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Abstract

:

The overall purpose of this study was to assess the knowledge that students have about the ecosystem concept of rivers and their sustainable management. A survey of nine questions gathered responses from 3447 students at three different Spanish education levels (Primary, Secondary, and bachelor’s degree in Primary Education) and six different geographic territories in the Iberian Peninsula. Respondents showed a limited understanding of rivers, much simpler than the ecosystem concept, which was related to proposals of unsustainable management of these ecosystems. Although the results were analogous among territories, undergraduate students had a more complex concept of rivers as well as more sustainable ideas regarding their management compared with Primary and Secondary Education students. This study demonstrates the lack of knowledge transfer between science and students regarding river ecosystems. Current educational programs should be adapted to address, even at early stages of education, the sustainability challenges around river ecosystems.
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1. Introduction


Rivers are complex ecosystems from both structural and functional perspectives [1]. Since the 1970s, river scientists have adopted an integrative catchment view of streams, recognizing that rivers are not separated phenomena, but parts of the valleys they drain [2]. Many river science theories have emerged and been tested and developed since then, such as the river continuum concept, the flood pulse hypothesis, and the nutrient spiraling concept [3,4,5]. The growing body of literature on river science has constructed the ecosystem concept of rivers from a holistic perspective, which supports the design of sustainable management measures. However, rivers have been treated historically as mere pipes by river management policies, which used to have a hydraulic perspective instead of a hydroecological framework [6]. Past unsustainable management practices led to the degradation of rivers [7,8]. In fact, rivers are still frequently perceived as water channels that flow into the sea, despite current scientific knowledge [9]. Similarly, the value of the diversity of existing river ecosystems is rarely recognized [10], as well as the biotic and abiotic elements needed for their conservation [11,12].



Compulsory education can play a key role in reverting river degradation because it should be one of the ways to transfer scientific knowledge to all citizens. Indeed, compulsory education should be a main factor in the transition towards a sustainable society, and students should be prepared for their present and future role in that transition [13,14]. Regarding rivers, it is necessary to work in two interrelated lines: (i) the construction of a conceptual approach to rivers from an ecosystem perspective, which is a greater challenge than merely building up knowledge, and (ii) the acquisition of the necessary skills for decision-making towards water use and sustainable river management. These two work lines are aligned with several Sustainable Development Goals (SDGs), such as promoting sustainable management of water (SDG 6) and all SDGs focused on the protection of our planet (SDGs 11–15), but mainly with the SDG 4.7 target, which aims to “ensure that all learners acquire the knowledge and skills needed to promote sustainable development, including, among others, through education for sustainable development and sustainable lifestyles” [15]. Therefore, scientific literacy regarding the ecosystem concept of rivers and their sustainable management can help river conservation because it may facilitate citizens’ support of sustainable policies related to river management.



The ecosystem concept of rivers requires going beyond simplified hydraulic perspectives. Elements such as the diversity of living beings, the role of organic matter, riverside vegetation, abiotic components, the importance of habitat diversity, and the complex interdependence between all of them should be recognized. Likewise, the river as an ecosystem must be conceived as part of the whole watershed it drains, taking into account what occurs in the linked terrestrial systems. The conservation of a river section not only depends on local factors, but on all impacts and pressures at the basin level. Students with an ecosystem concept of rivers should be able to recognize sustainable river management measures. In this vein, the construction of the ecosystem concept of rivers is a type of environmental science literacy [16], i.e., a significant familiarization with the concepts and processes related to rivers that make it possible to make responsible decisions about their management [17,18,19].



