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ABSTRACT

Ecosystem goods and services (EGS) are the contributions that ecosystems provide to human well-

being. The reservoir landscape, an artificial ecosystem, offers a wide range of ecological and socioeco-

nomic functions for local populations, such as potable water, irrigation, and plants for food purposes.

This study aimed to assess the perception of EGS provided by the reservoir landscapes of rural and

urban populations. Research was conducted with residents around reservoirs in the Paraiba Basin of

Brazil, specifically in the cities of Camalaú and Boqueirão. Socioeconomic information and population

perceptions were obtained using semi-structured forms and participatory mapping, respectively. Based

on analyses using PERMANOVA and Mann-Whitney statistical tests, it was found that rural people

and men perceived and cited a higher number of EGS. Responses varied with different education levels

(Illiterate, Primary School Incomplete, Primary School Complete, High School Incomplete, High School

Complete, and University Degree Complete), with provisioning services being more easily perceived and

mentioned by the interviewees. People in direct contact with the natural environment were more likely

to perceive EGS than those without such contact. However, the importance of EGS was recognised by

both rural and urban populations, as these services are essential for their well-being. Perceptions of

riverside populations are important for conservation efforts because they provide valuable information

about ecosystems based on their experiences within these ecological systems.

Keywords: Ecosystem benefits; Freshwater ecosystem; Riverine population; Social perception; Val-

orisation.
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SIGNIFICANCE STATEMENT

This study examined the perceptions of rural and urban riverside communities on ecosystem goods and
services (EGS) and their level of importance in the reservoir landscape in a semi-arid region. We found that
people living in rural areas identified a higher number of EGS than those in urban areas. Gender, education
level, and occupation were sociodemographic factors influencing personal experiences of EGSs in the reservoir
landscape. Both rural and urban populations often attributed a "very high" importance to perceived EGS,
particularly provisioning services. Understanding the riverside community’s perception of the ecosystem benefits
of the reservoir landscape is important for shaping public policy and targeting reservoir management based on
community experiences and needs. This will enable the creation of policies to ensure sustainable use of EGSs.

INTRODUCTION

Building reservoirs in Brazil’s semi-arid region
through river damming is beneficial to local popula-
tions. This region experiences variable rainfall and
prolonged drought, leading to conflicts of interest
among its water users (Nunes et al. 2016). This reser-
voir landscape, comprising reservoirs and their sur-
rounding areas, provides drinking water and supports
agricultural and fish farming activities (Chellappa et
al. 2009). These socioeconomic benefits are called
ecosystem goods and services (EGS), and reflect the
contributions of the ecosystem’s structure and func-
tion to human well-being, whether natural or artifi-
cial. The interactions between species, populations,
communities, and physical and chemical environments
are of great importance for reservoir ecology, which
promotes the EGS in this region (Azevêdo 2018). Due
to the constant water scarcity in the region, the popu-
lation depends on the EGS provided by the landscape
of these reservoirs for survival (Jones et al. 2019).

According to the Common International Classifi-
cation of Ecosystem Services (CICES), EGS are clas-
sified as provisioning (products essential to life ob-
tained directly from ecosystems, such as food, fibres,
genetic resources, water, and wood), regulation and
maintenance (regulating ecological processes, such as
air quality, pollination, disease control, and natural
damage mitigation), and cultural (spiritual and reli-
gious values, leisure, and the generation of knowledge
from biotic and abiotic ecosystems) (Haines-Young
and Potschin-Young 2018). Among the services of-
fered by reservoirs, provisioning services encompass
food production and freshwater supply. They also pro-
vide regulation and maintenance services through cli-
mate regulation and cultural services such as tourism,
landscape observation, and other recreational benefits
for local inhabitants (Azevêdo 2018; Cardinale et al.
2012; Guedes et al. 2014; Jones et al. 2019; Medeiros
de et al. 2015).

Analysing people’s perceptions of EGS is challeng-
ing because individuals attribute particular meanings
and values to ecosystem functions, which vary based
on their knowledge, relationships, and responsibilities
with nature (Arias-Arévalo et al. 2018; Costanza et al.

2017; de Groot et al. 2002). Over time, the use and
valuation of EGS change as environmental conditions
and human lifestyles evolve (Friess 2017; Jiang et al.
2013; Thiagarajah et al. 2015; Tomscha et al. 2016).
These environmental changes are often associated with
urbanisation, which tends to cause a loss of biodiver-
sity (Aronson et al. 2014; Seto et al. 2012). However,
it is essential to ensure that the human population can
use natural resources sustainably (Arruda 1999).

Therefore, this study aimed to assess the percep-
tions of rural and urban populations regarding the
EGS provided by reservoir landscapes. Our hypothe-
ses were as follows: (i) Men, individuals with higher
levels of education, those with occupations involving
direct contact with the reservoir ecosystem, and those
with higher average monthly income perceive a higher
number of EGS. This means that socioeconomic fac-
tors influence the population’s perception of the num-
ber and types of EGS (provisioning, regulation and
maintenance, and cultural) the reservoir landscape of-
fers. (ii) The rural population perceives and attributes
a higher level of importance to the EGS provided by
the reservoir landscape than the urban population.

MATERIAL AND METHODS

Study area

The study was carried out in the Camalaú and
Epitácio Pessoa reservoirs, located in the Paraíba
River Hydrographic Basin (Paraíba, Brazil, Figure 1).
These reservoirs support multiple economic activities
in the region (such as tourism, livestock, industry,
aquaculture, agriculture, and recreation) and are used
for human and animal water supply (AESA 2022),
making them essential for the survival of the region’s
population.

The Camalaú reservoir, built in 1986 (Santos
2018), has a storage capacity of 46,437,520 m3, is
the main water supply for the municipality of Ca-
malaú. It is located in Paraíba’s Agreste Mesoregion
of Paraíba and it occupies approximately 0.007% of
the northeastern territory, bordered by the municipal-
ities of Campina Grande, Esperança, Massaranduba,
Matinhas, Puxinanã, São Sebastião de Lagoa de Roça,
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Figure 1. Location of the Camalaú and Epitácio Pessoa reservoirs in the Paraíba River Hydrographic Basin
(Paraíba, Brazil).

and Serras (Souto et al. 2017). The Epitácio Pessoa
Reservoir, built in 1957 (BRASIL 2023), has a storage
capacity of 466,525,964 m3 and is located in the Bo-
queirão municipality of Paraíba. It is the primary wa-
ter source for Paraíba’s second-largest city, Campina
Grande, and other neighbouring municipalities, serv-
ing more than 700,000 people (da Silva Filho et al.
2020).

