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Foreword  

 

This PhD thesis is structured as a collection of scientific papers having as the 

unifying theme the evaluation of environmental impact on benthic communities in 

alpine streams. Most of the results presented here focus on stream 

macroinvertebrates, but in a few cases, evidence about the response of benthic 

diatoms, chemical, and microbiological parameters to these alterations is also 

reported. The introduction provides a broad overview of environmental impacts in 

the context of climate change, with a particular focus on alpine river ecosystems. 

Among the various alterations types, this thesis explicitly examines two key 

categories: water quality and hydro-morphological alterations. In natural systems, 

these alterations are often interconnected. Therefore, this thesis is structured as a 

series of case studies, each addressing a different type of environmental pressure. 

Within each case study, I analyse the selected alterations to present the state of the 

art in current knowledge and their impacts on macroinvertebrate communities.   

In Section I: Wastewater Treatment Plant Effluents, I analysed the impact of 

wastewater treatment plants (WWTPs) at different spatial scales. At the basin 

scale, I examined how the assessment of ecological status using traditional indices, 

such as STAR_ICMi, can be integrated with a functional approach for analyzing 

macroinvertebrate communities to evaluate the impact of nutrient loads on them. 

Subsequently, I conducted a more detailed analysis at the local scale, focusing on 

the combined effect of chemical-physical stress, associated with the presence of 

effluents from wastewater treatment plants, and the hydrological impact caused by 

the reduction in water availability due to climate change.   

In addition to modifying community structure, effluent impact can also influence 

organism morphology. In this case study, I analyzed the correlation between the 
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presence of Serratella ignita with smaller legs and an increase in predation 

pressure, coinciding with the absence of effluent treatment plant impact. 

Conversely, at the impacted station, the deterioration of environmental quality led 

to a reduction in the presence of predators, consequently limiting this 

phenomenon.   

In Section 2: Increase of Water Temperature, I analysed the impact of rising 

temperatures due to climate change on the life cycle of macroinvertebrates, with a 

particular focus on the most sensitive species, such as mayflies. In one case study, 

I analyzed the life cycle of Serratella ignita, comparing three similar rivers but 

with different water temperatures, primarily influenced by the climatic conditions 

of 2022, a particularly dry year. Subsequently, in the other case study, I examined 

the life cycle of Ephoron virgo, using data from municipal reports, which allowed 

me to reconstruct a historical series.  

In Section 3: Connectivity Alterations, I analysed the impact of dams on 

macroinvertebrate communities, considering the interactions between 

hydrological and morphological alterations. In one case study, I adopted a 

functional approach to assess how dams act as filters, selecting specific 

community biological traits. In the other case study, I tested new indices, including 

Flow-T, calibrated on the functional traits of macroinvertebrates, with particular 

attention to microhabitat preference and flow velocity.  

In Section 4: Extreme Hydrological Events, I analyzed exceptional events 

primarily related to water flowΦ In the first case study, I examined the impact of 

extreme floods on macroinvertebrate communities. Although dams act as filters, 

reducing community diversity, in these extreme events, they can play a mitigating 

role, attenuating the effects of catastrophic floods. Thanks to the availability of a 

time series of sampling data, I took a functional approach, focusing mainly on the 
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recovery time of macroinvertebrate communities. In the second case study, I 

investigated the phenomenon of exceptional droughts. Riverbed modifications or 

excessive water withdrawals can cause unexpected dry conditions outside the 

normal seasonal regime. I conducted a manipulative experiment in artificial 

streams to assess their impact on macroinvertebrate communities. By using indices 

such as the Outlying Mean Index, it was possible to identify the organisms most 

resistant to these extreme conditions.  

The conclusion section summarises the most relevant findings observed regarding 

selected environmental impacts in alpine streams under an increasing climate change 

scenario.   

Finally, I have included some additional papers I co-authored during my PhD 

program in the annex. Although these studies are not strictly related to the topic of 

my PhD program, they all contributed to improving my scientific background in 

Stream Ecology.   
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Introduction  

 

Rivers and streams represent one of the most dynamic and complex ecosystems 

on the planet, characterized by a unidirectional flow of water that connects 

terrestrial, atmospheric, and marine landscapes (Vannote et al., 1980; Allan & 

Castillo, 2007). They play a fundamental role in the global hydrological cycle, 

serving as the primary means of water transfer (Oki & Kanae, 2006). Rivers 

transport approximately 36,000 kmį of freshwater annually from continents to 

oceans, significantly contributing to the global water balance (Dai & Trenberth, 

2002). In addition to water, rivers carry vast amounts of sediments, estimated 

between 15 and 20 billion tons per year, which contribute to forming deltas, 

floodplains, and coral reefs (Syvitski et al., 2005; Best, 2019). Rivers are also the 

main vectors of nutrients and organic matter, such as nitrogen and phosphorus, 

which are fundamental in sustaining primary productivity at the base of aquatic 

food webs (Seitzinger et al., 2005; Bauer et al., 2013). Furthermore, rivers 

transport organisms and serve as ecological corridors, connecting terrestrial and 

aquatic ecosystems (Ward et al., 2002; Dudgeon et al., 2006). This connectivity is 

essential for species migration, energy fluxes, and the maintenance of biodiversity 

at regional and global scales.  

The dynamic nature of rivers is determined by a combination of physical, 

chemical, and biological factors interacting across multiple spatial and temporal 

scales (Ward, 1989; Palmer & Ruhi, 2019). From a physical perspective, rivers 

exhibit spatial and temporal variability in discharge, flow velocity and depth 

patterns, substrate size, and channel morphology. This variability is influenced by 

climatic, geological, and topographic factors, shaping distinct habitats such as 

rapids, riffles, and glides (Montgomery & Buffington, 1997; Poole, 2002). The 

physical structure of rivers, in turn, influences chemical and biological processes, 
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creating ecological gradients that support diverse biotic communities (Thorp et al., 

2006). Chemically, rivers are open systems that receive and transport a wide range 

of dissolved and particulate substances, including nutrients (nitrogen, 

phosphorus), organic and inorganic carbon, and contaminants (e.g., heavy metals, 

pesticides). The chemical composition of river waters results from both natural 

processes (e.g., erosion, organic matter decomposition) and anthropogenic 

activities (e.g., agriculture, industry), which can alter water quality and resource 

availability for aquatic organisms (Meybeck, 2003; Wetzel, 2001). Biologically, 

rivers host a rich biodiversity, in particular 13% of all described species, yet 

covering less than 2% of the Earthôs surface, with communities adapted to specific 

riverine conditions and playing key roles in ecological processes such as organic 

matter decomposition, nutrient cycling, and energy transfer through trophic 

networks (Cummins, 1974; Wallace & Webster, 1996). River biodiversity is 

sustained by longitudinal, lateral, and vertical connectivity, facilitating organism 

movement and material and energy exchange across ecosystem compartments 

(Ward et al., 2002; Datry et al., 2018).  

The physical, chemical, and biological characteristics of rivers regulate their 

ecological dynamics and provide a wide range of ecosystem services essential for 

human well-being and ecosystem functioning (Brauman et al., 2007). Rivers are 

among the primary sources of freshwater for human consumption, with over 40% 

of the global population relying on them for water supply (Vºrºsmarty et al., 

2010). They maintain ecological balance and mitigate the impacts of 

environmental disturbances (Postel & Carpenter, 1997). For instance, floodplains 

and associated wetlands absorb and slow water flow during flood events, reducing 

downstream flood risks (Tockner & Stanford, 2002). Additionally, rivers support 

ecosystem functioning through their crucial role in nutrient cycling (Seitzinger et 
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al., 2005) and soil formation via erosion, transport, and sediment deposition 

(Bridge, 2003).  

Despite covering a tiny fraction of Earth's surface (0.8%) and representing a minor 

portion of global freshwater resources (0.01%), nearly 65% of all river systems 

worldwide are currently under severe threat (Vºrºsmarty et al., 2010) due to the 

combined effects of climate change and extensive anthropogenic pressures 

(Domisch et al., 2013). The decline in freshwater biodiversity surpasses any other 

ecosystem (Dudgeon et al., 2019). For example, approximately 2,251 animal 

species (41%) out of 5,435 listed in the IUCN Red List 2000 inhabit aquatic 

environments (Tickner et al., 2020).  

Among the various river types, alpine riversðcentral to this PhD thesisðare 

among the most impacted. Often referred to as the "water towers of Europe" (van 

Tiel et al., 2023) due to their crucial role in sustaining downstream ecosystems and 

providing essential water resources, alpine rivers exhibit extreme environmental 

conditions that profoundly shape their structure and ecological functionality, 

making them particularly vulnerable. These rivers are characterized by low 

average water temperatures, rarely exceeding 10ÁC even in summer, due to their 

glacial or nival origins (Griffiths et al., 2021). They have strong flow fluctuations 

with marked seasonal variations, peaking during spring and summer snowmelt and 

reaching minima in winter when precipitation is predominantly snow (Huss & 

Rock, 2018). Moreover, their morphology is quite complex, often featuring steep 

gradients, rocky substrates, and high spatial and temporal variability (Milner et al., 

2017). Hydrological dynamics greatly influence channel morphology, fostering 

the formation of heterogeneous habitats such as rapids, riffles, and glides (Belletti 

et al., 2017; Burgazzi et al., 2021). The morphology of alpine rivers is further 

shaped by intense erosive activity and sediment transport, creating a mosaic of 

microhabitats suitable for diverse aquatic species (Carrivick & Tweed, 2016).  
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Due to their strong dependence on climatic and geomorphological conditions, 

alpine rivers are highly sensitive to environmental impacts. These impacts arise 

from a complex interplay of natural and anthropogenic factors interacting to alter 

their physical, chemical, and biological characteristics. Environmental 

disturbances can be categorized into three major types: physico-chemical 

alterations, hydro-morphological alterations, and biological alterations. This PhD 

thesis will focus on water quality alterations and hydro-morphological alterations.   

1. Water quality alterations  

This term refers to introducing matter or energy into river systems by humans or 

natural events, either directly or indirectly, with negative consequences for the 

ecosystem and human health. Human activities produce large quantities of 

substances that cause chemical and physical alterations, which can be of different 

kinds depending on their origin. They can be divided into point-source, i.e. 

discharged into the river at a specific location, such as civil treatment plant 

discharges, or areal diffusion, i.e. spread over large areas that reach the river 

through surface runoff and groundwater (such as fertilisers and pesticides). In this 

thesis I will mainly discuss point impacts, in particular, civil treatment plant 

effluentsΦ Temperature is also among chemical-physical alterations, as it is the 

input of thermal energy that leads to the warming of surface water. Often, this is 

caused by man, but in an era of climate change, the temperatures of alpine rivers 

are rising, leading to the consequent impacts, especially on benthic organisms   

 1.1 Wastewater treatment plant effluents  

Wastewater treatment plants (WWTPs) are common worldwide and necessary to 

improve wastewater quality before it is returned to the surface or groundwater and 

re-enters water supplies. Over the past 50 years, many countries have sought to 

increase treated effluent by closely monitoring and constantly improving 

municipal and industrial sewage treatment plants (Jones et al., 2022). Today, it is 
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estimated that 52.8% of globally produced wastewater is treated in WWTPs, while 

47.2% is discharged untreated (Jones et al., 2021). WWTPs are a desired 

alternative to unregulated discharges, but WWTPs do not discharge water of the 

same quality as that of the receiving water body and impose physical changes to 

the receiving system. Effluent discharges have the potential to significantly alter 

many different aspects of aquatic systems, including nutrient uptake efficiency 

(Haggard et al., 2001; Marti et al., 2004), organic carbon content (McConnell, 

1980), bacterial levels (Petersen et al., 2005), and hydrologic characteristics 

(Dennehy et al., 1998). One characteristic of WWTP effluent that often impacts 

receiving waters is its nutrient content. Quality standards for WWTPS discharges 

should guarantee that they do not contribute significantly to pollutant loads, but 

this is not necessarily true for nutrients (Hager & Schemel, 1992; Andersen et al., 

2004; Gibson & Meyer, 2007). Aquatic systems such as alpine rivers have very 

low ambient nutrient concentrations and even small shifts in the nutrient load can 

result in dramatic changes in community structure (Miltner & Rankin 1998; Dodds 

& Welch 2000; Rabalais 2002). Thus, many water quality concerns for aquatic 

systems are directly related to nutrient loading. Researchers investigating nutrient 

pollution from nonpoint sources have discovered that WWTP effluent often 

influenced nutrient loads more strongly than nonpoint sources (Ahearn et al., 

2005; Popova et al., 2006; Migliaccio et al., 2007). Early research on nutrient 

enrichment assumed that rivers and streams were immune to excessive nutrient 

inputs (e.g., Hynes 1969). This argument is derived from the belief that other 

physical, chemical, and biotic factors restrict the effects of nutrient enrichment on 

algal and aquatic plant growth. Rivers and streams were thought to be already 

nutrient-saturated, as increased shading and short water residence times tended to 

limit potential responses to nutrient enrichment (Smith et al., 1999). Although the 

response of primary and secondary consumers to nutrient enrichment can be 
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indirect and unpredictable (Miltner & Rankin 1998), scientific evidence from 

numerous studies suggests that flowing waters are indeed affected by excess 

nutrients (Hecky & Kilham 1988; Matlock et al., 1998; Carey et al., 2007; Ohte et 

al., 2007). Sustained inputs of phosphorus and/or nitrogen to streams lead to 

increased rates of eutrophication, a widespread problem affecting the quality of 

water resources. The increase of nutrients is a complex system and requires an 

understanding of the biology and chemistry of a stream system. Even if we find 

low concentrations of nutrients in the effluent, over the year, these concentrations 

bring a very important load of nitrogen and phosphorus to the rivers. However, 

while concentrations are very often studied on a local scale as they are linked to 

the point of sampling, a larger spatial scale is needed for loads, but to date, there 

are only a few studies.   

Moreover, WWTPs not only represent entrance pathways for chemicals, they can 

also alter stream flow and temperature regimes of the connected river (Canobbio 

et al., 2009; Kinouchi et al., 2007), particularly if the river flow consists of a high 

percentage of wastewater (Matamoros & Rodr²guez, 2017; Woodling et al., 2006). 

Consequently, reduced stream flow can lead to a weaker dilution of wastewater. 

In some cases, WWTP effluents can make up as much as 100% of the actual basal 

stream flow (Hamdhani et al., 2020). Especially in alpine rivers that are subject to 

the phenomenon of Mediterraneanization (Bruno et al., 2019), caused by climate 

change, severe decreases of the flow rate are becoming increasingly frequent. 

Hence, there is a need to study the impact of sewage treatment plants associated 

with dry river periods.   

1.2 Increase in water temperature  

Thermal pollution is one type of physical pollution of the natural environment 

characterized by a periodic or prolonged input of hotter or colder waters to the 

natural water bodies that cause the degradation of water quality by changes in 
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water temperature associated especially with human activities (Goldberg et al., 

2003; Schuelting et al., 2016). While chemical pollutants are classified according 

to their degree of presence in a natural water body, thermal pollution is very 

complex as rising temperatures are often also caused by climate change. An 

increase in the temperature of stream water is being observed worldwide due to 

global warming. Average increases of at least 0.5ÁC per decade have been 

observed (Daufresne et al., 2004; Durance & Ormerod, 2009; O'Reilly et al., 2015; 

Liu et al., 2020; Niedrist & F¿reder, 2020). As global warming continues, water 

temperature projections indicate increases of 1.5Á C by 2030 and, in some regions 

of the world, up to 4Á C by 2050 (Wanders et al., 2019). Rising water temperatures 

in rivers can be accelerated by anthropogenic structures such as dams and weirs, 

which slow the flow and promote warming of the upper water layers (Schneider 

et al., 2013; Zaidel et al., 2021). Beyond gradual warming, river temperature 

regimes can also be subject to sudden fluctuations caused by human activities, 

especially in systems regulated by storage hydropower plants. This phenomenon, 

known as thermopeaking, refers to sudden increases or decreases in water 

temperature associated with hydropeaking waves during turbine operations. 

Thermopeaking has been shown to affect various ecological processes, including 

the drift behavior of benthic macroinvertebrates and the desynchronization 

between thermal and discharge waves, thereby posing additional stress on aquatic 

communities (Zolezzi et al., 2011; Carolli et al., 2012; Bruno et al., 2013; Auer et 

al., 2023).Water temperature is directly related to oxygen concentrations, which 

are critical for biota in these systems (Piatka et al., 2021). More significant 

seasonal variation in water temperature and higher temperature extremes in 

summer can cause severe stress to river organisms (Durance and Ormerod, 2009; 

van Vliet et al., 2013), with cold stenothermic species being the most affected, 

particularly in alpine rivers (Fullerton et al., 2018). The consequences for other 
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organisms, such as macroinvertebrates during the aquatic stages of their life cycle, 

may be that they cannot reach potentially cooler waters, given their limited 

mobility, which may leave them more exposed to short-term water temperature 

extremes. Especially in hot, dry summers, when expected maximum temperatures 

can potentially exceed the upper tolerance levels of many macroinvertebrate 

species (Leigh et al., 2015), pronounced changes in the composition of 

macroinvertebrate communities can be expected (Lento et al., 2021). 

Macroinvertebrates play a key role in regulating the functional processes of 

streams and are an essential food source for higher trophic levels (Wallace & 

Webster, 1996; Huryn, 1998; Ruetz et al., 2002). Therefore, changes in 

macroinvertebrate communities can have consequences for the entire food web 

and the resilience of river ecosystems. The effects of temperature-induced 

seasonal changes in river community composition are unclear. However, effects 

can be seen through species-specific thermal tolerance, especially in those that 

have part of their life cycle in aquatic environments. Organisms such as 

Ephemeroptera species such as Serratella ignita or Ephoron virgo are sensitive 

from their eggs to water heating and, therefore, have low tolerance. The increase 

in temperature causes early hatching, often followed by a speeding up of the 

nymph-to-adult cycle, inducing earlier flickering, decreasing the organism's 

fitness and, consequently, the size (Bonacina et al., 2023). Thus, the life cycle often 

becomes a key to detecting the effects of increased temperature.  

2. Hydro-morphological alterations  

Hydro-morphological impacts are the consequences of hydrological and 

morphological alterations on a river and its ecosystem. They refer to modifications 

that affect both the water flow regime (hydrological component) and the physical 

structure of the river, including the shape of the riverbed, banks, and sediment 

transport (morphological component). Hydro-morphological alterations are 
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currently one of the main causes of water quality deterioration (Servanzi et al., 

2024). For centuries, rivers have been transformed and artificialized due to human 

activities associated with urban development and agriculture (G¿nd¿z & ķimĸek, 

2021). Industrial expansion has further increased water demand in recent 

centuries, intensifying these modifications. This phenomenon is particularly 

evident in highly urbanized areas, such as the Po Basin, though affecting a wide 

range of fluvial environments, including mountain reaches (Viaroli et al., 2013).  

In detail, hydrological alterations represent changes in the natural flow of a river 

in terms of quantity, velocity, or flow regime. These changes can result from 

natural phenomena, such as climate change or geological variations, but are often 

caused by human interventions, such as dam constructionðnot only due to the 

alteration of natural flow regimes into minimum environmental flows (DMV), but 

also through the implementation of various hydropower schemes, including 

hydropeaking, run-of-the-river systems, and small hydropower plantsðalongside 

water abstraction for agricultural and industrial use, and river channelization. One 

of the most significant aspects concerns flow modifications, specifically discharge 

variations, which refer to the volume of water flowing through a river over a given 

period. The construction of dams and reservoirs artificially regulates the flow, 

mitigating flood peaks and reducing discharge during dry periods. At the same 

time, excessive water abstraction for agricultural and industrial purposes can cause 

a significant decrease in flow, leading to a reduction in water levels and, in some 

cases, the complete interruption of flow in certain river sections. Another relevant 

phenomenon is the alteration of the river regime. Under natural conditions, rivers 

follow hydrological cycles characterized by predictable seasonality, such as 

increased discharge in spring due to snowmelt or during rainy seasons, particularly 

in rivers of alpine origin. However, artificial water regulation can disrupt these 

natural flow patterns, resulting in increased discharge during low-flow periods or 
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unexpected reductions during high-flow seasons. Such hydrological alterations 

have been documented at multiple temporal scales, for instance in the Adige River, 

Italy (Zolezzi et al., 2009). Another critical impact is flow intermittency and 

unseasonal droughts, where certain rivers dry up during periods when, under 

natural conditions, they should maintain a minimum ecological flow. This 

phenomenon is exacerbated by water diversion and climate change, making 

hydrological regimes more unpredictable. In alpine environments, for example, 

the reduction in snowfall and rising temperatures can accelerate the melting of 

glaciers or snowfields, altering annual flow patterns and increasing the frequency 

of drought events (Brown et al., 2007; Hotaling et al., 2017). Furthermore, 

hydrological alterations also impact flow velocity and turbulence, directly 

affecting erosion and sediment deposition processes. A reduction in flow velocity 

promotes water stagnation and the accumulation of pollutants. At the same time, 

a sudden increase in discharge can destroy delicate habitats and make it difficult 

for aquatic organisms to survive.    

Hydrological alterations profoundly impact river ecosystems, disrupting the 

natural functioning of watercourses and compromising biodiversity. One of the 

most significant consequences is habitat loss, caused by flow variations that 

reduce the availability of suitable areas for many aquatic species. Another 

important effect is the increased vulnerability to extreme events: a hydrologically-

altered river is more exposed to sudden floods or prolonged droughts, devastating 

consequences for ecosystems and biota, particularly macroinvertebrates. In alpine 

rivers, macroinvertebrate communities are often not adapted to such extreme 

events, making them particularly susceptible to hydrological disturbances. Finally, 

water quality is also affected by these modifications, as reduced discharge can lead 

to higher concentrations of pollutants. At the same time, sudden flow variations 

can disrupt the biological cycles of aquatic organisms and reduce the riverôs self-
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purification capacity.  Hydrological alterations compromise rivers' natural balance 

and ability to sustain healthy and resilient ecosystems.   

Regarding morphological alterations, these refer to modifications in the physical 

structure of the river, such as the riverbed or banks, often resulting from human 

interventions or natural processes. One main human activity that alters river 

morphology is channelization and riverbed straightening, which reduces the river's 

natural sinuosity to improve navigation or flood control. The construction of 

embankments and bank protection structures limits the riverôs natural expansion 

into floodplains. At the same time, the cementing of riverbanks and the riverbed 

alters its self-purification capacity and impacts benthic communities.  The 

presence of barriers, dams, and weirs also falls within morphological alterations. 

These structures hinder the natural transport of sediments and, in some cases, 

increase fine sediment deposition, causing siltationða particularly catastrophic 

phenomenon to benthic communities, especially macroinvertebrates. Excessive 

sediment accumulation can lead to community burial, oxygen depletion, and even 

have an abrasive effect on external structures such as gills, ultimately impacting 

the physiology of macroinvertebrates.  

Moreover, these changes are often interconnected with hydro-logical alterations 

that represent a major threat to the stability and functioning of river ecosystems, 

compromising their ability to support biodiversity and provide essential ecosystem 

services.  

2.1 Dams  

The last two decades have seen the emergence of new dam installations to meet 

the growing energy demand (Best et al., 2019). Dams have profound ecological 

consequences, including changes in physical habitat and biotic composition (Allan 

& Castillo, 2007). However, the ecological effects of damming differ significantly 
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between upstream and downstream sections. Upstream of the dam, the 

transformation of a riverine (lotic) environment into a reservoir (lentic) leads to 

altered thermal stratification, reduced flow velocities, and increased 

sedimentation, with cascading effects on nutrient cycling and biological 

communities (Brooks et al., 2018). Downstream, the release of water often follows 

a minimum environmental flow regime (DMV), which typically lacks the natural 

variability in timing and magnitude of discharge. Furthermore, in large dams, 

releases are often hypolimnetic, i.e., drawn from the colder, oxygen-poor bottom 

layers of the reservoir, resulting in downstream water that is not only reduced in 

volume but also altered in temperature and oxygen content, shifting river typology 

and affecting aquatic life (Schmutz et al., 2018). These disruptions can fragment 

habitat connectivity and significantly impact both fish assemblages (Tsuboi et al., 

2010; Zhang et al., 2018) and the structure of algae and macroinvertebrate 

communities (Schneider & Petrin, 2017).In addition, damming can facilitate 

biological invasion by increasing colonization opportunities for nonindigenous 

taxa and enhancing their subsequent establishment success (Johnson et al., 2008). 

Without an appropriate living habitat and reproductive conditions, many aquatic 

biotas would decrease in richness and even become extirpated (Kelner & Sietman, 

2000). Therefore, dams are recognized as a primary cause of global biodiversity 

degradation. Environmental changes from dam operations could affect 

macroinvertebrates across all levels of organization (from individual to 

community). At the individual level, some insects changed their life history (i.e., 

mayfly fauna), dispersal, and colonization processes to survive in adverse 

conditions (Brooks et al., 2018). The populations of macroinvertebrates could also 

change due to extreme fluctuations in downstream discharge (Gaschignard & 

Berly, 1987). Especially in the alpine mountains, these effects are particularly 

noticeable as the valleys are now affected by hydroelectric plants of different sizes. 
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The presence of hydropower plants can lead to two distinct types of flow regime 

alterations: seasonal changes in discharge patterns, which differ from natural flow 

variability and typically reflect operational or irrigation needs (see e.g., Rolls & 

Bond, 2010), and short-term fluctuations associated with hydropeaking and 

thermopeaking. These rapid and abrupt changes in flow and temperature 

downstream of storage hydropower plants can significantly affect river 

morphology, thermal regimes (Olden & Naiman, 2010), and the composition and 

behavior of macroinvertebrate communities. Regarding community structure and 

biodiversity, macroinvertebrate richness has been reported to changes after dam 

construction due to alterations in substrate types, flow velocity (Kjaerstad et al., 

2018), and elevation/decrease of downstream water temperature (Phillips et al., 

2016). The sum of all these impacts caused by the dams affects water quality.  

2.2 Catastrophic flood events  

Floods are natural phenomena essential for the functioning of rivers and streams, 

influencing nutrient cycles, habitat formation, species diversity, and the dynamics of 

biological communities (Milner et al., 2018). Depending on the hydrological regime, 

seasonal floods occur at specific times: nival floods in spring due to snowmelt, 

pluvial floods in autumn driven by heavy rainfall, and glacial floods in summer due 

to glacial melt. However, climate change has altered the frequency and intensity of 

these events, with significant consequences for aquatic ecosystems. The increase in 

extreme flood events affects the stability of fluvial ecosystems, leading to habitat 

simplification (substrate homogenization), affecting biodiversity (Rajkhowa et al., 

2021). The decrease in environmental complexity limits the ecosystemôs capacity to 

support a diverse range of species, thereby decreasing ecological resilience and 

slowing recovery following disturbances. The most affected organisms are 

macroinvertebrates due to their limited mobility, benthic habits, and sensitivity to 

disturbances (Aldous et al., 2011). Extreme floods can cause drastic declines in their 
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populations and alterations in community composition due to physical substrate 

disturbances and rapid changes in water quality and flow velocity (Argerich, 2004). 

One of the effects of such disturbances is catastrophic drift of benthic invertebrates, 

where organisms are massively displaced due to extreme hydrodynamic conditions 

(Levenstein, 2021). This process can lead to a significant reduction in benthic 

biomass, a loss of taxonomic and functional diversity, and a shift in community 

composition, often favoring opportunistic or disturbance-tolerant species over more 

sensitive taxa (Boersma et al., 2013). These changes can impair ecosystem 

functioning, such as nutrient cycling and energy flow, ultimately reducing the 

resilience and ecological integrity of the river system. Furthermore, the loss of 

specialized microhabitats exacerbates biodiversity decline, making the survival of 

many species increasingly challenging (Reich et al., 2014).  

Macroinvertebrate communities exhibit varying degrees of resistance and resilience 

to flood disturbances. Resistant taxa can withstand the force of floods and remain in 

their habitat, not only through direct resistance but also by utilizing in-stream 

refuges. In contrast, resilient taxa rapidly recolonize the area after disturbances. The 

resistance and resilience of these communities depend on their taxonomic, 

behavioural, and life-history traits (Gholizadeh et al., 2021). Some taxa burrow 

deeper into sediments or attach to substrates to avoid displacement, whereas others 

have rapid life cycles that enable quick recovery (Milner et al., 2018). The recovery 

of benthic macroinvertebrate communities after a flood is influenced by multiple 

factors, including the intensity, timing, magnitude, and duration of the event 

(Angradi et al., 1997; Zhang et al., 2017). Additionally, the availability of 

undisturbed habitat patches but also of hydrological connectivity play a crucial role 

in recolonization, influencing both the speed and success of the process. This aspect 

is closely linked to the dispersal ability of organisms, which determines their capacity 

to reach and recolonize disturbed areas (Sarremejane et al., 2020). Flood events can 
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have long-term effects, as slow recovery processes impact the broader food web by 

altering prey availability and disrupting ecosystem functions (Woodward et al., 

2015). Repeated extreme floods exacerbate these impacts, often preventing full 

recovery and leading to permanent community structure and function shifts. Such 

disruptions may result in reduced biodiversity and ecological stability, ultimately 

affecting the resilience of freshwater ecosystems.  

This scenario is further complicated by the fact that lotic systems are, in general, 

characterised by the massive presence of artificial structures, such as dams (Wang 

et al., 2018), which disrupt natural flow regimes, fragment habitats, alter sediment 

transport, and modify thermal and chemical conditions factors that collectively 

exacerbate the ecological impacts of of climate change. Understanding how 

macroinvertebrate communities respond to catastrophic floods and the time 

required for ecosystem recovery is essential for developing effective management 

and conservation strategies. In the context of increasing climate change, this 

knowledge is crucial for maintaining the resilience and functionality of lotic 

ecosystems (Mathers et al., 2022).  

2.3 Anthropogenic drought events  

A hydrologic drought is a period of below-normal flow that is unusual in duration, 

extent, or intensity (Humphries & Baldwin, 2003). Droughts are seasonal in many 

systems, but ñsupraseasonalò events can also occur: unpredictable droughts that 

extend beyond seasonal periods, sometimes lasting more than 10 years 

(ñmegadroughtsò) (Lake, 2003; IPCC, 2012), but which in some cases can be 

humaninduced when, for example, work is done in riverbeds. Droughts are órampô 

disturbances, especially if they are supra-seasonal, and increase in strength and 

spatial extent over time (Lake, 2003). In the initial stages of drought, riparian 

habitats disconnect from channels, and riparian habitat dries (Boulton, 2003). 

Lateral and longitudinal hydrological connectivity is reduced or lost as flow 
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declines, forming isolated pools. Once surface flows cease, many rivers enter a 

lentic phase, characterized by significant changes in water physico-chemistry 

(Sheldon & Fellows, 2010). Pools recede, and surface water can disappear 

completely. Biotic responses to drought vary depending on many factors, but in 

general, organisms that inhabit non-perennial systems have adaptive traits of 

resistance or resilience to dry periods and may be more likely to survive supra-

seasonal drought than those from perennial systems (Boz·ki et al., 2024; 

Sarremejane et al., 2022). In this regard, these events are challenging to study in 

the field because of their unpredictability. A possible workaround is the use of 

mesocosms, artificial riverine systems that allow the control of environmental 

conditions while maintaining a good level of realism.   

Mesocosms (or flumes) are human-made channels having a controlled flow of 

water, which are used to study specific physical, chemical, or biological properties 

of natural streams. Artificial streams have been developed in a wide variety of 

shapes and sizes and used in a range of applications. Artificial streams may be 

located indoors (either in an artificially lighted room or greenhouse) or outdoors 

(removed from or near a natural stream). Artificial streams include stream-side 

channels that draw water and organisms directly from the natural stream. The use 

of artificial rivers is highly recommended for supra-seasonal drought studies as it 

has many advantages: you have better control over the environment, ǘƘŜ exact day 

of the dry weather event, and you can simulate the net or gradual flow change; you 

have the possibility of having equal replications, which in nature, is often 

complicated if not impossible as two rivers although comparable, turn out to be 

different in many aspects; you have the possibility of removing the background 

noise typical of natural systems where often the impact is masked by upstream 

impacts from the drawdown point.   
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SECTION I: Wastewater Treatment Plant Effluents  
  

Paper I.1: ñEffects of wastewater treatment plants on freshwater 

macroinvertebrates:  insights from the catchment scaleò  

  

This work was submitted as:  

Marino, A., Burgazzi, G*., Fenoglio, S., Nizzoli, D.3, Scibona, A.4, Barbieri, E.4, 

Bona F.(2025). Effects of wastewater treatment plants on freshwater macroinvertebrates:  

insights from the catchment scale. Water Research  

Abstract  
The excessive introduction of nitrogen and phosphorus into surface waters due to 

anthropogenic activities presents a major challenge for river ecosystem 

management. Wastewater treatment plants (WWTPs) significantly contribute to 

nutrient loads, especially in densely populated areas. While regulations primarily 

focus on discharge concentrations, the nutrient load released into receiving water 

bodies remains a critical but often overlooked factor in assessing long-term 

ecological impacts. This study investigates the effects of WWTP-derived nutrient 

loads on macroinvertebrate communities in the Po River District, utilizing 

functional traits and community metrics to assess ecosystem responses. Results 

indicate that large WWTPs and small WWTPs contribute to nitrogen and 

phosphorus loading, influencing macroinvertebrate community structure and 

functional diversity. High nutrient loads favour tolerant species while reducing the 

diversity of sensitive taxa, leading to ecological degradation. The analysis of 

biological traits revealed distinct adaptive strategies among macroinvertebrate 

assemblages, highlighting the influence of nutrient enrichment on community 

structure. The findings underscore the need to shift from concentration-based 
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regulations to load-based assessments that consider the cumulative impact of 

nutrients on aquatic ecosystems. Implementing basin-scale management strategies 

and integrating biological monitoring tools could enhance conservation efforts and 

improve the ecological status of rivers affected by urban wastewater discharges.  

Introduction  
The anthropogenic introduction of nutrients, primarily nitrogen (N) and 

phosphorus (P), in surface waters represents a critical challenge for river 

management on a global scale (Jwaideh, 2022).  The Ƴŀƛƴ nutrient sources are 

agricultural practices, industrial activities, livestock production and discharge 

from wastewater treatment plants (WWTPs) (Silva et al., 2024)Φ   

Urban discharges (from this point onward, we will use the term urban discharge to 

refer to the discharges under investigation in our study. By urban discharge, we 

mean the discharge of wastewater originating from anthropogenic activities and 

settlements, such as households, schools, hospitals, and other urban 

infrastructures, treated in a wastewater treatment plant) can represent a significant 

source of phosphorus and nitrogen, particularly in regions with high population 

and industrial density (Carey & Migliaccio, 2009). They contribute substantially 

to eutrophication phenomena, with severe consequences for water quality and 

aquatic ecosystem biodiversity (Mallin & Cahoon, 2020). This impact can result 

from inefficiencies in treatment processes, excessive nutrient loads, or water 

scarcity in receiving water bodies (Marino et al., 2024; Maziotis et al., 2023). 

Beyond the concentration of nutrients in the discharges, it is crucial to consider 

the total annual load released by these treatment plants into water bodies. Even 

when nutrient concentrations in treated effluents are low, the overall load can be 

significant, especially on an annual scale. Unlike concentration alone, the load 

provides a more accurate indication of the long-term impact on aquatic 

ecosystems. However, the load also depends on the size of the wastewater 
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treatment plant, which can be classified into categories based on population 

equivalent (PE), a parameter used to describe the plantôs capacity to treat urban 

wastewater in relation to the served population.  

Environmental legislation has been introduced to mitigate human impacts on 

receiving waterbodies. However, many regulatory actions focus on discharge 

concentration limits (see for example 91/271/EEC and the new directive 

2024/3019 EU), while the consequences of nutrient loading on stream ecosystem 

functioning remain poorly understood. Therefore, understanding the impacts of 

nutrient load is crucial for developing sustainable river resource management 

strategies (Page et al., 2012).   

Algal blooms, reduction in dissolved oxygen, and loss of sensitive species are 

among the most commonly observed effects of excessive nutrient loading (Martē Ӣ 

et al., 2009). However, the analysis of effects caused by nutrient enrichment is 

complicated by factors such as temporal and spatial concentration variability and 

dynamic interactions that influence ecological processes (Bouwman et al., 2013). 

River ecosystem responses to excess nutrients depend on multiple variables, 

including soil typology, geomorphological characteristics, and the influence of 

other anthropogenic pressures (Ekka et al., 2020). As a consequence, a more in 

depth knowledge of ecological consequences of WWTP nutrient loads is needed, 

to develop efficient conservation and management strategies. For example, 

moving the focus from local to basin-scale (Burgazzi et al., 2023) approach might 

help capturing the complexity of river networks as interconnected habitat patches 

(Loreau et al., 2003).   

Among the most effective approaches for monitoring the ecological status of rivers 

is the use of macroinvertebrates as bioindicators (Sumudumali et al., 2021). These 

organisms, due to their high taxonomic diversity (Arthropoda, Mollusca, 
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Annelida, Nematoda and Platyhelminthes), have differential sensitivity to 

environmental changes, providing detailed information on the biological quality 

of water bodies (Lim et al., 2023). Specifically, macroinvertebrate communities 

respond distinctly to nutrient gradients, exhibiting variations in species 

composition and abundance (Prater et al., 2020). For these reasons, they represent 

valuable tools for identifying impacts derived from wastewater treatment plant 

discharges and assessing changes at the ecosystem level (Enns et al., 2023). 

Benthic macroinvertebrates have a long history as a main component of 

biomonitoring tools, dating back to the beginning of the 20th century (Bo et al., 

2017).  Traditionally, the saprobic index (Kolkowitz & Marsson, 1902) has been 

used to measure water quality based on the response of macroinvertebrates to 

changes in dissolved oxygen and ammonia levels. Although useful, this index is 

limited to assessing the indirect influence of phosphorus and nitrogen as it assesses 

the degree of organic pollution due to biologically decomposable substances, such 

as algae, whose growth is influenced by nutrients (Everall et al., 2019). More 

specific approaches to analysing the impact of nutrients have been developed in 

recent years, which can integrate biomonitoring indices (Canning et al., 2023).    

In Europe, macroinvertebrate-based biomonitoring is a key element in ensuring 

compliance with the Water Framework Directive (EU-WFD, 2000), achieving 

"good ecological status" for water bodies. However, the application of targeted 

methodologies to assess the specific impacts of nutrients remains limited (Kitaka 

et al., 2024). Although algae and macrophytes are often used as direct indicators 

of nutrient load (Bona et al., 2024), macroinvertebrates play a crucial role within 

the trophic chain and offer a complementary perspective, focusing on the indirect 

and long-term effects on the structure of biological communities (Schmera et al., 

2017).   
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Monitoring the biological quality of watercourses through macroinvertebrates 

allows for assessing interactions between nutrient enrichment and biodiversity. 

However, urban discharges from wastewater treatment plants (WWTPs) can 

disrupt ecological equilibrium by favouring tolerant species while reducing the 

diversity of sensitive ones, ultimately leading to overall biodiversity loss 

(Cantonati et al., 2020). These alterations have significant implications for 

biodiversity conservation and ecosystem functioning, affecting key processes such 

as organic matter decomposition and nutrient cycling (Pereda et al., 2020; Bo et 

al., 2011). Despite these recognized impacts, substantial knowledge gaps remain 

in understanding the synergistic effects of nutrient loads on macrobenthic 

communities. To date, most studies have focused on nutrients, overlooking the role 

of total nutrient loads and their interactions. Furthermore, few studies have 

explored how analyzing biological traits (Tachet et al., 2010) and functional 

groups could provide a more detailed assessment of nutrient load impacts.  

Biological traits, which describe species morphological, physiological, and 

ecological characteristics, offer insights into how communities function and 

respond to environmental stressors. On the other hand, functional feeding groups 

(Cummins et al., 1979) are primarily linked to feeding strategies and ecological 

roles within the ecosystem, such as predators, scrapers, shredders, and collectors. 

These groups reflect the energy flow and nutrient cycling in ecosystems, making 

them powerful tools to evaluate how nutrient loads alter ecological dynamics. By 

focusing on traits and functional roles, it becomes possible to assess not only the 

structural changes in communities but also the functional implications, providing 

a more comprehensive understanding of how nutrient loads impact both 

biodiversity and ecosystem processes.  

Po River District, with its peculiarities and anthropogenic pressures, represents a 

natural laboratory for developing and testing new metrics that can more accurately 
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capture the impacts of nutrient loads. It is the largest fluvial system in Italy, 

presents an ideal case study for investigating these effects. With a river length of 

652 kmĮ and significant anthropogenic pressure from agricultural, industrial, and 

urban activities, the basin is heavily influenced by WWTPs urban discharges, 

which in some densely populated areas can constitute a predominant source of 

phosphorus and nitrogen (Farooq et al., 2024).  

Based on this premise, the objectives of the present study are as follows: A1) to 

evaluate whether wastewater treatment plant categories differ in their contribution 

to nitrogen and phosphorus loads; A2) to identify which macroinvertebrate metrics 

are influenced by the different plant categories; A3) to assess the response of 

biological traits to the categorization of treatment plants.  

Material and methods  

Study area  

Po River District, the largest in Italy, covers an area of approximately 86,800 kmĮ 

and extends over seven regions: Piemonte, Valle d'Aosta, Lombardia, Veneto, 

Emilia-Romagna, Liguria and a small part of Marche. The river Po collects the 

waters of numerous tributaries, from the Alps and the Apennines, including 

medium order rivers such as the Ticino, Lambro, Adda, Oglio, Mincio and Tanaro. 

This complex water system crosses territories characterised by high anthropisation 

and intense agricultural, industrial and urban activities, which exert significant 

pressure on water quality. In 2020, there were 18,042 urban WWTP operating in 

Italy, 44 % of which were located in the Po basin (Fig. 1A). The distribution of 

wastewater treatment plants varied across the regions, with a greater presence 

along the main stem of the Po River in more densely populated and industrialised 

areasΦ  
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Dataset   

Data on the location, dimension (in terms of population equivalent treated), 

effluent discharge, total nitrogen (TN) and total phosphorus (TP) concentration in 

the outflow waters of individual treatment plants were provided by the Regional 

Environmental Protection Agencies and the Po River District Basin Authority and 

refer to the years 2017 ï 2019. The daily load of TN and TP generated by the urban 

sector was calculated as the product of the average daily discharge and the 

concentration. The obtained daily loads were then averaged and the annual load 

was estimated by multiplying the average daily load by 365 days. The total load 

associated with each hydrographic basin was calculated by summing the load 

generated by all the treatment plants in the basin.  

WWTPs were categorised according to the number of  PE served, resulting in three 

categories: less than 2,000 PE, considered small-scale plants (category 1), between 

2,000 and 10,000 PE, mediumscale plants (category 2), and more than 10,000 PE, 

large-scale plants (category 3). Of these plants in Po River District, 7,042 are 

category 1, 1,551 to category 2 and 321 to category 3. To harmonize the data, only 

plants with a congruence between biological and nutrient data were considered. 

For each sub-basin, the summed data of each plant category were used, resulting 

in a total of 5,960 belonging to Category 1, 465 to Category 2 and 281 to Category 

3.  

Macroinvertebrate community composition data, macroinvertebrate sampling 

sites, nutrient loads and the geographic locations of the WWTPs in Po River basin 

were obtained from the Environmental Protection Agency of the district and Po 

River Basin District Authority (AdBPo, 2020). Macroinvertebrate communities of 

36 different locations, were sampled as part of the Water Framework Directive 

(WFD) monitoring which began in 2000. On average, quantitative sampling of 
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macroinvertebrate communities was repeated from 2004 to 2020. Taxonomic 

resolution of the resultant taxa list was based on the WFD operational taxa list, 

which standardises potential differences and mismatches in taxonomic 

identification and resolution, and is a minimum requirement for biomonitoring 

purposes in Italy.      We selected the monitoring section at the closure of each 

subcatchment, from the original data provided by the environmental agency (Fig. 

1B) that matches the nutrient load data.  
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Figure 1: Po River Basin maps with different sub-basins delineated by shades of blue 

to white. In the top right-hand corner, the basin is indicated in orange, with its 

position highlighted in relation to Europe.  A)   distribution of WWTPs, categorised 

according to number of population equivalent. Small squares: Category 1, Triangles: 

Category 2, Large squares:  Category 3. B)  macroinvertebrate sampling stations with 

the ecological status. Light blue= high, green=  good, yellow= moderate  , orange= 

poor, red= bad  (according to Directive 2000/60/EC).  
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Macroinvertebrate metrics  

We analysed macroinvertebrate data at both family- and order πtaxonomic levels, 

computing several metrics. For the family levelΣ we calculated metrics selected by 

Camargo et al. (2004), Poulton et al. (2015), Hering et al. (2018), Mor et al. (2019), 

Shortle et al. (2020) studies as: total taxon richness, total abundance, abundance 

and taxonomic richness of Ephemeroptera, Plecoptera and Trichoptera (EPT_N, 

EPT_S), percentage of dominance of the top 3 three taxa (DOM), ratio between 

EPT abundance and Chironomidae abundance (EPT/Chi), Chironomidae 

percentage (Chi%). For the order level we calculated  Ephemeroptera percentage 

(Eph%), Ephemeroptera ŀōǳƴŘŀƴŎŜ (Eph_N), Ephemeroptera richness (Eph_S), 

Plecoptera percentage (Ple%),  Plecoptera abundance (Ple_N), Plecoptera richness 

(Ple_S), Trichoptera percentage (Tri%), Trichoptera abudance (Tri_N), 

Trichoptera (Tri_S), Diptera percentage (Dip%), Diptera abundance (Dip_N), 

Diptera richness (Dip_S), Coleoptera percentage (Col%), Coleoptera abundance 

(Col_N), Coleoptera richness (Col_S);  biological quality index as STAR_ICM 

(Buffagni & Furse, 2006) or ASPT, biological traits (Tachet et al., 2010) selected 

by  Mor et al. (2019) studies (Supplementary materials-Table 1) and feeding 

functional groups ratio (Cummins at al., 2000)Υ P/R, CPOM_FPOM, 

TFPOM_BFPOM2, stable channel, P/Tot. The P/R ratio was calculated as the ratio 

of scrapers to the sum of shredders and collectors. A value >0.75 indicates 

autotrophy, while a value <0.75 reflects heterotrophy. The CPOM/FPOM ratio was 

defined by the ratio of shredders to collectors. A value >0.25 suggests a strong 

association between shredders and the riparian zone, indicating significant inputs 

of coarse particulate organic matter (CPOM). The TFPOM/BFPOM ratio was 

calculated as the ratio of filtering collectors to gathering collectors. A value >0.50 

indicates a predominance of fine particulate organic matter (FPOM) in suspension, 
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while a value <0.50 reflects greater deposition of FPOM in the sediment. The 

Stable Channel metric was defined as the ratio of the sum of scrapers and filtering 

collectors to the sum of shredders and gathering collectors. A value >0.50 indicates 

stable substrates with the presence of pebbles, large boulders, or vascular plant 

roots, while a value <0.50 suggests finer and less stable substrates.  

 Statistical analysis  

We applied linear models to assess whether there were differences among the 

various plant categories in their contribution to nitrogen and phosphorus loads in 

the outflow (aim A1). After confirming the correlation between nitrogen and 

phosphorus loads using Pearsonôs correlation, we analyzed the influence of the 

different plant categories on the selected community metrics (aim A2). This 

analysis was conducted first by individually considering nitrogen and phosphorus 

loads using Generalized Linear Models (GLM), and subsequently to overcome 

overfitting and collinearity problems among the explanatory variables, we 

produced a new set of three variables via sparse Principal Component Analysis 

(sPCA), summarizing population equivalent, nitrogen load and phosphorus load 

of the three different categories and tested them again with GLM models.  

We tested the effects of WWTPs on the functional composition of 

macroinvertebrate communities (aim A3) by applying multivariate generalized 

latent variable models (GLLVMs, Niku et al. 2019). GLLVMs are a multivariate 

extension of generalized linear models and allow testing the joint responses to 

environmental variables of all response variables simultaneously (Niku et al. 2019, 

Pollock et al. 2014). GLLVM was implemented using the community-level 

weighted means (CWM, Lalibert® et al., 2014) matrix as the response variable and 

the three sPCA, components previously calculated as explanatory variables. CWM 

matrix was calculated using 66 trait modalities belonging to 11 functional traits 
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(i.e. respiration, locomotion and substrate relation, substrate preferendum, current 

velocity preferendum, and feeding habits; Tachet et al., 2010; Supplementary 

materials-Table 1). We chose these over other traits because they are generally 

considered to be sensitive to nutrient alterations. The GLLVM was coded with two 

latent variables and assuming a Poisson distribution for the response variable. The 

number of latent variables and the distribution families for the response variable 

were optimized based on the Akaike information criterion (AIC). The amount of 

variation in community composition explained by the tested explanatory variables 

was assessed as the difference between one and the ratio between the traces of the 

residual covariance matrix of the GLLVM model ran with and without explanatory 

variables (i.e., comparing the constrained and the unconstrained models, Niku et 

al. 2019).  

All analyses were performed with the mgcv (Wood, 2019), gllvm (Niku et al., 

2019), vegan (Oksanen et al., 2019), pcaPP (Filzmoser et al., 2018), tibble 

(Wickham & Bryan, 2023), partR2 (Stoffel et al., 2021), cowplot (Wilke et al., 

2019) and lme4 (Bates et al., 2015) packages in the statistical software R (R Core 

Team, 2019). The R-code used for the analysis can be found ƛƴ Supplementary 

aŀǘŜǊƛŀƭǎ.   

Results  

In the entire Po river district there are 7043plants belonging to category 1, producing 

an output load of total phosphorus of 641 (t/year) and of nitrogen of 4486 (t/year). 

The total loads are distributed in the sub-basins with a range of 1.50 -114.84 (t/year) 

for phosphorus, 7.08-835.97 (t/year) for nitrogen. The category 2 plants, totalling 

552, produce an output load of 374 (t/year) for phosphorus and 2899 (t/year) for 

nitrogen. The total loads are distributed in the sub-basins with a range of 0.67-58.12 

(t/year) for phosphorus, 6.38-512.56 (t/year) for nitrogen. The category 3 plants, 
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totalling 322, produce an output load of 1792 (t/year) for phosphorus and 19606 

(t/year) for nitrogen. The total loads are distributed in the sub-basins with a range of 

1.45-513.73 (t/year) for phosphorus, 17.095,174.29(t/year) for nitrogen.  

For community data, most abundant macroinvertebrates were Ephemeroptera 

(60.7%), followed by Trichoptera (16.6%), Diptera (13.5%), Plecoptera (5.5%), and 

Coleoptera (3.7%). Regarding the STAR_ICM index, values ranged from 0.98 to 

0.12, corresponding to quality assessments from high to bad. Specifically, 21% of 

rivers are in good ecological status, 30% in moderate status, 36% in poor status, and 

12% in bad status.  

Contribution of different WWTPs categories to nutrient loads  

Results of the the linear model analysis highlighted that nitrogen and phosphorus 

loads were mainly influenced by the PE associated with category 3 WWTP (PE3). In 

the model for nitrogen, the effect of PE3 was highly significant (estimate: 0.001, p < 

0.05), while PE1 and PE2 made minor but significant contributions (p < 0.05). 

Similarly, for phosphorus, PE3 was identified as the main contributor (estimate:0.001 

p < 0.05), whereas PE1 had a significant impact (p < 0.001) and PE2 was found to 

be non-significant. These findings indicate that category 3 contributed most 

significantly to the nutrient load in the outflow.  

Community metrics influenced by the different plant categories  

A total of 28 metrics were tested as response variables to nitrogen and phosphorus 

loads exiting the plants. For the STAR_ICMi index (Supplementary materials -Table 

2), both loads had negative and significant effects (nitrogen_ estimate = -0.061, p = 

0.034; phosphorus_estimate = -0.073, p = 0.024), suggesting a deterioration of 

ecological conditions with increasing nutrient levels. The functional metrics 

(Supplementary materials -Table 2) were not significantly influenced by the loads.   
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However, metrics related to abundance (nitrogen_estimate: 0.001,  

phophorus_estimate: 0.001) and taxa richness (nitrogen_estimate: 0.005,  

phophorus_estimate: 0.001),  the percentage of Ephemeroptera (nitrogen_estimate: -

0.001,  phophorus_estimate: -0.001) and the abundances Coleoptera 

(nitrogen_estimate: -0.001,  phophorus_estimate: -0.001)  (Supplementary materials, 

Table 2) were statistically significant for both nitrogen and phosphorus loads (p 

<0.05).Conversely, the functional metrics (Supplementary materials.-Table 2) were 

not significantly influenced by the loads.   

Sparse PCA was applied to summarise phosphorus, nitrogen loads and population 

equivalent. The new three components showed a high correlation with these three 

WWTP attributes. The three axes explain altogether 75% of the variance, 

approximately equireparted among the three axes  

Subsequent linear models indicated which metrics were significant to the sPCA 

(Supplementary materials-Tab.3). In detail, the abundances of Plecoptera (Ple_N), 

Ephemeroptera (Eph_N), Diptera (Dip_N), EPT taxa (EPT_N), and the percentage 

of Ephemeroptera (Eph_perc) were influenced by all sPCA components (Table 1). A 

significant effect of category 1 (Comp.1) and category 2 plants (Comp.2) was 

observed for metrics such as the abundance of trichopterans (Tri_N) and EPT 

richness (EPT_S). Metrics such as the percentage of the dominance of the top three 

taxa (DOM), the richness and percentage of trichopterans (Tri_S, Tri_perc), and the 

abundance of coleopterans (Col_N) were influenced by only one specific sPCA 

component: DOM and Tri_S by Comp.2, while Tri_perc and Col_N were associated 

with category 1 plants.  