We consider it necessary to delve into the construction of mental models about river ecosystems that involve ecological and social dimensions because they are essential to developing critical attitudes towards everyday issues related to their management [20]. In fact, previous studies have revealed important limitations among students in understanding key water-related issues [21,22,23,24]. These limitations have been related to different aspects, such as the teaching methods [25], teachers’ training [26], and the lack of students’ direct contact with the territory during the learning process [20]. In this vein, some studies have tried to assess students’ knowledge and perception related to rivers through questionnaires with closed questions [9], open descriptive questions, and hands-on experiences [20,27]. These studies suggest that students’ concept of rivers is simpler than the ecosystem concept. It is worth noting that these studies are scarce and limited to one educational level and small territories [9,20]. Consequently, assessing students’ knowledge about the ecosystem concept of rivers and their management across educational levels and territories is necessary.



Notably, current Spanish legislation (Spanish Royal Legislative Decrees126/2014 and 1105/2014; [28,29]) includes elements about sustainable development and the environment as curricular contents of these educational stages. According to official learning standards, Primary Education students should be able to identify main components and characteristics of ecosystems, describe the water cycle, and explain the sustainable use of natural resources, being able to propose measures to improve environmental conditions [29]. Secondary Education students should have the ability to analyze and interpret data about water, droughts, and hydrological regimens, and to value sustainable water management and recognize specific management measures [28]. Indeed, rivers and their sustainable management are common topics throughout all educational levels, including both Primary and Secondary Education [30,31]. Therefore, students of Primary and Secondary Education should be able to understand the ecosystem concept of rivers and their sustainable management.



The study’s goal was to assess students’ knowledge regarding (i) the ecosystem concept of rivers and (ii) sustainable river management. To achieve this objective, we carried out a survey of thousands of students. We aimed to test for differences among educational levels; thus, we differentiated among three levels: Primary Education students, Secondary Education students, and university students of a bachelor’s degree in Primary Education. Moreover, we explored if students’ knowledge varied among territories that differed in their climatic conditions, river typologies, and conflicts around water management




2. Materials and Methods


2.1. Survey Design and Distribution


An online survey was carried out to measure students’ knowledge about the ecosystem concept of rivers and their sustainable management. The survey was distributed among three different educational levels: the sixth year of Primary Education (last course of Primary Education, 10–11 years old), the third year of Secondary Education (last year in which a course in Biology and Geology is compulsory, 14–15 years old) and the third year of the Bachelor of Primary Education degree (future Primary Education teachers). We differentiated among six territories within mainland Spain that differed in their climatic conditions, river typologies, and conflicts around water management (Figure 1). These territories (T) were identified according to their latitude (from higher to lower latitude) and included the following provinces: T.1, Álava, Bizkaia, and Gipuzkoa (Oceanic climate; a large amount of precipitation and surface run-off); T.2, Navarra and La Rioja (Mediterranean climate with transitions to an Oceanic climate; mainly located in the upper part of the Ebro basin); T.3, Girona, Barcelona, and Tarragona (Mediterranean climate influenced by the coast; historical water conflicts such as the one around the Ebro Delta); T.4, Guadalajara, Madrid, and Toledo (Mediterranean climate with transitions to a cold, semi-arid climate; located in the upper part of the Tajo basin where the Spanish largest water transfer is extracted to T.5); T.5, Valencia, Alicante, Murcia, and Almería (hot, semi-arid climate with transitions to a Mediterranean climate; very low precipitations, and intensive agriculture activity with large water consumption transferred from T4); T.6, Córdoba, Sevilla, Cádiz, and Huelva (Mediterranean climate; located in the lower course of the Guadiana and Guadalquivir rivers).



The survey was based on a previous survey that focused on students from Secondary Education [9]. The improved survey was validated by experts in stream ecology and pedagogy of experimental sciences. As part of the validation process, the survey was distributed to 50 students of Primary Education and 50 students of Secondary Education to detect any comprehension problem, since the same survey had to be well understood by the students of the three educational levels. The final survey (Figure 2) consisted of nine closed questions with five response options each, except Question 5 that had one more option. Five questions were single response questions (Questions 3–7), while the others were multiple response questions for which respondents could mark more than one answer (Questions 1, 2, 8, and 9). As stated before, the survey focused on two topics: the ecosystem concept of rivers (Questions 1–5) and sustainable river management (Questions 6–9). Questions regarding the ecosystem concept of rivers included aspects related to rivers’ biotic and abiotic components and to the assessment of river conservation status, whilst river management covered topics from flooding risk management to management policies to avoid scarcity problems.



