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Abstract
The contingent valuation method employs a hypothetical scenario to record a person’s
declared preference with regard to their willingness to pay for an environmental asset or
willingness to accept (WTA) compensation for not using it. Many studies have evaluated
the inclination to conserve watersheds, forest areas, or certain species. In this study, we
reported the economical values of medicinal species based on the perceptions of locals living within a protected area in a seasonal dry tropical forest in Northeastern Brazil. Moreover, we assessed the effects of socioeconomic variables (gender, family income, and family
size) on the WTA compensation for not using the species. We interviewed 96 household
heads from seven communities to obtain their socioeconomic data and WTA values. Additionally, we used data from a plant inventory to gather information on species abundance.
We found that the selected socioeconomic variables are a poor predictor of the WTA values. Our findings also demonstrate that women accept lower WTA values to not use some
species. Additionally, individuals from bigger families accept lower WTA values to not
use just one of the plant species. Species abundance did not influence informants’ WTA
values. Generally, informants overestimated bids, which may hinder biodiversity conservation. Socioeconomic and ecological factors may not have an influence on WTA values in
communities that inhabit protected areas.
Keywords Ethnobotany · Human ecology · Dry forest · Economic valuation · Household
income

1 Introduction
The contingent valuation method employs a hypothetical scenario to record a person’s
declared preference regarding their willingness to pay (WTP) for an environmental asset
or willingness to accept (WTA) compensation for not using the environmental asset
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(Carson, 2000). This method has been widely used to measure the demand for non-use
values and estimate the economic value of ecosystems or species. WTA indicates the
minimum value that a person would prefer to receive to stop using a particular resource
or to accept some form of abstention (such as a ban on access). Conversely, WTP indicates how much the person is willing to pay for the improvement of an asset or for using
it (Zhen et al., 2014).
Several studies worldwide have used the contingent valuation method to evaluate people’s willingness to conserve different ecosystems, such as watersheds (Nyongesa et al.,
2016; Kahn et al., 2017; Lehtoranta et al., 2017; Li tal., 2018; Xiong et al., 2018), forests
(Haghjou et al., 2016; Strand et al., 2017), and certain species (Monteiro et al., 2012; Torres-Miralles et al., 2017; Vieira et al., 2016; Zander et al., 2014). Considering the current
loss of ecosystem services and the consequent damages to other species and human wellbeing, further studies are required to assess the monetary value of environmental resources
accurately and to ensure that ecosystems are assigned their actual values. By assessing people’s attitudes toward ecosystems and how they value the associated goods and services,
studies can help create and enforcing conservation policies to protect the environment.
There are many determinants of people’s behaviors pertaining to how they use and valuate environmental resources that may require different valuation methods. In protected
areas, for example, individuals fear that they would only have restricted access to resources
(Cao et al., 2012), which could compromise the efficiency of the WTP method if applied;
therefore, the WTA method is recommended for such areas (Bush et al., 2013; Wang et al.,
2019). Socioeconomic factors may influence the monetary bids by informants to conserve
natural resources. The most important driver is perhaps household income (Chu et al.,
2020), since restricting environmental resource usage may affect the family’s financial
structure (Grosh & Mondal, 2013). However, education level (Xiong et al., 2018) does
not seem to influence the WTA value to conserve environmental resources because many
informants in rural areas begin to work during their youth. Consequently, most do not complete high school and are not aware of conservationist themes. Regarding age (Feng et al.,
2018), individuals may develop a greater bond with the environment where they live over
time, which could result in them attributing greater importance and value to the environment. Similarly, gender could also affect the perception of the economic value of a species
(Xin & Ying-ying, 2012), since for each household task, one of the household heads takes
responsibility for the decision and may assign a different importance for the same task.
Similarly, the number of household members (Xiong & Kong, 2017; Ahiale et al., 2019)
may affect the economic structure of the families because bigger families may have greater
expenses, either for medication or other basic needs. Thus, the number of members may
influence the household head’s decision to conserve medicinal plants. People who have
lived in a place since their childhood assign greater importance to the environment when
compared to non-native people, indicating the influence of duration of living in a community. Another influential factor could be species abundance in the forest areas, with abundant species receiving lower bids due to their easy accessibility.
Given the above background, we evaluate the monetary value that people would assign
to a set of woody medicinal plants in a seasonal tropical dry forest and whether socioeconomic and environmental factors influence the household’s WTA compensation for species
conservation. We chose to study medicinal plants because they are widely used in traditional medicine and as a phytomedicine product (Albuquerque et al., 2020). In the study
region, they are the most accessible therapeutic option for primary health care for many
families (Silva et al., 2020) who cannot afford allopathic medicine (see Garcia et al., 2013).
Moreover, many species of woody medicinal plants are threatened due to overexploitation.
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2 Materials and methods
2.1 Study area
This study was conducted in an area of Caatinga, located in the Catimbau National Park
(PARNA Catimbau) (8°30′12″/37°22′14″) in Northeastern Brazil. The area covers approximately 62,300 hectares and is located in the Moxotó microregion (Fig. 1), a Caatinga area,
with mixed vegetation composed by rainforests, scrubs, and perennial trees (e.g. Rodal et
al., 1998). The climate is hot and dry and defined as Csa according to Köppen’s classification (Alvares et al., 2013) with an average annual temperature and precipitation of 26° C
and 600 mm, respectively. Rainy season occurs between April and June. The park’s altitude
is about 600 to 1000 m (Castro et al., 2016).
The park comprises 13 rural communities: Túnel, Açude Velho, Dor de dente, Muquém,
Breus, Igrejinha, Batinga, Serra Branca, Malhador, Cumbre and Quiridalho. Most community residents live in handmade houses without basic sanitation (Fig. 2). Water is scarce,
and the army assists the locals who use different ways to address the water scarcity.
Community economic activities include the sale of labor or cultivation of plants during the rainy season, and raising goats, sheep, pigs, and cattle that graze in open or fenced
areas. Native vegetation around the houses helps locals collect fruits, bark, roots, branches,
and trunks utilized in constructing fences, animal shelters, handicrafts, traps, and for medicines and food (Fig. 2).
Only the self-declared indigenous communities of Kapinawá indigenous people (Cumbre, Quiridalho, Malhador, and Batinga) have elementary schools and other students go
to the urban center. PARNA and surrounding communities are assisted by a non-governmental Organization (NGO) called Amigos do Bem, which provides elementary schooling, food, clothing, water (water trucks), recreation, medical care, and employment
opportunities.

