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Abstract – Alpine streams are valuable ecosystems for biodiversity and ecological function but are highly
vulnerable to global and local stressors. Climate change represents a major global threat, while the growing
development of small hydropower plants (SHPs) poses a significant risk to the integrity of Alpine lotic
systems. This study examined the construction and implementation of an SHP in the Cottian Alps (NW
Italy), assessing environmental quality and biodiversity indicators (macroinvertebrates and fish) over time.
The STAR_ICMi index (standardised) and the FlowT index (innovative) were applied to evaluate SHP
impact but revealed no differences: the ecological status was consistently rated as “good”, and no post-
operam changes related to flow alterations were observed among the three stations (S1 = upstream, S2 = tail,
S3 = downstream) when analysing macroinvertebrate rheophilia. Environmental parameters measured also
showed no significant variation over time. However, some biological parameters did reveal changes.
Macroinvertebrate abundance was significantly lower at S2, while taxa richness differed between the ante-
operam and post-operam phases. Functional feeding groups remained unchanged. For fish, total abundance
increased, though density and biomass stayed stable. Although the indices retained suggest minimal impact,
the study underscores the need to integrate specific biological parameters into monitoring programmes for a
more precise ecological assessment.
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1 Introduction

Alpine ecosystems, in the strict sense of the term, are
peculiar environments found between the treeline and the
permanent snowline (Brown et al., 2015), and they are
represented across all continents and latitudes (Körner, 2003;
Testolin et al., 2020). Water is generally abundant in these
environments (Pomeroy et al., 2015) and can come from a
variety of sources: glacial and rock glacier meltwater,
snowmelt, and groundwater (Milner and Petts, 1994; Ward,
1994; Malard et al., 1999; Füreder et al., 2001;Brighenti et al.,
2019), resulting in a considerable heterogeneity of freshwater
habitats and biodiversity (Füreder, 1999; Brown et al., 2003).

Alpine streams, despite their different origins, share some
characteristics such as high slope, high water flow velocity,
high dissolved oxygen concentrations, low water temperature,
and reduced trophic status (Milner and Petts, 1994;
Ward, 1994; Tockner et al., 2002), which combine to make
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these streams a harsh and selective environment (Füreder et al.,
2001). As a result, the animal and plant communities that live
there consist of specialised organisms well adapted to these
extreme conditions (Füreder, 1999). Being specialised,
however, also means being vulnerable to change. Despite
their remoteness, Alpine streams are now exposed to a range of
hydrological and chemical stressors.

Regarding hydrological stressors, one of the most
important is the alteration of streamflow due to hydropower
production (Chiogna et al., 2016), which is the largest used
source of renewable energy globally (Wasti et al., 2022).
Although hydropower does not actually consume water, it can
affect the integrity of river ecosystems at several levels. For
instance, hydropower plant alters the waterflow converting
river reaches into reservoirs and causing short-term (hydro-
peaking) or seasonal changes in the flow regime; interrupts
sediment transport, degrading floodplain habitats downstream
of dams; often creates insurmountable barriers for lotic
organisms that could lead to genetic isolation; alters the
thermal regime by releasing hypolimnetic water from
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reservoirs; affects water quality through phytoplankton growth
in reservoirs potentially leading to a shift from heterotrophy to
autotrophy (e.g., Olden and Naiman, 2010; Viviroli et al.,
2011; Guareschi et al., 2014; Costea et al., 2021; He et al.,
2024).

Large hydropower systems have received more attention
than small hydropower plants (SHP) (Jager et al., 2015; Lin
et al., 2024), which, however, account for about 90% of
hydropower facilities globally (Couto and Olden, 2018). SHPs
have been shown to produce a relatively modest amount of
electricity, yet they have become increasingly prevalent in
recent decades, with a notable presence in a wide variety of
streams and creeks, including those of a relatively modest size
(Couto and Olden, 2018; Lin et al., 2024). SHP usually refers
to plants with an installed capacity of less than 10 MW (Lange
et al., 2019). Some authors have highlighted how, despite their
small size, SHPs have a dramatic impact on running water
ecosystems and in particular on their biodiversity (Xiaocheng
et al., 2008; Kibler and Tullos, 2013; Couto et al., 2023).