According to the thematic map generated by the
MAPBIOMAS project (Souza et al. 2020) for Brazil in
2022, the land use and land cover within a 200 m radius
of the Camalaú reservoir (area: 127.82 ha, perimeter:
19,170.87 m) and the Epitácio Pessoa reservoir (area:
1,758.40 ha, perimeter: 14,113.75 m) include forest
formations, water bodies, a mosaic of agriculture and
livestock uses, pasture, non-vegetated areas, and ur-
ban areas.

Rural areas were delineated by widely spaced resi-
dences interspersed with vegetated areas and activities
characteristic of rural settings, such as agriculture and
livestock rearing. Urban areas were defined by higher
population densities, commercial and urban centres,
public lighting, and paved roads (IBGE 2023).

Because it covers 38% of Paraíba’s territory, the
Paraíba River Hydrographic Basin is the state’s second
largest and one of the most important in the north-
eastern semi-arid region (AESA 2022). It includes the
two largest and most densely populated urban centres
in Paraíba State: João Pessoa and Campina Grande
(AESA 2022).

The reservoirs studied are located in the Upper
Paraíba River Hydrographic region, which is divided
into hydrographic regions according to altitude, cov-
ering the Taperá River sub-basin and upper, middle,
and lower Paraíba hydrographic regions (AESA 2022).
The climate of the region is hot dry semi-arid (BSh)
according to the Köppen-Geiger classification (Alvares
et al. 2013; Kottek et al. 2006). Maximum monthly
temperatures range from 28◦C to 31◦C in Novem-
ber and December, and minimum temperatures range
from 18◦C to 22◦C in July and August (AESA 2022).
The rainy season is from February to May, with an av-
erage precipitation of 400 mm/year, while the dry sea-
son is from August to October (Marengo et al. 2011;
Velloso et al. 2002). The vegetation in this region
consists of hyperxerophilous Caatinga type, decidu-
ous, and sub-deciduous forest, and the predominant
soil type is Chromic Luvisolo (AESA 2022).

Methodological procedure

Interviews were carried out with the riverine pop-
ulation living around the reservoirs to assess their
perception of EGS considering the following param-
eters: socioeconomic information (gender, age, ed-
ucation level, family monthly income, and occupa-
tion in direct contact with the reservoir landscape)
and the importance level the population attaches to
EGS. These interviews were conducted in December
2021 and January 2022 using semi-structured form
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and participatory mapping. This study was approved
by the Ethics Committee of Universidade Estadual da
Paraíba (UEPB), opinion number: 5.053.838).

To enable participants to identify and classify the
importance level of the EGS provided by the reservoir
landscape, the following inclusion criteria were used:
living within 200 m of the reservoir and assuming that
people living within this radius have greater contact
with the reservoir landscape (Azevêdo et al. 2022). In
the Camalaú 70 houses were visited while in the Bo-
queirão 468 houses, which corresponds to all houses
within a 200m radius of the reservoirs. The intervie-
wees were of legal age and voluntarily agreed to par-
ticipate in this study. Those who did not meet the
inclusion criteria were excluded from the study.

The first method involved one-to-one door-to-door
interviews using a semi-structured socioeconomic form
(Azevêdo et al. 2020). Initially, the interviewer ex-
plained the purpose of the research and presented an
Informed Consent Form (ICF). After the interviewee
signed the ICF, the interviewer briefly explained the
concept of EGS and provided examples. The length
of the interviews varied according to the dialogue and
the expressions of each participant.

The second method was based on participatory
mapping (Palomo et al. 2013; Wolff et al. 2015) to ob-
tain specific and contextual primary information from
a defined geographical area about the perceived sup-
ply of EGS by the participant. In this method, partici-
pants responded to the following questions: (i) “What
benefits does nature provide to people?” and volun-
tarily indicated on an A4-sized thematic map with im-
ages of the reservoir and its surroundings taken from
Google Earth, the location that provides a particular
ecosystem good or service; (ii) “What is their level of
importance to people?” rating the importance of this
ecosystem good or service as very low, low, medium,
high, or very high.

The Common Classification of Ecosystem Services
(CICES), version 5.1, was used as a classification sys-
tem for the categorisation of EGS cited by partici-
pants. This system groups EGS provided by nature
into three sections: provisioning, regulation and main-
tenance, and culture. These sections were organised
in a cascade structure into five subdivisions: section,
division, group, class, and class type. CICES also dis-
tinguishes between EGS provided by biota and the
physical environment, differentiating the final good or
service to avoid double counting (Haines-Young and
Potschin-Young 2018).

Data analysis

Descriptive analyses of the socioeconomic data
and interviewees’ perceptions of EGS provided by the
reservoir landscape and their importance levels were

carried out. To analyse whether there were differ-
ences between the perceptions of the rural and urban
populations, accounting for socioeconomic variables,
area (rural or urban), EGS number, EGS number
per section (provisioning, regulation and maintenance,
and cultural), and the importance level of EGS, a
Permutation Multivariate Analysis of Variance (PER-
MANOVA) was performed (Anderson 2001). Subse-
quently, a post-hoc pairwise test was carried out for
significant interactions (Anderson 2001).

Differences between rural and urban perceptions
of EGS were assessed using the Mann-Whitney non-
parametric test (Mann and Whitney 1947). Given the
non-normal distribution of our data and the failure
to meet the assumptions required for t-tests on inde-
pendent samples, we utilized the Mann-Whitney non-
parametric test (Mann and Whitney 1947), which bet-
ter accommodates analyses with smaller samples and
potential outliers. Statistical tests were performed us-
ing R version 4.1.3 (RStudio Team 2021) and PRIMER
+ PERMANOVA software (Anderson 2008), with a
significance level of 5% (0.05) for all tests.

RESULTS

Relationship between socioeconomics

characteristics and EGS

A total of 64 people were interviewed, with 38 liv-
ing in urban areas and 26 in rural areas. Of the par-
ticipants, 42.2% (21.9% male and 20.3% female) lived
around the Camalaú reservoir (9 individuals in rural
areas and 18 in urban areas), while 57.8% (25% male
and 32.8% female) lived around the Epitácio Pessoa
reservoir (17 individuals in rural areas and 20 in ur-
ban areas). Participants ranged from 19 to 79 years,
with the majority in urban areas aged 31 to 45 (20.3%)
and in rural areas aged 46 to 58 (14.1%). The minority
in both areas were over 70 years old (Table 1).

In terms of education level, the majority of those
interviewed had incomplete primary education (28.1%
in urban areas and 21.9% in rural areas). Only a few
female interviewees had incomplete (3.1% in urban ar-
eas), complete (1.6% in urban areas), or postgraduate
degrees (1.6% in rural areas).

Regarding monthly family income, most intervie-
wees (35.9% in urban areas and 21.9% in rural ar-
eas) earned between one and two minimum wages
(US$207.68 to US$415.36 per month). Furthermore,
26.6% of the interviewees lived on less than US$207.68
per month. The predominant occupation among the
interviewees was farming, with 32.8% in urban areas
and 29.7% in rural areas.

