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Abstract
Conservation science usually devotes little attention to common species, which are crucial in determining ecosystem structure and function. Dominant species are a particular type of common species that affect ecosystem functions proportional to their abundance or cover. In this study, we examined how human disturbance affects the cover of the dominant riparian species in 404 sites located in multiple streams across continental Portugal. Specifically, we asked if the percentage of cover of the dominant species is higher or lower in the least disturbed areas. We performed the analysis using Extreme Value Theory. We found that the percentage of cover of the dominant species was significantly higher in the least disturbed communities compared to the disturbed communities. Riparian vegetation clearing is common in more humanized and disturbed areas which may explain the reduction in the cover of the dominant species. In the least disturbed areas, vegetation clearing is less frequent, allowing more growing time and permitting the dominant species to have a higher cover percentage. Since we found significant differences in the percentages of cover, we examined the identity and ecological characteristics of the dominant species. We found that the common alder was the species that more often had the highest percentage of cover regardless of the disturbance level. However, we found substantial differences in the identity of the remaining dominant species, which we believe were linked to their ecological requirements.



Introduction
In ecological communities, most species are rare, and only a few are common (Hubbell, 2013; Magurran & Henderson, 2011). This pattern is so prevalent that it has been called an ecological law (McGill et al., 2007). Research usually focuses on rare species which are more likely to be endangered due to having small populations, restricted geographical ranges, and narrow ecological niches. (Rabinowitz, 1981; Gaston, 1994; Hubbell, 2013). Less attention has been devoted to common species, which play a key role in determining ecosystem structure and function (Gaston, 2011). Dominant species are a special type of common species that affect ecosystem functions proportional to their abundance or cover (Gaston, 2011; Avolio et al., 2019). In plant communities, the role of dominant species can be explained by the “mass ratio hypothesis” (Grime, 1998), which predicts that abundant and widely occurring species with high biomass should contribute proportionally to production and resource use, as well as affect energy flow, biogeochemical cycling and degradation processes (Grime, 1998; Avolio et al., 2019). 
Both common and dominant species often provide most of the ecosystems' biologically generated physical structure, with the 25% most abundant species frequently contributing at least 50% of the biomass within taxonomic assemblages (Gaston, 2011). Due to their high abundance and biomass, common species are typically vital ecosystem engineers, modifying, maintaining, and creating habitats. Common species can be both autogenic engineers, changing the environment through their physical structures, and allogenic engineers, changing the environment by transforming living or nonliving materials through mechanical or chemical means (Jones et al., 1994, 199). The structural effects of common species can be observed on large scales. For instance, several studies showed that tree cover, caused mainly by a few common species, is crucial for determining regional temperature and rainfall patterns (e.g., Webb et al. 2006). In fact, some models suggest that natural forests may act as biotic pumps, transporting atmospheric water from the ocean to the interior of continental masses (Makarieva and Gorshkov, 2007). Concerning ecosystem function, common species can be responsible for most primary production and carbon storage (Smith and Knapp, 2003; Bunker et al., 2005). Common species can also have a significant influence on other ecosystem properties such as bioturbation (Solan et al., 2004), carbon flows (Taylor et al., 2006), functional stability (Polley et al., 2007), and invasion resistance (e.g., Emery and Gross 2007).