Macroinvertebrate communities play a crucial role in the
function and dynamics of river ecosystems due to their
involvement in numerous processes such as biomass produc-
tion, nutrient cycling and resource processing (Merrit et al.,
1984). Benthic macroinvertebrates are the most widely used
group of organisms in freshwater biomonitoring (Resh, 2008;
Dagnino et al., 2013) due to their sensitivity to changes in both
water chemistry and habitat physical properties (Bo et al.,
2006; Rossaro et al., 2011; Buss et al., 2015). Furthermore,
they are abundant, easy to collect and have a relatively long-
life cycle, making the analysis of their community structure an
effective tool for detecting human pressures and stressors over
long periods of time (Buss et al., 2015; Bolpagni et al., 2017).
As macroinvertebrates are strongly influenced by hydro-
morphological conditions and flow alterations, they have long
been included in impact assessment studies for hydropower
plants and dams, including SHPs (e.g. Guareschi et al., 2014;
González et al., 2018; Krajenbrink et al., 2019; Laini et al.,
2019; Lin et al., 2024). In these contexts, the most critical areas
for the macroinvertebrate community are essentially the dam-
induced reservoirs and the sections drained downstream. In
these areas, standing water species can replace those typically
present under flowing conditions, with lower values of
diversity indices compared to other sites, with filterers and
collectors dominating the functional feeding groups (e.g.
Merritt et al., 2017; Lin et al., 2024). Another biotic
component affected by alterations in streamflow is freshwater
fish, one of the most threatened groups due to the numerous
pressures on freshwater environments (Dudgeon et al., 2006;
Freyhof and Brooks, 2011; Dudgeon, 2019; Abbà et al., 2024).
These include environmental changes caused by dams and
hydropower plants, the effects of which have been documented
in several studies (e.g.Cooper et al., 2017; Costea et al., 2021).
In particular, changes in both fish abundance and community
have been observed, with rheophilic and specialised species
being replaced by more generalised species adapted to lentic
habitats (Cooper et al., 2017; Costea et al., 2021). Similar
effects were found in studies of the impacts of SHPs, which
showed a reduction in density, biomass and total abundance at
impacted sites (Kubečka et al., 1997; Almodovar and Nicola,
1999; Benejam et al., 2016), as well as lower values of some
parameters such as mean fork length, total weight, and fish
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health status (Benejam et al., 2016). A study focusing on an
indigenous population of brown trout showed a loss of small
and juvenile individuals as a consequence of SHP (Almodovar
and Nicola, 1999). Other studies of multi-species communities
have shown a decrease in large-sized species and an increase in
small, lentic-adapted species (e.g., Kubečka et al., 1997; Couto
et al., 2023). Underlying these impacts is the depletion of
stream habitat quality caused by these facilities, which results
in fewer fish refuges and altered water depth (Benejam et al.,
2016), as well as the presence of barriers that can prevent
upstream migration (Anderson et al., 2006).

The potential impacts of SHPs can be attributed to the
characteristics of the ecosystem involved and the type of
facility. Indeed, SHPs with the same installed capacity may
have significantly different dam sizes, reservoir areas, storage
capacities, outlet structures, and operational procedures (Couto
and Olden, 2018). Currently, most of the available studies
concern temperate and tropical ecosystems (Anderson et al.,
2006; Arantes et al., 2019), while other environments, such as
alpine, remain less investigated.

In this research, we evaluated the impact of a SHP in the
north-western Italian Alps.

The objectives of this study were: i) to describe the
physico-chemical profile of the area; ii) to investigate
the response of macroinvertebrate and fish communities to
the implementation of the SHP and iii) to test the performance
of a traditional index used in biomonitoring to assess the
ecological status, STAR_ICMi, with an unconventional one,
FlowT (Laini et al., 2022a). The study utilised a six-year time
series of data, encompassing the period preceding, during, and
following the construction of the small hydroelectric plant.