Table 1: Results of the models applied for each response metric and the results in 

terms of estimate, standard error, t/z value, and p-value. Significant results are 

highlighted in grey.   

Response metric  Comp.  Estimate  Std. Error  t /z value  Pr(>|t|)  
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Model: glm(Response metric 

~Comp.1+Comp.2+Comp.3)  

 

STAR_ICMi   

1  -0.095  0.249  -0.383  0.701  

2  -0.026  0.244  -0.107  0.914  

3  -0.025  0.207  -0.122  0.902  

P/R (Autotrofia vs eterotrofia)  

1  -0.097  0.608  -0.161  0.872  

2  0.191  0.422  0.453  0.650  

3  -0.343  0.937  -0.366  0.714  

CPOM_ 

FPOM  

1  -0.404  0.344  -1.176  0.240  

2  -0.433  0.394  -1.099  0.272  

3  0.293  0.131  2.226  0.026  

TFPOM_ 

BFPOM2  

1  -0.002  0.458  -0.006  0.995  

2  -0.124  0.587  -0.213  0.831  

3  0.150  0.320  0.470  0.638   

stable channel  

1  -0.150  0.378  -0.397  0.691  

2  0.066  0.296  0.225  0.821  

3  -0.056   0.299  -0.188  0.851  

 1  -0.033  0.017  -1.922  0.054  

P/Tot  2  -0.065  0.019  -3.301  0.001*  

 3  0.090  0.012   7.050  0.001*  

ASPT  

1  -0.158  0.128  -1.232  0.228  

2  -0.131  0.140  -0.936  0.357  

3  -0.055  0.123  -0.454  0.654  

Ple_S  1  -0.151  0.171  -0.886  0.375  

 

 2  0.207  0.104  1.981  0.047*  

3  -0.055  0.133  -0.416  0.677  

 1  0.133  0.027   4.802  0.001*   

Ple_N  2  -0.267  0.050  -5.279  0.001*  

 3  0.088  0.028  3.063  0.001*  

Ple_perc  

1  -0.146  0.345  -0.425  0.670  

2  0.180  0.223  0.809  0.418  

3  -0.155  0.338  -0.460  0.645  

Eph_S  
1  -0.137  0.094  -1.459  0.145  

2  0.106  0.070  1.504  0.133   
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3  -0.030  0.072  -0.419  0.675  

 1  -0.186  0.011  -16.87  0.001*  

Eph_N  2  0.200  0.006  30.51  0.001*  

 3  -0.055  0.008  -6.95  0.001*  

 1  -0.150  0.023  -6.316  0.001*  

Eph_perc  2  0.175  0.015  11.356  0.001*  

 3  -0.122  0.021  -5.665  0.001*  

 1  -0.117  0.092  -1.270  0.204  

Tri_S   

  2  0.137  0.067  2.050  0.040*  

3  0.001  0.068  0.019  0.985  

 

 1  -0.091  0.020  -4.459  0.001*  

Tri_N  2  -0.057  0.021  -2.713  0.001*  

 3  0.005  0.016  0.371  0.711  

 1  -0.240  0.062  -3.841  0.001*  

Tri_perc  2  0.068  0.044   1.539  0.123  

 3  0.017  0.035  0.504  0.614   

Dip_S  

1  -0.167  0.096  -1.738  0.082  

2  0.093  0.070  1.319  0.187  

3  -0.023  0.068  -0.345  0.730  

 1  -0.081  0.022  -3.571  0.001*  

Dip_N  2  -0.097  0.025   -3.870  0.001*  

 3  0.060  0.016  3.718  0.001*  

Dip_perc  

1  -0.040  0.049  -0.816  0.415  

2  -0.011  0.051  -0.213  0.832  

3  -0.078  0.052  -1.507  0.132  

 1  0.002  0.035  0.061  0.951  

Col_N  2  -0.051  0.042  -1.226  0.220  
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 3  -0.100  0.042  -2.361  0.018*  

Col_S  

1  -0.216  0.144  -1.495  0.135  

2  0.171  0.088  1.945  0.051  

3  0.038  0.080  0.472  0.636  

Col_perc  

1  -0.400  0.405  -0.988  0.323  

2  0.169  0.213  0.794  0.427  

3  0.009  0.179  0.054  0.957  

 1  -0.117  0.030  -3.809  0.001*  

Chi_perc  

2  0.043  0.026  1.656  0.097  

 

 3  -0.134  0.030  -4.355  0.001*  

 1  -0.006   0.017  -0.346  0.729  

DOM  2  -0.046  0.020  -2.265  0.023*  

 3  0.021  0.016  1.308  0.191  

EPT_Chi  

1  -0.051  0.074  -0.700  0.484  

2  0.035  0.070  0.508  0.611  

3  0.016  0.061  0.276  0.782  

 1  -0.153   0.006   -

22.847  

0.001*  

EPT_N  2  0.162  0.004  36.585  0.001*  

 3  -0.047  0.005  -9.235  0.001*  

 1  -0.117  0.051  -2.288  0.022*  

EPT_S  2  0.118  0.038  3.075  0.002*  

 3  -0.013  0.039  -0.341  0.733  

  

Response of biological traits to the categorization of treatment plants  

GLLVM model on biological traits, using Sparse PCA, relates the effect of 

nutrients on macroinvertebrates to their biological traits (Tachet et al., 2010). The 
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first component, Comp.1 (Figure 2), representing nutrient loads associated with 

category 1 WWTPs, showed positive effects on macroinvertebrate communities 

exhibiting a prevalence of adaptations to unstable substrates (substrate_6: 

microphyte, substrate_5: filamentous algae) and size ranging was large (size_4: 

10-20 mm, size_6: 40-80 mm). Furthermore, active dispersal strategies were found 

to include both active aerial and passive aquatic modes (dispersal_4 and 

dispersal_1)., ¢hey were shown to prefer plurivoltinism (voltinism_3). Another 

positively influenced trait was feeding mode, with an increase in ǘŀȄŀ feeding on 

fine sediment and microorganisms (food_1), as well as predators of live 

microinvertebrates (food_7). Gilled respiration (respiration_2) was the favoured 

mode of respiration, while locomotion traits that benefited included 

planktonic/nektonic (locomotion_3), flying (locomotion_1), and 

epibenthic/burrowing (locomotion_5). For saprobity, polisaprobic (saprobity_5) 

and Ŭ-mesosaprobic (saprobity_4) organisms were favored.   

The second component, Comp.2 (Figure 2), representing nutrient loads associated 

with category 2 facilities, showed a positive effect on taxa characterized by 

univoltinism (voltinism_1), sizes ranging from small (size_1: <2.5 mm, size_2: 

2.5-5 mm) to medium (size_4: 10-20 mm, size_5: 20-40 mm), and dispersal 

predominantly represented by active aerial modes (dispersal_4). Regarding 

feeding preferences, the favored taxa were those feeding on live macrophytes 

(food_5) and dead animals >1 mm (food_6). The preferred substrates were detritus 

(substrate_8) or large stones (substrate_1), promoting locomotion predominantly 

of the crawling type (locomotion_4). The saprobity conditions favored were 

oligosaprobic (saprobity_2) and xenosaprobic (saprobity_1).  

Finally, the third component, Comp.3 (Figure 2), associated with nutrient loads 

from category 3 facilities, positively influenced biological traits such as 

temperature, favoring stenothermal thermophilic organisms (temperature_2), 
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adapted to a pH > 6 (pH_6). Additionally, the preferred respiration mode was 

gilled respiration (respiration_2), and the dispersal strategy was passive aquatic 

dispersal (dispersal_1). The selected size classes ranged from medium (size_5: 

20-40 mm) to large (size_6: 40-80 mm), while locomotion types included 

epibenthic/burrowing (locomotion_5) and surface swimmers (locomotion_2). In 

terms of feeding modes, these organisms preferred live macroinvertebrates 

(food_8) or were algivores/piercers (food_6). The selected substrates included 

vegetative types such as microphytes (substrate_6), silt (substrate_4), or 

decomposing organic matter (substrate_9). 
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Figure 2: Coefficient plots from generalized linear latent variable models (GLLVMs) 

analyzing the composition of biological traits in relation to the principal components 

extracted from Sparse PCA. The graph shows how specific traits (e.g., respiration 

modes, dispersal strategies, and substrate adaptations) are favored (>0) or disfavored 

(<0) in relation to WWTPs. Categories are represented as Comp.1 for category 1, 

Comp.2 for category 2, and Comp.3 for category 3.  
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Discussion  

The data analysed in this study provide a extensive picture of environmental 

quality and impacts related to nutrient loading to rivers that is quite rare, due to 

the size of the basin analysed and the time duration of the analyses. The results 

obtained highlighted how nutrient loads associated with WWTPs, classified based 

on their capacity (PE), significantly influence both the ecological metrics based 

on macroinvertebrate communities and their biological traits o, that reflect their 

adaptive strategies. The analyses conducted emphasized the importance of 

considering the different category of plant contributions to understand variations 

in the structure and functionality of aquatic communities.  

Contribution of different WWTPs categories in nutrient loads  

Category 3 plants (PE > 10,000) were the primary sources of nitrogen and 

phosphorus loads to rivers in the analysed basins, as evidenced by the linear model 

analysis. The effect of PE3 was particularly pronounced in the nitrogen loading 

model, where its contribution was highly significant. According to the study by 

Gucker et al. (2006b), discharges from category 3 plants have higher nitrogen 

concentrations than category 1 ones, as category 3 treatment plants serve densely 

populated areas and treat large volumes of wastewater, often from different 

sources. In addition, the contribution of nitrate is higher than phosphate due to the 

complexity of treatment processes (Alexander et al., 2009).  

Nitrates are in fact reduced to nitrogen gas (N ) by denitrifying bacteria under 

anoxic conditions (absence of free oxygen). The latter require a source of organic 

carbon (present in the effluent or added as methanol or acetic acid) and depending 

on the operating conditions (organic load, temperature and retention time). The 

removal efficiency varies from 50% to 90%, with the risk of producing secondary 

metabolites, nitrites, which must subsequently be removed. Phosphates, on the 
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other hand, are only subject to chemical-physical treatment. Due to their ability to 

bind to metal chemicals (e.g. iron salts, aluminium or lime), phosphates form 

insoluble compounds, which can be removed by sedimentation or filtration, 

achieving a removal efficiency of 75% to 95%.  

Community metrics influenced by the different plant categories  

A clear correlation was demonstrated between the magnitude of N and P loads and 

the worsening of the ecological status, particularly evident in the decline of the 

STAR_ICMi index. This result is consistent with the findings of studies about 

nutrient concentration, which have established a correlation between nutrient 

concentrations and the phenomena of eutrophication and biodiversity loss. 

(Carvalho et al., 2013; Smith et al., 2017). In addition to this general picture, 

however, it is interesting to note that some functional metrics did not show a 

significant relationship with nutrient loads. In particular, the P/R, CPOM/FPOM, 

and TFPOM/BFPOM ratios, although useful indicators for assessing trophic 

dynamics and habitat stability, did not reveal significant differences at the sites 

analyzed. This might suggest that the effects of nutrients on trophic processes are 

masked by other environmental factors, such as flow regime, other pollutants or 

the presence of unsuitable local conditions (i.e, altered substrates), which warrant 

further investigation (Jones et al., 2020).Conversely, ƻǘƘŜǊ studies suggest that 

functional metrics may be more significantly influenced by habitat complexity 

rather than nutrient loads themselves (Petchey et al., 2018). This discrepancy could 

arise from spatial variability in nutrient gradients and the regional responses of 

communities. Communities often exhibit functional redundancy, with different 

taxa performing similar functions. As eutrophication levels increase, there is 

initially a loss of taxonomic richness, which may later progress, beyond certain 

thresholds, to a loss of functionality.  
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Contribution of different WWTPs categories to nutrient loads  

The linear model analysis demonstrated that category 3 plants (PE > 10,000) are 

the primary contributors to nitrogen and phosphorus loads in the outflow. This is 

particularly evident in the nitrogen load model, where PE3 had a highly significant 

impact. The high correlation between nutrient loads and metrics of abundance and 

taxonomic richness suggests that macroinvertebrate communities may initially 

respond with increased productivity under moderate nutrient loads, followed by 

ecological quality degradation as loads become excessive, as evidenced by the 

decline in Ephemeroptera percentage. These results are consistent with the 

observations of Hering et al. (2015) who highlighted how nutrient inputs can lead 

to eutrophication, initially boosting productivity but eventually degrading 

ecological quality. This supports the concept that moderate nutrient loads may 

enhance macroinvertebrate abundance and taxonomic richness, whereas excessive 

loads could result in declines in sensitive taxa, such as Ephemeroptera.  

Response of biological traits to the categorization of treatment plants  

The analysis of biological traits provided a deeper understanding of the 

adaptations of macroinvertebrate communities in response to nutrient loads. The 

first component (Comp.1), associated with category 1 plants (t9 < 2,000), 

highlighted a prevalence of adaptive traits such as multivoltinism and gilled 

respiration, coupled with a preference for unstable substrates and fine sediments. 

Additionally, these communities are ŦŀǾƻǳǊŜŘ ōȅ conditions ranging from 

polysaprobic to alpha mesosaprobic, characteristic of water bodies with conditions 

ranging from highly to moderately polluted and with altered oxygen levels. These 

traits suggest a tolerance to altered and unstable environmental conditions, likely 

linked to habitat fragmentation.  
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The second component (Comp.2), representing category 2 plants (t9 2,000ï10,000), 

showed a positive influence on univoltine taxa, with medium-small body sizes, and 

a preference for more stable substrates, such as debris and large stones. This 

difference in traits suggests lower environmental pressure compared to category 1 

plants, with communities exhibiting greater specialization.  

Finally, the third component (Comp.3), associated with category 3 plants (t9 > 

10,000), favored stenothermal thermophilic organisms adapted to  pH > 6, with 

predominantly passive dispersal strategies and feeding preferences for live 

macroinvertebrates and algae. These traits reflect the influence of high nutrient 

loads, ŦŀǾƻǳǊƛƴƎ communities with specific adaptations to more stable but 

eutrophic conditions.  

Despite differences related to plant categories, Comp.1 and Comp.3 share some 

common characteristics. In both cases, there is a prevalence of traits related to 

gilled respiration (respiration_2), epibenthic/burrowing locomotion 

(locomotion_5) and saprobity (saprobity_4, saprobity_5). These adaptations 

suggest that macroinvertebrate communities at sites associated with category1 and 

category3 plants share a certain tolerance to conditions characterized ōȅ high 

nutrient loads and unstable or modified substrates.   

Conclusion  
The limits of total nitrogen and phosphorus discharged from urban wastewater 

treatment plants are established as a maximum concentration or as a percentage 

reduction of the incoming load (91/271/EEC and the new directive 2024/3019 

EU). However, these limits do not consider the response of the receiving water 

body, which, in accordance with the Water Framework Directive  

(2000/60 EU), is required to maintain at least a good ecological status. In this 

study, two attributes of sewage treatment plants that are most easily connected 



 

сс  

  

  

with management aspects were used as explanatory variables: their size and the 

nutrient load they generate. The results indicate that both have significant effects 

on macroinvertebrate communities.   

These results underscore how the dimension of WWTPs and their associated 

nutrient loads influence not only the structure of communities but also their 

functional features. The predominance of traits associated with eutrophic and 

unstable conditions at impacted sites suggests the need for stricter nutrient 

management, particularly for category 1 and 3 plants. Category 3 plants have a 

much greater load that can cause problems for the receiving water body; category 

1 plants on the other hand generally have less advanced technological solutions, 

especially concerning phosphorus and nitrogen control. Additionally, the positive 

association between nutrients and abundance metrics could be leveraged to 

implement monitoring strategies that combine structural and functional metrics.  

In conclusion, the results highlight the importance of adopting an integrated 

approach to waterbody management, linking the nutrient loads to the adaptive 

responses of biological communities. Considering nutrients as annual loads 

instead of concentrations in the river allows us to assess their magnitude over time 

and directly correlate the impact of  WWTPs present in the catchment on aquatic 

organisms. Future studies should explore the impacts of diffuse loads including 

agricultural loads, the role of complementary factors, such as flow regulation and 

interactions between nutrients and other pollutants, to further improve the 

understanding and management of fluvial ecosystems.  
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Supplementary materials  

Table 1 List of biological traits and the modalities  

Trait  Modalities  Trait  Modalities  

Maximal potential 

body size  

Ò 0.25 cm  

0.25-0.5 cm  

0.5-1 cm  

1-2 cm  

2-4 cm  

4-8 cm  

8 cm  

Locomotion and 

substrate relation  

flier  

surface 

swimmer full 

water swimmer 

crawler 

burrower  

interstitial 

temporarily 

attached 

permanently 

attached  

Number of 

generations per 

year  

< 1  

1  

> 1  

Dispersion  passive aquatic 

active aquatic 

active aerial  

Feeding habits  absorber 

deposit 

feeder 

shredder 

scraper 

filter-feeder 

piercer 

predator 

parasite  

Type of food  fine sediments + 

microorganisms 

plant debris <1 

mm plant debris 

>1 mm living 

microphytes 

living 

macrophytes 

dead animals <1 

mm dead animals 

>1 mm 

vertebrates  

Respiration  tegument  

gills plastron 

spiracles (aerial 

respiration) 

hydrostatic 

vesicles  

pH  

  

<4  

4ï4.5  

4.5ï5  

5ï5.5  

5.5-6  
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Preferred 

microhabitats  

slabs, blocks, 

stones,  

pebbles 

gravels 

sand  

silt  

macrophytes, 

filamentous algae 

microphytes  

branches, roots 

litter  

mud  

Saprobic value  xenosaprobe 

oligosaprobe 

beta 

mesosaprobe 

alpha 

mesosaprobe 

polysaprobe  

  

Table 2: Main parameters analyzed and the results in terms of estimate, standard 

error, t/z value, and p-value. In grey was highlighted the significant metrics  

Parameter  Estimate   Std. Error  t /z value  Pr(>|t|)  

STAR_ICMi  
-0.07361  0.03113  -2.364   0.0245*  

-0.06146  0.02774  -2.215  0.0342*  

P/R (Autotrofia vs eterotrofia)  
-0.002364  0.007933  -0.298  0.76571  

-0.0001988  0.0007422  -0.268  0.78884  

CPOM/FPOM  
0.001429   0.001312   1.089   0.276  

0.0001358  0.0001294   1.049   0.294  

TFPOM/BFPOM  
-0.0001199  0.0032450  -0.037  0.97052   

6.974e-05  2.810e-04  0.248  0.804012  

stable channel  
-0.001422  0.003867  -0.368  0.71305  

-4.594e-05  3.301e-04  -0.139  0.88932  

EPT_N  
-1.073e-04  6.024e-05   -1.781   0.075   

1.101e-05  5.695e-06  1.933   0.0533  

EPT_S  
7.607e-05  4.744e-04   0.16   0.873   

3.237e-05  4.464e-05  0.725   0.468    

ASPT  
-0.0005646   0.0007797  -0.724  0.469  

-4.777e-05  7.521e-05  -0.635  0.525     

N  
9.750e-04   4.558e-05  21.39  <2e-16*  

8.694e-05  4.516e-06  19.25  <2e-16*  

S  
0.0005922  0.0002897  2.044  0.0409*  

6.981e-05  2.783e-05  2.509  0.0121*  
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DOM  

  

-6.311e-05  1.880e-04  -0.336  0.737   

-1.188e-05  1.850e-05  -0.642    0.521    

EPT/Chi  
0.0001372  0.0007395   0.185   0.853   

3.320e-05  7.012e-05   0.473   0.636    

Ple%  
-0.001359   0.003688  -0.368  0.71254  

-0.0000617  0.0003249   -0.190  0.84940   

Ple_S  
0.0001183   0.0015226  0.078   0.938  

4.657e-05  1.412e-04   0.330   0.742  

Ple_N  
-0.0002574   0.0003257  -0.79   0.429    

2.713e-05   2.943e-05  0.922  0.357   

Eph%  
-0.0009168  0.0002387  -3.842  0.000122*  

-4.827e-05  2.192e-05  -2.202   0.0276*  

Eph_S  
-0.0003441  0.0008791  -0.391  0.696   

-3.518e-06   8.205e-05  -0.043   0.966    

Eph_N  
2.857e-05  9.272e-05  0.308  0.758   

1.633e-05   8.871e-06  1.84   0.0657   

Tri_%  
-0.0008189  0.0005067  -1.616  0.106  

3.457e-05   4.181e-05  0.827   0.408   

Tri_S    0.0003702  0.0008279  0.447  0.655    

Tri_S  6.687e-05  7.732e-05    0.865  0.387   

Tri_N  
-0.0011669  0.0002105  -5.544  2.95e-08  

-4.289e-05  1.853e-05  -2.315  0.0206*  

Dip%  
-0.0015919  0.0006142  -2.592  0.00955*  

-9.786e-05  5.522e-05  -1.772  0.0764  

Dip_S  
-0.0003902  0.0008438  -0.462  0.644   

-2.516e-05  8.075e-05  -0.312  0.755  

Dip_N  
-0.0002869  0.0002062  -1.391   0.164    

-1.111e-05    1.962e-05  -0.566  0.571     

Col%  
-0.0005805   0.0026201  -0.222  0.8247  

5.363e-05  2.174e-04   0.247   0.80518    

Col_S  
0.0006272  0.0010536  0.595  0.551693    

1.195e-04  9.465e-05   1.263  0.206758    

Col_N  
-0.001513  0.0004577  -3.307  0.000944*  

-1.727e-04  4.621e-05  -3.737  0.000186*  
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Chi%  
-0.0005805  0.0026201  -0.222  0.8247   

5.363e-05   2.174e-04   0.247  0.80518    

  

Table 3 sPCA value for all variables in each components  

 Comp.1 Comp.2 Comp.3 

AE1 0.707   

LTPU_1 0.707   

LTNU_1 0.707   

AE2  0.707  

LTPU_2  0.707  

LTNU_2  0.707  

AE3   0.707 

LTPU_3   0.707 

LTNU_3   0.707 
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SECTION I: Wastewater Treatment Plant Effluents  
  

Paper I.2: ñImpact of wastewater treatment and drought in an 

Alpine region: a  

multidisciplinary case studyò  

  

This work was published as:  

Marino, A., Bertolotti, S., Macr³, M., Bona, F., Bonetta, S., Falasco, E., ... & Fenoglio, S. 

(2024). Impact of wastewater treatment and drought in an Alpine region: a 

multidisciplinary case study. Heliyon, 10(15). 

https://doi.org/10.1016/j.heliyon.2024.e35290  

Abstract  
In the context of global climate change, drought occurrence in streams of alpine 

origin is a recent phenomenon, whose impact is still poorly investigated. In this 

study, we adopted a threedisciplinary approach to investigate the response of an 

Alpine river (NW Italy) to severe drought conditions occurred in the year 2022. 

We hypothesised that the considerable loss in the water flow could exacerbate 

wastewater treatment plant (WWTP) discharge effects, lowering dilution capacity 

of the stream system and then increasing chemical/microbial pollution and altering 

benthic community characteristics. To assess river response to drought conditions 

of the considered year, the concentration of the main chemical variables, faecal 

indicator bacteria, pathogen presence and structural/functional organisation of 

benthic macroinvertebrates and diatom communities were measured monthly in 

the reaches located upstream and downstream of a WWTP (JanuaryïDecember 

2022). Main environmental variables, such as flow velocity, water depth, and flow 

regime, were also considered. A multivariate analysis approach was then applied 

to emphasise correlations between selected variables and flow regime. Comparing 

https://doi.org/10.1016/j.heliyon.2024.e35290
https://doi.org/10.1016/j.heliyon.2024.e35290
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upstream and downstream sections over the considered year, a common behaviour 

of chemical/microbiological parameters was observed, with generally higher 

concentrations of nutrients and bacterial indicators downstream of the local 

WWTP. Moreover, a positive corre lation between water scarcity and 

nutrients/bacterial concentrations was revealed. The macro invertebrate 

communities responded accordingly, both in terms of density and biological metric 

shift. Interestingly, differences between the two sections were strictly associated 

with hydrological conditions, with higher dissimilarities found in low-flow 

conditions. As the magnitude and duration of drought events are projected to 

increase in the years to come in different parts of Europe, this work can serve as a 

first building block and as a hint for future studies aimed at improving our 

knowledge about the consequences of these events that is pivotal for planning 

effective management strategies  

Keywords: Drought periods, Water quality and management, Wastewater treatment 

plants,  

Hydrologic regime, Alpine rivers, Water shortage  

1. Introduction   

Climate change is causing significant alterations in natural ecosystems due to 

global rising temperatures and hydrological regime disruption. These have a 

profound impact on water resources, affecting both their quantity and quality. The 

IPCCôs Climate Change 2022 Synthesis Report highlights the moderate level of 

confidence in the observed changes in precipitation patterns and glacier melting, 

which in turn influence water runoff and hydrological regimes [1]. Rivers 

represent the most dynamic, pivotal and biodiverse freshwater aquatic 

environments, but unfortunately, they are also among the most modified and 

threatened ecosystems in the world [2]. Previous studies highlighted the impact of 
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climate change on river regimes, underlining how alterations in stream flow 

induced by climate change might vary regionally [3].   

In particular, the biodiversity and integrity of riverine ecosystems depend on 

natural flow regimes [4]. Changes in flow regime can lead to dramatic 

consequences for stream ecosystems, such as biomass and biodiversity collapse, 

local extinction, and the invasion of exotic species, particularly for alpine aquatic 

environments [5]. Indeed, alpine aquatic environments are extremely fragile 

systems to multiple stressors [6]. Rivers of alpine origin are characterised by a 

typical hydrological regime in which the flow rate varies significantly throughout 

the year. During the warmer months, melting snow and ice contribute to increased 

flow, while in the winter months, the flow may decrease due to reduced melting 

and possible freezing. This natural regime could be altered by diminution of 

snowfalls or alteration of snowmelt, that are direct consequences of climate 

change.   

In the context of this rapid climate change, point sources of contaminants can play 

an important role. In particular, the impact of wastewater treatment plants 

(WWTPs) may be exacerbated by climate change as a consequence of the lower 

water flow, resulting in a loss of dilution and self-purification capacity of the river.   

As an example, in 2022 different European countries experienced a series of severe 

droughts, which were particularly evident in the Po basin, northern Italy [7]. The 

drought was exacerbated by a persistent sea level pressure anomaly dipole over 

north-western and south-eastern Europe from November 2021 to March 2022 

which blocked the transit of Atlantic perturbations in the Mediterranean area and 

resulted in a negative rainfall anomaly in central and northern Italy.   

In general, in literature it is known that there is a relation between water quality in 

river segments and its dilution capacity especially in Mediterranean rivers [8ï10], 
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but the Alpine region was poorly investigated. Flow reduction essentially means a 

collapse or loss of wet surface and fast-flowing water environments, with the 

consequent depletion or disappearance of many habitats and the species that 

populate them [11]. Much more neglected is the aspect linked to the impact of 

water shortages on water quality.   

In this work, which is to be intended as a preliminary study, we hypothesised that 

water shortages may worsen the chemical and microbiological quality of rivers, 

leading to significant biodiversity loss. To test this hypothesis, we examined a river 

stretch affected by an anthropic discharge for one year, analysing changes in water 

quality and aquatic benthic communities both upstream and downstream of a 

WWTP. Our ultimate aim was to investigate, with an interdisciplinary approach, 

the modifications occurring in an alpine river during an important period of 

drought giving insights into the relationship between the chemical, 

microbiological, and ecological parameters and the flow conditions. To our 

knowledge, this is the first multidisciplinary study in which the impact of WWTP 

effluent discharge is evaluated in relation to water shortage induced by climate 

change in an alpine river. It must be underlined that, being carried out on a single 

river and in the time span of the year 2022 only, this study stands out as a 

circumscribed description of the response of a stream subjected to water stress 

conditions, and is meant to be a first step in the understanding of a broader 

phenomenon requiring more time and more extensive datasets to be fully assessed.   
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Fig. 1. Location of the Stura River (NW Italy) and position of the three sampling 

sites. Upstream (U - coordinates 45Ǔ13ǋ23.0ǌ N, 7Ǔ33ǋ42.2ǌ E), WWTP discharge (W 

- coordinates 45Ǔ13ǋ18.6ǌ N, 7Ǔ33ǋ43.7ǌ E) and downstream (D - coordinates 

45Ǔ13ǋ01.0ǌ N, 7Ǔ33ǋ48.2ǌ E).   

  

2. Materials and methods   

2.1. Study area and hydrological description   

2022 has been one of the driest and hottest years ever recorded in the western 

Alpine area, resulting in severe runoff deficit in most of the lotic systems [7]. The 

study was conducted in the Stura di Lanzo (ST) river, a 3rd order lotic system and 

a tributary of the Po river in Piedmont region, NW Italy. The river has a torrential 

pluvial-nival hydrological regime and, according to the Regional Agency for the 

Environment Protection (ARPA) 2021 data, its average annual flow rate at the 

mouth is 23.36 m3/s. Like in many other Alpine basins, in the last years this stream 

experienced long periods of reduced flows alternating with short but often intense 

floods [12]. According to the data collected directly from ARPA Piemonte, in 

January the Stura di Lanzo showed a reduced runoff (6.17 m3/s), and the situation 
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worsened in February and March where flow rates resulted markedly below the 

average, reaching a deficit of ī 60 % (4.88 m3/s). This trend continued over the 

year and characterised not only this lotic system, but the entire hydrographic 

network. In December the average inflow (5.53 m3/s) was far above the reference 

average conditions and the overall deficit of the largest river in this area, the Po, 

was 67 % lower than the historical average value. We focused on a ST river reach 

characterised by the presence of 12,000 p.e. (population equivalents) WWTP 

which employs biological processes and secondary sedimentation and treats 

mainly urban wastewater.   

2.2. Sampling   

From January to December 2022, twelve sampling campaigns were carried out 

monthly. On the studied section of the river (850 m long), three sites of sampling 

were defined (Fig. 1). The first one located 200 m upstream of the discharge (U), 

the second one located directly on the WWTP discharge (W) and the last one 

located 500 m downstream of the discharge (D).   

2.3. Determination of chemical parameters   

The details of the reagents used for the analytical determination, as well as those 

regarding the treatment of the samples, are fully reported in paragraph S1 of the 

Supplementary Material (hereafter  

SM). Temperature (T, ǓC), electrical conductivity (EC, ɛS cmī 1), dissolved 

oxygen concentration (DO, mg Lī 1), oxygen saturation (DO%) and pH were 

measured at each sampling point with a multiparametric probe (Scubla WTW 

Multi 3430). The concentrations of anions (Clī , PO34ī , SO24ī ) and cations 

(Na+, K+, Mg2+, Ca2+) were determined by ion chromatography, while Total 

Carbon (TC), Inorganic Carbon (IC) and Total Nitrogen (TN) were determined 

using a TOC analyser. The instruments and the working conditions are listed in 
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paragraph S2. The soluble reactive phosphorus (SRP) was measured 

spectrophotometrically, using the method described in a previous study [13]. 

Nitrites, ammonia, total phosphorus, silica and anionic surfactants were 

determined spectrophotometrically with a Cary 100 Scan spectrophotometer 

(quartz cells, pathlength 1 cm) according to the methods described in paragraph 

S3, and previously reported [14]. The volumetric contribution of the WWTP 

effluent to the stream flow (Y, in %) could not be directly measured, but it was 

estimated according to the calculations reported in paragraph S4.   

2.4. Determination of microbiological parameters   

For the microbiological analysis, 2 L from each sampling point were collected, 

transported refrigerated and processed within 24 h of sampling. All samples were 

evaluated for faecal indicator parameters (total coliform, enterococci, Escherichia 

coli and Clostridium perfringens spore counts) and pathogens (Salmonella spp. 

and verocytotoxin-producing E. coli - VTEC). Quanti-TrayTM 2000 (IDEXX 

Laboratories, Milan, Italy) was used for the quantification of coliforms, 

enterococci and E. coli, and the results were expressed as Log Most Probable 

Number (MPN)/100 mL. The enumeration of C. perfringens spores was performed 

using a membrane filtration method according to ISO 14189:2013 (International 

Standards Organisation, 2013) [15], and the results were reported as Log Colony-

Forming Unit (CFU)/100 mL. The presence/absence of Salmonella spp. and 

VTEC DNA in water samples was evaluated using a PCR method with a 

previously reported protocol [16,17].   

2.5. Determination of benthic macroinvertebrates and diatoms   

To assess biological diversity and richness we focused on two benthic 

communities, i.e. macroinvertebrates and diatoms, because of their importance in 

ecological functional processes and diffuse use in biomonitoring methods. 
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Regarding macroinvertebrates, five samples were collected monthly with a Surber 

net (600 ɛm mesh size; 0.05 m2 area) randomly in riffle (i.e. erosive) habitats far 

away from each other approximately 5 m in both the U and D stretches, then 

preserved into plastic jars with 75 % ethanol until identification (see paragraph 

S5). For phytobenthos, samplings were carried out following the macrobenthic 

sampling schedule. Briefly, diatom samples were collected, treated and analysed 

following the standard procedures [18,19]. For each sample we calculated the 

Intercalibration Common Metric index (ICMi) [20], the diatom quality index 

adopted at national scale in the framework of the WFD application, by using the 

OMNIDIA 6.1.5 software. Ecological guilds (i.e. low profile, high profile, motile 

and planktonic) were assigned to each taxon basing on the classification proposed 

in a previous study [21]. Details concerning sampling, treatment and analyses of 

diatom samples are reported in the Supplementary Material (see paragraph S5).   

2.6. Statistical analysis   

For chemical parameters, linear and non-linear fits were carried out with the 

Origin(Pro) 8.5 software package (OriginLab Corporation, Northampton, MA, 

USA). The dataset was centred, autoscaled and then subjected to PCA to get 

insights into possible correlations among the measured chemical parameters in the 

U and in the D sites, the chemical-physical parameters (pH, T, EC, %DO, ppm 

DO) and the daily flow regimes (Qday). The Principal Components analysis 

(PCA) was carried out using the software Chemometric Agile Tool - CAT [22] and 

the significance of the correlations was assessed using the Pearsonôs test.   

For microbiological parameters, the presence/absence of pathogens and 

concentration of bacterial indicators (log conversion) were statistically analysed 

with IBM SPSS Statistics version 28.0 for  

Windows. The data distribution was evaluated using the Shapiro-Wilkôs test. 

According to nongaussian distribution, to analyse the differences in microbial 
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indicators between U, W and D samples, a Kruskal Wallisô test was applied. The 

correlation between microbial indicators and river flow was analysed with 

Spearmanôs correlation. The relationship between presence/absence of pathogens 

and river flow was evaluated with binary logistic regression. Significance was 

evaluated with 95 % confidence intervals (p < 0.05).   

Regarding macroinvertebrates and diatoms, analyses of abundance data were 

conducted in the R Environment (R Development Core Team, 2020) [23]. 

Concerning benthic macroinvertebrates, each Surber sample was considered as a 

replicate, and prior to performing regression models, outliers were removed using 

the method for data exploration reported in a previous study [24]. Differences in 

the community composition between sites (U, D) were investigated by using non-

metric multidimensional scaling (NMDS), multivariate analysis of variance 

(PERMANOVA) and PCoA (see details in the supplementary material). Statistical 

differences in community composition associated with variation of flow in 

different months (Q), site (U, D and also W for diatoms) and their interaction were 

tested via permutational multivariate analysis of variance (PERMANOVA), with  

Bray-Curtis distance, using the óADONISô function in the vegan package [25]. 

Analysis on specific taxa importance was quantified using the similarity 

percentage procedure (SIMPER) [26]. Moreover, a generalised additive model 

(GAMs) was used to assess the influence of flow variations on selected biological 

parameters. Further information on the statistics applied is reported in paragraph 

S5.   
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Fig. 2. Concentrations (C) of some of the chemical parameters measured in the 

Stura river through the year 2022. Upstream values are reported in blue, 

downstream values in grey. The waste values have been omitted to appreciate the 

marked or less marked differences between the U and D concentrations. IC = 

inorganic carbon. (For interpretation of the references to colour in this figure 

legend, the reader is referred to the Web version of this article.)   

  

3. Results and discussion  

3.1. Chemical parameters   

The water temperatures ranged from 4ï5 ǓC in winter to 21ï26 ǓC in summer (see 

SM, Fig. S1). Stream flow (Q) varied with seasons: in spring months, the 

registered values were up to three times higher than in winter and two times higher 

than in summer. EC followed the inverse pattern of Q, falling to lower values in 

spring and early summer.   

As shown in Fig. S2, the concentrations of all the measured parameters in the 

downstream samples were generally higher than the concentrations in the 

upstream ones, pointing out the role of the inputs from the WWTP in delivering 

extra-nutrient loads in the stream. Concentrations in the effluents were remarkably 

higher for almost all the measured parameters, with the few exceptions of Ca2+, 
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Mg2+, SiO2 and for NïNO3 in the period from January to June. In some cases, the 

differences in the nutrient loads U vs D were consistent (e.g. NïNO2, NïNO3, Nï

NH3, Fig. 2a-b-c). Though seasonal trends could not be observed, the differences 

between U and D tended to become more pronounced in the months associated 

with lower flow regimes (JanuaryïFebruary and JulyïSeptember), as a 

consequence of the less dilution power of the water body. Exceptions to this were 

represented by Mg2+, Ca2+, SiO2 and IC (Fig. 2dïe), whose difference between U 

and D (ȹUD) remained negligible through the year, and by species as SO2
4
ҍ (Fig. 

2f), K+ and Clҍ , whose ȹUD kept constant month by month. Stream and effluent 

may differ in nutrient composition, for example in the case of nitrogen: the 

nitrogen content was mainly represented by NïNO3 in the stream and by NïNH3 

in the effluent. This data is coherent with a previous study on a pool of streams in 

the region of Catalonia, Spain [27], which, being dominated by Mediterranean 

climate, are typically subjected to summer and winter low flows and even flow 

intermittency. Furthermore, it is worth noting that NïNH3 concentration in the 

stream tends to fall in the spring months (AprilïJune) until reaching 0 in summer 

(JulyïAugust); meanwhile, NïNO3 remains well present in the waters.   

The contribution of the WWTP effluent to the flow of the receiving stream was 

variable, from <6 % to >35 % (Fig. S3), with no strict correlation to the period of 

the year, contrarily to what was previously observed in other studies [28,29]. This 

may be due to the fact that this stream, regardless of the severe drought conditions 

of 2022 and though displaying a highly variable hydrologic regime, is not an 

intermittent water course. Yet, it is true that the highest % values are shown in the 

driest months, with an average of 25.3 %: this is coherent with the increased 

nutrient concentration observed in the same period at U and D. The 79 % of June 

is likely to be biased by an extra addition of water in the WWTP effluent from a 

side canal, observed during this sampling and not present in the previous and 
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following ones. For this reason, the estimated value for that month has been 

excluded from Fig. S3. Thus, the WWTP inputs become more impactful during 

low flows as the dilution capacity of the stream decreases, while during higher 

flows a major role in shaping the final chemistry of the receiving stream may be 

played by the upstream conditions.   

In order to investigate possible correlations between the measured concentration 

data and Qday, we performed a PCA on the U and D data. The W samples were 

excluded from the analysis, since the highest concentration values flattened the 

informativity (i.e., the relative differences) of the upstream and downstream.   

Fig. 3a shows the scores and the loading plot for PC1 vs. PC2, which explain the 

39.07 % and the 19.6 % of the total variance respectively. PC1 displays positive 

loadings for the daily flow and negative loadings for all the nutrients, except for 

SiO2: this suggests a negative correlation between the hydrological and the 

chemical variables for the stream, implying that lower values of Qday positively 

affect the concentration of the nutrients in water at the downstream. This is 

particularly evident in those months associated with lower Qday values, Januaryï

March and Novemberï December. On the other hand, the grouping of spring 

months in the same position as the   

Qday loading is evident. Thus, the PC1 axis emphasises the role of the flow 

regimes (and, as a consequence, of the dilution capacity of the stream) in 

contrasting the effect of WWTP effluents as point sources of pollution and 

chemical discontinuity. As further evidence, most of the measured parameters 

appear to be negatively correlated with Qday in the loading plot. In the case of TP, 

TC, TOC, IC, SO2
4
ҍ , Clҍ , Na+, Mg2+ and Ca2+ the linear negative correlations are 

statistically significant (Pearsonôs test at 95 % confidence level, see Fig. S4). This 
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result is consistent with a previous study [29] assessing the influence of WWTPs 

over nutrient uptake in intermittent watercourses.   

Moreover, as reported in Fig. 3b, the plot of PC1 vs. PC2 showed a clear 

differentiation between the upstream and the downstream samples, which are 

distinctly clustered for positive and negative scores of PC1, respectively. The 

sample scores on PC1 support the hypothesis of the contribution of the WWTP 

effluents to the water quality downstream, which display higher nutrient loads. A 

positive correlation between Qday and the sampling sites is observed in the high-

flow seasons, when the difference between U and D tends to be levelled.   

  

Fig. 3. Principal Component Analysis (PC1 vs. PC2) of the data. a. Biplot with the 

scores of the samples U (in blue) and D (in grey) and loadings of the measured 

parameters. b. Scores plot of U samples and D samples with highlights on the two 

groups. (For interpretation of the references to colour in this figure legend, the 

reader is referred to the Web version of this article.)   

  

3.2. Microbiological parameters   

The results of faecal indicator bacteria monitored in the different samplings are 

reported in Fig. 4. The concentration of coliforms (Fig. 4a), E. coli (Fig. 4b), 

enterococci (Fig. 4c) and C. perfringens spores (Fig. 4d) is strongly influenced by 

the discharge of the WWTP (W) since the concentration of all the microbial 
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indicators increases significantly between the U and D sample (SM, Table S1). 

Moreover, there is also a statistically significant difference between U and W 

samples for all the microbial indicators analysed, indicating the ability of the 

WWTP to induce a detectable faecal contamination with the discharge of its 

sewage (SM, Table S1). Moreover, the concentration of indicators in the W sample 

was higher with respect to other studies [17,30,31] that analysed wastewater 

effluent. Furthermore, a statistically significant difference was observed for 

coliforms, E. coli and enterococci between W and D samples (SM, Table S1) even 

if with lower intensity with respect to the difference between U and D. These 

results highlight the possibility that the river is not able to restore completely the 

microbial indicator concentrations present before the discharge of the sewage. The 

same trend was observed in other studies [32,33], in which they observed an 

increase of coliforms, E. coli and enterococci counts just downstream of the 

WWTP discharge. The presence of faecal indicator bacteria in rivers is of great 

interest to public health authorities since their presence is associated with the 

presence of human pathogens [34] implicated in waterborne diseases, such as 

Salmonella spp., pathogenic E. coli strains and Shigella spp. [35]. The presence of 

faecal indicator bacteria is an indication of the status of the receiving water body 

since their presence in high quantities could indicate an alteration in the WWTP 

operation and/or a decrease of water flow in the receiving river.   

The results of the correlation analysis between the faecal indicator bacteria 

concentration and the stream flow data (used as an indicator of water shortage) are 

reported in Table 1 (graphical representation reported in Fig. S5). The upstream 

and downstream sample points were analysed separately, to determine the impact 

of WWTP in association with the water quantity variation.   
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Fig. 4. Mean concentration (Ñ standard deviation) (log CFU/100 mL or log 

MPN/100 mL) of microbial indicators in water samples of 12 samplings. U: 

upstream of WWTP discharge; W: WWTP discharge; D: downstream of WWTP 

discharge.   

Table 1 Spearmanôs correlation between faecal indicator bacteria from upstream 

(U) and downstream (D) sampling points and stream flow. Bold indicates 

statistically significant results.     

   Stream flow (m3/s)   

 
 Log MPN Coliforms (U)   ī 0.291 p = 0.385   

 Log MPN E. coli (U)   ī 0.455 p = 0.160   

 Log MPN Enterococci (U)      0.456 p = 0.159   

Log CFU C. perfringens spores (U)  ī 0.433 p = 0.184   

 Log MPN Coliforms (D)   ī 0.400 p = 0.223   

 Log MPN E. coli (D)      0.800 p = 0.003   

 Log MPN Enterococci (D)       0.700 p = 0.016   

Log CFU C. perfringens spores (D)     0.664 p = 0.026    
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In particular, in the U sample no statistically significant correlation was observed 

but, interestingly, in the D sample the counts of faecal indicator bacteria (i.e., E. 

coli, enterococci and C. perfringens) were inversely correlated with stream flow 

variation, emphasising the negative impact of the WWTP as the flow rate 

decreases.   

In literature, it is well reported the assumption that the faecal indicator bacteria 

quantity in surface waters can be influenced by floods and drought conditions in 

relation to climate change [36,37]. As aforementioned, although different studies 

that considered rivers of different origin are published, no data on faecal 

contamination in alpine rivers were reported. Conversely to our findings, in other 

studies [38,39], MPN of E. coli in river (montane areas of South-East Asia and 

Brazil, respectively) was found higher during the wet season with respect to dry 

season. This could be explained not only by the different sources of contamination, 

e.g. animal and human dejections at the soil surface and the overflowing of 

latrines, but also - and mainly - by the different location and typology of the river. 

Moreover, in a river situated in Spain (a Mediterranean stream) [40], the authors 

found the highest stream recovery capacity during the dry season (the period with 

the highest temperature).   

In alpine rivers, it is possible to observe the opposite trend; i.e., the period with 

the highest stream flow should be the period with increasing temperature, as late 

spring/early summer, since it is due to the release of water from alpine glaciers 

and snow melting. To the best of our knowledge, this is the first study in which the 

impact of a WWTP on an Alpine river has been investigated in relation to climate 

change and especially during a prolonged severe drought period, so it is not 

possible to directly compare the results with previous reports. The different results 

reported here could be explained by the different origin of the river, in which the 

dilution factor of the stream flow plays a pivotal role in the dispersion of faecal 
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indicator bacteria with respect to other factors, such as the temperature, and 

highlights the importance to preserve these natural environments from the water 

shortage, direct consequence of the climate change.   

The results of pathogen (i.e., Salmonella spp. and VTEC) detection performed 

with conventional PCR are shown in SM, Table S2. The presence of Salmonella 

spp. was detected in 50 % (6/12) of the U, in 83.3 % (10/12) of the W and in 75 % 

(9/12) of D, highlighting the impact of WWTP on the river. A similar result was 

obtained in another study (Morocco) [33] in which the presence of Salmonella was 

detected only in the downstream sample and only in the summer season, due also 

to the flow reduction that is characteristic of the hottest period. Conversely, the 

frequency of positive water samples for Salmonella reported in another study [16], 

in different rivers, was lower than the value revealed in the present study.   

As reported in Table S2, E. coli O157:H7 and Shiga-like toxin (I and II) were never 

found in the samples analysed. The only genes detected were the one encoding for 

the flagellar antigen H7 (U: 50 % (6/12); W: 100 % (12/12) and D: 75 % (9/12)) 

and the one encoding for intimin protein (U: 0 % (0/12); W: 8.3 % (1/12) and D: 

8.3 % (1/12)), necessary for the infection since it is responsible for bacterial 

adhesion to the host intestinal epithelium. In this regard, it should be emphasised 

that the flagellar antigen H7 is not directly associated with the presence of 

pathogenic strains [41] and that its detection in the present study is not correlated 

with the presence of the pathogenic strain O157:H7, as no positivity for the 

somatic antigen O157 was ever detected for any of the samples analysed. The 

presence of pathogens in rivers poses a direct threat to human health, especially 

when the water is used for recreational and irrigation purposes. In our study, 

despite the absence of E. coli O157:H7 in all the sampling points, Salmonella spp. 

was found upstream and increased along with the sewage discharge highlighting 

the need to carefully monitor the WWTP activities and to develop mitigation 
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strategies to reduce the effect of water shortage. Conversely to indicator bacteria, 

the pathogen presence, even if increased after the WWTP discharge, is not 

associated with stream flow variation.   

3.3. Benthic macroinvertebrates   

We collected 120 macroinvertebrate samples (12 months Ĭ 5 samples Ĭ two sites, 

U and D). A total of 62.465 individuals were counted and identified, out of which 

45.424 upstream and 17.041 downstream. We identified 61 taxa upstream and 57 

taxa downstream. The decrease of invertebrate densities in the downstream stretch 

suggests an evident impact of WWTP discharge, as the morphometry of stream 

didnôt change between U and D and the flow velocity, shear stress, shading are the 

same on both sample sites. The upstream communities were primarily dominated 

by Simuliidae (56.58 %) and Baetis sp. (20.25 %), while downstream communities 

were predominantly dominated by Naididae (31.54 %) and Baetis sp. (19.71 %). 

Taxa richness was higher upstream (mean   

16.66 Ñ 3.19 SD) than downstream (mean 12.58 Ñ 2.84 SD). Ephemeroptera, 

Plecoptera, and Trichoptera (EPT) together amounted to 26527 individuals, with 

18388 specimens collected upstream and 8139 downstream. The average 

taxonomic richness of EPT (EPT_S) per surber was higher upstream (10.8 Ñ 2.12 

SD) compared to downstream (6.74 Ñ 1.16 SD). In the downstream section, a small 

number of pollutant-resistant groups (e.g., Oligochaeta and Chironomidae) 

became dominant, while sensitive taxa (represented by EPT) decreased in 

abundance and richness or disappeared. Regarding the Functional Feeding 

Groups, upstream samples were predominantly composed of filter feeders (53.15 

%), in downstream ones, collectors dominated the communities, with an elevated 

presence of gatherers (81.99 %). In downstream sites, scrapers and filterers tended 

to decrease, while collector abundance increased probably because of the 

increased organic matter loads [42].   
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To depict differences in the taxonomic composition of benthic communities 

between sites, an NMDS ordination and a PERMANOVA (Fig. 5a) were 

performed, yielding significant differences (F = 0.17; p = 0.001) and the dispersion 

with beta dispersion. We observed that the downstream site community was more 

heterogeneous along the sampling period, compared to the upstream site 

community, indicative of a response to multiple stressors caused by the wastewater 

treatment plant and water scarcity. Most likely, during the months when the flow 

increased, differences between the two communities (U and D) were less evident.   

  

Fig. 5. Benthic macroinvertebrates. a) NMDS ordination plot depicting differences 

in the taxonomic composition of benthic invertebrate communities between U 

(blue triangles) and D (grey points) sites. Ellipses represent standard deviations 

around the centroids of the two groups. b) time series (x axis,  

Month) of flow (Q_mean) and Average Score Per Taxon (ASPT, y axis) boxplot 

with box = 25thï 75th percentiles; line = median; whiskers = 1.5 IQR (interquartile 

range), for U and D sites. c) Representation of the GAM smoother for flow 

(Q_mean) interacting with ASPT. The lines (blue for U site and grey for D site) 

represent the smoothed function, while the dots indicate the distribution of all 

samples. (For interpretation of the references to colour in this figure legend, the 

reader is referred to the Web version of this article.)   

The SIMPER analysis highlighted those families contributing the most to the 

differences between sampling sites. In particular, D sites were characterised by a 

higher relative abundance (specimens/surber) of Naididae (D mean = 141 vs. U 

mean = 7), Lumbriculidae (D mean = 27 vs. U mean = 6) and Hydroptilidae (D 

mean = 12 vs. U mean = 4) and lower relative abundance of Hydropsychidae (D 
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mean = 45 vs. U mean = 135), Caenis sp. (D mean = 31 vs. U mean = 57) and 

Habrophlebia sp. (D mean = 0 vs. U mean = 7).   

ADONIS showed a significant difference between sites, with a stress of 22 % (df = 

1, SS = 3,29, R2 = 0,16, F = 41,26, P < 0.001) and a significant difference compared 

to flow conditions (df = 1, SS = 1,023, R2 = 0,051, F = 12,83, P < 0.001).   

We registered significant nonlinear relationships of the attributes of the benthic 

macroinvertebrate community in relation to the river flow. In particular, for ASPT 

(Average Score Per Taxon), the patterns suggested a hump-shaped relationship, 

with the flow as a good predictor of the community attributes of the 

macroinvertebrate community, especially in D sampling sites. In general, higher 

values of ASPT were recorded in the upstream site, which remained quite constant 

throughout the studied year, (Fig. 5b). On the contrary, in the downstream section 

we detected an evident variation in ASPT values, with the lowest values registered 

when the flow achieved the lowest range (F = 24.14; R2 = 67 %; P < 0.001, Fig. 

5c) and an increase of ASPT values as the flow rate increases. The analysis of the 

difference in metrics, such as EPT_S, between the upstream and downstream sites 

revealed a significant relation (F = 5.14; R2 = 65.5 %; P = 0.004) and correlation 

(Spearmanôs pvalue < 0.05) with the decrease in flow. Specifically, it was 

observed that at higher flow rates, the percentage similarity between EPT_S in U 

and D sites was highly evident whereas the opposite occurred at reduced flow 

rates, where the difference increased significantly (Fig. 6).   

With this study it has been possible to find some indicator taxa and community 

metrics for water quality-quantity assessment. For instance, most species of 

Chironomidae are very tolerant to water pollution [43]. Moreover, high amounts 

of Oligochaeta and Gastropoda are often indicators of nutrient pollution [44]. 

However benthic macroinvertebrates are also susceptible to changes in flow 
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regimes [45]. In particular, invertebrate community composition often changes in 

response to low or reduced discharge. These changes are probably a result of 

increased habitat suitability for some species and decreased suitability for others 

[46]. The responses of certain invertebrate taxa to flow reduction suggest that 

invertebrates might be useful indicators in assessments of reduced-flow impacts. 

