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Abstract

:

Multimetric indices play a pivotal role in assessing river ecological quality, aligning with the European Water Framework Directive (EU WFD) requirements. However, indices developed specifically for large rivers are uncommon. Our objective was to develop a fish-based tool specifically tailored to assess the ecological quality in Portuguese large rivers. Data were collected from seven sites in each of three Portuguese large rivers (Minho, Guadiana, and Tagus). Each site was classified using an environmental disturbance score, combining different pressure types, such as water chemistry, land use, and hydromorphological alterations. The Fish-based Multimetric Index for Portuguese Large Rivers (F-MMIP-LR) comprises four metrics: % native lithophilic individuals; % alien individuals; % migrant individuals; and % freshwater native individuals, representing compositional, reproductive, and migratory guilds. The index showed good performance in separating least- and most-disturbed sites. Least-disturbed sites were rated ‘high’ or ‘good’ by F-MMIP-LR, contrasting with no such classification for most-disturbed sites, highlighting index robustness. The three rivers presented a wide range of F-MMIP-LR values across the gradient of ‘bad’ to ‘high’, indicating that, on a large spatial extent, the biological condition was substantially altered. The F-MMIP-LR provides vital information for managers and decision-makers, guiding restoration efforts and strengthening conservation initiatives in line with the WFD.
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Key Contribution: Our study is significant in developing a new fish-based tool specifically tailored for assessing the ecological quality of Portuguese large rivers. This tool offers valuable insights to enhance river management and conservation efforts, in alignment with the EU WFD.










1. Introduction


Large rivers and their riparian zones are vital features of the Earth’s hydrological systems, providing many ecosystem services and being globally recognized as hot spots of biodiversity [1]. However, most European large rivers have been severely degraded by human interventions that include channelization, dam construction, wastewater discharges, and introduction of non-native species, among others [2,3]. Likewise, Portuguese large rivers (Minho, Tagus, and Guadiana; catchment areas ≥ 10,000 km2) have been altered by humans for centuries [4], causing the degradation of the riverbed and the riparian areas, river connectivity, flow regimes, and water quality. The number of non-native species in these systems has also increased exponentially as a result of introductions seeking to improve fisheries [5]. The ecological condition of Portuguese large rivers has been markedly affected by these historical intensive uses, thus jeopardizing the structure of the aquatic biotic communities. Because they are connected to the sea, these rivers also support several endangered freshwater and diadromous fishes, making them important and valuable resources for conservation and fisheries [6].



The Water Framework Directive (WFD) was implemented in 2000 and set the goal of “good ecological status” for all European inland waters [7]. With this aim, EU member states must assess the ecological status of rivers, lakes, and transitional and coastal water bodies in their territory, and establish programmes of measures to reduce substantial anthropogenic pressures. Ecological status is assessed based on biological quality elements, such as fish assemblages, and their supporting physico-chemical and hydromorphological quality elements, which indicate the condition of an aquatic ecosystem in response to a variety of human-caused stressors. Given the increasing seriousness of the environmental degradation of European waters in general, and large rivers in particular [8], the need for effective ecological and biodiversity monitoring programs has never been higher [9,10].



Multimetric indices (MMIs) are common methods for assessing the biological quality of rivers and evaluating the rehabilitation of aquatic communities [11,12]. These tools are based on the premise that biological communities respond to human-caused pressures in expectable and measurable ways, facilitating the estimation of the relationship between the biological community and the amount of environmental degradation [13]. MMIs are composed of a set of metrics related to the species composition and functional attributes of biological assemblages, such as taxa richness, trophic and habitat niche, and abundance. This method has been adapted to a wide range of lotic aquatic ecosystems in European waters to assess ecological status in accordance with the EU WFD [14,15,16,17,18,19,20]. However, most methods were not specifically developed for large rivers, which demonstrates the need for the development of new studies and tools focused on bioassessment of these systems [21,22]. In fact, large rivers are complex and very diverse ecosystems [23], presenting unique challenges to their biological assessment, such as the selection of efficient sampling techniques, seasonal changes of fish assemblage composition, and the low number of minimally disturbed sites needed to set reference conditions [2,21].