The interviewees identified 32 classes of EGS pro-
vided by the reservoir landscape. Of a total of 382 EGS
citations made by all interviewees, the rural popula-
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tion identified 18 classes with an average of 10.5±12.5
EGS in 189 citations, while the urban population iden-
tified 14 classes with an average of 13.8±14.2 EGS
in 193 citations. Inhabitants in the rural area of the
Epitácio Pessoa Reservoir indicated a higher number
of classes than those in the same area of the Ca-
malaú Reservoir. In urban areas, the population living
around the Camalaú Reservoir had more classes than
those around the Epitácio Pessoa Reservoir.

There were no significant differences in the inter-
action between socioeconomic variables (gender, age,
education level, family monthly income, and occupa-
tion), area (urban or rural), and number of EGS (Ad-
ditional File 1). There were also no differences in the
number of EGS per section (provisioning, regulation
and maintenance, and cultural) (Additional File 2).
However, men identified more EGS than women (PER-
MANOVA, F1,63 = 5.6; r2 = 0.07; p = 0.02, Figure 2).
Men identified the provisioning section of EGS more
frequently than women (PERMANOVA, F1,63 = 9.1;
r2 = 0.11; p = 0.005, Figure 2) and people whose oc-

cupations involved direct contact with nature (PER-
MANOVA, F1,63 = 5.8; r2 = 0.07; p = 0.024). There
were also differences in the education level and num-
ber of EGS identified for provisioning services (PER-
MANOVA, F7,63= 4.5; r2 = 0.32; p = 0.004) and
regulation and maintenance services (PERMANOVA,
F7,63= 3.2; r2 = 0.27; p = 0.05), indicating that peo-
ple with different education levels (Illit., PSI, PSC,
HSI, HSC, and UDC) identified EGS in different ways
(Additional File 3).

Rural and urban community percep-

tions about EGS

There was a significant difference between rural
and urban community perceptions of the EGS pro-
vided by reservoirs and their surroundings (Mann-
Whitney bicaudal, U=735; p = 0.009, Figure 3). Pro-
visioning services were perceived most by both rural
and urban people, although the rural population cited
more provisioning EGS than the urban population

Table 1. Socioeconomic profile of interviewees living in urban and rural areas around reservoirs in Paraíba,
Brazil.

Socioeconomic Profile

Gender Rural Urban Age Rural Urban

Female 14.00% 39.10% 19 to 30 years 4.70% 10.90%

Male 26.60% 20.30% 31 to 45 years 9.40% 20.30%

Education level Rural Urban 46 to 58 years 14.10% 10.90%

Illiterate (Illit.) 4.70% 7.80% 61 to 69 years 9.40% 10.90%

Primary school incomplete (PSI) 21.90% 28.20% >70 years 3.20% 6.20%

Primary school complete (PSC) 6.2% - Monthly Family Income Rural Urban

High school incomplete (HSI) 3.1% 10.9% <1 minimum wage 12.5% 14.0%

High school complete (HSC) 3.1% 7.8% 1 to 2 minimum wages 21.9% 35.9%

University degree incomplete (UDI) - 3.1% 3 to 4 minimum wages 1.6% 4.7%

University degree complete (UDC) - 1.6% Uncertain 3.1% 1.6%

Postgraduate (PG) 1.6% - Did not know 1.6% 3.1%

Occupation Rural Urban Occupation Rural Urban

Community health worker 1.6% - Unemployed - 3.1%

Farming 20.3% 26.6% Housewife - 9.4%

Retired - 4.7% Student - 3.1%

Retired and farming 9.4% 6.2% Fishing 7.9% -

Retired and bricklayer - 1.6% Teacher 1.6% 1.6%

Seamstress - 1.6% Public server - 1.6%
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Figure 2. The percentage of EGS cited according to gender (female and male).

on average (PERMANOVA, F1,63= 9.2; r2 = 0.12;
p = 0.004, Figure 3). Additionally, rural people cited
more regulation and maintenance as well as cultural
services compared to urban people (PERMANOVA,
F1,63 = 6.4; r2 = 0.09; p = 0.02).

EGS perceived exclusively by the rural population
included provisioning services such as fibres and wild
plants for direct use or processing (excluding genetic
material) and regulation services such as water cycle
and flow regulation (evaporation from plants). Other
perceived services were dilution by freshwater ecosys-
tems (fisheries cleaning), weathering and its effects on
soil quality (soil quality for planting), and regulation
of atmospheric chemical composition, all of which be-
long to the regulation and maintenance section. On
the other hand, the provisioning service of animals
reared for food purposes through in situ aquaculture
(fish farming) was perceived only by the urban popu-
lation (Additional File 4).

The classes most perceived by the population were
surface water for drinking purposes, surface water used
as a material (non-drinking purposes) for personal hy-
giene, aquatic wild animals and their products used
for food purposes, and cultivated terrestrial plants (in-
cluding fungi and algae) for food purposes. These
classes are part of the provisioning section. The least
perceived classes were wild terrestrial plants (including
fungi and algae) used as an energy source (provision-
ing section), temperature and humidity regulation, in-
cluding ventilation and transpiration (regulation and
maintenance section), and the characteristics of living
systems that enable activities that promote financial
security (cultural section) (Additional File 4).

Importance level attributed to EGS

There was a difference between the importance lev-
els and the number of EGS (PERMANOVA, F4,99 =

13.01; r2 = 0.32; p = 0.0001, Figure 4A), with the
’very high’ importance level being the most used to
value the services cited (Additional File 5). However,
there was no difference between populations of the dif-
ferent areas in terms of the importance level applied
to the EGS (PERMANOVA, F4,99 = 2.40; r2 = 0.06;
p = 0.07, Figure 4B)

The main classes for which the population in both
areas attributed the highest importance as “very high”
were surface water for drinking purposes, surface water
used as material (non-drinking purposes) for personal
hygiene, cultivated terrestrial plants (including fungi
and algae) for food purposes, and aquatic wild animals
and their products used for food purposes, all of which
belong to the provisioning section.

DISCUSSION

The interviewees’ perceptions of EGS are linked to
their interactions with the benefits provided by eco-
logical systems, such as where they live, their occupa-
tion, and their relationship with reservoirs (de Juan
et al. 2017). Although the majority of interviewees
were from urban people with higher education levels
and monthly family incomes, we found that the ru-
ral population perceived more ecosystem services pro-
vided by the reservoir landscape. Furthermore, pro-
visioning services are most valued by people, followed
by cultural services, partly confirming our hypotheses
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Figure 3. EGS numbers according to rural and urban areas (Paraíba, Brazil).