2 Materials and methods

2.1 Study area

Ripa River is a right tributary of the Dora Riparia stream
(Italian Cottian Alps � Fig. 1a). This lotic system is 25 km
long and rises in the municipality of Sauze di Cesana (TO)
between the “Cima Roudel” (2,994m a.s.l.) and the “Punta
della Scodella” (2,895m a.s.l.) and flows into the homony-
mous valley (also known as Argentera Valley).

The studied area is characterized by the presence of
extensive mountain woods consisting mainly of native conifers
(e.g. Larix decidua Miller, 1768, Pinus cembra Linneo, 1753,
Abies alba Miller, 1759). Ripa stream flows in a wide channel
characterized by an elevated slope (15.97% in the studied
stretch) and substrate dominated by boulders, cobbles and
gravels. The climate is temperate-alpine, with summertime
high discharge caused by snowmelt.

2.2 Hydroelectric plant

From 2017 to 2018, a new hydroelectric power plant was
built with a maximum derived discharge of 2,400 L/sec and a
medium annual value of 825 L/sec. The derivation is made of a
cement barrier, with water intake by falling through a grid and
an artificial passage for fish fauna on the left bank (Fig. 1b).

Sampling areas were selected along a river stretch of
1.9 km length and three stretches were sampled from
November 2016 to February 2022. In total, 11 monitoring
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Fig. 1. a. Study area, details of the stations displayed: S1 = up, S2 = tail and S3 = down. b. Photos: on the left derivation and associated fish
ladder, on the right the hydroelectric power station externally.
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campaigns were conducted, distributed as reported in Table 1.
The stations were designated as follows: “S1” (N 44°55’31,7”
� E 6°52’36,2” 1,650m a.s.l.), upstream of the diversion for
hydroelectric use, “S2” (N 44°56’03,3” � E 6°51’58,7”;
1,560m a.s.l.), at the tail, i.e. in the section subtended by the
plant and “S3” (N 44°56’14,7”� E 6°51’46,2”; 1,535m a.s.l.),
downstream of the restitution (Fig. 1a). Before the realization
of this studied hydroelectric plant, we carried out a monitoring
campaign (November 2016) hereinafter referred to as “Ante
Operam� A.O.”. During the construction of the hydroelectric
infrastructure, we carried out a second monitoring campaign,
named “Construction phase � C.P.” (September 2017).
Following the end of the plant construction, we have carried
out nine monitoring campaigns during the productive phase,
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denominated “Post Operam � P.O.” (from January 2019 to
February 2022).

During the monitoring campaigns we collected i) surface
water samples for the assessment of main chemical and
bacteriological parameters and ii) quantitative samples of
macroinvertebrates and fish to evaluate community composi-
tion and structure.
2.3 Chemical and physical analysis

During the study period, water and air temperatures were
measured using a field thermometer (ThermoPro model
TP01S), while in the laboratory mainly physical-chemical
f 11



Table 1. Frequency of samplings and investigated indicators.

Phase Month Year Invertebrates (ind/m2) Fish (ind/m2) Chemical

A.O. XI 2016 ✓ ✓ ✓

C.P. IX 2017 ✓ ✓
P.O. I-VII-XII 2019 ✓✓✓ ✓ (VII) ✓✓✓
P.O. III-VIII-XI 2020 ✓✓✓ ✓ (IX) ✓✓✓
P.O. II-X 2021 ✓✓ ✓ (X) ✓✓
P.O. II 2022 ✓ ✓

Table 2. Main physical and chemical parameters measured during
the study period.

Parameters Measure

Water temperature °C

Air temperature °C
Conductivity (mS/cm)
pH Hydronium ion in moles per liter;

-log [H3O
þ]

BOD5 (mg/L)
COD (mg/L)
Total phosphorus (mg/L)
Ammonia nitrogen (mg/L)
Suspended solids (mg/L)
Dissolved Oxygen (% saturation)
Escherichia coli Number of CFU /100 mL
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and bacteriological parameters were measured after surface
water sampling (Tab. 2).