The WFD requires EU member states to develop typologies for surface waters based on a set of environmental variables that represent the fixed abiotic conditions, e.g., altitude, size, and basin geology, to explain the natural variability of the ecosystems [8]. These typologies categorize water bodies into distinct groups (river types) characterized by similar geo-morphological, hydrological, physico-chemical, and biological attributes. This paper aimed to assess the spatial variations of the biological quality of one of those Portuguese river types—large rivers—based on an MMI specifically developed for them. Thus, we expected to detect changes in fish assemblages according to the environmental conditions of the river segments. Such an MMI can serve as a valuable resource for managers and decision-makers to assess the biological quality of Portuguese large rivers, helping to direct rehabilitation efforts towards the most severely disturbed sites, and to strengthen the conservation of the least-disturbed ones. It can aid in identifying areas with the greatest impairments, potentially establishing the underlying causes of these impairments, and recommending mitigation strategies. Furthermore, an MMI can enable the tracking of improvements in fish assemblages over time, thereby evaluating the success or failure of rehabilitation projects and facilitating the implementation of adaptive management strategies, where interventions can be adjusted based on observed outcomes. In fact, the ability of these tools to track fish assemblages over time represents a significant contribution for the effective management and conservation planning of river ecosystems.




2. Materials and Methods


2.1. Study Area and Sampling Sites


According to Borgwardt et al. [24], Portuguese large rivers are classified into a unique large river type (LRT), the Mediterranean rivers. These rivers are characterized by having catchment areas ≥ 10,000 km2 and where most of the river’s course has not been impounded by large dams to any significant extent. By this definition, Portugal has three large rivers: Minho, Tagus, and Guadiana, corresponding to deep and wide fluvial channels with gentle slopes, and generally with wide floodplains, although they may also cross areas of narrow, rocky valleys. Although the Douro River is one of the Portuguese “big rivers”, its sequence of dams excluded it from this work. The Minho River is in northwestern Iberia and extends ~300 km through Spain to Portugal with the last 75 km of river defining the border between both countries. This international section is classified as an LRT and begins immediately downstream of the Spanish Frieira Dam (Figure 1). The Tagus River is in middle Iberia, between the Douro and Guadiana basins, and it extends ~1100 km through Spain and Portugal, sustaining a series of dams during its course. In Portugal, only the lower 170 km are free flowing waters, a fluvial segment classified as an LRT that extends from the river mouth to the first hydroelectric structure, Belver Dam. Lastly, the Guadiana River is also an Iberian watercourse that flows 820 km into the Atlantic Ocean at the southern border between the two countries. In Portugal, the Guadiana River is classified as an LRT upstream and downstream of the Alqueva/Pedrogão system, which is an important multiple-use water supply system that is located ~150 km from the estuary.



The Convention on Cooperation for the Protection and Sustainable Use of Waters in Portuguese-Spanish River Basins (Albufeira Convention) is the instrument of cooperation between Portugal and Spain, for the protection and sustainable use of water in these basins [25]. This convention is designed to provide a framework for bilateral cooperation in the context of the WFD, for the protection of water bodies, aquatic and terrestrial ecosystems, and for the sustainable use of water resources.



Iberian large rivers have endured a long-history of human interventions and natural disturbances in the fluvial corridors and on the surrounding valleys [4], including highly modified river flows [26]. The fish assemblages in these rivers are dominated by a mixture of larger potamodromous species, several non-native species, and diadromous fish populations with life-cycles spanning marine and freshwater ecosystems [6].



We selected 7 sites in each of the international Minho River, the Tagus River downstream from the Belver Dam, and the Guadiana River upstream of the Alqueva Dam and downstream of the Pedrogão Dam (Figure 1). Although the sites were not chosen randomly, we tried to ensure that they encompassed the range of natural conditions and human stressors occurring in the study areas. Except for two sites in the Guadiana River, all samples were taken between 2019 and 2022. Because of the lack of recent samples from least-disturbed reaches in the Guadiana River, we included two sites that were sampled there in 1996 and 1998, prior to the construction of the Alqueva Dam.




2.2. Anthropogenic Disturbance and Site Classification


There are no “near natural” reaches in our large rivers, but only lotic segments that present least-disturbed conditions (i.e., the presently best available condition). This is a common situation in many large rivers of the world, leading to the use of least-disturbed sites, with considerable levels of human influence, as “reference conditions”, which is key for the development of most biotic indices [12,27,28].