2.2 Ethical considerations
We explained the research objectives to all the informants. The researchers held meetings
with the locals to present the research objectives and obtain permission to conduct the
study.

Fig. 1  Location of the study area
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Fig. 2  a, b Traditional house style in the studied communities; c Firewood use; d Fruit of the native cactus
Pilosocereus tuberculatus (Werderm.) Byles & G.D Rowley collected by locals; e, f Characteristic vegetation of Caatinga; g Interview in the Batinga community during the second stage of data collection

2.3 Data collection
We collected data in three stages. Brazilian Portuguese was used, as it is the only language
spoken in the region. The first stage was conducted in collaboration with researchers affiliated with another organization. We conducted monthly campaigns from January to November 2017 to collect information on the natural resource use. Among the eleven communities in the Catimbau National Park, we selected Igrejinha, Batinga, Dor de dente, Túnel,
Açude velho, Muquém, Malhador, and Breus for the first stage. We excluded the others due
to strong conflicts between community leaders, environmental managers and among the
residents themselves, which hampered data collection.
In the first stage, we conducted semi-structured interviews (Albuquerque et al., 2014)
about the regional medicinal plants with all the residents who agreed to participate in the
study and were over 18 years old. Using the free-listing technique, we recorded a list of
locally known medicinal plants, the location of collection, and the diseases for which it is
indicated. We also collected socioeconomic data from the informants (i.e., education level,
family income, family size, age, duration of living in the community) using structured
interviews (e.g. Bernard, 2017; Albuquerque et al., 2014).
In the second stage, we used the WTA method (Fig. 3), as described by Kramer et al.
(1994), to understand the monetary value that people were willing to accept as compensation for not using the native woody species of Caatinga (Table 1). This stage was
conducted from April to December 2018 in six fieldwork trips of 12 days each. Due to
intense conflicts in the Malhador community, we excluded it and engaged with only
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Fig. 3  First author interviewing
an informant from a local community