Between October 2017 and March 2018, the survey was distributed online to all educational centers of Primary and Secondary Education located in the territories included in this study. For this purpose, electronic addresses that were publicly available on the webpages of the public administration were used. We asked for volunteer participation of the professors teaching Natural Sciences to students enrolled in the sixth year of Primary Education, and those teaching Biology and Geology to students in the third year of Secondary Education. All educational centers received detailed information regarding the study’s goals and the methods they should follow to carry out the survey in their classrooms. Likewise, we contacted university professors of the Bachelor of Primary Education degree working in the public universities located within the territories included in this study. A total of 3447 responses were collected, which represents about 0.5% of the focus population. The response distribution among territories was: T1 = 644, T2 = 715, T3 = 505, T4 = 384, T5 = 644, and T6 = 555. Of the 3447 responses, 1232 (36%) were Primary Education students, 1883 (54%) were Secondary Education students, and 332 (10%) were university students.




2.2. Assessment of Survey Responses


Survey responses were not considered right or wrong, but they were analyzed to assess if students had an ecosystem concept of rivers and their preference for sustainable or non-sustainable management measures. Subsequently, results were interpreted based on the large body of scientific literature about this topic and current environmental legislation.



Based on current scientific knowledge, it was considered that the ecosystem concept of rivers is associated with the following responses: (i) the identification of the five types of living beings proposed in Question 1; (ii) the selection of sediment, riparian forest, and dead wood as positive elements for biodiversity, since any of them favors the appearance of new habitats (Question 2, Survey Responses a, c, and d); (iii) biological indicators as the best methodology to assess river conservation status because they integrate more information about the state of the ecosystem (Question 4, Survey Response d); and (iv) pictures of river transects without anthropic elements that clearly alter river ecosystems (Images d and e of Question 5). On the other hand, the goal of Question 3 was to know how students perceive different anthropic impacts, which gave us information about their general perception of the components of river ecosystems.



Regarding river management, it is considered that sustainable river management should favor (i) the reduction of water consumption, according to the current climate scenario (Question 6, Survey Responses b and d); (ii) flood risk management models that promote correct spatial planning and the renaturalization of rivers (Question 7, Survey Responses c and e); (iii) river management projects that try to maintain any of the elements proposed in Question 8; (iv) general management models that favor the natural dynamics of rivers, and reduce water consumption and pollution (Question 9, Survey Responses c, d, and e).




2.3. Data Analysis


The percentage of respondents who marked each of the possible answers was calculated for each question, also differentiating between the three educational levels and territories. Based on these data, two grouped response arrays were constructed: one with the response frequencies for questions regarding the ecosystem concept of rivers (Questions 1–5), and a second one for questions focused on river management (Questions 6–9). To examine the similarities in the survey responses among educational levels and territories, a Principal Coordinates Analysis (PCoA; [32]) was calculated for each similarity matrix (Euclidean distance) after the log-transformation (log (x+1)) and standardization of the data. Then, an ANOSIM (Analysis of Similarities; [33]) was carried out with the similarity matrix to test for differences among educational levels and territories. Finally, Spearman correlations between the first axis of the PCoA and the questions’ answers (71 items) were calculated in order to know which answers influenced the groups’ distribution within the two-dimensional representation of the PCoA. All statistical analyses were performed on PRIMER v6 +PERMANOVA software.