To classify each site, we developed an environmental disturbance score (EDS) based on a wide range of pressure types, namely, nutrient enrichment, non-natural land uses, channel morphology modifications, riparian disturbance, and flow regulation (Table 1). Disturbance scores for each variable were based on professional judgement and on adaptations of the classifications proposed by Oliveira et al. and Weigel and Dimick [29,30], who developed biological indices for large rivers. Variables were scored to the degree from which they deviated from the least-disturbed conditions (from 1 for no deviation, to 4 for highly deviated; Table 1).



For land use data, we used three CORINE Land Cover (CLC) inventories: 2000, 2010, and 2018 (depending on the sampling date) produced within the framework of the Copernicus Land Monitoring Service [31]. For each inventory, we grouped the categories already defined in CLC in three land use classes: artificial (mostly urban), intensive agriculture, and non-irrigated agriculture. ArcGis Pro data were extracted using a buffer with a 12-km radius, with the buffer centroids being placed exactly 10 km upstream from each sampling site. Agricultural land use was estimated as less than both 10% of agriculture and 3% of intensive farming (1) to more than 70% agriculture or more than 15% intensive farming (4). Artificial land use was estimated as <5% (1) to >25% (4). Chemical data were obtained from SNIRH (National Water Resources Information System) [32], and total P (TP) and total N (TN) were calculated as the mean of the available values in the last five years, i.e., considering the sampling year/month and the previous four years. Analyzing a set of data over time offers a more thorough understanding of the chemical composition of water in a site compared to relying only on a single sample [33]. Based on Weigel and Dimick [30], TP and TN ranged from, <0.13 mg/L and 1.0 mg/L (1) to >0.39 mg/L and 3.0 mg/L (4), respectively. Morphological modifications and riparian disturbance were evaluated in the field and from direct observation in Google Earth, on a river reach extending 1 km upstream from each sampling site. Channel morphology and riparian condition were evaluated from no or minor impacts (1) to strongly channelized river (most natural habitat types missing) and/or <50% of the streambank vegetation in natural state (4). Flow regulation was evaluated as a function of the influence of large hydroelectric power plants (LHPPs) upstream from the site (the operation of these structures is similar, imposing an ‘‘on–off’’ pattern of flow that depends on electricity demands). Thus, flow regulation was evaluated as infrequent or no hydropeaking (1) to regular hydropeaking and marked seasonal dewatering of the river (4).



A composite score of the six disturbance measures (i.e., the sum of scores (1–4) across the 6 measures) was calculated for each site (EDS), and the two lowest scoring sites from each of the three rivers were selected as the least-disturbed sites (i.e., a total of six LD sites); an additional condition for a site to be classified as LD was to have a classification of 1 or 2 on at least five pressure variables. The remaining 15 sites were classified as most-disturbed (MD) sites.



The sites spanned a considerable gradient of environmental disturbance as indicated by TN concentrations (0.82–3.67 mg/L), agricultural areas (19–67%), irrigated agriculture (0–44%), channel morphology and riparian condition (1–4), and flow regulation (1–4) (Table S1). These results indicate a clear anthropogenic pressure gradient and environment conditions that are determined independently from the aquatic biota [30].




2.3. Fish Sampling


Except for the two sites sampled before 2000 in the Guadiana River (GR sites < 2000), all other fish assemblages were sampled according to the WFD protocol for Portuguese rivers [34]. Each site was boat-electrofished once during spring–summer base flow. Electrofishing distances were at least 10 times the mean wetted width of the channel and both banks were surveyed. This method was complemented by gill netting in the pelagic zone of the channel, which included the placement of one surface and one deep pelagic multi-mesh net; both nets were 30-m long by 1.5-m deep and were composed of 2.5-m long segments with 12 different mesh sizes (ranging from 5 mm to 55 mm). The nets were fished for 3 h in all segments. The GR sites < 2000 were electrofished in a similar way but no gill nets were used. Fish were identified and measured in the field; native specimens were returned alive to the water, and non-natives were killed, in accordance with Portuguese legislation. For analytical purposes, the total captures resulting from both electrofishing and gill netting were aggregated.




