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Abstract

:

Anthropogenic pressure on water resources is affecting aquatic systems, requiring ecological analysis and restoration. This study proposes a new approach to assessing public perceptions of these activities. The methodology used is based on a structured questionnaire that looks at the general perception of the research topic, the economic readiness for community involvement and the identification of institutional mechanisms to implement river restoration measures. We used random sampling, guaranteeing results with a margin of error of 4.33%. The results show that the public and practitioners have different perspectives, and this can influence river restoration solutions, as they will contribute to a change in the way that longitudinally connected river restoration solutions are designed and implemented.
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1. Introduction


Society’s increasing demand for water has led to a transformation of the river network into a succession of reservoirs or canals, sectioned off by various hydro-engineering works, generating numerous debates about the impact of these structural interventions on aquatic systems [1,2,3,4], and not least on communities. In addition to this hydro-geomorphological alteration, there is also a chemical and thermal alteration, either directly through wastewater effluent or insufficiently treated water, or through the fact that the physico-chemical characteristics of the water volumes in the riverbed are strongly influenced by climatic factors [5,6,7,8]. Thus, research on river connectivity from as many perspectives as possible should be a priority in the scientific world, as there are currently few tools for quantifying this attribute of river systems [9,10,11,12,13].



The negative impacts caused by river fragmentation highlight the importance of restoring river connectivity and focusing on exploiting the ecosystem services provided by the entire natural system [14,15,16,17]. To incorporate connectivity restoration into conservation and renaturation programs, it is essential to improve civil society’s awareness of the importance of maintaining continuous waterways [18]. River connectivity is essential for the conservation of freshwater ecosystems, because barriers alter both abiotic conditions and biotic communities, compromising biodiversity; however, the appreciation of this characteristic of rivers has been insufficiently considered in socio-environmental studies, which focus mainly on the acceptance of new dam construction [19,20,21]. Global climate change is having a major impact on water resources and the hydrological regime of rivers, prompting riparian communities to build reservoirs that attenuate flood waves and retain water for extended periods of time when droughts occur [22,23]. All these hydrotechnical constructions being built or under construction have become transverse and longitudinal barriers to natural aquatic ecosystems [24,25,26,27].



One of the most well-documented effects of river barriers is the obstruction of upstream access for many valuable migratory species, such as migratory fish species. European species such as Atlantic salmon (Salmo salar), brown trout (Salmo trutta), European eel (Anguilla anguilla) and lamprey (Petromyzon marinus) have been threatened, particularly upstream of impassable dams, where most of the populations have disappeared [28,29,30,31,32].



Rivers have been affected by an altered water flow and abnormal sedimentation patterns, both within reservoirs and downstream, significantly impairing the water quality and ecological condition [33] and facilitating the establishment of exotic and invasive species at the expense of allochthonous ones [34,35,36].



The watershed has been transformed over time into an urban, industrial or agricultural production center, and less consideration has been given to its potential valorization as an asset to local communities [37,38,39].



Most methods of analysis and planning of river connectivity actions are based on numerical methods, on the basis of which simulations are carried out for decision-making. These methods exploit hydrological, hydrotechnical, biological and ecological databases in general [11,40,41,42,43].



The longitudinal connectivity of rivers is strongly influenced by the social connectivity of rivers, which is the set of infrastructures that are built across rivers to provide the necessary goods and services. These constructions have construction components in the riverbed that fragment longitudinal connectivity, especially in the case of river sections that cross localities [17,44,45,46].



Hermida (2019) proposes disaggregating the concept of river connectivity into several dimensions [47]. Spatial and visual accessibility, as well as green corridor connectivity, are expressed through several quantitative indicators.



Presenting the antagonistic problem of measures that are imposed by global climate change and the health of aquatic ecosystems is another research direction [48,49,50]. Another approach is social connectivity analysis, in which the authors analyze communication, the circulation of merchandise, ideas and cultural values along and across rivers [51,52].



The large number of such infrastructures in existing inhabited areas in Romania, crossed by important rivers, has led to research on community perceptions of the importance of longitudinal connectivity in maintaining the ecological balance of rivers, as it is known that the way that the community relates to the sectioning of watercourses, and implicitly, their biodiversity, is essential in the development of specific territorial management systems.



Most studies are based on quantitative approaches using indices developed for this purpose. Although they provide a picture of the state of connectivity and the need to improve connectivity in terms of the ecosystem and its biodiversity, such approaches are not sufficient to define the full set of measures to be implemented.