seven communities, visiting 137 inhabited houses. We interviewed the household heads,
regardless of their gender, because our study deals with monetary values and household
heads often play a greater role in providing for the family compared to other family
members.
We excluded herbaceous and exotic plants from the free list because woody species are available throughout the year and are the most important regional medicinal
resources (Trindade et al., 2015). Based on the number of citations for each species in
the free list, we built one list for each of the seven communities with the ten most cited
woody plants for that community.
During the second stage, we presented the informant with the list of the ten most
cited woody medicinal plants of their community. If the informants had already used or
were currently using those plants, we presented them a hypothetical scenario wherein
they would be compensated or reimbursed with a monetary fund for stopping using them
for a period of one year from then onward. We then invited the informants to propose
a monetary value or bid (in Brazilian real) for each plant listed that they would receive
in exchange for not using it for a year. We considered this to be their WTA value. To
avoid overestimations in the bid values (Bush et al., 2013), we explained to the informants that the monetary fund was limited and that if the sum of all the community’s bids
exceeded the value available in the community fund, no claimed value would be paid.
However, if the total value of the bids was less than the available fund, all the informants would receive the monetary compensation they claimed for. We further explained
that if there was excess resource, then the amount would be divided and distributed in
equal parts. We then asked all the informants again if they would like to keep the first
bid or change it for each species. Finally, we obtained two sets of monetary values per
informant for each of the ten considered species per community.
In the last stage, we used data from a plant inventory that we created from the forest
areas of the communities Muquém, Túnel, and Igrejinha to test if the availability of the
species influenced the informants’ WTA compensation. A sampling was carried out by
the researchers in six areas where local people collect forest products, as indicated by
the key informants. We used the point-centered quarter method to sample the species. In
each area, we established five lines of 100 meters in length, 20 meters apart from each
other. In each row, we established 10 quadrants, and in each quadrant, we sampled the
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Anadenanthera colubrina var. cebil (Griseb.) Altschul
Myracrodruon urundeuva Allemão
Myroxylon peruiferum L.f
Schinopsis brasiliensis Engl
Maytenus opaca Reissek
Poincianella microphylla (Mart. ex G. Don) L. P. Queiroz
Cynophalla flexuosa (L.) J. Presl
Hymenaea courbaril L
Ziziphus joazeiro Mart
Mimosa tenuiflora (Willd.) Poir
Bauhinia acuruana Moric
Senegalia polyphylla (DC.) Britton & Rose
Sideroxylon obtusifolium (Roem. & Schult.) T.D.Penn
Rhamnidium molle Reissek
Commiphora leptophloeos (Mart.) J.B.Gillett
Amburana cearensis (Allemão) A.C.Sm
Croton heliotropiifolius Kunth

Batinga

Number of citations per community

Ximenia americana L

Species

Table 1  List of medicinal woody plants cited by local communities in the Catimbau National Park

0
26
22
0
0
0
0
23
14
11
16
11
25
0
0
7
0

41

Igrejinha

2
6
0
0
5
0
0
5
3
0
0
0
6
4
4
2
0

6

Muquém

0
3
4
3
5
0
0
5
0
0
0
0
0
4
5
5
3

5

Túnel e
Açude
Velho*

M. Laurentino et al.

Socioeconomic and ecological indicators in willingness to…

four closest individuals. We included all individuals with a diameter at ground level ≥ 5
cm except for the Cactaceae species.
We assigned a collection number to each collected plant and recorded its habit, height,
common name, and other characteristics. All the plants were identified up to genus and/or
species level, and incorporated and registered in the Dárdano de Andrade Lima Herbarium
of the Agronomic Institute of Pernambuco (IPA).

2.4 Data analysis
Data were explored for collinearity and outliers before inclusion in the statistical analysis. We removed the outliers from all the analyses because we found some overestimated
values for the informants’ WTA values. Therefore, from the 109 interviews conducted,
we used a total of 96 interviews in the analysis. We also found collinearity between some
of the socioeconomic variables, such as age and duration of living in the community
(rs = 0.66; p = 1.64e-13), age and education level (rs = − 0.59; p = 2.08e-10), and age and
family income (rs = 0.59; p = 1.30e-10). We used the following socioeconomic predictors
in the data analysis: gender, family income, and family size. We excluded the species Cynophalla flexuosa (L.) J. Presl and Poincianella microphylla (Mart. ex G. Don) L.P. Queiroz
because less than ten individuals were interviewed about the WTA value for both these
plants. Additionally, we removed the gender variable from the analysis of Anadenanthera
colubrina var. cebil (Griseb.) Altschul and Rhamnidium molle Reissek because only a few
women were interviewed about them.
Since all the WTA values (the dependent variable) were integers, we performed a
Poisson generalized linear model. Nevertheless, using the dispersion test function from
the AER package (Kleiber & Zeileis, 2008), we verified that all the species data exhibited overdispersion. Therefore, we performed negative binomial generalized linear models
using the function glm.nb from the MASS package (Venables & Ripley, 2002). We used
a multimodel inference approach using the MuMIn package (Barton, 2020) to access the
effects of socioeconomic predictors on WTA values. We used an automated model selection, using the dredge function to generate a set of models with AICc delta < 4. The final
model was a full average of this subset. In the analysis of Hymenaea courbaril L. and Commiphora leptophloeos (Mart.) J.B. Gillett, we verified that there was no algorithm convergency. Then, we increased the default values of the integer, setting the maximal number of
IRLS iterations to 100 using the maxit argument in the function glm.nb. We conducted this
analysis in the R environment.
Regarding the ecological data, we estimated the species densities for the plots using a
script from Mitchell (2010) in the R environment. We categorized the species densities
data into two groups: species found and not found in the plots. To test if there were differences in the mean WTA values between these two groups, we performed a non-parametric
Mann–Whitney test using BioEstat 5.0 software (Ayres et al., 2007).