2.4. Index Development


The F-MMIP-LR was developed following Whittier et al., Krause et al., and Gonino et al. [35,36,37]. First, we selected fish metrics from the literature based on species composition or related to the percentage of fish guilds grouped into ecological functions. Although we used a standardized sampling in most of the sites, fish species abundance in large rivers is particularly reliant on sample size or effort, and to account for this, species abundance in each site was quantified in terms of relative abundance (%) rather than absolute numbers. On the other hand, most diadromous species are widely distributed throughout Portuguese larger rivers, but some freshwater species are restricted to one or a few basins (Table 2). For example, two Luciobarbus species occur only in the Guadiana River. Because of this heterogeneity in the number of species between the studied large rivers, our metrics were only based on the relative abundance of individuals. Thus, we considered fourteen metrics grouped into six groups, following Noble et al. and Oliveira et al. [38,39] (Table 2): (1) compositional metrics (freshwater natives—FNAT, aliens—ALIE, and threatened fishes—THRE (taxa classified as at least vulnerable on the Portuguese Red Book of Freshwater and Diadromous Fishes [40])); (2) overall tolerance guilds, based on species ability to endure a wide range of environmental conditions (non-tolerant—NOTO and tolerant—TOLE); (3) trophic guilds, based on the diet of adult individuals (native invertivore—INVE and omnivorous—OMNI); (4) habitat guilds, based on the preferred feeding and living habitats (benthic—BENT and native water column—PELA); (5) reproduction guilds, based on spawning substrate (native lithophilic—LITH and generalist—GENE); (6) migratory behavior guilds (diadromous (species that migrate between marine and freshwater habitats)—DIAD, potamodromous (species that migrate amongst multiple freshwater environments)—POTA, and migrant (the sum of DIAD and POTA)). Biological characteristics of fish species were based on the European EFI+ project [41] with a few modifications supported by additional published data [39], and best professional judgment (Table 2).



Candidate metrics were screened in a four-step process. First, we checked the distribution of metric values across all sites to eliminate those metrics with very small ranges (range test). Second, we performed a Kruskal–Wallis test (p < 0.1) to examine the responsiveness of the metrics that passed the first step in distinguishing the least and most disturbed sites. Third, we used the Spearman correlation coefficient to choose metrics lacking redundant information with other metrics (rs > 0.70). In the last step, we conducted a range test for metric values, based on the examination of box plots representing the metric scores (medians) for the LD and MD sites, to determine if most of the values from the two groups did not overlap. Metrics were scored on a continuous scale from 0 to 1. For metric scoring and calculation of the F-MMIP-LR, floor and ceiling values were defined as the 5th and 95th percentiles of metric values across all sites [35]. Metric scores between this range of values were interpolated linearly. For negative metrics, we reversed the floor and ceiling values. The scored metrics were then summed, and the summed score was divided by the number of metrics. Thus, the final value of the index was scaled to a range of 0 to 1, where 0 corresponds to the worst and 1 to the best quality of each site.



Following Hering et al. [42], we defined five quality classes (high, good, moderate, poor, and bad) with equal ranges to provide five ordinal rating categories for assessment of disturbance in accordance with the demands of the WFD. We performed a Kruskal–Wallis test (p < 0.05) to verify the ability of our index to discriminate least- from most-disturbed sites; and we used a Spearman’s test to check the correlation between the F-MMIP-LR scores and the EDS scores.





3. Results


A total of 9501 individuals comprised of 37 fish species and 20 families were collected (Table 2). Of these, 24 (65%) species were native and 13 were alien (35%). As expected, the most-collected species are widespread throughout the Portuguese large rivers, exploring a great variety of environmental conditions. The alien Lepomis gibbosus was the most frequently occurring species, occurring in 16 sites, followed by the native Anguilla anguilla (13 sites), and the aliens Gambusia holbrooki and Micropterus salmoides (both occurring in 11 sites).



Of all candidate metrics, only four metrics were approved in all tests to compose the final F-MMIP-LR: % lithophilics, % migrants, % aliens, and % freshwater natives (Figure 2; Table 3). The F-MMIP-LR clearly discriminated least- from most-disturbed sites (Kruskal–Wallis test: H = 10.188; p < 0.001; n = 21) (Figure 3, Table S1), and we found a significant negative Spearman’s correlation between F-MMIP-LR and EDS for all sites (rs = −0.639, p < 0.0021) (Figure 4). All but one of the least-impacted sites were classified as ‘high’ or ‘good’ by the F-MMIP-LR, and none of the most-impacted sites were classified as ‘high’ or ‘good’, (Figure 5; Table S1).



