
etation gathering sites designated during the workshops. 
This amounted to 0.5 hectares per area, with a total of 1.5 
hectares surveyed across all areas.

During the inventory, we collected at least three repro-
ductive samples of each plant species within the plots 
for identification and to assemble a field herbarium for 
use in subsequent interviews. Certain species, com-
monly referred to as “ingá” and “pau d’arco”, lacked fertile 
material at the time of collection, leading us to catego-
rize them as ethnospecies for the purposes of this study. 
Consequently, in our identification records, we referred 
to these simply as “ingá” and “pau d’arco”, acknowledg-
ing that these common names might represent multi-
ple botanical species. Furthermore, the ethnospecies 
“cambuí”, although biologically uniform—belonging to 
the species Myrciaria floribunda (H. West ex Willd.) 
O. Berg—was recognized by some residents as having 
different ethnovarieties—a distinction not universally 
acknowledged. In our analysis, we accounted for each 
mention of “cambuí” by participants, even though the 
general data summary did not differentiate between eth-
novarieties. For instance, if interviewee A identified two 
types of “cambuí” (Yellow and Red) and Interviewee B 
referred to one (a general “cambuí”), we recorded two 
entries for A and one for B in our database.
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For the field herbarium, we mounted exsiccates from 
species with more than 15 individuals in the surveyed 
areas onto duplex paper of dimensions 42 × 29.7 cm and 
stored them in folders of matching size. The herbarium 
included 24 species in total and 2 taxa that were treated 
as ethnospecies.

Photography of each species was conducted in  situ, 
capturing images that emphasized the plants’ distinguish-
ing features: overall appearance, flowers and/or fruits, 
branches, and stems. These photographs were compiled 
into folders on a tablet, which was employed to display 
the images during interviews. Both the exsiccates and 
the photo folders were numerically coded to correspond 
with the identifiers on the interview forms, ensuring that 
interviewees were unaware of the plant names and assist-
ing the interviewer.

The botanical collection phase commenced in Novem-
ber 2021 and concluded in April 2023, an extended 
period due to intermittent interruptions from COVID-19 
peaks and flooding that hindered fieldwork.

A local guide with extensive knowledge of the vegeta-
tion provided assistance for all fieldwork involving local 
vegetation access. We adhered to standard botanical col-
lection protocols, and the exsiccate samples were depos-
ited at the Dárdano de Andrade Lima herbarium of the 
Agronomic Institute of Pernambuco.

3rd data collection stage: checklist interview
Before commencing the interviews (third stage), we 
mapped all Retiro households in May 2023. This map-
ping was imperative for sample size calculation due to 
the absence of a census record; the health unit’s data was 
limited to registered families. We determined that house-
hold heads (one per household) aged 18 or older present 
during our visit would be interviewed. Considering that 
some individuals reside in the community only for short 
periods, we established an inclusion criterion that only 
families living in the area for more than one year would 
be eligible for the study.

We ascertained the number of residences, including 
both occupied and vacant, to be 361, initially yielding a 
sample size of 187 residences based on a 95% confidence 
level and a 5% margin of error. Subsequently, we con-
ducted a simple random selection.

As every house in the community was recorded, 
including unoccupied ones, some selected residences 
were vacant. Additionally, given the research’s focus on 
potentially harmful wood resource use within the Envi-
ronmental Protection Area, some families were reluctant 
to participate. Therefore, from the 187 chosen residences, 
we could only conduct interviews in 81 interviews of 
them. To overcome refusals, flood-affected houses, and 
temporary residents, additional draws were made.

After all draws, we excluded unoccupied houses 
(n = 82), residences on flood-impacted streets (n = 12), 
households temporary inhabitants (n = 18) and refusals 
or unavailability (n = 74) from the sample. After three 
unsuccessful attempts to locate a household head, we 
inferred their non-participation.

A notable number of individuals opted out of the study, 
a figure aligned with expectations for wood use research 
in protected areas, mirroring findings from Medeiros 
et al. [3]. The considerable number of unoccupied houses 
in the community can be primarily attributed to their use 
as summer residences by individuals from nearby munic-
ipalities, taking advantage of the community’s closeness 
to the beach. Additionally, a number of these houses are 
situated in areas susceptible to flooding during the rainy 
season, which also contributes to their vacancy.

The final sample consisted of 115 individuals—81 
women and 34 men. Interviews were conducted from 
May to July 2023. During interviews, we applied the 
checklist-interview technique [27] to ensure uniform vis-
ual stimuli across all informants, enhancing recall of all 
plant-associated uses.