Figure 4. Importance level given to EGS by (A) all interviewees and (B) each person according to the area
(rural and urban) where they reside around Camalaú and Epitácio Pessoa reservoirs (Paraíba, Brazil).

one and two.

In our study, men and farmers cited more provi-
sioning services, in contrast to observations in other
studies (e.g., Zoderer et al. 2016a). The authors as-
sessed the perceptions of 470 tourists, linked to their
sociodemographic background, regarding EGS offered
by the landscapes of larch meadows, fir forests, and
hay meadows in South Tyrol, Italy, using sociocultural
questionnaires and photographs of landscapes with

ecosystem service data. Paudyal et al. (2018) found
that women valued ecosystem services more than men
due to their connection to natural landscapes and the
provision of services in the Lake Phewa hydrographic
basin in Nepal. Their study analysed the perceptions
of 60 people living around the Lake Phewa hydro-
graphic basin, including farmers, women, indigenous
people, and marginalised people, as well as ten peo-
ple from companies that can influence the provision of
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ecosystem services in this basin and ten experts work-
ing in this basin.

In the present study, the greater perception of
EGS by men and farmers was related to their involve-
ment in rural activities, such as agriculture, which re-
quires more physical effort and contact with nature
(Altea 2020; Funatsu et al. 2019; Mohammed and
Abdulquadri 2012). Men tend to perceive EGS more
easily, particularly those related to their quality of life
(Rodríguez et al. 2006).

Social aspects, such as gender and occupation, sig-
nificantly influence individuals’ perceptions of EGS
(Paudyal et al. 2018; Zoderer et al. 2016b). Con-
trary to Zoderer et al. (2016b) and Paudyal et al.
(2018), who found that females tended to value provi-
sioning and cultural services more, our results suggest
that men in the studied regions are more closely tied
to field activities (such as agriculture) because of the
physical exertion required and the importance of the
reservoir landscape for farming practices, irrigation,
and crop maintenance (Greenland-Smith et al. 2016).

The rural population’s higher average citation of
provisioning and regulation and maintenance services
is related to their contact with reservoirs and the nat-
ural landscape. These people also perceive regulation
and maintenance services that are not perceived by
the urban population, such as services related to flood
control and weathering processes and their effects on
soil quality. This suggests that the urban area proba-
bly has not experienced these natural processes and is
largely a built-up area (Yang et al. 2019).

Studies indicate that education level can influence
attitudes and knowledge related to the environment
(Barradas and Ghilardi-Lopes 2020), as demonstrated
in this study. The results indicated that different ed-
ucation levels (Illiterate, Primary School Incomplete,
Primary School Complete, High School Incomplete,
High School Complete and University Degree Com-
plete) showed differences in perceptions of EGS, with
people with lower education levels citing more EGS
than those with higher education levels, corroborating
other studies (Martín-López et al. 2012; Zoderer et
al. 2016a). This shows that education influences peo-
ple’s perceptions of EGS. Individuals with higher edu-
cation tend to work in urban or built-up areas, which
limits their direct contact with the natural environ-
ment. The different interactions individuals have with
the reservoir landscape suggest that integrating formal
and informal knowledge is crucial for the valorisation
of EGS (Gonzalez et al. 2009).

Provisioning services, especially those related to
water, were categorised as “high” and “very high”, fol-
lowed by cultural services, showing that human well-
being services are more important and, therefore, re-
ceive more attributions. The high value placed by in-
terviewees in both areas on surface water for drink-

ing purposes may also be related to the exposure of
the population to prolonged drought cycles, which are
common in the semi-arid region of Brazil (Marengo et
al. 2011; Melo et al. 2022). This suggests a high de-
gree of dependence on these ecological systems and the
EGS they provide for human well-being.

Reservoir landscapes are of great importance to the
populations living around them, as they provide so-
cioeconomic development by offering a wide range of
EGS that support the livelihoods of many people (e.g.,
fishing, agriculture, and recreation). A better under-
standing of the EGS offered by the reservoir landscape,
based on the perception of local people, is important
for obtaining information about the ecosystem. This
understanding shows that the experiences of people in
an ecosystem are relevant to its conservation. There-
fore, combining interviewees’ perceptions with scien-
tific studies is valuable in developing actions to demon-
strate that these goods and services can be used sus-
tainably and must be conserved.

CONCLUSION

Direct contact with native vegetation, reservoirs,
and agricultural activities makes it easier for people
to perceive EGS, as opposed to the reduced contact
with the natural landscape that a built environment
offers. Thus, the perception of EGS offered by the
reservoir landscape does not depend on whether people
live in rural or urban areas but on their contact with
the landscape’s natural elements. The perception of
EGS is related to the socioeconomic characteristics of
the population, especially gender, education level, and
direct contact of their occupation with the reservoir
environment and its surroundings.

The EGS most frequently mentioned and valued by
people are related to human well-being, such as water,
animals, and plants for food purposes, irrespective of
the area where they live. People tend to mention ser-
vices that are important to them, which is why provi-
sioning services were the most perceived.

This study can inform the development of public
policies by providing insight into the perceptions of
populations living around reservoirs. This informa-
tion is crucial for integrating sociodemographic com-
ponents and improving water management. Partici-
patory management is vital in maintaining reservoirs
and offering EGS. This enables direct or indirect con-
tact with these systems to develop and conserve EGS
provided by the reservoir landscape.

ACKNOWLEDGMENT

The authors thank the Fundação de Apoio à
Pesquisa do Estado da Paraíba (FAPESQ) through

8



Sousa et al. 2024. The rural and urban community perceptions of ecosystem goods and services in the semi-arid reservoirs
landscape

Ethnobiol Conserv 13:18

the PELD Rio Paraíba Integrado project (called
FAPESQ/PELD Nº 21/2020; Grant Agreement:
403/2021) and the UNIVERSAL project (called
FAPESQ/ UNIVERSAL Nº 09/2021; Grant Agree-
ment: 3149/2021), as well as the Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq)
through the CNPq/MCTI 428602/2018-5 project for
funding this research. They are also grateful the
CNPq, the Ministério da Ciência, Tecnologia e In-
ovações, the Fundo Nacional de Desenvolvimento
Científico e Tecnológico, and the Fundo de Recur-
sos Hídricos through the CNPq/MCTI/FNDCT/CT-
Hidro nº 63/2022 project (Process: 409348/2022-8)
for funding this study. Additionally, DBM thanks
the Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior (CAPES) for the doctoral scholar-
ship; LMRF is grateful for the Junior Post-Doctoral
Fellowship from CNPq (CNPq/PDJ/ 2020; Process:
150681/2021-6) and Post-Doctoral Fellowship from
FAPESQ (FAPESQ/PDRP/ 2022); and JM is grateful
for the Productivity Research Scholarships 2 (process
304845/2022-1) from CNPq. Furthermore, the authors
express their gratitude to the Laboratório de Ecolo-
gia de Bentos (Universidade Estadual da Paraíba), the
members who participated and contributed to this re-
search, the interviewees from the areas visited for this
study, and the entire support team.