The F-MMIP-LR scores ranged from 0.018 to 0.905 (Table S1). Based on the five quality classes with equal ranges, our index classified three sites (2 in Guadiana and 1 in Tagus) (14%) as ‘high’, two sites (both in Minho) (10%) as ‘good’, five sites (2 in Minho and 3 in Tagus) (24%) as ‘moderate’, four sites (2 in Minho, 1 in Tagus, and 1 in Guadiana) (19%) as ‘poor’, and seven sites (1 in Minho, 2 in Tagus, and 4 in Guadiana) (33%) as ‘bad’ (Figure 5). Thus, the three rivers presented a wide range of F-MMIP-LR values across the gradient of ‘bad’ to ‘high’, indicating that 76% of sites were in not-good condition, but still showing some sites with less substantial human impacts.




4. Discussion


The development of fish-based indices in assessing the quality of large rivers is a challenging task [2,21,43]. Large rivers require expensive and time-demanding fishing efforts to adequately characterize fish assemblages [21,44]. Moreso than in wadeable streams, sampling fish in large rivers requires striking a balance between accuracy, precision, and cost, as all three factors are critical for effective and practical monitoring programs [45]. The distribution and catchability of fish in large rivers are highly variable because of extensive local movements and seasonal distribution of fish, presence of very deep habitats, variation in water levels, and relatively small sampling units [2]. Thus, all assessment metrics that are applied in large rivers can be based only on proxies of abundances and taxa richness because of gear and habitat selectivity and insufficient sampling effort [2,46,47,48]. We are aware of these limitations, which obviously extend to the tool we developed to assess the quality of large Portuguese rivers. For example, our sampling period most likely underestimated anadromous species that spawn in winter–early spring, i.e., P. marinus and Alosa spp. However, we believe that the use of a standardized protocol that also included two sampling techniques (electrofishing and gillnetting) enhanced the robustness of our fish assemblage assessments [48,49] and provided a more accurate picture of the biotic condition of our rivers.



The F-MMIP-LR was composed of four metrics (all metrics as percent relative abundance of individuals): native lithophilics, aliens, native migrants, and freshwater natives. We agree with Karr and Chu [50] that the selection of appropriate metrics is the key step in robustness of these biological indices. To this concept, we also add the need to produce a versatile set of metrics, that can be quickly and easily calculated to provide user-friendly tools for managers and decision makers. The fish data for the calculation of our metrics are easy to collect (e.g., do not require fish measurements or the identification of DELT—deformities, erosion, lesions, and tumors—specimens), and the metrics themselves are easy to apply, interpret, and communicate to broad audiences.



A decrease in lithophilic fish was associated with degradation of the index score, and typically reflects a degradation of the riverbed because they require clean, coarse substrates for reproductive success [51,52]. In our study, the most-impacted sites were generally present in larger or more intensive agricultural areas, with more channel and riparian degradation. Agricultural land use is commonly seen as a key variable in assessing the effects of human activity on stream and river ecosystems and a good predictor of both physical habitat quality and in-stream biotic condition [53,54,55]. In fact, agricultural activities are the most widespread cause of stream degradation, increasing nonpoint inputs of sediments, and often being a principal factor affecting riparian areas [56,57,58,59]. Riparian areas serve crucial ecological functions for river systems, such as bank stability, nutrient and sediment trapping, and habitat availability for fish in the form of woody debris, overhanging vegetation, and rootwads [60,61,62].



The number of non-native fish species and individuals has been growing exponentially in Portugal (and Iberia) in the last few decades mainly as a result of the growing use of these species for sport fisheries and in the aquarium trade [5]. This is particularly evident in large rivers, because of the natural spread of individuals from Spanish populations [63]. Research has largely revealed that non-native fishes can flourish in degraded conditions, thereby causing substantial negative impacts on natural fish assemblages [64,65,66], and thus representing one of the main causes of decline in biotic condition. Our index successfully included freshwater fish natives as a positive metric and non-native individuals as a sign of degradation. We also excluded the latter group from the other metrics. In fact, several authors have emphasized the problem of considering non-natives in MMIs, especially in the Iberian Peninsula, as the use of metrics with both native and non-native fish could restrict the ability of the index to detect the effect of non-native intrusions [66,67,68]. The metrics we developed also suggested a large influence of the proportion of non-natives in the degradation of the biological indices.