2.4 Macroinvertebrates sampling and processing

In the three sections of the examined stream, an estimation
of depths and substrate composition of the riverbed was carried
out, noting the degree of coverage of mineral components
(mud, sand, gravel, stones of various size classes) and biotic
components (such as fallen leaves, mosses, macrophytes and
dead wood). It was then determined at which points to take ten
quantitative Surber samples, weighted according to the
frequency of substrate categories in the water body, thus
applying multi-habitat sampling (Buffagni et al., 2008; IRSA
2008 and 2014). Quantitative samples of benthic macro-
invertebrates were collected using a Surber sampler
(25� 25 cm, mesh = 255mm) and were sorted in the field as
requested by the legislation. A total of 330 Surber samples
were collected, equally distributed across the three sampling
sites. A preliminary analysis of the data obtained by plotting
taxa accumulation curves showed that the sampling effort was
largely adequate to obtain a representative characterization of
the diversity of macroinvertebrate communities at the sites.

Subsequently, macroinvertebrates were counted and
systematically identified in laboratory at the family or genus
Page 4 o
level, according to the Italian dichotomous key for benthic
macroinvertebrate fauna (Campaioli et al., 1994; Campaioli
et al., 1999; Messori, 2006; Fochetti and Tierno de Figueroa
2008; Tachet et al., 2010). The total number of taxa and the
total number of individuals were then calculated for each
sample. With these data we calculated the STAR_ICMi index
according to current Italian legislation. This biotic index is the
official tool used for the evaluation of biological quality of
Italian lotic systems (Buffagni et al., 2008).

2.5 Fish sampling and processing

In the three studied stream sections we also collected fish
fauna. Fish were caught along a 100m transect, using a Scubla
ELT 60 II GI electro-fishing device. Total sampled area has
been calculated by measuring the average width of the wet
riverbed multiplied by the length of the monitored stretch. In
this way it is possible to get the number of individuals/m2 and
total biomass (g/m2).

After two passes, all collected fish were identified at the
species level, measured and weighed individually. Before
handling, they were anaesthetized with a non-invasive solution
of cloves and ethanol (1:9). After measurement all the
specimens were placed in a fish-cage waiting to be released
into the stream.
2.6 Statistical analyses

Variance inflation factor (VIF) analysis was applied to the
annual means calculated for the measured physico-chemical
water parameters, using the usdm R package (Naimi et al.,
2014) to exclude variables with the highest multicollinearity
(VIF > 2).

For the remaining six water quality variables (Escherichia
coli, conductivity, ammonia nitrogen, COD, total phosphorus
and dissolved oxygen) linear mixed effects models (LMM)
were performed using the lmerTest R package (LMM,
Kuznetsova et al., 2017), to test whether there were differences
between the three phases (A.O., C.P. and P.O.) considering the
“monitoring station”, i.e. S1, S2, S3, and “year” as random
factors. In the case of the ammonia nitrogen parameter, there
were no “monitoring stations” related effects, so we opted to
simplify the model by including only “year” as a random
factor. LMMs were also applied to macroinvertebrate and fish
community data. For the macrobenthos, the total abundance
f 11



Fig. 2. Boxplots for the six chemical-physical parameters: E. coli =Escherichia coli (cfu), Cond =Conductivity (mS/cm), Ammonia
nitrogen =Ammonia nitrogen (mg/L), COD = COD (mg/L), Total phosphorous =Total phosphorus (mg/L), Dissolved O2%=Dissolved Oxigen
(% saturation); analysed in the three monitoring phases (A.O., C.P., P.O.). Median values are represented by a horizontal bold line. A.O. = 3obs.,
C.P. = 3obs. and P.O. = 12obs.
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and taxonomic richness of taxa, the abundance and taxonomic
richness of Ephemeroptera, Plecoptera and Trichoptera (EPT),
and the percentage dominance of the first three taxa (DOM-3)
between stations, years and phases were analysed, each time
considering two of these factors as random. The model was
simplified with a single random factor when the second one
had no influence, keeping the version with the lowest AIC
(Sakamoto et al., 1986). Furthermore, potential differences in
functional community metrics regarding feeding functional
groups (FFGs) were examined. The relative abundances of the
5 FFGs per station over the 6 years were calculated and
described. Linear mixed models were used to test whether
there were differences between the monitored stations,
considering both “year” and “phase” as random factors when
they had effects or otherwise removing them to simplify the
model by selecting the lowest AIC value.