DATA AVAILABILITY

The data used to support the findings of this study
are available from the corresponding author upon re-
quest.

CONFLICT OF INTEREST

Have no conflicts of interest.

CONTRIBUTION STATEMENT

Conceived of the presented idea: LMOS, LMRF, JM
Carried out the experiment: LMRF
Carried out the data analysis: LMOS, LMRF and
DBDM
Wrote the first draft of the manuscript: LMOS
Review and final write of the manuscript: LMOS,
DBDM, LMRF and JM
Supervision: LMRF and JM

REFERENCES

AESA - Agência Executiva de Gestão das Águas
do Estado da Paraíba (2022). [http://www.aesa
.pb.gov.br/aesa-website/comitÃł-de-bacias/ri
o-paraiba] Acessed 04 october 2022.

Altea L (2020) Perceptions of climate change and
its impacts: a comparison between farmers and
institutions in the Amazonas Region of Peru.
Climate and Development 12:134–146.

Alvares CA, Stape JL, Sentelhas PC, de Moraes
Gonçalves JL, Sparovek G (2013) Köppen’s climate
classification map for Brazil. Meteorologische

Zeitschrift 22:711–728.

Anderson M (2008) PERMANOVA+ for
PRIMER: guide to software and statistical
methods.

Anderson MJ (2001) A new method for non-
parametric multivariate analysis of variance.
Austral Ecology 26:32–46.

Arias-Arévalo P, Gómez-Baggethun E, Martín-López
B, Pérez-Rincón M (2018) Widening the Evalua-
tive Space for Ecosystem Services: A Taxon-
omy of Plural Values and Valuation Methods.
Environmental Values 27:29–53.

Aronson MFJ, La Sorte FA, Nilon CH, Katti M, God-
dard MA, Lepczyk CA, Warren PS, Williams NSG,
Cilliers S, Clarkson B, Dobbs C, Dolan R, Hedblom
M, Klotz S, Kooijmans JL, Kühn I, MacGregor-Fors
I, McDonnell M, Mörtberg U, Pyšek P, Siebert S,
Sushinsky J, Werner P, Winter M (2014) A global
analysis of the impacts of urbanization on bird
and plant diversity reveals key anthropogenic
drivers. Proceedings of the Royal Society B: Biologi-

cal Sciences 281:20133330.

Arruda R (1999) “Populações tradicionais” e a
proteção dos recursos naturais em unidades de
conservação. Ambiente & Sociedade 79–92.

Azevêdo EL (2018) Macroinvertebrados bentôni-
cos e percepção sobre a qualidade da água
por populações do entorno dos reservatórios
(açudes) no semiárido. Universidade Federal Rural
de Pernambuco, Recife.

Azevêdo EL, Drumond MA, Alves RRN, Dias TLP,
Molozzi J (2020) Evaluating conservation threats
to reservoirs in the semiarid region of Brazil us-
ing the perception of residents. Ethnobiology and

Conservation 9. doi: 10.15451/ec2020-02-9.04-1-15

Azevêdo EL, Alves RRN, Dias TLP, Álvaro ÉLF, Bar-
bosa JE de L, Molozzi J (2022) Perception of the lo-
cal community: What is their relationship with
environmental quality indicators of reservoirs?
PLOS ONE 17:e0261945.

Barradas JI, Ghilardi-Lopes NP (2020) A case study
using the New Ecological Paradigm scale to
evaluate coastal and marine environmental per-
ception in the Greater São Paulo (Brazil).

9



Sousa et al. 2024. The rural and urban community perceptions of ecosystem goods and services in the semi-arid reservoirs
landscape

Ethnobiol Conserv 13:18

Ocean & Coastal Management 191:105177.

BRASIL (2023) Departamento Nacional de Obras
Contra as Secas (DNOCS). [https://www.gov.
br/dnocs/pt-br/assuntos/nossas-historias/a
cude-epitacio-pessoa-contribuindo-o-desenvo
lvimento-paraibano-ha-66-anos] Accessed May 5,
2024.

Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Per-
rings C, Venail P, Narwani A, Mace GM, Tilman D,
Wardle DA, Kinzig AP, Daily GC, Loreau M, Grace
JB, Larigauderie A, Srivastava DS, Naeem S (2012)
Biodiversity loss and its impact on humanity.
Nature 486:59–67.

Costanza R, de Groot R, Braat L, Kubiszewski I,
Fioramonti L, Sutton P, Farber S, Grasso M (2017)
Twenty years of ecosystem services: How far
have we come and how far do we still need to
go? Ecosystem Services 28:1–16.

Chellappa S, Bueno RMX, Chellappa T, Chellappa
NT, e Val VMFA (2009) Reproductive seasonality
of the fish fauna and limnoecology of semi-arid
Brazilian reservoirs. Limnologica 39:325–329.

Friess DA (2017) Singapore as a long-term case
study for tropical urban ecosystem services.
Urban Ecosystems 20:277–291.

Funatsu BM, Dubreuil V, Racapé A, Debortoli NS,
Nasuti S, Le Tourneau F-M (2019) Perceptions of
climate and climate change by Amazonian com-
munities. Global Environmental Change 57:101923.

Gonzalez C, Clemente A, Nielsen KA, Branquinho C,
Santos RF dos (2009) Human-Nature Relation-
ship in Mediterranean Streams: Integrating
Different Types of Knowledge to Improve Wa-
ter Management. Ecology and Society 14:art35.

Greenland-Smith S, Brazner J, Sherren K (2016)
Farmer perceptions of wetlands and waterbod-
ies: Using social metrics as an alternative
to ecosystem service valuation. Ecological Eco-

nomics 126:58–69.

Groot RS, Wilson MA, Boumans RMJ (2002) A ty-
pology for the classification, description and
valuation of ecosystem functions, goods and
services. Ecological Economics 41:393–408.

Guedes L, Figueirêdo P, Tavares V, Fidelis P, Pinheiro
De Aquino E, Neumann-Leitão S, Zanon De Oliveira J
(2014) Mesozooplâncton do estuário do Rio dos
Passos, Pernambuco, Brasil. Tropical Oceanogra-

phy 41:46–58.

Haines-Young R, Potschin-Young M (2018) Revision
of the Common International Classification for

Ecosystem Services (CICES V5.1): A Policy
Brief. One Ecosystem 3:e27108.

IBGE - Instituto Brasileiro de Geografia e Estatística
(2023) Proposta metodológica para classificação
dos espaços do rural, do urbano e da natureza
no Brasil IBGE, Coordenação de Geografia. 1
ed. Rio de Janeiro.