3. Results


3.1. Ecosystem Concept of Rivers


Almost every student identified fishes as organisms that inhabit rivers (Figure 3, Q1), but the rest of the organisms (plants, insects, vertebrates, and microorganisms) were recognized as inhabitants of these ecosystems to a lesser extent. The percentage of respondents who recognized plants, insects, and vertebrates as inhabitants of rivers increased with educational level (Figure 3, Q1), from about 40% of Primary Education students to 60–80% of university students. With respect to the elements that contribute to river biodiversity, we observed a similar pattern for sediment, riparian forest, and tree plantations being chosen by around 50% of students of Primary Education and progressively increasing in higher educational levels (Figure 3, Q2). It is worth noting that less than 20% of respondents from all educational levels identified death wood pieces as positive elements for river biodiversity, while human-introduced elements (tree plantations, small dams, and reservoirs) were marked by a higher number of respondents (Figure 3, Q2).



Industrial and urban pollution were chosen as the main problems for rivers by most students from all educational levels (about 80%), while water withdrawals and hydromorphological alterations were chosen by a minority of respondents (Figure 3, Q3). In contrast, there was a large dissent regarding the best method to assess the conservation status of rivers (Figure 3, Q4). “Trash quantity” was the most selected method by Primary Education students, while “biological indicators” was the answer most chosen by university students. Regarding the image-based question (Figure 3, Q5), Picture d, depicting a well-conserved headwater stream, was identified as the best-conserved river by most students, and its selection increased with educational level. The image showing an urban river after a “cleaning” action (Picture b) was marked by a similar percentage of Primary Education students (almost 33%) as Picture d, and by a higher percentage than Picture e, the other diverse and well-conserved stream included in the questionnaire. The selection of Picture b decreased when increasing the educational level (Figure 3, Q5), while the percentage of students who marked Picture d increased with educational level.



The PCoA plot (Figure 4) based on the survey responses related to the ecosystem concept of rivers (Questions 1–5) provided an interpretable two-dimensional ordination plot of the survey responses grouped by educational level and territory. The PCoA plot shows a clear separation of the educational levels along its first axis, which explains the 45.2% of the total variance. In this vein, ANOSIM demonstrated that the differences between educational levels were statistically significant (R > 0.4, p-value < 0.01 for all pair-wise comparisons). The highest difference was found between Primary Education students and university students (R = 0.785, p-value = 0.002). In contrast, no significant differences among territories were found (p-value > 0.2 for all pair-wise comparisons). Twelve of the 26 answers were strongly correlated with the first axis of the PCoA (Spearman correlation coefficient > 0.7 Table 1), thus, they were identified as the answers that explained the groups’ distribution within the PCoA along the first axis. Answers that were negatively correlated with the first axis of the PCoA were associated with higher educational levels, while answers positively correlated were associated with lower educational levels (Table 1). It is worth noting that students of higher educational levels were able to correctly identify more organisms that inhabit rivers and more elements that improve river biodiversity (i.e., riparian forest, sediment). Similarly, the selection of bioindicators as the best method to assess river conservation status and the identification of the image depicting the best-conserved river increased with educational level (Table 1).




3.2. River Management


Reducing water consumption was the preferred measure to prevent water scarcity problems by all educational levels, being more commonly selected by university students (Figure 5, Q6). Although the other answer options were chosen by a lower number of respondents, the construction of reservoirs and water deposits were less commonly selected by university students than by Primary and Secondary Education students. Regarding flooding risk mitigation, naturalizing rivers was the management policy most selected by university students (>40%) while only 20% for Primary and Secondary Education students (Figure 5, Q7). Moreover, non-sustainable measures (i.e., river channelization, construction of walls in river shores, and dredging and clearing vegetation growing within river channels) were less elected by university students than by students from lower educational levels.



About half of the respondents would eliminate branches and logs from the river channel (Figure 5, Q8), but the selection of this response option decreased when increasing the educational level. Despite all river elements proposed to be eliminated were important for river biodiversity and functioning, only a minority of respondents (about 20%) chose the option of “do not eliminate any of them”. There was not a strong pattern with respect to general measures to improve Spanish rivers (Figure 5, Q9). However, “to reduce agrochemicals use” was the preferred policy for university students, who marked in less proportion the policies to “channelize rivers” and “increase water prices” when compared with students from lower educational levels.