Interviewees were shown photos of each species and 
queried on whether they recognized the species. Affirma-
tive responses led to further questions on the plant’s 
name, its uses (food and wood), whether the interviewee 
actually used the species, parts utilized, commercial 
harvesting, and collection and sale sites. For recognized 
plants, a Likert scale rated: perceived availability (only for 
those interviewees that often frequent vegetation areas), 
wood quality by use category (fuel, construction, tech-
nology), domestic use for wood and food, and commer-
cial use.

In the fuel category, wood is used as firewood or char-
coal for generating energy, cooking food, and heating 
water or spaces. The construction category encompasses 
the use of wood in structures for territorial demarca-
tion, building homes, shelters for animals, and storage 
of items (e.g., fences, posts, house lines, rafters, battens, 
doors, windows). Technology refers to the use of wood 
in manipulated items that are not intended for demarcat-
ing spaces, such as tool handles, benches, tables, chairs, 
canoes, and oars, among others [33].

The ratings and responses in Likert scale are presented 
in Fig. 2.

This classification facilitated the synthesis of scoring 
for perceived wood quality, allowing individuals to assign 
ratings by category rather than for each specific use. If a 
participant identified a plant as useful for wood but did 
not personally use it, we probed for the reasons behind 
this choice. We also asked if there were any of the men-
tioned plants that, despite being good for wood uses, 
the interviewee did not harvested. These questions were 
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included to gather information on self-conscious pro-
tective behaviors associated with the food use of woody 
species.

Only for the ethnospecies “ingá” and “pau d’arco”, 
instead of showing the photos and exsiccate, we asked 
directly if the person knew them for food or wood uses. 
In case of a positive answer, we asked the same cycle 
of questions conducted for the other species. This was 
done because we did not obtain sufficient fertile mate-
rial for the taxonomic identification of all species of 
“ingá” and “pau d’arco” during the various collection 
events.

Additionally, we gathered socio-economic data from 
all informants through structured interviews, including 
gender, age, occupation, income, place of origin, educa-
tion, and length of residence. This information enabled 
the characterization of the socio-economic profile of 
the interviewees.

In this sense, the primary livelihoods include gather-
ing, particularly collecting edible fruits, as well as pen-
sion, fishing, and agriculture, with some engaging in 
multiple occupations. A variety of other professions are 
represented to a lesser extent. The age of interviewees 
spans ages 18 to 82, with an average age of 48.14 years.

Most interviewees are literate (76.65%) are literate, of 
whom 73.91% have completed or partially completed 
basic education, and 1.74% have higher education 
qualifications.

The number of people occupying the residences 
ranges from one to seven residents. However, the 

majority of houses are occupied by: two or three resi-
dents (29.57%), followed by one or four resident(s) 
(15.65%).

Household incomes show substantial variation: (a) 
under one minimum wage (28.70%), (b) exactly one mini-
mum wage (14.78%), (c) one and a half to two minimum 
wages (41.74%), (d) up to three minimum wages (13.04%), 
with a minority exceeding five minimum wages (1.74%).

Data analysis
For statistical analyses, we removed from the database 
any instances where species were identified for food 
purposes but not for wood purposes, as the focus of the 
research was on criteria for selecting wood plants. Con-
sequently, non-wood plants were disregarded. Similarly, 
we excluded data from individuals who did not frequent 
forest environments to ensure that our information on 
species availability came from realistic assessments.

Our response variable, domestic wood use, was ordinal, 
as depicted in Fig.  3. Therefore, we utilized Cumulative 
Link Mixed Models (CLMMs), incorporating the inter-
viewee as a random effect to account for the non-inde-
pendence of information from the same individual. The 
CLMMs were executed using the clmm function from the 
R package ordinal.

To evaluate the stability of our models and check for 
multicollinearity, we used the omcdiag function from 
the mctest package in R. We determined an absence of 
multicollinearity if none or at most one of the six indi-
cators were positive. To circumvent multicollinearity, 

Fig. 2 Information collected using a Likert scale on the variables considered in this study
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we constructed two models. The first model, termed the 
widespread protection model, assigned domestic and 
commercial food use values on a 5-point Likert scale 
based on reported usage intensity. For the key species-
based protection model, food use was a binary variable: 
it took the value of 1 if the mention included the use of a 
key species, and 0 if the mention involved a key species 
only known but not used, or non-key species, regardless 
of usage.