Jiang M, Bullock JM, Hooftman DAP (2013)
Mapping ecosystem service and biodiversity
changes over 70 years in a rural English county.
Journal of Applied Ecology 50:841–850.

Jones SK, Boundaogo M, DeClerck FA, Estrada-
Carmona N, Mirumachi N, Mulligan M (2019) In-
sights into the importance of ecosystem ser-
vices to human well-being in reservoir land-
scapes. Ecosystem Services 39:100987.

de Juan S, Gelcich S, Fernandez M (2017) Inte-
grating stakeholder perceptions and prefer-
ences on ecosystem services in the management
of coastal areas. Ocean & Coastal Management

136:38–48.

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F
(2006) World Map of the Köppen-Geiger climate
classification updated. Meteorologische Zeitschrift

15:259–263.

Mann HB, Whitney DR (1947) On a test of whether
one of two random variables is stochastically
larger than the other. The annals of mathematical

statistics 50–60.

Marengo J, Alves L, Beserra E, Lacerda F
(2011) Variabilidade e mudanças climáticas no
semiárido brasileiro.
Martín-López B, Iniesta-Arandia I, García-Llorente
M, Palomo I, Casado-Arzuaga I, Del Amo DG, Gómez-
Baggethun E, Oteros-Rozas E, Palacios-Agundez I,
Willaarts B, González JA, Santos-Martín F, Onaindia
M, López-Santiago C, Montes C (2012) Uncovering
ecosystem service bundles through social pref-
erences. PLoS ONE 7:e38970.

Medeiros de A, Silva de W, Félix da Silva Costa
D (2015) Serviços ecossistêmicos prestados por
reservatórios no semiárido do Brasil.

Melo DB, Dolbeth M, Paiva FF, Molozzi J (2022) Ex-
treme drought scenario shapes different pat-
terns of Chironomid coexistence in reservoirs
in a semi-arid region. Science of the Total Envi-

ronment 821:153053.

Mohammed BT, Abdulquadri AF (2012) Compara-
tive analysis of gender involvement in agricul-
tural production in Nigeria. Journal of Develop-

ment and Agricultural Economics 4:240–244.

10



Sousa et al. 2024. The rural and urban community perceptions of ecosystem goods and services in the semi-arid reservoirs
landscape

Ethnobiol Conserv 13:18

Nunes THC, Galvão C de O, Rêgo JC (2016) Rule
curve for seasonal increasing of water conces-
sions in reservoirs with low regularized dis-
charges. RBRH 21:493–501.

Paudyal K, Baral H, Keenan RJ (2018) Assessing so-
cial values of ecosystem services in the Phewa
Lake Watershed, Nepal. Forest Policy and Eco-

nomics 90:67–81.

Palomo I, Martín-López B, Potschin M, Haines-Young
R, Montes C (2013) National Parks, buffer zones
and surrounding lands: Mapping ecosystem
service flows. Ecosystem Services 4:104–116.

Rodríguez JP, Beard TD, Bennett EM, Cumming GS,
Cork S, Agard J, Dobson AP, Paul Rodríguez J, Beard
TD, Bennett EM, Cumming GS, Cork SJ, Agard J,
Dobson AP, Peterson GD (2006) Trade-offs across
space, time, and ecosystem services. Ecology and

Society 11:28.

RStudio Team (2021) RStudio: Integrated Devel-
opment for R. [http://www.rstudio.com] Accessed
January 9, 2021.

Santos EPDos (2018) Análise temporal e histórica
da distribuição dos reservatórios superficiais no
estado da Paraíba - BR. UNIVERSIDADE FED-
ERAL DA PARAÍBA, João Pessoa.

Seto KC, Güneralp B, Hutyra LR (2012) Global
forecasts of urban expansion to 2030 and di-
rect impacts on biodiversity and carbon pools.
Proceedings of the National Academy of Sciences

109:16083–16088.

da Silva Filho ED, da Silva AB, dos Santos JSI, da
Silva MVA, Pereira M das N, Gonzaga FA da S,
da Silveira PLN (2020) Verificação da qualidade
da água do açude Epitácio Pessoa, Boqueirão,
PB, Brasil. Interfaces Científicas-Saúde e Ambiente

8:215–229.

Souto TP, Pinheiro SG, Costa AR, Melo AM, Medeiros
RM, Morant RH (2017) Camalaú-PB and their
water and decadal variability | Camalaú-PB e
suas variações decadal de água. Revista Geama

3:103–108.

Souza CM, Shimbo JZ, Rosa MR, Parente LL, Alencar
AA, Rudorff BFT, Hasenack H, Matsumoto M, Fer-
reira LG, Souza-Filho PWM, de Oliveira SW, Rocha
WF, Fonseca A V., Marques CB, Diniz CG, Costa
D, Monteiro D, Rosa ER, Vélez-Martin E, Weber EJ,
Lenti FEB, Paternost FF, Pareyn FGC, Siqueira J
V., Viera JL, Neto LCF, Saraiva MM, Sales MH, Sal-
gado MPG, Vasconcelos R, Galano S, Mesquita V V.,
Azevedo T (2020) Reconstructing three decades
of land use and land cover changes in Brazilian
biomes with landsat archive and earth engine.

Remote Sensing 12:17.

Thiagarajah J, Wong SKM, Richards DR, Friess DA
(2015) Historical and contemporary cultural
ecosystem service values in the rapidly urban-
izing city state of Singapore. Ambio 44:666–677.

Tomscha SA, Sutherland IJ, Renard D, Gergel SE,
Rhemtulla JM, Bennett EM, Daniels LD, Eddy IMS,
Clark EE (2016) A Guide to Historical Data Sets
for Reconstructing Ecosystem Service Change
over Time. BioScience 66:747–762.

Velloso AL, Sampaio EV, Giulietti AM, Barbosa MRV,
Castro AAJF, de Queiroz LP, Fernandes A, Oren
DC, Cestaro LA, de Carvalho AJE (2002) ECOR-
REGIÕES Propostas para o Bioma Caatinga.
1 ed.

Wolff S, Schulp CJE, Verburg PH (2015) Mapping
ecosystem services demand: A review of cur-
rent research and future perspectives. Ecological

Indicators 55:159–171.

Yang S, Zhao W, Pereira P, Liu Y (2019) Socio-
cultural valuation of rural and urban percep-
tion on ecosystem services and human well-
being in Yanhe watershed of China. Journal of

Environmental Management 251:109615.

Zoderer BM, Lupo Stanghellini PS, Tasser E, Walde
J, Wieser H, Tappeiner U (2016a) Exploring socio-
cultural values of ecosystem service categories
in the Central Alps: the influence of socio-
demographic factors and landscape type. Re-

gional Environmental Change 16:2033–2044.