This research aims to determine the perception and degree of involvement of society in restoring the longitudinal connectivity of rivers. Decision-makers need to know the degree of financial commitment that they can expect to receive from the population. Determining the needs of riparian communities thus increases the relevance of the measures that are implemented and the sustainability of the interventions.




2. Materials and Methods


2.1. Study Area


Romania has an area of 238,397 km2 (about 6% of the EU’s area, ranking 9th) and a resident population of 19,328,838 inhabitants (on 1 January 2020, according to official data from the National Institute of Statistics of Romania) [53]. Of the country’s total surface area, the Danube drains 232,193 km2 (representing 97.4% of the country’s surface area). Romania thus has 29% of the surface area and 21.7% of the population of the Danube basin.



Romania is a country that is currently implementing the EU standards of environmental protection, maintaining water quality and biodiversity. As such, removing transversal and longitudinal barriers on rivers is a chosen objective of Romanian authorities. The problem is that they do not have the relevant technical and legal methodology for implementing these objectives.



Romania’s cadastral river network is 78,905 km long and evenly distributed, with a radial configuration, and 98% of the rivers flowing from the Carpathian Mountains. The upper and middle courses of a large number of rivers that cross the state border are located on the territory of our country, and the Tisa, Prut and Danube rivers, among others, form part of Romania’s border. The main rivers are Mureș (761 km), Prut (742 km), Olt (615 km), Siret (559 km), Ialomița (417 km), Someș (376 km) and Argeș (350 km).



The hydrographic network drains the relief, divided into the following main units: mountains: 31%; hills and foothills: 36%; and plains: 33%. The climate is temperate continental, the multiannual average air temperature varies between +11 °C on the coast and −4 °C in the Carpathian Mountains, and the multiannual average rainfall varies between 400 mm/year in Dobrogea and 1400 mm/year on the high peaks of the Carpathian Mountains. The mean specific runoff ranges from less than 1 L/s/km2 in the Romanian Plain to 40 L/s/km2 on the ridges of the Southern Carpathians.



Out of the 25 ecoregions defined at the European level in Annex XI of the Water Framework Directive, based on the ecological characteristics and geographical distribution of aquatic fauna, 4 ecoregions have been identified at the national level, namely, the Carpathian Mountains Ecoregion—10—the Pannonian Plain Ecoregion—11—the Pontic Ecoregion—12—and the Eastern Plain Ecoregion—16. In addition to the ecoregions included in Annex XI, at the national, level the sub-ecoregion the Transylvanian Plateau—10a—has been defined as part of the Carpathian Mountains ecoregion.



In the updated National Management Plan (2021–2027), a total of 3025 surface water bodies were identified, of which 2741 are river water bodies, of which 1.772 are permanent water bodies, and the remaining 969 water bodies are represented by non-permanent water bodies: 278 lake water bodies (natural lakes, heavily modified natural lakes, reservoirs, artificial lakes); 2 transitional water bodies (one lacustrine and one marine); and 4 coastal water bodies [54].



Over the last century, rivers have been heavily fragmented by cross-barriers built for various purposes (hydropower dams, to attenuate flood waves and supply water to population, industry and agriculture), but also by other hydrotechnical works with heights greater than 0.50 m. The focus of water management is now also on habitat quality and connectivity to maintain biodiversity (Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000, establishing a framework for community action in the field of water policy) [55].




2.2. Field Research


A questionnaire was developed, addressed to a broad mass of people, using common language with as few specialist terms as possible. It consists of ten questions, the first four of which are questions about the interviewee and the others about the environmental issue under consideration (https://forms.gle/DCSr39enTMBdszCT7, accessed on 7 January 2024) [56]. Being online, this survey was distributed to a wide array of people on different social media channels, to which people with different levels of education, genders, levels of wealth and geographical locations responded. No pressure was applied to respondents during its completion, by virtue of being online, thus avoiding biased, random or ambiguous responses. We specify that all respondents volunteered and agreed to participate in the study and signed informed consent for the use of their responses in the research.



The first objective of these questions is to determine the degree of implication in environmental protection in general, the second objective is to determine the willingness of financial contributions for supporting longitudinal connectivity measures, and the third objective is to determine the exact amount of money (in EUR) that the respondents would be willing to donate to support such activities.



The response types were open, multiple and utilizing the Likert scale, the questionnaire being comprised of nominal-, ordinal- and interval-level questions.



The first section, containing contextualization questions aimed at the respondent’s general perception of the topic under investigation were as follows: Do you consider environmental protection to be important? Is river connectivity a priority in maintaining the natural condition of rivers?