3 Results and discussion
3.1 Informants’ socioeconomic profile
The informants were mostly men (58.30%), and 41.70% were women. The informants
were middle aged (mean: 46.50 years ± 17.05) and had lived in the community for about
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38.50 years (± 18.51). The majority were illiterate (38.50%) or had completed primary
education (32.30%). The mean number of family members was 3.95 (± 2.14), and the mean
monthly family income was U$ 119.46 (± 109.54) (Table 2). Many of these characteristics,
such as poor educational status and low-income rates, reflect the common socioeconomic
scenario of many rural communities of Brazil’s semi-arid region (IBGE, 2011; IPEA,
2016).

3.2 Valuation of woody medicinal species
From the set of the most cited species per community presented to each informant, we
retained 18 woody medicinal plants valued in Brazilian real. We then converted all the
WTA values from Brazilian real to US dollars, at the price of US$ 5.51 based on the currency value on March 22, 2021. The mean greatest economic values were assigned to
Rhamnidium molle Reissek (US$ 374.39 ± 352.11), Poincianella microphylla (Mart.
ex G. Don) L.P. Queiroz (US$ 363.74 ± 495.68), Cynophalla flexuosa (L.) J. Presl (US$
276.89 ± 261.22), Maytenus opaca Reissek (US$ 203.78 ± 250.78), and Ximenia Americana L. (US$ 202.61 ± 302.31) (Table 3). Excepting Maytenus opaca Reissek, about the
uses of which we could not find any research, all these species have been reported as
medicinal in Brazil’s semi-arid area. The multiple use potential of these species, including
treating multiple body systems and different types of inflammations (Cartaxo et al., 2010;
Ferreira et al., 2011), respiratory diseases (Albuquerque et al., 2007), general pains (Albuquerque et al., 2007), and infections (Almeida et al., 2006) may explain their local importance and the higher economic values assigned.

3.3 Influence of socioeconomic variables in the valuation of woody medicinal
species
Overall, our socioeconomic variables did not predict the WTA compensation for the conservation of medicinal species in the PARNA Catimbau protected area. One potential
reason for this finding (Lindhjem & Mitani, 2012) is that the rural informants may have
experienced difficulty in assigning a WTA value to the provided species, particularly considering the potential fund limit imposed in the second stage. Thus, informants not only
had to consider the loss of the existing utility of the plants in terms of their medicinal value
but also the potential loss of the economic compensation as well for a year.
Table 2  Main characteristics of
the informants from the local
communities of the Catimbau
National Park

Variables
Gender
Education level

Age
Family size
Duration of living
in the area (years)
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Male

58.3%

Female
Illiterate
Primary education
Elementary
High School
–46

41.7%
38.5%
32.3%
18.8%
10.4%
46.5 ± 17.05 (mean ± sd)
3.95 ± 2.14 (mean ± sd)
38.50 ± 18.51 (mean ± sd)
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Table 3  Descriptive statistics of the WTA values for each woody medicinal plant studied in the seven local
communities of PARNA Catimbau
.Scientific name

Number
of outliers

Number Mean (U$) Standard
of bids*
Deviation
(U$)

