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ABSTRACT

Biodiversity, ecosystem services and teaching: do our students understand how the functioning of ecosystems con-
tributes to human well-being?

The ecosystem services approach is being used by academics, researchers and managers to support and inform environmental
management and biodiversity conservation. However, including this concept in training programs for university students is
still poor or nonexistent. We analyzed student preferences in the degrees of Biology and Environmental Sciences at the
University of Murcia (east Spain) of the ecosystem services delivered by two ecosystem types (aquatic and arid ecosystems).
We specifically explored: What categories of ecosystem services (provisioning, regulating and cultural) is preferably selected
by students in the two analyzed ecosystem types? Do students select different ecosystem services in each analyzed ecosystem?;
Is this selection conditioned by gender?; Are students able to recognize the ecosystem services that arise from ecosystem
functioning?. A survey was completed by 264 students. It was designed to assess the perception of ecosystem services of
two ecosystems in the Murcia Region: the Segura River and an arid landscape. Before completing the questionnaire, students
were provided with a brief explanation about the concept and typology of the ecosystem services. Each student selected
the five most important ecosystem services in each ecosystem of the 22 proposed. Provisioning services were preferentially
selected by students for both ecosystems. Regulating arid ecosystem services, were selected by less than half the students. No
significant differences were found in the selection of ecosystem services provided by the two ecosystems between males and
females, although most regulating services provided by the arid ecosystem were preferentially selected by females. For the
aquatic ecosystem, “freshwater” was selected as the main provisioning service. For the arid ecosystem, students preferentially
selected “mineral raw materials” and all the regulating services were selected by less than 20% of students. A slight overlap
was noted between the services selected by students and was proposed as being “very important” by ecosystem experts. We
propose incorporating the framework of sustainability sciences as a platform to teach complex and interdisciplinary issues,
the use of new pedagogical methods and the collaborative participation of university teachers.

Key words: Aquatic ecosystem, arid ecosystem, Degree of Biology and Environmental Sciences, gender, sustainability sci-
ences.

RESUMEN

Biodiversidad, servicios de los ecosistemas y enseiianza: ;Comprenden nuestros alumnos como el buen funcionamiento de
los ecosistemas contribuye al bienestar humano?

La aproximacion de los servicios de los ecosistemas estd siendo utilizada por académicos, investigadores y gestores para
contribuir a la gestion ambiental y a la conservacion de la biodiversidad. Sin embargo, este concepto apenas estd incluido
en los programas de las asignaturas de Grado de las universidades. Este estudio analiza las preferencias de los alumnos de
Grados de Biologia y Ciencias Ambientales de la Universidad de Murcia, por los servicios ecosistémicos proporcionados por
dos tipos de ecosistemas: acudtico y drido. El trabajo explora, especificamente: qué categorias de servicios (abastecimiento,
regulaciony culturales) y qué tipo de servicios son seleccionados preferentemente en cada uno de los ecosistemas analizados;
si esta seleccion estd condicionada por el género y si los alumnos son capaces de reconocer los servicios que se derivan del
funcionamiento de los ecosistemas. Se disefio una encuesta a tal efecto para dos ecosistemas tipicos de la Region de Murcia: el
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Rio Segura y un paisaje drido, que fue completada por un total de 264 alumnos. Antes de rellenar la encuesta, a los alumnos se
les proporciond una breve explicacion sobre el concepto y tipologia de los servicios ecosistémicos. Cada alumno selecciono
los 5 servicios que considerd mds importantes de los 22 propuestos. Para ambos ecosistemas, los alumnos seleccionaron
preferentemente los servicios de abastecimiento, mientras que los de regulacion y culturales fueron seleccionados por menos
de la mitad de los alumnos. No se encontraron diferencias significativas en la seleccion de los servicios por razon de sexo,
aunque la mayoria de los servicios de regulacion del ecosistema drido fueron seleccionados preferentemente por las mujeres.
Para el ecosistema acudtico, el servicio de abastecimiento “agua” fue seleccionado preferentemente, mientras que para el
ecosistema drido lo fue el de “materiales de origen gedtico”. Para este ecosistema, todos los servicios de regulacion fueron
seleccionados por menos del 20% de los alumnos. Se encontrd un escaso solapamiento entre los servicios seleccionados
por los alumnos y los propuestos como “muy importantes” por los expertos en estos ecosistemas. Finalmente, proponemos la
incorporacion del marco de trabajo de las ciencias de la sostenibilidad como plataforma para la ensefianza de la complejidad
de los ecosistemas y su gestion ambiental, el uso de nuevas técnicas pedagdgicas y la participacion colaborativa de los
profesores de universidad en distintas disciplinas.