The second section of the questionnaire sought the respondent’s economic relationship to the structural elements of the river connectivity issue: How much Euro (up to 100 Euro) would you be willing to pay in your annual taxes (or donate) for each of the following actions: (1) Building fish migration passages (fish ladders) to help fish move (migrate) along rivers. (2) Conservation of native fish species and their numbers. (3) Improvement of fish populations for fishing. (4) Conservation of all fish species in the river (biodiversity). (5) Improvement of the aquatic environment (restoration of damaged areas).



The last section of the questionnaire focused on the perception of the institutions in charge and concrete actions to be taken for environmental protection: Who do you think should be in charge of environmental protection? In your opinion, what is the reason why people do not protect the environment enough in their daily life? And if you can name a technical solution/recommendation on increasing river connectivity?



Method of Carrying Out the Survey


The questionnaire validated by the previous method was made public, in Romanian, and posted online on google forms for 30 days. Participants were informed only that this questionnaire is designed to determine their level of knowledge of river connectivity (movement of migratory fish along rivers due to the construction of weirs and dams), and that the information collected in this way will be analyzed in order to develop strategies to implement actions to remove existing barriers on watercourses (Figure 1). Volunteers agreed to participate in the study and signed the informed consent for the use of their answers in this research electronically.





2.3. Methodology for Processing the Results


Our hypotheses were tested using R software version 4.2.3 accessing packages such as “rstatix”, “tidyverse”, “ggpubr” or “rcompanion”, whereas the descriptive analysis was carried out using the Analysis ToolPak from Microsoft Excel. The normality was also checked for the quantitative variables with Q-Q plots, Shapiro–Wilk tests and Kolmogorov–Smirnov tests [57,58].



In order to determine which socio-demographic characteristics registered differences at each level for each action, the Mann–Whitney–Wilcoxon test and the Kruskal–Wallis test were applied due to the data not being normally distributed [59]. The Mann–Whitney–Wilcoxon test was used when comparing two groups, while the Kruskal–Wallis test was used when comparing more than two groups.



With the purpose of checking whether there are significant differences between groups, the hypotheses for the two statistical tests are expressed as follows:




	
H0: the null hypothesis is that the groups are equal;



	
H1: the alternative hypothesis is that the groups are not equal.








If the two-sided level of significance (α) is lower than 0.05, then we reject the null hypothesis, as can be seen from the presented results below.



The groups that were compared included socio-demographics such as gender (male/female), level of education (primary, secondary, tertiary, post high school), age (5 intervals: under 25, between 26 and 35, between 36 and 50, between 51 and 65, and over 65) and residential environment (urban/rural) on the amount of money given towards building fish migration passages, conservation of indigenous fish species and their numbers, improvement in fish stocks for fishing purposes, conservation of all fish species in the river and improving the aquatic environment.





3. Results


Random sampling was applied, and with a probability of 95%, the research results are guaranteed with a 4.33% margin of error [60,61].



The data were collected between January and February 2024. The sample consists of 511 respondents: 46% men and 54% women who live in Romania. In this sample, 300 respondents are under the age of 25, 31 are between 26 and 35, 127 are between 36 and 50, 51 are between 50 and 65 and 2 are over the age of 65. The graph below shows the distribution by age, for both women and men (Figure 2).



Of the respondents, 16% live in rural areas, while 84% live in urban areas. In addition, 58% have a bachelor’s degree, 1.4% graduated from a post-secondary school, while 31.5% graduated high school and 8.8% finished primary school.



The vast majority (99.8%) considered environmental protection to be important, and also, a fairly significant percentage of the respondents (83.8%) considered the connectivity of the rivers to be a priority in maintaining the natural state of the rivers. Only 14.5% did not have an opinion, and 1.8% regarded the connectivity of rivers to be unimportant.



When asked about how much money (up to EUR 100) they would be willing to pay in their annual taxes (or donate) for each of the actions regarding the connectivity of rivers presented in Table 1, the median (EUR 20), mode (EUR 20), minimum (EUR 0) and maximum (EUR 100) had the same values for each category. As we can see from the table below, all the five actions appear to have means that are near to each other, with standard deviations that are almost as large as the means, which suggests the existence of extreme values. Furthermore, the values of the skewness and kurtosis indicate that the data are not normally distributed. All actions are positively skewed, as shown in Figure 2, with many high outliers, meaning that people in general tend to choose a rather small sum for actions to fix problems that concern the connectivity of rivers. Four of the five actions have peaked distribution, and only the last one has a more moderate kurtosis [62]. The normality was also checked with Q-Q plots, Shapiro–Wilk tests and Kolmogorov–Smirnov tests, revealing that the data are not normally distributed.