Based on the questions about river management (Questions 6–9), the PCoA plot showed a clear separation between university students and Primary and Secondary Education ones (Figure 6). However, no clear separation between Primary and Secondary Education was observed. ANOSIM results confirmed this pattern: responses of university students differed from those of Primary Education (R = 0.51, p-value = 0.002) and Secondary Education students (R = 0.45, p-value = 0.002), while no significant differences were found between Primary and Secondary Education levels (R = 0.026, p-value = 0.34). Significant differences among territories were not observed (p-value > 0.1 for all pair-wise comparisons). Spearman correlations revealed that six of the 20 answer options had a strong correlation with the first axis of the PCoA (Spearman correlation coefficient > 0.7, Table 2). Answers that were negatively correlated with the first axis of the PCoA were associated with the responses of university students, while answers positively correlated were associated with those of Primary and Secondary Education. Compared to Primary and Secondary Education, university students identified more sustainable management practices to reduce flooding risks, such as river naturalization, and tended to avoid non-sustainable practices, such as river channelization or intrusive river cleaning.





4. Discussion


4.1. Ecosystem Concept of Rivers


The survey responses revealed that the students of all three educational levels did not know key aspects related to rivers’ basic ecology, such as the different groups of living beings that inhabit rivers, the importance of riverside vegetation, the role of organic matter in its different forms, and the relevance of abiotic components (e.g., sediment diversity). These aspects are needed to understand rivers’ complexity and to approach them as ecosystems, instead of understanding them as simple water channels where water flows to the sea. Notably, wood presence within the river channel was considered positive for river biodiversity by less than 20% of students. Previous studies have reported that students [12] and the general public [11] have negative perceptions towards wood in riverscapes, despite the several ecological benefits that dead wood provides to these ecosystems [34]. In general, riverscapes containing dead wood are perceived as less aesthetically attractive and more dangerous compared with riverscapes lacking these elements [11,12]. In this vein, it has been argued that the historical management practice of eliminating dead wood from river channels could have prevented people from perceiving dead wood as a natural element of riverscapes. Consequently, educators, managers, and policymakers should play a key role in reverting this misperception.



It also worth noting that hydrological and hydromorphological impacts were rarely perceived as current major threats for rivers by students of the three educational levels (<12% of respondents of any educational level selected these responses). Our results suggest that students placed most of their attention on water quality issues. Most students marked water pollution from both urban and industrial sources as major threats for rivers, and considered chemical and physical water analysis as good methods to assess river conservation status. These students’ perceptions align with the strategic lines marked by the European Union during past decades regarding river management, which have focused on assessing and solving water quality issues throughout Europe [6]. However, it contrasts with the current scientific knowledge about rivers, their current legal regulation, and their conservation status in the European Union and other world areas (e.g., United States of America, Canada, Australia). Most European rivers have improved their physicochemical status and, consequently, current European legislation [35] recognizes hydrological, hydromorphological, and ecological impacts as the major current threats for rivers in Europe [8].



In this vein, only a minority of students identified “biological indicators” as the best method to assess river conservation status, although the proportion of students that were aware of this was higher among university students than Primary and Secondary Education students (13% of Primary Education students, 16% of Secondary Education students, and 30% of university students). It is well known by ecologists and managers that bioindicators are the best current tool to evaluate the health of ecosystems as a whole because they not only assess instantaneous water quality, but they integrate numerous environmental factors (both biotic and abiotic), long-term conditions, and large spatial scales [36,37]. Consequently, bioassessment tools have been broadly adopted to evaluate the ecological status of inland waters (e.g., the U.S. Clean Water Act, the Canadian Protection Act, and the European Water Framework Directive), and constant efforts are made to improve and adapt them, or create new ones for regions (e.g., Mexico, Peru, Ecuador) and river typologies (e.g., non-perennial streams) that lack them [38,39]. Indeed, the inclusion of biological indicators in the EU legislation as the main tool to assess river health entailed a paradigm shift in river management within Europe, recognizing the river ecosystem concept and leaving behind management that focused on water quality that reduced rivers to water channels [36]. Moreover, biological indicators are useful tools to effectively communicate the river ecosystem concept because they allow for studying biological communities inhabiting rivers, their trophic interactions, and their relationships with the abiotic components of rivers, including anthropogenic stressors. In fact, several educational resources that aim to increase awareness about river ecosystems have used biological indicators as educational tools, such as those using aquatic macroinvertebrates [13] or new technological tools specifically developed for this goal (e.g., RiuNet [40]).