Ximenia americana L

8

82

202.61

302.31

Anadenanthera colubrina var. cebil (Griseb.) Altschul
Myracrodruon urundeuva Allemão
Myroxylon peruiferum L.f
Schinopsis brasiliensis Engl
Maytenus opaca Reissek
Poincianella microphylla (Mart. ex G. Don) L.P. Queiroz
Cynophalla flexuosa (L.) J. Presl
Hymenaea courbaril L
Ziziphus joazeiro Mart
Mimosa tenuiflora (Willd.) Poir
Bauhinia acuruana Moric
Senegalia polyphylla DC. Britton & Rose
Sideroxylon obtusifolium (Roem. & Schult.) T.D.Penn
Rhamnidium molle Reissek
Commiphora leptophloeos (Mart.) J.B.Gillett
Amburana cearensis (Allemão) A.C.Sm
Croton heliotropiifolius Kunth

2
8
8
6
4
1
1
8
8
1
8
3
8
0
7
6
7

14
64
61
23
34
6
8
64
63
18
29
24
61
15
44
57
34

183.51
189.03
84.76
138.23
203.78
363.74
276.89
102.11
82.65
99.57
30.54
121.43
115.97
374.39
72.23
130.46
85.28

192.49
280.98
108.21
140.81
250.78
495.68
261.22
154.24
170.11
157.82
45.54
176.63
186.67
352.11
100.77
197.94
110.67

*The number of bids refers to the number of people who use the species and agreed to participate in the
study

Our model showed that the socioeconomic variables predicted the bid values of only
4 species (i.e., Ximenia americana L., Myracrodruon urundeuva Allemão, Myroxylon
peruiferum L.f., and Commiphora leptophloeos (Mart.) J.B.Gillett), among the 16 studied
species (Table 4). Thus, the influence of socioeconomic variables may vary based on the
specificities of each species (henceforth “species-specific effect”). To assess such information, we should include the biological characteristics and applications of the used species in
future models, such as presence of chemical compounds, amount of bark produced, and use
indications. Our findings may be a result of other non-measured social, economic, and cultural variables. For future research, the occupational diversity of informants, the frequency
of use of each medicinal species, how organized the community is and how people manage
conflicts, whether people have easy access to market products and allopathic medicine, and
how local people deal with environment conservation (positive or negative responses) can
also be included (Cavalcanti, 2018). Analyzed together, these variables provide evidence
for how people depend on the natural resource base, how they organize individually and
collectively, and whether they have other income opportunities, which may improve our
overall understanding of local culture and of the factors that lead to people assigning different values to important species.
PARNA Catimbau is an integral protected area, with low-income families who
depend on government assistance or NGOs to fulfill their basic needs (Specht et al.,
2019). In this situation, plant resources provide the informants autonomy to deal with
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Table 4  Effect of socioeconomic
variables on WTA compensation
for the conservation of woody
species
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Species

Estimate

Std. Error

z value

p

Ximenia americana L
Intercept
5.73e + 00
3.39e-01
16.72
Gender (Men)
1.56e + 00
2.69e-01
5.70
Family size
4.35ee-02
6.57e-02
0.66
Family income
− 1.58
1.11e-04
0.01
N = 82
Anadenanthera colubrina var. cebil (Griseb.) Altschul
Intercept
6.85e + 00
5.28e-01
12.15
Family size
3.33e-02
8.75e-02
0.36
Family income
− 8.61e-05
2.66-04
0.30
N = 14
Myracrodruon urundeuva Allemão
Intercept
6.01e + 00
3.32e-01
17.78
Gender (Men)
1.28e + 00
3.37e-01
3.71
Family income
6.37e-05
1.78e-04
0.35
Family size
− 6.63e-03
4.36e-02
0.15
N = 64
Myroxylon peruiferum L.f
Intercept
7.03e + 00
4.05e-01
16.99
Family size
− 2.67e-01
9.07e-02
2.89
Family income
− 2.40e-05
1.30e-04
0.18
Gender (Men)
− 5.94e-03
1.47e-01
0.04
N = 61
Schinopsis brasiliensis Engl
Intercept
6.22
0.48
12.39
Gender (Men)
0.28
0.47
0.58
Family income
0.0001
0.0002
0.49
Family size
0.015
0.06
0.26
N = 23
Maytenus opaca Reissek
Intercept
6.06e + 00
7.35e-01
8.10
Gender (Men)
7.50e-01
7.11e-01
1.04
Family size
7.47e-02
9.99e-02
0.74
Family income
− 6.17
1.83e-04
0.33
N = 34
Hymenaea courbaril L
Intercept
5.90
0.40
14.56
Family income
0.0003
0.0003
0.98
Gender (Men)
0.38
0.41
0.92
Family size
− 0.02
0.05
0.34
N = 65
Ziziphus joazeiro Mart
Intercept
5.94
0.42
13.78
Gender (Men)
0.45
0.46
0.97
Family income
− 0.0002
0.0003
0.57
Family size
− 0.004
0.05
0.08