Model selection was based on the most parsimoni-
ous option, as indicated by the lowest Akaike Informa-
tion Criterion corrected for small sample sizes (AICc). 
We interpreted a ΔAICc (difference from the lowest 
AICc) of less than 2 as substantial support for the mod-
el’s inclusion among the best set of models, following 
Burnham and Anderson [34]. Following model selec-
tion, we computed a model average, which considered 
the average beta of all variables within the parsimoni-
ous models. Since the variables were standardized via 
z-standardization, we compared the relative effect sizes 
of all variables.

The variable ‘commercial wood use’ was not included 
in the models due to its limited mentions (n = 5) within 
the community and only six citations of species that are 
commercially traded for wood, exclusive of domestic use.

In addition to the explanatory variables related to 
food use, both models incorporated control variables 
for availability and quality, as previously identified in 
the literature as predictors of wood use [20, 24, 25]. 
Our quality indicator was the maximum perceived 
quality. It was determined by the highest Likert scale 

quality rating given by an interviewee for a species 
across the three categories of wood use. For example, if, 
for a given species, values of 3, 4, and 5 were assigned 
by an interviewee to the categories of construction, 
technology, and fuelwood, respectively, the maximum 
perceived quality would be recorded as 5.

To analyze the qualitative data on protection behav-
iors, we examined the responses, categorized them, and 
used descriptive statistics.

Results
Wood and food uses: general aspects
All plants were recognized to varying extents by the 
interviewees. The most recognized species/ethnospe-
cies were: Genipa americana L. (“jenipapo"), Inga spp. 
(“ingá”), Myrciaria floribunda (H. West ex Willd.) O. 
Berg (“cambuí”), Manilkara salzmannii (A.DC.) H.J.Lam 
(Massaranduba), Psidium guineense Sw. (“araçá”), Mour-
iri sp. (“cruirí"), and Bignoniaceae spp. (“pau d’arco”), 
with recognition rates of 56.5% or higher during inter-
views. The first five species achieved high recognition 
levels, exceeding 80%. Notably, G. americana, M. flo-
ribunda, and P. guineeense were identified as key species 
during the workshops. A comprehensive list of all species 
included in the checklist, along with their recognition 
and citation frequencies, is presented in Table 1.

Over half of the species on the checklist (57.69% or 
n = 15) were recognized for both food and wood uses. 
Within the three categories of wood use addressed in this 
study, fuelwood (37.89%) and construction (36.93%) had 
the highest citation percentages. Technology accounted 

Fig. 3 Widespread species model and key species-based model with their variables and respective measures
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for only 25.18% of wood citations. Within the fuel-
wood category, firewood led with the highest percent-
age (62.82%) of citations relative to the total uses in the 
category, followed by charcoal (37.18%). The construc-
tion category comprised 25 wood uses, with over half 
(50.55%) the citations pertaining to fences, and the 
remainder divided among uses such as line (11.98%) and 

rafter (10.74%). The technology category included 67 
wood uses, featuring lower usage percentages compared 
to the other categories. Uses such as hoe handle (11.92%) 
and hoe shaft (10.30%) were the only applications exceed-
ing 10% of citations in relation to the total uses within 
this category. All wood uses attributed to the species are 
detailed in  Supplementary Material 1.

Table 1 Plants that were part of the checklist interview, their citation percentages (general and by use), and occurrence areas

*Ethnospecies
a Occurrence areas of plant species—local denominations: (A)—Carrasco, (B)—Zé Marinho, (C)—Lalo (Patos)

Popular name Family Scientific name Areasa Voucher No of citations % general % Food use % Wood use

Jenipapo Rubiaceae Genipa americana L C 94,826 114 99.1 99.1 57.4

Ingá* Leg. Mim Inga spp. A, B and C – 112 97.4 97.4 67.8

Cambuí Myrtaceae Myrciaria floribunda (H. 
West ex Wild.) O. Berg

A and B 94,056 103 89.6 89.6 41.7

Massaranduba Sapotaceae Manilkara salzmannii 
(A.DC.) H.J.Lam

A and B 93,971 96 83.5 82.6 77.4

Araçá Myrtaceae Psidium guineense Sw C 94,807 93 80.9 80.9 30.4

Cruiri Melastomataceae Mouriri sp. C 94,822 75 65.2 64.3 51.3

Pau d’arco* Bignoniaceae Bignoniaceae spp. A and B – 66 57.4 0 57.4

Carrapatinho Rutaceae Esenbeckia grandiflora 
Mart

A and B 93,988 27 23.5 0 23.5

Banana de papagaio Clusiaceae Kielmeyera rugosa Choisy A and B 93,982 26 22.6 0 22.6