4.2. River Management


Our results show that students were aware of some key concepts regarding the sustainable management of rivers, such as the importance of reducing water consumption to avoid water scarcity issues and the need to limit the use of agrochemicals to improve river health. However, responses to other questions showed a clear disconnection to the principles of sustainable management of both water and aquatic ecosystems. About 40% of respondents considered water transfers between watersheds a priority to improve the situation of Spanish rivers, despite the environmental problems linked to this intensive hydrological regulation [41,42]. Similarly, most students (83% of Primary Education, 79% of Secondary Education, and 74% of university students) would eliminate plant components from rivers to clean them. These results point out the persistence of misconceptions related to water management that have already been defeated by scientific knowledge, such as the existence of watersheds with water deficit or surplus, the solidarity between watersheds, and the dirtiness of rivers generated by natural elements of the ecosystem [43,44].



Regarding flood risk management, about half of the respondents perceived structural management measures as the best options to reduce flood risk. Similarly, it has been reported that people living in areas affected by river floods perceived structural management measures positively to reduce flood risk [45]. However, sustainable management should be based on adaptive land planning and, specifically, on the restoration of flood plains that have been occupied for human activities [46]. Gray infrastructures and actions such as dredging should not be perceived as plausible solutions by students, due to their low effectiveness and high environmental impact [47]. This misconception could be explained by the lack of scientific knowledge and the absence of a more holistic ecosystem concept of flood events, political interests, and inaccurate mass media communication [48]. Therefore, managers and policymakers should stop implementing structural management measures, such as dredging, breakwaters, and rockfills in riverbanks, due to their low effectiveness and high environmental impact, despite being reclaimed by citizens [47]. Ballester [49] stressed that social training on flood risk management is needed in order to reduce the number of people vulnerable to flood events. The development of social skills related to flood risk management should start in the school, where the scientific knowledge on this topic should be transferred to students.




4.3. Differences among Educational Levels and Territories


Despite the general misconception regarding river knowledge for all educational levels, it should be noted that the ecosystem concept of rivers increased with educational level. Students at higher educational levels showed a greater knowledge of biotic and abiotic elements that are part of river ecosystems and were able to identify less transformed rivers as better conserved ecosystems (Figure 7). Previous research has suggested that students may have difficulties understanding and internalizing several aspects related to the study of ecosystems [50], such as the knowledge and interaction among ecosystem components [51,52] or those about ecosystem dynamics [53,54]. In this vein, Marcén [31] pointed out that the ideas and attitudes towards water are complex constructions that students are progressively organizing, not just in the school environment. Consequently, we can expect students to be able to increase their knowledge about river ecosystems with increasing educational level and age, as we observed.



Regarding river management, university students opted for more sustainable management models than respondents of lower educational levels, while no differences were found between Primary and Secondary Education students. That points out that training in environmentally sustainable management has not been effectively incorporated into Secondary Education, despite current legislation establishing clear curricular goals on that topic (RD 1105/2014). Poor environmental science literacy could be related to the predominance of theoretical content in textbooks and the transmission model that still characterizes this educational level, which can relegate issues related to human impact on aquatic ecosystems, or their management, to the background [31]. Even in river-related extracurricular programs developed in Secondary Education, deficits have been observed in relation to the topics discussed, especially in relation to sustainable river management [55]. Therefore, it is necessary to review the concepts and skills imparted and the methodologies used at this educational level regarding river management.