It should be possible to identify taxa that are sensitive to flow reduction, such as 

those that drift when flows change, and are affected by sedimentation or have 

specific velocity requirements. This is underscored by the trend of certain indices, 

such as ASPT, which exhibited a negative trend, consequently indicating lower 

ecological quality, determined by the presence of high diversity also in terms of 

sensitive taxa such as EPT, as river discharge decreases. In the end, it was possible 

to highlight that the differences between macrobenthos communities, especially 

for sensitive taxa such as EPT, increase with low flow.   

 

Fig. 6. Variation of EPT_S upstream and downstream the WWTP discharge in 

different flow conditions (Q_mean): Delta means the similarity percentage 

richness of Ephemeroptera, Plecoptera and Trichoperta in the D site comparing to 

the U site for each sampling date.   
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3.4. Diatoms   

In total, we collected 36 diatom samples, 12 in the U site, 12 in the D site and 12 

in the W site, and we identified 78 species, 49 upstream, 63 downstream and 43 in 

wastewater. Taxa richness was significantly higher in D compared to U and W 

(22.41 DÑ3.65, 17.33 U Ñ 4.51 and 16.16 W Ñ 3.51); the same pattern was 

observed in terms of Shannon diversity index (2.96 D, 2.07 U and 2.46 W) and 

Evenness (0.66 D, 0.50 U and 0.61 W). Our results are partially in agreement with 

those highlighted in another study [47] where authors found higher diatom 

diversity (Shannon index) in a site located downstream a WWTP in comparison 

to the upstream section, while lower diatom richness downstream in comparison 

to the upstream site. Likely, in our study, communities developing in the D section 

received a contribution of taxa from both U and W sites, which led to the formation 

of richer and more diversified assemblages.   

Concerning ecological guilds, we observed a prevalence of low-profile taxa (72.83 

%) in the upstream site, according to the definition of this guild (i.e. resource-

stressed but disturbance-free [48]) which is generally associated to nutrient-poor 

environments [49] and high-flow velocity conditions [21,48]. According to 

previous studies, downstream and wastewater assemblages were dominated by 

motile taxa (respectively 61.60 % and 66.10 %), generally considered as 

successful competitors for nutrients in nutrient-rich environments [48] thanks to 

their ability of synthesising extracellular enzymes to consume macromolecules 

[50]. Moreover, motile diatoms have a competitive advantage compared to sessile 

ones, since they can actively move towards more suitable conditions [51]. In our 

study, this guild was more abundant during the warmest months; in this context, 

the warm water temperatures which can be reached downstream of a WWTP could 

enhance the ability of motile taxa to move, through a decrease of the cytoplasm 

viscosity in the raphe slit [47,52]. To visually inspect for differences in terms of 
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taxonomical composition among diatom assemblages collected in the three 

sampling sites, we performed a PCoA. The analysis highlighted a clear difference 

in terms of diatom species composition between sampling sites; Fig. 7a displays 

that samples of the U site are mostly placed on the right side of the diagram, while 

those collected in the W site are mainly distributed on the left side, with a clear 

separation of the two spider graphs. The communities in D site are positioned 

halfway between those upstream and those in the wastewater, once more 

confirming previous results published in literature [47]. Fig. 7a displays an 

apparent taxonomic homogenization of the diatom communities inhabiting W, 

whose ellipse appears strongly gathered around the centroid. Communities 

belonging to the W site appeared, indeed, simpler and less heterogeneous than 

those characterising U and D sections. This could be explained by the conjoint 

chemical and hydrological pressures affecting the assemblages, confirming the 

results of previous studies [53,54]. The SIMPER analysis highlighted the diatom 

taxa significantly contributing to differences between the site assemblages. In 

particular, downstream (D) assemblages were mainly characterised by Ŭ-meso 

polisaprobic taxa; for instance, Fistulifera saprophila (D mean = 68 vs. U mean = 

0 and W mean = 14), Nitzschia costei (D mean= 48 vs. U mean = 0 and W mean 

= 8) and Nitzschia fonticola (D mean = 54 vs. U mean = 28 and W mean = 3) 

displayed higher abundance means in D compared to U site and W site. On the 

contrary, a lower relative abundance of ɓ-mesosaprobuos taxa, compared to the 

upstream site, such as Achnanthidium delmontii (D mean = 28 vs. U mean = 110 

and W = 49), Achnanthidium pyrenaicum (D mean = 42 vs. U mean = 127), 

Achnanthidium minutissimum (D mean = 6 vs. U mean = 23) was observed. In the 

wastewater (W) diatom communities were mainly defined by polysaprobic taxa as 

Achnanthidium saprophilum (W mean = 119 vs. D mean = 13 and U mean = 0), 

Mayamaea permitis (W mean = 86 vs. D mean = 21 and U mean = 1), Nitzschia 
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soratensis (W mean = 73 vs. D mean = 11 and U mean = 1), Sellaphora nigri (W 

mean = 43 vs. D mean = 3 and U mean = 0). The taxonomic and functional changes 

observed in our communities are consistent with those detected in another study 

[47], highlighting a shift in diatom assemblages from oligosaprobic/oligotrophic 

groups belonging to the low- and high-profile guilds upstream of a WWTP, to 

polysaprobic motile groups in the impacted sites. ADONIS, with a stress of 17 %, 

furtherly confirmed a significant difference between sites (df = 1, SS = 0.89, R2 = 

0.30, F = 15.03, P = 0.005) and with changes in river flow (df = 1, SS = 0.16, R2 

= 0.41, F = 2.82, P = 0.005).   

  

Fig. 7. Benthic diatoms. a) PcoA ordination plot based on Bray-Curtis dissimilarity 

matrices depicting differences in the taxonomic composition of benthic 

communities between U (blue points), W (orange points) and D (grey points) sites. 

Ellipses represent standard deviations around the centroids of the two groups. b) 

time series (x axis, Month) of flow (Q_mean) and Intercalibration Common Metric 

Index (ICMi, y axis) points, for U and D sites. c) Representation of the GAM 

smoother for flow (Q_mean) interacting with ICMi. The lines (blue for U site and 

grey for D site) represent the smoothed function, while the dots indicate the 

distribution of all samples. (For interpretation of the references to colour in this 

figure legend, the reader is referred to the Web version of this article.)   

Despite the importance of diatoms as bioindicators in lotic environments and the 

importance of their inclusion in the river monitoring programs [55], species 

composition and structural dynamics in WWTPs have rarely been documented 

[47,56]. In our study, diatom quality index ICMi displayed significantly (p <0.05) 

higher values in U in comparison to D and W sampling sites (0.81 U, 0.57 D and 
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0.42 W; i.e., corresponding respectively to ñgoodò, ñmoderateò and ñpoorò 

ecological status), thus responding to this high anthropogenic pressure, as already 

observed in another study [47] for BDI index.   

We registered significant nonlinear influences of the attributes of the benthic 

diatom community in relation to the river-flow. In particular the flow resulted as a 

good predictor of the community attributes measured ICMi. In addition, the 

elevated values of R2 indicated that the benthic diatom attributes had a good fit 

with the flow. Higher values of ICMi were recorded in the upstream site, especially 

in sampling periods where the river flow reached the range 16 m3/sec - 18 m3/s 

(Fig. 7b). The lowest values of ICMi were registered in the downstream site when 

the flow achieved the less range 5 m3/s - 7 m3/s (F = 5.96; R2 = 83 %; P < 0.001, 

Fig. 7c). In both U and D sections, the ICMi increased as the flow rate increased 

(Fig. 7c).   

4. Conclusions   

The study highlights the complex interplay between climate change-induced water 

shortages, wastewater treatment plant effluents, and their impact on river 

ecosystems and water quality. The hydrological description revealed the severe 

runoff deficit in the western Alpine area during the whole 2022, with a significant 

reduction in flow rates. Normally, when people think about the impact of climate 

change on rivers, they always consider the ôquantityô of water and not its ôqualityô.   

This study takes the case of one river to do a first evaluation of the impact of water 

shortage on water quality, attempting to provide some preliminary suggestions on 

how reduced flows may exacerbate the influence of anthropogenic discharges. In 

the case of Stura di Lanzo, these alterations had cascading effects on various water 

parameters, including nutrient concentrations and microbiological indicators. The 

analysis of the chemical parameters showed that, even if WWTP effluents have a 
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low contribution in terms of final in- stream flow, they can heavily influence the 

final nutrient load in the downstream waters. The correlations found with the Qday 

values supported the hypothesis that the investigated Alpine river, already 

naturally subjected to seasonal flow regime shifts, became more vulnerable to 

WWTP effluents when drought conditions were pressing and its dilution capacity 

was threatened. To determine whether this is a characteristic pattern of rivers 

facing drought situations, the repetition of these analyses in the years to come and 

on comparable basins is essential.   

Following the same trend of nutrients, microbiological parameters, including 

faecal indicator bacteria, revealed a significant impact of the WWTP on 

downstream water quality. The presence of pathogens, such as Salmonella, raised 

concerns about potential health risks associated with water use during drought 

conditions.   

Macroinvertebrates and diatom communities responded sensitively to altered flow 

conditions, underscoring the vulnerability of the alpine river in the sampled year. 

The decrease in invertebrate densities downstream indicated habitat loss and 

changes in food availability. The shift in diatom community composition, with the 

increase in motile taxa downstream, reflected the influence of wastewater 

treatment plant effluents and reduced flow.   

The study also explored the potential of using specific taxa and community metrics 

as indicators of water quality and quantity. For instance, the analysis of 

macroinvertebrates and diatoms suggested that certain taxa, particularly those 

associated with sensitive ecological conditions, could serve as indicators of 

reduced-flow impacts.   

Beside climate-related effects, waters are heavily subjected to local human 

pressure, which affects their features on multiple sides. Manipulation of channels, 
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building or modification of drainage basins etc., alter the natural flows, while 

pollution and land use may overturn their quality. It is therefore fundamental to 

consider local factors, such as wastewater treatment plant discharges, in 

conjunction with climate-induced changes. At the same time, the role of flow 

regimes in shaping the response of chemical and biological components in the 

river ecosystems emphasises the need for integrated monitoring and management 

strategies that account for both climate change and local stressors.   

In conclusion, this research provides preliminary insights into the complex 

interactions between climate change-induced water shortage, local impacts and 

river ecosystem health in alpine regions. The findings underscore the importance 

of holistic approaches in water resource management, considering both quantity 

and quality aspects, especially in the context of changing climate conditions. 

Studies like the presented one may offer insights for policymakers, environmental 

managers, and researchers working towards sustainable river ecosystem 

conservation and management in the face of global environmental challenges. For 

this reason, the next steps may involve replicating the same experiment on other 

rivers with wastewater treatment plants of different origins, to assess whether a 

consistent response pattern of the examined variables can be observed.   
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SECTION I: Wastewater Treatment Plant Effluents  
  

Paper I.3: A little story about river pollution, predation, and leg 

regeneration in Serratella ignita (Poda, 1761) (Ephemeroptera: 

Ephemerellidae)  

  

This work was published as:  

A. Marino, F. Mina, D. Ricaldone, F. Bona, I. Conrado & S. Fenoglio (2023): A little story 

about river pollution, predation, and leg regeneration in Serratella ignita (Poda, 1761) 

(Ephemeroptera: Ephemerellidae), Aquatic Insects, 44(4), 325-328, DOI: 

10.1080/01650424.2023.2211972  

Abstract  

We found significantly different percentages of malformed nymphs in two 

contiguous populations of Serratella ignita (Poda, 1761) in a stream in the 

northwestern Italy. We suggest that this may be due to a marked difference in the 

environmental conditions and especially to the effect of pollution on the functional 

structure of the insect community.  

Keywords: Environmental pollution;  autotomy;  feeding functional groups;  trophic 

interactions  

1. Introduction  

Among Insecta, the regeneration of a lost body part is an interesting phenomenon 

that, contrary to what happens in some other invertebrate groups, typically 

concerns limbs and not parts of the trunk, tissues, or other organs (Maruzzo and 

Bortolin 2013). Even if most of the studies focused on terrestrial insects, the 

capacity to regenerate a limb lost during the immature stage has also been 

documented in a few aquatic insects, including Odonata and Ephemeroptera 
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(Saxton, Powell and Bybee 2020). In some mayflies, limbs seem to show a 

óbreakage pointô (Almudi et al. 2019), which allows the easy detachment of the 

leg when subject to pressure, a self-defense mechanism called autotomy that 

facilitates escape when attacked. The capacity to break off legs and then regenerate 

them likely allows these insects to survive predation better (Bely and Nyberg 

2010). In this study, we report and discuss the different occurrences of Serratella 

ignita (Poda, 1761) (Ephemeroptera: Ephemerellidae) nymphs with 

malformed/regenerated legs in two reaches of the same stream characterised by 

contrasting environmental conditions.  

2. Material and methods  

In the frame of an extensive study about the combined impact of climate change 

and a wastewater treatment discharge (WWT) on the environmental quality of 

lotic systems, we monthly collected quantitative aquatic insect samples from the 

Malone stream (northwestern Italy). We sampled two stations, the first located 100 

m upstream of the WWT located at 45Á16ǋ54.0ǋǋN, 7Á40ǋ20.0ǋǋE and the second 

located 150 m downstream. Up- and downstream sections had similar streambed 

and channel characteristics. Using a Surber net (22 Ĭ 23 cm; 500-micron mesh), 

we collected five samples/month in each station to assess the taxa presence and 

abundance of the natural population of benthic insects. In this study, we focused 

on the samples collected in April and March 2022 (N = 20 surber), as in this period, 

the nymphs of S. ignita reach their largest size before emerging. To evaluate 

environmental quality, we employed the widely used BMWP and ASPTe 

assessment methods (Buss et al. 2015; MongeïSalazar 2021).  

3. Results  

Analyzing the samples, we found several S. ignita specimens with not regularly 

developed, i.e. malformed legs (Figure 1). Interestingly, specimens with 
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regenerating legs were almost exclusively found in the upstream section. Here, on 

a total number of 494 specimens, 99 reported malformed legs. Among them, seven 

nymphs showed a malformation in the first right leg, 14 in the first left leg, 22 in 

the second left leg, 28 in the second right leg, 14 in the third left leg, and 14 in the 

third right leg. In the downstream section, we found 314 S. ignita nymphs, among 

which only one showed a malformed leg (the mesothoracic right one). In general, 

no missing or torn structures are noted; this suggests that the limb has been 

completely detached, and the one found is in its regrowth phase. No organism 

belonging to another species reported similar malformations. We detected a 

marked difference in the environmental quality between the two stream reaches. 

In the upstream section, BMWP values reached 185, corresponding to a first 

ecological class (excellent quality, with an ASPT value equal to 5.1). In contrast, 

in the downstream section, the BMWP reached a 69 score, corresponding to an 

impacted environment (ASPT = 1.76). We also detected a marked difference in the 

functional structure of the two benthic communities. While the upstream 

community was characterised by a more balanced presence of Functional Feeding 

Groups (Collectors Cg = 56.1%, Filterers F = 40.1%, Scrapers Sc = 1.15%, 

Predators p = 1.92%, Shredders Sh = 0.71), downstream the community was 

dominated by taxa feeding on fine particulate organic matter (Cg = 78.7%, F = 

19.8%, Sc = 0.40%, p = 0.40%, Sh = 0.50). In particular, for predators (represented 

in this stream mainly by immature stages of Rhyacophyla sp., Chloroperla sp., and 

Onychogomphus forcipatus Linnaeus, 1758), we highlighted a significant 

reduction in the polluted reach (t-test among quantitative Up and Downstream 

samples = ī 2.31, p < 0.05).   
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Figure 1. three nymphs of Serratella ignita (Poda, 1761) from Malone stream 

(northwestern italy) showing regenerating legs.  

4. Discussion  

This study suggests that the presence of predators could influence the frequency 

of prey with limb regenerating, highlighting still little-known effects of pollution 

on the features of aquatic insect populations. According to Nilsson (1986), we 

hypothesised that the highest presence of nymphs with regenerating legs might be 

linked to higher predation pressure in the upstream station; in the downstream 

station, the deteriorated environmental quality led to a reduction of predator 

presence and then limited this phenomenon. The study of trophic interactions 

between species is a fundamental component of aquatic entomology. Predators are 

found in nearly all major aquatic insect groups (Fenoglio, Bo, L·pez-Rodr²guez, 
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Tierno de Figueroa and Malacarne 2009; Fukuoka, Tamura, Yamasaki and Ohbac 

2023). They are known to play an important role in freshwater communities, for 

example conditioning prey abundance and their distribution within microhabitats 

(Bo et al. 2010), influencing community composition and trophic cascades (Start 

and Gilbert 2017) and, as in this case, determining the occurrence of 

malformations in preys.   
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SECTION II: Increase in Water Temperature  
  

Paper II.1: Thermal regimes and life cycles of Serratella ignita 

(Poda, 1761)  

(Ephemeroptera: Ephemerellidae) in NW Italy  

  

This work was in press as:  

D. Ricaldone, A. Marino, F. Mina, S. Grosso, S. Fenoglio & T. Bo (2025): Thermal regimes 

and life cycles of Serratella ignita (Poda, 1761) (Ephemeroptera: Ephemerellidae) in NW 

Italy, Aquatic Insects.   

Abstract  

This study examined the influence of thermal regimes on the life cycle of 

Serratella ignita (Poda, 1761) (Ephemeroptera: Ephemerellidae) populations in 

three Alpine rivers in northwestern Italy (Pellice, Malone, and Stura rivers). 

Monthly samplings were conducted to evaluate mayfly growth rates, while river 

thermal characteristics were monitored using temperature dataloggers. Significant 

differences were observed among the rivers, with variations in nymph occurrence 

and development speed across the three lotic systems. During a comparable period 

of nymph abundance in all rivers, the average nymph length in the Malone River 

was notably greater than in the Pellice and even more so than in the Stura. These 

variations highlight the crucial role of thermal characteristics in shaping S. ignitaôs 

life cycle.  

The findings confirm the species' high plasticity, enabling it to adapt effectively to 

diverse environmental conditions. This adaptability underscores S. ignita's value 

as a model organism for studying aquatic insects under varying thermal conditions. 

In the context of climate change, with predicted increases in water temperatures 
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in freshwater ecosystems, it is essential to understand how aquatic insects respond 

to global climate changes. Such knowledge is critical for developing strategies to 

conserve biodiversity and maintain the ecological integrity of riverine systems.  

Keywords: Mayflies, life cycle, temperature, climate change, Alpine rivers  

1.Introduction  
In recent decades, river systems have faced more dramatic environmental changes 

than many other ecosystems, driven by factors operating on both global and local 

scales. Globally, climate change significantly impacts river ecosystems through 

altered precipitation patterns, increased temperatures, and more frequent extreme 

weather events (Capon et al., 2013). These changes can lead to shifts in flow 

regimes, thermal stress on aquatic organisms, and changes in water chemistry. 

Locally, human activities such as dam construction, water abstraction, and 

pollution from agriculture and urban areas exert considerable pressure on river 

ecosystems (Bhat & Qayoom, 2021). These localized impacts often exacerbate the 

effects of climate change, creating a complex interplay of stressors that challenge 

the resilience of riverine biodiversity.  

These combined global and local pressures have resulted in a documented decline 

in biodiversity, particularly among freshwater organisms. S§nchez-Bayo & 

Wyckhuys highlighted the alarming decline in insect populations globally, with 

freshwater insects being particularly vulnerable. Alterations to life cycles are also 

observed, with changes in the timing of emergence, growth rates, and reproductive 

patterns (Hering et al., 2009). Ercole et al. further emphasized the disruption of 

aquatic insect life cycles due to changing thermal regimes and flow patterns. These 

alterations can have cascading effects on ecosystem functioning, disrupting food 

webs and nutrient cycling. Among the environmental factors influencing aquatic 

insects, temperature plays a crucial role, particularly in the growth and 
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development of pre-imaginal stages. L·pez-Rodr²guez et al. and Bonacina et al. 

demonstrated the impact of temperature on the growth rates of aquatic insects, 

highlighting the potential for thermal stress under warming conditions. 

Ephemeroptera populations, for example, exhibit varying growth rates in different 

rivers and even within distinct stretches of the same river, depending on the 

prevailing temperature regimes (Bhowmik & Schªfer, 2015). Fenoglio et al. 

documented these variations in Ephemeroptera growth rates, emphasizing the 

importance of considering local thermal conditions when studying aquatic insect 

life cycles. Serratella ignita (Poda, 1761 - Ephemeroptera: Ephemerellidae), a 

widely distributed species inhabiting both lotic (flowing) and lentic (still) 

environments, serves as an excellent model for studying the influence of 

environmental factors on biological traits. Its adaptability and plasticity allow it to 

thrive in a range of conditions, making it a valuable indicator species for assessing 

the impacts of environmental change. The species exhibits univoltine or 

semivoltine life cycles, depending on environmental conditions and latitude, 

typically characterized by a long egg stage and rapid larval growth. By studying 

the life cycle and ecological characteristics of S. ignita in different thermal 

regimes, researchers can gain valuable insights into the potential impacts of 

climate change and other environmental stressors on aquatic insect populations. 

This knowledge is crucial for developing effective conservation strategies to 

protect the biodiversity and ecological integrity of river ecosystems.In this study, 

we report and discuss the different occurrences in the growth of S. ignita nymphs 

in three Alpine streams of NW Italy characterized by different environmental, and 

in particular thermal, conditions.   

2.Material and methods  

From January to December 2022, we monthly collected quantitative aquatic insect 

samples from the Pellice, Malone and Stura river (North-Western Italy) that are 
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comparable to each other in terms of water source, Strahler order, chemical and 

physical characteristics (Table 1).  

Table 1 Average measurement and standard deviation of pH, conductivity and percent 

oxygen measured in January to December 2022  

River  pH  T ( C)  EC (ɛS/cm)  % DO  

Malone  8.13Ñ0.48  20.57Ñ5.53  215.44Ñ56.07  87.11Ñ15.06  

Stura  8.09Ñ0.74  18.26Ñ4.83  218.34Ñ55.21  87.27Ñ16.26  

Pellice  8.05Ñ0.34  17.21Ñ4.25  216.00Ñ58.87  88.12Ñ18.07  

  

For more details about the study area see Marino et al. (2024). During the study 

period, water temperatures in each river were measured every four hours with a 

Datalogger (HOBOÈ Water Temp Pro, 0.001 ÜC accuracy ï Fig. 2). Using a Surber 

net (22 Ĭ 23 cm; 500-micron mesh), we collected five samples/month in each 

station to assess the taxa presence and abundance of the natural population of 

benthic insects. In this study, we focused on S. ignita nymphs. The following three 

measures were taken from each individual: a) total length, without cerci; b) head 

capsule width; c) third femur length. The measurement was carried out using the 

LEICA EZ4 W stereomicroscope, equipped with a camera, the LEICA LAS EZ 

software, with which it was possible to capture images of the macroinvertebrates, 

and the ImageJ program, which enabled the measurement of the photographed 

organisms (0.1 mm accuracy). The individuals of S. ignita were placed inside a 

glass Petri, so that the body was well distended and the limbs clearly visible. In 

order to favor greater distension, the organisms were covered with a glass slide 

and photographed while holding the stereomicroscope at the same magnification 

(8x), so as to eliminate any measurement errors due to variation in this parameter.   
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Fig. 1:  Piemonte (NW Italy) with sampling stations (P, Pellice river; M, Malone river; S, 

Stura river).  

3.Results   
The construction of cumulative temperature curves for the entire study period 

(January 2022) was achieved by analysing the collected thermal data series. 

Interestingly, the three rivers showed a marked difference in their thermal profiles 

(see Fig. 2).   



 

мну  

  

  

  

Fig. 2: Cumulative temperature curves from the three rivers during the study period.  

We detected important differences in the thermal regimes of the three rivers. For 

example, considering April, the differences in daily temperatures were significant 

(ANOVA F value = 20.1, df= 2, p < 0.001). In total, 2007 nymphs of S. ignita were 

collected and measured: 1085 from Pellice river, 362 from Malone river, and 560 

from Stura river.  Analyzing the relationships among the three morphometric 

parameters measured, we detected a significant correlation between total length 

and head capsule width (Pearson correlation test = 0.95, p < 0.001, Fig. 3), total 

length and femur length (Pearson correlation test = 0.97, p < 0.001), and femur 

length and head capsule width (Pearson correlation test = 0.98, p < 0.001). For this 

reason, in the following analyses, we only employed total length as a concise 

morphologic parameter.  
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Fig. 3:  Relationships between the three measured morphological characteristics (n= 2007)  

A comparative analysis of the growth patterns of nymphs in the different rivers 

reveals that mayflies of the Malone river exhibit a more rapid development in 

comparison to the other two populations (Fig. 4).   
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Fig. 4:  Nymphal development of S. ignita in the Malone (a), Stura (b) and Pellice 

(c) rivers. Nymph pictures indicate the presence of mature individuals.  



 

мом  

  

  

  

Utilising the period in which the nymphs are comparably and conspicuously present 

in the three rivers, i.e. spring, it can be observed that in April the mean length in the 

Malone river is 4.46 mm (Ñ 1.58 SD), in the Pellice river is 2.32 mm (Ñ 0.98 SD) 

and in the Stura river is 2.77 mm (Ñ 0.87 SD).   

A statistically significant difference in mean length was identified between the three 

populations in this month, as determined by one-way analysis of variance (F value = 

12.9, df= 2, p < 0.001).   

4.Discussion and Conclusion  

Analyzing the specimens from the three rivers, the presence of mature nymphs 

with well-developed wing cases was noted, indicating the period of adult presence 

and, consequently, the emergence period. In the Malone River, the emergence 

period is shorter, lasting two months, compared to the Stura River (three months, 

May to July) and the Pellice River (five months, May to September). The 

emergence period in the Pellice River also begins one month later than in the 

Malone River. These differences in emergence timing align with the observed 

thermal regimes of the rivers. The Malone River, with its higher cumulative 

temperature, exhibits faster nymphal growth and earlier emergence, while the 

Pellice River, with the lowest cumulative temperature, shows slower growth and 

later emergence. The Stura River falls between these two extremes, exhibiting an 

intermediate emergence period and growth rate.  

The temperature disparities among the three rivers likely result from a combination 

of natural and anthropogenic factors. Natural factors include altitude, riparian 

vegetation, and groundwater inputs, all of which can influence water temperature. 

However, anthropogenic factors play a significant role, particularly in the Malone 

River, which has the most extensively anthropized basin. The degree of 

anthropization, characterized by morphological alterations to the river channel, 
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water diversions for agriculture and industry, and inputs of civil and industrial 

discharges, is strongly correlated with increased water temperatures. These 

anthropogenic influences disrupt the natural thermal regime of the river, leading 

to the observed accelerated growth and earlier emergence of S. ignita. The Stura 

and Pellice Rivers, with lesser degrees of anthropization, experience less 

pronounced temperature increases and consequently exhibit more extended 

emergence periods.  

This study corroborates the established understanding that temperature is a 

fundamental variable in lotic ecosystems, profoundly influencing virtually all 

aspects of aquatic insect life history (Everall et al., 2014) (SmoliŒski & 

Gğazaczow, 2019). Temperature affects metabolic rates, growth, development, and 

the timing of life cycle events such as emergence. In the context of global 

warming, these findings raise important concerns about the future of aquatic insect 

populations. Climate change projections indicate rising water temperatures in 

many river systems, which could lead to further shifts in emergence timing, altered 

growth patterns, and potential mismatches between aquatic insects and their food 

resources.  

  

Recent research has highlighted the sensitivity of lotic systems to climate change 

(Macadam et al., 2022) (Bestion et al., 2015) . Warming temperatures can not only 

impact the structure and composition of stream communities but also affect the 

life cycles and growth rates of poikilothermic organisms, including aquatic insects. 

This study demonstrates that even small thermal fluctuations can influence growth 

rates and emergence timing in mayfly species, underscoring the critical 

importance of investigating the effects of temperature on stream biota. As global 

temperatures continue to rise, understanding the thermal tolerances and adaptive 

capacities of aquatic insects is crucial for predicting and mitigating the impacts of 

climate change on freshwater ecosystems. Further research should focus on the 
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long-term effects of warming temperatures on aquatic insect populations, 

including potential range shifts, changes in community composition, and the 

implications for ecosystem functioning. Moreover, studies investigating the 

interactive effects of temperature and other environmental stressors, such as flow 

alteration and pollution, are essential for developing comprehensive conservation 

strategies for protecting freshwater biodiversity in a changing climate. conflict of 

interest was reported by the authors.  
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SECTION II: Increase Water Temperature  
  

Paper II.2: Ephoron virgo (Olivier, 1791) anticipates emergence in 

a warming world: some evidence from non-specialist observations 

and a case study from North-Western Italy  

  

This work was published as:  

Ercole, G., Marino, A., Fenoglio, S., & Bo, T. (2024). Ephoron virgo (Olivier, 1791) 

anticipates emergence in a warming world: some evidence from non-specialist observations 

and a case study from Northwest Italy.  

Aquatic Insects, 45(4), 486-492.   

Abstract  

Climate change, with the disruption of hydrological and thermal regimes, is 

threatening freshwater entomological biodiversity in different ways. While 

extinction or distribution range change of some species can be noted relatively 

easily, the effects on life cycle usually require considerable data. In this short 

communication, we show that Ephoron virgo, a univoltine mayfly, anticipated the 

date of emergence in the Tanaro River (NW Italy) over the last 17 years and how 

this is closely related to the increase in local temperatures. Since this species is 

known for its impressive and synchronized hatchings, we relied on official reports 

from the municipality of Alba, which allowed us to analyze a greater dataset, 

demonstrating how unconventional documents combined with direct observation 

or press articles can also be useful in scientific studies.  

Keywords: climate change; univoltine mayflies; mass emergence; Tanaro River; 

temperature increase  



 

мот  

  

  

1.Introduction  

Climate change is producing massive alterations in lotic ecosystems, mainly 

because of the intensification of extreme hydrological events and the increase in 

water temperatures (Piano et al. 2019; Seyedhashemi et al. 2022). Temperature 

variations have relevant effects on freshwater insect life, both directly (for 

example, influencing physiological processes and metabolic activities) and 

indirectly (for example, influencing oxygen solubility and availability). In 

particular, thermal regimes constitute a significant factor in conditioning life 

cycles of stream insects, probably because temperature increase influences feeding 

activity, digestion rate (Allan al. 2021), larval development and final dimension, 

and the timing of egg hatching and adult emergence (Kureck et al. 2014). To 

investigate the impact of rising temperatures on the regulation of freshwater 

organisms life cycles, excellent study models are univoltine Ephemeroptera, 

whose different phases of development are easily distinguishable throughout the 

year (Fenoglio et al. 2005).  

Ephoron virgo (Olivier, 1791) is a medium-sized burrowing Polymitarcidae 

inhabiting large lowland rivers in the Palearctic. This species, like the 

corresponding Nearctic Ephoron album (Say, 1824), is typically univoltine. 

Ephemeroptera and numerous aspects of its biology have been previously 

described and analyzed (Fenoglio et al. 2007; Kureck et al. 2014). In the last 

century, E. virgo disappeared from most large European rivers because of the 

human alteration of environmental quality, but with the recent improvement of 

water chemical quality, this mayfly is recolonizing part of its previous distribution 

area (Kureck and Fontes 1996). After spending approximately 8-9 months in the 

egg stage, larvae hatch and spend 3-4 months living in U-shaped tubes burrowed 

in fine sediments. Preimaginal stages feed on suspended fine organic particles and 

grow rapidly. During summer nights, the adults swarm and fly only for a few hours 
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and die the following morning. This nocturnal emergence appears rather massive 

and spectacular, presenting thousands of adults with positive phototropism that 

sometimes can affect traffic on bridges or roads near rivers (Kureck and Fontes 

1996). This is a very interesting point because this peculiar biological 

characteristic is so striking that it can attract the attention of even non-specialists 

and therefore provide useful indications for research purposes.  

This study aimed to analyze the variation of the emergence period of E. virgo in 

the Tanaro River, in recent years, characterized by a significant temperature 

increase in North-Western Italy and in general in Alpine regions, using a mix of 

direct observations and official but not-scientific documents.  

  

2.Materials and methods  

In this study, we focused on the population of E. virgo inhabiting the Tanaro River, 

near the city of  

Alba (44Á42' 19.9008ò N, 8Á 1' 38.3196ò E) in Piemonte (NW Italy ï Figure 1). 

The Tanaro River is the main right tributary of the Po River and near the town of 

Alba has a meandering lowland pattern with slow currents. We selected this site 

for three main reasons, that are i) the occurrence of a large population of this 

species, ii) a series of data related to their emergence, and iii) a reliable 

temperature series.   
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Figure 1: Tanaro River, NW Italy. The black point indicates the sample site.  

  

The emergence dates were obtained by direct observations and by consultation of 

Alba municipality reports. The municipality has an historical series of 

administrative documents related to mass emergences, because of its impact on 

vehicle circulation and roadway cleaning in recent decades. On five occasions, we 

compared these data to direct observations and local press articles to check the 

reliability of the dataset and we found accurate overlap.   

We analyzed data from 2005 to 2022. Before 2005 mass emergence was sporadic or 

unreported in the official documents and press, probably due to the low density of E. 

virgo population.   
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It is well known that river temperature is influenced by local factors (such as 

topography, discharge, and streambed characteristics) among which climate is the 

most important (Caissie 2006). For this reason, since the water temperature data 

are rare, sporadic, and discontinuous, we considered a pluriannual series of air 

temperatures. The daily air temperature of Alba was obtained from the Regional 

Environmental Agency ARPA Piemonte weather stations. In this study, we used 

the sum of the mean air daily temperature of the first 180 days of the year for each 

study year. Moreover, the date of the emergence was transformed into Julian Day, 

i.e. the number of days since the first of January for each year.  

The statistical analysis was performed with the software R (v.v. R 4.3.0). Regarding 

temperature and emergence data, Pearson correlation tests were carried out and a 

linear model was performed.  

3.Results  
Climate data evidence an increase in air temperatures from 2005 to 2022. 

Considering the sum of the mean daily temperature (ÁC) of the first six months of 

each year, we observed a rising trend over time, which was significant (Pearson's 

correlation test =0.55, p-value=0.01 - Figure 2).   
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Figure 2: Increase of cumulate daily temperatures over the study period in Alba 

(Italy).  

Interestingly, also the date of E. virgo mass emergence varied, with a decrease in 

the value of Julian Day, meaning a statistically significant trend over the study 

period (Pearson's correlation test =-0.80, p-value=0.01). The following linear 

model (Table I) describes the relation between the dates of emergence, expressed 

in Julian day, and the cumulative air temperature of the first 180 days. This 

inversely proportional regression shows that as temperature rises, early emergence 

of E. virgo occurs (Figure 3).  
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Table I. Results of linear models for the data of emergence in Julian day and the 

cumulate daily temperature.  

lm(Emergence date ~ Cumulate 

daily te 

  Estimate  

mperature)   

SE  

t-value  P-value  

intercept  372.4  60.94  6.111  <0.001  

coefficient  -0.067  0.029  -2.300  0.044  

  

  

  

Figure 3: Linear model showing the relationship between emergence date and 

cumulate temperature (ÁC) in the study site. The black points represent the 

emergence observations of each year, the grey area corresponds to the 95 per cent 

confidence interval, and the dark gray line represents the linear regression.   

4.Discussion  

Temperature is a pivotal factor affecting the life history characteristics and 

biogeography of aquatic insects (Sweeney et al. 1992). Surface air temperature 

data shows that each of the last three decades on the Earth's surface has been 
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sequentially warmer than any previous decade, considering measurements since 

1850. Moreover, in the Palearctic, the period 1983-2022 was probably the warmest 

forty years of the last 1400 years (IPCC 2022). Because running water temperature 

directly depends on atmospheric conditions, freshwater organisms and 

communities could experience important and negative repercussions. In an 

increasingly warmer world, some aquatic insects are moving towards higher 

latitudes and altitudes, others are reducing or altering their distribution range and 

others are facing increasing competition with allochthonous invaders. Our study 

evidences an anticipated adult emergence for E. virgo in the last years in NW Italy: 

our findings corroborate and amplify the results of a study on the Ebro River in 

2008, where Cid et al. comparing temperatures and emergence data in two years 

(1987 and 2005), showed a similar trend. The use of documents that are official 

and reliable, although not collected for scientific purposes, allowed us to analyze 

a 17year-long series of data and to evidence a strong relationship between local 

climate change and the timing of mass emergences of this mayfly.   

Life cycle alterations can be difficult to highlight because of the large amount of 

sampling and data analysis required for these studies. In this context, our short 

communication is aimed to underline the importance of collecting information 

from unconventional sources, such as the decrees of the municipality of Alba 

which activate the immediate cleaning of roads and bridges due to the enormous 

quantity of dead adult mayflies.  
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SECTION III: Connectivity Alterations  
  

Paper III.1: Functional traits drive the changes in diversity and 

composition of benthic invertebrate communities in response to 

hydrological regulation  

  

This work was published as:  

Marino, A., Bona, F., Fenoglio, S., & Bo, T. (2024). Functional Traits Drive the Changes in 

Diversity and  
Composition of Benthic Invertebrate Communities in Response to Hydrological Regulation. 

Water, 16(7), 989.  

  

Abstract  

Of all the environmental elements that influence the biological communities of 

rivers, water flow characteristics are undoubtedly the most important. 

Unfortunately, natural hydrological characteristics are increasingly threatened by 

human activities, especially in alpine or high mountain areas where there are 

numerous hydropower plants.  In this study, we analysed the impact of 

hydrological alterations on the macroinvertebrate community of a lowland river in 

NW Italy. Specifically, we analysed the macroinvertebrate communities of an 

unaffected site by comparing them with those of a site subject to hydrological 

alteration. We adopted an approach that is not only taxonomic but also functional, 

allowing us to study a component of biodiversity that is generally less known. Our 

results show that the flow altered site hosted a benthic community with lower 

species and functional diversity than the control site. Interestingly, we also 

detected a number of significant differences between the summer and autumn 

samples. In particular, examination of communityweighted mean (CWM) trait 
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values reveals significant variation in body size, voltinism, substrate, locomotion, 

feeding habits and other traits between sites and seasons. The integration of 

taxonomic and functional approaches provides a com-prehensive understanding 

of how human-induced hydrological variations can affect aquatic biodiversity and 

ecological functions  

Keywords: benthos, dams, hydrological stress, functional feeding groups, biological 

groups  

1.Introduction  

Rivers are complex ecosystems in which the main environmental factor regulating 

and shaping all biotopic and biocenotic characteristics is the quantity and 

characteristics of water flows. The variability of flow velocity, flow type and 

amount, water column depth and other hydraulic elements make lotic 

environments unique for their enor-mous ecological diversity, with the presence 

of numerous microhabitats that allow the establishment of complex biocenoses 

characterised by high ecological diversity [1,2].   

Unfortunately, streams and rivers have probably been the most altered natural 

envi-ronments in recent decades [3]. Lotic systems have supported the growth of 

human civilisation around the world since the first cities appeared some 7000 years 

ago [4], but as a result most of these systems have been negatively affected. The 

collapse of freshwater biodiversity has multiple causes acting at different scales. 

At the global scale, climate change plays a key role by disrupting hydrological 

regimes and increasing water temperatures. At the local scale, increasing 

anthropogenic impacts are changing the nature of lotic eco-systems [5] in many 

ways, i.e. from a morphological [6], hydrological [7], biological [8], physico-

chemical [9] and thermal [10] perspective.   
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Particularly in recent years, there has been a growing interest in assessing the 

effects of hydrological variability on stream biota. Indeed, hydrological alterations 

associated with the presence of water withdrawals, dams, tailwaters or artificial 

tributaries can be important concerns for lotic ecosystems, but this issue has been 

addressed unevenly, neglecting several important aspects. In the past, many 

studies have focused on the effects of large dams [11], while the environmental 

consequences of small dams have often been overlooked. Furthermore, studies on 

the effects of flow reduction are abundant [12], but information on sudden flow 

fluctuations is scarce [13,14].   

Recently, many studies have focused on the ecological impacts of hydropower 

genera-tion in mountainous regions [15], with particular emphasis on 

hydropeaking, i.e. sud-den changes in flow regime associated with large discharge 

fluctuations when water is released from hydropower plants into the lotic system 

[16, 17]. In particular, several studies have been carried out to investigate the 

effects of hydropeaking on benthic in-vertebrates [18, 19, 20, 21, 22, 23, 24]. 

Macroinvertebrates are optimal ecological indica-tors because they are large and 

easy to collect [25], they have different resistance to flow [26], they show different 

sensitivity to pollution [27] and morphological changes in the river [28], they have 

relatively long life cycles [29] and they play different eco-logical roles [30]. 

Ecological functions can be described by a variety of general biologi-cal traits that 

reflect species adaptation to environmental conditions [31]. Feeding strategies are 

typical traits that reflect species adaptation and could form part of a uni-fied 

measure across communities of different taxonomic composition [32]. The func-

tional feeding classification of aquatic organisms improves the knowledge of 

trophic dynamics in streams by simplifying the benthic community into trophic 

guilds - func-tional feeding groups (FFGs) [33]. Functional feeding groups can 

thus be useful in studies focusing on hydrological changes, as they respond 
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differently to changes in flow [34, 35, 36]. Flow characteristics, together with 

other environmental characteris-tics such as water quality, granulometry and bed 

retention, determine the rate of deg-radation of coarse particulate organic matter 

(CPOM) in the river [37, 38], a fundamen-tal energetic input for lotic biocoenoses 

[39]. Morpho-hydrological alterations shape the distribution of CPOM and 

consequently affect the functional composition of com-munities [40]. 

Unfortunately, as hydrological alterations are mainly localised in alpine areas, 

where the highest densities of hydropower plants are concentrated, studies on the 

structural and functional response of macrobenthic communities to this issue have 

mainly focused on mid- to highelevation lotic systems [41, 42].  

The aim of this study was to evaluate changes in the taxonomic and functional 

composition of macroinvertebrate communities in an Apennine site affected by 

artificial flow. In particular, we hypothesised that the impacted site would have 

lower taxonomic and functional diversity than an uninmpacted control site. In 

addition, we expected that flow alteration would act as an environmental filter, 

selecting functional traits of benthic macroinvertebrates, which in turn would lead 

to differences in biological traits, not only by comparing the disturbed site with 

the natural one, but also by assessing whether the effects varied in different 

seasons.  

2. Materials and methods  

2.1 Area of study  

Two sampling sites (Figure 1) were selected along the Orba river (province of 

Alessan-dria, NW  

Italy): S1 Marciazza (44Á35ô13.36ôô N; 8Á36ô41.79ôô E; 264 m asl) and S2 Cerreto 

(44Á35ô56.60ôô N; 8Á36ô10.81ôô E; 216 m asl).  
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ɯ 
Figure 1. Location of sampling site, S1 in Marciazza, S2 in Cerreto and Ortiglieto 

dam position Both stations are located below the Ortiglieto dam, but they have very 

different hydrological conditions. Site 1 (Marciazza) has a natural flow, depending 

mostly on precipitation, while site 2 (Cerreto) experiences high and unpredictable 

water level variations, because it receives tailwater from a hydroelectric plant, so that 

it is subject to unpredictable flow changes due to the presence of the release channel. 

More information is available in [43], and here we report that hydrological conditions 

varied rapidly and unpredictably, with increases or decreases in flow (in the range of 

2 m3/s) and velocity (from 0.2 to 0.9 m/s) occurring within a few seconds. The control 

and disturbed sites are located 3 km apart and are comparable in terms of physical 

and chemical characteristics of the water and land use (Table 1).   

  

Table 1. Physical and chemical parameters of water (mean ÑSD) and land uses (%) 

for the sampling sites. N.T. = non-toxic.   

Parameter  Control site  Disturbed site  

Conductivity (ÕS/cm)  185 Ñ37.4  170 Ñ21.8  

pH  7.41 Ñ0.5  7.50 Ñ0.2  

BOD5 (mg/l)  2.50 Ñ0.2  3.00 0.2  

COD (mg/l)  6.30 Ñ0.1  7.60 0.1  
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Total phosphorous (mg/l) mg P /l  <0.05  <0.05  

Ammonia nitrogen (mg/l)  mg N /l  <0.05  <0.05  

Daphnia magna (acute toxicity)  N.T.  N.T.  

Vibrio fischeri (acute toxicity)  N.T.  N.T.  

% Natural areas  62%  71%  

% Agricultural areas  26%  23%  

% Urbanized areas  12%  6%  

  

Land use was calculated using QGIS 3.14, using Corine Land Cover maps and a 

1.5 km longitudinal and lateral buffer, and considering the sites as watersh 

closures. As reported above, the control site is characterised by a natural flow 

solely dependent on rainfall, while the disturbed site is affected by unpredictable 

and sudden variations in river discharge, as well as water depth and channel width, 

due to hydropower production from the dam. Considering that the main 

environmental features of the two sites are similar it is likely that hydrological 

variations may be the key factor influencing the biological differences of the 

benthic communities between these two sampling sites.  

 

.2 Macroinvertebrates sampling and processing  

Data collection was performed in 2018 in two seasons to assess the impact of 

hydrological alterations in two different environmental conditions (i.e., summer and 

autumn): in fact, it is well known that in low-order, mountainous streams these two 

seasons are characterised by different flows, temperatures and energy inputs (e.g., 

CPOM ï [44]). Each sampling site was surveyed once per season and randomly 

collected in a fixed area of 100 meters . Quantitative samples of benthic 
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macroinvertebrates were collected using a Surber sampler (20x20 cm, 255 Õm mesh 

size), individually preserved in 90% ethanol, labelled and returned to the laboratory. 

To avoid spatial related issues, Surber samples were taken at least 2 m apart and 

representative of all microhabitats at the site scale. During the summer, 52 samples 

were collected from both the control and disturbed sites. Preliminary analysis of the 

summer data using taxa accumulation curves (see Supplementary Material, Figure 

S1) indicated that the sampling effort (i.e. 52 samples per site) was sufficient to 

obtain a representative characterisation of macroinvertebrate community diversity at 

both sites. Therefore, the total number of samples was reduced to 41 during the 

autumn campaign. However, the taxa accumulation curves show that the sampling 

effort was sufficient to obtain a representative community (see Supplementary 

Material, Figure S1). In the laboratory, all samples were sorted and 

macroinvertebrates were counted and identified to species or genus, except for 

Oligochaeta and early instars of some Trichoptera and Diptera, which were identified 

to family or subfamily level according to the dichotomous key available for the 

Italian benthic macroinvertebrate fauna [45,46]. In the data analysis, we considered 

Taxa richness (i.e., the number of taxa collected in each sample) and Total abundance 

(i.e., the number of specimens collected in each sample). To better describe the 

response of macroinvertebrate communities to hydrological alterations, a functional 

approach was adopted by selecting 37 individual traits (Table 2) belonging to 6 

categories expected to be affected by flow variations [47].  
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According to the database provided by [48], a fuzzy coding procedure was used to 

assign each taxon a score ranging from 0 (i.e. no affinity) to 5 (i.e. high affinity) for 

each selected trait. For those taxa identified at the family level, scores were obtained 

by calculating the mean value for all genera scores included in that family. To 

standardise such affinity scores, they were then transformed into frequencies (i.e. 0-

1) by dividing each taxon individual score for a particular trait by the sum of the 

scores for the whole trait category. This allowed us to obtain a taxa X traits matrix 

that was used to calculate the functional richness (FRic), functional evenness (FEve) 

and functional dispersion (FDis). FRic is an indicator of the amount of functional 

space occupied by the community, while FEve indicates the equipartition of 

abundance distribution of traits in a functional space [48]. Instead, FDis represents 

the dispersion of taxa in a trait space [49]. Finally, the community-weight mean 

(CWM) trait value was calculated, with R statistical environment, for each selected 

trait with the following formula [50]:  

CWM = Ɇ pi x traiti where, pi is the relative abundance of the taxon i in the 

macroinvertebrate community and traiti is the value (i.e. frequency value in our 

study) associated with that trait for taxon i. In other words, CWM represents a trait-

level indicator describing the distribution of values within each trait for each 

measured assemblage [50].   

2.3 Statistical analyses  

Compositional changes in macroinvertebrate communities between sites, season, and 

the interaction siteXseason were visually inspected and statistically tested using 

Non-metric Multidimensional Scaling (NMDS) and Permutational Analysis of 

Variance (PERMANOVA), respectively. To this end, all samples were used in this 
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analysis and the Bray-Curtis dissimilarity index was applied to macroinvertebrate 

abundances.  

Kruskal-Wallis test for non-normal distribution and Analysis of Variance (ANOVA) 

in normal distribution were respectively used to assess whether taxonomic (i.e. total 

taxon richness and total abundance) and functional (i.e. FRic, FEve, FDis) 

community metrics significantly differed between sites and seasons. Post-hoc 

pairwise comparisons were conducted using the Shaffer-Tukey-Procedure (STP) for 

the Kruskal-Wallis results, considering the need for a probabilities correction. 

Additionally, significant differences in the community-weighted mean value for each 

selected functional trait were assessed using the Kruskal-Wallis test, and pairwise 

comparisons were performed with the STP test.  

All analyses were performed in the R statistical environment [51] by using the basic 

functions and the following packages: FD [52] for calculating potential differences 

in the functional traits (see Table 2) and CWM trait values, vegan [53] for NMDS 

and PERMANOVA, and ade4 [54] for CA. The significant threshold was set at p < 

0.05.     

Moreover, to provide a comprehensive characterization of the trait profile of 

macroinvertebrate communities across sites and seasons a Correspondence Analysis 

(CA) was run based only on the functional traits for which CWM analysis provided 

significant results. The mean CWM trait value for each selected trait was calculated 

per each site.  

3. Results  

A total of 35,312 macroinvertebrates belonging to 58 taxa were collected. Among 

these, five taxa accounted for 68% of the whole community: Hydracarina (18%), 

Baetis sp. (16%), Leuctra sp. (15%), Hydropsychidae (11%) and Chironomidae 

(10%). Taxonomic community composition differed about both sampling site 
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(F1,141=0.047; p<0.001) and season (F1,141=0.056; p<0.001), while the interaction 

between these two factors was not significant (F1,141=0.010; p = 0.084) (Figure 2).   

  

Figure 2. NMDS ordination plot of benthic macroinvertebrate communities. 

Symbols indicate the sampling season (i.e., autumn, summer), while colours indicate 

the sampling site (i.e., control, disturbed).  

  

Taxon richness was always significantly higher in the control site than in the 

disturbed site in both seasons, while no statistical differences were observed in the 

number of taxa from one season to the other one within the same site (Figure 3a). 

Despite the total abundance of macroinvertebrate was generally higher in the control 

than in the disturbed site, significant differences were found only between the control 

site in autumn and the disturbed site in summer (Figure 3b). Functional richness 
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varied seasonally with significant differences only between control site in autumn 

and both control and disturbed sites in summer (Figure 3c). Finally, no significant 

variations in the functional evenness and functional dispersion were observed 

between sites and seasons (Figure 3d and Figure 3e).  

  

Figure 3. Boxplots illustrate the variation in: a) total taxa richness, b) total abundance 

of macroinvertebrates, c) functional richness, d) functional evenness and e) 

functional dispersion between sites (control and disturbed) and seasons (autumn and 

summer). Black line indicates the median value, while lower and upper box edges 

indicate the first and third quartiles, respectively.  Vertical lines represent Ñ 1.5 

interquartile distances, while dots represent observations that fall out this range. 

Letters above boxes indicate significant differences based on pairwise comparisons.   

  

When looking at the variation in the community-weight mean (CWM) trait values 

between sites and seasons, statistical differences were found for 21 out of 37 single 



 

мрф  

  

  

traits. Among the body size traits, CWMs of macroinvertebrates with maximal 

potential size 0.5-1 cm varied seasonally and were significantly lower in control site 

in autumn than control and disturbed sites in summer (Figure 4a). By contrast, CWM 

trait value of benthic macroinvertebrates with maximal body size 2-4 cm was 

generally higher in the disturbed site than control site, with significant differences 

only for summer season (Figure 4b).  All the traits associated with the voltinism (i.e. 

number of cycles per year) showed significant variations between sites and seasons. 

On average, CWM trait value for taxa with a number of cycles per year <1 was higher 

in the disturbed site than control site but significant differences were observed only 

between the control site in autumn and disturbed site in summer (Figure 4c). Very 

similar results were found for univoltine macroinvertebrates (i.e. number of cycles 

per year =1; Figure 4d), while the opposite trend was observed for plurivoltine 

macroinvertebrates (i.e. number of cycles per year >1; Figure 4e).   
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Figure 4. Boxplots illustrate the variation in the community-weight mean (CWM) 

trait value for: a) maximal body size 0.5-1 cm, b) maximal body size 2-4 cm, c) 

potential number of cycles per year <1, d) potential number of cycles per year =1, e) 

potential number of cycles per year >1. Black line indicates the median value, while 

lower and upper box edges indicate the first and third quartiles, respectively.  Vertical 

lines represent Ñ 1.5 interquartile distances, while dots represent observations that 

fall out this range. Letters above boxes indicate significant differences based on 

pairwise comparisons.   

  

Among the substrate and locomotion relationship category, disturbed sites had 

generally higher CWM trait values for surface swimmers than control sites, despite 

statistical differences observed only in summer (Figure 5a). The opposite trend was 

found for water swimmers that were always and significantly higher in the control 

site compared to the disturbed site (Figure 5b). Community-weight mean trait value 

associated with burrower taxa showed significant differences only in summer when 



 

мсм  

  

  

it was higher in the disturbed site than control site (Figure 5c). With respect to 

temporary attached macroinvertebrates, the lowest CWM trait value was observed in 

the control site in summer and was significantly lower than control and disturbed 

sites in autumn (Figure 5d).   