Murici comum Malpighiaceae Byrsonima sericea DC A, B and C 94,066 22 19.1 13.9 18.3

Murta roxa Myrtaceae Neomitranthes obtusa 
Sobral & Zambom

A and B 94,767 18 15.7 10.4 15.7

Peroba Bignoniaceae Tabebuia elliptica (DC.) 
Sandwith

A and B 94,765 18 15.7 0 15.7

Orelha d’onça Polygonaceae Coccoloba laevis Casar A 94,000 18 15.7 7.8 15.7

Louro Lauraceae Ocotea notata (Nees & 
Mart.) Mez

A and B 94,064 16 13.9 0.9 13.9

Sicupira Leg. Caes Diptychandra aurantiaca 
Tul

A 93,999 14 12.2 0 12.2

Espinho branco Rubiaceae Machaonia acuminata 
Bonpl

C 94,813 12 10.4 0 10.4

Meiru Annonaceae Xylopia laevigata (Mart.) 
R.E.Fr

A and B 94,067 9 7.8 0 7.8

Murici de vaqueiro Malpighiaceae Byrsonima bahiana 
W.R.Anderson

A 93,989 9 7.8 7.8 6.1

Pirunga Myrtaceae Myrcia arenaria 
L.L.Santos et al

A and B 93,995 9 7.8 7.0 6.1

Murta branca Myrtaceae Eugenia punicifolia 
(Kunth) DC

A and B 94,068 8 7.0 4.3 7.0

Açoita égua Myrtaceae Myrcia loranthifolia (DC.) 
G.Burton & E.Lucas

A, B and C 93,994 7 6.1 3.5 6.1

Camarão Flacourtiaceae Casearia Sylvestris Sw A and C 94,821 7 6.1 0 6.1

Piranha Nyctaginaceae Guapira opposita (Vell.) 
Reitz

A and B 93,993 5 4.3 0.9 4.3

Rompe gibão Euphorbiaceae Phyllanthus sp. C – 4 3.5 0 3.5

Sete casco Euphorbiaceae Pera glabrata (Schott) 
Baill

A and B 93,976 3 2.6 0 2.6

Murta amarela Myrtaceae Neomitranthes sp. A, B and C 93,991 1 0.9 0 0.9
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Widespread protection model
In the widespread protection model, domestic and com-
mercial food use did not significantly influence domestic 
wood use when controlling for availability and quality 
variables (Fig. 4). This means that there is no linear rela-
tionship between food use and domestic wood use.

Quality and availability were significant predictors 
of domestic wood use in the model. This suggests that, 
within the local context, there is a tendency to use woody 
plants for wood purposes based on their higher quality 
and greater availability.

Key species‑based protection model
We observed a pronounced protective effect on key spe-
cies, where the domestic use variable was more influen-
tial than both perceived availability and wood quality (see 
Fig. 4). However, the variable indicating commercial use 
did not significantly affect the use of wood for domestic 
purposes.

Within the model focusing on key species, both 
availability and wood quality (considered as control 
variables) had a significant impact on wood use. Con-
sequently, our findings imply the existence of a thresh-
old level of importance for the protective effect of food 
use on wood uses. This indicates that only those plants 
with substantial domestic food importance are shielded 
from being utilized for wood by the local population. 
The complete statistical results are available in the Sup-
plementary Material 2.

Evidence of protection based on qualitative data
When inquiring whether individuals refrained from 
using any of the recognized plants for wood purposes, 
despite acknowledging their suitability for such use, we 
gathered responses that support a tendency to protect 
certain species with dual edible and wood functions. 
The key species identified during the participatory 
workshop as significant to the local community, and 
which garnered substantial recognition in the checklist, 
were notably prominent in this context.

Out of the 60 respondents to this question, 37 
reported no restraint in using plants suitable for wood 
purposes. Among the 23 participants that chose not to 
collect certain plants, 12 indicated not collecting spe-
cies had both edible and wood uses.

Of all mentions of plants with both edible and wood 
applications, seven pertained to key species (as shown 
in Table  2). The primary rationale for sparing these 
species from wood harvesting, or only using their dry 
branches, is their provision of edible fruits valued 
within the community. This rationale is illustrated by 
the testimonies concerning P. guineense, G. americana, 
and M. floribunda.