Least-disturbed river reaches are likely to support and maintain a wide range of ecological processes and functions, so it is not surprising that they include higher abundances of migrants. In fact, it is reasonable to assume that these river reaches generally present higher water quality, riparian cover, and shelter, together with lower levels of pollutants and sedimentation, creating suitable spawning areas for potamodromous and anadromous species, as well as feeding grounds for catadromous species. Additionally, least-disturbed sites might have better connectivity with other stream reaches, including the tributaries of the main rivers, that are used by different life stages of migratory fish. As emphasized by Jungwirth et al. [69], the ecological condition of large rivers is largely associated with the spatial/temporal connectivity of habitat subsystems, which are viewed as a crucial basis for a wide range of exchange processes and migration opportunities. However, McDowall and Taylor [70] pointed out the problems in establishing relationships between migratory species and environmental quality, as species become rarer with increasing distance inland/elevation. In that case, differences in abundance may not reflect differences in proximal habitat quality. However, we believe that this is not a relevant factor in our study, because historically these species abundantly occupied the habitat network along these rivers, including segments located many kilometres upstream of our study areas [71,72].



We found no clear relationship between the flow-regulated sites and fish biotic condition because sites with higher F-MMIP-LR scores in the Minho and Tagus Rivers were farther upstream, closer to large hydroelectric dams (Figure 5). In contrast, in the Guadiana River, the sites closest to the Pedrogão Dam presented the lowest MMI scores, and these results are aligned with Lyons et al. [73], who observed similar trends in Wisconsin rivers, where hydroelectric-peaking caused fish-habitat degradation and were associated with low fish MMI scores. The differences observed in the Guadiana River, particularly at site “GU4”, can be attributed to its proximity to the Pedrogão Dam (<1 km), showing the direct influence of hydroelectric flow regimes, as opposed to the more upstream points of the Tagus and Minho Rivers, which are located ~10 km from the dam immediately upstream. The lack of a clear relationship in our study could be influenced by several factors and be context-dependent [74]. One of these factors may be the better adaptability of native species, mostly cypriniforms, to lotic habitats with frequent high-flow events, compared to some non-native fish which are more successful in stable limnological conditions [75,76]. Native species possess natural adaptive responses to high flows that are detrimental to some non-native species by disrupting their critical life stages.



We believe that our tool is very useful for interpreting, comparing, and conveying the biotic condition of Portuguese large rivers. The F-MMIP-LR showed a significant ecological consistency in relation to the degree of perturbation of a site, and both the metrics and the overall index were able to discriminate between least- and most-disturbed sites. However, limitations should be considered in interpreting our results. First, we used few sites to construct the index—e.g., Yoder and Rankin [77] suggested >30 sites to develop a more robust tool—and second, we did not validate the index with an independent data set to assess its performance [78]. Finally, these river systems are degraded by altered temperature, salinity gradients, flow rates, and toxic chemicals [79], which may not have been fully addressed in our study. Future research should consider the inclusion of these and other factors, which certainly provide additional insights for understanding human impacts on fish assemblages and implications for species management and conservation. Ultimately, we are confident in the usefulness of the F-MMIP-LR for informing managers and decision-makers in evaluating the biological quality of Portuguese large rivers within the framework of the EU WFD.