The FlowT index (Laini et al., 2022a) was applied to
macroinvertebrate presence-absence data to assess the effects
of flow regime changes on macroinvertebrate communities
across the three monitored areas in the P.O. phase. This index
quantifies rheophilic preferences and was calculated using the
R package biomonitoR (Laini et al., 2022b). A linear mixed
effects model was used to determine the variation between S1,
S2 and S3, with “year” as a random factor.

For fish communities, the LMM test was used to detect
differences in total abundance, total taxa richness, density
(N/m2) and biomass (g/m2) between stations, years and phases,
each time considering the two non-independent variables as
random factors when influent or using a simplified model if
not. Model hypotheses were tested graphically using the
predictmeans R package (Luo et al., 2024), and when
necessary, pairwise comparisons were conducted with the
emmeans R package (Lenth, 2024). All analyses were
performed in the R statistical environment (R Core Team
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2020), using the ggplot2 (Wickham, 2011) and ggalluvial
(Brunson, 2020) packages for graphical representation. The
significance threshold was set at p < 0.05.

3 Results

3.1 Physical-chemical parameters

The results of the mean values of water and air temperature
and of the main chemical parameters measured at the different
stations (S1, S2, S3) during each year of the study period are
shown in Table (SM1).

To obtain a more detailed overview, comparisons were
made of the physico-chemical parameters recorded over the six
years in the three construction phases for the six variables that
did not present problems of collinearity. The results are shown
in Figure 2. The LMM test showed that there is no significant
difference over time (p-value > 0.05) for any of the
environmental parameters analysed.

3.2 Macroinvertebrates and STAR_ICMi Biotic Index

In total we collected 18,706 freshwater invertebrates
belonging to 33 families. The most abundant taxa in the studied
river stretch were: Leuctridae (Plecoptera) (33.86% of total),
Chironomidae (Diptera) (16.45%) and Baetidae (Ephemer-
optera) (16.03%) (Fig. 3).

The macroinvertebrates abundance (N) showed a statisti-
cally significant difference among the three stations (Fig. 4)
(p-value = 0.0004, F value = 10.36).

Pairwise comparison shows that S2 has significantly lower
values than S3 (S3vsS2: estimate = 285.5, p-value = 0.0004)
and S1 (S2vsS1: estimate = -213.9, p-value = 0.0076). In
contrast, there was no significant difference in the different
f 11



Fig. 3. Sankey diagram of the most abundant occurring taxa. On the
y-axis are the cumulative abundances of the different taxa, on the
x-axis are the distributions of the different taxa at the different
monitoring sites in different years. Sankey diagrams of the remaining
taxa are available in supplementary material Figure SM2.
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years (p-value = 0.41, F value = 1.47) and phases (p-value =
0.17, F value = 1.92) (Fig. 5). This suggests that the abundance
of macroinvertebrates is relatively stable over time and not
particularly influenced by seasonal or inter-annual conditions.

Taxa richness (S) shows a different pattern (Fig. 5) with a
significant variation between phases (p-value = 0.002, F
value = 7,64), from the pairwise comparison there is a
significant difference between A.O. and P.O., (estimate = 3.74,
p-value = 0.002).

However, there was no significant difference between
stations (p-value = 0.66, F value = 0.43) and year
(p-value = 0.16, F value = 3.36) (Fig. 4). This indicates that
the diversity between stations is fairly uniform.

The abundance of the EPT taxa (Fig. 6) varied significantly
between stations (p-value = 0.015, F value = 4.89), from the
pairwise comparison there is a significant difference between
S3 and S2, (estimate = 215.6, p-value = 0.0129). These results
suggest that local factors have an important influence on the
abundance of these sensitive taxa. While there is no significant
effect between years (p-value = 0.59, F value = 0.32) and
between phases (p-value = 0.07, F value = 2.88), indicating
that there was no consistent variation over time. Instead, the
specific richness of EPT taxa did not vary significantly
between stations and years, p-values > 0.05 were obtained for
both, but there is a significant difference for the phases
(p-value = 0.03, F value = 4.12) and from the pairwise
comparison there is a significant difference between A.O.
and P.O. (estimate = 2, p-value = 0.0209).