Manilkara salzmannii though having a limited role 
in commerce, garners mixed views on its suitability for 
consumption within the community. Nonetheless, six 
interviewees mentioned the species, with two specifi-
cally expressing their intent to conserve it from being 
used for wood purposes: (1) “I don’t take it, think-
ing about the fruits and the future. I don’t like to take 

Fig. 4 Impact of Predictor Parameters (quality, availability, domestic food use, commercial food use, domestic use of key species, and commercial 
use of key species) on domestic wood utilization of wild edible plants. Left: widespread protection model. Right: key species-based protection 
model. The central circles indicate the median coefficient estimates of the associations, and the horizontal lines delineate the 95% credibility 
intervals. The parameter coefficient estimates are plotted along the x-axis, while the predictor levels are represented on the y-axis. The vertical line 
intersecting the zero point on the x-axis (indicating no effect) facilitates comparison of the sizes of positive, negative, and null effect coefficients. In 
the parameter level grouping, non-overlapping horizontal bars denote significant differences. Horizontal bars intersecting the zero line on the x-axis 
signify a non-significant effect
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it (wood) while it’s still green, I only pick up the dry 
branches that have fallen on the ground.” (2) "Because 
it’s a plant that bears fruit, and it doesn’t sprout again 
if you cut it."

Despite M. salzmannii not being designated as a key 
species during the participatory workshop, it none-
theless received noteworthy acknowledgment in the 
checklist-interview. This suggests that M. salzmannii 
may possess a certain degree of importance for food-
related uses within the community.

Discussion
In our widespread protection model, neither commercial 
nor domestic food use significantly explains domestic 
wood use. By contrast, in the key species-based protec-
tion model, domestic use emerges as the primary explan-
atory variable. In both models, perceived availability and 
quality significantly explain wood use, with quality being 
more important than availability.

Consistent with our hypothesis, we identify a protec-
tive effect of food use on wood use. This effect is not 
directly proportionate to the food use of the species 
but is confined to plants with considerable domestic 
food importance. Research conducted in the Brazilian 
Caatinga region, which initially tested the protection 
hypothesis using medicinal (specialized) and wood (gen-
eralist) use, suggested this possibility [26]. Although they 
observed a modest yet significant linear trend support-
ing the hypothesis, the authors graphically demonstrated 
that the protective effect intensified specifically among 
highly valued medicinal plants. This study furnishes sta-
tistical substantiation for what was previously inferred 
graphically.

Given that the protective effect is selective for key 
species, it indicates that merely having intermediate or 
low food importance is insufficient for wild food plants 
to evade wood use. Protection is afforded only to those 
species recognized as highly important. Indeed, key 
species not only receive high acknowledgment in the 
checklist (> 80%) but are also extensively consumed and 

increasingly traded within the community, in forms such 
as fresh fruit, juice pulp, and in the manufacture of alco-
holic beverages, ice pops, among other products. Lit-
erature highlights that elevating the value of non-timber 
forest products for local populations acts as an incentive 
for forest species conservation [12, 35].

Our findings suggest that protection is predominantly 
correlated with domestic consumption. The domes-
tic use of non-timber forest products can be a way for 
poorer local populations to save money [36], as is the 
case with wild fruits that can replace commercially pur-
chased foods. Although wild food plants serve only as 
supplementary food resources within the community—
with staple crops like rice and beans constituting the pri-
mary plant food intake—the importance of key wild food 
plants likely motivates the observed protection behav-
iors. Moreover, the emotional connection with natural 
environments resulting from direct experiences with 
nature can lead to pro-environmental behaviors (actions 
that reduce negative environmental impacts or enhance 
the sustainable use of natural resources) or intentions to 
engage in nature protection, as environmental psychol-
ogy research has demonstrated [37, 38]. For example, 
Hinds and Sparks [39] found that individuals who grew 
up in rural areas tend to report more positive emotional 
connections, a stronger sense of identification, and more 
intense behavioral intentions regarding engagement with 
nature compared to those who were raised in urban envi-
ronments. In this sense, the protective behaviors associ-
ated with the domestic consumption of key species may 
be related to the emotional bond linked to positive emo-
tions built over a lifetime and across generations.

The low adherence to protective behaviors reported in 
interviews (see Evidence of protection based on qualita-
tive data) could stem from various factors. Not all pro-
tective actions are necessarily conscious. Additionally, 
individuals may inadvertently omit mention of such 
behaviors in response to indirect inquiries like those 
posed in our study. Furthermore, protection may not be 
universally practiced within the community, and while 

Table 2 Responses from interviewees indicating the protection of key species regarding wood uses

Key species Explanations

Psidium guineense Sw “Because if you take the wood, it will dry, and the plant will stop bearing fruits”

“They are good (as wood), but they are also fruits.”