5. Conclusions


Several EU member states rely on locally developed fish indices customized to their specific regions to assess the biological quality of their rivers in the context of the WFD. In line with this approach, the objective of this study was to pioneer the development of the first fish-based index to assess the biological quality of Portuguese large rivers. The Fish-based Multimetric Index for Portuguese Large Rivers (F-MMIP-LR) incorporates four metrics: native lithophilics, aliens, migrants, and freshwater natives. The fish data for the calculation of the metrics are easy to collect, and the metrics themselves are easy to apply, interpret, and communicate to broad audiences. Our findings demonstrate the effectiveness of the index in discerning between least- and most-disturbed sites and its significant ecological consistency in relation to the degree of perturbation of a site. The research underscores the importance of evaluating both native and non-native fish species when assessing river quality, while also acknowledging the impact of human activities, such as agriculture, on aquatic biodiversity. Furthermore, the study emphasizes the critical role of preserving ecological processes and functions within rivers, as these foster healthier fish assemblages. We conclude that our index could be an effective monitoring tool in the context of the EU WFD and can be used to communicate river health to the public and policy makers.
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Figure 1. Study area and location of the sampled sites. 
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Figure 2. Distribution of metric values from the final range test for the least disturbed (LD) and most disturbed (MD) sites, and results from the Kruskal–Wallis test (n = 21). 






Figure 2. Distribution of metric values from the final range test for the least disturbed (LD) and most disturbed (MD) sites, and results from the Kruskal–Wallis test (n = 21).



[image: Fishes 09 00149 g002]







[image: Fishes 09 00149 g003] 





Figure 3. Distribution of F-MMIP-LR scores across least disturbed (LD) and most disturbed (MD) sites, and results from the Kruskal–Wallis test (n = 21). 
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Figure 4. Relationship between the F-MMIP-LR scores and the environmental disturbance scores (rs = −0.639; n = 21). 






Figure 4. Relationship between the F-MMIP-LR scores and the environmental disturbance scores (rs = −0.639; n = 21).



[image: Fishes 09 00149 g004]







[image: Fishes 09 00149 g005] 





Figure 5. F-MMIP-LR quality classes (High; Good; Moderate; Poor; Bad) across sampled sites. 
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Table 1. Criteria to score variables related to human disturbance. Variables were scored to the degree they deviated from least-disturbed conditions (from 1 for no deviation, to 4 for highly degraded); TP—Total Phosphorus; TN—Total Nitrogen.
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	Class
	Agricultural Land Use
	Artificial Land Use
	TP (mg/L)
	TN (mg/L)
	Channel Morphology/Riparian Disturbance
	Flow Regulation





	1
	<10% agriculture, and <3% intensive farming
	<5%
	<0.13
	<1.0
	No or minor impacts
	Infrequent or no hydropeaking



	2
	10–30% agriculture, and <10% intensive farming
	5–15%
	0.14–0.26
	1.0–2.0
	Most of natural channel form maintained, and >70% of the streambank vegetation in natural state
	Regular hydropeaking and distance > 30 km from a large hydroelectric power plant (LHPP)



	3
	31–70% agriculture and <15% intensive farming
	16–25%
	0.27–0.39
	2.1–3.0
	Channelized (some natural habitat types missing), and/or 50–70% of the streambank vegetation in natural state
	Regular hydropeaking and distance < 30 km from an LHPP



	4
	>70% agriculture and/or >15% intensive farming
	>25%
	>0.39
	>3.0
	Strongly channelized (most natural habitat types missing), and/or <50% of the streambank vegetation in natural state
	Regular hydropeaking and marked seasonal dewatering of the river










 





Table 2. Species distribution by basin (M—Minho; T—Tagus; G—Guadiana), frequency of occurrence (FO) (%), and compositional and functional guilds (FNAT—freshwater native; ALIE—alien; THRE—threatened; NOTO—non-tolerant; TOLE—tolerant; INVE—native invertivore; OMNI—omnivorous; BENT—benthic; PELA—native water column; LITH—native lithophilic; GENE—generalist; DIAD—diadromous; POTA—potamodromous).
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	Family
	Species
	Basin
	FO
	Guilds