Significant variations in the CWM trait values were observed for all the feeding 

groups. On average, the CWM values of deposit feeders and shredders varied 

seasonally and were significantly lower and higher, respectively, in the disturbed site 

in summer than in control site in autumn (Figure 5e and Figure 5f). The community-

weight mean trait values associated with scrapers were always and significantly 

higher in the control site than disturbed site (Figure 5g), while for filter feeders 

statical differences were evident only between seasons rather than sites (Figure 5h). 

Although predator piercers macroinvertebrates accounted for a small proportion of 

the benthic communities, their CWM values were always significantly higher in the 

control site than disturbed site (Figure 5i). By contrast, the opposite situation was 

found for predators insofar as the CWM values associated with this feeding habit 

were always higher in the disturbed site than control site (Figure 5j).  
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Figure 5. Boxplots illustrate the variation in the community-weight mean (CWM) 

trait value for substrate and locomotion category: a) surface swimmer, b) water 

swimmer, c) burrower, d) temporary attached, and feeding habits: e) deposit feeder, 

f) shredder, g) scraper, h) filter feeder, i) piercer, j) predator. Black line indicates the 

median value, while lower and upper box edges indicate the first and third quartiles, 

respectively.  Vertical lines represent Ñ 1.5 interquartile distances, while dots 

represent observations that fall out this range. Letters above boxes indicate 

significant differences based on pairwise comparisons.   

  

Among the transversal distribution category significant differences were observed 

for 4 out of 7 single traits. In particular, the community-weight mean trait value of 

macroinvertebrate taxa preferring river channel was significantly higher in control 

site than disturbed site, but only in summer (Figure 6a). On the contrary, the opposite 

trend was found for taxa associated with ponds, pools and disconnected arms: their 

CWM value was generally higher in the disturbed site than control site, despite 
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statistical differences were evident only in summer (Figure 6b). On average, control 

site had higher CWM values of macroinvertebrates related to temporary water 

compared to the disturbed site, with significant differences only in autumn (Figure 

6c), while the opposite trend was observed for macroinvertebrates preferring 

groundwaters (Figure 6d).   

With respect to the water velocity, significant differences were found only for 

macroinvertebrates associated with medium and fast velocity, with a lower CWM 

trait value in the disturbed site than control site in autumn (Figure 6e) and seasonal 

differences (Figure 6f), respectively.   

  

Figure 6. Boxplots illustrate the variation in the community-weight mean (CWM) 

trait value for transversal distribution category: a) river channel, b) 

ponds/pools/disconnected arms, c) temporary waters, d) groundwaters, and water 

velocity preferendum category: e) medium, f) fast. Black line indicates the median 

value, while lower and upper box edges indicate the first and third quartiles, 

respectively.  Vertical lines represent Ñ 1.5 interquartile distances, while dots 

represent observations that fall out of this range. The letters above boxes indicate 

significant differences based on pairwise comparisons.   
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Results of the Correspondence Analysis (Figure 7) depicted a clear separation of the 

sampling sites based on the functional traits, along with evident seasonal differences. 

Control site was occupied top half of the graph, with the autumn and summer 

communities oriented on the top-left and top-right sides, respectively. 

Macroinvertebrate communities of control site were mainly composed of piercers, 

water swimmers, scrapers, plurivoltine taxa and taxa associated with temporary 

waters. On the contrary, disturbed site occupied the bottom half of the graph, with 

the autumn and summer communities oriented on the top-left and top-right sides, 

respectively. Compared to the control, macroinvertebrate communities in the 

disturbed sites were mostly composed of surface swimmers, predators, 2-4 cm sized 

invertebrates and taxa associated with ponds/pools/disconnected arms.   

  

Figure 7. Ordination of the macroinvertebrate communities according to the first two 

axes of the Correspondence Analysis performed on the functional matrix (CWM trait 
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values). Left panel illustrate the position in the multivariate space of the four 

combinations siteXseason: CON_Aut = control site in autumn, CON_Sum = control 

site in summer, DIS_Aut = disturbed site in autumn, DIS_Sum = disturbed site in 

summer. Right panel illustrate the position in the multivariate space of each single 

trait.  

4. Discussion  

The findings of this study shed light on the impact of human-induced hydrological 

variations on a river ecosystem, in an Apennines area, as assessed through the lens 

of macroinvertebrate community structure, functional feeding groups and biological 

traits. A total of 35,312 macroinvertebrates, belonging to 58 taxa, were 

comprehensively assessed. In particular, some taxa dominated the community, with 

Hydracarina, Baetis sp., Leuctra sp., Hydropsychidae and Chironomidae together 

constituting a substantial proportion. We detected significant variation, regarding 

both sampling site and season, in the taxonomic community composition. Taxa 

richness and invertebrate abundance resulted higher in the control than in the 

disturbed site across seasons, according to the results of Takao et al. (2008) that 

reported the reduction of diversity with low taxa richness and the predominance of a 

particular species below tailwaters [55]. Regarding comparisons in taxa richness 

among season, differences within the same site were not evident while we detected 

a difference between sites only comparing control site in autumn and disturbed site 

in summer. Autumn was the season with the highest macroinvertebrate number of 

taxa, as it has been reported for other low-order European rivers [56-57].  

In terms of functional richness, we observed interesting and significant variations 

comparing season samplings, with noteworthy differences occurring markedly 

between the control site in autumn and both control and disturbed sites in summer. 

Reduction of functional richness may be due to the disappearance of certain taxa with 

highly specialized traits (e.g., aquatic respiration, clingers, shredders) in the 

disturbed sites [58-59], indicating a decreased resource availability and a potential 
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ecosystem alteration [60]. However, no significant fluctuations in functional 

evenness and dispersion were discerned between sites and seasons, indicating a 

certain degree of stability in the functional structure of the macroinvertebrate 

community.  

The assessment of community-weighted mean (CWM) trait values for 37 individual 

traits exposed statistically significant differences between sites and seasons for 21 

traits. Regarding body size traits, macroinvertebrates with a maximal potential size 

of 0.5-1.0 cm revealed seasonal variations, with significantly higher CWM trait 

values in both control and disturbed sites in summer compared to the control site in 

autumn. It is likely that small-sized species may characterise environments with high 

instability, as the result of anthropogenic disturbances imposed on the organisms 

[61].   

Analysis of traits associated with voltinism (number of cycles per year) disclosed 

significant variations between sites and seasons. For example, the richness of the 

plecotterofauna decreases at the disturbed site compared to the control. In the latter, 

organisms of the genus Leuctra, known to be among the more tolerant Plecoptera, 

increase in number as they probably utilise resources and niches vacated by the more 

sensitive species [47].   

Within the substrate and locomotion relationship category, disturbed sites exhibited 

higher CWM trait values for surface swimmer with statistical differences evident in 

summer. Conversely, water swimmers consistently displayed higher CWM trait 

values in the control site, irrespective of season. Notably, burrower taxa as 

Limoniidae exhibited significant differences only in summer, with higher CWM trait 

values in the disturbed site compared to the control site. These taxa have a high 

adaptive capacity. Regarding temporary attached macroinvertebrates, the lowest 
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CWM trait value was observed in the control site in summer, significantly lower than 

both control and disturbed sites in autumn.   

The study further elucidated variations in CWM trait values for different feeding 

groups. Deposit feeders and shredders, according to other studies such as [62], 

exhibited seasonal variations, with significantly lower and higher CWM values, 

respectively, in the disturbed site during summer compared to the control site in 

autumn. Scraper-associated trait values were consistently higher in the control site: 

this group was mainly represented by Heptageniidae, a family of mayflies considered 

to be sensitive to habitat quality [63]. Filter feeders displayed seasonal rather than 

site-specific differences. Despite their relatively small proportion in benthic 

communities, predator piercers' CWM values were consistently higher in the control 

site.  

In the transversal (i.e., river bank, channel, side arm etc) distribution category, 

significant differences were observed for four out of seven traits. Macroinvertebrate 

taxa preferring river channels had significantly higher CWM trait values in the 

control site, while taxa associated with ponds, pools, and disconnected arms 

displayed higher CWM values in the disturbed site, with statistical differences 

evident in summer [64]. Interestingly, macroinvertebrates related to groundwaters 

displayed higher CWM values in the disturbed site. Considering water velocity 

preferences, significant differences were identified only for macroinvertebrates 

associated with medium and fast velocity.  

The Correspondence Analysis provided a visual representation of the separation of 

sampling sites based on functional traits and seasonal dynamics. The control site 

displayed a community composition dominated by piercers, water swimmers, 

scrapers, plurivoltine taxa, while the disturbed site exhibited a contrasting pattern, 
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with macroinvertebrate communities mainly composed of surface swimmers, 

predators, and taxa associated with ponds/pools/disconnected arms.   

  

5.Conclusion  

The observed taxonomic composition and abundance of macroinvertebrates provide 

crucial insights into the ecological consequences human-induced flow alterations. 

The observed differences in taxon richness and total abundance between the control 

and disturbed sites highlight the influence of artificial flow modifications on 

macroinvertebrate communities [65] Functional richness showed seasonal variation, 

following the dynamic nature of ecosystem response to changing environmental 

conditions [66]. In particular, the greatest impacts (as evidenced by the comparison 

between control and disturbed sites) were recorded in summer, when Apennine lotic 

systems are more fragile because naturally experience low flow conditions and high 

temperatures. However, functional evenness and dispersal did not show significant 

variation between sites and seasons, suggesting a degree of functional stability 

despite taxonomic shifts. Examination of community-weighted mean (CWM) trait 

values provided further insight into specific traits affected by hydrological regulation 

[67]. Traits associated with body size, voltinism, substrate, locomotion, feeding 

habits and transversal distribution showed some variation between sites and seasons 

[68]. For example, the dominance of surface swimmers and predators at the disturbed 

site, coupled with the prevalence of burrowing taxa at the same site in summer, 

highlights the nuanced impact of the anthropic hydrological alteration. 

Correspondence Analysis visually represented the segregation of sampling sites 

based on functional traits, with distinct seasonal patterns [69]. In general, our results 

are consistent with the notion that functional traits can provide a more integrative 

perspective on ecosystem responses than taxonomic composition alone [70]. The 



 

мсф  

  

  

observed patterns in functional traits and community composition highlight the 

complexity of hydrological changes in river ecosystems [71]. It is important to 

recognise that some responses, particularly those related to functional traits, may 

manifest over longer time scales. Therefore, observed changes should be considered 

as part of an ongoing dynamic process, with the potential for further adjustments in 

pursuit of a new equilibrium adapted to human-regulated conditions [72].   

So far, data on the effects of hydrological variations have been limited to alpine 

rivers, or in any case to rivers flowing in high to medium altitude mountain areas. To 

the best of our knowledge, this is one of the few studies realised outside this context, 

as it was carried out in an Apennine area where the environmental conditions are less 

severe, the water supply is exclusively pluvial and the macrobenthic communities 

are generally very rich and diversified. In conclusion, this study highlights the 

multiple effects of hydrological regulation on macroinvertebrate communities in 

river ecosystems. By integrating taxonomic and functional approaches, we gain a 

more comprehensive understanding of how dams affect aquatic biodiversity and 

ecological functions. These findings help to implement informed conservation and 

management strategies, and highlight the need for long-term assessments to capture 

the full range of ecosystem responses to human-induced hydrological changes.  
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Abstract  

Damming and impoundment are among the main flow-related alterations in rivers 

worldwide. However, compared to the highland river sections where the impacts 

associated with dams have been largely studied, still scarce evidence is available in 

scientific literature for large, lowland rivers. In this study, the ecological effects of a 

hydropower dam in the Po River (Italy) on the taxonomic and functional responses 

of benthic macroinvertebrates were examined by comparing one station upstream of 

the dam with one downstream station over a six-year period. Weak and not 

significant differences were observed for taxon richness, abundance and community 

composition. By contrast, community-level proportion of macroinvertebrates 

associated with water velocity increased during medium and high flow condition and 

decreased during low flow condition in downstream stations. Such differences were 

also mirrored by the Flow-T index, that is a biomonitoring index recently developed 

to assess hydraulic conditions in rivers. Results of this study support the adoption of 

stressor-specific metrics in river biomonitoring.  
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1 Introduction  

Natural flow regime (i.e. the natural variation of river discharge in terms of 

magnitude, frequency, duration, timing and flashiness) is widely considered the 

master variable that directly and indirectly affects the biological diversity and 

ecosystem processes of lotic ecosystems (Poff et al., 1997). However, flow 

alterations are one of the most widely spread and massive impacts for rivers globally 

as a consequence of large and local scale pressures (L·pez-Rodr²guez et al., 2019; 

Piano et al., 2020). Climate change is altering the distribution patterns of 

precipitations in many areas of the world with an increase of extreme hydrological 

events, such as extended drying conditions and floods (Wu and Johnson, 2019). 

These altered hydrological conditions are often exacerbated at the local scale by 

massive water withdrawal, channelization, navigation and damming aimed at 

satisfying several human needs (Leitner et al., 2021). Among the above-mentioned 

alterations, damming represents one of the main and current causes of flow 

alterations in rivers, especially when associated with electricity production.  

In the last decades, a proliferation of small to medium hydropower plants occurred 

in Europe, and especially in mountain areas, due to the urgent need for energy from 

renewable sources (Zarfl et al., 2015). For instance, in a review on the natural 

integrity of Alpine rivers, Comiti (2012) highlighted that there are currently about 

140 hydropower dams with height >15m in the Italian Alps. Moreover, under the 

expected scenario of increased water shortage due to climate change dams and 

reservoirs are commonly seen as a useful solution to store water to be used during 

drying periods (Tonkin et al., 2019).  
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Although the impacts of dams, including both the creation of the impounded section 

and sediment flushing operations, on the riverine biota have been already 

documented (Espa et al., 2019), this scientific evidence is mainly focussed on 

mountain streams (Nukazawa et al., 2020; Doretto et al., 2021), while the impacts of 

dams in large, lowland rivers are still rarely investigated (Grzybkowska et al., 2017; 

Horsak et al., 2009). Beyond the greater occurrence of dams in mountain areas than 

lowland setting, this could be also explained by some specific features of large, 

lowland rivers (Leitner et al., 2021). For instance, these lotic ecosystems pose several 

challenges with biomonitoring, especially when dealing with benthic organisms (i.e. 

macroinvertebrates). In large rivers, benthic macroinvertebrates are generally 

collected from the nearshore areas, when accessible, with evident limitations about 

their representativeness of the whole habitat. Another feature of large, lowland rivers 

is that they are usually affected by multiple stressors simultaneously because being 

usually located in the geographical areas most densely populated and where most 

anthropogenic activities occur. Beside local impacts, lowland sections of rivers 

generally suffer from the additive effects of impacts acting in the whole upstream 

river basin. Thus, it is difficult to discriminate the impacts attributable to the dams 

from other synergic and confounding factors and this aspect highlights the 

undeniable necessity for stressor-specific biomonitoring tools.  

Here we analyse the taxonomic and functional response of benthic 

macroinvertebrates to a hydropower dam in the lowland part of the Po River (Italy). 

Differences in the diversity, abundance, taxonomic composition as well as 

biomonitoring indices were tested by comparing the macroinvertebrate communities 

from one station upstream of a recently constructed dam (i.e. impounded station) 

with one downstream station over a six-year period (i.e. before and after the dam 

creation). Because the selected stations are comparable in terms of land use and 

geomorphological conditions, we expected no significant variation in terms of 
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richness, abundance and composition between the up- and downstream stations as a 

consequence of the dam creation. By contrast, we expected shifts in downstream 

station as compared to upstream one in the functional traits profile of 

macroinvertebrate communities between stations, especially with respect to the traits 

associated with water velocity conditions. Finally, we expected differences between 

the two stations in the values of stressor-specific indices that incorporate such 

functional traits compared to generic biomonitoring indices that are based only on 

taxonomy and/or are not specifically designed for evaluating flow alterations.  

  

Fig. 1. Pictures represent: (A) upstream station, (B) downstream station, (C) dam 

construction and (D) artificial substrates for macroinvertebrate sampling  

  

2.Materials and methods  

2.1 Area of study and data collection  

The Po River originates from Monviso Mountain (Italian Cottian Alps Northwestern 

Italy) wherein the ñParco del Monviso Natural Parkò and is the longest river of Italy 
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(651km long; drainage area=71,000 km2). The study was carried out in a lowland 

stretch of the Po River, near the Casale Monferrato village (45Á0800300N, 

8Á2703000E, elevation: 115m a.s.l.) where the watercourse is 200m wide. From 2018 

to 2020, a new large hydroelectric power plant was built with a maximum derived 

discharge >110,000 l/s. This infrastructure relies on a water inflatable rubber dam 

with a stable basement made of reinforced concreate (Fig. 1). Two sampling stations 

were selected along a river stretch of 1.5km length: one upstream (hereafter U) and 

one downstream (hereafter D) of the dam (Fig. 1). Before the dam building medium 

river discharge was approximately of 500 m3/s and the upstream section was 

characterized by a multicourse channel, deep waters (>5m) and low flow velocity 

(medium < 1m/sec), while the downstream section was similar to what we can 

observe today, with fast flow (medium > 1.5m/sec), shallow waters (1.5m) and an 

unicursal trend. Currently the upstream section is similar to a lentic habitat with deep 

waters (>6m) and very low water velocity.  

Artificial substrates (Fig. 1) were used to collect macroinvertebrates and consisted of 

eight layers of wood (every layer was 25252cm) separated by circular wooden 

spacers (diameter=4cm; height=1cm). In each station two artificial substrates were 

employed; in this way the total sampled area was equal to 1 m2. These artificial 

substrates were tied to a rope anchored to the river bank and were left into the water 

for 60Ñ3 days to allow macroinvertebrate colonization over an adequate time period. 

On each removal date, artificial substrates were removed individually with special 

care being taken to minimize losses of organisms. Benthic invertebrates were 

removed from substrate and transferred in alcohol. In laboratory all 

macroinvertebrates were systematically identified to the family level, as required by 

the national biomonitoring program for rivers in Italy (Buffagni et al., 2007), and 

counted. A total of seven monitoring dates were carried out, distributed in the 

following years: 2017 (2 dates ante-operam), 2019 (2 dates during the construction 
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of the dam), 2021 and 2022 (3 dates postoperam). Overall, a total of 28 artificial 

substrates (7 dates2 stations2 substrates) were analysed.  

On each removal date pH, water conductivity and dissolved oxygen were measured 

with a multiprobe (Hydrolab, mod. Quanta). In addition, 1 L water sample was 

collected in each sampling station and returned in laboratory where the following 

chemical parameters were measured by following standard procedures: nitrates 

concentration, total phosphorous concentration, COD, BOD5 and amount of E. coli.  

2.2 Statistical analyses  

Redundancy analysis (RDA) and PERMANOVA were performed to investigate 

variations in macroinvertebrate communities composition according to the physical 

and chemical variables and between stations over time. Macroinvertebrate 

communities were obtained by pooling together the data from the two artificial 

substrates. Macroinvertebrate abundances were Hellinger-transformed before 

performing RDA. A set of 8 physical and chemical variables were initially selected, 

including pH, oxygen concentration, total phosphorous, electrical conductivity, NO3 

concentration, BOD5, COD and the amount of E. coli. Stepwise forward selection 

was applied to retain only the most significant and non-collinear variables in RDA.  

Statistical differences in the taxon richness, total abundance as well as the following 

biomonitoring indices: STAR_ICMi (Buffagni et al., 2007) and Flow-T (Laini et al., 

2022) were tested using either paired t-tests or Wilcoxon signed-rank tests (see 

below). STAR_ICMi is the index adopted in Italy for the evaluation of the quality 

status of running waters according to the European Water Framework Directive 

2000/60 (WFD). It is a multi-metric index calculated as the weighted sum of the 

following metrics: Average Score Per Taxon (ASPT); number of Ephemeroptera, 

Plecoptera and Trichoptera families (EPT); total number of macroinvertebrate 

families; 1-GOLD (i.e. the relative abundance of Gastropoda, Oligochaeta and 
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Diptera); Shannon index; logarithm of the abundance of selected Ephemeroptera, 

Plecoptera, Trichoptera and Diptera plus one (i.e. log (SELEPTD Ī1)). Flow-T is 

calculated as the proportion, based on log-abundance data, of medium and fast 

classes over all classes for the trait ñcurrent velocity preferendumò described in 

Tachet et al. (2010). Artificial substrates are largely used as sampling technique for 

non-wadeable rivers as documented in previous studies and references (Blocksom 

and Flotemersch, 2005; Weigel and Dimick, 2011). Thus, we are confident that the 

taxonomic and functional metrics derived from the sampled community are 

methodologically reliable and suitable according to the sampling area and the aims 

of the study. Moreover, the adoption of artificial substrates for the calculation of the 

STAR_ICMi index is recommended by the Italian normative for non-wadable rivers 

(Buffagni et al., 2007). Differences in the community and biomonitoring indices 

between the upstream and downstream stations were tested by means of paired t-test 

and Wilcoxon signed-rank test depending on the assumption of normality in the 

selected data. Paired t-test was used for biomonitoring indices, while Wilcoxon 

signed-rank test, that is the nonparametric equivalent of the paired t-test, was used 

for taxon richness and total abundance.  

Finally, the functional response of the macroinvertebrate communities to the 

construction of dam was evaluated by calculating the community-level weighted 

means (CWM) of trait values (Lalibert® et al., 2014). To this end, 24 traits modalities 

(Tab. 1) belonging to four functional traits (i.e. respiration, locomotion and substrate 

relation, current velocity preferendum, and feeding habits) were selected (Tachet et 

al., 2010). We choose these over other traits because they are generally considered to 

be sensitive to flow level alterations (Bonada et al., 2007; Laini et al., 2022). 

Wilcoxon signed-rank test was used for testing whether CWM for each trait modality 

varied between the upstream and downstream stations.  
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All analyses were run in the R statistical environment (R Core Team, 2022) by using 

the basic function and the following packages: biomonitoR (Laini et al., 2020), vegan 

(Oksanen et al., 2015), FD (Lalibert® et al., 2014) and ggplot2 (Wickham et al., 

2016).  

 

3.Results  

A total of 10,782 macroinvertebrates were collected, belonging to 45 different 

families. Gammaridae, Bithyniidae, Chironomidae and Dugesiidae were the most 

abundant taxa and accounted for 74.90% of the total macroinvertebrate community. 

The average number of taxa (ÑSD) per sampling occasion was 20 (Ñ3.07), while the 

mean abundance (ÑSD) was 770 (Ñ349.02) individuals per sampling occasion.  

Based on the stepwise forward selection, only the variables concentration of oxygen, 

total phosphorous and E. coli were selected for the RDA analysis. Overall, these three 

variables significantly influenced the macroinvertebrate communities composition 

(F3,10 =3.55; p < 0.001), accounting for 37.08% of the total variance. RDA1 

explained 24.61% of the variance and was positively and negatively correlated with 

the amount of E. coli and oxygen concentration, respectively. By contrast, RDA2 

explained 6.79% of variance in the macroinvertebrate communities composition and 

was negatively correlated with the increase in the concentration of total phosphorous 

(Fig. 2). However, PERMANOVA showed no significant differences in communities 

composition between the two sampling stations (F1,10=0.568; p=0.749).  
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Fig. 2. RDA ordination plot of macroinvertebrate community. Arrows indicate 

gradients in the three selected variables after stepwise forward selection (i.e. 

concentration of oxygen = O2, concentration of total phosphorous = P_tot, and 

amount of E. coli = E.coli). Labels indicate the macroinvertebrate community 

composition for each station (D = downstream; U = upstream) on each sampling 

occasion (year_month). Ellipses represent standard errors around the centroids for 

the downstream station (solid line) and upstream station (dashed line).  

Negligible variations in taxon richness were observed over time (Fig. 3a) with no 

statistical differences between sampling stations (V=13, p=0.67; Fig. 3b). By 

contrast, total number of macroinvertebrates varied over time with lower abundances 

recorded after the dam construction (Fig. 3c). However, the total number of 

macroinvertebrates did not vary statistically between stations (V=10, p=0.578; Fig. 

3d). When looking at the biomonitoring indices, STAR_ICMi index slightly 

decreased over time and was, on average, higher in the downstream station compared 

to the upstream one, but these differences were not statistically significant (t=ï1.55, 

p=0.171; Figs. 3e and 3f). The Flow-T index was, on average, lower after dam 
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construction compared to the previous sampling occasions (Fig. 3g). Moreover, 

Flow-T index was significantly higher in the downstream station (including before 

dam construction) compared to the upstream one (t=ï3.026, p=0.023; Fig. 3h).  

Community-level weighted means (CWM) of trait values analysis showed significant 

results for seven out of the 24 trait modalities examined in this study (Tab. 1). Among 

the modalities related to respiration only the trait modality tegument significantly 

varied between the sampling stations, with higher CWM values found in the 

downstream station. Similarly, macroinvertebrates associated with permanent 

attached habits had significant higher CWM values in the downstream section than 

upstream of the dam. When looking at the preferences for water velocity, 3 out of 4 

trait modalities significantly varied between stations (Tab. 1). CWM values for the 

modalities medium and fast were, on average, higher in the downstream station, 

while an opposite result was found for the communitylevel proportion of 

macroinvertebrates associated with slow water velocity.  
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Fig. 3. Bars and boxplots illustrate the variation in: (a, b) taxon richness, (c, d) total 

abundance, (e, f) STAR_ICMi index and (g, h) abundancebased Flow-T index over 

time and between the downstream (D; gray) and upstream (U; white) sampling 

stations. In boxplots: horizontal black line = median; lower and upper box edge = 

first and third quartiles, respectively; vertical lines indicate Ñ1.5 interquartile 

distance.  
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4. Discussion  

Damming and impoundment are widely recognized as flow-related alterations in 

rivers (Ogbeibu and Oribhabor, 2002; White et al., 2017), causing modest to severe 

impairments on the aquatic biota depending on the local geomorphological setting. 

In fact, previous research dealing with these alterations focused mostly on mountain 

areas, while their effects in large, lowland rivers remains underestimated.  

In a large-scale study Leitner et al. (2021) evaluated the correlation between ten 

candidate macroinvertebrate community metrics and eight different pressures, 

including impounding and damming, in large rivers across Europe and by controlling 

also for river types. Authors found that for the Continental Lowland type, damming 

was the pressure that played the heaviest impact, but they also found opposite trends 

in some selected candidate metrics for the pressures impoundment and damming 

depending on the river type. For the impoundment, authors concluded that site-

specific hydro-morphological conditions can affect in different manner the 

abundance of macroinvertebrates according to the local pool of taxa, leading to 

varying responses in terms of biotic and biomonitoring indices. By contrast, for the 

pressure caused by dams, authors stated that methodological constraints associated 

with macroinvertebrate sampling in large rivers may be inadequate for the 

bioassessment of certain pressures (Leitner et al., 2021). Overall, this emphasizes the 

importance of adopting stressor-specific approaches.  

To our knowledge, our study represents one of the few attempts, at least in Italy, 

aimed at monitoring the flow-related impacts associated with a dam in a section of a 

large, lowland river by using benthic macroinvertebrates. Multivariate analysis 

showed weak and negligible variations in the taxonomic composition of 

macroinvertebrate communities throughout the study, with changes varying over 

time (i.e. year or season) rather than between locations (i.e. upstream and 
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downstream of the dam). Furthermore, no significant differences in the total taxon 

richness and total abundance were found between the upstream and downstream 

stations. Similarly, STAR_ICMi index was slightly higher (i.e. indicating better 

ecological conditions) in the downstream station compared to the upstream, 

impounded station. However, these differences were not statistically significant and 

this finding was expected insofar as STAR_ICMi is a generic biomonitoring index 

that poorly performs in relation to specific pressures, as demonstrated in previous 

studies (Doretto et al., 2019; Larsen et al., 2019).  

When looking at the performance of the Flow-T index, a recently developed 

multimeric index designed for assessing flow conditions (Laini et al., 2022), index 

values were significantly higher (i.e. indicating more reophilous conditions) in the 

downstream station than in the upstream impounded station and, on average, 

decreased over time, especially after the dam construction. To our knowledge, this 

study represents one of the first applications of the Flow-T index and findings 

indicate that, among the community metrics and biomonitoring indices here 

considered, this index was the only one able to detect the changes in the hydraulic 

conditions between the two stations as a consequence of the dam creation. These 

findings are also corroborated by those obtained from the species traits analysis. The 

choice of incorporating the abundances of taxa in the functional analysis (i.e. in the 

form of community-level weighted means (CWM) of trait values) was successful in 

detecting differences associate with the hydraulic conditions up- and downstream of 

the dam, especially in relation to the functional trait ñwater velocity preferendumò.  

One of the main advantages of using functional traits in community ecology is that 

they allow to better relate the effects of the environmental conditions on the biota, 

based on the assumption that environment filters species according to their ecological 

and biological traits (i.e. species sorting scenario). In the last decades the use of 

functional traits or groups in river ecology has increased and has been invocated as 
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a solution to make river biomonitoring even more specific and effective (Bonada et 

al., 2006; Merritt et al., 2017). This study also partly supports the idea that the Flow-

T index could be a candidate biomonitoring tool for assessing the flow-related 

alterations, including impoundment and damming, in large, lowland rivers.  
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Abstract  

Floods are normal components of many river regimes and as such they have an 

important impact at the ecosystem level. In recent decades, however, climate change 

has increased their frequency and intensity, with serious consequences for lotic biota, 

particularly benthic macroinvertebrates due to their limited mobility and sensitivity 

to disturbance. The impact of floods varies according to different parameters, 

depending on the characteristics of the macrobenthic communities (taxonomic 

composition, morphology, behaviour and life history traits) on the one hand, and on 

non-biological parameters such as flood intensity, artificialisation of the river bed, 

the presence of dams and many other factors on the other. Understanding these 

dynamics is vital for effective management and conservation of aquatic ecosystems 

in the context of current climate change in the context of current climate change. The 

aim of this short communication is to assess the impact of a catastrophic flood on 

macroinvertebrate communities, to identify resistant and resilient species and to 

investigate the recovery time of this important component of the ecosystem.  

Keywords: hydrological disturbance, resilience, resistance, taxonomic diversity, 

stream ecosystems, Functional Feeding Groups  
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1.Introduction  

Floods are phenomena that intrinsically characterise the functioning and nature of 

river ecosystems [1]. Depending on the hydrological regime, peak flows may 

naturally occur in different seasons (e.g. nival in spring, pluvial in autumn, glacial in 

summer), but in recent decades global climate change is dramatically disrupting the 

hydrological regimes of rivers in different regions of our planet, with an impressive 

increase in the frequency and intensity of floods [2]. While seasonal floods are 

crucial for nutrient cycling, new habitat creation, species diversity, community 

dynamics [3] and overall ecosystem health, extreme and catastrophic flood events 

can have severe consequences for the resident biota [4]. These extreme events often 

lead to the homogenization of the affected river stretch, resulting in a slow ecosystem 

recovery [5]. Among the most affected organisms are benthic macroinvertebrates, 

due to their limited mobility, life cycle closely linked to the substrate [6] and 

sensitivity to disturbance [7].  

Macroinvertebrate communities are composed of species with varying degrees of 

resistance and resilience to flood disturbance: resistant species can withstand the 

physical force of the flood and remain in their habitat, while resilient species can 

rapidly recolonize the area after disturbance.  The degree of resistance and resilience 

of the macroinvertebrate community depends on its specific taxonomic, behavioural, 

and life-history trait composition [6]. For example, some species can burrow deeper 

into the sediment or attach to substrates to avoid being washed away, while others 

have rapid life cycles that allow quick recolonization [1]. The resistance and 

resilience of benthic macroinvertebrate communities to floods are also dependent on 

a variety of factors, including the intensity and timing of the event, [8, 9]. 

Macroinvertebrate community recovery after a flood event is a complex process 
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influenced by the magnitude and duration of the disturbance, the ability of the 

community to recolonize, and the availability of undisturbed habitat patches [8, 10].  

The scenario is further complicated by the fact that lotic systems are in general 

characterised by the massive presence of artificial structures. In particular, dams and 

other man-made barriers can have significant negative impacts on river ecosystems 

not only by altering the natural hydrological regime [11] but also exacerbating the 

impacts of global climate change. This can have negative effects on the structure and 

function of macrobenthic communities that have adapted to specific hydrological 

regimes: for example, disrupting river connectivity, dams create physical barriers that 

prevent migration and dispersal of macrobenthic species, isolating populations and 

reducing genetic diversity. This can make communities more vulnerable to the effects 

of extreme events such as catastrophic floods [12]. However, in the case of 

catastrophic floods, dams can have a positive effect, particularly by reducing the peak 

of the flood: dams can reduce the intensity of floods by storing some of the excess 

water upstream. This can reduce the destructive force of the current, protecting 

benthic habitats and the organisms that live there [13]. Or they create refugia. 

Downstream of the dam, the water flow is generally more constant and less turbulent. 

These areas can act as refuges for the more fragile macrobenthic species, allowing 

them to survive during the flood event and recolonise the upstream areas afterwards 

[14].  

Overall, understanding the resistance and resilience of macroinvertebrate 

communities to catastrophic floods, as well as the time required for ecosystem 

recovery, is crucial for the effective management and conservation of lotic 

ecosystems in the face of increasing [15]. Hence the objectives of the present study 

to understand the impact on the macrobenthic community following a catastrophic 

flood event, which organisms are resistant to the impact, which are the most resilient, 

and the recovery time of the river ecosystem under study.  
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2.Materials and methods  

2.1Area of study  

The Piota stream, a right tributary of the Orba stream (NW Italy), is a low-order 

Apennine lotic system, about 30 km long. The Piota has an average flow of about 2.7 

m3/s and drains a catchment area of about 115 km2. In the study area, near Silvano 

dôOrba (NW Italy), a hydroelectric plant established in 2017 modified the stream 

morphology. Three distinct elements are thus recognisable: a section upstream of the 

intake, a 1.8 km section underneath, and a section downstream of the restitution. We 

designed three sampling stations, one for each segment and designated as follows 

"S1  

UP" ( N 44Á38ô55.0ôô - E 8Á41ô49.6ôô), upstream of the diversion for hydroelectric 

use, "S2 TAIL" ( N 44Á39ô40.1ôô ï E 8Á41ô04.4ôô), in the stretch subtended by the 

plant and "S3 DOWN" ( N 44Á40ô19.8ôô ï E 8Á40ô38.7ôô), downstream of the 

restitution (Fig.1).   

 

  

  

Figur e 1   Study sites, with focus on the three sampled stretches UP, TAIL, DOWN    
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From 2018 to 2022 we performed 12 sampling campaigns in the three stations, for a 

total of 360 Surber samples.  During this period, a major flood event occurred in 

2019 (with a peak of 800 m3/s ca. ï source: ARPA Piemonte) so our data can be of 

interest to analyse the impact of an extreme hydrological event in a highly 

manipulated stream reach.  

2.2 Macroinvertebrates sampling and processing  

In the study area, the substrate composition of the riverbed was estimated, 

considering the degree of coverage of mineral components (mud, sand, gravel, stones 

of various size classes) and biotic components (such as fallen leaves, macrophytes, 

and dead wood). According to substrate categories frequency, we realized ten 

quantitative samples in each sampling occasion and each station, thus applying a 

multi-habitat sampling. Quantitative samples of benthic macroinvertebrates were 

collected using a Surber sampler (20x20 cm, mesh = 255 Õm), then were sorted, 

determined and counted, according to STAR ICMi methos [16]. A preliminary 

analysis of taxa accumulation curves showed that the sampling effort was largely 

adequate to obtain a representative characterisation of the diversity of 

macroinvertebrate communities at the sites. Macroinvertebrates were counted and 

systematically identified at the family level, according to the dichotomous key 

available for the Italian benthic macroinvertebrate fauna [17,18]. The total number 

of taxa and the total number of individuals were then calculated for each sample.   

2.3 Statistical analyses  

Compositional changes in macroinvertebrate communities before and after flood, 

and between stretches (up, tail and down) were statistically tested through Non-

metric Multidimensional Scaling (NMDS) and Permutational Analysis of Variance 

(PERMANOVA), respectively. To this end, all samples were used in this analysis 

and the Bray-Curtis dissimilarity index was applied to macroinvertebrate 
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abundances. To better understand the structure and dynamics of macrobenthic 

communities, nestedness and taxa turnover were calculated.   

Analysis of Variance (ANOVA) was used to assess taxonomic (i.e. total taxon 

richness, total abundance, abundance and taxonomic richness of Ephemeroptera, 

Plecoptera and Trichoptera - EPT, total number of taxa found in all groups, 

percentage of dominance of top 3 three taxa (DOM-3), nonChironomidae 

Oligochaeta richness (NCO). We also focused on possible differences in functional 

(i.e. feeding functional groups) community metrics and beta diversity (nestedness 

and turnover) among sites and dates. Post-hoc pairwise comparisons were performed 

with Tuskeyôs test. Moreover, to analyse the response of macroinvertebrate to the 

flood, we conducted on the most abundant taxa a Sankey flow plots and a Mann-

Kendall analysis, respectively, to highlight which were the families with greater 

resilience and resistance.  

All analyses were performed in the R statistical environment [19] by using the basic 

functions and the following packages: vegan [20] for NMDS and PERMANOVA, 

betapar [21] for nestedness and turnover and Kendal [22] for Mann-Kendall analysis. 

The significant threshold was set at p < 0.05.     

3.Results  

A total of 21,028 macroinvertebrates belonging in total to 59 taxa were collected. 

Among these, six taxa accounted for 56.27% of the whole community:  

Chironomidae (19.73%), Leuctridae (10.88%), Baetidae (9.59%), Hydropsychidae 

(7.77%), Ephemerellidae (4.84%) and Naididae (3.46%).   

The occurrence of 2019 flood had a significant impact on taxa richness (F1,141=0.047; 

p<0.001 ï Fig. 2a): this impact was general and we detected no significant 

differences among stations/river stretches (F1,141=0.010; p = 0.084).  The 

communities before and after the flood resulted to be diversified, but in 2022 we 
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noticed that total beta diversity returned to values comparable in terms of percentage 

nestedness and turnover to the pre-flood period. In the year 2020, i.e. immediately 

after the flood, nestedness increased, although turnover constituted in all sampling 

date the largest portion of beta diversity (Fig. 2b).   
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Figure 3 Boxplots illustrating the variation, from 2018 to 2022, in the abundance (a), 

taxon richness (b), percentage of dominance of top 3 tax DOM-3 (c), non-

Chironomidae Oligochaeta richness (NCO) (d), EPT Abundance (e) and EPT 

Richness (f). Horizontal black lines represent the median value, while the lower and 

upper edges of boxplots represent respectively the 1Á e 3Á quartile. Vertical lines 

above boxplots represent Ñ 1,5 IQR (where IQR = inter-quartile distance). 

Observations beyond this range are illustrate as black dots. The vertical dashed line 

represents the flood event.  
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The taxonomic metrics did not varied significantly across the different sites (Tab. I): 

for this reason, the samples were analysed by grouping them by years. Considering 

macroinvertebrate total abundance (Fig. 3a), we noticed a significant collapse in 

2020 and 2021, followed by a return to values comparable to pre-flood in 2022. This 

trend is rather similar in all other metrics such as richness, non-Chironomidae 

Oligochaeta richness (NCO) (Fig. 3d), EPT Abundance (Fig. 3e) and EPT Richness 

(Fig. 3f), with the exception of DOM-3 (Fig. 3c) for which we detected no real 

variation.  

Table 1 ANOVA taxonomic metric results not significant across different sites and 

sites x year  

Abundance  F value  p-value  

Sites  1.937  0.169  

Site:Year  0.493  0.847  

Richness  F value  p-value  

Sites  0.152  0.859  

Site:Year  0.282  0.964  

EPT_Abundance  F value  p-value  

Sites  1.567  0.232  

Site:Year  0.482  0.854  

EPT_Richness  F value  p-value  

Sites  0.109  0.896  

Site:Year  0.340  0.940  

DOM-3  F value  p-value  

Sites  0.006  0.994  

Site:Year  0.327  0.724  

NCO_Richness  F value  p-value  

Sites  0.077  0.926  

Site:Year  0.340  0.714  
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The percentage composition of the Functional Feedings Groups showed a significant 

difference in the different years. In particular, collectors prevailed in the year 2020 

(Fig. 4a) compared to a more balanced FFG distribution in the years before the flood 

event. After the flood, the ratio of scrapers/collectors plus shredders changed 

considerably (Fig. 4b). This ratio decreased in 2019 and then returned to increase in 

2021 and 2022.  

  

ɯ 

Figure 4 Stacked bars (a) illustrate the average percentage of each Feeding 

Functional Group (Cg = collector-gatherers, F = filterers, P = predators, Sc = 

scrapers, Sh = shredders) on sampling dates (2018-2022) in the Piota River. Bars in 

panel b) represent the Scrapers to Shredders + total Collectors ratio. The vertical 

dashed line represents the flood.  

Analysing the most abundant macroinvertebrate taxa, Chironomidae (Tau = 0.5317, 

p-value = 0.02729 (Fig. 5a) increase significantly in the year after the flood in each 

site, while Baetidae (Fig. 5a) (Tau =0.5151, p-value = 0. 0236) and Limoniidae (Fig. 

5b) (Tau = 0.5954, p-value = 0.009) increased significantly from 2021 and 

Hydropsychidae and Leuctridae (Fig. 5a) returned abundant in 2022, although not 

significantly. Caenidae (Tau = -0.5200, p-value = 0.0261) and Elmidae (Tau =-

0.5918, p-value = 0.0148) decreased significantly after the flood event (Fig. 5b).  
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Figure 5 Comparative analysis of the annual variation in the total count of different 

families of macroinvertebrates across different years and stretches. Chart (a) presents 

the families Baetidae (BAET), Chironomidae (CHIR), Ephemerellidae (EPHE), 

Hydropsychidae (HYDR), and Leuctridae (LEUC), while chart (b) shows the 

families Caenidae (CAEN), Elmidae (ELMI), Helodidae (HELO), Leptophlebiidae 

(LEPT), Limoniidae (LIMO), and Naididae (NAID). Each family is represented with 

a specific color to highlight trends across different years and stretches.  

 

4. Discussion  

The flood event that occurred in the Piota stream in 2019 had a significant impact on 

the structure and function of the macroinvertebrate community of this lotic system. 

Immediately after the flood, there was a drastic decline in both the abundance and 

richness of the macroinvertebrates in all stretches. Moreover, the pattern of beta 

diversity reflected the dynamic nature of the macroinvertebrate community's 

response to a catastrophic flood, highlighting its capacity for resilience and 

reorganization over time [23]. The increase in nestedness observed in 2020 indicates 

a gradual recovery of the community, with the reestablishment of some of the taxa 

that were present before the flood. However, the continued dominance of turnover 

suggests that the community has not yet fully returned to its pre-flood state, with new 

species replacing those that were lost during the event.   
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In general, macroinvertebrate community showed signs of resilience after the flood, 

with a gradual recovery of taxonomic diversity and abundance over the following 

years. Certain taxa, such as Chironomidae and Baetidae, were able to rapidly 

recolonize the river system after the disturbance, as previously reported [24, 25]. 

These taxa show a combination of resistance and resilience capacity, due to their 

propensity to drift, their morphological/behavioural adaptations and the use of 

refugia during high flows [26, 27]. In contrast, other taxa such as Caenidae and 

Elminthidae were more sensitive to the flood and showed a longer-term decline in 

their populations (as already reported by Bagalwa et al., 2019 [28]).   

The functional composition of the macroinvertebrate community also underwent 

shifts after the flood, with an initial increase in the proportion of collector-gatherers, 

reflecting the predominance of fine particulate organic matter over coarse organic 

matter and periphyton grazing [29,  30]. Over time, the functional composition 

gradually returned to a more balanced state, with a recovery of scraper and shredder 

abundance [31].  

The recovery of the macroinvertebrate community in the Piota River following the 

2019 flood event was relatively rapid, with the community structure and diversity 

returning to levels comparable to pre-flood conditions within 2-3 years This confirms 

that macroinvertebrate communities in low order river systems has a high resilience 

to flood disturbances [32, 28].  

It is interesting to note that the recovery may not be uniform across all taxa, and some 

sensitive or rare species may require more time to reestablish their populations. 

Additionally, the long-term impacts of such flood events on the ecosystem services 

provided by the macroinvertebrate community, such as nutrient cycling, organic 

matter processing, and food web support, are still less known and they need further 

investigation [33].   
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Finally, this study highlights the importance of understanding the response of 

macroinvertebrate communities to catastrophic floods, in order to better manage and 

protect these critical components of aquatic ecosystems [34, 35].  Even though this 

is a single event in a single stream, we believe that such events are likely to be more 

and more diffuse and recurrent, because of the increasing effects of global climate 

change [36], and our data provides information that can be used in the context of 

broader studies that consider multiple cases of this type.  
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Abstract  

This study examines the survival of lotic macroinvertebrates under prolonged 

drought conditions using controlled experiments in a mesocosm simulating alpine 

river conditions. Prolonged droughts, driven by climate change and human pressures 

on water resources, are increasing in frequency and intensity, particularly impacting 

alpine rivers that are dependent on glacial meltwater and rainfall. Benthic 

macroinvertebrates are one of the most important structural and functional 

components of alpine lotic ecosystems, but at present little or nothing is known about 

the ability of the different groups to cope with the increasingly frequent drought 

periods. To address this gap, we conducted a mesocosm experiment to assess the 

resilience of various macroinvertebrate taxa exposed to managed drought conditions. 

We observed a general decline in macroinvertebrate abundance and diversity but the 

impact of this phenomenon was observed to vary across different groups of 

organisms. For instance, EPT taxa exhibited a more rapid negative response, whereas 

Chironomidae demonstrated greater resistance, concentrating and surviving for 

longer periods in the moist substrate. Data analysis revealed five tolerance-based 

groups, ranging from highly drought-sensitive to more adapted taxa. This study 
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contributes to our understanding of drought resistance mechanisms in 

macroinvertebrate communities and highlights the ecological consequences of 

prolonged drying on biodiversity. The findings underscore the necessity for water 

management strategies that consider the preservation of natural refugia and the 

maintenance of permanent flow regimes to support drought-sensitive communities, 

particularly in vulnerable alpine ecosystems.   

Keywords: Resilience, biodiversity loss, drought, functional traits, artificial streams  

  

1. Introduction   

Droughts are increasingly affecting hydrographic networks worldwide, due to 

complex interactions between climate change and increasing human pressure on 

water resources. At the global scale, the greenhouse gas emissions from human 

activities are altering weather patterns globally (Abbass et al., 2022; Chiang et al., 

2021), which translates into an increase in average temperatures, resulting in greater 

evaporation and changes in precipitation patterns.   

In addition to climate change, at the local scale, the intensive use of water resources 

by humans contributes to worsening the frequency and severity of droughts. 

Agriculture, particularly intensive irrigation (Haghighi et al., 2020), river 

morphology alteration (Matthaei et al., 2004), fragmentation caused by dams 

(Pratiwi et al., 2024), urban and industrial wastewater discharges (Marino et al. 

2024), represent important stress factors for water resources. The combination of 

these factors, both climatic and anthropogenic, is leading to a significant increase in 

the frequency, duration, and intensity of drought events globally (Zhao et al., 2023). 

In aquatic ecosystems, this translates into a decrease in water levels, reduced water 

flow, and alteration of the chemical-physical characteristics of the water, with 

negative consequences for biodiversity and ecosystem functioning (Cantonati et al., 
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2020). In this context alpine rivers are more impacted; their reliance on glacial 

meltwater, limited water storage capacity, sensitivity to temperature changes, and 

increasing human demands make alpine rivers particularly vulnerable to the effects 

of drought (Vallefuoco et al., 2024).   

Prolonged droughts have far-reaching ecological consequences that can severely 

impact aquatic ecosystems, often with long-term effects. One of the most significant 

impacts is habitat loss (Upadhyay et al., 2020). As water levels in rivers, lakes, and 

wetlands decrease and these areas begin to dry up, the available habitats for aquatic 

species shrink dramatically. This habitat reduction can be catastrophic for species 

that rely on stable water bodies to survive (Cooke et al., 2022). Another consequence 

is the alteration of biogeochemical cycles (Jiang et al., 2021). Droughts can disrupt 

the natural cycling of nutrients such as nitrogen and phosphorus, which are vital for 

maintaining the productivity and health of aquatic ecosystems (Van Vliet et al., 

2023). Without adequate water flow, nutrient distribution becomes uneven, leading 

to areas of deficiency or excess that harm ecosystem function (Allan et al., 2021). 

Droughts also led to biodiversity reduction (Stubbington et al., 2023). Most aquatic 

species are adapted to environments with consistent water availability. When water 

becomes scarce, these species face increased competition for shrinking resources, 

which, combined with changes in food webs, can result in substantial biodiversity 

losses (Sidiropoulos et al., 2021). Furthermore, droughts can promote the spread of 

alien species (Guareschi et al., 2022). Non-native, invasive species often thrive in the 

more stressful conditions brought on by drought, outcompeting native species for 

resources and altering the ecosystem further. These invasive species are usually more 

adaptable to fluctuating environmental conditions, making them more likely to 

establish dominance during and after drought (Kiruba-Sankar et al., 2018). These 

changes pose a significant threat to some groups of aquatic organisms, such as 

benthic macroinvertebrates that, for their taxonomic and functional diversity, play a 
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pivotal ecological role in aquatic ecosystems (Cantonati et al., 2020). As 

bioindicators, their presence, abundance, and diversity provide valuable information 

on water quality and ecosystem health (Carter et al., 2017). They also contribute to 

essential processes such as the decomposition of organic matter, nutrient cycling, and 

represent a vital food source for higher trophic levels, including fish, birds, and 

mammals (Fenoglio et al., 2005). Macroinvertebrates are particularly vulnerable to 

these droughtinduced changes (Ferreira et al., 2023) because the reduction of flows 

and the changes in the water chemical-physical characteristics can negatively 

influence their survival, life cycle, and distribution (Necker et al., 2021). In particular 

prolonged droughts (> than 1 day), with the resulting reduction and interruption of 

water flows, have a significant impact on macroinvertebrate communities in aquatic 

ecosystems (Viza et al., 2024).   

The decrease in water levels leads to a reduction in available habitats, increasing 

competition for limited resources such as food and shelter (Dol®dec et al., 2021). 

Some species, adapted to conditions of constant flow, may experience a drastic 

reduction in numbers or even disappear locally. Additionally, the isolation of 

remaining aquatic habitats can limit the dispersal and recolonization capacity of 

some species, leading to a loss of biodiversity (Gatti, 2016). The alteration of the 

hydrological regime also influences the structure of macroinvertebrate communities 

(Manfrin et al., 2023). Species more tolerant to drought conditions can become 

dominant at the expense of more sensitive species (Leigh et al., 2019). This change 

in community composition can have repercussions on the entire ecosystem, affecting 

ecological processes such as allochthonous input decomposition and nutrient 

cycling. With the increasing frequency and intensity of droughts globally, it is crucial 

to identify macroinvertebrate species that are most resistant to these extreme 

conditions (Aspin et al., 2023). Understanding the mechanisms of resistance, allows 

us to predict the future impacts of droughts on biodiversity and to develop 
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conservation strategies aimed at protecting the most vulnerable species and 

mitigating the negative effects of drought. In the natural environment, environmental 

conditions can change from year to year and unpredictably (Weiskopf et al., 2020). 

For this reason, mesocosms can be an excellent tool for creating a controlled, 

replicable and realistic environment focused on the study of drought (Wiersman et 

al., 2022). In particular, mesocosms offer the ability to control and monitor variables 

such as the duration of the drought, providing an experimental replication of water 

stress conditions, including extreme droughts, which are considered to be rare and 

unpredictable natural phenomena (Font et al., 2021).   

This study aims to identify the different degrees of resistance, i.e. the different 

survival capacities, of stream macroinvertebrates affected by a controlled and 

managed drought within a mesocosm simulating an alpine river. By exploring these 

key aspects, this experiment will provide valuable insights into the ecological 

consequences of drought on macroinvertebrate communities and help identify 

potential indicator species for monitoring drought impacts in natural ecosystems.  

2.Material and methods   

2.1 Artificial flumes description   

The ALPSTREAM mesocosm system, located in Ostana (NW Italy, Monviso Park, 

coord.  44Á41'33.8"N 7Á10'38.2"E, Fig.1b) is fed by water sourced directly from the 

Po River. During the period of experiment, physical and chemical parameters of the 

water in each canals were measured and in addition rainfall and air temperature data 

from the Ostana weather station.   

The mesocosm system is fed by the waters of the Po River, through a small intake 

structure and a buried feeder pipeline (Fig.1a). The pipeline intake, measuring 0.80 

m in diameter, is positioned near the pool bottom and protected by a metallic mesh 

to prevent blockage from coarse debris. A system of sluice gates controls the inflow 
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of water from the river, allowing for precise regulation of water volume. From the 

intake, a 155-meter-long pipeline transports the water to an omnibus, i.e. a main 

loading tank, which functions as a storage and dissipation chamber. This main tank 

is connected to three smaller loading sub-tanks via sluice gates, which can be opened 

during experiments, closed for maintenance, or partially closed to adjust flow rates 

to the flumes. Each sub-tank supplies water to two flumes, creating a total of six 

experimental channels. The flumes are 25 meters long, 0.30 meters wide, and 0.30 

meters deep (Fig.1c). The flume beds are filled with natural substrates like boulders, 

cobbles, and gravel to mimic the riverbed conditions of the Po River. Water from 

each pair of channels drains into a terminal tank; three terminal tanks are linked to a 

single concrete shaft, returning water to the river. The macroinvertebrates arrived by 

passive colonisation with also leaves and fine sediment, in the facility by letting the 

water flow freely for 4 months, with the same flow rate in all channels and without 

manipulating any variables.    
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Figure 1: a) plan of artificial flumes from the intake to the outlet of water to the river; 

b) location of the facility (circled area) and position with respect to the municipality 

of Ostana; c) drone photo of the artificial flumes, in which we can see the omnibus, 

six canals and the outlet reservoirs of the water returning to the Po River, that can be 

seen on the right.   