Palabras clave: Ecosistema acudtico, ecosistema drido, Grados de Biologia y Ciencias Ambientales, genero, ciencias de la

sostenibilidad.

INTRODUCTION

One of the objectives of university education
in the degrees of Biology and Environmental
Science is to prepare future professionals to
carry out the efficient management of ecosys-
tems and natural areas. Today, human society
faces complex environmental problems (e.g.
global change, biodiversity loss, ocean acidifica-
tion, climate change, etc.) (Liu ef al., 2015) that
require a multidisciplinary approach to under-
stand and propose more adaptive measures than
current ones that address sustainability.

Nowadays, the ecosystem services approach
is used by academics, researchers, managers and
policy-makers (e.g. Fisher et al., 2009; Lamar-
que et al., 2011) to support and inform about
environmental management and biodiversity
conservation strategies (Chan et al., 2006; 2011).
In fact, international organizations (i.e. Millen-
nium Ecosystem Assessment follow-up; TEEB;
IPBES; the Convention of Biological Diversity’s)
and national organizations (i.e., the Millennium
Ecosystem Assessment of Spain (SNEA, 2014)
and Spanish Law 42/2007, on Natural Heritage
and Biodiversity) have incorporated this concept
to propose and design new environmental policy
strategies.

The approach to ecosystem services derives
from conceptualizing ecosystems and their bio-
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diversity as natural capital (MA, 2005), with
ecological integrity and resilient able to gener-
ate a flow of services for human well-being by
maintaining its functions (De Groot et al., 2002;
Martin-Lopez et al., 2009). These ecosystem
functions involve the ecological processes that
control the flows of material, energy, nutrients,
and organic matter in ecosystems (Cardinale
et al., 2012; Mace et al., 2012). Moreover,
progress made in the ecosystem services science
(Lopez-Santiago et al., 2014) includes: the role
of biodiversity for the supply of ecosystem ser-
vices (Cardinale et al., 2012); the links between
biodiversity, ecosystem functions and ecosystem
services; the complexities that arise from such
linkages (e.g. Balvanera et al., 2015); the identi-
fication of trade-offs, produced when the demand
of one ecosystem service or many compromises
other specific services (Raudsepp-Hearne et al.,
2010); the targeting of ecosystem service as-
sociations to properly implement the concept
into real conservation and management actions
(Howe et al., 2014).

Many ecological processes and ecosystem
functions are incorporated into the different dis-
ciplines of the degrees of Biology and Environ-
mental Sciences, and we suspect that university
students are unable to infer the complex relation-
ships that link biodiversity, ecosystem functions,
ecosystem services and human well-being. The
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“ecosystem services approach” framework could
facilitate their understanding of the linkages
among these components. Indeed, the ecosystem
services concept has served as a pedagogical tool
to provide an understanding of the relationships
between human well-being and nature (Peterson
et al.,2010).

Analyzing perceptions and preferences of
different stakeholder groups in the ecosystem
services delivered by different landscapes and
ecosystems has been used to: detect potential
conflicts and areas of mutual interest in ecosys-
tems management (e.g. Agbenyega et al., 2009;
Castro et al., 2011; 2015; Soy-Massoni et al.,
2016); claim the role of the local population in

landscape conservation (e.g. Garcia-Llorente et
al., 2012); design and propose a conservation
management strategy (e.g.; Martin-Lopez et al.,
2012; Lopez-Santiago et al., 2014).