Here we are interested in the impact of human disturbance, that is, any event that kills, displaces or damages individuals (Sousa, 1984) and causes an increase or decrease in the percentage of cover of the most dominant species in the Mediterranean riparian plant communities. In the Mediterranean basin, riparian plant communities are composed of a well-developed layer of herbs and shrubs and a few dominant tree species (Stella et al., 2013). In drier areas, trees may be absent and replaced by dominant shrub species, such as willows (Salix sp) and xeric shrubs. Dominant riparian plants are important autogenic river engineers (Gurnell, 2014; Polvi and Sarneel, 2018), adding tensile strength to the bank material, increasing bank stability and reducing mechanical erosion (Abernethy and Rutherfurd, 1998; Simon and Collison, 2002). Stems and above-ground biomass also modify the flow field, increasing turbulence and decreasing flow velocity (McBride et al., 2007; Liu et al., 2019). In Mediterranean regions, riparian habitats are often disturbed by hydromorphological alteration, intensive grazing, fires, vegetation clearing for agriculture and forestry, urbanization and the introduction of invasive species, which cause changes in community composition and reductions in riparian zone extent (Aguiar and Ferreira, 2005; Aguiar et al., 2009; Stella et al., 2013; Pabst et al., 2022)). We examined how human disturbance affects the cover of the dominant riparian species in 404 sites located in multiple streams across continental Portugal. Specifically, we asked if the percentage of cover of the dominant species is higher or lower in the least disturbed areas. We used Extreme Value Theory, also known as Statistics of Extremes (Coles, 2001; Castillo et al., 2004), to perform the analysis. As we describe below, Extreme Value Theory studies the tails of distributions to describe the behaviour of the maxima or minima of samples. Here we are interested in the dominant species' cover (i.e., the maximum) in riparian habitats.
Methods
Study area
We run the study in mainland Portugal which is located in southwestern Europe (Fig. 1). The northern part of the country is hilly, with 95% of the area above 400 m, while the southern half is mostly flat with 62% below 200 m (Miranda et al., 2002). In the northwest, the climate is Temperate, but Mediterranean in the centre and south. The lowest mean annual temperature is seven degrees in the mountains of central Portugal, and the highest is 18 °C in the southern regions. The northwestern areas have the highest mean annual precipitation (>3000 mm/year), while the lowest values are recorded in the south (> 500 mm/year). Approximately 42% of the annual precipitation occurs during the winter (December–February), and only 6% during Summer (June–August) (Olson et al., 2001). 
Data processing 
The riparian vegetation data were collected between 2004-2006 in 404 sites across 38 river basins in continental Portugal (Fig. 1). This work was part of the pre-assessment surveys conducted to implement the Water Framework Directive (WFD) in Portugal (CIS-WFD 2003, INAG 2008, Agência Portuguesa do Ambiente 2012). Field surveys followed the protocol defined for the WFD implementation, which consisted of evenly establishing 100 meter sampling plots along the river network (covering all river types) with a width proportional to regular floods in each site. In each plot, the identity of every species was recorded, and its relative percentage cover was visually estimated.
As a proxy for human disturbance we used the Global Human Modification of Terrestrial Systems data set (Kennedy et al., 2019, 2020). This data set was built using the human modification model (Theobald, 2013), which considers human activities' spatial extent, intensity, and co-occurrence to derive the potential impacts on terrestrial systems using a parsimonious list of stressors (Salafsky et al., 2008). The assessment was conducted using spatially explicit global data sets, and considered 13 anthropogenic stressors, including human settlements, agriculture, electrical and transportation infrastructures, mining, and energy production. The result is an empirically based, continuous 0-1 metric with 1 km2 resolution that considers the proportion of a landscape modified by human activities (Gustafson and Parker, 1992). We used QGIS 3.2 (QGIS Development Team, 2021) to obtain human modification for each plot.
Data analysis
To analyse how the percentage of cover of the dominant species changes with human disturbance we used Extreme Value Theory (EVT). The purpose of EVT is to describe the values in the tails of a distribution, particularly the distribution of the maxima or minima (Coles, 2001; Castillo et al., 2004). A significant result from EVT is that, under a linear normalization of the data, extreme values follow one of three distributions: maxima follow Fréchet, Gumbel or reverse Weibull distributions, while minima follow reverse Fréchet, reverse Gumbel or Weibull distributions. Each of these distributions is a particular case of the Generalized Extreme Distribution (GEV), which is parameterized by three parameters, the location, scale parameter and shape parameters (Coles, 2001). If the shape parameter is negative, we recover the reverse Weibull (maxima) or the Weibull distribution (minima). On the other hand, if it is positive, we recover the Fréchet (maxima) or the reverse Fréchet distribution (minima). When the shape parameter tends to zero, we obtain the Gumbel (maxima) or the reverse Gumbel distribution (minima). We identified the species with the largest percentage of cover in each riparian plant community and collected the corresponding disturbance index from the Global Human Modification of Terrestrial Systems data set. Next, we selected the 5% most disturbed communities and the 5% least disturbed communities and gathered the cover values of the dominant species in each community. Then, we fitted GEV distributions to the distribution of cover values in the disturbed sites and in the least disturbed sites. We repeated this procedure with threshold values ranging between 5% and 50% with increments of 1%. 