Genipa americana L “Because the fruit is good and sought after by the people, if it’s green, I don’t 
take it, only if it’s dead and dry.”

“I don’t take the female one because it bears fruit.”

Myrciaria floribunda H. West ex Wild “Because I really like the fruit, and I find it very beautiful.”

“Because it’s a nostalgic, good fruit.”

“I avoid taking them because they are fruits. I only collect the dry branches.”
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the pressure to use wood from wild food plants may not 
be entirely eliminated, it could be reduced by fewer com-
munity members intensively exploiting key food plants 
for wood purposes.

Wood quality and species availability are significant 
determinants of wood use. It appears that, aside from key 
food species—whose utilization for wood is limited due 
to their value as food—other species are more likely to be 
used for wood purposes when they offer better trade-offs 
between availability and quality. Most studies that inves-
tigate the drivers of wood use tend to analyze quality or 
availability indicators separately, rather than in combina-
tion. These studies have found that either quality or avail-
ability can influence wood use [20, 24, 25].

Studies that consider multiple predictors of wood use 
have yielded divergent results. While availability seems to 
be a consistent predictor across different contexts, qual-
ity may or may not be a determinant of wood use [19, 40].

In various social-ecological contexts, research has 
indicated that trade-offs between multiple variables act 
as drivers of plant resource use [19, 41]. However, these 
trade-offs are often considered within a single use-cate-
gory (e.g., the trade-off between quality and availability to 
explain fuelwood use). Therefore, the evidence of protec-
tion underscores the necessity of considering interactions 
between use-categories when evaluating criteria for plant 
resource selection (Fig. 5).

Recommendations for conservation strategies for plant 
species
The practical implication of a protective effect that acts 
solely on species of high food importance is that species 

recognized as having intermediate or lower importance 
remain unprotected, as do wood species without any 
associated food use. Moreover, if only a few species are 
highly valued for food, they might experience intense 
pressure from their use as food or be protected at the 
expense of other species. Therefore, we recommend that 
conservation strategies take into account the interactions 
between food and wood use-categories, i.e., the effects of 
one category on the other.

For species with intermediate or lower food impor-
tance, popularization strategies could prove beneficial 
to enhance their perceived value. Programs aimed at 
popularizing such species are crucial, as they may signifi-
cantly contribute to food and nutritional security, while 
their use as food might concurrently protect them from 
being exploited for wood. These programs should estab-
lish incentives that encourage community members to 
use these resources sustainably. However, the effective-
ness of this approach should be continuously monitored, 
as if importance is the primary factor driving protective 
behaviors, integrating other wild food plants into the set 
of key species may prove challenging.

Although the commercial importance of key species 
did not lead to protection in this study, the inclusion of 
certain species in local markets could also positively 
influence domestic use. Thus, popularization strategies 
could extend beyond local communities, emphasizing 
the importance of these plants for diet diversification and 
their potential nutritional value to generate demand for 
products sourced from local communities. One method 
to achieve this is through marketing campaigns that raise 
awareness about the significance of these plants in local 

Fig. 5 Hypothetical example of a trade-off between availability and quality explaining fuelwood use. In a simplified scenario where these 
are the only predictors of plant use within the fuelwood category, the most utilized species would be those exhibiting the highest trade-offs 
between availability and quality (represented by the blue dots in the right and left graphs). When considering the interaction with the food 
use-category under the key-species based protection model, the use of wood species with low to intermediate food importance would be 
proportional to the trade-off between quality and availability (graph on the right). However, for species that are considered key food plants 
(indicated by the dark green dot), their utilization for fuelwood would be less than what is predicted by their quality and availability alone
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markets and across social and conventional media plat-
forms [42].

However, it is crucial to approach the popularization of 
highly important food species with caution to prevent the 
oversimplification of the plant community, as observed 
with açaí (Euterpe oleracea Mart.), where management 
practices have simplified estuarine communities in the 
Amazon Rainforest [43].