Very few studies have used university stu-
dents as a stakeholder group to analyze their
preferences of the ecosystem services deliv-
ered by different ecosystems and their capacity
to provide human well-being. However, the re-
sults of this research work could be useful to:
1) assess the adequacy of academic programs in
environmental complexity; 2) adapt these teach-
ings by incorporating emerging concepts such as
social-ecological systems (e.g. Martin-Lopez et
al., 2013); and 3) incorporate new pedagogical

Table 1. Descriptive statistics of students’ preferences toward ecosystem services provided by aquatic and arid ecosystems. (S.D.
= standard deviation). Estadistica descriptiva de las preferencias de los alumnos por los servicios ecosistémicos proporcionados por

los ecosistemas acudtico y drido (S.D. = desviacion estdndar).

Aquatic ecosystem

Ecosystem services

Arid ecosystem

N Mean (%) S.D. N Mean (%) S.D.
Provisioning services
Food 121 45.8 0.50 6 6.06 0.24
Freshwater 200 75.8 0.43 2 0.76 0.09
Renewable energy 40 15.2 0.36 110 41.7 0.49
Biological raw materials 42 15.9 0.37 11 4.17 0.20
Mineral raw materials 8 3.03 0.17 220 83.3 0.37
Genetic resources 71 26.9 0.44 121 45.8 0.50
Natural medicines 26 9.85 0.3 16 6.06 0.24
Regulating services
Climate regulation 87 33.0 0.47 31 11.7 0.32
Regulation of air quality 65 24.6 0.43 13 4.92 0.22
Water regulation and water quality regulation 112 42.4 0.50 22 8.33 0.28
Erosion regulation 30 11.4 0.32 43 16.3 0.37
Soil formation and fertility 95 36.0 0.48 16 6.06 0.24
Natural hazard mitigation 44 16.7 0.37 46 17.4 0.38
Biological control 3 1.14 0.11 10 3.79 0.19
Pollination 31 11.7 0.32 15 5.68 0.23
Cultural services
Scientific knowledge 51 19.3 0.40 144 54.5 0.50
Local ecological knowledge 52 19.7 0.40 132 50.0 0.50
Cultural identity and sense of belonging 4 1.52 0.12 60 22.7 0.42
Spiritual and religious values 11 4.17 0.20 15 5.68 0.23
Landscape-aesthetic values 76 28.8 0.45 67 25.4 0.44
Recreation and ecotourism 85 32.2 0.47 46 17.4 0.38
Environmental education 63 23.9 0.43 151 57.2 0.50
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methods that help our understanding of the com-
plex relationships between human and nature
(e.g. Ban et al., 2015).

In this study, we analyzed the preferences
of students who studied the degrees of Biology
and Environmental Sciences at the University of
Murcia of the ecosystem services delivered by
two Spanish ecosystem types (aquatic ecosys-
tem and arid ecosystem) and if this selection was
due to training or gender reasons. We specifi-
cally explored the following questions: (1) What
categories of ecosystem services (i.e. provision-
ing, regulating and cultural) were preferably
selected by university students in the two ana-
lyzed ecosystems types?; (2) Did students select
different ecosystem services in each analyzed
ecosystem?; (3) Was this selection conditioned
by gender?; and (4) Were students able to rec-
ognize the ecosystem services that arise from
ecosystem functioning?

METHODS

The sampled population included to students
who studied the degrees of Biology and Envi-
ronmental Sciences at the University of Murcia
(Spain). The study included three academic
courses taught between 2012-2013 and 2014-
2015. Students were asked to participate in the
study and to respond individually to a question-
naire about the ecosystem services provided by
two typical ecosystems in the Mediterranean Re-
gion. They were informed that all the responses
would remain anonymous. The questionnaire
was completed by 264 students. Sample size
was similar to other surveys done on the percep-
tion of ecosystem services (e.g. Agbenyega et
al., 2009: 84 respondents; Garcia-Llorente et al.,
2012: 381 respondents; Lépez-Santiago et al.,
2014: 314 respondents; Soy-Massoni et al., 2016:
241 respondents).

The questionnaire was designed to assess the
perception of ecosystem services using original
photographs of the two ecosystems which are
the most characteristic of the study area; 1) an
aquatic ecosystem: it corresponded to the Segura
River, the main river that crosses the Murcia Re-

Limnetica, 36 (2): 479-490 (2017)

Table 2. Social characteristics and level of knowledge of the
university students (N = 264). Caracteristicas sociales y nivel
de conocimiento de los alumnos (N = 264).