Improving the aquatic environment seems to be the action that gathered the most money (a sum of EUR 15,572.8), with the highest mean of EUR 30.47 and the highest outliers, suggesting that it is considered the most important one, whilst building fish migration passages and conservation of indigenous fish species and their numbers collected small amounts of money (Table 1 and Figure 3). As specified earlier, because the five variables were not normally distributed, the Kruskal–Wallis test was applied to check whether there were statistical significant differences between the allocation of money. The p-value being lower than 0.05 confirms the differences. The multiple pairwise comparisons show that the action that is, indeed, highly different from the others is “improving the aquatic environment”, with only conservation of all fish species in the river, being the closest, not having any statistical significance towards it. As we can see (from Table 1), this action has the closest mean, standard deviation and sum to the one that stands out.



For each category that embedded the chosen sum, the effect size was also calculated [63]. Table 2 displays, based on the p-value, which characteristic makes a distinction. Those that have α < 0.05 are considered to be statistically significant in their discrepancy. All socio-demographic characteristics that had a p-value below 0.05 also had a small effect size.



For most actions, respondents’ level of education made a difference in distributing the sums of money (Table 2). Apparently, those with lower levels of education tend to offer more money towards this matter, while in other groups, large sums of money are seen as outliers (Figure 4). The distribution of amounts in Euro based on the level of education for building fish migration passages is presented in the figure below, as an example, but all the other actions have similar distributions.



Improvements in fish stocks for fishing purposes and improving the aquatic environment also have differences among groups based on age. The largest differences are recorded between the groups that are under the age of 25 and between 36 and 50 years old. The figure below reflects the distribution of the amount of money regarding improvement of fish stocks for fishing purposes by age intervals, but the distribution for improving the aquatic environment is similar. The youngest tend to offer increased sums of money for those two types of actions, while the elderly group is the only one that does not have high outliers (Figure 5).



The conservation of all fish species in the river recorded differences among characteristics like gender and residential environment. Women tend to care more about conservation of all fish species, and also, people who live in rural areas consider this aspect being more important (Figure 6).



When the respondents were asked who they think should deal with environmental protection, most were of the opinion that especially the environmental authorities should take care of it (84%), and afterwards, every citizen should be responsible. Following these, very close to each other are the city council and the government, then more distantly, non-governmental organizations. In the last places with equal importance, from the perspective of the respondents, were schools/universities and the TV, radio, print and online media. Regarding the causes that the respondents considered to be the basis of the insufficient protection of the environment, most saw carelessness and a lack of education as the main factors, followed at a considerable distance by financial causes (17%). So, it seems that many did not think that money was the problem. A few respondents even thought that the main cause was overly permissive sanctions.



The answers to the last question indicate a lack of or varying knowledge of environmental protection in general and river connectivity in particular.



Technical solutions/recommendations from the respondents regarding river connectivity were waste collection; educating the population; limitation of construction and developments; reduction in and efficiency of approvals and bureaucracy; increasing biodiversity; hydrotechnical improvements; prohibiting the program for the construction of micro-hydropower plants on the rivers in the mountain area; creating ladders for fish; restoring the paths of streams/rivers; or river bed cleaning.




4. Discussion


As opposed to other studies in the field that analyzed the spatial connectivity method in certain communities, this study obtains information from the final beneficiaries of the connectivity reestablishment measures [39,49,50,52]. The decision-making authorities in the field do not have a relevant and accurate methodology, as no study has been conducted regarding reestablishing longitudinal connectivity.



The results indicate that civil society is interested in being involved in the development of plans to restore river connectivity and protect ecosystems in their communities, which is particularly important given that the community consultation process is currently optional or limited, with plans being developed centrally.



This study revealed different levels of interest, depending on age, in getting involved in the ecological rehabilitation of watercourses, which shows the different ways of relating to environmental issues, a result that forces decision-makers to involve the whole community in the decision-making processes.



Redefining the role of local communities could lead to the optimization of ecological rehabilitation processes by integrating relevant information from local communities in assisting decisions on the management of the affected environment [4,64]. Given the importance of longitudinal connectivity of rivers for human communities, their perception of the optimization of this attribute of river systems can lead to the development of territorial management systems that add information from stakeholders who are directly affected by ecological imbalances generated by breaks in longitudinal connectivity to the decision-making process (Figure 7).



Community perception analysis can add to research on the impact of barriers that are built on rivers and on the connectivity of a river network [11,65], and it can complement a range of methodologies for analyzing the territorial context, such as fractal analysis or spatial modeling, the relevance of which are highlighted in numerous studies [66,67,68,69,70,71,72,73,74,75]. Also, perceptions of longitudinal connectivity provide relevant information on the ecological quality of river sections [39,75,76].