Zoderer BM, Tasser E, Erb KH, Lupo Stanghellini PS,
Tappeiner U (2016b) Identifying and mapping the
tourists’ perception of cultural ecosystem ser-
vices: A case study from an Alpine region. Land

Use Policy 56:251–261.

Received: 20 January 2024
Accepted: 28 June 2024
Published: 10 July 2024

Editor: Natalia Hanazaki

11



Sousa et al. 2024. The rural and urban community perceptions of ecosystem goods and services in the semi-arid reservoirs
landscape

Ethnobiol Conserv 13:18

Additional Files

Add File 1. PERMANOVA results for socioeconomic variables, area, and number of EGS.

Variables R2 F P

Gender

Number of EGS and gender 0.07210 5.6430 0.0214

Number of EGS and area 0.15966 12.4965 0.0009

Number of EGS, gender, and area 0.00164 0.1285 0.7259

Age

Number of EGS and age 0.00653 0.1141 0.9774

Number of EGS and area 0.21748 15.2007 0.0002

Number of EGS, age, and area 0.00339 0.0592 0.9934

Education level

Number of EGS and education level 0.19799 2.3064 0.0726.

Number of EGS and area 0.14780 12.0527 0.0007 ***

Number of EGS, education level, and area 0.01652 0.4492 0.7047

Family monthly income

Number of EGS and income 0.01538 0.2888 0.8770

Number of EGS and area 0.23969 18.0037 0.0002 ***

Number of EGS, income, and area 0.02600 0.4883 0.6965

Occupation

Number of EGS and occupation (interaction with the reservoir or not) 0.01914 1.4974 0.2327

Number of EGS and area 0.19744 15.4427 0.0003 ***

Number of EGS, occupation (interaction with the reservoir or not), and area 0.01630 1.2745 0.2423

Legend: ‘***’ = 0 (very significant); ‘**’ = 0.001 (significant); and ‘*’ = 0.01 (significant).
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Add File 2. PERMANOVA results for socioeconomic variables, area, and number of EGS by section (provision, regulation and maintenance, and cultural).

Variables R2 F P

Gender

Number of provisioning services and Gender 0.11554 9.0922 0.0050 **

Number of provisioning services and area 0.11749 9.2461 0.0035 **

Number of provisioning services, gender, and area 0.00453 0.3568 0.5530

Age

Number of provisioning services and age 0.04242 0.7598 0.5507

Number of provisioning services and area 0.18148 13.0026 0.0004

Number of provisioning services, age, and area 0.02242 0.4016 0.8067

Education level

Number of provisioning services and education level 0.32823 4.5073 0.0004 ***

Number of provisioning services and area 0.12286 11.8099 0.0010 ***

Number of provisioning services, education level, and area 0.00796 0.2552 0.8538

Family monthly income

Number of provisioning services and income 0.05421 1.0965 0.3582

Number of provisioning services and area 0.18267 14.7796 0.0004 ***

Number of provisioning services, income, and area 0.09570 1.9358 0.1168

Occupation

Number of provisioning services and occupation (interaction with the reservoir or not) 0.07723 5.8367 0.0199 *

Number of provisioning services and area 0.12159 9.1898 0.0041 **

Number of provisioning services, occupancy (interaction with the reservoir or not), and area 0,00729 0,5509 0,4608

Gender

Number of regulation and maintenance services and gender 0.00073 0.0488 0.7405

Continua...
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Variables R2 F P

Number of regulation and maintenance services and area 0.09472 6.3676 0.0122 *

Number of regulation and maintenance services, gender, and area 0.01201 0.8076 0.3824

Age

Number of regulation and maintenance services and age 0.00073 0.0488 0.7405

Number of regulation and maintenance services and area 0.09472 6.3676 0.0122 *

Number of regulation and maintenance services, age, and area 0.01201 0.8076 0.3824

Education level

Number of regulation and maintenance services and education level 0.26971 3.2263 0.0461 *

Number of regulation and maintenance services and area 0.08007 6.7045 0.0117 *

Number of regulation and maintenance services, education level, and area 0.02922 0.8157 0.4519

Family monthly income

Number of regulation and maintenance services and income 0.07654 1.4903 0.1984

Number of regulation and maintenance services and area 0.11325 8.8203 0.0034 **

Number of regulation and maintenance services, income, and area 0.11690 2.2762 0.1395

Occupation

Number of regulation and maintenance services and occupation (interaction with the reservoir or not) 0.00250 0.1778 0.5933

Number of regulation and maintenance services and area 0.12255 8.7042 0.0028 **

Number of regulation and maintenance services, occupancy (interaction with the reservoir or not), and area 0.03017 2.1426 0.1193

Gender

Number of cultural services and gender 0.00554 0.3426 0.5839

Number of cultural services and área 0.02048 1.2663 0.2718

Number of cultural services, gender, and area 0.00360 0.2229 0.6476

Age

Number of cultural services and age 0.03806 0.5603 0.7137

Number of cultural services and area 0.02490 1.4662 0.2372

Continua...
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Variables R2 F P

Number of cultural services, age, and area 0.01999 0.2942 0.8686

Education level

Number of cultural services and education level 0.25104 2.6284 0.0699

Number of cultural services and area 0.01508 1.1056 0.3006

Number of cultural services, education level, and area 0.02439 0.5958 0.5740

Family monthly income

Number of cultural services and income 0.05113 0.8713 0.4299

Number of cultural services and area 0.03554 2.4229 0.1315

Number of cultural services, income, and area 0.12116 2.0647 0.1406

Occupation

Number of cultural services and occupations (interaction with the reservoir or not) 0.00130 0.0851 0.7375

Number of cultural services and area 0.03574 2.3344 0.1349

Number of cultural services, occupancy (interaction with the reservoir or not), and area 0.04436 2.8975 0.0874

Legend: ‘***’ = 0 (very significant); ‘**’ = 0.001 (significant); and ‘*’ = 0.01 (significant).
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Add File 3. Pairwise results for the education level variables.