Student profile N %
Age

20-22 years old 19172.35
23-25 years old 52 19.70
> 26 years old 21 7.96
Degree

Biology 15157.20
Environmental Sciences 11342.80
Gender

Male 11844.70
Female 14655.30
Environmental sensitivity

Member of an NGO 17 6.44
No member of an NGO 24793.56
Knowledge about ecosystem services

Known 170 64.39
Not known 94 35.61
Knowledge about Millennium Ecosystem Assessment

Known 38 14.40
Not known 22685.60

gion; 2) an arid ecosystem: it corresponded to
one of the arid landscapes in the Murcia Region.
Two photographs, one of each ecosystem, were
offered in a PowerPoint presentation (see Fig. S1,
available at www.limnetica.net/es/limnetica/36)
to the students.

Before completing the questionnaire, all the
students were provided with a brief explanation
about the concept and typology of ecosystem
services and their benefits to society. Twenty-two
ecosystem services (Table 1) were selected ac-
cording to the classification provided by the
Millennium Ecosystem Assessment (MA, 2005)
and the Spanish National Ecosystem Assessment
(SNEA, 2014). Seven services were classified
as provisioning services, eight as regulating ser-
vices and seven as cultural services (Table 1).
Each student was asked to choose the five most
important ecosystem services, at the most, from
each analyzed ecosystem.

The questionnaire also included a set of
questions about certain socio-demographic char-
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acteristics; e.g., age, gender, and environmental
awareness/attitudes, e.g., members of environ-
mental associations. Some questions asked them
about their knowledge on “ecosystem services”
and the “Millennium Ecosystem Assessment”.

The qualitative information obtained from
the questionnaires was coded (1 = selected ser-
vice and 0 = no selected service) to prepare a
presence-absence matrix. Descriptive statistics
(mean and standard deviations) and Wilcoxon
rank-sum tests were performed to identify and
describe the differences in the ecosystem ser-
vices selected by the students among the three
categories (provisioning, regulating and cultural
services) (Objective 1), between aquatic and arid
ecosystems (Objective 2) and between males and
females (Objective 3). To test whether students
could establish an ecosystem services-ecosystem
functioning relationship (Objective 4), we com-
pared the frequency of the services selected by
the students with the relative importance (high,
medium-high, medium-little, and little) of the
ecosystem services for human well-being as
established by experts in the UK (UK NEA,
2011), Spain (SNEA, 2014) and elsewhere in
Europe (Harrison et al., 2010). However, this
comparison should be interpreted with caution,
since students have been forced to select only
five of the twenty-two ecosystem services ana-
lyzed. This type of selection could underestimate
some ecosystem services (e.g. cultural services).
Hence the ecosystem services selected were con-
sidered “of high importance” for more than 76%
of the students, as “medium-high” for 75-41%
of them, as “medium-little” for 40-16% and as
“of little importance” for less than 15% of the
students.

RESULTS

Characterization of students

Most of the students (72.35%) were aged be-
tween 20 and 22 years old. More than 57% of
them (151) studied the degree of Biology and
42.8% (113 students) studied the degree of Envi-
ronmental Sciences. Most were female (55.3%).

483

*
¥ !
100 {894 222
80 71.2
60 18.9 ® Aquatic ecosystem
Arid ecosystem
40
20
0
Provisioning Regulating services Cultural services
services
Figure 1. Histogram of the percentage of students select-

ing the different categories of ecosystem services for ecosys-
tems analyzed. Asterisks show significant differences between
both ecosystems using the Wilcoxon test (p < 0.0001). His-
tograma del porcentaje de alumnos que seleccionan las dife-
rentes categorias de los servicios proporcionados por los eco-
sistemas analizados. Los asteriscos muestran las diferencias
significativas entre ambos ecosistemas usando el test de Wilco-
xon (p < 0.0001).

Only 17 students are members of an NGO (Ta-
ble 2). More than 64% of them acknowledged
having heard of “ecosystem services”, primarily
from university teaching (146 students). More
than 85% (226 students) did not know what ex-
actly the Millennium Ecosystem Assessment
was (Table 2).