For wood species that lack an associated food use, con-
servation strategies must be implemented to mitigate 
the pressure on their exploitation. Considering that the 
primary wood uses in the community are for fuel (fire-
wood) and construction (fencing), conservation efforts 
should be tailored to these applications. Firewood is the 
most commonly cited use in the Retiro community, and 
due to its characteristics regarding short replenishment 
time and large volume of wood used, it poses a signifi-
cant threat to species conservation, depending on the 
collection method (green or dry). For people with greater 
social vulnerability, firewood is an important resource for 
cooking. To address this, we recommend the use of effi-
cient wood stoves. These stoves, through their structural 
configuration, reduce cooking time and, consequently, 
the daily volume of wood used and deforestation com-
pared to traditional stoves [44].

Although there is controversy in the literature regard-
ing the long-term economic costs and benefits of 
improved stove use in developing countries [45] and 
their efficiency[46], several studies have shown signifi-
cant reductions in firewood use with the adoption of 
this technology [44, 47, 48]. For instance, a study based 
on an improved stove intervention in the Chalaco Dis-
trict, Northern Andes of Peru, recorded a 46% reduction 
in firewood consumption (approximately 650  kg of fire-
wood per household throughout the rainy season) among 
households that properly used improved stoves during 
winter [48]. Similarly, Bensch and Peters [47], who evalu-
ated the impact of these stoves in rural Senegal through a 
randomized clinical trial, found a total 31% reduction in 
firewood consumption over one week. Additionally, the 
use of efficient stoves can contribute to a higher quality 
of life for users by reducing smoke from wood combus-
tion, which can cause respiratory diseases [49]. How-
ever, for successful implementation of efficient stoves, 
besides local community interest, factors influencing 
long-term adoption, such as maintenance costs, need to 
be considered.

An alternative to replacing firewood use is increased 
investment in public policies that ensure access to Lique-
fied Petroleum Gas (LPG). While families receiving the 
gas voucher through the federal government program 
(Bolsa Família) still use a mix of LPG and firewood in 
the community, education, health, and human well-being 

initiatives, combined with these public policies, may have 
a better response in the community during the transition 
from firewood to LPG use. This is especially important 
considering that the use of firewood, for the most part, 
spans generations. The same applies to the transition 
from traditional or makeshift brick stoves to efficient 
stoves.

To reduce the use of species employed in the con-
struction of dead fences—where trunks and branches of 
woody plants are cut green for use—we recommend a 
gradual replacement with species used as living fences, 
which are kept alive. This strategy has been indicated as 
effective as it represents a gene bank of native species 
and contributes to the maintenance of these species [50]. 
“rompe gibão” (Phyllanthus sp.) and “cruirí” (Mouriri sp.) 
were mentioned by some interviewees as species used 
for living fences, and “peroba” (Tabebuia elliptica (DC.) 
Sandwith) was mentioned as having the ability for its 
stake to remain green in a humid environment. They are 
considered hard and resistant woods (“fixe”) by the inter-
viewees who recognized them on the checklist. These 
species could potentially be used for this purpose, but 
they need to be evaluated in terms of their characteristics 
and ecological status.

Finally, although our results admit that there is a pro-
tective effect on species with high food importance (key 
species) regarding wood uses, it is necessary to inves-
tigate the ecological status of these species to assess 
whether harvesting is being done sustainably and if over-
exploitation of these species is not occurring, as has been 
identified in other studies with non-timber forest prod-
ucts [5, 14, 15].

Recommendations for future ethnobiological studies
Some challenges for testing the protection hypothesis in 
future studies include:

Studies should account for the interactions not only 
between two use-categories but also among all use-cat-
egories associated with the plant species. For instance, 
a plant might be protected from wood uses not solely 
due to its food or medicinal value, but because it serves 
multiple purposes. Thus, protection may only become 
apparent when evaluating the full spectrum of plant use 
dynamics.

Gender and age variables ought to be incorporated into 
the tests of the protection hypothesis, given that individ-
uals of different ages or genders may protect plants for 
varied purposes.

Studies could delve into the affective aspects of protec-
tion, as these may inspire individuals to spare certain spe-
cies from wood uses due to resources that evoke positive 
affective memories. For example, a fruit that was greatly 
cherished during one’s childhood or that constituted the 
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main sustenance for a person’s family might be protected. 
While affective reasons are personal, common patterns 
may surface, especially among individuals with similar 
cultural or community backgrounds who may share col-
lective memories.

It is necessary to further investigate the influence of 
social organization on the protective behavior of local 
peoples toward wild food species. For instance, in con-
texts where there are associations of fruit gatherers or 
cooperatives, protective behavior may increase compared 
to rural communities where social organization is poorly 
established or absent. Alternatively, protective behavior 
may be directed on an individual basis.