< 2e-16
< 2e-16
0.51
0.99

< 2e-16
0.72
0.76

< 2e-16
0.0002
0.72
0.88

< 2e-16
0.0038
0.86
0.97

< 2e-16
0.56
0.62
0.80

< 2e-16
0.30
0.46
0.74

< 2e-16
0.33
0.36
0.73

< 2e-16
0.33
0.56
0,683
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Table 4  (continued)

Species

Estimate

Std. Error

z value

N = 63
Mimosa tenuiflora (Willd.) Poir
Intercept
7.28e + 00
1.07e + 00
6.57
Family size
3.10e-01
2.95e-01
1.03
Gender (Men)
5.37e-02
4.33e-01
0.12
Family income
1.86e-05
2.50e-04
0.07
N = 18
Bauhinia acuruana Moric
Intercept
4.70
0.54
8.42
Family income
0.0005
0.0005
0.90
Gender (Men)
0.06
0.26
0.21
Family size
0.003
0.05
0.05
N = 29
Senegalia polyphylla (DC.) Britton & Rose
Intercept
6.62e + 00
5.75e-01
11.09
Family size
− 5.15e-02
1.29e-01
0.39
Gender (Men)
9.05e-02
3.30e-01
0.27
Family income
1.14e-07
2.18–04
0
N = 24
Sideroxylon obtusifolium (Roem. & Schult.) T.D.Penn
Intercept
6.19e + 00
3.76e-01
16.24
Gender (Men)
2.14e-01
3.32e-01
0.64
Family income
8.51e-05
2.09e-04
0.40
Family size
1.09e-02
5.85e-02
0.32
N = 61
Rhamnidium molle Reissek
Intercept
7.57
0.55
12.85
Family size
0.08
0.12
0.62
Family income
− 0.0004
0.0005
0.83
N = 15
Commiphora leptophloeos (Mart.) J.B.Gillett
Intercept
5.15e + 00
4.57e-01
11.04
Gender (Men)
1.01e + 00
4.85e-01
2.04
Family income
6.15e-05
1.96e-04
0.31
Family size
1.64e-02
5.56e-02
0.29
N = 44
Amburana cearensis (Allemão) A.C.Sm
Intercept
5.95e + 00
4.08e-01
14.37
Gender (Men)
8.34e-01
4.74e-01
1.73
Family size
9.57e-03
4.28e-02
0.22
Family income
3.18e-06
1.28e-04
0.02
N = 57
Croton heliotropiifolius Kunth
Intercept
5.94e + 00
4.65e-01
12.43
Gender (Men)
1.54e-01
3.85e-01
0.39

p

< 2e-16
0.30
0.91
0.94

< 2e-16
0.36
0.83
0.95

< 2e-16
0.70
0.80
1

< 2e-16
0.52
0.69
0.75

< 2e-16
0.53
0.41

< 2e-16
0.04
0.76
0.77

< 2e-16
0.08
0.83
0.98

< 2e-16
0.70
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Table 4  (continued)

Species

Estimate

Std. Error

z value

p

Family income
Family size
N = 33

9.55e-05
− 6.32e-04

2.68e-04
4.31-02

0.35
0.01

0.73
0.99

(***) Indicates significant p-value for alpha < 0.0001; (**) Indicates
significant p-value for alpha < 0.001; (*) Indicates significant p-value
for alpha < 0.05

their most basic needs such as food, treating illness, fuel use, construction, and technology. Thus, it can be assumed that prohibiting environmental resource use would
increase financial costs in proportion to the size of the family, which would influence
the acceptance of any financial compensation and, in turn, affect local participation in
conservation strategies.

3.4 Gender
Gender was a predictor to explain the WTA values of X. americana, M. urundeuva, and
Commiphora leptophloeos. Men offered higher bids for these species. Gender’s effect has
been reported in WTA studies for different environmental goods. Women were more willing to accept compensation for failing to use polluted land in Northwest China than men,
who, in addition to using land, had other sources of income, which made compensation
unattractive and limited its acceptance (Wang et al., 2016). Historically, there have been
many social and economic differences between men and women in the studied region (Lira
& Barros, 2015). Due to lower economic power in the families, women may accept lower
values to stop using natural resources.