Preferences of ecosystem services in aquatic
and arid ecosystems

Provisioning services were preferentially se-
lected by students for both ecosystems (94.7%
for the aquatic ecosystem and 98.1% for the
arid ecosystem), as well as the cultural services
provided by the arid ecosystem (92.4% of stu-
dents) (Fig. 1). The regulating services of the
arid ecosystem were selected by less than half
the students (48.9%), although this percent-
age was much higher for aquatic ecosystems
(89.4%). Significant differences were found be-
tween the aquatic and the arid ecosystem for the
regulating and cultural services (Wilcoxon tests;
p < 0.0001 for both; see Fig. 1).

No significant differences were found in their
selection of the categories of ecosystem services
provided by the aquatic ecosystem for both the
Biology and Environmental Sciences students
(Fig. 2a). Nevertheless, their selection of the re-

Limnetica, 36 (2): 479-490 (2017)
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Figure 2. Histogram of the percentage of students of Biology
and Environmental Sciences selecting the different categories
of ecosystem services for aquatic (a) and arid (b) ecosystems.
Histograma del porcentaje de alumnos de biologia y Ciencias
Ambientales que seleccionan las diferentes categorias de los
servicios proporcionados por los ecosistemas acudtico (a) y
drido (b).

gulating and cultural services for the arid ecosys-
tem gave significantly differences between the
Biology and Environmental Sciences students
(Wilcoxon tests; p < 0.003 for both; see Fig. 2b).
Only 53% of the Biology students and 43.3%
of the Environmental Sciences students selected
the regulating services for the arid ecosystem
(Fig. 2b).

No significant differences were observed be-
tween males and females in their selection of the
ecosystem services provided by both ecosystems
(Fig. 3), except for the regulating services of
the arid ecosystem (Wilcoxon tests; p < 0.025)
(Fig. 3b).

For the aquatic ecosystem, “freshwater provi-
sion” was selected as the main provisioning ser-
vice (75.8% of the students), “water regulation
and water quality regulation” (42.42%) as the re-
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Figure 3. Histogram of the percentage of men and woman
students selecting the different categories of ecosystem services
for aquatic (a) and arid (b) ecosystems. Asterisk shows sig-
nificant differences between both men and women using the
Wilcoxon test (p < 0.025). Histograma del porcentaje de alum-
nos hombres y mujeres que seleccionan las diferentes cate-
gorias de los servicios proporcionados por los ecosistemas
acudtico (a) y drido (b). Los asteriscos muestran las diferen-
cias significativas entre ambos ecosistemas usando el test de
Wilcoxon (p < 0.025).

gulating services and “recreation and eco-
tourism” as the main cultural service (32.2%)
(Table 1).

For the arid ecosystem, students preferentially
selected “mineral raw materials” (83.33%) as the
main provisioning service, and “environmental
education” (57.2%) and “scientific knowledge”
(54.55%) as the major cultural services. All the
regulating services provided by the arid ecosys-
tem were selected by less than 20% of the stu-
dents (Table 1). Among the regulating services,
“erosion regulation” was significantly selected
by females (Wilcoxon test; p < 0.003), although
“pollination”, “natural hazard mitigation” and
“regulation of air quality” were also preferen-
tially selected by females (Fig. 4). Only the “wa-
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Figure 4. Percentage of men and women students selecting
the single regulating services of arid ecosystem. Asterisk shows
significant differences between both men and women using
the Wilcoxon test (p < 0.003). Porcentaje de alumnos hom-
bres y mujeres que seleccionan los tipos de servicios de regu-
lacion proporcionados por el ecosistema drido. Los asteriscos
muestran las diferencias significativas entre hombres y mujeres
usando el test de Wilcoxon (p < 0.003).

ter regulation and water quality regulation” ser-
vice was preferentially selected by males.

Comparison between the opinion of experts
and students on relative importance of
ecosystem services in aquatic and arid
ecosystems

For the aquatic ecosystem, the students seem
attached much less importance to all the sin-
gle ecosystem services that attached by experts.
Only the provisioning service “freshwater” coin-
cided with the opinion of all the experts (Table 3)
and “food” with experts from the UK. Among
the regulating services, the little importance of
“regulation of air quality” attached by students
coincided with the experts from the UK, as did
“pollination” with the expert from Spain. Stu-
dents attached very little importance to all the
cultural services (Table 3).