2.2 Experimental design   

Initial samplings were carried out in 22th May 2024, before the drougth (Time = T0) 

to have a picture of the initial macroinvertebrate community. We selected an area of 

40 long x 30 wide cm was selected (Fig. 2a) at two different points for each channel 

for a total of 12 samples, avoiding sections too close 3 meters to the inlet and outlet 

so as not to be affected by disturbances from the inlet and outlet flow. For each of 

these areas, we inserted down and up-stream a frame net (mesh size 0.5 mm) to 

isolate the sampling area. Then, pebbles and detritus in the sampling area were 

removed and placed in a plastic tray to be rinsed in order to collect the attached 

macroinvertebrates. After this sampling effort, a drought was simulated through the 

closure of the valves and the cessation of water inflow in the artificial flumes. This 

process mostly simulated a human-made drought, in which the reduction in water 
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levels occurred instantaneously, rather than gradually over several days.  Thirty-six 

hours (T1) after the water disappeared, community sampling was carried out again 

by using the same sampling method utilized in T0 but in different and randomly 

chosen areas of the flumes (Fig.2b). As in the pre-drought samplings, pebbles and 

detritus were taken and rinsed to allow the collection of macroinvertebrates (Fig. 2c). 

We repeated the same sampling scheme at intervals of 84 hours (T2), 252 hours (T3), 

420 hours (T4), and 588 hours (T5) (Fig. 2a).   

Macroinvertebrate identification was carried out at a mixed level: at genus level for 

Ephemeroptera, Plecoptera, Tricladida and Arachnida, at family level for 

Trichoptera, Coleoptera, Diptera and Oligochaeta.  

 

Figure 2 : a) illustration of artificial flume, wherein the trajectory of the water flow 

from the river to the river is delineated. b) A 40x30 cm area comprising CPOM with 

  

  

    



 

ннп  

  

  

detritus. c) Pebble and sediment collected and thoroughly rinsed for the purpose of 

macroinvertebrate sampling.   

During the study period, we recorded rainfall (mm) and air temperature (ÁC) through 

the meteorological station in the municipality of Ostana. We also estimated CPOM 

amount:  in T1 two 40x30 areas were selected in each canal and CPOM (Fig.2a-b) 

was taken and stored in jars with 75% ethanol. Then CPOM was dried in an oven at 

60ÁC for 72 hours and weighed with a 0.001gram precision balance.    

2.3 Statistical analysis   

Compositional changes in macroinvertebrate communities between sampling dates 

were statistically tested through Non-metric Multidimensional Scaling (NMDS) and 

Permutational Analysis of Variance (PERMANOVA), respectively. To this end, all 

samples were used in this analysis and the Bray-Curtis dissimilarity index was 

applied to macroinvertebrate abundances.    

Analysis of Variance (ANOVA) and Kruskal-Wallis, Tukeyôs post hoc test and Dunn 

post hoc test were used to assess taxonomic (i.e. total taxa richness, total abundance, 

abundance and taxonomic richness of Ephemeroptera, Plecoptera and Trichoptera - 

EPT, total number of taxa found in all groups. Each taxon was assigned to a 

Functional Feeding Group (FFG: scrapers ï Sc, shredders ï Sh, collectorsïgatherers 

ï Cg, filterers ï F and predators ï P) according to Merritt and Cummins (1996). 

Moreover, a classification of taxa into seven biological and seven ecological groups 

was conducted according to the Usseglio-Polatera (2000) species traits approach. To 

analyse the relationship between macroinvertebrate taxa and drying conditions, we 

calculated drying niche specialization and affinity values. We employed the outlying 

mean index (OMI) (Doledec et al., 2000), a metric that quantifies the difference 

between the average drying conditions where a taxon is found and the overall average 

drying conditions across the study area. Higher OMI values indicate a more 

specialized drying niche, meaning the taxon is restricted to a narrower range of 
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drying conditions. To determine drought niche affinity, we used the first axis of the 

drying space, which showed a strong positive correlation with drying duration. To 

further our understanding of drying niche preferences, we grouped taxa based on 

similarities in their drying specialization and affinity. This classification was 

achieved using a kmeans clustering procedure, which grouped taxa with similar 

drying niche characteristics together. Finally, we decided to retain the cluster taxa 

into five drying niche-based groups as this shows a good explanatory capacity (sum 

of squares = 91.5%) and a coherent ecological grouping according to taxa trend and 

confirmed by the statistically significant polynomial mixed model (Test of 

Satterthwaite, p-value<0.05): drying-sensitive, partly tolerant-to-drying, tolerant, 

generalist and drying-resistant taxa.  All analyses were performed in the R statistical 

environment (RCore Team, 2021) by using the basic functions and the following 

packages: vegan (Oksanen et al., 2019) for NMDS, PERMANOVA, and ANOVA, 

ade4 (Dray et al., 2004) for OMI index, lme4 (Bates et al., 2014) for polynomial 

mixedeffects model, lmertest (Kuznetsova et al., 2017) for Test of Satterthwaite. The 

significant threshold was set at p < 0.05.      

3.Results   

Main physical and chemical parameters were measured in eighteen occasions. The n 

measured parameters were stable: conductivity 173.83 mean Ñ 0.98 standard 

deviation (SD), dissolved oxygen 11.24 mean Ñ 0.18 SD, pH 8.56 mean Ñ 0.06 SD.  

This data was comparable with physicalchemical parameters of river water 

(conductivity 174.03 mean Ñ 0.82 SD, dissolved oxygen 12.16 mean Ñ 0.13 SD, pH 

8.62 mean Ñ 0.05 SD).  During the study period (15 May to 15 June) there were 

several days with high rainfall, in particular at the beginning of June there was a peak 

reaching 62.4 mm of rain. The average rainfall over the period was 6.71 mm while 

the number of rainy days was 18/30 days. The average air temperature was 10.93 ÁC 

with a minimum temperature between 5ÁC and a maximum temperature with a range 
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between 30ÁC. CPOM average mass was 51.18 gr Ñ13.22 SD, with nonsignificant 

differenceacross canals (ANOVA F1.06=0.83; p-value=0.559). Regarding 

macroinvertebrates, a total of 2561 macroinvertebrates belonging to 29 different taxa 

were collected. The prolonged dry had a significant impact on taxa community 

mainly after 420 hours of dry (PERMANOVA, p-value <0.01- Fig. 3) and 588 (T4).  

   

Figure 3 NMDS ordination plot (stress=0.128) considering samples collected in 

each sampling date collected in different dry hours: 0 hours (T=0), 36 hours (T=1), 

84 hours (T=2), 252 hours (T=3), 420 hours (T=4), 588 hours (T=5).   

  

At T0, the taxonomic metrics did not statistically differ within the different canals 

and across canals (Table I); for this reason, the samples were grouped according to 

the time for statistical analysis.    
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Considering macroinvertebrate total abundance (Fig. 4a), with the application of 

Kruskal-Wallis test, we noticed an increase in T1 and T2, followed by a highly 

significant decrease in  T3 T4 (KruskalWallis, p-value<0.01) (Fig.4a). Richness 

showed a decrease between T0 and T1, an increase in T2 and then a significant 

collapse (ANOVA p-value<0.05) in T3 and T4 (Fig. 4b). The EPT metrics showed a 

non-significant difference between T0, T1 and T2, followed by a rapid collapse for 

the number of individuals (N)in T3 and T4 (Kruskal-Wallis, p-value<0.05 - Fig.4c);  

the same trend was observed for EPT richness, whit a sudden collapse in T3 and T4 

(ANOVA pvalue < 0.05 - Fig.4d).  

Table I Results of non-significant ANOVA taxonomic metrics within canals and 

across different canals.   

Abundance   F-value   p-value   

Canals   0.006   0.926   

Canal: Surber   0.327   0.714   

Richness   F-value   p-value   

Canals   0.077   0.994   

Canal: Surber   0.340   0.724   

EPT_Abundance   F-value   p-value   

Canals   1.567   0.232   

Canal: Surber   0.482   0.854   

EPT_Richness   F-value   p-value   

Canals   0.109   0.896   
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Figure 4 Box plots of total abundance (a), richness (b), EPT abundance (c) and EPT 

richness (d) in the different dates of sampling: 20th May (T0), 22th May (T1), 24th 

May (T2), 31th May (T3), 7thJune (T4).   
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Figure 5 Bar plot of the different biological (a), ecological (b) (Usseglio-Polatera et 

al., 2000) and (c) feeding functional groups (Tachet et al., 2000) associated with the 

corresponding polynomial models (group ~ air temperature + mm of rain + dry days), 

respectively, (d) for biological, ú for ecological, (f) for trophic. For polynomial 

models on the ordinate axes are the logarithms of the groups, on the abscissae the 

sampling dry hours.   

  

At T0, the most abundant FFG (Fig. 5c) in the sediments was collector-gatherers 

(79.1%), followed by shredders (16.4 %). Less abundant were predators (1.78 %), 

scrapers (1.58 %) and filterers (1.18 %). we noticed that organisms in the different 

groups showed a different ability to resist dryness. Apart from predators, one of 

which was found alive at the end of the experiment, after 588 hours of drying out, 

the most resistant groups were Collectors and Shredders: organisms belonging to 

these groups survived up to 420 and 252 hours after the disappearance of the water 

respectively. The most sensitive group proved to be the F and Sc, which disappeared 

quickly, after only 84 hours. The most represented biological group before the 



 

нол  

  

  

drought was the óe groupô (78.1%), followed by óf groupô (17.9 %), óc groupô (1.38 

%), óh groupô (1.18%), óg groupô (0.79%) and ód groupô (0.59%). We detected a 

different decrease rate among the different biological groups: the óe group organisms 

resulted to be the more resistant, with alive specimens found 420 hours after the 

water disappearance, followed by óf groupô specimens. A higher degree of sensitivity 

was found in the óc, d, g and h groupsô, for whose alive individuals were found until 

84 hours of dry conditions. The most sensitive group was the ógô, which disappeared 

after 36 hours. Less abundant were group C (3.73 %), group B and D (2.95 and 2.75 

% respectively), while group E was represented by very few individuals (0.20 %). 

Except for C, for which a single specimen was found alive at the end of the 

experiment, the most resistant groups were F and C, with individuals alive 420 h 

after drying, while the most sensitive were B and D (totally disappeared after 84 h) 

and A (after 252 h). Given the very small number of organisms (total n= 3), 

considerations on E seem to make less sense.  

 

Figure 6 Scatterplot of the OMI index (a) whose values are shown on the x-axis, of 

28 taxa out of 29 significant results shown on the y-axis. The red dashed line shows 

the boundary of the first quartile, the watershed between the most sensitive and the 

least sensitive species. Scatterplot (b) shows the subdivision into clusters (red for 

sensitive species, orange for partially-tolerant, yellow for tolerant, green for 

generalist and blue for resistant), compared on the abundance trends of the individual 

taxa and subdivided on the basis of the OMI index based on specialisation.   
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Figure 7 Scatterplots showing the abundance trends (dotted line) of individual taxa 

useful for comparing the clustered subdivision of the OMI index. Four taxa, 

Amphinemura (a), Chironomidae (b), Ecdyonurus (c), Limnephilidae (d), out of the 

5 clusters are shown, summarising the different trends that can be found throughout 

the community and on which the confirmation of the clustering into 5 different 

groups of tolerance to the prolonged dry weather event is based. The blue vertical 

line shows the time series of the different samples on the different dates: 20th May 

(T0), 22th May (T1), 24th May (T2), 31th May (T3), 7thJune (T4).   

The OMI results (Fig. 6 a-b) showed that drying effect was explained by two axes 

associated with dry duration (OMI Axis 1, 96.2% explained variance) and air 

temperature (OMI Axis 2, 3.07% explained variance). Our cluster analysis identified 

five drying niche-based groups showing contrasting distributions over the drying 

gradient according to the taxa trend (Fig. 7). The first drying niche-based group was 

composed of taxa highly sensitive to drying stress (mean OMI Axis 1: -1.71 mean; 

OMI_Specialization: 0.53). Drying highly sensitive macroinvertebrates included six 

taxa (Rhithrogena spp., Ecdyonurus spp., Crenobia sp., Beraeidae, Hydropsychidae 

e Baetis spp.). The second drying niche-based group was composed of taxa sensitive 

to drying stress (mean OMI Axis 1: -1.46; mean OMI_Specialization: 1.55). 
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Sensitive macroinvertebrates included eleven taxa (Polycentropodidae, Naididae, 

Sialidae, Tubificidae, Limoniidae, Psychodidae, Ceratopogonidae, Limnephilidae, 

Isoperla spp., Elmidae, Lumbriculidae). The third drying niche-based group was 

composed of taxa partly tolerant to drying stress (mean OMI Axis 1: -1.41; mean  

OMI_Specialization: 3.50). Partly tolerant macroinvertebrates included six taxa 

(Amphinemura spp., Sericostoma sp., Hydracarina, Rhyacophyla sp. Muscidae, 

Empididae). The fourth drying niche based group was composed of taxa tolerant to 

drying stress (mean OMI Axis 1: -1.37; mean OMI_Specialization: 12.38). Tolerant 

macroinvertebrates included four taxa (Chironomidae, Lumbricidae, Habroleptoides 

spp., Leuctra spp.). The fifth drying niche-based group was composed of taxa 

resistant to drying stress (OMI Axis 1: -1.58; OMI_Specialization: 32.20). Resistant 

macroinvertebrates included only one taxon (Atheryx sp.OMI_Tolerance: 0.03, 

Table II). However, the sensitive and partly tolerant groups showed a high level of 

marginality (mean  OMI_Marginality_sensitive taxa: 2.57; OMI_Marginality_partly 

tolerant: 1.60). A high marginality value indicates that the taxa are in a state of 

environmental stress or in a habitat that is not optimal for their growth. This may 

suggest that the taxa are distributed in a suboptimal way relative to their ideal 

ecological niche.    

Table II The five clusters from the most sensitive the most resistant with the 

respective tolerance and marginality values from the OMI index.   

Taxa Group   Tolerance   Marginality   

Highly sensitive   -1.92   2.57   

Sensitive  -0.18   1.69   

Partly tolerant  -0.05   1.58   
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Tolerant   0.03   1.44   

    Resistant               0.06             1.37   

4.Discussion   

This study aimed to investigate the resistance of benthic macroinvertebrates to 

extended drought periods by simulating dry events within a controlled mesocosm 

setup. Our results show that not all organisms react in the same way to drought, with 

some being more tolerant and resistant to this stressor than others (Walker, 1988; 

Karaouzas et al., 2018; Sabater et al., 2018).  In particular, the abundance and 

diversity of benthic macroinvertebrates collapsed of the experiment, when dry 

conditions prevailed for an extended period of time (řezn²ļkov§ et al., 2007;   

Karaouzas et al., 2018; Datry et al., 2017), with EPT taxa being particularly sensitive 

to drying (řezn²ļkov§ et al., 2007; D®zerald et al., 2015). These results are in line 

with previous studies findings that have shown aquatic invertebrates to be highly 

vulnerable to drying, especially those taxa that lack adaptations to withstand drought 

(Vadher et al., 2018). Overall, our results suggest that prolonged drought events can 

lead to the disappearance of benthic invertebrate diversity and abundance in naturally 

perennial running water ecosystems (Fenoglio et al., 2007; Datry et al., 2017). 

However, some taxa as Chironomidae abundance increased after 36 hours of drought, 

because these organisms are likely to concentrate in residual wet substrata, where 

they can survive for some time thanks to their tolerance and ability exploit reduced 

flow habitat and detrital resources (D®zerald et al., 2015, Datry et al., 2017; Vadher 

et al., 2018).   

Considering the functional and trait-based characterization of the macroinvertebrate 

community, some interesting findings can be discussed. Collectors gatherers and 
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shredders were the most resistant groups, maybe because their feeding habits allowed 

to survive in the wet sediment for longer, feeding on fine and coarse particulate 

organic detritus, while for the filterers, the absence of water current probably 

prevented them from feeding, as it did for the scrapers who, as the biofilm dried up, 

rapidly lost the ability to forage. As far as predators are concerned, the occurrence of 

a few specimens in the last samplings and up to the end of the experiment is probably 

linked more to the intrinsic trait- characteristics of the taxon found (Atherix sp.) 

rather than its functional role.   

Regarding the Usseglio-Polatera et al. (2000) trait classification, the most sensitive 

biological group was represented by small to medium sized organisms, swimmers or 

crawlers, mostly univoltine with long lifespan (>1 year) while the most resistant 

resulted to be plurivoltine, and short-lived organisms, mostly crawlers. Regarding 

ecological traits, the most sensitive organisms resulted to be taxa with   rhithronic 

and oligosaprobic habits, while among the most resistant we found organisms 

adapted to lentic or semi-lentic habitats, oligo- to mesosaprobic tolerance.   

The OMI index and cluster analysis showed that macroinvertebrate taxa could be 

grouped into five drying niche-based groups with contrasting tolerance levels. 

drying-sensitive taxa, partially tolerant taxa, tolerant taxa, generalist taxa, and 

resistant taxa. The most sensitive group included taxa such as Rhithrogena, 

Ecdyonurus and Crenobia, which are all known to be sensitive to environmental 

changes. Indeed, previous studies have shown that these taxa, are among the more 

sensitive macroinvertebrate groups to disturbances (Bonacina et al., 2022).   

The most resistant group included only one taxon, Atherix sp., which showed a high 

level of tolerance to drying conditions. The other tolerant groups included taxa such 
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as Amphinemura spp., Sericostoma sp., and Rhyacophila sp., which are known to 

have adaptations to withstand drying, such as the ability to burrow into the sediment 

or enter a dormant stage (Walker, 1988).  Among sensitive taxa we detected Baetis 

spp. Normally is not a sensible taxon, but in this case the most of this genus group 

was been composed by Baetis alpinus which is known to be more vulnerable to 

environmental changes compared to other Baetis species. The high marginality 

values of the sensitive and partly tolerant groups indicate that these taxa are in a state 

of environmental stress or in a habitat that is not optimal for their growth, suggesting 

that they are distributed in a suboptimal way relative to their ideal ecological niche. 

Overall, our results highlight the context-dependent nature of macroinvertebrate 

resistance to drying, with communities in ecosystems where drying is more prevalent 

likely having a higher proportion of drought-resistant species. The ecological 

implications of these results are that, in alpine streams subject to drought as in this 

anthropogenic case, sensitive and less resistant taxa may be lost, while more tolerant, 

generalist and resistant taxa prevail. This is in agreement with the results of (Sabater 

et al., 2018), which suggest that the effects of water stress are more severe in non-

naturally arid or semi-arid systems tending to homogenise the community.    

In conclusion, our study provides valuable insights into the resistance of benthic 

macroinvertebrates to extended drought periods, highlighting the differential 

responses of various functional and taxonomic groups. These findings have 

significant ecological implications, particularly for alpine rivers where prolonged 

drying events are increasingly common due to anthropogenic activities such as river 

channel modifications and dam operations. The survival of certain resilient taxa, such 

as Atheryx sp., in our mesocosms was likely facilitated by the presence of CPOM 

and rainfall events, which created crucial refugia. In natural settings, similar 

conditions could arise in well-preserved riparian zones with analogous climatic 
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conditions, where natural refugia like pools, interstitial spaces, and moist substrate 

under riparian vegetation can provide crucial habitats for drought resistant 

invertebrates. The observed sensitivity of many taxa to drying suggests that human 

induced droughts, often exacerbated by the degradation of riparian zones and the loss 

of natural refugia, could lead to a decline in benthic invertebrate diversity and alter 

the ecological functioning of these fragile ecosystems. Our results underscore the 

importance of considering the potential impacts of water management practices on 

drought-sensitive macroinvertebrate communities and emphasize the need for 

mitigation strategies that maintain more natural flow regimes and preserve the 

ecological integrity of riparian areas in alpine rivers.  
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Conclusion  
Major results and final remarks  

This thesis focused on the responses of benthic communities in Alpine rivers, 

particularly macroinvertebrates, to various pressures affecting water quantity and 

quality. The pressures analyzed included the presence of wastewater treatment plant 

(WWTP) effluents, rising temperatures, dam presence, and catastrophic hydrological 

events. These pressures are interconnected, and several case studies are discussed in 

the thesis.  

The impact of wastewater treatment plant (WWTP) effluents has been investigated 

at different spatial scales. A first case study (Paper I.1) analyzed, at the basin scale, 

the effect of nitrogen (N) and phosphorus (P) loads on water quality, with a particular 

focus on the Po River basin. This basin represents a unique case in Europe in terms 

of N and P loads. Indeed, it is a densely populated area with high N and P load 

production, and only 30% of the rivers in the region meet the good ecological quality 

target. The study highlighted that the currently used indices for assessing water 

quality through macroinvertebrates (STAR_ICMi) respond consistently to increasing 

N and P loads, suggesting that these loads can be considered proxies for the 

ecological status of a water body. Furthermore, it was observed that community 

structure significantly responds to load pressure, while functional metrics, such as 

the shredder-to-scraper ratio, appear to be masked by the spatial and temporal 

variability of the dataset. However, certain ecological traits, including organism size, 

tolerance to organic pollution, and locomotion mode, were found to be filtered by 

pollutant loads. In the most impacted areas, the following patterns were observed:  a 

reduction in organism size, indicating a selection for smaller species, which are likely 

more adaptable to environmental stress conditions; an increase in tolerance to 

organic pollution, with a prevalence of taxa resistant to contamination; a shift in 
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locomotion mode, favouring crawling over swimming or anchoring, suggesting an 

adaptation to unstable or impoverished substrates. The loss of biodiversity and the 

selection of less sensitive communities can profoundly alter the functionality of 

aquatic ecosystems.  

The predominance of pollution-tolerant taxa reduces the riverôs self-purification 

capacity, thereby compromising fundamental ecological processes, such as organic 

matter decomposition and nutrient cycling. This degradation can trigger cascading 

effects across the trophic network, impacting not only aquatic organisms but also 

overall water quality and surrounding ecosystems.   

WWTP effluents impact benthic communities even at a local scale. In particular, the 

case study presented in Paper I.2 highlighted that the effects of effluents can be 

exacerbated by climate change. Macroinvertebrate and diatom communities 

responded sensitively, leading to a reduction in biodiversity, shifts in species 

composition, and a significant response in water quality indices. For 

macroinvertebrates, indices such as ASPT (Average Score Per Taxon) showed higher 

and more stable values upstream, whereas downstream values fluctuated 

significantly, reaching their lowest levels during low-flow periods. Indeed, an 

increase in pollution-tolerant organisms, such as Oligochaeta and Chironomidae, was 

recorded downstream, along with a decline in sensitive taxa, particularly those 

belonging to the Ephemeroptera, Plecoptera, and Trichoptera (EPT) group, which 

were substantially more abundant upstream than downstream. This study also 

examined microbiological components, including faecal indicator bacteria and 

pathogens such as Salmonella. Their presence was detected in conjunction with 

decreasing flow rates, posing a potential risk to public health due to the unsafe use 

of river waters.  

Variations in water quality can also impact morphological changes in 

macroinvertebrates. As demonstrated in Paper I.3, individuals of Serratella ignita 
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with smaller, regenerating legs were found upstream of the wastewater treatment 

plant. Following Nilssonôs hypothesis (1986), we hypothesized that the high 

presence of nymphs with regenerating legs could be linked to greater predation 

pressure in the upstream station. In contrast, in the downstream station, the 

deterioration of environmental quality led to a reduction in predator presence, 

consequently limiting this phenomenon.  Predators play a crucial role in freshwater 

communities. For instance, they influence prey abundance and their distribution 

within microhabitats (Bo et al. 2010), community composition and trophic cascades 

(Start and Gilbert 2017), and, as observed in this study, can drive morphological 

changes in prey species.  

The increase in temperature can also influence water quality and, in particular, impact 

macroinvertebrates, especially their life cycles, as demonstrated in Paper II.1. This 

study examined the influence of thermal regimes on the life cycle of Serratella ignita 

(Poda, 1761) (Ephemeroptera: Ephemerellidae) in three Alpine rivers in 

Northwestern Italy (Pellice, Malone, and Stura). Significant differences were 

observed among the rivers, with variations in nymphal occurrence and development 

speed across the three lotic systems. During a comparable period of nymphal 

abundance in all rivers, the average nymph length in the Malone River was 

significantly greater than in the Pellice River, and even more so than in the Stura 

River. This study confirms the crucial role of temperature in lotic ecosystems, 

influencing the metabolism, growth, and development of aquatic insects and the 

timing of their life cycle (Everall et al., 2014; SmoliŒski & Gğazaczow, 2019). In the 

context of climate change, these findings raise concerns about the future of aquatic 

insect populations, as increasing temperatures could further alter emergence timing, 

growth rates, and the ecological balance between insects and their food resources. 

Recent research has highlighted the sensitivity of river ecosystems to climate change 

(Macadam et al., 2022; Bestion et al., 2015), demonstrating that even small thermal 
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variations can modify growth rates and emergence timing in mayflies. With the 

ongoing global warming, understanding the thermal thresholds and adaptive 

capacities of aquatic insects is crucial for predicting and mitigating the impacts of 

climate change on freshwater ecosystems.  

The increase in temperatures can be observed not only across different rivers but also 

within the same river over different years, and it can have a significant impact on the 

life cycles of macroinvertebrates, particularly Ephoron virgo, as demonstrated in 

Paper II.2. This univoltine mayfly has anticipated its emergence date in the Tanaro 

River (Northwestern Italy) over the past 17 years, and this phenomenon is closely 

related to the increase in local temperatures. Since this species is known for its 

impressive and synchronized mass emergences, we relied on official reports from the 

municipality of Alba. The use of official and reliable documents, although not 

originally collected for scientific purposes, allowed us to analyze a 17-year-long 

dataset and to highlight a strong relationship between local climate change and the 

timing of mass emergences of this mayfly. In an increasingly warmer world, some 

aquatic insects are shifting towards higher latitudes and altitudes; others are reducing 

or altering their distribution range, and some are facing increasing competition from 

invasive alien species.  

The case study presented in Paper III.1 analyzed the impact of hydrological 

variations caused by the presence of a dam, assessing the taxonomic composition, 

functional feeding groups, and biological traits of macroinvertebrates. The results 

indicate that taxonomic richness and abundance were higher in the control site 

compared to the disturbed site, confirming that flow alterations negatively affect 

macroinvertebrate communities. Furthermore, seasonal differences were significant, 

with a greater reduction in organisms observed in summer, when lotic systems are 

more vulnerable due to naturally low flow conditions and high temperatures. The 

presence of the dam also led to a decrease in functional richness and the 
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disappearance of specialized taxa such as shredders and scrapers, likely due to a 

reduction in resource availability.  The trait-based analysis (community-weighted 

mean, CWM) revealed significant variations in body size, locomotion, voltinism, and 

habitat preferences, with small-sized species and those highly tolerant to 

environmental stress being predominant in the disturbed sites. By integrating 

taxonomic and functional approaches, this study provided a better understanding of 

the effects of hydro-morphological alterations on aquatic biodiversity, highlighting 

the importance of considering multiple ecological dimensions in assessing the impact 

of dam-induced hydrological changes.  

The presence of dams impacts not only macroinvertebrate communities but also 

water quality. Currently, indices used to assess water quality require more specific 

indices tailored to this type of impact, as demonstrated in the case study presented in 

Paper III.2. In fact, only weak and negligible variations were recorded in the 

taxonomic composition of macroinvertebrate communities, with changes occurring 

over time (year or season) rather than between the impacted and non-impacted 

stations. Furthermore, no significant differences were observed in total taxonomic 

richness and total abundance between stations. Similarly, the STAR_ICMi index 

showed slightly higher values in the non-impacted station. However, these 

differences were not statistically significant, confirming the hypothesis that 

STAR_ICMi is a generic biomonitoring index that responds weakly to specific 

environmental pressures. Conversely, the Flow-T index, a recently developed 

multimeric index designed to assess flow conditions (Laini et al., 2022), revealed 

significant differences. The index values were significantly higher (indicating more 

rheophilic conditions) in the non-impacted station and, on average, tended to 

decrease over time, particularly after the dam construction. This study represents one 

of the first applications of the Flow-T index, and the results indicate that, among all 

the community metrics and biomonitoring indices considered, Flow-T was the only 
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index able to detect changes in hydraulic conditions between the two stations as a 

consequence of the dam's creation. These findings were also confirmed by the 

analysis of species biological traits. The incorporation of taxon abundance in 

functional assessments (i.e., in the form of community-weighted mean (CWM) trait 

values) proved effective in detecting differences in hydraulic conditions upstream 

and downstream of the dam, particularly about the functional trait "water velocity 

preference."  

Extreme hydrological events also have a significant impact on benthic 

macroinvertebrate communities. In Paper IV.1, I analyzed the impact of a 

catastrophic flood on benthic macroinvertebrate communities, that caused a drastic 

decline in abundance and richness immediately after the event. However, the 

community showed a gradual recovery of taxonomic and functional diversity over 

the following two to three years. Some taxa, such as Chironomidae and Baetidae, 

rapidly recolonized the river due to their adaptive capacity and ability to use refugia. 

In contrast, more sensitive taxa experienced a prolonged decline. The community 

recovery was relatively rapid, confirming the high resilience of macroinvertebrates 

in low-order streams. However, some rare species may require longer periods to 

reestablish their populations, and the long-term effects on ecosystem services remain 

poorly understood.  

Prolonged drought events can also be considered extreme hydrological events. They 

are becoming increasingly frequent, even in Alpine environments, causing the loss 

of natural habitats and refugia. In the study of Paper IV.2, I analyzed the resistance 

of benthic macroinvertebrates to prolonged drought, simulating drying events in a 

controlled mesocosm. The results show that not all organisms respond in the same 

way, with some species being more tolerant and resistant than others. In particular, 

macroinvertebrate abundance and diversity drastically declined when drought 

conditions persisted for extended periods, with Ephemeroptera, Plecoptera, and 



 

нрн  

  

  

Trichoptera (EPT) taxa being particularly sensitive. From a functional perspective, 

the most drought-sensitive organisms were small- to medium-sized, swimmers or 

crawlers, univoltine, and with a long-life cycle (>1 year). Conversely, the most 

resistant organisms were predominantly plurivoltine, short-lived species, preferring 

lentic or semi-lentic habitats and tolerant to moderate organic stress conditions. Some 

taxa, such as Chironomidae, showed an increase in abundance after 36 hours of 

drought, likely due to their ability to seek refuge in residual moist substrates and their 

tolerance to reduced water flow and high organic detritus availability. By applying 

the Outlying Mean Index (OMI), I was able to classify taxa into five categories: 

Highly sensitive to drying stress, Sensitive taxa, Partly tolerant taxa, Tolerant taxa, 

and Resistant taxa. The application of this index not only helps to identify the most 

vulnerable species but also provides essential tools to monitor biodiversity, predict 

changes in benthic communities, and identify drought indicator taxa. These are 

valuable resources for biomonitoring and water resource management. As drought 

events become increasingly frequent, even in Alpine regions, understanding which 

species are more resistant and which are at risk of disappearing is crucial for the 

conservation of freshwater ecosystems.  

  

This thesis addressed a subset of the environmental impacts affecting alpine rivers, 

from water quality (as WWTPs and temperature) to hydro-morphological (as the 

presence of dams and extreme hydrological events) alterations. All of this leads to 

the loss of sensitive taxa, an increase in resistant taxa, simplification of the 

macrobenthic community, reduction in individual fitness, and prolonged community 

recovery times downstream of a disturbance. However further studies should be 

conducted to explore additional aspects. Further investigation is needed to assess the 

impact of emerging pollutants present in WWTP      effluents and to expand the spatial 

scale of analysis. This would allow for a better understanding of ecological 
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dynamics, particularly in rivers that are theoretically already adapted to low water 

availability conditions. Additionally, research should extend to the life cycle analysis 

of other insect orders, such as Plecoptera and Trichoptera, to determine whether their 

responses align with those observed in Ephemeroptera. Another promising research 

avenue involves experimental flume simulations, testing the effects of floods and 

riverbed modifications on aquatic communities. This approach would help mitigate 

the background noise typical of natural ecosystems, yielding more controlled and 

reproducible data. From a methodological perspective, this PhD thesis primarily 

adopted a taxonomic approach, focusing on the classification and identification of 

species within specific river sections. This method provided detailed insights into 

local macroinvertebrate diversity and community composition, enabling, in some 

case studies, the assessment of biological indicators of water quality. However, to 

gain a deeper understanding of ecological processes, future studies should move 

beyond a taxonomic perspective, integrating interactions between biological 

communities across different river sections through a metacommunity approach. An 

additional research direction could involve energy flux exchanges between 

connected ecosystems, such as riverine and terrestrial environments, incorporating a 

metaecosystem framework. At least, studying environmental impacts in alpine river 

systems presents significant complexity, as these ecosystems are subject to both 

global-scale drivers, such as climate change, and local-scale anthropogenic stressors. 

Among the latter, a critical emerging issue is the increasing demand for water 

resources, not only from traditional sectors (hydropower, agriculture, and municipal 

water supply) but also from emerging technological fields, such as artificial 

intelligence (AI). The widespread adoption of AI has led to a substantial rise in water 

and energy consumption, primarily due to the cooling requirements of data centers 

used for training advanced models based on GPUs and TPUs, which generate 

considerable heat. In addition to direct water usage, AI contributes to indirect water 
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consumption, as many power plants supplying electricity to data centers rely on 

water-based cooling systems. With the continued expansion of cloud and AI 

infrastructure, water and energy demands have increased and are projected to rise 

further in the coming years. In 2022, Microsoft reported a 34% increase in global 

water consumption compared to the previous year, attributing this growth primarily 

to AI-related activities. Regarding energy use, projections indicate that data center 

energy consumption will rise by 160% by 2030, with AI expected to account for 19% 

of total data center energy demand by 2028. These trends highlight the urgent need 

to develop strategies that enhance water and energy efficiency within technological 

infrastructures to mitigate their environmental footprint.  

However, the trade-off between water exploitation and the conservation of riverine 

ecosystems creates conflict among stakeholders. Therefore, it is crucial to implement 

sustainable management strategies that balance rivers' ecological functionality with 

human water demands while preserving their self-purification capacity and 

ecosystem resilience. Achieving this balance is only feasible if policy decisions are 

informed by applied scientific research.  

In conclusion, this thesis not only contributes to the study of environmental impacts 

on benthic communities but also provides insights into the functioning of alpine river 

ecosystems, which are fragile yet of critical ecological importance. Their 

conservation is essential not only for biodiversity preservation but also for 

safeguarding the ecosystem services they provide, especially in a global context 

where anthropogenic and climatic pressures are profoundly altering fluvial 

ecosystems. This objective can only be achieved through a multidisciplinary 

approach, made possible by research groups such as ALPSTREAM, which bring 

together expertise from various fields.  
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¢ƘŜ 9ǳǊƻǇŜŀƴ ½ƻƻƭƻƎƛŎŀƭ WƻǳǊƴŀƭΣ нлноΣ ррсςрст                                                          
±ƻƭΦ флΣ bƻΦ нΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκнптрлнсоΦнлноΦнннссул 

9ŎƻƭƻƎƛŎŀƭ ƴƻǘŜǎ ƻƴ ŀƴ ŜƴŘŜƳƛŎ ŦǊŜǎƘǿŀǘŜǊ ƭŀƳǇǊŜȅΣ [ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ 
ό±ƭŀŘȅƪƻǾΣ мфррύ 

DΦ b9Dwh мϝΣ !Φ a!wLbhнΣоΣ {Φ Chw¢9мΣ tΦ [h /hb¢9пΣ ¢Φ .hнΣоΣ {Φ C9bhD[Lh нΣоΣ ϧ tΦ ±9½½! 

м 5ŜǇŀǊǘƳŜƴǘ ƻŦ 

9ƴǾƛǊƻƴƳŜƴǘΣ [ŀƴŘ ŀƴŘ 

LƴŦǊŀǎǘǊǳŎǘǳǊŜ 

9ƴƎƛƴŜŜǊƛƴƎ ό5L!¢LύΣ 

tƻƭȅǘŜŎƘƴƛŎ ƻŦ ¢ǳǊƛƴΣ 

¢ǳǊƛƴΣ LǘŀƭȅΣ  
н о 
5ŜǇŀǊǘƳŜƴǘ ƻŦ [ƛŦŜ {ŎƛŜƴŎŜǎ ŀƴŘ {ȅǎǘŜƳǎ .ƛƻƭƻƎȅ ό5.Lh{ύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƛƴΣ ¢ǳǊƛƴΣ LǘŀƭȅΣ ![t{¢w9!a ς !ƭǇƛƴŜ {ǘǊŜŀƳ 

wŜǎŜŀǊŎƘ /ŜƴǘŜǊΣ tŀǊŎƻ ŘŜƭ aƻƴǾƛǎƻΣ hǎǘŀƴŀΣ LǘŀƭȅΣ ŀƴŘ пCǳƴȊƛƻƴŜ ǎǇŜŎƛŀƭƛȊȊŀǘŀ ¢ǳǘŜƭŀ Cŀǳƴŀ Ŝ CƭƻǊŀΣ aŜǘǊƻǇƻƭƛǘŀƴ /ƛǘȅ ƻŦ ¢ǳǊƛƴΣ 

¢ǳǊƛƴΣ Lǘŀƭȅ 

όwŜŎŜƛǾŜŘ нс 5ŜŎŜƳōŜǊ нлннΤ ŀŎŎŜǇǘŜŘ мо WǳƴŜ нлноύ 

!ōǎǘǊŀŎǘ 
[ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ ό±ƭŀŘȅƪƻǾΣ мфррύ ƛǎ ŀ ƴƻƴπǇŀǊŀǎƛǝŎΣ ŦǊŜǎƘǿŀǘŜǊ ƭŀƳǇǊŜȅ ŜƴŘŜƳƛŎ ǘƻ ǘƘŜ ŀƴŎƛŜƴǘ tƻ ōŀǎƛƴΦ ! ŦŜǿΣ Ƴƻǎǘƭȅ ǾŜǊȅ 
ŘŀǘŜŘ ǎǘǳŘƛŜǎ ƘŀǾŜ ƛƴǾŜǎǝƎŀǘŜŘ ǎƻƳŜ ŀǎǇŜŎǘ ƻŦ ǘƘŜ ōƛƻƭƻƎȅ ƻŦ ǘƘƛǎ ƭŀƳǇǊŜȅΣ ōǳǘ ǎǳǊǇǊƛǎƛƴƎƭȅΣ ŘŜǎǇƛǘŜ ƛǘ ōŜƛƴƎ ŎƻƴǎƛŘŜǊŜŘ ŀ ǘƘǊŜŀǘŜƴŜŘ 
ǎǇŜŎƛŜǎΣ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ƛǘǎ ŜŎƻƭƻƎȅ ƛǎ ǇǊŀŎǝŎŀƭƭȅ ŀōǎŜƴǘΦ {ǇŜŎƛŬŎŀƭƭȅΣ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƛǎ ƎŜƴŜǊƛŎ ŀƴŘ ǉǳŀƭƛǘŀǝǾŜΦ 
{ƛƴŎŜ Ƴƻǎǘ ƻŦ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƛǎ ǎǇŜƴǘ ƛƴ ǘƘŜ ŦƻǎǎƻǊƛŀƭ ƭŀǊǾŀƭ ǎǘŀƎŜΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ǘƘŜ ƻƴƭȅ ƻƴŜ ƛƴ ǿƘƛŎƘ ƻǊƎŀƴƛǎƳǎ ŦŜŜŘΣ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ 
ŜŎƻƭƻƎƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ŀƳƳƻŎƻŜǘŜǎ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ŀƴȅ ŎƻƴǎŜǊǾŀǝƻƴ ǎǘǊŀǘŜƎȅΦ Lƴ ǘƘƛǎ ǎǘǳŘȅ ǿŜ ǇǊƻǾƛŘŜ ǘƘŜ ŬǊǎǘ Řŀǘŀ ŀōƻǳǘ 
ǇƘȅǎƛŎŀƭ Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ŦƻǊ ƭŀƳǇǊŜȅ ŀƳƳƻŎƻŜǘŜǎ ōȅ ŀƴŀƭȅȊƛƴƎ ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ǿƛǘƘƛƴ ǎŀƳǇƭŜŘ ƘȅŘǊƻπ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǳƴƛǘǎ 
όIa¦ǎύΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŀǇǇǊƻŀŎƘ ƻŦ Ƙŀōƛǘŀǘ ŀǧǊƛōǳǘŜ ŘŜǎŎǊƛǇǝƻƴ ƻŦ ǘƘŜ aŜǎƻI!.{La όaŜǎƻI!.ƛǘŀǘ {LƳǳƭŀǝƻƴ aƻŘŜƭύ ƳŜǘƘƻŘƻƭƻƎȅΦ 
¢ƻ ŜȄǇƭƻǊŜ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƭŀƳǇǊŜȅ ǇǊŜǎŜƴŎŜ ŀƴŘ Ia¦ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ŀ ǊŀƴŘƻƳ ŦƻǊŜǎǘ όwCύ ƳƻŘŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀƴŘ 
ǘŜǎǘŜŘ ǳǎƛƴƎ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ƛƴ ŬǾŜ ǎǘǊŜŀƳ ǊŜŀŎƘŜǎ ƻŦ ǘƘŜ tƻ ōŀǎƛƴ όb² LǘŀƭȅύΦ ¢ƘŜ Ŭƴŀƭ ǇŀǊǎƛƳƻƴƛƻǳǎ wC ƳƻŘŜƭ ǇŜǊŦƻǊƳŜŘ ǿŜƭƭ ƛƴ 
ǘŜǊƳǎ ƻŦ ŀŎŎǳǊŀŎȅ όфрΦн҈ύ ŀƴŘ ǘǊǳŜ ǎƪƛƭƭ ǎǘŀǝǎǝŎ όфлΦп҈ύΣ ŀƭƭƻǿƛƴƎ ǳǎ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ƳŜǎƻƘŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎ ŦƻǊ ǘƘŜ 
ŎƻƴǎƛŘŜǊŜŘ ǎǇŜŎƛŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ƛƴ ǘƘŜ DƘƛŀƴŘƻƴŜ wƛǾŜǊΣ ǿƘŜǊŜ ǘƘŜ ƘƛƎƘŜǎǘ ŘŜƴǎƛǘȅ ŀƴŘ ƴǳƳōŜǊ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ŦƻǳƴŘΣ ŀ 
ƎǊŀƴǳƭƻƳŜǘǊƛŎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǊƛǾŜǊōŜŘ ƳŀǘŜǊƛŀƭ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘΦ wŜǎǳƭǘǎ ǎƘƻǿŜŘ ǘƘŀǘ ǎŜƭŜŎǘŜŘ ǎǘǊŀƛƴǎ ƻŦ ǎŀƴŘ ŀƴŘ ŬƴŜ ƎǊŀǾŜƭΣ ǿƛǘƘ 
ƭƻǿ ƻǊƎŀƴƛŎ ŎƻƴǘŜƴǘΣ ŀǊŜ ǇǊŜŦŜǊǊŜŘ ōȅ ŀƳƳƻŎƻŜǘŜǎΦ ¢ƻ ƻǳǊ ƪƴƻǿƭŜŘƎŜΣ ǘƘƛǎ ƛǎ ǘƘŜ ŬǊǎǘ ǎǘǳŘȅ ŜȄǇƭƻǊƛƴƎ ǘƘŜ Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜ ƻŦ ǘƘƛǎ 
ŜƴŘŀƴƎŜǊŜŘ ǎǇŜŎƛŜǎΣ ƭƛǎǘŜŘ ƛƴ !ƴƴŜȄ LL ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ Iŀōƛǘŀǘǎ 5ƛǊŜŎǝǾŜΦ 

YŜȅǿƻǊŘǎΥ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅΣ ŀƳƳƻŎƻŜǘŜǎ Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎΣ aŜǎƻI!.{LaΣ ǊŀƴŘƻƳ ŦƻǊŜǎǘΣ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ŀƴŀƭȅǎƛǎ 
LƴǘǊƻŘǳŎǝƻƴ 

Lƴ мфррΣ ±ƭŀŘƛƳ ±ƭŀŘȅƪƻǾ ǊŜŎŜƛǾŜŘ ƭŀƳǇǊŜȅ ǎŀƳǇƭŜǎ 
ŦǊƻƳ ǘƘŜ tƻ ±ŀƭƭŜȅ ŀƴŘ ǊŜŀƭƛȊŜŘ ǘƘŀǘ ǘƘŜȅ ōŜƭƻƴƎŜŘ ǘƻ 
ŀ ǎǇŜŎƛŜǎ ƴŜǿ ǘƻ ǎŎƛŜƴŎŜΣ ŘƛǎǝƴŎǘƭȅ ǎŜǇŀǊŀōƭŜ ŦǊƻƳ ǘƘŜ 
ǿŜƭƭπƪƴƻǿƴ 9ǳǊƻǇŜŀƴ ǊƛǾŜǊ ƭŀƳǇǊŜȅ [ŀƳǇŜǘǊŀ 
ƅǳǾƛŀǝƭƛǎ ό[ƛƴƴŀŜǳǎΣ мтруύ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǇǊŜŎƛǎŜ 
ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊǎΣ ǎǳŎƘ ŀǎ ŘƛǎǇƻǎƛǝƻƴ ŀƴŘ 
ƴǳƳōŜǊ ƻŦ ǘŜŜǘƘ ƻƴ ƻǊŀƭ ŘƛǎŎΣ ƴǳƳōŜǊ ƻŦ ǘǊǳƴƪ 

ƳȅƻƳŜǊŜǎΣ ŎƻƭƻǊŀǝƻƴ ŀƴŘ ōƻŘȅ ǇǊƻǇƻǊǝƻƴǎΦ ¢ƘŜ 
ƛŎƘǘƘȅƻƭƻƎƛǎǘ ƴŀƳŜŘ ǘƘŜ ǎǇŜŎƛŜǎ [ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ 
ό±ƭŀŘȅƪƻǾΣ мфррύΦ  

{ǳōǎŜǉǳŜƴǘ ǎǘǳŘƛŜǎ ŘŜǘŜŎǘŜŘ ǘƘŜ ǎǇŜŎƛŜǎ ŀƭǎƻ ƛƴ ōŀǎƛƴǎ ƻŦ 
ŎŜƴǘǊŀƭ LǘŀƭȅΣ {ƭƻǾŜƴƛŀΣ /ǊƻŀǝŀΣ ŀƴŘ .ƻǎƴƛŀ ŀƴŘ 
IŜǊȊŜƎƻǾƛƴŀ ό.ƛŀƴŎƻ мффнΤ IƻƭŎƛƪ ϧ aǊŀƪƻǾƛŎ  мффтΤ 
¢ǳǘƳŀƴ Ŝǘ ŀƭΦ нллфύΣ ŀƴ ŀǊŜŀ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ŀƴŎƛŜƴǘ 
tƻ ŘǳǊƛƴƎ ǘƘŜ ²ǳǊƳ ƎƭŀŎƛŀƭ ǇŜǊƛƻŘΦ 

 



 aŜǎƻƘŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ ррт 

 

¢ƘŜ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ ƛǎ ŀ ƴƻƴπǇŀǊŀǎƛǝŎ ƭŀƳǇǊŜȅ ǿƛǘƘ 
ŀƳƳƻŎƻŜǘŜǎ ǘƘŀǘ ǊŜŀŎƘ ƎǊŜŀǘŜǊ ŘƛƳŜƴǎƛƻƴǎ ǘƘŀƴ ŀŘǳƭǘǎΣ 
ƛƴ ōƻǘƘ ƭŜƴƎǘƘ ŀƴŘ ǿŜƛƎƘǘΦ  
!ƳƳƻŎƻŜǘŜǎ ǇǊƻōŀōƭȅ ƭƛǾŜ ŦƻǳǊ ƻǊ ŬǾŜ ȅŜŀǊǎΣ ǘƘŜƴ 
ƳŜǘŀƳƻǊǇƘƻǎŜ ǘƻ ǎǇŜƴŘ ǎƛȄ ǘƻ ŜƛƎƘǘ ƳƻƴǘƘǎ ƛƴ ǘƘŜ ŀŘǳƭǘ 
ǎǘŀƎŜΦ [ŀǊǾŀƭ ǎǘŀƎŜǎ ŀǊŜ ōƻǧƻƳ ŬƭǘŜǊ ŦŜŜŘŜǊǎΣ  
ǿƛǘƘ ŀ ŘƛƎŜǎǝǾŜ ǎȅǎǘŜƳ ǘƘŀǘ ŘŜƎŜƴŜǊŀǘŜǎ ǎƻƻƴ ŀƊŜǊ 

ƳŜǘŀƳƻǊǇƘƻǎƛǎ ό.ƛŀƴŎƻ мфусύΦ 5ǳǊƛƴƎ ǘƘŜ ŀŘǳƭǘ ǎǘŀƎŜ 
ǘƘŜǎŜ ƭŀƳǇǊŜȅǎ Řƻ ƴƻǘ ŦŜŜŘΣ ŀƴŘ ŜƴŜǊƎȅ ŦƻǊ 
ƳŜǘŀƳƻǊǇƘƻǎƛǎΣ ƎƻƴŀŘƻƎŜƴŜǎƛǎ ŀƴŘ ǎǇŀǿƴƛƴƎ ŎƻƳŜǎ 
ŦǊƻƳ ōƻŘȅ ǊŜǎŜǊǾŜǎΥ ŦƻǊ ǘƘŜǎŜ ǊŜŀǎƻƴǎΣ ǊŜǇǊƻŘǳŎǝǾŜ 
ǎǘŀƎŜǎ ŀǊŜ ŘƛǎǝƴŎǘƭȅ ǎƳŀƭƭŜǊ ǘƘŀƴ ǘƘŜƛǊ ƭŀǎǘ ƭŀǊǾŀƭ ǎǘŀƎŜǎΦ 
aŜǘŀƳƻǊǇƘƻǎƛǎ ǘŀƪŜǎ ǇƭŀŎŜ ŦǊƻƳ !ǳƎǳǎǘ ǘƻ hŎǘƻōŜǊΣ 
ǊŜǇǊƻŘǳŎǝƻƴ ƻŎŎǳǊǎ ŦǊƻƳ WŀƴǳŀǊȅ ǘƻ WǳƴŜ ŀƴŘ ŀŘǳƭǘǎ 
ŜȄǇƛǊŜ ŀƊŜǊ ǎǇŀǿƴƛƴƎ ό.ƛŀƴŎƻ мфусύΦ 
[ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀƴ ŜƴŘŀƴƎŜǊŜŘ 

ǎǇŜŎƛŜǎΣ ƭƛǎǘŜŘ ƛƴ !ƴƴŜȄŜǎ LL ŀƴŘ ± ƻŦ ǘƘŜ 99/ ό9ǳǊƻǇŜŀƴ 
9ŎƻƴƻƳƛŎ /ƻƳƳǳƴƛǘȅύ Iŀōƛǘŀǘǎ 5ƛǊŜŎǝǾŜ фнκпоΣ ƛƴ ǘƘŜ 
!ǇǇŜƴŘƛȄ LL ŀƴŘ LLL ƻŦ ǘƘŜ 99/ .ŜǊƴ /ƻƴǾŜƴǝƻƴ ŀƴŘ ƛƴ ǘƘŜ 
L¦/b όLƴǘŜǊƴŀǝƻƴŀƭ ¦ƴƛƻƴ ŦƻǊ /ƻƴǎŜǊǾŀǝƻƴ ƻŦ bŀǘǳǊŜύ wŜŘ 
[ƛǎǘ ƻŦ ¢ƘǊŜŀǘŜƴŜŘ {ǇŜŎƛŜǎ ό/ǊƛǾŜƭƭƛ нллрΤ CǊŜȅƘƻŦ нлммΤ 
L¦/b нлмуύΦ ¢ƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎ ƛǎ ŎƻƴǎƛŘŜǊŜŘ 
ŘƛǎŎƻƴǝƴǳƻǳǎ ŀƴŘ ŘŜŎƭƛƴƛƴƎΣ ǿƛǘƘ ŀ ǎǘǊƻƴƎ ŘƛƳƛƴǳǝƻƴ 
ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜǎ ό/ŀǇǳǘƻ Ŝǘ ŀƭΦ нллфύΦ ±ŜǊȅ ƭƛǧƭŜ ƛǎ 
ƪƴƻǿƴ ŀōƻǳǘ ǘƘŜ ŜŎƻƭƻƎȅ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎΣ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ 
ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ŦŜǿΣ Ƴƻǎǘƭȅ ŘŀǘŜŘ ǎǘǳŘƛŜǎΦ 
¢ƘŜ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ Ƙŀǎ ŀƴ ŜƴƻǊƳƻǳǎ ǇƻǘŜƴǝŀƭ ƻŦ 