The knowledge of university students of the Bachelor of Primary Education about river ecosystems and their sustainable management is especially relevant, considering that they will play a key role in transferring that knowledge to society through student training [56,57]. Beiswenger et al. [58] showed that Wyoming’s elementary educators had adequate knowledge for a few water topics, but still failed to give priority to these topics in their curricula. This brings out that educators’ knowledge is essential, but other factors such as prioritization of curricular topics or pedagogical models can prevent knowledge transfer to students.



In contrast to the differences found among educational stages, no differences were found among territories. Although studies exploring geographical differences in the knowledge and attitudes towards rivers are rare, Le Lay et al. [59] found that attitudes towards the presence of large woody debris in rivers varied among geographical areas. University students living in forested landscapes perceived the presence of dead wood within river channels more positively than university students living in unforested regions, where the presence of this element is less common. Similarly, Ruiz-Villanueva et al. [11] showed that people living near the Pyrenees mountains had a more positive perception about the presence of dead wood within river channels than those living in the center of the Iberian Peninsula, which has been associated with the good conservation of the rivers and forests of the Pyrenees region. In this vein, Rodríguez Lozano et al. [10] found that students’ perception of non-perennial streams differed between US states (Washington, California, and Arizona). More studies exploring geographical differences in the knowledge and attitudes towards rivers and the factors that shape them are needed.




4.4. Final Remarks


This study shows that students had a simplified vision of rivers, which generally led to a preference for non-sustainable management measures. Although this general pattern was found in all educational levels, university students of the Bachelor in Primary Education had knowledge more similar to the ecosystem concept of rivers and their sustainable management than Primary and Secondary Education students. Our large survey sample (N = 3447) makes our results significant. To the best of our knowledge, this is the first study to explore students’ knowledge about river ecosystems and their management differentiating among educational levels and territories.



While current scientific knowledge has been at least partially transferred to policymakers and incorporated into legislation (e.g., Water Framework Directive, Flood Risk Directive; [35,60]), our results show that knowledge has not been effectively incorporated in the curricula of Primary and Secondary Education. Learning standards related to ecosystems and their sustainable management are set in the educational laws, but the concepts included are still shallow and have not been updated according to current scientific knowledge and environmental legislation. Moreover, previous research [61] has highlighted that textbooks still depict rivers and their management from a hydraulic perspective and not as ecosystems. Curricula for both Primary and Secondary Education should include the concepts analyzed in this study and students should learn them from Primary Education. In this vein, proper training for future teachers, such as university students of the Bachelor in Primary Education degree, is needed so they can educate for sustainability.



Nowadays, democracies require political participation not just of stakeholders, but all of society. For instance, public participation has been recognized as a key factor to successfully implementing the EU Water Framework Directive [62,63]. It is worth noting that knowledge has been recognized as an essential precursor to meaningful discourse about policy and a key component of informed action [64]. Therefore, all citizens should have the capacity to understand and participate in evidence-based decision-making about aquatic ecosystems and all water-related politics, which is known as water-related environmental science literacy [16,23]. Achieving this goal demands that current scientific knowledge regarding river ecosystems and their sustainable management to be transferred to students during compulsory educational levels.
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Figure 1. Territories (T) where the surveys were completed. T.1: Álava, Bizkaia, and Gipuzkoa. T.2: Navarra, and La Rioja. T.3: Girona, Barcelona, and Tarragona. T.4: Guadalajara, Madrid, and Toledo. T.5: Valencia, Alicante, Murcia, and Almería. T.6: Córdoba, Sevilla, Cádiz, and Huelva. 
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Figure 2. English translation of the original Spanish-language questionnaire for the present study. Questions (Q) Q1–Q5 refer to river ecosystem concept and Q6–Q9 refer to river management. 
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Figure 3. Percentage of respondents (%), grouped by educational stage, that marked each response option of questions related to the river ecosystem concept. Questions (Q) focused on living beings inhabiting rivers (Q1), elements related to river biodiversity (Q2), impacts on rivers (Q3), methodologies to assess river conservation status (Q4), and perception of the conservation status of rivers depicted in images (Q5). See questions and response options in Figure 2. 
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Figure 4. Principal Coordinates Analysis (PCoA) results showing the 18 groups of students grouped by educational stage (green, orange, and red) and territory (T1–T6), based on answers to the questions referring to the river ecosystem concept. 
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Figure 5. Percentage of respondents (%), grouped by educational stage, that marked each response option of questions related to river management. Questions (Q) focused on drought management (Q6), flooding risk management (Q7), cleaning actions (Q8), and general water management strategies (Q9). See questions and response options in Figure 2. 
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Figure 6. Principal Coordinates Analysis (PCoA) results showing the 18 groups of students, grouped by educational stage (green, orange, and red) and territory (T1–T6), based on answers to the questions referring to river management. 