	Anguillidae
	Anguilla anguilla
	M; T; G
	61.9%
	THRE, TOLE, OMNI, BENT, DIAD



	Atherinidae
	Atherina boyeri
	M; T; G
	38.1%
	NOTO, INVE, PELA, GENE, DIAD



	Centrarchidae
	Lepomis gibbosus
	M; T; G
	76.2%
	ALIE, TOLE, GENE



	
	Micropterus salmoides
	M; T; G
	52.4%
	ALIE, TOLE, GENE



	Cichlidae
	Australoheros facetus
	G
	28.6%
	ALIE, TOLE, GENE



	Clupeidae
	Alosa alosa
	M; T; G
	9.5%
	THRE, NOTO, PELA, LITH, DIAD



	
	Alosa fallax
	M; T; G
	4.8%
	THRE, NOTO, PELA, LITH, DIAD



	Cobitidae
	Cobitis paludica
	T; G
	23.8%
	FNAT, TOLE, INVE, BENT, GENE



	Cyprinidae
	Carassius auratus
	M; T; G
	47.6%
	ALIE, TOLE, BENT



	
	Carassius gibelio
	T; G
	4.8%
	ALIE, TOLE, BENT



	
	Cyprinus carpio
	M; T; G
	42.9%
	ALIE, TOLE, BENT



	
	Luciobarbus bocagei
	M; T
	47.6%
	FNAT, TOLE, OMNI, BENT, LITH, POTA



	
	Luciobarbus comizo
	T; G
	19.0%
	FNAT, TOLE, OMNI, BENT, LITH, POTA



	
	Luciobarbus microcephalus
	G
	9.5%
	FNAT, THRE, TOLE, OMNI, BENT, LITH, POTA



	
	Luciobarbus sclateri
	G
	28.6%
	FNAT, TOLE, OMNI, BENT, LITH, POTA



	
	Luciobarbus steindachneri
	T; G
	9.5%
	FNAT, TOLE, OMNI, BENT, LITH, POTA



	Gasterosteidae
	Gasterosteus aculeatus
	M; T
	9.5%
	FNAT, THRE, NOTO, OMNI, PELA



	Gobiidae
	Pomatoschistus microps
	M; T; G
	4.8%
	NOTO, OMNI, BENT, GENE



	Gobionidae
	Gobio lozanoi
	M; T
	38.1%
	ALIE, TOLE, BENT



	Ictaluridae
	Ameirus melas
	T; G
	9.5%
	ALIE, TOLE, BENT



	
	Ictalurus punctatus
	G
	4.8%
	ALIE, TOLE, BENT



	Leuciscidae
	Achondrostoma oligolepis
	M; T
	14.3%
	FNAT, TOLE, OMNI, PELA, GENE



	
	Alburnus alburnus
	T; G
	42.9%
	ALIE, TOLE, OMNI



	
	Pseudochondrostoma duriense
	M
	28.6%
	FNAT, NOTO, OMNI, BENT, LITH, POTA



	
	Pseudochondrostoma polylepis
	T
	14.3%
	FNAT, NOTO, OMNI, BENT, LITH, POTA



	
	Pseudochondrostoma willkommii
	G
	4.8%
	FNAT, THRE, NOTO, OMNI, BENT, LITH, POTA



	
	Squalius carolitertii
	M
	14.3%
	FNAT, NOTO, INVE, PELA, LITH



	
	Squalius pyrenaicus
	T; G
	4.8%
	FNAT, THRE, NOTO, INVE, PELA, LITH



	Moronidae
	Dicentrarchus labrax
	M; T; G
	4.8%
	NOTO, INVE, PELA



	Mugilidae
	Liza ramada
	M; T; G
	23.8%
	TOLE, OMNI, PELA, DIAD



	
	Mugil cephalus
	M; T; G
	9.5%
	TOLE, OMNI, PELA, DIAD



	Percidae
	Sander lucioperca
	T; G
	23.8%
	ALIE, TOLE, GENE



	Petromyzontidae
	Petromyzon marinus
	M; T; G
	4.8%
	THRE, NOTO, BENT, LITH, DIAD



	Pleuronectidae
	Platichthys flesus
	M; T; G
	9.5%
	NOTO, INVE, BENT, DIAD



	Poecilidae
	Gambusia holbrooki
	M; T; G
	52.4%
	ALIE, TOLE



	Salmonidae
	Salmo trutta
	M; T
	9.5%
	FNAT, NOTO, INVE, PELA, LITH, POTA



	Siluridae
	Silurus glanis
	T
	28.6%
	ALIE, TOLE, BENT, GENE










 





Table 3. The 5th percentile (P5) and 95th percentile (P95) values for the selected metrics.






Table 3. The 5th percentile (P5) and 95th percentile (P95) values for the selected metrics.





	Metrics
	P5
	P95





	% of Lithophilic individuals
	1
	73



	% of Migrant individuals
	11
	94



	% of Alien individuals
	2
	88



	% of Native freshwater individuals
	4
	73
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