ƛƴǘŜǊŜǎǘ ŀǎ ƛǘ ƛǎ ŀ ǾŜǊȅ ŀƴŎƛŜƴǘ ǎǇŜŎƛŜǎΣ ǿƛǘƘ ŀ ōŀǎŀƭ Ǉƻǎƛǝƻƴ 
ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƭƛƴŜ ƻŦ ǾŜǊǘŜōǊŀǘŜǎΣ ŀ ǾŜǊȅ ƛƴǘŜǊŜǎǝƴƎ 
ōƛƻƎŜƻƎǊŀǇƘƛŎŀƭ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ŀ ǎǘŀǘŜ ƻŦ ŎƻƴǎŜǊǾŀǝƻƴ 
ǘƘŀǘ ŘŜǎŜǊǾŜǎ ŀǧŜƴǝƻƴ ŀƴŘ ƛƴǎƛƎƘǘǎΦ !ǎ ǊŜǇƻǊǘŜŘ ōŜŦƻǊŜΣ 
ǎŎƛŜƴǝŬŎ ǎǘǳŘƛŜǎ ƻƴ ǘƘƛǎ ƭŀƳǇǊŜȅ ƘŀǾŜ ŀƭǿŀȅǎ ōŜŜƴ 
ǎǇƻǊŀŘƛŎ ŀƴŘ Ƴŀƛƴƭȅ ŘŜŘƛŎŀǘŜŘ ǘƻ ǎǇŜŎƛŬŎ ōƛƻƭƻƎƛŎŀƭ 
ŀǎǇŜŎǘǎΦ Lƴ ǘƘŜ ŬǊǎǘ ŦŜǿ ŘŜŎŀŘŜǎ ŀƊŜǊ ƛǘǎ ŘƛǎŎƻǾŜǊȅΣ ǎǘǳŘƛŜǎ 
ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŘŜǎŎǊƛǇǝƻƴ ƻŦ ōƛƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ 
ǘƘŜ ǎǇŜŎƛŜǎΣ ŎƻƴǎƛŘŜǊƛƴƎ ŦƻǊ ŜȄŀƳǇƭŜ ōƛƻƳŜǘǊȅ ŀƴŘ 
ƳƻǊǇƘƻƭƻƎȅ ό½ŀƴŀƴŘǊŜŀ мфсмŀύΣ ǎȅǎǘŜƳŀǝŎ Ǉƻǎƛǝƻƴ 
ό½ŀƴŀƴŘǊŜŀ  мфсмōύΣ ƎŜƻƎǊŀǇƘƛŎ ŘƛǎǘǊƛōǳǝƻƴ ό½ŀƴŀƴŘǊŜŀ 
мфррΣ  мфруΣ мфснύΣ ŜƴŘƻŎǊƛƴƻƭƻƎȅ ό½ŀƴŀƴŘǊŜŀ мфрсΣ 
мфсрύ ŀƴŘ ŎȅǘƻƭƻƎȅ ό.ŜǊǘƻƭƛƴƛ мфсрύΦ aƻǊŜ ǊŜŎŜƴǘƭȅΣ ƻǘƘŜǊ 
ŀǳǘƘƻǊǎ ƘŀǾŜ ŦƻŎǳǎŜŘ Ƴŀƛƴƭȅ ƻƴ ƎŜƴŜǝŎ ŀǎǇŜŎǘǎ ό¢ŀƎƭƛŀǾƛƴƛ 
Ŝǘ ŀƭΦ мффпΤ /ŀǇǳǘƻ Ŝǘ ŀƭΦ нллфΣ нлммύΦ 
LƴǘŜǊŜǎǝƴƎƭȅΣ ŀƭƳƻǎǘ ƴƻǘƘƛƴƎ ƛǎ ƪƴƻǿƴ ŀōƻǳǘ ǘƘŜ 

ŜŎƻƭƻƎȅ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ 
Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƛǎ ǉǳƛǘŜ ƎŜƴŜǊƛŎ ŀƴŘ ŘŜǎŎǊƛǇǝǾŜΣ ǿƛǘƘ 
ƘŀǊŘƭȅ ŀƴȅ ǉǳŀƴǝǘŀǝǾŜ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ 

ƭƛǘŜǊŀǘǳǊŜΣ ŀǎ ǇƻƛƴǘŜŘ ƻǳǘ ōȅ bŜƎǊƻ Ŝǘ ŀƭΦ όнлнмύΦ {ƛƴŎŜ 
Ƴƻǎǘ ƻŦ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƛǎ ǎǇŜƴǘ ƛƴ ǘƘŜ ƭŀǊǾŀƭ ǎǘŀƎŜΣ ǿƘƛŎƘ ƛǎ 
ŀƭǎƻ ŜȄǘǊŜƳŜƭȅ ƛƳǇƻǊǘŀƴǘ ōŜŎŀǳǎŜ ƛǘ ƛǎ ǘƘŜ ƻƴƭȅ ǇƘŀǎŜ ƛƴ 
ǿƘƛŎƘ ǘƘŜ ƻǊƎŀƴƛǎƳǎ ŦŜŜŘΣ ŀƴȅ ǎǘǊŀǘŜƎȅ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ 
ŎƻƴǎŜǊǾŀǝƻƴ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎ Ƴǳǎǘ ōŜ ōŀǎŜŘ ƻƴ ŀ ōŜǧŜǊ 
ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ Ƙŀōƛǘŀǘ ƻŦ ǘƘŜ ŀƳƳƻŎƻŜǘŜǎΦ wŜƎŀǊŘƛƴƎ 
ǘƘŜ ŜŎƻƭƻƎȅ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎΣ ƻƴŜ ƻŦ ǘƘŜ ŜŀǊƭƛŜǎǘ ƛƴŘƛŎŀǝƻƴǎ 

Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ½ŀƴŀƴŘǊŜŀ όмфсоύΣ ǿƘƛŎƘ ǊŜǇƻǊǘǎ ǘƘŀǘ [Φ 
ȊŀƴŀƴŘǊŜŀƛ ƻŎŎǳǊǎ ŦǊƻƳ ǘƘŜ ǎŜŀ ƭŜǾŜƭ ǘƻ слл Ƴ ƛƴ 
ŜƭŜǾŀǝƻƴΣ ƛƴƘŀōƛǝƴƎ ƳǳŘŘȅ ƻǊ ǎŀƴŘȅ ǊƛǾŜǊōŜŘǎΦ .ŀǎƛŎŀƭƭȅΣ 
ŀƭƭ ǘƘŜ ƻǘƘŜǊ ƳƻǊŜ ƻǊ ƭŜǎǎ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ ƘŀǾŜ ƴƻǘ ŀŘŘŜŘ 
ŀƴȅǘƘƛƴƎ ǘƻ ǘƘƛǎ ǎǳƳƳŀǊȅ ŘŜǎŎǊƛǇǝƻƴΣ ǳǎƛƴƎ ƳƻǊŜ ƻǊ ƭŜǎǎ 
ǘƘŜ ǎŀƳŜ ǿƻǊŘǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ½ŜǊǳƴƛŀƴ όнллнύ ǊŜǇƻǊǘŜŘ 
ǘƘŀǘ ƭŀǊǾŀƭ ǎǘŀƎŜǎ ƭƛǾŜ ƛƴ ƭƻǿƭŀƴŘ ǊƛǾŜǊǎΣ ǿƛǘƘ ƳƻŘŜǊŀǘŜ 
ǿŀǘŜǊ ŎǳǊǊŜƴǘΣ ƳǳŘŘȅ ƻǊ ǎŀƴŘȅ ōƻǧƻƳΣ ŀƴŘ ǘƘŜ ǎŀƳŜ Ŏŀƴ 
ōŜ ŦƻǳƴŘ ƛƴ .ƛŀƴŎƻ όмфусύΣ ¢ǳǘƳŀƴ Ŝǘ ŀƭΦ όнллфύ ŀƴŘ 
ƻǘƘŜǊǎΦ 9ǾŜƴ ƛƴ ŀƴ C!h όCƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜ 
hǊƎŀƴƛȊŀǝƻƴύ ōƻƻƪ όwŜƴŀǳŘ нлммύ ŘŜŘƛŎŀǘŜŘ ǘƻ ƭŀƳǇǊŜȅǎΣ 
ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ [Φ ȊŀƴŀƴŘǊŜŀƛ ŀǊŜ ƭƛƳƛǘŜŘ ǘƻ 
ŀ ǎƛƴƎƭŜ ǿƻǊŘ όƛΦŜΦ IŀōƛǘŀǘΥ ŦǊŜǎƘǿŀǘŜǊǎύΦ 
¢ƻ ǉǳŀƴǝǘŀǝǾŜƭȅ ŘŜǎŎǊƛōŜ ŀƴŘ ǇǊŜŘƛŎǘ ǘƘŜ 
ŘƛǎǘǊƛōǳǝƻƴ ǇŀǧŜǊƴǎ ƻŦ ŦǊŜǎƘǿŀǘŜǊ ǎǇŜŎƛŜǎΣ Ƙŀōƛǘŀǘ 
ǎǳƛǘŀōƛƭƛǘȅ ƳƻŘŜƭǎ όI{aǎύ ƘŀǾŜ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜŘ 
ƛƴ ǊƛǾŜǊ ŜŎƻƭƻƎȅ ό¸ƛ Ŝǘ ŀƭΦ нлмтύΦ {ǳŎƘ ƳƻŘŜƭǎ ŀǊŜ ōŀǎŜŘ 
ƻƴ ǘƘŜ ǳǎŜ ƻŦ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀΣ ǿƘƛŎƘ ŀƭƭƻǿǎ 
ǊŜǎŜŀǊŎƘŜǊǎ ǘƻ ŜǎǝƳŀǘŜ ǎǳƛǘŀōƭŜ ǊƛǾŜǊƛƴŜ ǇŀǘŎƘŜǎ ŦƻǊ ŀ 
ǘŀǊƎŜǘ ǎǇŜŎƛŜǎ όƻǊ ƎǊƻǳǇ ƻŦ ǎǇŜŎƛŜǎύ ŀŎŎƻǊŘƛƴƎ ǘƻ ƭƻŎŀƭ 
Ƙŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎ όŜΦƎΦ ǿŀǘŜǊ ŘŜǇǘƘΣ ŎǳǊǊŜƴǘ ǾŜƭƻŎƛǘȅΣ 
ǎǳōǎǘǊŀǘŜ ŎƻƳǇƻǎƛǝƻƴΣ ǇǊŜǎŜƴŎŜ ƻŦ ŎƻǾŜǊǎΣ !ƘƳŀŘƛπ
bŜŘǳǎƘŀƴ Ŝǘ ŀƭΦ нллсύΦ  
¢ƘŜ ŘŜŬƴƛǝƻƴ ƻŦ ǘƘŜǎŜ ǎǳƛǘŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ όƛΦŜΦ Ƙŀōƛǘŀǘ 
ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ ǘŀǊƎŜǘ ǎǇŜŎƛŜǎύ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ōȅ 
ǎǘŀǝǎǝŎŀƭƭȅ ŀƴŀƭȅȊƛƴƎ ŜƳǇƛǊƛŎŀƭ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ƛƴ ǘƘŜ 
ŬŜƭŘΣ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ Ƙŀōƛǘŀǘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘŀǊƎŜǘ 
ǎǇŜŎƛŜǎ όŜΦƎΦ [ŀƳƻǳǊƻǳȄ Ŝǘ ŀƭΦ мфффΤ aƻǳǘƻƴ Ŝǘ ŀƭΦ  
нлммΤ ±ŜȊȊŀ Ŝǘ ŀƭΦ нлмнύΦ !ƳƻƴƎ ǘƘŜ ŘƛũŜǊŜƴǘ ǎǘŀǝǎǝŎŀƭ 
ǘŜŎƘƴƛǉǳŜǎ ǇǊƻǇƻǎŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŦƻǊ ŘŜŬƴƛƴƎ 
ǎǇŜŎƛŜǎ Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ό!ƘƳŀŘƛπ bŜŘǳǎƘŀƴ Ŝǘ ŀƭΦ 
нллсύΣ ǘƘŜ ǊŀƴŘƻƳ ŦƻǊŜǎǘ όwCύ ŎƭŀǎǎƛŬŎŀǝƻƴ ŀƭƎƻǊƛǘƘƳ 
ό.ǊŜƛƳŀƴ нллмύ ƛǎ ƎŀƛƴƛƴƎ ǇǊƻƳƛƴŜƴŎŜ ƛƴ ŜŎƻƭƻƎȅ ό9Ǿŀƴǎ 
Ŝǘ ŀƭΦ нлммύΦ ¢ƘŜ wC ŀƭƎƻǊƛǘƘƳ ƛǎ ŀ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ 
ŜƴǎŜƳōƭŜ ŀǊƛǎƛƴƎ ŦǊƻƳ ǘƘŜ ŎƭŀǎǎƛŬŎŀǝƻƴ ŀƴŘ ǊŜƎǊŜǎǎƛƻƴ 
ǘǊŜŜǎ ό/!w¢Τ .ǊŜƛƳŀƴ Ŝǘ ŀƭΦ мфупύ ŀƴŘ ǘƘŜ ōŀƎƎƛƴƎ 
ό.ǊŜƛƳŀƴ мффсύ ǘŜŎƘƴƛǉǳŜǎΦ .ȅ ŎƻƳōƛƴƛƴƎ ǘƘŜ 
ǇǊŜŘƛŎǝƻƴ ƻŦ ŀ ƭŀǊƎŜ ǎŜǘ ƻŦ ǊŀƴŘƻƳƛȊŜŘ ǘǊŜŜǎ ŬǧŜŘ ƻƴ 
ǘƘŜ ŘŀǘŀǎŜǘΣ ƛǘ ǇǊƻŘǳŎŜǎ ǊŜǎǳƭǘǎ ǿƛǘƘ ƘƛƎƘ ŀŎŎǳǊŀŎȅ 

 

ϝ/ƻǊǊŜǎǇƻƴŘŜƴŎŜΥ DΦ bŜƎǊƻΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘΣ [ŀƴŘ ŀƴŘ LƴŦǊŀǎǘǊǳŎǘǳǊŜ 9ƴƎƛƴŜŜǊƛƴƎ ό5L!¢LύΣ tƻƭȅǘŜŎƘƴƛŎ ƻŦ ¢ǳǊƛƴΣ ¢ǳǊƛƴΣ LǘŀƭȅΦ   
9ƳŀƛƭΥ ƎƛƻǾŀƴƴƛΦƴŜƎǊƻϪǇƻƭƛǘƻΦƛǘ 

ϭ нлно ¢ƘŜ !ǳǘƘƻǊόǎύΦ tǳōƭƛǎƘŜŘ ōȅ LƴŦƻǊƳŀ ¦Y [ƛƳƛǘŜŘΣ ǘǊŀŘƛƴƎ ŀǎ ¢ŀȅƭƻǊ ϧ CǊŀƴŎƛǎ DǊƻǳǇΦ  
¢Ƙƛǎ ƛǎ ŀƴ hǇŜƴ !ŎŎŜǎǎ ŀǊǝŎƭŜ ŘƛǎǘǊƛōǳǘŜŘ ǳƴŘŜǊ ǘƘŜ ǘŜǊƳǎ ƻŦ ǘƘŜ /ǊŜŀǝǾŜ /ƻƳƳƻƴǎ !ǧǊƛōǳǝƻƴπbƻƴ/ƻƳƳŜǊŎƛŀƭ [ƛŎŜƴǎŜ όƘǧǇΥκκŎǊŜŀǝǾŜŎƻƳƳƻƴǎΦƻǊƎκ ƭƛŎŜƴǎŜǎκōȅπ

ƴŎκпΦлκύΣ ǿƘƛŎƘ ǇŜǊƳƛǘǎ ǳƴǊŜǎǘǊƛŎǘŜŘ ƴƻƴπŎƻƳƳŜǊŎƛŀƭ ǳǎŜΣ ŘƛǎǘǊƛōǳǝƻƴΣ ŀƴŘ ǊŜǇǊƻŘǳŎǝƻƴ ƛƴ ŀƴȅ ƳŜŘƛǳƳΣ ǇǊƻǾƛŘŜŘ ǘƘŜ ƻǊƛƎƛƴŀƭ ǿƻǊƪ ƛǎ ǇǊƻǇŜǊƭȅ ŎƛǘŜŘΦ ¢ƘŜ ǘŜǊƳǎ ƻƴ ǿƘƛŎƘ 

ǘƘƛǎ ŀǊǝŎƭŜ Ƙŀǎ ōŜŜƴ ǇǳōƭƛǎƘŜŘ ŀƭƭƻǿ ǘƘŜ ǇƻǎǝƴƎ ƻŦ ǘƘŜ !ŎŎŜǇǘŜŘ aŀƴǳǎŎǊƛǇǘ ƛƴ ŀ ǊŜǇƻǎƛǘƻǊȅ ōȅ ǘƘŜ ŀǳǘƘƻǊόǎύ ƻǊ ǿƛǘƘ ǘƘŜƛǊ ŎƻƴǎŜƴǘΦ 



рру DΦ bŜƎǊƻ Ŝǘ ŀƭΦ 

 

ǊŜǉǳƛǊƛƴƎ ƭƛǧƭŜ ŎƻƳǇǳǘŀǝƻƴŀƭ ǝƳŜ ŀƴŘ ǊŜŘǳŎŜŘ ǘǳƴƛƴƎΣ 
ŀƴŘ ǇǊƻǾƛŘŜǎ ǊŜŀŘƛƭȅ ŀǾŀƛƭŀōƭŜ ƻǳǘǇǳǘǎ ό/ǳǘƭŜǊ Ŝǘ ŀƭΦ 
нллтΤ 9Ǿŀƴǎ Ŝǘ ŀƭΦ нлммύΦ 
wC Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǇǇƭƛŜŘ ǘƻ ŘŜŬƴŜ 

Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ ŬǎƘ ό±ŜȊȊŀ Ŝǘ ŀƭΦ нлмпύ ŀƴŘ 
ƳŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜǎ ό±ŜȊȊŀ Ŝǘ ŀƭΦ нлмсύ ƛƴ Lǘŀƭƛŀƴ ǊƛǾŜǊǎΣ 
ōȅ ŀƴŀƭȅȊƛƴƎ ǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǝƻƴ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ 
ƳŜǎƻƘŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ 
aŜǎƻI!.{La ŀǇǇǊƻŀŎƘ όaŜǎƻI!.ƛǘŀǘ {LƳǳƭŀǝƻƴ 
aƻŘŜƭΣ tŀǊŀǎƛŜǿƛŎȊ нллтύΦ ¢ƘŜ aŜǎƻI!.{La ƛǎ ŀ ƳŜǎƻπ
ǎŎŀƭŜ I{a ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǎŜŘ ŀǘ ǘƘŜ 9ǳǊƻǇŜŀƴ ƭŜǾŜƭ ŦƻǊ 
ƘȅŘǊƻπƳƻǊǇƘƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ŘŜŬƴƛǝƻƴ 
ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƅƻǿǎ όŜΦƎΦ ±ŜȊȊŀ Ŝǘ ŀƭΦ  нлмтΤ YƻǳǘǊŀƪƛǎ 
Ŝǘ ŀƭΦ нлмфΤ ±ƛǊōƛŎƪŀǎ Ŝǘ ŀƭΦ нлнлύΦ Lǘ ŜƴŀōƭŜǎ ǊƛǾŜǊ Ƙŀōƛǘŀǘ 
ŘŜǎŎǊƛǇǝƻƴ ǳǎƛƴƎ ŀƴ ŜŎƻƭƻƎƛŎŀƭƭȅ ǊŜƭŜǾŀƴǘ ǎǇŀǝŀƭ ǎŎŀƭŜ 
όƛΦŜΦ ǘƘŜ ƳŜǎƻƘŀōƛǘŀǘ ƻǊ ƘȅŘǊƻπ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ǳƴƛǘ 
ǎŎŀƭŜΤ .ŜƭƭŜǩ Ŝǘ ŀƭΦ нлмтύΣ ƛǘ ƛǎ ōŀǎŜŘ ƻƴ ŀ Ǌƻōǳǎǘ ŀƴŘ 
ŀŘŜǉǳŀǘŜ ƘȅŘǊƻπƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘƘŜ 
ǊƛǾŜǊ ǎǘǊŜǘŎƘΣ ŀƴŘ ƛǘ ŀƭƭƻǿǎ ǊŜǎŜŀǊŎƘŜǊǎ ǘƻ ŎƻƴǎƛŘŜǊ ƛƴ ǘƘŜ 
ŀƴŀƭȅǎƛǎ ŀ ƭŀǊƎŜ ǊŀƴƎŜ ƻŦ ōƛƻǝŎ ŀƴŘ ŀōƛƻǝŎ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŜǎŎǊƛǇǘƻǊǎΣ ƴƻǘ ƻƴƭȅ ŀǘ ǘƘŜ Ǉƻƛƴǘ ǿƘŜǊŜ 
ǘƘŜ ƻǊƎŀƴƛǎƳ ƛǎ ƻōǎŜǊǾŜŘΦ 

¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ŬǊǎǘ 
ǉǳŀƴǝǘŀǝǾŜ ŘŜǎŎǊƛǇǝƻƴ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ 
ŀƳƳƻŎƻŜǘŜǎΩ Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎΣ ōȅ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ 
ŬǊǎǘ ƳŜǎƻπǎŎŀƭŜ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ ŦƻǊ ǘƘƛǎ 
ǎǇŜŎƛŜǎ ŀƴŘ ōȅ ŀƴŀƭȅȊƛƴƎ ƛǘǎ ŦŀǾƻǊŜŘ ǎǳōǎǘǊŀǘŜ 
ŎƻƳǇƻǎƛǝƻƴΦ 

aŀǘŜǊƛŀƭ ŀƴŘ ƳŜǘƘƻŘǎ 

{ǘǳŘȅ ŀǊŜŀ 

¢ƘŜ ǎǘǳŘȅ ŘƻƳŀƛƴ ŎƻƴǎƛǎǘŜŘ ƻŦ ŬǾŜ ƘȅŘǊƻπ 
ƳƻǊǇƘƻƭƻƎƛŎŀƭƭȅ ƘƻƳƻƎŜƴŜƻǳǎ ό.ŜƭƭŜǩ Ŝǘ ŀƭΦ нлмтύ 
ǎǘǊŜŀƳ ǊŜŀŎƘŜǎ ŘƛǎǘǊƛōǳǘŜŘ ǿƛǘƘƛƴ ŦƻǳǊ ǊƛǾŜǊǎ ƻŦ ǘƘŜ 
!ƭǇƛƴŜ ŎŀǘŎƘƳŜƴǘǎ ƻŦ ǘƘŜ tƻ ǊƛǾŜǊ ōŀǎƛƴ όb² LǘŀƭȅΣ 
CƛƎǳǊŜ мύΦ 
wŜŀŎƘ м ǊŜŦŜǊǎ ǘƻ ǘƘŜ .Ŝƭōƻ wƛǾŜǊΣ ƭƻŎŀǘŜŘ ƛƴ Ƙƛƭƭȅ ŀǊŜŀǎ 
ƻŦ ǘƘŜ ǎƻǳǘƘŜǊƴ tƛŜƳƻƴǘŜ ǊŜƎƛƻƴΦ ¢ƘŜ ǊŜŀŎƘ ƛǎ 
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ǎƛƴƎƭŜπǘƘǊŜŀŘ ŎƘŀƴƴŜƭΣ ŀ ƘƛƎƘ ƎǊŀŘƛŜƴǘΣ 
ŀƴŘ ŀ ŎƻōōƭŜπƎǊŀǾŜƭ ǎǳōǎǘǊŀǘŜ ŎƻƳǇƻǎƛǝƻƴ ǿƛǘƘ ǎƻƳŜ 
ǎŀƴŘ ŀƴŘ ǎƛƭǘΦ wŜŀŎƘŜǎ н ŀƴŘ о ǿŜǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ н ƪƳ 
ŀǇŀǊǘ ŀƴŘ ǿŜǊŜ ōƻǘƘ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ DƘƛŀƴŘƻƴŜ wƛǾŜǊΦ ¢ƘŜ 
ǘǿƻ ǊŜŀŎƘŜǎ ŀǊŜ ǇƻƻƭŜŘ ōȅ ƎŜƴǘƭŜ ǎƭƻǇŜǎΣ ŀƴŘ ŀǊŜ 

 

CƛƎǳǊŜ мΦ [ƻŎŀǝƻƴ ƻŦ ǘƘŜ ǎǳǊǾŜȅŜŘ ǊŜŀŎƘŜǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅΦ {ǳǊǾŜȅŜŘ ǎǘǊŜŀƳ ǊŜŀŎƘŜǎΥ м Ґ .Ŝƭōƻ wƛǾŜǊΤ нςо Ґ DƘƛŀƴŘƻƴŜ wƛǾŜǊΤ п Ґ hǊŎƻ 

wƛǾŜǊΤ р Ґ tŜƭƭƛŎŜ wƛǾŜǊΦ 



 aŜǎƻƘŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ ррф 

 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ǎƛƳƛƭŀǊ ǎŜŘƛƳŜƴǘ ŎƻƳǇƻǎƛǝƻƴΣ ǿƘƛŎƘ 
Ƴƻǎǘƭȅ ŎƻƴǎƛǎǘŜŘ ƻŦ ŬƴŜ ƎǊŀǾŜƭΣ ǎŀƴŘ ŀƴŘ ŎƻōōƭŜǎΦ wŜŀŎƘ п 
ǿŀǎ ƭƻŎŀǘŜŘ ƛƴ ŀƴ ǳƴŎƻƴŬƴŜŘ ǊŜŀŎƘ ƻŦ ǘƘŜ hǊŎƻ wƛǾŜǊΣ 
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ǇǎŜǳŘƻπƳŜŀƴŘŜǊƛƴƎ ƳƻǊǇƘƻƭƻƎȅ 
όDǳǊƴŜƭƭ Ŝǘ ŀƭΦ нлмпύ ǿƛǘƘ ŦŜǿ ǎŜŎƻƴŘŀǊȅ ŎƘŀƴƴŜƭǎΦ Lƴ ǘƘƛǎ 
ǊŜŀŎƘ ǊƛǾŜǊ ōŜŘ ƳŀǘŜǊƛŀƭ ŎƻƳǇǊƛǎŜŘ Ƴŀƛƴƭȅ ŎƻōōƭŜǎ ŀƴŘ 
ƎǊŀǾŜƭǎ ǿƛǘƘ ǎƻƳŜ ǎŀƴŘȅ ŀƴŘ ǎƛƭǘȅ ǇŀǘŎƘŜǎ   



рсл DΦ bŜƎǊƻ Ŝǘ ŀƭΦ 

 

ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǎƘŀƭƭƻǿŜǊ ƳŀǊƎƛƴŀƭ ŀǊŜŀǎΦ [ŀǎǘƭȅΣ wŜŀŎƘ р 
ǿŀǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ tŜƭƭƛŎŜ wƛǾŜǊΣ ŀƭǎƻ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ 
ǇǎŜǳŘƻπƳŜŀƴŘŜǊƛƴƎ ƳƻǊǇƘƻƭƻƎȅ ǿƛǘƘ ŀ ƎǊŀǾŜƭπǎŀƴŘ 
ǎŜŘƛƳŜƴǘ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ŀ ǎŜǉǳŜƴŎŜ ƻŦ ǇƻƻƭǎΣ ǊƛƉŜǎ ŀƴŘ 
ōŀƴƪπŀǧŀŎƘŜŘ ǊƛǾŜǊ ōŀǊǎΦ ¢ƘŜ Ƴŀƛƴ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǘƘŜ 
ǎǳǊǾŜȅŜŘ ǎǘǊŜŀƳ ǊŜŀŎƘŜǎ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ LΦ   

aŜǎƻƘŀōƛǘŀǘ ŘŜǎŎǊƛǇǝƻƴ ŀƴŘ ƭŀƳǇǊŜȅ ŘƛǎǘǊƛōǳǝƻƴ 

.ŜǘǿŜŜƴ ǘƘŜ ŀǳǘǳƳƴ ƻŦ нлмф ŀƴŘ ǘƘŜ ǎǳƳƳŜǊ ƻŦ нлнмΣ 
ŬǾŜ ŬŜƭŘ ŎŀƳǇŀƛƎƴǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ŘƛũŜǊŜƴǘ ǎŜŀǎƻƴǎΣ 
ƛƴ ƻǊŘŜǊ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ƭŀƳǇǊŜȅ 
ŀƳƳƻŎƻŜǘŜǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ǇƘȅǎƛŎŀƭ Ƙŀōƛǘŀǘ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ ǊƛǾŜǊ ǊŜŀŎƘŜǎΦ Lƴ 
ǇŀǊǝŎǳƭŀǊΣ ǿƛǘƘƛƴ ǘƘŜ ŬǾŜ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ǎǘǊŜŀƳ ǊŜŀŎƘŜǎ 
όCƛƎǳǊŜ мύΣ пн ƘȅŘǊƻπƳƻǊǇƘƻƭƻƎƛŎŀƭ ǳƴƛǘǎ όIa¦ǎύ ǿŜǊŜ 
ƛŘŜƴǝŬŜŘ ŀƴŘ ŘŜǎŎǊƛōŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ aŜǎƻI!.{La 
ŀǇǇǊƻŀŎƘ όtŀǊŀǎƛŜǿƛŎȊ нллтΤ ±ŜȊȊŀ Ŝǘ ŀƭΦ нлмпύΦ {ǳǊǾŜȅǎ 
ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ǳǎƛƴƎ ǘƘŜ aŀǇ{ǘǊŜŀƳ ǎƻƊǿŀǊŜ ό±ŜȊȊŀ Ŝǘ 
ŀƭΦ нлмтύΣ ōȅ ƳŀǇǇƛƴƎ ŜŀŎƘ Ia¦ ƛƴ ǘƘŜ vDL{ ŜƴǾƛǊƻƴƳŜƴǘ 
ōȅ ƳŜŀƴǎ ƻŦ ŀ ǊŀƴƎŜŬƴŘŜǊ ό¢ǊǳǇǳƭǎŜ осл wΣ [ŀǎŜǊ 
¢ŜŎƘƴƻƭƻƎȅΣ LƴŎΦΣ /ŜƴǘŜƴƴƛŀƭΣ /hΣ ¦{!ύΣ ŀ ǇƘƻǘƻƎǊŀǇƘƛŎ 
ǘǊƛǇƻŘΣ ŀ ǊǳƎƎŜŘ ŬŜƭŘ ŎƻƳǇǳǘŜǊ  
όtŀƴŀǎƻƴƛŎ ¢ƻǳƎƘōƻƻƪ C½πaмΣ tŀƴŀǎƻƴƛŎ /ƻǊǇƻǊŀǝƻƴΣ 
YŀŘƻƳŀΣ WŀǇŀƴύ ŀƴŘ ƳǳƭǝπōŀƴŘ w¢Y Db{{ όwŜŀƭπ¢ƛƳŜ 
YƛƴŜƳŀǝŎ Dƭƻōŀƭ bŀǾƛƎŀǝƻƴ {ŀǘŜƭƭƛǘŜ {ȅǎǘŜƳύ ǊŜŎŜƛǾŜǊ 
ό9ƳƭƛŘ wŜŀŎƘ w{нΣ 9ƳƭƛŘΣ .ǳŘŀǇŜǎǘΣ IǳƴƎŀǊȅύΦ Ia¦ ǘȅǇŜǎ 
ƛƴŎƭǳŘŜŘ ǇƻƻƭΣ ƎƭƛŘŜΣ ǊƛƉŜ ŀƴŘ ōŀŎƪǿŀǘŜǊΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 
ƎŜƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ǳƴƛǘ ŎƭŀǎǎƛŬŎŀǝƻƴ ǊŜǇƻǊǘŜŘ ōȅ .ŜƭƭŜǩ 
Ŝǘ ŀƭΦ όнлмтύΦ ¢ƻ ŎƻǾŜǊ ǘƘŜ ǎǇŀǝŀƭ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ƅƻǿ 
ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǎŜŘƛƳŜƴǘ ŎƻƳǇƻǎƛǝƻƴ ƛƴ ŜŀŎƘ Ia¦Σ 
ōŜǘǿŜŜƴ ǎŜǾŜƴ ŀƴŘ ол Ǉƻƛƴǘ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǿŀǘŜǊ 
ŘŜǇǘƘΣ ƳŜŀƴ ǿŀǘŜǊ ŎƻƭǳƳƴ ǾŜƭƻŎƛǘȅ ŀƴŘ ǎǳōǎǘǊŀǘŜ ǘȅǇŜ 
ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ό±ŜȊȊŀ Ŝǘ ŀƭΦ нлмпύΦ {ŜǾŜƴ ƳŜŀǎǳǊŜƳŜƴǘǎ 
ǿŜǊŜ ŜƳǇƛǊƛŎŀƭƭȅ ŎƘƻǎŜƴ ŀǎ ǘƘŜ ǎƳŀƭƭŜǎǘ ǎǘŀǝǎǝŎŀƭƭȅ 
ǊŜƭŜǾŀƴǘ ǉǳŀƴǝǘȅ όtŀǊŀǎƛŜǿƛŎȊ нллтύΦ {ǳōǎǘǊŀǘŜǎ ŎƻƴǎƛǎǘŜŘ 
ƻŦ мн ŎŀǘŜƎƻǊƛŜǎ ς ƎƛƎŀƭƛǘƘŀƭ όǊƻŎƪǎύΣ ƳŜƎŀƭƛǘƘŀƭ όҔ пл ŎƳύΣ 

ƳŀŎǊƻƭƛǘƘŀƭ όнлςпл ŎƳύΣ ƳŜǎƻƭƛǘƘŀƭ όсςнл ŎƳύΣ ƳƛŎǊƻƭƛǘƘŀƭ 
όнςс ŎƳύΣ ŀƪŀƭ όƎǊŀǾŜƭ Ҕ лΦн ŎƳύΣ ǇǎŀƳƳŀƭ όǎŀƴŘύΣ ǇŜƭŀƭ όǎƛƭǘ 
ŀƴŘ ŎƭŀȅύΣ ŘŜǘǊƛǘǳǎ όƻǊƎŀƴƛŎ ƳŀǧŜǊύΣ Ȅȅƭŀƭ όǿƻƻŘȅ ŘŜōǊƛǎΣ 
ǊƻƻǘǎύΣ ǎŀǇǊƻǇŜƭ όŘŀǊƪ ŀƴƻȄƛŎ ƳǳŘύΣ ŀƴŘ ǇƘȅǘŀƭ 
όǎǳōƳŜǊƎŜŘ Ǉƭŀƴǘǎύ ς ǿƘŜǊŜŀǎ ŎƻǾŜǊǎ ŎƻƴǎƛǎǘŜŘ ƻŦ ƴƛƴŜ 
ŎŀǘŜƎƻǊƛŜǎ ς ōƻǳƭŘŜǊǎΣ ŎŀƴƻǇȅ ǎƘŀŘƛƴƎΣ ƻǾŜǊƘŀƴƎƛƴƎ 
ǾŜƎŜǘŀǝƻƴΣ ŜȄǇƻǎŜŘ ǊƻƻǘǎΣ ǎǳōƳŜǊƎŜŘ ǾŜƎŜǘŀǝƻƴΣ 
ŜƳŜǊƎƛƴƎ ǾŜƎŜǘŀǝƻƴΣ ǳƴŘŜǊŎǳǘ ōŀƴƪǎΣ ǿƻƻŘȅ ŘŜōǊƛǎΣ ŀƴŘ 
ǎƘŀƭƭƻǿ ƳŀǊƎƛƴǎΦ Ia¦Σ ŎƻǾŜǊ ǘȅǇŜǎ ŀƴŘ ƭƻƴƎƛǘǳŘƛƴŀƭ ǊƛǾŜǊ 
ŎƻƴƴŜŎǝǾƛǘȅ ǿŜǊŜ ōǊƻƪŜƴ Řƻǿƴ ƛƴǘƻ ƳǳƭǝǇƭŜ ǾŀǊƛŀōƭŜǎ ƛƴ 
ōƛƴŀǊȅ όƴƻκȅŜǎύ ŦƻǊƳŀǘΣ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ŘŜǇǘƘ ŀƴŘ 
ǾŜƭƻŎƛǘȅ ǿŜǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ ŦǊŜǉǳŜƴŎȅ ŎŀǘŜƎƻǊƛŜǎ ƻŦ мр ŎƳ 
ŀƴŘ мр ŎƳκǎ ƛƴŎǊŜƳŜƴǘǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ŘƻƳƛƴŀƴǘ 
ǎǳōǎǘǊŀǘŜ ŎŀǘŜƎƻǊȅ ǿŀǎ Ǿƛǎǳŀƭƭȅ ƛŘŜƴǝŬŜŘ ƛƴ ŜŀŎƘ Ǉƻƛƴǘ 
ƳŜŀǎǳǊŜƳŜƴǘΦ CƛƴŀƭƭȅΣ ǘƘŜ ǿŀǘŜǊ ǎǳǊŦŀŎŜ ƳŜŀƴ ƎǊŀŘƛŜƴǘ 
ǿŀǎ ǊŜŎƻǊŘŜŘ ŦƻǊ ŜŀŎƘ Ia¦Φ ¢ƘŜ ǘƻǘŀƭ ƭƛǎǘ ƻŦ ǘƘŜ ŎƻƭƭŜŎǘŜŘ 
Ƙŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ LLΦ   
[ŀƳǇǊŜȅ ŘƛǎǘǊƛōǳǝƻƴ Řŀǘŀ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ ǎŀƳǇƭƛƴƎ 
ŜǾŜǊȅ Ia¦ ǿƛǘƘ ōŀŎƪǇŀŎƪ ŜƭŜŎǘǊƻŬǎƘƛƴƎ όƛΦŜΦ ǘǿƻπǇŀǎǎ 
ǊŜƳƻǾŀƭ ƳŜǘƘƻŘΣ aŜŀŘƻǊ Ŝǘ ŀƭΦ нллоύΦ ¢ƻ ŀǎǎǳǊŜ ǘƘŜ 
ŘƛǊŜŎǘ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ Ia¦ǎ ŀƴŘ ŎƻƭƭŜŎǘŜŘ 
ƭŀƳǇǊŜȅǎΣ ǎŀƳǇƭŜŘ ŀǊŜŀǎ ǿŜǊŜ ƛǎƻƭŀǘŜŘ ōȅ ǳǎƛƴƎ ƴŜǘǎΣ 
ŀƴŘ ōŜŦƻǊŜ ǊŜƭŜŀǎŜ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳŜ ǎŀƳǇƭŜŘ Ia¦Σ ŜŀŎƘ 
ƭŀƳǇǊŜȅ ǿŀǎ ƳŜŀǎǳǊŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƻǘŀƭ ƭŜƴƎǘƘΦ ¢ƘŜ 
ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ŎŀǇǘǳǊŜŘ ƭŀƳǇǊŜȅǎ ǿŀǎ туΣ ǿƘƛŎƘ ǿŜǊŜ 
ŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ƭŀǊǾŀŜΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀƳƳƻŎƻŜǘŜǎ όƴ Ґ 
ттύΣ ŀƴŘ ŀŘǳƭǘ όƴ Ґ мύ ƭƛŦŜ ǎǘŀƎŜǎ ōȅ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜ 
ŜƴƭŀǊƎŜƳŜƴǘ ŀƴŘ ŘƛũŜǊŜƴǝŀǝƻƴ ƻŦ ǘƘŜ ŜȅŜ ŀƴŘ 
ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƘŜŀŘ ǎƘŀǇŜ ό±ƭŀŘȅƪƻǾ мфррύΦ 5ǳŜ ǘƻ ŀ 
ƭƻǿ ƴǳƳōŜǊ ƻŦ ƻōǎŜǊǾŀǝƻƴǎ ƻŦ ŀŘǳƭǘǎ ōǳǘ Ƴŀƛƴƭȅ 
ōŜŎŀǳǎŜ ǘƘŜ ƭŀǊǾŀƭ ǇƘŀǎŜ ƛǎ ǇǊƻƳƛƴŜƴǘ ƛƴ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƻŦ 
ǘƘŜ ǎǇŜŎƛŜǎΣ ǿŜ ŦƻŎǳǎŜŘ ƻƴ ŀƳƳƻŎƻŜǘŜǎΦ 

5ŀǘŀ ŀƴŀƭȅǎƛǎ 

¢ƘŜ ŀǎǎƻŎƛŀǝƻƴ ƻŦ Ia¦ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ό¢ŀōƭŜ LLύ ǿƛǘƘ 
ƭŀƳǇǊŜȅ ǇǊŜǎŜƴŎŜ ǿŀǎ ŜȄǇƭƻǊŜŘ ǳǎƛƴƎ  

¢ŀōƭŜ LΦ bŀƳŜΣ ƭƻŎŀǝƻƴΣ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ŀƴŘ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎƭŀǎǎƛŬŎŀǝƻƴ ƻŦ ǎǳǊǾŜȅŜŘ ǊŜŀŎƘŜǎΦ wƛǾŜǊ ƳƻǊǇƘƻƭƻƎȅ ŎƻŘŜǎ όŀŎŎƻǊŘƛƴƎ ǘƻ DǳǊƴŜƭƭ Ŝǘ ŀƭΦ 

нлмпύΥ / Ґ ŎƻƴŬƴŜŘΤ t Ґ ǇŀǊǘƭȅ ŎƻƴŬƴŜŘΤ ¦ Ґ ǳƴŎƻƴŬƴŜŘΤ {{ Ґ ǎǘǊŀƛƎƘǘπǎƛƴǳƻǳǎΤ a Ґ ƳŜŀƴŘŜǊƛƴƎΤ { Ґ ǎƛƴǳƻǳǎΤ ta Ґ ǇǎŜǳŘƻπƳŜŀƴŘŜǊƛƴƎΦ wŜŀŎƘ 

ǿƛŘǘƘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƳŜŀƴ ǾŀƭǳŜ ƻŦ ǘƘŜ ŀŎǝǾŜ ǊƛǾŜǊ ŎƘŀƴƴŜƭ ǿƛŘǘƘ ƛƴ ŜŀŎƘ ǎǳǊǾŜȅŜŘ ǊŜŀŎƘΦ 
{ǘǊŜŀƳ ǊŜŀŎƘŜǎ ¦¢a он b ŎƻƻǊŘƛƴŀǘŜǎ wŜŀŎƘ ƭŜƴƎǘƘ ώƳϐ wŜŀŎƘ ǿƛŘǘƘ ώƳϐ wŜŀŎƘ ƳƻǊǇƘƻƭƻƎȅ 

.Ŝƭōƻ όмύ 9Υ пнпΣруфΦмт ƳΤ bΥ 

пΣфнсΣфтпΦуп Ƴ 
фн у /π{{ 

DƘƛŀƴŘƻƴŜ όнύ 9Υ отоΣтонΦну ƳΤ bΥ 

пΣфроΣлсмΦон Ƴ 
млр мр ¦πa 

DƘƛŀƴŘƻƴŜ όоύ 9Υ отрΣтрнΦнр ƳΤ bΥ 

пΣфроΣусоΦсл Ƴ 
рт мм ¦π{ 

hǊŎƻ όпύ 9Υ плмΣмосΦнф ƳΤ bΥ 

рΣлмфΣтнтΦнм Ƴ 
рул ур tπta 

tŜƭƭƛŎŜ όрύ 9Υ оумΣтлпΦсм ƳΤ bΥ 

пΣфсоΣнтмΦфп Ƴ 
мрлл млр tπta 

¢ŀōƭŜ LLΦ ¢ƘŜ ǇƘȅǎƛŎŀƭ Ƙŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎ ƻŦ ǘƘŜ aŜǎƻI!.{La ŀǇǇǊƻŀŎƘ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ƘȅŘǊƻπƳƻǊǇƘƻƭƻƎƛŎŀƭ ǳƴƛǘǎ όIa¦ǎύ ƛƴ ǘƘŜ ǎǳǊǾŜȅŜŘ ǊŜŀŎƘŜǎΦ 

CƻǊ ŜŀŎƘ Ƙŀōƛǘŀǘ ǇŀǊŀƳŜǘŜǊ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ ŜȄǇǊŜǎǎŜŘ ŀǎ ǊŜǇƻǊǘŜŘ ƛƴ ±ŜȊȊŀ Ŝǘ ŀƭΦ όнлмпΣ нлмтύΦ 



 aŜǎƻƘŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ рсм 

 

Iŀōƛǘŀǘ ǇŀǊŀƳŜǘŜǊ ¦ƴƛǘ 

bǳƳōŜǊ ƻŦ 

ŎŀǘŜƎƻǊƛŜǎ 
/ŀǘŜƎƻǊƛŜǎκŘŜǎŎǊƛǇǝƻƴ 

Ia¦ǎ ¸Ŝǎκƴƻ мт tƻǘƘƻƭŜΣ ŎŀǎŎŀŘŜΣ ǊŀǇƛŘΣ ǊƛƉŜΣ ǎǘŜǇΣ ǇƻƻƭΣ ƎƭƛŘŜΣ ŘǳƴŜΣ ŀǉǳŀǝŎ 

ǾŜƎŜǘŀǝƻƴΣ ǎŜŎƻƴŘŀǊȅ ŎƘŀƴƴŜƭΣ ƅƻƻŘ ƭŀƪŜΣ ǿŜǘƭŀƴŘΣ ŀǊǝŬŎƛŀƭ 

ŜƭŜƳŜƴǘΣ ǿŀǘŜǊŦŀƭƭΣ ǇƭǳƴƎŜ ǇƻƻƭΣ ōŀŎƪǿŀǘŜǊΣ ǊƻŎƪ ƎƭƛŘŜ 
Ia¦ ƎǊŀŘƛŜƴǘ ҈ м ²ŀǘŜǊ ǎǳǊŦŀŎŜ ƳŜŀƴ ƎǊŀŘƛŜƴǘ ƻŦ ǘƘŜ Ia¦ 
Ia¦ ƭƻƴƎƛǘǳŘƛƴŀƭ 

ŎƻƴƴŜŎǝǾƛǘȅ 
¸Ŝǎκƴƻ м Iŀōƛǘŀǘ ōƛƴŀǊȅ ŀǧǊƛōǳǘŜ ŘŜǎŎǊƛōƛƴƎ ƳŜǎƻƘŀōƛǘŀǘǎΩ ƭƻƴƎƛǘǳŘƛƴŀƭ ǊƛǾŜǊ 

ŎƻƴƴŜŎǝǾƛǘȅ 
5ŜǇǘƘ tŜǊŎŜƴǘŀƎŜ ƻŦ ǊŀƴŘƻƳ ǎŀƳǇƭŜǎ ф /ŀǘŜƎƻǊƛŜǎ ƛƴ мр ŎƳ ƛƴŎǊŜƳŜƴǘǎ όǊŀƴƎŜ лςмнл ŎƳ ŀƴŘ ŀōƻǾŜύ 
±ŜƭƻŎƛǘȅ tŜǊŎŜƴǘŀƎŜ ƻŦ ǊŀƴŘƻƳ ǎŀƳǇƭŜǎ ф /ŀǘŜƎƻǊƛŜǎ ƛƴ мр ŎƳκǎ ƛƴŎǊŜƳŜƴǘǎ όǊŀƴƎŜ лςмнл ŎƳκǎ ŀƴŘ ŀōƻǾŜύ 
{ǳōǎǘǊŀǘŜ tŜǊŎŜƴǘŀƎŜ ƻŦ ǊŀƴŘƻƳ ǎŀƳǇƭŜǎ мн DƛƎŀƭƛǘƘŀƭΣ ƳŜƎŀƭƛǘƘŀƭΣ ƳŀŎǊƻƭƛǘƘŀƭΣ ƳŜǎƻƭƛǘƘŀƭΣ ƳƛŎǊƻƭƛǘƘŀƭΣ ŀƪŀƭΣ 

ǇǎŀƳƳŀƭΣ ǇŜƭŀƭΣ ŘŜǘǊƛǘǳǎΣ ȄȅƭŀƭΣ ǎŀǇǊƻǇŜƭΣ ǇƘȅǘŀƭ 
/ƻǾŜǊ ¸Ŝǎκƴƻ ф .ƻǳƭŘŜǊǎΣ ŎŀƴƻǇȅ ǎƘŀŘƛƴƎΣ ƻǾŜǊƘŀƴƎƛƴƎ ǾŜƎŜǘŀǝƻƴΣ ǊƻƻǘǎΣ 

ǎǳōƳŜǊƎŜŘ ǾŜƎŜǘŀǝƻƴΣ ŜƳŜǊƎƛƴƎ ǾŜƎŜǘŀǝƻƴΣ ǳƴŘŜǊŎǳǘ ōŀƴƪǎΣ 

ǿƻƻŘȅ ŘŜōǊƛǎΣ ǎƘŀƭƭƻǿ ƳŀǊƎƛƴǎ 

ǇǊƻōŀōƛƭƛǎǝŎ ƳƻŘŜƭǎ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ŀƳƳƻŎƻŜǘŜǎΩ 
Ƙŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ wC ό.ǊŜƛƳŀƴ  
нллмύ ŎƭŀǎǎƛŬŎŀǝƻƴ ŀƭƎƻǊƛǘƘƳ ǿŀǎ ǳǎŜŘ ǘƻ ƛŘŜƴǝŦȅ 
Ƙŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎ ƛƴƅǳŜƴŎƛƴƎ ƭŀƳǇǊŜȅ ŘƛǎǘǊƛōǳǝƻƴΦ 
wC ƛǎ ŀƴ ŜƴǎŜƳōƭŜ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ǘŜŎƘƴƛǉǳŜ ōŀǎŜŘ 
ƻƴ ǘƘŜ ŀƎƎǊŜƎŀǝƻƴ ƻŦ ŀ ƭŀǊƎŜ ǎŜǘ ƻŦ ǊŀƴŘƻƳƛȊŜŘ 
ŎƭŀǎǎƛŬŎŀǝƻƴ ǘǊŜŜǎΦ Lƴ wCΣ ŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ w όƭƛōǊŀǊȅ 
ǊŀƴŘƻƳCƻǊŜǎǘΣ ǾŜǊǎƛƻƴ пΦсςтΣ [ƛŀǿ ϧ ²ƛŜƴŜǊ нллнύΣ 
ŜŀŎƘ ǘǊŜŜ ƛǎ ǘǊŀƛƴŜŘ ōȅ ǎŜƭŜŎǝƴƎ ŀ ǊŀƴŘƻƳ ƭŜŀǊƴƛƴƎ 
ǎŀƳǇƭŜ όƛΦŜΦ ōƻƻǘǎǘǊŀǇ ǎŀƳǇƭŜύ ŦǊƻƳ ǘƘŜ ƻǊƛƎƛƴŀƭ 
ŘŀǘŀǎŜǘΦ {ŜƭŜŎǘŜŘ ƻōǎŜǊǾŀǝƻƴǎ όǇŀǊŜƴǘ ƴƻŘŜύ ŀǊŜ ǘƘŜƴ 
ǎǇƭƛǘ ƛƴǘƻ ǘǿƻ ŦǳǊǘƘŜǊ ǎǳōǎŜǘǎ όŎƘƛƭŘ ƴƻŘŜǎύΣ ŘŜǇŜƴŘƛƴƎ 
ƻƴ ǘƘŜ ǾŀƭǳŜ ƻŦ ŀ ǇǊŜŘƛŎǘƻǊ ǊŀƴŘƻƳƭȅ ŎƘƻǎŜƴ ŦǊƻƳ ǘƘŜ 
ǾŀǊƛŀōƭŜǎ ǎǇŀŎŜΦ ¢ƘǊƻǳƎƘ ŀ ōƛƴŀǊȅ ǊŜŎǳǊǎƛǾŜ ǇŀǊǝǝƻƴƛƴƎ 
ǘŜŎƘƴƛǉǳŜΣ ǘƘƛǎ ǇǊƻŎŜǎǎ ƛǎ ǊŜǇŜŀǘŜŘ ŦƻǊ ŜŀŎƘ ŎƘƛƭŘ ƴƻŘŜΣ 
ǿƘƛŎƘ ōŜŎƻƳŜǎ ǘƘŜ ƴŜǿ ǇŀǊŜƴǘ ƴƻŘŜΣ ŀǎ ƭƻƴƎ ŀǎ ŀ 
ƳƛƴƛƳǳƳ ƴǳƳōŜǊ ƻŦ ƻōǎŜǊǾŀǝƻƴǎ ƛǎ ǊŜŀŎƘŜŘ ƛƴ ǘƘŜ ƭŀǎǘ 
ǘŜǊƳƛƴŀƭ ƴƻŘŜǎΦ ¢ƘŜ ŎƘƻƛŎŜ ƻŦ ǘƘŜ ǇǊŜŘƛŎǘƻǊ ŦƻǊ ŜŀŎƘ 
ǇŀǊǝǝƻƴƛƴƎ όƴŜǿ ōǊŀƴŎƘ ƻŦ ǘƘŜ ǘǊŜŜǎύ ƛǎ ƻǊƛŜƴǘŜŘ ǘƻ 
ǊŜŘǳŎŜ ǘƘŜ Dƛƴƛ ƛƳǇǳǊƛǘȅΣ ƛΦŜΦ ŦƻǊ ƳŀȄƛƳƛȊƛƴƎ Ŏƭŀǎǎ 
ƛƳōŀƭŀƴŎŜ ƛƴ ǘƘŜ ŎƘƛƭŘ ƴƻŘŜǎΦ ¢ƘŜ ŜƭŜƳŜƴǘǎ ƴƻǘ 
ƛƴŎƭǳŘŜŘ ƛƴ ŜŀŎƘ ōƻƻǘǎǘǊŀǇ ǎŀƳǇƭŜ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ 
ƻǳǘπƻŦπōŀƎ Řŀǘŀ όhh.Σ ƛΦŜΦ ŎǊƻǎǎπ ǾŀƭƛŘŀǘŜŘ ŀŎŎǳǊŀŎȅ 
ŜǎǝƳŀǘŜǎύ ŦƻǊ ŀƭƭ ǘǊŜŜǎΦ CƻǊ ŎƭŀǎǎƛŬŎŀǝƻƴ wC ƳƻŘŜƭǎΣ 
ƻƴŎŜ ŀƭƭ ǘǊŜŜǎ ŀǊŜ Ŧǳƭƭȅ ƎǊƻǿƴΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ǾƻǝƴƎ ƻŦ ǘƘŜ 
hh. ŜƭŜƳŜƴǘǎ ŀŎǊƻǎǎ ŀƭƭ ǘǊŜŜǎ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ 
ǊŜǎǇƻƴǎƛǾŜ Ŏƭŀǎǎ ŦƻǊ ŜŀŎƘ ƻōǎŜǊǾŀǝƻƴΦ 
! ōƛƴŀǊȅ ŀōǎŜƴŎŜκǇǊŜǎŜƴŎŜ ƳƻŘŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǘƻ 
ŘƛǎǝƴƎǳƛǎƘ ōŜǘǿŜŜƴ ǳƴǎǳƛǘŀōƭŜ ŀƴŘ ǎǳƛǘŀōƭŜ Ƙŀōƛǘŀǘǎ 
ŦƻǊ ƭŀƳǇǊŜȅ ŀƳƳƻŎƻŜǘŜǎΦ Lƴ ǘƘƛǎ ǿŀȅ ǘƘŜ ƳƻŘŜƭ ǿŀǎ 
ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘǿƻ ōƻƻƭŜŀƴ ǊŜǎǇƻƴǎƛǾŜ ŎƭŀǎǎŜǎ 
όǎǘŀǘŜŘ ŀǎ лκмύΣ ǿƘŜǊŜ м ŘŜƴƻǘŜŘ ŀ Ҕ рл҈ ǇǊŜŘƛŎǘŜŘ 
ǇǊƻōŀōƛƭƛǘȅ ƻŦ ōŜƛƴƎ ŀ ǎǳƛǘŀōƭŜ Ia¦Φ !ǎ ǘƘŜ ǊŜǎǇƻƴǎƛǾŜ 
ǾŀǊƛŀōƭŜ ǿŀǎ ŀ ōƛƴŀǊȅ ǾŀǊƛŀōƭŜ όŬǎƘ ŀōǎŜƴŎŜκǇǊŜǎŜƴŎŜύΣ 
ǿŜ ŎƻƴŬƴŜŘ ƻǳǊ ŀǧŜƴǝƻƴ ǘƻ ŎƭŀǎǎƛŬŎŀǝƻƴ wC ƳƻŘŜƭǎΦ 
!ƳƻƴƎ ŀƭƭ ǎǳǊǾŜȅŜŘ Ia¦ǎΣ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ όƛΦŜΦ ǘƘŜ 