Future studies should focus on integrating perceptual analyses of the longitudinal connectivity of rivers into spatial management strategies aimed at optimizing connectivity, thereby ensuring that ecological optimization decisions are assisted. Perception analyses can also contribute to an optimal relationship between the longitudinal and social connectivity of rivers.



The number of responses was 511. This could be considered a small number; however, the statistical error margin on this study was minimal. Only people with access to online media could respond to the study. This selection filtered the participants to those who have a higher degree of information access.



The results indicate that consultation with civil society is necessary in the development of river connectivity and ecological restoration strategies. In this way, measures can be more easily supported and accepted by those who will become the direct beneficiaries of the resulting ecosystem services and biodiversity [77].




5. Conclusions


This survey indicates that people would normally allocate more money to increasing the quality of the aquatic environment in general and less to specific one-off actions such as fish ladders (fish ways), which in themselves increase biodiversity and, therefore, the quality of the aquatic environment. The same applies to actions to conserve native fish species and increase the number of individuals in these populations. Younger interviewees tend to give more money to improve the quality of the aquatic environment and increase fish abundance, while the older group is the only one not to allocate large amounts of money to this. This may be due to either a more detailed knowledge of environmental issues or to the fact that they are not forced to allocate money to other pressing needs (housing payments, cars, medical services, etc.).



Even if civil society shows a willingness to get involved in actions to protect the aquatic environment, most of them believe that environmental authorities should be particularly involved in these actions (84%). Thus, an increase in the scientific knowledge of the population and in the number of public campaigns would be recommended to improve their awareness of the ecological state of rivers. The message should be conveyed to the public, and not only among specialists, so that restoration of connectivity is publicly demanded in river conservation programs.
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Figure 1. Flowchart of study. 






Figure 1. Flowchart of study.



[image: Water 16 01159 g001]







[image: Water 16 01159 g002] 





Figure 2. Age distribution for women (F) and men (M), expressed in percentages. 






Figure 2. Age distribution for women (F) and men (M), expressed in percentages.



[image: Water 16 01159 g002]







[image: Water 16 01159 g003] 





Figure 3. Distribution of amounts (in EUR) per category. 
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Figure 4. Distribution of amounts (in EUR) based on level of education for building fish migration passages. 
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Figure 5. Distribution of the amount of money (in EUR) regarding improvement in fish stocks for fishing purposes by age intervals. 
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Figure 6. Distribution of the amount of money (in EUR) regarding conservation of all fish species in the river by gender (a) and by residential environment (b). 
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Figure 7. Decision-making process structure. 
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Table 1. Descriptive statistics.
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Index

	
Mean (EUR)

	
Standard Deviation (EUR)

	
Sum (EUR)

	
Skewness

	
Kurtosis




	
Action

	






	
1. Building fish migration passages

	
22.71

	
23.8

	
11,604.6

	
1.7

	
2.8




	
2. Conservation of indigenous fish species and their numbers

	
23.05

	
24.3

	
11,779.6

	
1.8

	
2.9




	
3. Improvement in fish stocks for fishing purposes

	
24.79

	
25.9

	
12,670.6

	
1.5

	
1.6




	
4. Conservation of all fish species in the river

	
25.96

	
27.6

	
13,266.2

	
1.6

	
1.5




	
5. Improving the aquatic environment

	
30.47

	
30.7

	
15,572.8

	
1.2

	
0.2











 





Table 2. p-values (α) for Mann–Whitney–Wilcoxon and Kruskal–Wallis test.






Table 2. p-values (α) for Mann–Whitney–Wilcoxon and Kruskal–Wallis test.





	

	
Action

	
1.Building Fish Migration Passages

	
2.Conservation of Indigenous Fish Species and Their Numbers

	
3.Improvement in Fish Stocks for Fishing Purposes

	
4.Conservation of All Fish Species in the River

	
5.Improving the Aquatic Environment




	
Socio-Demographic Characteristics

	






	
Gender

	
α > 0.05

	
α > 0.05

	
α > 0.05

	
α < 0.05

small effect size

	
α > 0.05




	
Age

	
α > 0.05

	
α > 0.05

	
α < 0.05

small effect size

	
α > 0.05

	
α < 0.05

small effect size




	
Level of education

	
α < 0.05

small effect size

	
α < 0.05

small effect size

	
α < 0.05

small effect size

	
α > 0.05

	
α < 0.05

small effect size




	
Residential environment

	
α > 0.05

	
α > 0.05

	
α > 0.05

	
α < 0.05

small effect size

	
α > 0.05
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