3.5 Family size
Family size did not influence most results. Similarly, Bush et al. (2013) did not find a statistically significant relation between family size and family members’ WTA compensation
for conservation. Other studies, however, have shown that larger families are more willing
to pay for ecological compensation (Xiong et al., 2017), and individuals from larger families respond to compensation issues more strongly (Wang et al., 2016).
Given the contradictory findings to our initial expectation that larger families would
accept higher WTA values, we focus on medicinal species use to explain our results. We
assume that medicinal plants are often required depending on disease frequency and health
status. Families may use a particular species at different frequencies based on the age, illness frequency, and treatment preference of the family members, including older members
and children. Therefore, the frequency of using a particular medicinal species could influence the perception of the importance and economical value of the species is for different
family groups. Thus, regardless of family size, frequently used medicinal species might
require higher WTA value to compensate people for stopping using the species and acquiring allopathic medicines. This may explain why informants from larger families accepted
lower values to stop using Myroxylon peruiferum L.f. (Table 4) in our model.
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3.6 Family income
Family income was not predictive of the bids assigned to the species, similar to the results
found by Bush et al. (2013). Many other studies report contrasting results (Ressurreição
et al., 2012; Huang et al., 2013; Vincent et al., 2014; Arowolo et al., 2014; Kaffashi
et al., 2015; Ezebilo et al., 2015; Mohammadi Limaei et al., 2016; Le et al., 2016; Yu
et al., 2018). Some authors have noted that income could significantly influence people’s
WTP rather than their WTA. However, the idea that the WTA values are not influenced
by income at all (Jiang & Wen, 2011) does not adequately explain our results. The WTA
method we applied required the residents of the protected area communities to give up
important medicinal resources in exchange for an economic value, which implies considering the collective needs and decisions of one’s community. Thus, regardless of income
level, the monetary compensation sought by the informants might not portray the real value
they intended to achieve at first, which is a possible explanation for our results.
Regardless, during the interviews, informants also considered how agreeing to not use
such species could broadly affect their environmental income [i.e., the natural resource
usage-derived income often acquired for free from the nature] and their total family
income. In a region marked by high rates of poverty, he perception of gaining money
through such forms of compensation might be underrated. Additionally, the fact that almost
all families live below the poverty line, experiencing environmental and socioeconomic
pressures (Specht et al., 2019), and the consequent homogenization of the sample variability are the most plausible explanations for why family income does not predict the medicinal species valuation.

3.7 Environmental availability and bid values
WTA values assigned by the informants did not statistically differ between the present
and absentee species in the environment (U = 30; ZU = 0.24; p > 0.05). Among the 18 species indicated by the informants, we found only five (i.e., Maytenus opaca Reissek, Poincianella microphylla (Mart. ex G. Don) L.P. Queiroz, Cynophalla flexuosa (L.) J. Presl,
Bauhinia acuruana Moric., and Commiphora leptophloeos (Mart.) J.B.Gillett) in the phytosociological plots. Maytenus opaca Reissek was the most important species for the communities, even though it showed very low relative abundance (Table 5). Other ethnobotanical studies have shown that species availability in the environment relates to its cultural
value for the community (Lucena et al., 2007). (see Tables 5 and 6).

4 Implications and limitations of the study
Our study portrays a general scenario of the valuation of woody medicinal plant species of
local importance in a protected semi-arid area in Northeastern Brazil. We found no statistical evidence to indicate that the selected socioeconomic factors (i.e., gender, family size,
and family income) influence how people valuate medicinal plants. Additionally, the value
assigned to different plant species did not differ according to their environmental availability. Even though the WTA method is an important first step in understanding people’s
perceptions on local conservation, notably, the valuation of species in this study could have
been guided by a different logic than the valuation of forests and conservation programs,
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Ximenia americana L

Anadenanthera colubrina var. cebil (Griseb.) Altschul
Myracrodruon urundeuva Allemão
Myroxylon peruiferum L.f
Schinopsis brasiliensis Engl
Hymenaea courbaril L
Ziziphus joazeiro Mart
Mimosa tenuiflora (Willd.) Poir
Senegalia polyphylla (DC.) Britton & Rose
Sideroxylon obtusifolium (Roem. & Schult.) T.D.Penn
Rhamnidium molle Reissek
Amburana cearensis (Allemão) A.C.Sm
Croton heliotropiifolius Kunth