Research designs should enhance the methodologi-
cal approach concerning qualitative evidence for pro-
tection. The questioning should be crafted to elicit 
precise responses without leading the participant, yet still 
addressing the core issue effectively. Our study utilized 
indirect questions that may not have fully captured our 
main objective. We propose that future research adopt-
ing discourse analysis techniques (underpinned by multi-
ple theoretical frameworks) would yield valuable insights.

Limitations of this study
For two groups of plants treated in this study as ethno-
species (“pau d’arco” and “ingá”), we were unable to elu-
cidate their taxonomies despite our efforts. Our results 
suggest that these ethnospecies are not under the protec-
tive effect of food use, and the lack of botanical identifica-
tion complicates the targeting of conservation strategies, 
especially for future studies in this region. Although we 
do not know the quantity and specific species, we sus-
pect they are at risk of threat due to logging, especially 
for “pau d’arco” (Bignoniaceae spp.). At least two species 
of “pau d’arco” are listed in the International Union for 
Conservation of Nature Red List with concerning ecolog-
ical statuses: Handroanthus impetiginosus (Mart. ex DC.) 
Mattos (“pau d’arco rosa”) listed as near-threatened and 
Handroanthus serratifolius (Vahl) S. Grose (“pau d’arco 
amarelo”), listed as endangered [51]. Both were assessed 
for the list in 2020. As respondents mentioned three 
types of “pau d’arco” (“roxo”, “amarelo”, and “branco"), it is 
possible that species of this genus are included. Through 
botanical identification, we identified that a plant known 
in the community as “peroba” is the species Tabebuia 
elliptica (DC.) Sandwith (“pau d’arco branco”), specified 
on the Red List with a status of least concern. This makes 
this area an interesting occurrence for this plant group. 
In light of this, we acknowledge this limitation in our 
study and invite other researchers specializing in these 
plant groups to direct research efforts in this region and 
clarify the taxonomy of these species.

Our data on the perceived quality of wood were col-
lected from a single Likert scale value considering all 
wood uses of the plant reported by the interviewee for 
each wood use category, instead of considering the qual-
ity for each reported wood use in each category. This 
optimized data collection. However, the heterogene-
ous nature of categories such as technology, where the 
wood quality of the plant can vary significantly among 
uses (e.g., tools, furniture, boat), can be challenging for 
the interviewee to assign a single rating considering vari-
ous distinct uses. This may have biased our results with 
very generic perceptions of species quality. Given that 
wood use is diverse, future studies could consider a more 
meticulous design, such as focusing on the most relevant 
uses within each category in the local community and 
assessing their perceived quality independently.

In this study, we did not monitor the collection activ-
ity, so we were unable to differentiate between wood col-
lected from fallen stems and branches (with less impact 
on plants) and wood removed directly from the plants 
(with greater impact). However, this does not compro-
mise our results, as the aim was to assess general usage 
behaviors, and other studies have already recorded the 
predominance of cutting practices, whether for dry or 
green, live or dead wood [3, 21].

The inclusion of species for the composition of the 
checklist interview was based on their availability in 
areas of co-occurrence with key species. Although 
greater availability of species is a potential indicator of 
higher use, it is not universal. There may be species in 
the sampled vegetation areas that are less available pre-
cisely because they are under greater use pressure or due 
to other environmental or intrinsic factors not consid-
ered in this study. Therefore, it is essential to also con-
sider ecological approaches in research to have an overall 
assessment of the impact of such uses on the plant com-
munity structure, even if the focus of the research is on 
the most important plant species.

Conclusion
Overall, we found that there is a protective effect that 
acts primarily on plant species of high food importance 
(key species), rather than proportionally to the impor-
tance of the species. Consequently, we encourage future 
studies to test the protection hypothesis within various 
socio-environmental contexts and we suggest consider-
ing two distinct possibilities: generalized protection and 
protection targeted at key species.

In light of our findings, we advise that species dem-
onstrating an overlap between food and wood uses, yet 
possessing intermediate or lower food importance should 
be prioritized in popularization strategies to raise their 
significance. Moreover, species solely used for timber, 
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which do not benefit from food-related protection, also 
require attention through biocultural conservation strat-
egies. Given that the protective effect is limited to a select 
number of plant species, these species warrant further 
ecological investigation to determine their conservation 
status within their natural habitats, to identify whether 
they face increased pressure from their use as food, and 
to ascertain if their prominence is leading to a reduction 
in plant diversity.
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