Since we found significant differences in the percentage of cover of the dominant species in disturbed and least disturbed communities, we examined the identity and ecological characteristics of the dominant species. As before, we used a threshold based approach with values ranging between 10% and 40% with 5% increments. We created barplots that show the number of times each of the top 5 most dominant species had the highest percentage of cover in the disturbed and least disturbed communities.
Results
The percentage of cover of the dominant species was significantly higher in the least disturbed communities compared to the disturbed communities when threshold values ranged between 0.28 and 0.47. The location parameter of the GEV fitted to the cover values from the least disturbed communities is significantly higher than the corresponding parameter in the disturbed communities group (Fig 2B). As for the scale and shape parameters there were no significant differences for any threshold values (Fig 2 C and D).
Concerning the most abundant species, we found that the common alder (Alnus glutinosa) was the species that more often had the highest percentage of cover regardless of the selected disturbance threshold. In the least disturbed sites, the narrow-leaved ash (Fraxinus angustifolia) came in second place and the southern sage-leaved willow (Salix salviifolia) in third (Fig. 3 left). In disturbed areas, the second species that had the highest cover depended on the threshold. When thresholds were between 10 and 15%, the species that came in second place was the large grey willow (Salix atrocinerea). For 20% or higher thresholds, it was the giant reed (Arundo donax) or the narrow-leaved ash. In third place it was the same two species mentioned before, plus the elm-leaf blackberry (Rubus ulmifolius) (Fig. 3 right).
Discussion
Our results suggest that the percentage of cover of the dominant species in riparian environments in continental Portugal tends to be higher in the least disturbed communities than in the disturbed communities. This difference was only statistically significant when we considered thresholds between 30% and 47%. This may happen because when we choose low threshold values, we assign a small number of communities to the disturbed and least disturbed groups (Fig 2A). Therefore, the small sample size increases the uncertainty associated with the location parameter of the GEV distribution that we used to characterize the distribution of maximum percentages of cover. As a result, the associated confidence intervals are larger, making it harder to detect statistically significant differences. Thresholds above 45% probably do not create enough separation between disturbed and least disturbed communities, hence the non-significant differences. 
The species composition of riparian plant communities is influenced by biogeographical and evolutionary processes, which determine which species from the regional species pool will occur in a given area. These patterns are then modified by human disturbance. (Rodríguez-González et al., 2008). Riparian vegetation clearing is common in more humanized areas, such as peri-urban areas, agricultural areas and forest production areas, which causes a reduction in the cover of the dominant species. In the least disturbed areas, vegetation clearing is less frequent, allowing for more growing time and permitting the dominant species to have a higher percentage of cover. 