Olacaceae

Fabaceae
Anacardiaceae
Fabaceae
Burseraceae
Fabaceae
Rhamnaceae
Fabaceae
Fabaceae
Sapotáceas
Rhamnaceae
Fabaceae
Euphorbiaceae

Maytenus opaca Reissek

Poincianella microphylla (Mart. ex G. Don) L. P. Queiroz
Cynophalla flexuosa (L.) J. Presl
Bauhinia acuruana Moric
Commiphora leptophloeos (Mart.) J.B.Gillett

Celastraceae

Fabaceae
Capparaceae
Fabaceae
Burseraceae

Catingueira rasteira
Feijão Brabo
Mororó
Umburana de Cambão

Bom Nome

Common name

Angico de Caroço
Aroeira
Bálsamo
Baraúna
Jatobá
Juá
Jurema Preta
Quebra faca
Quixaba
Sassafrás
Umburana de Cheiro
Velame Branco

Ameixa

Common name

*Availability index: Values from 0 to 1 = Very low; > 1 < 3.5 = Low; > 3.5 < 7 = Average and > 7 = High

Scientific name

Family

Group 2

Scientific name

Family

Group 1

363.74
276.89
30.54
72.23

203.78

WTA mean (U$)

183.51
189.03
84.76
138.23
102.11
82.78
99.57
121.43
115.97
374.39
130.46
85.28

21.04

WTA mean (U$)

138
3
11
12

11

Number of
individuals

0
0
0
0
0
0
0
0
0
0
0
0

0

Number of
individuals

24.5
1.5
3
3

3

Relative density

0
0
0
0
0
0
0
0
0
0
0
0

0

Relative density

High
Low
Low
Low

Low

Availability index*

Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low

Very low

Availability index*

Table 5  Species studied, respective families, and number of individuals collected during the phytosociological survey classified as zero relative density (Group 1) and relative
density higher than zero (Group 2)
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Table 6  Descriptive analysis
results of the phytosociological
survey classified as zero relative
density (Group 1) and relative
density higher than zero (Group
2)

Group 1

Group 2

Sample size

13 spp

5 spp

Minimum
Maximum
Mean
Median
Standard error

466.8
2062.0
813.91
638.78
121.79

168.17
2003.33
1054.58
1122.35
346.34

especially in the Caatinga, where the species generally have different uses, and not only
medicinal. Thus, in our scenario, compensatory conservation strategies, based on WTA
methods, for example, may not be useful.
The local valuation of species was found to be species-specific, and the analyzed socioeconomic factors are poor predictors of this valuation, despite the region’s characterized
socio-environmental vulnerability (Specht et al., 2019). This trend is not supported by the
vast majority of available literature that clearly shows the predictive effect of socioeconomic factors on ecosystem and/or species valuation (Chu et al., 2020; Grosh & Mondal,
2013; Xiong & Kong, 2017; Ahiale et al., 2019).
We did not evaluate the influence of local institutional assistance (in education, income,
and self-governance) on the poor families or informants’ perceptions about living inside a
protected area where natural resource collection is prohibited by Federal law. Analyzing
these factors together may enhance our understanding of local people’s behaviors in the
context of conservation and help support environmental managers in solving conflicts and
conducting community-engaged conservation strategies to enforce PARNA Catimbau’s
goals. In the region, all the families benefit from the assistance of the federal government
and the strong engagement of an NGO that distributes different types of resources considering the limitations of each family. This observation may undermine the hypothesis that
in these scenarios, the methods of valuing biodiversity might have limitations, due to the
apparent socioeconomic homogenization promoted by these assistance measures. Income
transfer by government or NGO actions improves the economic power of local people and
can lead to social comfort and improved quality of life (e.g., Haushofer & Shapiro, 2016).
This may have impacted our findings and should be investigated by future studies.
A potential local problem to solve is managing woody medicinal conservation with the
cooperation of residents in the PARNA Catimbau protected area. Notably, the studied communities already existed in the region when this park was established, and many conflicts
arose when local people were hampered from collecting the resources they needed. Therefore, the permanency of local residents inside the areas of the park may serve as a stressor
to the maintenance of their livelihoods, as found by previous studies. This, combined with
the prevalence of traditional rural economies (agriculture and husbandry for subsistence)
and the probable lack of significant financial savings of the extremely poor population,
act as a barrier to them engaging in local conservation (Eskandari-Damaneh et al., 2020)
through stopping the use of medicinal species, as proposed during the WTA survey.
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