The relative importance of the ecosystem ser-
vices delivered by the arid ecosystem attached
by the students was compared with the opin-
ion of Spanish experts as these ecosystems have
not been assessed by experts from other coun-
tries (Table 3). In general, students attached
very little importance to all the ecosystem ser-

vices, especially regulating services (Table 3).
Regarding provisioning services, both students
and Spanish experts coincided by attaching lit-
tle importance to “food” and “freshwater”, but
students better assessed “mineral raw materials”.
Finally, both students and experts coincided in
attaching medium-high importance to cultural
services “Scientific knowledge”, “Local ecologi-
cal knowledge” and “Environmental education”,
and in attaching little importance to "Spiritual
and religious values” (Table 3).

DISCUSSION

In general, the students of the degrees of Biology
and Environmental Science selected provi-
sioning services rather than the regulating and
cultural services according to other studies (e.g.
Agbenyega et al., 2009; Hartter, 2010). This
study also showed that students perceive reg-
ulating services as more important in aquatic
ecosystems than in the arid ones. In contrast,
cultural services are perceived as more impor-
tant than regulating in arid landscapes. In fact,
48.9% of the students selected more than three
cultural services of the arid ecosystem of the five
they had to choose. These results contrasted with
expert assessments (e.g. Quijas et al., 2012),
which have highlighted that vegetation diver-
sity is very important for the delivery of cultural
services. Although many studies have shown
the positive effect of vegetation on social pref-
erences of cultural services, which explained
why people prefer green landscapes to arid lands
(e.g. DeLucio & Mugica, 1994; Garcia-Llorente
et al., 2012; Lopez-Santiago et al., 2014), the
opposite response was found. Responses from
people about their perception of the ecosystem
services supplied by different ecosystems tended
to be influenced by their origin, demands and
world views (Lopez-Santiago et al., 2014). In
fact, most of the surveyed students come from
Murcia and surrounding areas (Almeria and Ali-
cante). In these three provinces, 62% of the arid
lands of Spain are concentrated (Puigdefabregas,
2012). In this region, people have to face soil
erosion, aridity, drought and flooding, which im-

Limnetica, 36 (2): 479-490 (2017)
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poses the way to manage natural resources and
prints a special character on its inhabitants.
Among the cultural services provided by
the arid ecosystem, “Environmental education”,
“Scientific knowledge” and “Local ecological
knowledge” were the services perceived as being
the most important, and were selected by more
than half the students (Table 2). Martin-Lépez
et al. (2012) found that younger urban people’s
perception of ecosystem services is conditioned
by formal education, and it was associated with

Suarez Alonso and Vidal-Abarca

a higher perception of “environmental educa-
tion”, which was also detected herein. The high
percentage of students (54.5%) who selected the
cultural service of “scientific knowledge” could
also be mediated by their higher level of educa-
tion. However, our results did not agree with the
relationship found by the above-cited authors be-
tween “Local ecological knowledge” and rural
worldviews. Half the students selected this cul-
tural service as being one of the most important
ones (Table 2). This result is probably related

Table 3. Comparative table of relative importance allocated by experts to ecosystem services provided by aquatic and arid ecosys-
tems in Europe (Harrison et al., 2010), the UK (UK NEA, 2011), Spain (SNEA, 2014) and students in this study. Tabla comparativa
de la importancia relativa otorgada por los expertos a los servicios proporcionados por los ecosistemas acudtico y drido en Europa
(Harrison et al., 2010), Reino Unido (UK NEA, 2011), Espaiia (SNEA, 2014) y los alumnos en este estudio.

Aquatic ecosystems Arid ecosystem
Europe UK Spain This Spain This
study study

Provisioning services
Food
Freshwater

Renewable energy
Biological raw materials
Mineral raw materials
Genetic resources
Natural medicines

R
I
.

Regulating services

Climate regulation

Regulation of air quality

Water regulation and water quality
regulation

Erosion regulation

Soil formation and fertility
Natural hazard mitigation
Biological control

Pollination

Cultural services

Scientific knowledge
Local ecological knowledge

Cultural identity and sense of belonging _—-
I
I N

Spiritual and religious values
Landscape-aesthetic values
Recreation and ecotourism
Environmental education

I Hich

Limnetica, 36 (2): 479-490 (2017)
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to the origin and history of the Murcian popu-
lation. This aspect has been intensively studied
by Pérez-Picazo (2006), who analyzed histori-
cal causes of rural features of today’s society in
Murcia.