The dominant taxa (DOM-3) showed significant variation
between phases (p-value = 0.025, F value = 9.56), the pairwise
comparisons show there is a significant difference between C.
P. and P.O. (estimate =�28.3, p-value = 0.0263).While there is
no significant difference for stations and years both have a
p-value > 0.05.

Regarding the functional feedings groups (FFGs) in terms
of percentages per station over the years (Fig. 7), the highest
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value obtained is that of the shredders, which was 56.73% in
S1 in 2022, followed by the predators with 56.18% in station
S3 in 2017. In third place are the collectors with 53.42% in S2
in 2022, while lower numbers are found for the scrapers, with a
maximum value of 12.05% obtained in S2 in 2016, and for the
filter feeders, which recorded a maximum of 1.34% in S1 in
2020. The LMM test showed no significant differences for the
5 (FFG) between the monitoring stations, p-value > 0.05.

In all the monitoring carried out, the river was in the
“good” range of the STAR_ICMi biotic index.

3.3 FlowT index

The value of the FlowT index calculated on the Post
Operam (P.O.) monitoring data from the years 2019 to 2022
found no significant variations (p-values > 0.05, Fig. 8) in the
three stations considered: upstream (S1), at tail of the plant
(S2) and downstream (S3).

3.4 Fish parameters

In total we collected 627 fish belonging to only one family:
Salmonidae. In particular the collected specimens belonged to
two species, the Brown trout (Salmo trutta, Linneo, 1758),
n= 57, and the Mediterranean brown trout (Salmo ghigii,
Pomini, 1941), n= 570. Mediterranean brown trout dominate
the fish community, making up 90.9% of the total. Significant
differences were found through LMM test for abundance (N)
between years (p-value = 0.009, F value = 11.94), which has
increased (Fig. 9) and for richness (S) between stations
(Fig. SM3), with station S1 having a significantly different
richness distribution (p-value < 0.05) from S2 and S3. No
significant differences instead emerged for density and
biomass between years, stations or phases.

4 Discussion

A thorough examination of the data collected reveals that
the environmental impact of the hydroelectric power plant is
negligible. The chemical-physical parameters exhibited
stability across the three phases that were monitored.
Regarding macroinvertebrates, significant differences in
community abundance were observed between the stations.
In particular, the section that was subject to water extraction
(station S2) exhibited the most disturbance, demonstrating
significantly lower abundance values compared to the other
two stations. Indeed, S2 generally showed lower values than
the upstream station S1, a pattern that became more
pronounced in the years following the SHP implementation.
No significant differences were found between the three
different phases. Significant differences emerged in richness
(S) between the phases when considering the total community
and the most sensitive EPT taxa, particularly between the A.O.
and P.O. phases, with higher values recorded before the
installationof theSHP.Regarding the dominant taxa (DOM-3), a
significant difference was found between the C.P. and P.O.
phases, with the construction phase showing lower values. This
pattern corresponds probably to disturbances related to
construction activities, which were no longer observed after-
f 11



Fig. 4. Boxplots showingmacroinvertebrate abundance (N) andmacroinvertebrate taxa richness (S) in the differentmonitoring stations: in salmon
S1, in green S2 and in blue S3, 11 observations each, represented by the grey dots. Median values are represented by a horizontal bold line.

Fig. 5. Box plots showing macroinvertebrate abundance (N) and macroinvertebrate taxa richness (S) in the three different phases: in salmon S1,
in green S2 and in blue S3, 11 observations each, represented by the dots. Median values are represented by a horizontal bold line.
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wards. Richness EPT and DOM-3 were not significant between
the three different stations.