ŦǊŜǉǳŜƴŎȅ ƻŦ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǘƘŜ ǘŀǊƎŜǘ ƻǊƎŀƴƛǎƳύ ǿŀǎ 
лΦнсΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƻ ŀŘŘǊŜǎǎ ǇƻǘŜƴǝŀƭ ōƛŀǎ ƛƴ ǘƘŜ ŦƻǊŜǎǘ 
ƎŜƴŜǊŀǝƻƴ ŘǳŜ ǘƻ Ŏƭŀǎǎ ƛƳōŀƭŀƴŎŜΣ ǿŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ 
ǘŜǎǘŜŘ ŀ ƳƻŘŜƭ ŦƻǊ ǿƘƛŎƘ ŀ ǊŀƴŘƻƳ ƻǾŜǊǎŀƳǇƭƛƴƎ ƻŦ ǘƘŜ 
ǘǊŀƛƴƛƴƎ ŘŀǘŀǎŜǘ ǿŀǎ ŬǊǎǘ ǇŜǊŦƻǊƳŜŘΦ Lƴ ƻǊŘŜǊ ǘƻ 
ƻǇǝƳƛȊŜ ǘƘŜ ǇǊŜŘƛŎǝǾŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǘƘŜ wC ƳƻŘŜƭΣ 
ƳƛƴƛƳƛȊƛƴƎ ǘƘŜ ƻǳǘπ ƻŦπōŀƎ ŜǊǊƻǊ ό9hh.ύΣ ŀ ǎǇŜŎƛŬŎ 
ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǾŀǊƛŀōƭŜǎ ǎŜƭŜŎǝƻƴ ŀƴŘ ƘȅǇŜǊǇŀǊŀƳŜǘŜǊǎ 
ǘǳƴƛƴƎ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘΦ !ǎ 9hh. ƛƴŎǊŜŀǎŜǎ ǿƘŜƴ ǘƘŜ 
ƴǳƳōŜǊ ƻŦ ǇǊŜŘƛŎǘƻǊǎ ƛǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ 
ƻǇǝƳŀƭ όYƻƘŀǾƛ ϧ WƻƘƴ мффтύΣ ǿŜ ǘǊƛŜŘ ǘƻ ǎŜƭŜŎǘ ŀ ǎƳŀƭƭ 
όǇƻǎǎƛōƭȅ ƳƛƴƛƳŀƭύ ƴǳƳōŜǊ ƻŦ ǾŀǊƛŀōƭŜǎ ǇǊƻǾƛŘƛƴƎ ǘƘŜ 
ōŜǎǘ ǇƻǎǎƛōƭŜ ŎƭŀǎǎƛŬŎŀǝƻƴ ǊŜǎǳƭǘΦ 
¢ƻ ŀǎǎŜǎǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀ ǎǇŜŎƛŬŎ ǇǊŜŘƛŎǘƻǊ ǿŜ ǳǎŜŘ 
ŀ ŎƻƳƳƻƴ ǿǊŀǇǇŜǊ ŦƻǊ ŦŜŀǘǳǊŜ ǎŜƭŜŎǝƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ wC 
ƴŀƳŜŘ .ƻǊǳǘŀ όYǳǊǎŀ ϧ  
wǳŘƴƛŎƪƛ нлмлύΦ ¢ƘŜ .ƻǊǳǘŀ ŀƭƎƻǊƛǘƘƳ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ w 
ŀǎ ŀ ǇŀŎƪŀƎŜ ŀƴŘ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ƛŘŜƴǝŦȅ ŀƭƭ ǊŜƭŜǾŀƴǘ 
ǾŀǊƛŀōƭŜǎ ōȅ ǇǊƻǾƛŘƛƴƎ ŀǎ ƻǳǘǇǳǘ ŀ ŦŜŀǘǳǊŜǎ ǊŀƴƪƛƴƎ 
ŜȄǇǊŜǎǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ƛƳǇƻǊǘŀƴŎŜΦ CǊƻƳ ǘƘƛǎ ŀƴŀƭȅǎƛǎΣ ǘƘŜ 
Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǇǊŜŘƛŎǘƻǊǎ ǿŜǊŜ ŎƘƻǎŜƴ ŀƴŘΣ ǘƻ ŀǾƻƛŘ ƘƛƎƘ 
ŎƻǊǊŜƭŀǝƻƴ ό{ǇŜŀǊƳŀƴΩǎ ǊƘƻ ŎƻǊǊŜƭŀǝƻƴ ŎƻŜŶŎƛŜƴǘ Ҕ лΦтύ 
ōŜǘǿŜŜƴ ǎŜƭŜŎǘŜŘ ǇǊŜŘƛŎǘƻǊǎΣ ǿŜǊŜ ǘŜǎǘŜŘ ōȅ ƳŜŀƴǎ ƻŦ ǘƘŜ 
{ǇŜŀǊƳŀƴ ŎƻǊǊŜƭŀǝƻƴ ƳŀǘǊƛȄΦ ¢ƘŜ Ŭƴŀƭ ǇŀǊǎƛƳƻƴƛƻǳǎ wC 
ƳƻŘŜƭ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ мл ǾŀǊƛŀōƭŜǎ ǿƛǘƘ 
ƘƛƎƘ ƛƳǇƻǊǘŀƴŎŜ ŦƻǊ ŎƭŀǎǎƛŬŎŀǝƻƴ ǊŜǎǳƭǘǎ ŀƴŘ ƭƻǿ 
ŎƻǊǊŜƭŀǝƻƴΦ IȅǇŜǊǇŀǊŀƳŜǘŜǊǎ ƎŜƴŜǊŀƭƭȅ ǊŜŦŜǊ ǘƻ ǘƘŜ wC 
ǎŜǩƴƎǎ ǿƘƛŎƘ Ŏŀƴ ōŜ ǘǳƴŜŘ ōȅ ǘƘŜ ǳǎŜǊ όŜΦƎΦ ƴǳƳōŜǊ ƻŦ 
ŘŜŎƛǎƛƻƴ ǘǊŜŜǎύΦ CƻǊ ƻǳǊ wC ƳƻŘŜƭǎΣ ƘȅǇŜǊǇŀǊŀƳŜǘŜǊǎ 
ǘǳƴƛƴƎ ƛƴǾƻƭǾŜŘ όƛύ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŘŜŎƛǎƛƻƴ ǘǊŜŜǎ ŦƻǊ ǘƘŜ 
ŦƻǊŜǎǘ όƴǘǊŜŜύΣ ŀƴŘ όƛƛύ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇǊŜŘƛŎǘƻǊǎ ǊŀƴŘƻƳƭȅ 
ǎŀƳǇƭŜŘ ŀǎ ŎŀƴŘƛŘŀǘŜǎ ŀǘ ŜŀŎƘ ƴƻŘŜ όƳǘǊȅύΦ ¢ƻ ŜǎǘŀōƭƛǎƘ 
ǘƘŜ ǎǳƛǘŀōƭŜ ƴǘǊŜŜ ǾŀƭǳŜ ǿŜ ŦƻƭƭƻǿŜŘ ǘƘŜ ǎǳƎƎŜǎǝƻƴ ƻŦ 
9Ǿŀƴǎ ŀƴŘ /ǳǎƘƳŀƴ όнллфύΣ ƻōǘŀƛƴƛƴƎ ŀ ƴǳƳōŜǊ ƻŦ ǘǊŜŜǎ 
ŦƻǊ ǘƘŜ Ŭƴŀƭ ƳƻŘŜƭ ƻŦ сллΦ ¢ƘŜ ƳǘǊȅ ǇŀǊŀƳŜǘŜǊ ǿŀǎ 
ŜǎǘŀōƭƛǎƘŜŘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ ƻŦ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ 



рсн DΦ bŜƎǊƻ Ŝǘ ŀƭΦ 

 

ƻŦ ǎŜƭŜŎǘŜŘ ǇǊŜŘƛŎǘƻǊǎ ƛƴŎƭǳŘŜŘ ƛƴ ŜŀŎƘ ƳƻŘŜƭ όtǊƻōǎǘ Ŝǘ ŀƭΦ 
нлмфύΦ CƻǊ ƻǳǊ Ŭƴŀƭ ǇŀǊǎƛƳƻƴƛƻǳǎ ƳƻŘŜƭ ƳǘǊȅ ǿŀǎ Ŝǉǳŀƭ ǘƻ 
оΦ CƛƴŀƭƭȅΣ ŀŎŎǳǊŀŎȅΣ ǎŜƴǎƛǝǾƛǘȅΣ ǎǇŜŎƛŬŎƛǘȅΣ ŀƴŘ ǘǊǳŜ ǎƪƛƭƭ 
ǎǘŀǝǎǝŎ ό¢{{Σ !ƭƭƻǳŎƘŜ Ŝǘ ŀƭΦ нллсύ ǿŜǊŜ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ 
ǇǊŜŘƛŎǝǾŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ƻŦ ǘƘŜ wC ƳƻŘŜƭΦ ¢ƘŜ ǇŀǊǝŀƭ 
ŘŜǇŜƴŘŜƴŎŜ Ǉƭƻǘǎ όƻǊ ǊŜǎǇƻƴǎŜ ŎǳǊǾŜΣ t5tǎύΣ ōŀǎŜŘ ƻƴ ǘƘŜ 
wC ǊŜǎǳƭǘǎΣ ǇǊƻǾƛŘŜŘ ŀ ǿŀȅ ǘƻ ǾƛǎǳŀƭƛȊŜ ǘƘŜ ƳŀǊƎƛƴŀƭ ŜũŜŎǘ 
ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎ ƻƴ ǘƘŜ ŬǎƘ 
ŘƛǎǘǊƛōǳǝƻƴ ό/ǳǘƭŜǊ Ŝǘ ŀƭΦ нллтύΣ ƻǳǘƭƛƴƛƴƎ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇǎ 
ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭ Ƙŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎ ŀƴŘ ǘƘŜ ǇǊŜŘƛŎǘŜŘ 
ǇǊƻōŀōƛƭƛǝŜǎ ƻŦ ŬǎƘ ǇǊŜǎŜƴŎŜΦ 

DǊŀƴǳƭƻƳŜǘǊȅ 

Lƴ ƻǊŘŜǊ ǘƻ ōŜǧŜǊ ŀƴŀƭȅȊŜ ǘƘŜ ŦŀǾƻǊŜŘ ǎǳōǎǘǊŀǘŜ ŦƻǊ 
ƭŀƳǇǊŜȅ ŀƳƳƻŎƻŜǘŜǎΣ ǿŜ ŦǳǊǘƘŜǊ ŎƻƭƭŜŎǘŜŘ ǎǘǊŜŀƳōŜŘ 
ǎŀƳǇƭŜǎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ǎŜŘƛƳŜƴǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ ǘƘƛǎ 
ǎǇŜŎƛŜǎΦ hƴ мс aŀǊŎƘ нлннΣ ǿŜ ŎŀǊǊƛŜŘ ƻǳǘ ǎŀƳǇƭƛƴƎ ǿƛǘƘ 
ŀƴ ŜƭŜŎǘǊƻŬǎƘƛƴƎ ŘŜǾƛŎŜ ƛƴ ǘƘŜ DƘƛŀƴŘƻƴŜ ǎǘǊŜŀƳ ƛƴ 
wŜŀŎƘŜǎ н ŀƴŘ о όCƛƎǳǊŜǎ мΣ нόŀύύΣ ǿƘŜǊŜ ǘƘŜ ƘƛƎƘŜǎǘ 
ŘŜƴǎƛǘȅ ŀƴŘ ƴǳƳōŜǊ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ŀǎǎŜǎǎŜŘ ŦǊƻƳ ǘƘŜ 
ǇǊŜǾƛƻǳǎ ŬŜƭŘ ŎŀƳǇŀƛƎƴǎΦ ²ƘƛƭŜ ŀƴ ƻǇŜǊŀǘƻǊ ǎƭƻǿƭȅ ƳƻǾŜŘ 
ǘƘŜ ŀƴƻŘŜ ƻƴ ǘƘŜ ǊƛǾŜǊ ōƻǧƻƳΣ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ǎƛƎƴŀƭŜŘ 
ǿƛǘƘ ƅŀƎǎ ǘƘŜ Ǉƻƛƴǘǎ ŦǊƻƳ ǿƘƛŎƘ ǘƘŜ ƭŀƳǇǊŜȅǎ ŜƳŜǊƎŜŘΦ Lƴ 
ǘƻǘŀƭΣ ǿŜ ŎƻƴǎƛŘŜǊŜŘ нс Ǉƻƛƴǘǎ ƛƴ ŀ тл ƳπƭƻƴƎ ǎǘǊŜŀƳ 
ǊŜŀŎƘΦ Lƴ ŜŀŎƘ ƻŦ ǘƘŜǎŜ Ǉƻƛƴǘǎ ǿŜ ŎƻƭƭŜŎǘŜŘ ǘƘǊŜŜ ǎŜŘƛƳŜƴǘ 
ŎƻǊŜǎ ǿƛǘƘ Ŏǳǘπƻũ млл Ƴ[ ǎȅǊƛƴƎŜǎ όŘƛŀƳŜǘŜǊΥ оΦс ŎƳΣ 
ƘŜƛƎƘǘΥ мр ŎƳ ς CƛƎǳǊŜ нόōύύΦ {ŜŘƛƳŜƴǘ ŎƻǊŜǎ ǿŜǊŜ 
ǘǊŀƴǎǇƻǊǘŜŘ ǘƻ ǘƘŜ ƭŀōƻǊŀǘƻǊȅΣ ǘƘŜƴ ƻǾŜƴπŘǊƛŜŘ όнп ƘΣ 
млрϲ/ύ ǘƻ ŀǎǎŜǎǎ ŘǊȅ ƳŀǎǎΦ {ŀƳǇƭŜǎ ǿŜǊŜ ǇǊƻŎŜǎǎŜŘ ƛƴ ŀ 
.ŜǊǘŜƭ ƳŜŎƘŀƴƛŎŀƭ ǎƛŜǾŜ ǎƘŀƪŜǊ ŦƻǊ мр ƳƛƴǳǘŜǎΣ ǳǎƛƴƎ ŦƻǳǊ 
ƳŜǎƘ ǎƛȊŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ŬǾŜ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ǊŀƴƎŜǎΥ Ҕ 

н ƳƳ όǾŜǊȅ ŬƴŜ ƎǊŀǾŜƭύΣ нΦлς мΦл ƳƳ όǾŜǊȅ ŎƻŀǊǎŜ ǎŀƴŘύΣ 
мΦлςлΦр ƳƳ όŎƻŀǊǎŜ ǎŀƴŘύΣ лΦрςлΦн ƳƳ όƳŜŘƛǳƳ ǎŀƴŘύ 
ŀƴŘ ғ лΦн ƳƳ όŬƴŜ ǎŀƴŘ ŀƴŘ ǎƳŀƭƭŜǊύ όCƛƎǳǊŜ нόŎΣŘύύΦ CƻǊ 
ŜŀŎƘ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ŦǊŀŎǝƻƴ ǿŜ ǇŜǊŦƻǊƳŜŘ ŀ Ƴŀǎǎ 
ŜǾŀƭǳŀǝƻƴΣ ǿŜƛƎƘǝƴƎ ǘƘŜ ŦǊŀŎǝƻƴǎ ǘƻ ǘƘŜ ƴŜŀǊŜǎǘ лΦм ƎΣ 
ŀƴŘ ŀ ǾƻƭǳƳŜǘǊƛŎ ŜǾŀƭǳŀǝƻƴΣ ƛƴǎŜǊǝƴƎ ǘƘŜ ŦǊŀŎǝƻƴ ƛƴǘƻ ŀ 
ƎǊŀŘǳŀǘŜŘ ŎȅƭƛƴŘŜǊ ŎƻƴǘŀƛƴƛƴƎ ŀ ƪƴƻǿƴ ǿŀǘŜǊ ǾƻƭǳƳŜΦ ¢ƻ 
ŜǎǝƳŀǘŜ ǘƘŜ ƻǊƎŀƴƛŎ ŦǊŀŎǝƻƴ ƛƴ ŜŀŎƘ ǎŜŘƛƳŜƴǘ ǎŀƳǇƭŜΣ 
ŀƊŜǊ ƻǾŜƴπŘǊȅƛƴƎ ŀǎ ǊŜǇƻǊǘŜŘ ŀōƻǾŜΣ ǿŜ ǇƭŀŎŜŘ ǎŜŘƛƳŜƴǘǎ 
ƛƴ ŀ ƳǳƉŜ ŦǳǊƴŀŎŜ όрллϲ/ύ ŦƻǊ п Ƙ ŀƴŘ ǊŜǿŜƛƎƘŜŘ ǘƘŜƳΦ 
¢ƘŜ ŘƛũŜǊŜƴŎŜ   

 

CƛƎǳǊŜ нΦ όŀύ {ŀƳǇƭƛƴƎ ǎǘŀǝƻƴΣ DƘƛŀƴŘƻƴŜ wƛǾŜǊ όb² LǘŀƭȅύΤ όōύ ǎŜŘƛƳŜƴǘ ŎƻǊŜǎΤ όŎύ .ŜǊǘŜƭ ƳŜŎƘŀƴƛŎŀƭ ǎƛŜǾŜΤ όŘύ ǎŀƳǇƭŜǎ ƻŦ ǘƘŜ ŬǾŜ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ŎƭŀǎǎŜǎ 

ŎƻƴǎƛŘŜǊŜŘΦ 



 aŜǎƻƘŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ рсо 

 

ōŜǘǿŜŜƴ ǿŜƛƎƘǘǎ ƛƴŘƛŎŀǘŜŘ ǘƘŜ ƻǊƎŀƴƛŎ ŦǊŀŎǝƻƴ ƻŦ ǘƘŜ 
ǎŜŘƛƳŜƴǘ ŀǎ ŀǎƘπŦǊŜŜ ŘǊȅ Ƴŀǎǎ ό!C5aύΦ ¢Ƙƛǎ ǾŀƭǳŜ ǿŀǎ 
ǘƘŜ ŜƳǇƭƻȅŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻǊƎŀƴƛŎ ŎƻƴǘŜƴǘ 
ƻŦ ŜŀŎƘ ǎŜŘƛƳŜƴǘ ǎŀƳǇƭŜ ό[ƻƎǳŜ Ŝǘ ŀƭΦ нллпύΦ 

wŜǎǳƭǘǎ 

aŜǎƻƘŀōƛǘŀǘ ŘŜǎŎǊƛǇǝƻƴ 

Lƴ ǘƘŜ ŬŜƭŘ ŎŀƳǇŀƛƎƴǎ пн ƳŜǎƻƘŀōƛǘŀǘǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ 
ǿƛǘƘƛƴ ǘƘŜ ŬǾŜ ǎŜƭŜŎǘŜŘ ǊƛǾŜǊ ǊŜŀŎƘŜǎΦ aƻǎǘ ƻŦ ǘƘŜ 
ǎŀƳǇƭŜŘ Ia¦ǎ ǿŜǊŜ ǊƛƉŜǎ όрл҈ ƻŦ ǘƻǘŀƭ ŀƳƻǳƴǘύ ƻǊ 
ƎƭƛŘŜǎ όнс҈ ƻŦ ǘƻǘŀƭ ŀƳƻǳƴǘύΦ tƻƻƭǎ ŀƴŘ ōŀŎƪǿŀǘŜǊǎ 
ŎƻǊǊŜǎǇƻƴŘŜŘ ǘƻ мт҈ ŀƴŘ т҈ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ŘŀǘŀǎŜǘΣ 
ǊŜǎǇŜŎǝǾŜƭȅΦ !ǎ ǿŜ ŎƻƴǎƛŘŜǊŜŘ ǊƛǾŜǊ ǊŜŀŎƘŜǎ ƻŦ 
ŘƛũŜǊŜƴǘ ǎƛȊŜǎ ό¢ŀōƭŜ LύΣ Ia¦ ŀǊŜŀǎ ǾŀǊƛŜŘ ŦǊƻƳ ŀ 
ƳƛƴƛƳǳƳ ƻŦ сΦт Ƴн ǘƻ ŀ ƳŀȄƛƳǳƳ ƻŦ фрлΦр ƳнΦ Ia¦ 
ǿŀǘŜǊ ǎǳǊŦŀŎŜ ƎǊŀŘƛŜƴǘǎ ǿŜǊŜ Ƴƻǎǘƭȅ ƭƻǿŜǊ ǘƘŀƴ н҈ 
όсф҈ ƻŦ ǘƻǘŀƭ ŀƳƻǳƴǘύΣ ŜȄŎŜǇǘ ŦƻǊ ǊŜŀŎƘ мΣ ǿƘŜǊŜ ŀ ŦŜǿ 
ƳŜǎƻƘŀōƛǘŀǘǎ ŜȄƘƛōƛǘŜŘ ƎǊŀŘƛŜƴǘ ǾŀƭǳŜǎ ǳǇ ǘƻ мл҈Φ 
/ƻƴǎƛŘŜǊƛƴƎ ŎƻǾŜǊǎΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎƘŀƭƭƻǿ ƳŀǊƎƛƴǎ 
ǿŀǎ ƛŘŜƴǝŬŜŘ ƛƴ нл Ia¦ǎΣ ǿƘŜǊŜŀǎ ōƻǳƭŘŜǊǎ ŀƴŘ 
ǎǳōƳŜǊƎŜŘ ǾŜƎŜǘŀǝƻƴ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ƛƴ му ŀƴŘ мт 
ƳŜǎƻƘŀōƛǘŀǘǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ hǾŜǊŀƭƭΣ ƳŜǎƻƭƛǘƘŀƭ όоо҈ ƻŦ 
ǘƘŜ ǘƻǘŀƭ ǎŀƳǇƭŜŘ Ǉƻƛƴǘǎύ ǿŀǎ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘ 
ǎǳōǎǘǊŀǘŜ ŎŀǘŜƎƻǊȅΣ ŦƻƭƭƻǿŜŘ ōȅ ƳƛŎǊƻƭƛǘƘŀƭ όнс҈ύΣ 
ǇǎŀƳƳŀƭ όмп҈ύ ŀƴŘ ŀƪŀƭ όмл҈ύΦ CƛƴŀƭƭȅΣ ǿŀǘŜǊ ŘŜǇǘƘ 
ŀƴŘ ǾŜƭƻŎƛǘȅ ǾŀƭǳŜǎ ǾŀǊƛŜŘ ōŜǘǿŜŜƴ н ŀƴŘ ммн ŎƳ ŀƴŘ 
ōŜǘǿŜŜƴ л ŀƴŘ нмл ŎƳκǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 
[ŀƳǇǊŜȅ ŀƳƳƻŎƻŜǘŜǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ мм Ia¦ǎΥ ŬǾŜ 
ƎƭƛŘŜǎΣ ǘǿƻ ǊƛƉŜǎΣ ǘǿƻ ǇƻƻƭǎΣ ŀƴŘ ǘǿƻ ōŀŎƪǿŀǘŜǊǎΦ {ǳŎƘ 
ƳŜǎƻƘŀōƛǘŀǘǎ ǿŜǊŜ Ƴƻǎǘƭȅ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎƘŀƭƭƻǿ 
ǿŀǘŜǊ ŘŜǇǘƘ όғ пр ŎƳύ ŀƴŘ ƭƻǿ ƅƻǿ ǾŜƭƻŎƛǝŜǎ όғ пр 
ŎƳκǎύΣ ǿƛǘƘ ŀ ǇǊŜǾŀƭŜƴǘ ǎǳōǎǘǊŀǘŜ ŎƻƴǎǝǘǳǘŜŘ ōȅ 
ǇǎŀƳƳŀƭ ŀƴŘ ŀƪŀƭΦ hǾŜǊŀƭƭΣ ǘƘŜ ƘƛƎƘŜǎǘ ƴǳƳōŜǊ ƻŦ 
ƭŀƳǇǊŜȅǎ όнфύ ǿŀǎ ŀǎǎŜǎǎŜŘ ƛƴ ŀ Ia¦ ŎƭŀǎǎƛŬŜŘ ŀǎ ƎƭƛŘŜ 
ƛƴ wŜŀŎƘ о όDƘƛŀƴŘƻƴŜ wƛǾŜǊύΦ ¢ƘŜ ƭŀǊƎŜǎǘ ŘŜƴǎƛǘȅ ƻŦ 
ƛƴŘƛǾƛŘǳŀƭǎ όлΦпу ƛƴŘΦκ Ƴнύ ǿŀǎ ŦƻǳƴŘ ƛƴ ŀ ōŀŎƪǿŀǘŜǊ ƛƴ 
wŜŀŎƘ н όDƘƛŀƴŘƻƴŜ wƛǾŜǊύΦ 

Iŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜ ŀƴŀƭȅǎƛǎ 

¢ƘŜ ŘŜǾŜƭƻǇŜŘ wC ƳƻŘŜƭǎ ǇŜǊƳƛǧŜŘ ǳǎ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ 
Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƳŜǎƻƘŀōƛǘŀǘ ǇƘȅǎƛŎŀƭ ŀǧǊƛōǳǘŜǎ ŦƻǊ 
ƭŀƳǇǊŜȅ ŀƳƳƻŎƻŜǘŜǎ ǇǊŜǎŜƴŎŜ ǿƛǘƘƛƴ Ia¦ǎΣ 
ǇǊƻǾƛŘƛƴƎ ǘƘŜ ŬǊǎǘ ƳŜǎƻπǎŎŀƭŜ ŘƛǎǘǊƛōǳǝƻƴ ƳƻŘŜƭ ƛƴ ǘƘŜ 
ƭƛǘŜǊŀǘǳǊŜ ŦƻǊ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ ǎǇŜŎƛŜǎΦ !ǎ ǘƘŜ 
ƻǾŜǊǎŀƳǇƭŜŘ wC ƳƻŘŜƭ ǇǊƻŘǳŎŜŘ ŀ ƘƛƎƘŜǊ ǇǊŜŘƛŎǝǾŜ 
ǇŜǊŦƻǊƳŀƴŎŜΣ ƛƴ ǘƘŜ ŜƴŘ ǘƘƛǎ ƳƻŘŜƭ ŀƭƻƴŜ ǿŀǎ ǘŀƪŜƴ 
ƛƴǘƻ ŀŎŎƻǳƴǘ όCƛƎǳǊŜ оύΦ /Ǌƻǎǎ ǾŀƭƛŘŀǝƻƴ ƻŦ ǘƘŜ Ŭƴŀƭ 
ƳƻŘŜƭ ŘŜƳƻƴǎǘǊŀǘŜŘ ƘƛƎƘ ǇǊŜŘƛŎǝǾŜ ŎŀǇŀōƛƭƛǘȅ ƛƴ 
ŘŜǘŜŎǝƴƎ ǎǳƛǘŀōƭŜ ƳŜǎƻƘŀōƛǘŀǘ ŦƻǊ ƭŀƳǇǊŜȅΦ Lƴ 
ǇŀǊǝŎǳƭŀǊΣ ƳƻŘŜƭ ŀŎŎǳǊŀŎȅ ǿŀǎ ŀǎǎŜǎǎŜŘ ŀǎ фрΦн҈Σ 

ǎŜƴǎƛǝǾƛǘȅ όƛΦŜΦ ǘǊǳŜ ǇƻǎƛǝǾŜ ǊŀǘŜύ ǿŀǎ фсΦу҈Σ ǎǇŜŎƛŬŎƛǘȅ 
όƛΦŜΦ ǘǊǳŜ ƴŜƎŀǝǾŜ ǊŀǘŜύ ǿŀǎ  

фоΦс҈Σ ŀƴŘ ¢{{ ǿŀǎ флΦп҈Φ 
/ƻƴǎƛŘŜǊƛƴƎ ǇǊŜŘƛŎǝǾŜ ǾŀǊƛŀōƭŜǎΣ ǘƘŜ Ŭƴŀƭ ǇŀǊǎƛƳƻƴƛƻǳǎ 
ƳƻŘŜƭ ǿŀǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ мл ƳŜǎƻƘŀōƛǘŀǘ ŀǧǊƛōǳǘŜǎΣ 
ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ о ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ t5tǎ ŀƴŘ ǎƻǊǘŜŘ ƛƴ 
ǘŜǊƳǎ ƻŦ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜΦ ¢ƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ 
ŀǧǊƛōǳǘŜǎ ǿŜǊŜ ƳƛŎǊƻƭƛǘƘŀƭΣ ŀƪŀƭΣ ŀƴŘ ǇǎŀƳƳŀƭ ǎǳōǎǘǊŀǘŜ 
ǘȅǇŜǎΦ CǊƻƳ ǘƘŜ t5t ƎǊŀǇƘǎΣ ƳƛŎǊƻƭƛǘƘŀƭ ǎǳōǎǘǊŀǘŜ ǘȅǇŜ ǿŀǎ 
ƴŜƎŀǝǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ƭŀƳǇǊŜȅ ǇǊŜǎŜƴŎŜΣ ǿƘƛƭǎǘ 
ǇǎŀƳƳŀƭ ŀƴŘ ŀƪŀƭ ǿŜǊŜ ǇƻǎƛǝǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘΦ aŜǎƻƭƛǘƘŀƭ 
ǎƘƻǿŜŘ ŀ ǎƛƳƛƭŀǊ ǘǊŜƴŘ ǘƻ ƳƛŎǊƻƭƛǘƘŀƭΣ ǇƻƛƴǝƴƎ ƻǳǘ Ƙƻǿ 
ŎƻŀǊǎŜǊ ǎǳōǎǘǊŀǘŜǎ ŜȄŜǊǘŜŘ ŀ ƴŜƎŀǝǾŜ ƛƴƅǳŜƴŎŜ ƻƴ 
ƭŀƳǇǊŜȅ ǇǊŜǎŜƴŎŜΦ ¢ƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 
ƭŀƳǇǊŜȅ ŀƳƳƻŎƻŜǘŜǎ ŀƭǎƻ ƛƴŎǊŜŀǎŜŘ ǿƛǘƘ όƛύ ǘƘŜ ǇǊŜǎŜƴŎŜ 
ƻŦ ǎƘŀƭƭƻǿ ƳŀǊƎƛƴǎ ƛƴ ǘƘŜ Ia¦ǎΣ όƛƛύ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ ƭƻǿ 
ǿŀǘŜǊ ŘŜǇǘƘǎ όмрςол ŎƳύΣ ŀƴŘ όƛƛƛύ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ ƭƻǿ 
ƅƻǿ ǾŜƭƻŎƛǝŜǎ όлς мр ŎƳκǎύΦ {ȅƳƳŜǘǊƛŎŀƭƭȅΣ ǘƘŜ ǇǊƻǇƻǊǝƻƴ 
ƻŦ ƘƛƎƘŜǊ ǾŜƭƻŎƛǝŜǎ όƛΦŜΦ слςтр ŀƴŘ трςфл ŎƳκǎύ ŀƴŘ ƭŀǊƎŜǊ 
Ia¦ ƎǊŀŘƛŜƴǘǎ ƘŀŘ ŀ ƴŜƎŀǝǾŜ ƛƴƅǳŜƴŎŜ ƻƴ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ 
ƻŦ ƭŀƳǇǊŜȅ ǇǊŜǎŜƴŎŜΦ 

DǊŀƴǳƭƻƳŜǘǊȅ 

²Ŝ ƻōǘŀƛƴŜŘ ǘƘŜ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ǇǊƻŬƭŜ ƻŦ ǘƘŜ нр ǎŀƳǇƭŜǎ 
ŎƻƭƭŜŎǘŜŘ ŀƴŘ ǿŜ ŬǊǎǘƭȅ ŀƴŀƭȅȊŜŘ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇǎ 
ōŜǘǿŜŜƴ ǿŜƛƎƘǘ ŀƴŘ ǾƻƭǳƳŜΦ CƻǊ ŀƭƭ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ŎƭŀǎǎŜǎ 
ǿŜ ŦƻǳƴŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ǇƻǎƛǝǾŜ ŎƻǊǊŜƭŀǝƻƴ ό¢ŀōƭŜ LLLύΣ ǎƻ ǿŜ 
ŘŜŎƛŘŜŘ ǘƻ ǳǎŜ Ƴŀǎǎ ŀǎ ŀƴ ƛƴŘƛŎŀǘƻǊ ƻŦ ǎŜŘƛƳŜƴǘ 
ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ όŦƻƭƭƻǿƛƴƎ IƻƭƭŀƴŘ Ŝǘ ŀƭΦ нллрύΦ   
¢ƘŜ ŀǾŜǊŀƎŜ ǇŀǊǝŎƭŜ ǎƛȊŜ Ƴŀǎǎ ǇǊƻŬƭŜ Ŏƻƴǎƛǎǘǎ ƻŦ опΦфу҈ 
όҕ нΦус ǎŜΣ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊύ ŎƻŀǊǎŜ ǎŀƴŘΣ ŦƻƭƭƻǿŜŘ ōȅ 
нрΦсп҈ όҕ нΦрм ǎŜύ ǾŜǊȅ ŎƻŀǊǎŜ ǎŀƴŘΣ мфΦут҈ όҕ мΦтф ǎŜύ 
ƳŜŘƛǳƳ ǎŀƴŘΣ моΦто҈ όҕ мΦус ǎŜύ ǾŜǊȅ ŬƴŜ ƎǊŀǾŜƭ ŀƴŘ 
рΦтт҈ όҕ лΦтн ǎŜύ ŬƴŜ ǎŀƴŘ ŀƴŘ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎ όCƛƎǳǊŜ пύΦ 
Lƴ ƎŜƴŜǊŀƭΣ Ƴƻǎǘ ŎƻǊŜǎ ŀǊŜ ƭŀǊƎŜƭȅ ŎƻƳǇƻǎŜŘ ƻŦ 
ƛƴǘŜǊƳŜŘƛŀǘŜ ƎǊŀƴǳƭŜǎ όŦǊƻƳ нΦл ǘƻ лΦр ƳƳύΦ IƻǿŜǾŜǊΣ ŀ 
ŎŜǊǘŀƛƴ ǘƻƭŜǊŀƴŎŜ ƛƴ ǘƘŜ ǇŀǊǝŎƭŜ ǎƛȊŜ ǊŀƴƎŜ ƛǎ ŜǾƛŘŜƴǘΣ ŀƭǎƻ 
ƘƛƎƘƭƛƎƘǘŜŘ ōȅ CƛƎǳǊŜ рΥ ǘƘŜ ƭŀƳǇǊŜȅǎ ǿŜǊŜ ŦƻǳƴŘ ƛƴ 
ŜƴǾƛǊƻƴƳŜƴǘǎ ǿƘŜǊŜ ǘƘŜ ŎƻŀǊǎŜǎǘ ŎƻƴǘŜƴǘ όҔ н ƳƳύ ƛǎ 
Ŝǉǳŀƭ ǘƻ ооΦс҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ōǳǘ ŀƭǎƻ ƛƴ ƻǘƘŜǊǎ ƛƴ ǿƘƛŎƘ ǘƘŜ 
ŬƴŜǎǘ όғлΦн ƳƳύ ǊŜŀŎƘŜǎ мрΦс҈Φ ¢ƘŜ ƻǊƎŀƴƛŎ ŎƻƴǘŜƴǘ ǿŀǎ 
мΦмп҈ ƻŦ ǎŜŘƛƳŜƴǘ ǎŀƳǇƭŜǎ όƳŜŀƴ ǾŀƭǳŜύΣ ǿƛǘƘ ŀ ƳƛƴƛƳǳƳ 
ƻŦ лΦпс҈ ŀƴŘ ŀ ƳŀȄƛƳǳƳ ƻŦ оΦпн҈Φ 

5ƛǎŎǳǎǎƛƻƴ 

{ǘǳŘƛŜǎ ƻƴ Lǘŀƭƛŀƴ ŎȅŎƭƻǎǘƻƳŜǎ ƘŀǾŜ ōŜŜƴ ǇǊŀŎǝŎŀƭƭȅ ŀǘ ŀ 
ǎǘŀƴŘǎǝƭƭ ŦƻǊ ŀōƻǳǘ рл ȅŜŀǊǎ ς ǘƘŀǘ ƛǎΣ ǎƛƴŎŜ ǘƘŜ  



рсп DΦ bŜƎǊƻ Ŝǘ ŀƭΦ 

 

¢ŀōƭŜ LLLΦ /ƻǊǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ ǾƻƭǳƳŜ ŀƴŘ Ƴŀǎǎ ƻŦ ǘƘŜ ŘƛũŜǊŜƴǘ 

ƎǊŀƴǳƭƻƳŜǘǊƛŎ ǎƛȊŜ ŎƭŀǎǎŜǎΦ 
{ƛȊŜ Ŏƭŀǎǎ ώƳƳϐ Ǌ {ǇŜŀǊƳŀƴ ώǊǎϐ Ǉ 

Ҕ нΦл Ǌǎ Ґ лΦфпт ғΦллм 
нΦлςмΦл  Ǌǎ Ґ лΦурф ғΦллм 
мΦлςлΦр Ǌǎ Ґ лΦфмн ғΦллм 
лΦрςлΦн Ǌǎ Ґ лΦфуп ғΦллм 
ғ лΦн Ǌǎ Ґ лΦусу ғΦллм 

ǇƘŀǎŜ ƻŦ ŎƻƴǎǇƛŎǳƻǳǎ ǊŜǎŜŀǊŎƘ ŀŎǝǾƛǘȅ ǎǝƳǳƭŀǘŜŘ Ƴŀƛƴƭȅ 
ōȅ DƛǳǎŜǇǇŜ ½ŀƴŀŘǊŜŀ ŜƴŘŜŘ ό½ŜǊǳƴƛŀƴ  нллнύΦ ²ƘƛƭŜ 
ƴǳƳŜǊƻǳǎ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ōƛƻƭƻƎȅΣ ǇƘȅƭƻƎŜƴȅ ŀƴŘ 
ƳƻǊǇƘƻƭƻƎȅ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎ ŀǊŜ ǿŜƭƭ ƪƴƻǿƴΣ ǾƛǊǘǳŀƭƭȅ 
ƴƻǘƘƛƴƎ ƛǎ ƪƴƻǿƴ ŀōƻǳǘ ƛǘǎ ŜŎƻƭƻƎƛŎŀƭ ƴŜŜŘǎΦ ¢ƻ ƻǳǊ 
ƪƴƻǿƭŜŘƎŜΣ ǘƘƛǎ ƛǎ ǘƘŜ ŬǊǎǘ ǎǘǳŘȅ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ Ƙŀōƛǘŀǘ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ tƻ .Ǌƻƻƪ [ŀƳǇǊŜȅΦ 

 

CƛƎǳǊŜ оΦ [ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ ŀƳƳƻŎƻŜǘŜǎ wC ƳƻŘŜƭΦ {ŜƭŜŎǘŜŘ ǇƘȅǎƛŎŀƭ ŀǧǊƛōǳǘŜǎ όƛƴ ƻǊŘŜǊ ƻŦ ƛƳǇƻǊǘŀƴŎŜύ ŦƻǊ ǘƘŜ ƻǾŜǊǎŀƳǇƭŜŘ ǇŀǊǎƛƳƻƴƛƻǳǎ ƳƻŘŜƭΦ 

¢ƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǾŀǊƛŀōƭŜǎ ŀƴŘ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǇǊŜǎŜƴŎŜ ƛǎ ǊŜǇƻǊǘŜŘ ǳǎƛƴƎ ǇŀǊǝŀƭ ŘŜǇŜƴŘŜƴŎŜ Ǉƭƻǘǎ όt5tǎύΦ 



 aŜǎƻƘŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ рср 

 

¢ƘŜ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ǘƘŜ aŜǎƻI!.{La ŀǇǇǊƻŀŎƘ ŀƭƭƻǿŜŘ 
ǳǎ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ŀƳƳƻŎƻŜǘŜǎ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎ Ŏŀƴ ōŜ 
ŦƻǳƴŘ ƛƴ ŘƛũŜǊŜƴǘ ƳŜǎƻƘŀōƛǘŀǘǎΣ ǎǳŎƘ ŀǎ ǇƻƻƭǎΣ ƎƭƛŘŜǎΣ 
ǊƛƉŜǎ ŀƴŘ ōŀŎƪǿŀǘŜǊǎΦ IƻǿŜǾŜǊΣ ŀƭƭ ǘƘŜ ǇƻǎƛǝǾŜ ǎŀƳǇƭŜǎ 
ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ Ƴŀƛƴƭȅ ōȅ ǇŀǘŎƘŜǎ ƻŦ ŬƴŜ ǎŜŘƛƳŜƴǘ 
όǇǎŀƳƳŀƭ ŀƴŘ ŀƪŀƭύΣ ǎƘŀƭƭƻǿ ǿŀǘŜǊ ŘŜǇǘƘ όғ пр ŎƳύΣ ŀƴŘ 
ƭƻǿ ƅƻǿ ǾŜƭƻŎƛǝŜǎ όғ пр ŎƳκǎύΦ {ǳŎƘ ǊŜǎǳƭǘǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ 
ǿƛǘƘ ½ŀƴŀƴŘǊŜŀ όмфсоύΣ ǿƘƻ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘƘƛǎ ǎǇŜŎƛŜǎ 
ƛƴƘŀōƛǘǎ ǊƛǾŜǊǎ ǿƛǘƘ ƳǳŘŘȅ ƻǊ ǎŀƴŘȅ ōƻǧƻƳǎΦ 
CǳǊǘƘŜǊƳƻǊŜΣ ōȅ ŎƻƳǇŀǊƛƴƎ ƻǳǊ ŬƴŘƛƴƎǎ ǿƛǘƘ ǘƘŜ Ƙŀōƛǘŀǘ 
ǇǊŜŦŜǊŜƴŎŜǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ŦƻǊ ŀƳƳƻŎŜǘŜǎ ƻŦ 
ƻǘƘŜǊ 9ǳǊƻǇŜŀƴ ŦǊŜǎƘǿŀǘŜǊ ƭŀƳǇǊŜȅǎΣ ŀ ŎŜǊǘŀƛƴ 
ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ Ƴŀȅ ōŜ ƻōǎŜǊǾŜŘΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ DƻƻŘǿƛƴ 
Ŝǘ ŀƭΦ όнллуύ ǳǎŜŘ ǘƘŜ wC ŀƭƎƻǊƛǘƘƳ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 
ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ [Φ ǇƭŀƴŜǊƛ ŀƴŘ [Φ 
ƅǳǾƛŀǝƭƛǎ ŀƳƳƻŎƻŜǘŜǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ŘƛũŜǊŜƴǘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǧǊƛōǳǘŜǎ ŀǘ ŘƛũŜǊŜƴǘ ǎŎŀƭŜǎ όǊŜƎƛƻƴŀƭΣ 
ŎŀǘŎƘƳŜƴǘ ŀƴŘ ƳƛŎǊƻƘŀōƛǘŀǘύ ƛƴ ǘƘŜ .ŀƭƭƛƴŘŜǊǊȅ wƛǾŜǊ 

ŎŀǘŎƘƳŜƴǘ όbƻǊǘƘŜǊƴ LǊŜƭŀƴŘύΦ CǊƻƳ ǘƘŜƛǊ ŀƴŀƭȅǎƛǎ ƛǘ ǿŀǎ 
ǇƻǎǎƛōƭŜ ǘƻ ƴƻǘŜ ǘƘŀǘ ŀƳƳƻŎƻŜǘŜǎ ǿŜǊŜ ƳƻǊŜ ŀōǳƴŘŀƴǘ ƛƴ 
ǎŜŘƛƳŜƴǘ ǇŀǘŎƘŜǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǾŜǊȅ ŎƻŀǊǎŜ ǎŀƴŘ όҗ 
мΦфп ƳƳύΦ !ŘŘƛǝƻƴŀƭƭȅΣ ƳŜŀǎǳǊŜŘ ǿŀǘŜǊ ŘŜǇǘƘ όǊŀƴƎŜ нς
сс ŎƳύ ŀƴŘ ŎǳǊǊŜƴǘ ǾŜƭƻŎƛǘȅ όǊŀƴƎŜ лς тр ŎƳύ ǾŀƭǳŜǎ ǿƘŜǊŜ 
ƭŀƳǇǊŜȅ ŀƳƳƻŎƻŜǘŜǎ ǿŜǊŜ ŦƻǳƴŘ ŀǊŜ ƛƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ 
ƻǳǊ ŘŀǘŀΦ LƴŘŜŜŘΣ ŀƭƭ ǎǇŜŎƛƳŜƴǎ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅǎ ǿŜ 
ŎŀǇǘǳǊŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ǎƛǘŜǎ ƛƴƘŀōƛǘŜŘ Ia¦ǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ 
ōȅ ǿŀǘŜǊ ŘŜǇǘƘ ŀƴŘ ǾŜƭƻŎƛǘȅ ƭƻǿŜǊ ǘƘŀƴ тс ŎƳ ŀƴŘ тл ŎƳκǎΣ 
ǊŜǎǇŜŎǝǾŜƭȅΦ {ƛƳƛƭŀǊƭȅΣ ¢ŀǾŜǊƴȅ Ŝǘ ŀƭΦ όнлмнύΣ ƻōǎŜǊǾŜŘ ǘƘŀǘΣ 
ƛƴ ǘƘŜ 5ƻǊŘƻƎƴŜ wƛǾŜǊ όCǊŀƴŎŜύΣ [Φ ǇƭŀƴŜǊƛ ŀƴŘ [Φ ƅǳǾƛŀǝƭƛǎ 
ŀƳƳƻŎƻŜǘŜǎ ǇǊŜŦŜǊǊŜŘ ǿŀǘŜǊ ŘŜǇǘƘ ōŜƭƻǿ рл ŎƳΣ ŎǳǊǊŜƴǘ 
ǾŜƭƻŎƛǘȅ ǳǇ ǘƻ рл ŎƳκǎ ŀƴŘ ŀ ǎŜŘƛƳŜƴǘ ŎƻƳǇƻǎƛǝƻƴ 
ŘƻƳƛƴŀǘŜŘ ōȅ ŎƻŀǊǎŜ ŀƴŘ ƳŜŘƛŀƴ ǎŀƴŘǎ όлΦнςн ƳƳύΦ 
¢ƘŜ ǳǎŜ ƻŦ ǘƘŜ wC ŎƭŀǎǎƛŬŎŀǝƻƴ ŀƭƎƻǊƛǘƘƳ ǇŜǊƳƛǧŜŘ ǳǎ 
ǘƻ ōŜǧŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ [Φ 
ȊŀƴŀƴŘǊŜŀƛ ŀƳƳƻŎƻŜǘŜǎ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ǘƘŜ ƳŜǎƻƘŀōƛǘŀǘ 
ŀǧǊƛōǳǘŜǎ ŎƻƴǎƛŘŜǊŜŘ ǿƛǘƘƛƴ ǘƘŜ aŜǎƻI!.{La ŀǇǇǊƻŀŎƘΦ 

 

CƛƎǳǊŜ пΦ aŜŀƴ Ƴŀǎǎ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ŬǾŜ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ нр ǎŀƳǇƭŜǎ ŎƻƴǎƛŘŜǊŜŘΦ 

 

CƛƎǳǊŜ рΦ tǊƛƴŎƛǇŀƭ ŎƻƳǇƻƴŜƴǘ ŀƴŀƭȅǎƛǎ ƻǊŘƛƴŀǝƻƴ ǇƭƻǘΦ [ŀōŜƭǎ ƛƴŘƛŎŀǘŜ ƎǊŀƴǳƭƻƳŜǘǊƛŎ ŎƭŀǎǎŜǎΤ Řƻǘǎ ǊŜǇǊŜǎŜƴǘ ǎŀƳǇƭŜ ŎƻǊŜǎΦ 



рсс DΦ bŜƎǊƻ Ŝǘ ŀƭΦ 

 

Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ Ŭƴŀƭ ǇŀǊǎƛƳƻƴƛƻǳǎ wC ƳƻŘŜƭ ƘƛƎƘƭƛƎƘǘŜŘ 
ǘƘŀǘ ƭŀƳǇǊŜȅ ƭŀǊǾŀŜ ƎŜƴŜǊŀƭƭȅ ǇǊŜŦŜǊǊŜŘ ƳŜǎƻƘŀōƛǘŀǘǎ 
όIa¦ύ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎƘŀƭƭƻǿ ƳŀǊƎƛƴǎ ǿƛǘƘ ŀ ƘƛƎƘ 
ǇǊƻǇƻǊǝƻƴ ƻŦ όƛύ ǿŀǘŜǊ ŘŜǇǘƘǎ ƛƴ ǘƘŜ ǊŀƴƎŜ мрςол ŎƳΣ όƛƛύ 
ŎǳǊǊŜƴǘ ǾŜƭƻŎƛǝŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ лςмр ŎƳκǎΣ ŀƴŘ όƛƛƛύ ŬƴŜ 
ǎŜŘƛƳŜƴǘ όǇǎŀƳƳŀƭ ŀƴŘ ŀƪŀƭύΦ 
¢ƘŜ ƘƛƎƘ ǇǊŜŘƛŎǝǾŜ ǇŜǊŦƻǊƳŀƴŎŜ όŀŎŎǳǊŀŎȅ Ґ фрΦн҈ ŀƴŘ 

¢{{ Ґ флΦп҈ύ ƻōǘŀƛƴŜŘ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇŜŘ wC ƳƻŘŜƭ 
ŎƻƴŬǊƳŜŘ ǘƘŜ ŎŀǇŀōƛƭȅ ƻŦ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ǘƘŜ ŘŜŬƴƛǝƻƴ 
ƻŦ ǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǝƻƴ ƳƻŘŜƭǎ ƛƴ ǊƛǾŜǊ ŜŎƻƭƻƎȅ ό/ǳǘƭŜǊ Ŝǘ ŀƭΦ 
нллтύΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ ŎǳǊǊŜƴǘ ŀǇǇǊƻŀŎƘΣ ǿƘƛŎƘ 
ŎƻƳōƛƴŜŘ ǘƘŜ aŜǎƻI!.{La ƳŜǘƘƻŘƻƭƻƎȅ ǿƛǘƘ ŀ wC 
ƳƻŘŜƭΣ ƛǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ǘƘŀǘ ǇƻƛƴǘŜŘ ƻǳǘ 
Ƙƻǿ ƛǘ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǎǳƛǘŀōƭŜ ǘƻ ŘŜŬƴŜ ŀǾŀƛƭŀōƭŜ 
Ƙŀōƛǘŀǘ ŦƻǊ ŦǊŜǎƘǿŀǘŜǊ ŬǎƘ ŀƴŘ ƳŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜǎ ƛƴ 
ǊƛǾŜǊǎ ό±ŜȊȊŀ Ŝǘ ŀƭΦ нлмпΣ нлмсύΦ ¢ƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅ 
ŎƻƴǘǊƛōǳǘŜǎ ŘŜƳƻƴǎǘǊŀǝƴƎ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴ ǇƻǘŜƴǝŀƭ ŦƻǊ 
ǘƘƛǎ ŀǇǇǊƻŀŎƘΦ LƴŘŜŜŘΣ ǘƘƛǎ aŜǎƻI!.{La ŀǇǇƭƛŎŀǝƻƴ Ŏŀƴ 
ōŜ ǎŜŜƴ ŀǎ ŀƴ ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ ŀǇǇǊƻŀŎƘ ŦƻǊ ǘƘŜ ŘŜŬƴƛǝƻƴ 
ƻŦ ƳŜǎƻƘŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ ŦƻǊ tŜǘǊƻƳȅȊƻƴǝŘŀŜΦ Lƴ 
ŀŘŘƛǝƻƴΣ ǘƘƛǎ ǎǘǳŘȅ Ŏŀƴ ǎŜǊǾŜ ŀǎ ŀ ōŀǎƛǎ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ǘƘŜ 
ǇǊŜǎŜǊǾŀǝƻƴ ƻŦ ǘƘŜ ŀǳǘƻŎƘǘƘƻƴƻǳǎ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅΣ 
ǘƘǊƻǳƎƘ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƅƻǿǎ ŀƴŘ ǎŜŘƛƳŜƴǘ 
ǊƛǾŜǊ ƳŀƴŀƎŜƳŜƴǘΣ ŀōƭŜ ǘƻ Ƴŀƛƴǘŀƛƴ ǎǇŜŎƛŬŎ Ƙŀōƛǘŀǘ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ό±ŜȊȊŀ Ŝǘ ŀƭΦ нлмтύΦ 
!ƳƳƻŎƻŜǘŜǎ ƻŦ [Φ ȊŀƴŀƴŘǊŜŀƛ ƛƴƘŀōƛǘŜŘ ŘŜǇƻǎƛǝƻƴŀƭ 

ȊƻƴŜǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŬƴŜ ǎŜŘƛƳŜƴǘǎΣ ƎŜƴŜǊŀƭƭȅ ƳŜŘƛǳƳ 
ǘƻ ŎƻŀǊǎŜ ǎŀƴŘ ǿƛǘƘ ǎƳŀƭƭŜǊ ŀƳƻǳƴǘǎ ƻŦ ŬƴŜǊ ǇŀǊǝŎƭŜǎ ƻǊ 
ǎƳŀƭƭ ƎǊŀǾŜƭΦ LƴǘŜǊŜǎǝƴƎƭȅΣ ǿƘƛƭŜ ƛƴ ƭƻǿƭŀƴŘ ǊǳƴƴƛƴƎ ǿŀǘŜǊǎ 
ǘƘŜǎŜ ƪƛƴŘǎ ƻŦ ǎǳōǎǘǊŀǘŀ ŀǊŜ ƻƊŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
ƳƻŘŜǊŀǘŜ ǘƻ ŜƭŜǾŀǘŜŘ ŀƳƻǳƴǘǎ ƻŦ ƻǊƎŀƴƛŎ ƳŀǧŜǊΣ ƛƴ ǘƘŜ 
ŎƻǊŜǎ ǇƻǎƛǝǾŜ ŦƻǊ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀƳƳƻŎƻŜǘŜǎ ǘƘŜ ƻǊƎŀƴƛŎ 
ŎƻƳǇƻƴŜƴǘ ǇǊƻǾŜŘ ǾŜǊȅ ǎƳŀƭƭΦ ¢Ƙƛǎ ŬƴŘƛƴƎ Ŏŀƴ ŜȄǇƭŀƛƴ ǘƘŜ 
ǎŎŀǧŜǊŜŘ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƘŜ ǎǇŜŎƛƳŜƴǎΦ Lƴ ŦŀŎǘΣ ǘƘŜ 
ƻŎŎǳǊǊŜƴŎŜ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ƛǎ ǘȅǇƛŎŀƭƭȅ ƛǊǊŜƎǳƭŀǊ ƛƴ ǘƘŜ ǎǘǊŜŀƳ 
ǊŜŀŎƘŜǎ ǿŜ ŜȄŀƳƛƴŜŘΣ ǿƛǘƘ ƭŀǊƎŜ ŀǇǇŀǊŜƴǘƭȅ ǎǳƛǘŀōƭŜ ŀǊŜŀǎ 
όƧǳŘƎŜŘ ōȅ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŬƴŜ ǎŜŘƛƳŜƴǘǎύ ǿƘŜǊŜ ƴƻ 
ŀƳƳƻŎŜǘŜǎ ǿŜǊŜ ŦƻǳƴŘΦ tǊƻōŀōƭȅ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƘŜ 
ƻǊƎŀƴƛǎƳǎ ŘŜǊƛǾŜǎ ŦǊƻƳ ŀ ǘǊŀŘŜπƻũ ōŜǘǿŜŜƴ ǘƘŜ ǘŜȄǘǳǊŜ 
ŀƴŘ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜ όǿƘƛŎƘ ŀƭƭƻǿ ǘƘŜ ƭŀǊǾŀŜ 
ǘƻ ōǳǊǊƻǿύ ŀƴŘ ǘƘŜ ƻǊƎŀƴƛŎ ǎǳōǎǘŀƴŎŜ ŎƻƴǘŜƴǘΦ !ƴ 
ŜȄŎŜǎǎƛǾŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ƻǊƎŀƴƛŎ ƳŀǧŜǊ ŜƴƘŀƴŎŜǎ 
ōŀŎǘŜǊƛŀƭ ōƛƻƳŀǎǎ ƎǊƻǿǘƘ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǊŜŘǳŎŜǎ ƻȄȅƎŜƴ 
Řƛũǳǎƛƻƴ ŀǘ ǘƘŜ ƛƴǘŜǊǎǝǝŀƭ ƭŜǾŜƭΦ 
¢Ƙƛǎ ǎǘǳŘȅ ǎƘƻǿǎ ǘƘŀǘ ƭŀƳǇǊŜȅǎ ǎŜƭŜŎǘ ƳŜǎƻƘŀōƛǘŀǘ ƴƻǘ 

ƻƴƭȅ ǿƛǘƘ ǇǊŜŎƛǎŜ ǾŜƭƻŎƛǘȅΣ ŘŜǇǘƘ ŀƴŘ ƎǊŀƛƴ ǎƛȊŜ ǊŀƴƎŜǎΣ ōǳǘ 
ŀƭǎƻ ǿƛǘƘ ŀ ƭƻǿ ƻǊƎŀƴƛŎ ŎƻƴǘŜƴǘΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƘŜ 
ŎƘŀƴŎŜǎ ƻŦ ŬƴŘƛƴƎ ǘƘƛǎ ǎǇŜŎƛŜǎ ƛƴŎǊŜŀǎŜ ƛƴ ǊƛǾŜǊǎ ǿƛǘƘ 
ōŜǧŜǊ ǉǳŀƭƛǘȅΣ ƛƴ ǘŜǊƳǎ ƻŦ ŜŎƻƭƻƎƛŎŀƭΣ ŎƘŜƳƛŎŀƭ ŀƴŘ 
ƘȅŘǊƻƭƻƎƛŎŀƭ ǎǘŀǘǳǎΦ {ǘǊŜŀƳǎ ŀƴŘ ǊƛǾŜǊǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ 
ǘƘǊŜŀǘŜƴŜŘ ōȅ ŦŀŎǘƻǊǎ ŀŎǝƴƎ ŀǘ Ǝƭƻōŀƭ όtƛŀƴƻ Ŝǘ ŀƭΦ нлнлύ 
ŀƴŘ ƭƻŎŀƭ όDǳŀǊŜǎŎƘƛ Ŝǘ ŀƭΦ нлмпύ ǎŎŀƭŜǎΦ Lƴ ǇŀǊǝŎǳƭŀǊΣ ǘƘŜ 
ǎȅƴŜǊƎƛŎ ŜũŜŎǘǎ ƻŦ ǘƘŜǎŜ ŦŀŎǘƻǊǎ Ŏŀƴ ōŜ ŘǊŀƳŀǝŎŀƭƭȅ 
ŘŀƴƎŜǊƻǳǎΣ ōŜŎŀǳǎŜ ǘƘŜ ǊŜŘǳŎǝƻƴ ƻŦ ƅƻǿǎ Ŏŀƴ ŜȄŀŎŜǊōŀǘŜ 

ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǿŀǎǘŜǿŀǘŜǊ ŘƛǎŎƘŀǊƎŜΣ ƭŜŀŘƛƴƎ ǘƻ ŀƴ 
ŀǳƎƳŜƴǘŀǝƻƴ ƻŦ ŬƴŜ ƻǊƎŀƴƛŎ ƳŀǧŜǊ ŘŜǇƻǎƛǝƻƴ ŀƴŘ ŀ 
ŎƻƴǎŜǉǳŜƴǘ ŘƛƳƛƴǳǝƻƴ ƻŦ ƭŀƳǇǊŜȅ Ƙŀōƛǘŀǘ ŀǾŀƛƭŀōƛƭƛǘȅΦ 
[ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ ƛǎ ŀƴ ŀƴŎƛŜƴǘ ǿƛǘƴŜǎǎ ƻŦ ǘƘŜ 
ŦǊŜǎƘǿŀǘŜǊ Ŧŀǳƴŀǎ ƻŦ ǘƘŜ ǇŀǎǘΣ ŀƴ ŜƴŘŜƳƛŎ ŀƴŘ ƘƛƎƘƭȅ 
ǘƘǊŜŀǘŜƴŜŘ ǎǇŜŎƛŜǎ ǘƘŀǘ ōŜŎƻƳŜǎ ǘƘŜ ǎȅƳōƻƭ ƻŦ ŀƴ ŜƴǝǊŜ 
ƭŀǊƎŜ ƛŎƘǘƘȅƻƭƻƎƛŎŀƭ ŘƛǎǘǊƛŎǘΣ ǘƘŜ tƻ ōŀǎƛƴΥ ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ 
ŎƻƴǎŜǊǾŜ tƻ .Ǌƻƻƪ ƭŀƳǇǊŜȅΣ ǿŜ ƴŜŜŘ ŀ ŘŜŜǇŜǊ ƪƴƻǿƭŜŘƎŜ 
ƻŦ ƛǘǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƴŜŜŘǎΦ 

5ƛǎŎƭƻǎǳǊŜ ǎǘŀǘŜƳŜƴǘ 

bƻ ǇƻǘŜƴǝŀƭ ŎƻƴƅƛŎǘ ƻŦ ƛƴǘŜǊŜǎǘ ǿŀǎ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ 
ŀǳǘƘƻǊǎΦ  

CǳƴŘƛƴƎ 

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǿŀǎ ǎǳǇǇƻǊǘŜŘ ōȅ aƻƴǾƛǎƻ bŀǘǳǊŀƭ tŀǊƪ 
ŀƴŘ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘƛƴ ǘƘŜ ŀŎǝǾƛǝŜǎ ƻŦ [LC9нмπ b!¢πL¢π
[LC9 aƛƴƴƻǿΣ млмлтпррф ά{Ƴŀƭƭ ŬǎƘΣ ǎƳŀƭƭ ǎǘǊŜŀƳǎΣ ōƛƎ 
ŎƘŀƭƭŜƴƎŜǎΥ ŎƻƴǎŜǊǾŀǝƻƴ ƻŦ ŜƴŘŀƴƎŜǊŜŘ ǎǇŜŎƛŜǎ ƛƴ 
ǘǊƛōǳǘŀǊƛŜǎ ƻŦ ǘƘŜ ǳǇǇŜǊ tƻ wƛǾŜǊέΦ 

hw/L5 
DΦ bŜƎǊƻ  ƘǧǇΥκκƻǊŎƛŘΦƻǊƎκллллπлллоπлффсπорту 
{Φ CŜƴƻƎƭƛƻ  ƘǧǇΥκκƻǊŎƛŘΦƻǊƎκллллπлллмπсфомπсрн· 

tΦ ±ŜȊȊŀ  ƘǧǇΥκκƻǊŎƛŘΦƻǊƎκллллπлллнπступπулос 

wŜŦŜǊŜƴŎŜǎ 

!ƘƳŀŘƛπbŜŘǳǎƘŀƴ .Σ {ǘπIƛƭŀƛǊŜ !Σ .ŞǊǳōŞ aΣ ; wΣ  
¢ƘƛŞƳƻƴƎŜ bΣ .ƻōŞŜ .Φ нллсΦ ! ǊŜǾƛŜǿ ƻŦ ǎǘŀǝǎǝŎŀƭ ƳŜǘƘƻŘǎ ŦƻǊ 

ǘƘŜ ŜǾŀƭǳŀǝƻƴ ƻŦ ŀǉǳŀǝŎ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ƛƴǎǘǊŜŀƳ ƅƻǿ 

ŀǎǎŜǎǎƳŜƴǘΦ wƛǾŜǊ wŜǎŜŀǊŎƘ ŀƴŘ !ǇǇƭƛŎŀǝƻƴǎ нн όрύΥрлоςрноΦ 5hLΥ 

млΦмллнκǊǊŀΦфмуΦ 
!ƭƭƻǳŎƘŜ hΣ ¢ǎƻŀǊ !Σ YŀŘƳƻƴ wΦ нллсΦ !ǎǎŜǎǎƛƴƎ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ 

ǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǝƻƴ ƳƻŘŜƭǎΥ tǊŜǾŀƭŜƴŎŜΣ ƪŀǇǇŀ ŀƴŘ ǘƘŜ ǘǊǳŜ ǎƪƛƭƭ 

ǎǘŀǝǎǝŎ ό¢{{ύΦ WƻǳǊƴŀƭ ƻŦ !ǇǇƭƛŜŘ 9ŎƻƭƻƎȅ по όсύΥмнноςмнонΦ 5hLΥ 

млΦммммκƧΦмосрπнсспΦнллсΦлмнмпΦȄΦ 
.ŜƭƭŜǩ .Σ wƛƴŀƭŘƛ aΣ .ǳǎǎŜǩƴƛ aΣ /ƻƳƛǝ CΣ DǳǊƴŜƭƭ !aΣ aŀƻ [Σ bŀǊŘƛ 

[Σ ±ŜȊȊŀ tΦ нлмтΦ /ƘŀǊŀŎǘŜǊƛǎƛƴƎ ǇƘȅǎƛŎŀƭ Ƙŀōƛǘŀǘǎ ŀƴŘ ƅǳǾƛŀƭ 

ƘȅŘǊƻƳƻǊǇƘƻƭƻƎȅΥ ! ƴŜǿ ǎȅǎǘŜƳ ŦƻǊ ǘƘŜ ǎǳǊǾŜȅ ŀƴŘ ŎƭŀǎǎƛŬŎŀǝƻƴ 

ƻŦ ǊƛǾŜǊ ƎŜƻƳƻǊǇƘƛŎ ǳƴƛǘǎΦ DŜƻƳƻǊǇƘƻƭƻƎȅ нуоΥмпоςмртΦ 5hLΥ 

млΦмлмсκƧΦƎŜƻƳƻǊǇƘΦ нлмтΦлмΦлонΦ 
.ŜǊǘƻƭƛƴƛ .Φ мфсрΦ ¢ƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ƭƛǾŜǊ ŎŜƭƭǎ ŘǳǊƛƴƎ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƻŦ 

ŀ ōǊƻƻƪπƭŀƳǇǊŜȅ ό[ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛύΦ ½ŜƛǘǎŎƘǊƛƊ ŦǸǊ 

½ŜƭƭŦƻǊǎŎƘǳƴƎ ǳƴŘ aƛƪǊƻǎƪƻǇƛǎŎƘŜ !ƴŀǘƻƳƛŜ стΥнфтςомуΦ 5hLΥ 

млΦмллтκ.CллоофоттΦ 
.ƛŀƴŎƻ tDΦ мфусΦ [ŜǘƘŜƴǘŜǊƻƴ ȊŀƴŀƴŘǊŜŀƛΦ LƴΥ IƻƭŎƛƪ WΣ ŜŘƛǘƻǊΦ ¢ƘŜ 

ŦǊŜǎƘǿŀǘŜǊ ŬǎƘŜǎ ƻŦ 9ǳǊƻǇŜΦ ²ƛŜǎōŀŘŜƴΣ DŜǊƳŀƴȅΥ !ǳƭŀπ ±ŜǊƭŀƎΦ 

ǇǇΦ нотςнпсΦ 
.ƛŀƴŎƻ tDΦ мффнΦ ½ƻƻƎŜƻƎǊŀǇƘƛŎŀƭ ƛƳǇƭƛŎŀǝƻƴǎ ƻƴ ŀ ŬǊǎǘ ǊŜŎƻǊŘ ƻŦ 

[ŜǘƘŜƴǘŜǊƻƴ ȊŀƴŀƴŘǊŜŀƛ ό±ƭŀŘƛƪƻǾΣмфррύ ƛƴ ŎŜƴǘǊŀƭ LǘŀƭȅΦ LŎƘǘƘȅƻƭƻƎƛŎŀƭ 

9ȄǇƭƻǊŀǝƻƴ ƻŦ CǊŜǎƘǿŀǘŜǊǎ оΥмуоςмусΦ .ǊŜƛƳŀƴ [Φ мффсΦ .ŀƎƎƛƴƎ 

ǇǊŜŘƛŎǘƻǊǎΦ aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ нпΥмноςмплΦ 5hLΥ млΦмллтκ.CлллрусррΦ 
.ǊŜƛƳŀƴ [Φ нллмΦ wŀƴŘƻƳ ŦƻǊŜǎǘǎΦ aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎ прΥрςонΦ 5hLΥ 

млΦмлноκ!ΥмлмлфооплпонпΦ 

https://doi.org/10.1002/rra.918
https://doi.org/10.1111/j.1365-2664.2006.01214.x
https://doi.org/10.1016/j.geomorph.2017.01.032
https://doi.org/10.1016/j.geomorph.2017.01.032
https://doi.org/10.1016/j.geomorph.2017.01.032
https://doi.org/10.1007/BF00339377
https://doi.org/10.1007/BF00339377
https://doi.org/10.1007/BF00058655
https://doi.org/10.1007/BF00058655
https://doi.org/10.1023/A:1010933404324


 aŜǎƻƘŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ tƻ ōǊƻƻƪ ƭŀƳǇǊŜȅ рст 

 

.ǊŜƛƳŀƴ [Σ CǊƛŜŘƳŀƴ WIΣ hƭǎƘŜƴ w!Σ {ǘƻƴŜ /WΦ мфупΦ /ƭŀǎǎƛŬŎŀǝƻƴ 

ŀƴŘ ǊŜƎǊŜǎǎƛƻƴ ǘǊŜŜǎΦ bŜǿ ¸ƻǊƪΣ ¦{!Υ /ƘŀǇƳŀƴ ϧ IŀƭƭΣ 
/ŀǇǳǘƻ ±Σ DƛƻǾŀƴƴƻǩ aΣ bƛǎƛ /ŜǊƛƻƴƛ tΣ {ǇƭŜƴŘƛŀƴƛ !Σ aŀǊŎƻƴƛ aΣ 

¢ŀƎƭƛŀǾƛƴƛ WΦ нллфΦ aƛǘƻŎƘƻƴŘǊƛŀƭ 5b! ǾŀǊƛŀǝƻƴ ƻŦ ŀƴ ƛǎƻƭŀǘŜŘ 

ǇƻǇǳƭŀǝƻƴ ƻŦ ǘƘŜ !ŘǊƛŀǝŎ ōǊƻƻƪ ƭŀƳǇǊŜȅ [ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ 

ό!ƎƴŀǘƘŀΥ tŜǘǊƻƳȅȊƻƴǝŘŀŜύΥ tƘȅƭƻƎŜƻƎǊŀǇƘƛŎ ŀƴŘ ǇƘȅƭƻƎŜƴŜǝŎ 

ƛƴŦŜǊŜƴŎŜǎΦ WƻǳǊƴŀƭ ƻŦ CƛǎƘ .ƛƻƭƻƎȅ трΥноппςнормΦ 5hLΥ 

млΦммммκƧΦмлфрπуспфΦнллфΦлнпмоΦȄΦ 
/ŀǇǳǘƻ ±Σ DƛƻǾŀƴƴƻǩ aΣ bƛǎƛ /ŜǊƛƻƴƛ tΣ {ǇƭŜƴŘƛŀƴƛ !Σ ¢ŀƎƭƛŀǾƛƴƛ WΣ 

hƭƳƻ 9Φ нлммΦ /ƘǊƻƳƻǎƻƳŀƭ ǎǘǳŘȅ ƻŦ ŀ ƭŀƳǇǊŜȅ [ŀƳǇŜǘǊŀ 

ȊŀƴŀƴŘǊŜŀƛ ό±ƭŀŘȅƪƻǾΣ мфррύ όtŜǘǊƻƳȅȊƻƴƛŘŀΥ 

tŜǘǊƻƳȅȊƻƴǝŦƻǊƳŜǎύΥ /ƻƴǾŜƴǝƻƴŀƭ ŀƴŘ CL{I ŀƴŀƭȅǎƛǎΦ 

/ƘǊƻƳƻǎƻƳŜ wŜǎŜŀǊŎƘ мфΥпумςпфмΦ 5hLΥ   
млΦмллтκǎмлрттπлммπфмфтπпΦ 

/ǊƛǾŜƭƭƛ !WΦ нллрΦ [ŜǘƘŜƴǘŜǊƻƴ ȊŀƴŀƴŘǊŜŀƛΣ L¦/b wŜŘ [ƛǎǘ ƻŦ ¢ƘǊŜŀǘŜƴŜŘ 

{ǇŜŎƛŜǎΣ ±ŜǊǎƛƻƴŜ нлнлΦнΦ L¦/bΣ нлнлΦ 
/ǳǘƭŜǊ 5wΣ 9ŘǿŀǊŘǎ WǊ ¢/Σ .ŜŀǊŘ YIΣ /ǳǘƭŜǊ !Σ IŜǎǎ Y¢Σ Dƛōǎƻƴ WΣ 

[ŀǿƭŜǊ WWΦ нллтΦ wŀƴŘƻƳ ŦƻǊŜǎǘǎ ŦƻǊ ŎƭŀǎǎƛŬŎŀǝƻƴ ƛƴ ŜŎƻƭƻƎȅΦ 

9ŎƻƭƻƎȅ ууόммύΥнтуоςнтфнΦ 5hLΥ млΦмуфлκлтπ лрофΦмΦ 
9Ǿŀƴǎ W{Σ /ǳǎƘƳŀƴ {!Φ нллфΦ DǊŀŘƛŜƴǘ ƳƻŘŜƭƛƴƎ ƻŦ ŎƻƴƛŦŜǊ ǎǇŜŎƛŜǎ 

ǳǎƛƴƎ ǊŀƴŘƻƳ ŦƻǊŜǎǘǎΦ [ŀƴŘǎŎŀǇŜ 9ŎƻƭƻƎȅ нп όрύΥстоςсуоΦ 5hLΥ 

млΦмллтκǎмлфулπллфπфопмπлΦ 
9Ǿŀƴǎ W{Σ aǳǊǇƘȅ a!Σ IƻƭŘŜƴ ½!Σ /ǳǎƘƳŀƴ {!Φ нлммΦ aƻŘŜƭƛƴƎ 

ǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ŎƘŀƴƎŜ ǳǎƛƴƎ ǊŀƴŘƻƳ ŦƻǊŜǎǘΦ Lƴ 

tǊŜŘƛŎǝǾŜ ǎǇŜŎƛŜǎ ŀƴŘ Ƙŀōƛǘŀǘ ƳƻŘŜƭƛƴƎ ƛƴ ƭŀƴŘǎŎŀǇŜ ŜŎƻƭƻƎȅΦ 

bŜǿ ¸ƻǊƪΣ b¸Υ {ǇǊƛƴƎŜǊΦ ǇǇΦ мофςмрфΦ 
CǊŜȅƘƻŦ WΦ нлммΦ [ŀƳǇŜǘǊŀ ȊŀƴŀƴŘǊŜŀƛ όŜǊǊŀǘŀ ǾŜǊǎƛƻƴ ǇǳōƭƛǎƘŜŘ ƛƴ 

нлмуύΦ ¢ƘŜ L¦/b wŜŘ [ƛǎǘ ƻŦ ¢ƘǊŜŀǘŜƴŜŘ {ǇŜŎƛŜǎ нлммΥ ŜΦ ¢слтфΦ 
DƻƻŘǿƛƴ /9Σ 5ƛŎƪ W¢!Σ wƻƎƻǿǎƪƛ 5[Σ 9ƭǿƻƻŘ w²Φ нллуΦ [ŀƳǇǊŜȅ 

ό[ŀƳǇŜǘǊŀ ƅǳǾƛŀǝƭƛǎ ŀƴŘ [ŀƳǇŜǘǊŀ ǇƭŀƴŜǊƛύ ŀƳƳƻŎƻŜǘŜ Ƙŀōƛǘŀǘ 

ŀǎǎƻŎƛŀǝƻƴǎ ŀǘ ǊŜƎƛƻƴŀƭΣ ŎŀǘŎƘƳŜƴǘ ŀƴŘ ƳƛŎǊƻƘŀōƛǘŀǘ ǎŎŀƭŜǎ ƛƴ 

bƻǊǘƘŜǊƴ LǊŜƭŀƴŘΦ 9ŎƻƭƻƎȅ ƻŦ CǊŜǎƘǿŀǘŜǊ CƛǎƘ мтόпύΥрпнςрроΦ 

5hLΥ млΦммммκƧΦмсллπлсооΦнллуΦллолрΦȄΦ 
DǳŀǊŜǎŎƘƛ {Σ [ŀƛƴƛ !Σ wŀŎŎƘŜǩ 9Σ .ƻ ¢Σ CŜƴƻƎƭƛƻ {Σ .ŀǊǘƻƭƛ aΦ нлмпΦ 

Iƻǿ Řƻ ƘȅŘǊƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ŎƻƴǎǘǊŀƛƴǘǎ ŀƴŘ ǊŜƎǳƭŀǘŜŘ ƅƻǿǎ 

ƎƻǾŜǊƴ ƳŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜ ŎƻƳƳǳƴƛǝŜǎ ŀƭƻƴƎ ŀƴ ŜƴǝǊŜ ƭƻǿƭŀƴŘ 

ǊƛǾŜǊΚ 9ŎƻƘȅŘǊƻƭƻƎȅ тΥоссςоттΦ 5hLΥ млΦмллнκŜŎƻΦ морпΦ 
DǳǊƴŜƭƭ aΣ .ǳǎǎŜǩƴƛ aΣ /ŀƳŜƴŜƴ .Σ DƻƴȊłƭŜȊ 5Ŝƭ ¢łƴŀƎƻ aΣ  
DǊŀōƻǿǎƪƛ wΣ IŜƴŘǊƛƪǎ 5Σ IŜƴǎƘŀǿ !Σ [ŀǘŀǇƛŜ !Σ wƛƴŀƭŘƛ aΣ {ǳǊƛŀƴ 

bΦ нлмпΦ w9ǎǘƻǊƛƴƎ ǊƛǾŜǊǎ Chw ŜũŜŎǝǾŜ ŎŀǘŎƘƳŜƴǘ ƳŀƴŀƎŜƳŜƴǘ 

όw9ChwaύΦ 5ŜƭƛǾŜǊŀōƭŜ 5нΦм tŀǊǘ  
LΦ ! ƘƛŜǊŀǊŎƘƛŎŀƭ ƳǳƭǝπǎŎŀƭŜ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ƛƴŘƛŎŀǘƻǊǎ ƻŦ 

ƘȅŘǊƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ŦƻǊƳǎΦ !ǾŀƛƭŀōƭŜΥ ƘǧǇΥκκ 

ǿǿǿΦǊŜŦƻǊƳǊƛǾŜǊǎΦŜǳκǎȅǎǘŜƳκŬƭŜǎκ5нΦ 
IƻƭŎƛƪ WΣ aǊŀƪƻǾƛŎ aΦ мффтΦ CƛǊǎǘ ǊŜŎƻǊŘ ƻŦ [ŜǘƘŜƴǘŜǊƻƴ ȊŀƴŀƴŘǊŜŀƛ 

ό/ȅŎƭƻǎǘƻƳŀΣ tŜǘǊƻƳȅȊƻƴǝŘŀŜύ ƛƴ ǘƘŜ !ŘǊƛŀǝŎ ōŀǎƛƴ ƻŦ ǘƘŜ 

.ŀƭƪŀƴ ǇŜƴƛƴǎǳƭŀ ŀƴŘ ƛǘǎ ȊƻƻƎŜƻƎǊŀǇƘƛŎ ŎƻƴǎŜǉǳŜƴŎŜǎΦ Cƻƭƛŀ 

½ƻƻƭƻƎƛŎŀ псΥнсоςнтмΦ 
IƻƭƭŀƴŘ DWΣ DǊŜŜƴǎǘǊŜŜǘ {tΣ Dƛōō LaΣ CǊŀǎŜǊ IaΣ ŀƴŘ wƻōŜǊǘǎƻƴ awΦ 

нллрΦ LŘŜƴǝŦȅƛƴƎ ǎŀƴŘŜŜƭ ŀƳƳƻŘȅǘŜǎ ƳŀǊƛƴǳǎ ǎŜŘƛƳŜƴǘ Ƙŀōƛǘŀǘ 

ǇǊŜŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ƳŀǊƛƴŜ ŜƴǾƛǊƻƴƳŜƴǘΦ aŀǊƛƴŜ 9ŎƻƭƻƎȅ 

tǊƻƎǊŜǎǎ {ŜǊƛŜǎ олоΥнсфςнунΦ 5hLΥ млΦоорпκ ƳŜǇǎолонсфΦ 
L¦/bΦ нлмуΦ ¢ƘŜ L¦/b ǊŜŘ ƭƛǎǘ ƻŦ ǘƘǊŜŀǘŜƴŜŘ ǎǇŜŎƛŜǎΦ ±ŜǊǎƛƻƴ нлмуπнΦ 

!ǾŀƛƭŀōƭŜΥ ǿǿǿΦƛǳŎƴǊŜŘƭƛǎǘΦƻǊƎΦ ό!ŎŎŜǎǎŜŘ bƻǾ нлму мрύΦ 
YƻƘŀǾƛ wΣ WƻƘƴ DIΦ мффтΦ ²ǊŀǇǇŜǊǎ ŦƻǊ ŦŜŀǘǳǊŜ ǎǳōǎŜǘ ǎŜƭŜŎǝƻƴΦ 

!ǊǝŬŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ фтόмςнύΥнтоςонпΦ 5hLΥ млΦмлмсκ {лллпπ

отлнόфтύлллпоπ·Φ 
YƻǳǘǊŀƪƛǎ 9¢Σ ¢ǊƛŀƴǘŀŬƭƭƛŘƛǎ {Σ {ŀǇƻǳƴƛŘƛǎ !{Σ ±ŜȊȊŀ tΣ YŀƳƛŘƛǎ bΣ {ȅƭŀƛƻǎ 

DΣ /ƻƳƻƎƭƛƻ /Φ нлмфΦ 9Ǿŀƭǳŀǝƻƴ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ƅƻǿǎ ƛƴ ƘƛƎƘƭȅ 

ǊŜƎǳƭŀǘŜŘ ǊƛǾŜǊǎ ǳǎƛƴƎ ǘƘŜ ƳŜǎƻƘŀōƛǘŀǘ ŀǇǇǊƻŀŎƘΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻƴ 

ǘƘŜ bŜǎǘƻǎ wƛǾŜǊΣ bΦ DǊŜŜŎŜ 9ŎƻƘȅŘǊƻƭƻƎȅ ϧ IȅŘǊƻōƛƻƭƻƎȅ 

мфόпύΥрфуςслфΦ 5hLΥ млΦ млмсκƧΦŜŎƻƘȅŘΦнлмуΦлмΦллнΦ 

YǳǊǎŀ a.Σ wǳŘƴƛŎƪƛ ²wΦ нлмлΦ CŜŀǘǳǊŜ ǎŜƭŜŎǝƻƴ ǿƛǘƘ ǘƘŜ .ƻǊǳǘŀ ǇŀŎƪŀƎŜΦ 

WƻǳǊƴŀƭ ƻŦ {ǘŀǝǎǝŎŀƭ {ƻƊǿŀǊŜ осΥмςмоΦ 5hLΥ млΦмусотκƧǎǎΦǾлосΦƛммΦ 
[ŀƳƻǳǊƻǳȄ bΣ /ŀǇǊŀ IΣ tƻǳƛƭƭȅ aΣ {ƻǳŎƘƻƴ ¸Φ мфффΦ CƛǎƘ Ƙŀōƛǘŀǘ 

ǇǊŜŦŜǊŜƴŎŜǎ ƛƴ ƭŀǊƎŜ ǎǘǊŜŀƳǎ ƻŦ ǎƻǳǘƘŜǊƴ CǊŀƴŎŜΦ CǊŜǎƘǿŀǘŜǊ .ƛƻƭƻƎȅ 

пнόпύΥстоςсутΦ 
[ƛŀǿ !Σ ²ƛŜƴŜǊ aΦ нллнΦ /ƭŀǎǎƛŬŎŀǝƻƴ ŀƴŘ ǊŜƎǊŜǎǎƛƻƴ ōȅ ǊŀƴŘƻƳCƻǊŜǎǘΦ w 

bŜǿǎ нόоύΥмуςннΦ 
[ƻƎǳŜ W.Σ wƻōƛƴǎƻƴ /¢Σ aŜƛŜǊ /Σ ŘŜǊ aŜŜǊ Ww±Φ нллпΦ wŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ 

ǎŜŘƛƳŜƴǘ ƻǊƎŀƴƛŎ ƳŀǧŜǊΣ ōŀŎǘŜǊƛŀ ŎƻƳǇƻǎƛǝƻƴΣ ŀƴŘ ǘƘŜ ŜŎƻǎȅǎǘŜƳ 

ƳŜǘŀōƻƭƛǎƳ ƻŦ ŀƭǇƛƴŜ ǎǘǊŜŀƳǎΦ [ƛƳƴƻƭƻƎȅ ŀƴŘ hŎŜŀƴƻƎǊŀǇƘȅ 

пфΥнллмςнлмлΦ 5hLΥ млΦ помфκƭƻΦнллпΦпфΦсΦнллмΦ 
aŜŀŘƻǊ awΣ aŎLƴǘȅǊŜ WtΣ tƻƭƭƻŎƪ YIΦ нллоΦ !ǎǎŜǎǎƛƴƎ ǘƘŜ ŜŶŎŀŎȅ ƻŦ 

ǎƛƴƎƭŜπǇŀǎǎ ōŀŎƪǇŀŎƪ ŜƭŜŎǘǊƻŬǎƘƛƴƎ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ŬǎƘ ŎƻƳƳǳƴƛǘȅ 

ǎǘǊǳŎǘǳǊŜΦ ¢ǊŀƴǎŀŎǝƻƴǎ ƻŦ ǘƘŜ !ƳŜǊƛŎŀƴ CƛǎƘŜǊƛŜǎ {ƻŎƛŜǘȅ монόмύΥофς

псΦ 5hLΥ млΦмрттκмрпуπусрф όнллоύмонғллофΥ!¢9h{tҔнΦлΦ/hΤнΦ 
aƻǳǘƻƴ !aΣ !ƭŎŀǊŀȊπIŜǊƴłƴŘŜȊ W5Σ 5Ŝ .ŀŜǘǎ .Σ DƻŜǘƘŀƭǎ t[Σ aŀǊǟƴŜȊπ

/ŀǇŜƭ CΦ нлммΦ 5ŀǘŀπŘǊƛǾŜƴ ŦǳȊȊȅ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ƳƻŘŜƭǎ ŦƻǊ ōǊƻǿƴ 

ǘǊƻǳǘ ƛƴ {ǇŀƴƛǎƘ aŜŘƛǘŜǊǊŀƴŜŀƴ ǊƛǾŜǊǎΦ  
9ƴǾƛǊƻƴƳŜƴǘŀƭ aƻŘŜƭƭƛƴƎ ϧ {ƻƊǿŀǊŜ нсόрύΥсмрςсннΦ 5hLΥ   

млΦмлмсκƧΦŜƴǾǎƻƊΦнлмлΦмнΦллмΦ 
bŜƎǊƻ DΣ CŜƴƻƎƭƛƻ {Σ vǳŀǊŀƴǘŀ 9Σ /ƻƳƻƎƭƛƻ /Σ DŀǊȊƛŀ LΣ ±ŜȊȊŀ tΦ нлнмΦ 

Iŀōƛǘŀǘ ǇǊŜŦŜǊŜƴŎŜǎ ƻŦ Lǘŀƭƛŀƴ ŦǊŜǎƘǿŀǘŜǊ ŬǎƘΥ ! ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ƻŦ 

Řŀǘŀ ŀǾŀƛƭŀōƛƭƛǘȅ ŦƻǊ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ǘƘŜ aŜǎƻI!.{La ƳƻŘŜƭΦ CǊƻƴǝŜǊǎ 

ƛƴ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜ фΥсоптотΦ 5hLΥ 

млΦооуфκŦŜƴǾǎΦнлнмΦсоптотΦ 
tŀǊŀǎƛŜǿƛŎȊ tΦ нллтΦ ¢ƘŜ aŜǎƻI!.{La ƳƻŘŜƭ ǊŜǾƛǎƛǘŜŘΦ wƛǾŜǊ wŜǎŜŀǊŎƘ 

ŀƴŘ !ǇǇƭƛŎŀǝƻƴǎ ноόуύΥуфоςфлоΦ 5hLΥ млΦмллнκǊǊŀΦ млпрΦ 
tƛŀƴƻ 9Σ 5ƻǊŜǧƻ !Σ aŀƳƳƻƭŀ {Σ CŀƭŀǎŎƻ 9Σ CŜƴƻƎƭƛƻ {Σ .ƻƴŀ CΦ нлнлΦ 

¢ŀȄƻƴƻƳƛŎ ŀƴŘ ŦǳƴŎǝƻƴŀƭ ƘƻƳƻƎŜƴƛǎŀǝƻƴ ƻŦ ƳŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜ 

ŎƻƳƳǳƴƛǝŜǎ ƛƴ ǊŜŎŜƴǘƭȅ ƛƴǘŜǊƳƛǧŜƴǘ !ƭǇƛƴŜ ǿŀǘŜǊŎƻǳǊǎŜǎΦ 

CǊŜǎƘǿŀǘŜǊ .ƛƻƭƻƎȅ срΥнлфсςнмлтΦ 5hLΥ млΦ ммммκŦǿōΦмослрΦ 
tǊƻōǎǘ tΣ ²ǊƛƎƘǘ abΣ .ƻǳƭŜǎǘŜƛȄ ![Φ нлмфΦ IȅǇŜǊǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǘǳƴƛƴƎ 

ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǊŀƴŘƻƳ ŦƻǊŜǎǘΦ ²ƛƭŜȅ LƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ wŜǾƛŜǿǎΥ 5ŀǘŀ 

aƛƴƛƴƎ ŀƴŘ YƴƻǿƭŜŘƎŜ 5ƛǎŎƻǾŜǊȅ фόоύΥŜмолмΦ 
wŜƴŀǳŘ /.Φ нлммΦ [ŀƳǇǊŜȅǎ ƻŦ ǘƘŜ ǿƻǊƭŘΦ !ƴ ŀƴƴƻǘŀǘŜŘ ŀƴŘ ƛƭƭǳǎǘǊŀǘŜŘ 

ŎŀǘŀƭƻƎǳŜ ƻŦ ƭŀƳǇǊŜȅ ǎǇŜŎƛŜǎ ƪƴƻǿƴ ǘƻ ŘŀǘŜΦ C!h {ǇŜŎƛŜǎ /ŀǘŀƭƻƎǳŜ 

ŦƻǊ CƛǎƘŜǊȅ tǳǊǇƻǎŜǎ bƻΦ рΦ 
¢ŀƎƭƛŀǾƛƴƛ WΣ ¢ƛȊȊƛ wΣ /ƻƴǘŜǊƛƻ CΣ aŀǊƛƻǩƴƛ tΣ DŀƴŘƻƭŬ DΦ мффпΦ 

aƛǘƻŎƘƻƴŘǊƛŀƭ 5b! ǎŜǉǳŜƴŎŜǎ ƛƴ ǘƘǊŜŜ ƎŜƴŜǊŀ ƻŦ Lǘŀƭƛŀƴ ƭŀƳǇǊŜȅǎΦ 

.ƻƭƭŜǝƴƻ ½ƻƻƭƻƎƛŎƻ смΥоомςоооΦ 5hLΥ млΦмлулκ ммнрлллфплфоррфлоΦ 
¢ŀǾŜǊƴȅ /Σ [ŀǎǎŀƭƭŜ DΣ hǊǘǳǎƛ LΣ wƻǉǳŜǇƭƻ /Σ [ŜǇŀƎŜ aΣ [ŀƳōŜǊǘ tΦ нлмнΦ 

CǊƻƳ ǎƘŀƭƭƻǿ ǘƻ ŘŜŜǇ ǿŀǘŜǊǎΥ Iŀōƛǘŀǘǎ ǳǎŜŘ ōȅ ƭŀǊǾŀƭ ƭŀƳǇǊŜȅǎ όƎŜƴǳǎ 

tŜǘǊƻƳȅȊƻƴ ŀƴŘ [ŀƳǇŜǘǊŀύ ƻǾŜǊ ŀ ²ŜǎǘŜǊƴ 9ǳǊƻǇŜŀƴ ōŀǎƛƴΦ 9ŎƻƭƻƎȅ 

ƻŦ CǊŜǎƘǿŀǘŜǊ CƛǎƘ нмόмύΥутςффΦ 5hLΥ млΦммммκƧΦмсллπ

лсооΦнлммΦллрнсΦȄΦ 
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рсу DΦ bŜƎǊƻ Ŝǘ ŀƭΦ 
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In the last few decades, perennial mountain streams are becoming 

increasingly intermittent, due to global climate change and anthropogenic 

pressures. This phenomenon leads to negative effects on benthic 

communitiesô biodiversity and river ecosystems functionality. However, 

the impact of flow intermittency in previously perennial Alpine streams is 

still poorly investigated. This dataset consists of all the data collected 

during a spring sampling campaign performed in April-May 2017 along 13 

mountain streams located in the SW Italian Alps. These watercourses have 

been selected because it was possible to identify two different sampling  

sites: one perennial, where water has always been flowing throughout the 

years, and one intermittent, which showed flowing water during the 

sampling campaign but, in the last decade, has ex- perienced summer dry 

phases. All the sites have been char- acterized defining the microhabitats in 

which samples were retrieved, and physico-chemical data were collected at 

each site. Biological sampling included benthic macroinvertebrates and 

diatoms. Therefore, the present dataset offers various bi- ological, 

ecological and physico-chemical information regard- ing Alpine streams 

which have recently become intermittent. Potentially, it could be used for 

comparisons with different benthic communities present in mountain rivers 

worldwide  
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which are facing drying events too. The broad range of in- formation 

present in this dataset offers the possibility to ex- amine only the perennial 

sites themselves, as an example of good river functionality due to 

continuous flowing water, or only the intermittent ones, to better understand 

the effects of drying events on these peculiar ecosystems.  
É 2024 The Authors. Published by Elsevier Inc.  

This is an open access article under the CC BY-NC license  
( http://creativecommons.org/licenses/by-nc/4.0/ )  

 

Specifications Table  
 

Subject  Environmental Science ï Ecology ï Global and Planetary Change  
Specific subject area  Assessing the response of benthic macroinvertebrates and diatoms to riverbed drying. 

Samples collected in perennial and intermittent sites along 13 low order streams belonging to 
the SW Alps hydroecoregion (HER 4, Piemonte, NW Italy), along with physico-chemical and 
environmental data.  

Type of data  Raw Table  
Data collection  Macroinvertebrates were collected using a Surber sampler (250 ɛm mesh size, 0.062 m Į 

area) and samples preserved in 75 % ethanol. In the laboratory, taxonomical identification 

was performed at family and genus level following [ 2 , 3 ] and counted, using a 

stereomicroscope (Leica EZ4).Regarding benthic diatoms, one sample for each stretch was 

collected, following the European standard methods [4] and then preserved in ethanol. In 

the laboratory, after cleaning with hydrogen peroxide (30 %) and HCl (1 N), slides were 

mounted with NaphraxÈ resin. In each sample, at least 400 valves were counted according 

to the standard procedure [4] . Identification at species level was based on the most recent 

diatom floras and taxonomic papers [1] and performed by using a light microscope (Leica 

DM2500 LED, 1000x magnification). Diatom identification and counts were then 

uploaded into OMNIDIA 6.1 [5] , where a single identification code (for example ACAF 

for Achnanthidium affine ) is assigned to each species. Physico-chemical data:  

- Water dissolved oxygen (mg/L), oxygen saturation (%), pH, water temperature ( ÁC), 

conductivity (ɛS/cm): Hydrolab mod. Quanta multiparametric probe.  
- Soluble reactive and total phosphorus (SRP and TP, ɛg/L), ammonium (NïNH4 Ҍ

 
, ɛg/L), 

nitrate (NïNO3 ҍ, ɛg/L), total nitrogen (TN, ɛg/L) and silicium (Si, ɛg/L): Perkin Elmer, 

Lambda 35 spectrophotometer.  

Microhabitat data:  

- Depth (cm), velocity (m/s): Hydro-bios Kiel current meter.  
- Granulometry: determined by visually estimating% of classes of substratum (boulders, 
pebbles, gravel, sand)  

Data source location  Institution: Department of Life Sciences and Systems Biology, University of Turin.  
Region: Piemonte  
Country: Italy  
GPS Coordinates (WGS84):  

- Po River. Perennial: 49.459.51 lat., 3.671.19 long. Altitude 474 m.  
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Intermittent: 49.431.03 lat., 3.729.59 long. Altitude 359 m  
- Pellice River. Perennial: 49.631.23 lat., 3.642.93 long. Altitude 422 m.  
Intermittent: 49.640.43 lat., 3.666.38 long. Altitude 378 m.  
- Varaita River. Perennial: 44.564.86 lat., 7.479.41 long. Altitude 448 m.  
Intermittent: 49.377.57 lat., 3.828.86 long. Altitude 398 m.  
- Stura River: Perennial 44.354.53 lat., 7.489.33 long. Altitude 630 m. Intermittent: 

44.394.174 lat., 7.538.191 long. Altitude 534 m.  

( continued on next page )  

 
- Gesso River: Perennial: 49.092.52 lat., 3.806.19 long. Altitude 611 m. Intermittent: 

49.162.91 lat., 3.850.94 long. Altitude 495 m.  
- Maira River. Perennial: 49.301.92 lat., 3.792.88 long. Altitude 690 m.  
Intermittent: 49.341.37 lat., 3.844.09 long. Altitude 418 m.  

- Grana River. Perennial: 4 9.187.4 8 lat., 3.710.58 long. Altitude 679 m.  
Intermittent: 49.186.14 lat., 3.472.01 long. Altitude 591 m.  

- Chisone River. Perennial: 49.698.06 lat., 3.678.82 long. Altitude 365 m.  
Intermittent: 4 9.66 8.09 lat., 3.722.32 long. Altitude 308 m.  

- Pesio River. Perennial: 4 9.04 8.22 lat., 3.938.93 long. Altitude 670 m.  
Intermittent: 49.059.45 lat., 3.944.61 long. Altitude 649 m.  

- Colla River. Perennial: 49.096.94 lat., 3.853.83 long. Altitude 592 m.  
Intermittent: 49.140.54 lat., 3.906.55 long. Altitude 499 m.  

- Pissaglio River. Perennial: 50.009.47 lat., 3.579.59 long. Altitude 480 m.  
Intermittent: 50.008.22 lat., 3.573.68 long. Altitude 445 m.  

- Gravio di Condove River. Perennial: 49.967.11 lat., 3.600.39 long. Altitude 847 m. 

Intermittent: 49.977.11 lat., 3.601.75 long. Altitude 376 m.  
- Gravio di Villar River. Perennial: 49.994.76 lat., 3.652.47 long. Altitude 538 m. 

Intermittent: 49.972.19 lat., 3.661.87 long. Altitude 418 m.  
Data accessibility  The dataset described in this data article is accessible as open file in the Zenodo repository 

as single excel file.  
Repository name: https://zenodo.org/  
Direct URL to data: https://doi.org/10.5281/zenodo.10925294  

Related research article  [1] E. Piano, A. Doretto, E. Falasco, S. Fenoglio, L. Gruppuso, D. Nizzoli, P. Viaroli & F. 
Bona, If Alpine streams run dry: the drought memory of benthic communities. Aquat. Sci. 
81, 32 (2019).  
https://doi.org/10.10 07/s0 0 027- 019- 0629- 0  

 

1. Value of the Data  

Å These data assess a highly studied phenomenon nowadays, i.e. hydrological variation and ef- fects of global 

climate change at river ecosystems scale. Studying the effects of drying events on benthic macroinvertebrates 

and diatoms is a key issue, in order to assess biodiversity loss as well as understanding their response to flow 

intermittency.  
Å The geographic area is of primary interest as Alpine rivers are among the most affected by climate change [6] . 

Study on flow intermittency in Alpine rivers are still very limited.  
Å The two investigated communities are the most important and commonly used in biomoni- toring as 

bioindicators, giving important information about river quality and functioning.  
Å This dataset provides information regarding physico-chemical parameters, environmental variables, benthic 

macroinvertebrates taxa richness and abundance and diatoms community identified at species level along with 

their OMNIDIA software code [5] . All the previously mentioned information is available for both perennial and 

intermittent sampling sites.  
Å This subset, collected in 2017, could be useful as historical information regarding macroinver- tebrate and 

diatom communities, integrated with physico-chemical and environmental data. This dataset offers valuable 

https://www.zenodo.org/
https://www.zenodo.org/
https://www.zenodo.org/
https://doi.org/10.5281/zenodo.10925294
https://doi.org/10.5281/zenodo.10925294
https://doi.org/10.5281/zenodo.10925294
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0
https://doi.org/10.1007/s00027-019-0629-0


4  L. Gruppuso, E. Falasco and S. Fenoglio et al. / Data in Brief 54 (2024) 110449  

 

insights in order to understand the response of benthic commu- nities to climate change on a long-term 

perspective, giving the possibility to compare these data with more recent and future ones.  
Å The provided data can be statistically analyzed through univariate, bivariate and multivari- ate methods. 

Furthermore, functional feeding groups and eco-morphotypes can be addressed, along with community 

composition studies. This makes this dataset suitable for both biolog- ical and ecological studies.  

2. Background  

The phenomenon of flow intermittency has gained increasing attention from researchers worldwide [7ï9] , due 

to the extreme sensitivity of river ecosystems to climate change [ 10 , 11 ].  
Moreover, mountain streams in general, are becoming increasingly affected by this phenomenon [ 12 , 13 ], as a result 

of heavy flow regulation, hydropower and water abstraction along with global climate change. This is causing a shift 

from perennial to intermittent watercourses, leading to biodiversity loss and reduced river functionality [14] . The 

dataset has been generated sampling 13 mountain streams in the SW Italian Alps, which proved to be facing flow 

intermittency. The original study [1] focused on assessing the effects of droughts on alpine streams benthic 

communities (macroinvertebrates and diatoms). Due to climate change and anthropogenic pres- sures, the 

phenomenon of riverbed drying is increasingly frequent, especially in those mountain streams that were previously 

considered perennial. Our dataset will then be useful to other re- searchers addressing this topic, providing 

biological, physico-chemical and environmental data regarding mountain streams. This could help generating useful 

comparisons with streams and rivers worldwide. Moreover, we think that sharing data regarding flow intermittency 

will be of primary importance in order to make future predictions on the effects of climate change in river ecosystems.  

3. Data Description  

The dataset is available for download from the Zenodo data repository. All the data are stored in a single Excel file 

consisting of three data sheets.  
The first data sheet is named ñMacroinvertebrates dataò. Each row represents the data regard- ing a surber sample 

with related measurements and macroinvertebrates number of individuals per each taxon. In the column ñReplicateò, 

the number of replicates per each river can be found, which are a total of 20 replicates, 10 for perennial and 10 for 

intermittent sampling sites. The column ñSample_pointò provides the sample identification point, consisting in the 

abbreviation of the river name and ñPò for perennial and ñINTò for intermittent sampling sites. Moreover, the column 

ñSample_Codeò provide the sample code used for labeling each sample, consisting in the river name abbreviation, 

ñPò for perennial and ñINTò for intermittent sampling sites plus the or- dination number of the surber itself. 

Sampling dates are reported in the format day/month/year. All the physico-chemical (i.e. conductivity, DO, pH, 

water temperature Ґ 1 measurement with multiparametric probe; SRP, TP, NïNH4 Ҍ
 , NïNO3 ҍ, TN, Si Ґ 1 

measurement collecting 1 sample of water, for further processing) and environmental parameters (depth, velocity,% 

of Boulders, Pebbles, Gravel and Sand) are organized in columns, along with the respective units reported in 

brackets. Non-available data are identified by the code ñN/Aò. Regarding macroinvertebrates com- munity, each 

column reports a different taxon (identified at family/genus level) and the number of individuals per taxon in each 

sample. At the end of the taxa columns, two more columns are present, reporting taxa richness (S) and abundance 

(N).  
The second data sheet is named ñDiatoms Dataò. Here, the first row is empty because it only contains the 

OMNIDIA codes [5] for the taxonomically identified diatoms; this code con- sists in the abbreviation of the 

taxonomical identification of each diatom species (for example: ACAF is the OMNIDIA Code for Achnanthidium 

affine ). Then, each row represents the data regard- ing a unique diatoms sample (one for the perennial and one for 

the intermittent site per each river) with related measurements and diatoms number of individuals per each species. 

The col- umn ñSample_pointò provides the sample identification point, consisting in the abbreviation of the river 