Our results also showed that gender roles
are important when university students selected
ecosystem services. Females selected the reg-
ulating services in arid ecosystems more than
males (Fig. 3b and 4), which is a similar find-
ing to those obtained by other authors (e.g.
Martin-Lopez et al., 2012). On the contrary, no
gender difference was seen when they selected
of ecosystem services of the aquatic ecosystem.
Very few studies have dealt with different prefer-
ences of ecosystem services between males and
females (Iniesta-Arandia et al., 2014) to help ex-
plain these results. Nowadays, there is a demand
to include gender perspective in ecosystem man-
agement policies (Kelemen et al., 2015) since
women’s perception of the natural world and
use of natural resources differs from that of men
(Iniesta-Arandia et al., 2014).

This study showed there is little agreement
between the relative importance attached by
students and experts to the ecosystem services
delivered by both aquatic and arid ecosystems,
and fundamentally for regulating services (Table
3). Only two regulating services for the aquatic
ecosystem and none for the arid ecosystem that
students classified agreed with the experts’ as-
sessment. However, these results should be
analyzed with caution. Thus, for the arid ecosys-
tem, experts also perceive regulating services as
less important than the provision and cultural
services (Table 3). For the aquatic ecosystem,
the coincidence seems higher, although probably
limited by the type of selection (Table 3).

According to Diaz et al. (2006), ecosystem
services are benefits provided by ecosystems to
humans, which contribute to make human life
both possible and worth living. The capacity of
ecosystems to provide eco-services depends on
its ecosystem functions (De Groot et al., 2002),
which involve the ecological processes that con-
trol the fluxes of energy, nutrients and organic
matter in an ecosystem (Cardinale et al., 2012).
For instance, decomposition is the ecological

process by which different organisms are ca-
pable of breaking and recycling dead organic
material (i.e. ecosystem function), and it is able
to directly provide the ecosystem service clean
water (“water quality regulation”). Similarly,
primary production is the ecological process by
which plants use sunlight, water, and organic
and inorganic elements to produce biomass (i.e.,
ecosystem function), which directly provide
with the ecosystem services of food and tim-
ber, or fiber (“biological raw materials”). The
low relationship found between the assessments
made by students and experts of the relative
importance of the ecosystem services provided
by both ecosystems suggested that university
training does not qualify students sufficiently to
perceive the complex relationships that link bio-
diversity, functions, ecological processes and the
functioning of ecosystems. For instance, after ob-
serving the photograph of the aquatic ecosystem,
students were unable to evaluate how “very im-
portant” the two regulating services inherent in
this ecosystem were: “water regulation and wa-
ter quality regulation” and “natural hazard miti-
gation”.

In general, the academic programs in the de-
grees of Biology and Environmental Sciences
include all the basic biophysical processes that
support life on Earth. However, the current
dominant educational model is based on single
discipline-oriented learning, which does not help
in the important, yet challenging, task of teaching
complex environmental issues, and even less so
with the benefits that healthy ecosystems provide
society with (Castro et al., 2011). As pointed out
by Ban et al. (2015), the emerging discipline of
sustainability sciences (e.g. Clark & Dickson,
2003; Chapin et al., 2010; Martin-Ldépez et al.,
2013), based on social-ecological systems (Os-
trom, 2009), could serve as a platform for the
teaching of complex and interdisciplinary issues.
Garcia-Llorente et al. (2015) have demonstrated
that ecosystem services are coproduced by both
ecosystems and social systems; i.e. by bio-
physical and socio-cultural factors (Diaz et al.,
2011). Consequently, the management of ecosys-
tems and natural resources toward sustainability
should recognize the complexity and non lin-
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earity of nature-society relations (Martin-Lépez
et al., 2013), which are nowadays ignored in
university teaching.

Many pedagogical methods exist to engage in
teaching complex environmental issues, includ-
ing experiential learning; transformative social
learning, games and problem-based learning
(see the review of Ban ef al., 2015). To develop
these methods, the collaborative participation of
teachers from different disciplines is essential,
and this is a challenge for the current university
community.
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