Alnus glutinosa was the most dominant species on least disturbed sites (Fig. 3). This species is adapted to poor soils (Claessens et al., 2010) , coarse sands and gravels and grows very fast, particularly when young (Rodríguez-González et al., 2014). It can fix nitrogen in symbiotic root nodules with the bacteria Frankia alni (Schwencke and Carú, 2001), making it a valuable pioneer species that can grow even in disturbed sites (Houston Durrant et al., 2016). At a local scale, these ecological features can probably explain why this species is dominant in so many areas, irrespective of disturbance. The second most dominant species in the least disturbed areas was Fraxinus angustifolia, a fast-growing and light-demanding species that grows well on moist soils and in temporarily flooded lowlands (Gomes Marques et al., 2018; Rodríguez-González et al., 2021). This species prefers aerated or only moderately compacted soils (Caudullo and Houston Durrant, 2016). In disturbed areas, soil compaction can be high when there is intensive livestock grazing, which may explain this result. The third most dominant species was Salix salvifolia, which grows along rivers and streams with seasonally low water levels and torrential regimes  (Castroviejo, 1986; Monteiro-Henriques et al., 2014). Such conditions are common in the least disturbed streams, which typically have not been channelized or regulated.
In disturbed areas, Salix atrocinerea was the second most dominant species. Unlike Salix salvifolia, this species well adapted to lentic environments (Castroviejo, 1986; Rodríguez-González et al., 2008, 2010), which are often found in disturbed streams that have been regulated. Two other species were often dominant. Arundo donax is an exotic species that grows along lakes, streams, drains, and other wet sites. The species adapts well to riparian areas with regular flood cycles, and it is usually associated with waterways with altered hydrologic regimes (e.g., dams) and disturbed riparian vegetation (Bell 1997, Morais et al. 2016). Rubus ulmifolius is a fast-growing, deciduous shrub that prefers humid environments, clearings, and forest edges. Although its seedlings present low survival rates when there is shade and competition, their seeds can remain viable in the soil for long periods. Following a disturbance, such as vegetation clearing, this species can quickly cover riparian zones (Mazzolari et al., 2011).

[bookmark: _GoBack]Human disturbance can change the number of species and their evenness. Several studies show that evenness often responds more rapidly to human disturbance than species richness (Chapin III et al., 2000; Hillebrand et al., 2008) , which means that ecosystems can suffer significant losses long before any species have gone extinct (Hillebrand et al., 2007). One the most extreme changes in the dominance structure of a community can occur following an invasion by an exotic species (Seabloom et al., 2003; Guo et al., 2006). In our study area, we observed such situations in sites that become dominated by Arundo donax, an exotic invasive species, after the natural vegetation was cleared for agriculture. The replacement of the naturally occurring riparian vegetation by a single dominant species after a major disturbance can also involve native species. We found several sites where the riparian vegetation had been replaced by Rubus ulmifolius. Increases in the availability of nutrients caused by fertilization are associated with decreases in evenness and increased dominance in almost all ecosystems (Harpole and Tilman, 2007; Hillebrand et al., 2007). In a meta-analysis conducted across multiple ecosystems, Hillebrand et al. (2007) found that fertilization significantly decreased evenness, and herbivores increased evenness in plant and algal communities. We think the results from our study are largely in line with those of the study by Hillebrand et al. (2007). We found that the dominant species in disturbed sites had a lower percentage cover than in the least disturbed areas. We used a composite disturbance metric (i.e. an index) that does not separate between physical disturbance (e.g., vegetation clearing) and chemical disturbance (e.g., nutrient runoff). However, based on our field experience, we believe physical disturbance was the most important source of disturbance in the study areas. In Hillebrand et al. (2007), the physical removal of plant biomass through herbivory caused lower evenness. In our study, the physical removal of plant due to clearing may be responsible for lower percentages of cover of the dominant plant species.
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Figure 1- The red dots represent the 404 locations where riparian vegetation surveys took place.

Figure 2 -  A) The number of communities classified as least disturbed (blue) and more disturbed (red) with increasing threshold values. Panels B), C), and D) show the location, scale, and shape parameters from the GEV distribution plotted against threshold values. The red lines and dots correspond to the ecological communities with larger human modification indices (more disturbed), while the blue ones correspond to communities is small indices (less disturbed). The shaded areas represent two standard errors. D – Disturbed, LD- Least disturbed.

Figure 3 – This bar plot shows how the number of times each of the top 5 more dominant species had the highest percentage of cover in each of the 404 sampled communities.
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