Figure 6. Principal Coordinates Analysis (PCoA) results showing the 18 groups of students, grouped by educational stage (green, orange, and red) and territory (T1–T6), based on answers to the questions referring to river management.



[image: Sustainability 12 08719 g006]







[image: Sustainability 12 08719 g007 550] 





Figure 7. Images representing how the river ecosystem concept changes with educational level. (A) River ecosystem concept of Primary Education students. (B) River ecosystem concept of university students of the bachelor’s degree in Primary Education. While fish were recognized as inhabitants of rivers by all educational levels, the percentage of respondents who also recognized plants, insects, and vertebrates increased with educational level. The same pattern was found for sediment and riparian forests as elements that contribute to river biodiversity. As shown, the selection of bioindicators as the best method to assess river conservation status also increased with educational level. The images also represent that non-sustainable measures (i.e., river channelization, construction of walls in river shores, and dredging and clearing vegetation growing within river channels) were less elected by university students than by students from lower educational levels. 
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Table 1. Responses related to the river ecosystem concept that were correlated with the first axis of the Principal Coordinates Analysis (PCoA) with a higher absolute value of Spearman correlation index of 0.7.
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	R Spearman
	Response





	−0.930
	1.d. Living beings that inhabit rivers: Birds, mammals, and other vertebrates.



	−0.917
	1.b. Living beings that inhabit rivers: Trees, brushes, herbs.



	−0.911
	2.c. Elements that are positive for river biodiversity: Riparian forests.



	−0.901
	2.a. Elements that are positive for river biodiversity: Sediment (i.e., rocks, cobbles, sand, clay).



	−0.866
	4.c. Best methodology to assess river conservation status: Bioindicators.



	−0.864
	1.e. Living beings that inhabit rivers: Microorganisms (e.g., bacteria, fungi).



	−0.837
	5.d. Image of the best-conserved river transect: Image d, well-conserved headwater stream.



	−0.829
	1.c. Living beings that inhabit rivers: Insects.



	−0.707
	2.e. Elements that are positive for river biodiversity: Tree plantations in the riparian area.



	0.750
	3.a. Greatest impact on rivers nowadays: Pollution caused by cities and towns.



	0.865
	4.b. Best methodology to assess river conservation status: To quantify trash.



	0.934
	5.b. Image of the best-conserved river transect: Image b, urban stream after a “cleaning” action.
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Table 2. Responses related to river management that were correlated with the first axis of the Principal Coordinates Analysis (PCoA) with a higher absolute value of a Spearman correlation index of 0.7.
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	R Spearman
	Response





	−0.835
	9.e. General management measure: Reducing fertilizers and pesticides in agriculture.



	−0.760
	7.c. Best measure to reduce flooding risk: Renaturalize rivers.



	0.706
	7.b. Best measure to reduce flooding risk: Walls in river shores.



	0.730
	9.b. General management measure: Channelizing rivers in cities and towns.



	0.782
	9.d. General management measure: Increasing water price to reduce consumption.



	0.834
	7.d. Best measure to reduce flooding risk: Dredging and cleaning.
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