Education level T P(perm) Perms

PSI and Illit. 0.4768 0.6307 9820

PSI and PSC 2.8438 0.0063 9848

PSI and HSC 1.4297 0.1559 9824

PSI and HSI 1.0187 0.3145 9822

PSI and UDC 2.6278 0.0199 8420

PSI and UDI 0.54745 0.6013 9619

PSI and PG No test. df = 0

Illit. and PSC 3.0315 0.0175 6989

Illit. and HSC 2.4495 0.0299 5170

Illit. and HSI 0.33166 0.7463 9755

Illit. and UDC 2.1958 0.0884 81

Illit. and UDI Negative

Illit. and PG No test. df = 0

PSC and HSC 0.46291 0.6824 912

PSC and HSI 4.4009 0.0019 9330

PSC and UDC 8 0.0522 12

PSC and UDI 3.5 0.1537 23

PSC and PG No test. df = 0

HSC and HSI 0.33029 0.7604 9821

HSC and UDC 4.3301 0.0268 335

HSC and UDI 1.7823 0.1261 2354

HSC and PG 2.4495 0.0722 40

HSI and UDC 2.0702 0.0881 63

HSI and UDI 0.41404 0.6443 1181

HSI and PG No test, df = 0

UDC and UDI No test

UDC and PG No test, df = 0

UDI and PG No test
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Add File 4. Number of EGS (N) by classes of EGS identified by interviewees and their respective percentages (%) separated by area (rural and urban)
and reservoirs (Epitácio Pessoa and Camalaú).

Ecosystem Goods and Services
Reservoirs

Epitácio
Pessoa

Camalaú Total

Rural

Section Group Class N % N % N %

Provision Surface water used for nutri-
tion, materials or energy

Surface water for drinking purposes. 30 7.85 17 4.45 47 12.30

Surface water used as material (non-potable purposes)
for hygiene

16 4.19 7 1.83 23 6.02

Surface water used as material (non-potable purposes)
for irrigation

14 3.66 7 1.83 21 5.50

Aquatic wildlife used for nu-
tritional, material or energy
purposes

Aquatic wild animals and their production used for nu-
tritional purposes

14 3.66 6 1.57 20 5.24

Terrestrial animals raised for
nutrition, materials, or en-
ergy

Terrestrial animals raised for nutritional purposes 1 0.26 3 0.79 4 1.05

Wild terrestrial plants for
nutrition, materials or en-
ergy

Fibers and other materials from wild terrestrial plants
for direct use or processing (excluding genetic materials)

- - 1 0.26 1 0.26

Wild terrestrial plants (including fungi. algae) used as
an energy source

1 0.26 - - 1 0.26

Terrestrial plants grown for
nutrition, materials, or en-
ergy

Cultivated terrestrial plants (including fungi. algae) for
nutritional purposes

17 4.45 9 2.36 26 6.81

Regulatory and maintenance Composition and atmo-
spheric conditions

Regulation of the chemical composition of the atmo-
sphere

1 0.26 1 0.26 2 0.52

Regulation of temperature and humidity, including ven-
tilation and perspiration

2 0.52 1 0.26 3 0.79

Maintenance of the life cy-
cle, protection of the habitat
and gene pool

Maintain populations and habitats in nurseries (including
gene pool protection)

4 1.05 2 0.52 6 1.57

Mediation of waste, toxic
and other nuisances by non-
living processes

Dilution by freshwater ecosystems 1 0.26 - - 1 0.26

Regulation of baseline flows
and extreme events

Hydrological cycle and water flow regulation (including
flood control and coastal protection)

1 0.26 1 0.26 2 0.52

Soil quality regulation Weathering processes and their effects on soil quality - - 1 0.26 1 0.26

Continua...
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Section Group Class N % N % N %

Cultural Physical and experiential in-
teractions with natural abi-
otic components of the envi-
ronment

Natural and abiotic features of nature that enable active
or passive physical and experiential interactions

8 2.09 - - 8 2.09

Physical and experiential in-
teractions with the natural
environment

Characteristics of living systems that enable health-
promoting, recovery, or enjoyment activities through ac-
tive or immersive interactions

16 4.19 - - 16 4.19

Intellectual and representa-
tional interactions with the
natural environment

Characteristics of living systems that enable aesthetic ex-
periences

4 1.05 1 0.26 5 1.05

Characteristics of living systems that enable activities
that promote financial security

2 0.52 - - 2 0.52

Urban
Provision Surface water used for nutri-

tion, materials or energy
Surface water for drinking purposes. 17 4.45 23 6.02 40 10.47

Surface water used as material (non-potable purposes)
for hygiene

18 4.71 18 4.71 36 9.42

Surface water used as material (non-potable purposes)
for irrigation

3 0.79 4 1.05 7 1.83

Aquatic animals raised for
nutrition, materials, or en-
ergy

Animals raised by in situ aquaculture for nutritional pur-
poses

- - 1 0.26 1 0.26

Aquatic wildlife used for nu-
tritional, material or energy
purposes

Aquatic wild animals and their production used for nu-
tritional purposes

18 4.71 15 3.93 33 8.64

Terrestrial animals raised for
nutrition, materials, or en-
ergy

Terrestrial animals raised for nutritional purposes 4 1.05 6 1.57 10 2.62

Wild terrestrial plants for
nutrition, materials or en-
ergy

Wild terrestrial plants (including fungi. algae) used as
an energy source

2 0.52 2 0.52 4 1.05

Land plants grown for nutri-
tion, materials, or energy

Cultivated land plants (including fungi. algae) for nutri-
tional purposes

16 4.19 13 3.40 29 7.59

Regulatory and maintenance Composition and atmo-
spheric conditions

Regulation of temperature and humidity, including ven-
tilation and perspiration

1 0.26 1 0.26 2 0.52

Maintenance of the life cy-
cle, protection of the habitat
and gene pool

Maintain populations and habitats in nurseries (including
gene pool protection)

3 0.79 - - 3 0.79

Cultural Physical and experiential in-
teractions with natural abi-
otic components of the envi-
ronment

Natural and abiotic features of nature that enable active
or passive physical and experiential interactions

2 0.52 11 2.88 13 3.40

Continua...
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Section Group Class N % N % N %

Physical and experiential in-
teractions with the natural
environment

Characteristics of living systems that enable health-
promoting, recovery, or enjoyment activities through ac-
tive or immersive interactions

7 1.83 4 1.05 11 2.88

Intellectual and representa-
tional interactions with the
natural environment

Characteristics of living systems that enable aesthetic ex-
periences

2 0.52 - - 2 0.52

Characteristics of living systems that enable activities
that promote financial security

2 0.52 - - 2 0.52
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Add File 5. Pairwise results for the importance level variable.

Importance level T P(perm) Perms

Very high and high 4.0542 0.0001 71

Very high and medium 4694 0.0001 65

Very high and low 2.8465 0.0111 31

Very high and very low 3.1356 0.0046 40

High and medium 1.3538 0.2159 38

High and low 1.6205 0.1317 17

High and very low 1.3855 0.1923 23

Medium and low 1.2133 0.2971 12

Medium and very low 0.65455 0.6046 15

Low and very low 1125 0.4662 4

Average distance between/within groups

Very high High Medium Low Very low

Very high 2.7029

High 3.0673 2.0797

Medium 3.4279 1.8229 1.5083

Low 4.1923 1.8333 1.0625 0

Very low 3.6615 1.7167 1.1625 0.6 1
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