Focusing on the functional feeding groups (FFGs), no
differences were found between the stations. In this respect, we
can conclude that the assemblage was stable and equally
diversified. Contrary to other studies (e.g., Merritt et al., 2017;
Lin et al., 2024), we did not observe homogenisation; instead,
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collectors, predators, and shredders were consistently present
at both S2 and S3. The same results were performed by
STAR_ICMi index, which remained “good” throughout the
monitoring period. The STAR_ICMi index is a widely used
tool for assessing the biological status of water bodies, and its
stability over the different sites indicates that the operation of
the hydroelectric plant has not had a detrimental effect on the
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Fig 6. Box plots showing EPTabundance (N) and EPT richness (S) in the three monitoring stations and the three different phases: in salmon S1,
in green S2 and in blue S3. Median values are represented by a horizontal bold line, the points represent 11 observations for each station and for
each phase: A.O. = 3obs, C.P. = 3obs and P.O. = 9obs.

Fig. 7. Stacked bar charts of percentage frequencies of the five functional feeding groups (FFG) on the y-axis, in the different monitoring stations
(S1, S2, S3) during the six years indicate on the x-axis.

Fig. 8. Box plot showing the value of the FlowT index calculated
post operam (P.O.) for the monitoring area: upstream (S1), at the tail
(S2) and downstream (S3), 9 observations each station. Median
values are represented by a horizontal bold line.
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overall water quality and biological integrity of the Ripa
stream. This suggests that the hydroelectric plant has not
substantially alter the physical habitat or water quality in the
Ripa stream (Česonienė et al., 2021). The FlowT index,
whose function is to monitor the effect of flow variation, did
not show any differences between the three monitoring
stations (S1, S2, and S3) after the hydropower plant was
started up. Its values remain stable and are characteristic of
lotic environments influenced by an elevated discharge, such
as rapids and riffles, (Laini et al., 2022a), which are typical of
a mountain stream.
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Fig. 9. Abundance (N), density(n/m2), biomass (g/m2) and richness
(S) of fish in each different year campaign: red 2016, green 2019, blue
2020, yellow 2021.
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Similarly, the fish community was dominated by native
salmonid species, suggesting that the environment resulted in a
pristine status. Significant differenceswere found for abundance
(N) over time, which increased especially in 2020 and 2021, and
for richness (S) between the three stations where S1 had the
lowest values. This is because theBrown troutwas only found in
S1 in 2020. For the othermonitored fish parameters: density and
biomass, no differences were observed between stations, years
and phases. This shows that the hydroelectric plant’s operations
did not appear to significantly harm the fish populations or their
environment. It also suggests that theyprobablyalsobenefit from
the presence of the fish ladder.

The index results showed that the construction of the small
hydroelectric plant on the Ripa torrent did not have a significant
impact on the aquatic ecosystem and its biological components,
very similar towhatwas reported in this other studycarriedout in
the Italian Central-Eastern Alps by Scotti et al., 2022.

However, a more detailed analysis revealed some local
variations, particularly at the intermediate station (S2), where a
decline in the abundance of macroinvertebrates was observed.
Furthermore, a temporal variation in taxa richness was
detected between the A.O. and P.O. phases of monitoring.
These dynamics, not intercepted by the indices, highlight the
importance of including specific parameters in the monitoring.

A thorough analysis was conducted on other indicators,
including the composition of the functional groups for
macroinvertebrates and for ichthyofauna, density and biomass.
These indicators did not reveal any critical issues, indicating a
robust resilience of the system. The plant has been designed on
the basis of hydrological and ecological analyses with the aim
of minimising impacts; this necessitates careful and seasonally
modulated management in order to avoid excessive with-
drawals. To ensure the sustainability of these interventions, it is
Page 9 o
imperative that current regulations are adhered to and that
technical-environmental planning is conducted with precision
(Couto and Olden, 2018; Kuriqi et al., 2021).

It is important to recognise that this study analysed a
limited number of samples and that it was not possible to
obtain detailed information on the different environmental
aspects for ante-operam (A.O.) and post-operam (P.O.)
comparisons. However, we believe that the study can be of
some practical use, as it contributes to the knowledge of a
phenomenon (the increase of small hydropower in the Alps)
that has been of enormous importance in recent years.
Furthermore, the data presented, although coming from a
single case and being the result of monitoring activities, can be
compared with similar situations and also be processed and
shared with the scientific community to increase knowledge on
these issues that are of relevant interest.
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